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PRESS SUMMARY
Sstorer - Geneva Paper

INCCNCISTENCIES IN RADIATICH PECJLTS CTUDIED

Because of the rejuired prolonged period of study, new data on the
long-te}m effects of exposure of man and experimental animals to ionizing
radiation are accumulated slowly. Because the problem is under continuing
review by various scientific committees, this paper is concerned primarily
with the following questions: 1) Are the data from the various human popula-
tions consistent with one another? 2) Is there general agreement between the
human and experimental studies? 3) Are the methods used in interpolation to
risk at low doses and dose rates .both internally consistent and comsistent
with well-established principles of radiation biology?

Studies of the Japanese .survivors of the bombings, patients who were

<
-

~

irradiated for snay_csirng spondylitis in G

3
(

2t Brizzin and ILorihern Ire%&ni,
and radiolozists and their technicians give evidence that is somewhat conflictine.

The reasons for this lack of consistency should be considered.

On the basis of animal experiments one would expect life shortening in
irradiated human populaticns, as in all the studies where high radiation doses

have been employed, the animals have shown a loss of longevity. It is not clear

then why trhe datz for effects of radiation on iloncevity in man are coni.icilnz
J o J

The effect of low total doses has not been extensively investigated be-

cause the sample sizes needed are so large that the experiments are not feasible.

There are some cases where it appears that certain cancers may be increased by

doses of a Tew hundred rads, but the yield to date is insufficient to mszke

s
S

risk estimate.

The anticipated effects of radiation in the low dose range are'based on an
interpolation between the observed effects at high doses and the control or zero
doze incidence. TReitrcsrective studies hzave

2130 been performe

arn =lie waT o=

€2

between prenatel exposure to low x-ray doses and childhood tumors, and have

usuzlly surrested a rositive association. Prospective studies, however. hayve
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been negative. Furthermore, retrospective studies performed on the rrenatal

children mentioned above were entirely incompatible with similar studies

perfor ol on the carurnese womb victims. It seems Saxir TO say thuat the issue
is in doubt at present, and further work i: nseded.
The Japanese studies lead to the conclusion that for gamma rays delivered

at high dose rates the dose-response curve must be curvilinear wth increasing

slop)at increasing doses, since the low doses yield a small er proportion of

multihit injury.
Certain general principles have emerged fram animal experimentation that
are consistent with the data for human\populations. Among them are: Not all
tumor types are radiation-iﬁducible; there is usually a marked decrease in ef-
fectiveness of gamma rays when the doses are protracted; the various radiation-
inducible tumors have gquite different dose-response curves; neutrong tz2nd to

be more effective on a dose-for-dose basis than gamme rays; and immature

animals may te more sensitive than 2dnl’s

It must be noted that in the methods used by committees that recocmmend

exposure standards there are two principal inconsistencies: The first concerns

dose rate effects. Radiation protection guides are given in terms of dose
rate, i.e., so many millirem per year. Yet, in derivirg upper limit estimates

of risk for late effects, no credit for dose rate is admitted. A seccad

incorzistency arizes from ass’mmins hish wralues of relziive bioleoziczl effect

(RBE) to high lirear enerzy transfer (LET) radiations. If risks increzse

linearly with dose of low LET radiation, and there is no dose rate effect, then
it follows that the relevant injury is produced principwlly by single-ait
events. If this is true, then the RBE for high LET radiations should be less

than unity, since most of their ionization: would be wasted. The incczsistency

is the assunmption of linearity at high dose rates and no dose rate ef®ect for

low _&: radiatiown.
In the case of both of these inconsistencies, some modifications of the

conflicting premises would seem to be indicated.
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In a survey of two ¢f the world's leailns hirh-neusron-flux research
reactors, A. H. Snell, associate director in cherge of basic physical
sciences at Oak Ridge Hational lLaboratory, stated that ia the Iive years
since they were built, both reactors have demonstrated‘that high-flux
reactors can provide otherwise unobtainable information for a great deal
of research in the transuranic elements, in nuclear physics, and particu-
larly in solid state physics.

The two reactors under discussion are the High Flux Beam Reactor (HFER)
built at Brookhaven National Laboratory in 1965, and the Oak BRidge High
Flux Isotope Reactor (HFIR) which went critical in 1966.

In the past year, Snell said, the HFIR has produced a record amount

o
3

of 2C- ng of californium-232, estsblishing Jax Ridge 23 ihe rrinciple

provider of this isotope.

In evaluating their first few years of performance, Snell differentiated
between the two facilities by saying that the Brookhaven Reactor uses its
high neutron output primarily for external‘beams, in which solid state and
low-energy physics research is mounted. The Oak Ridge reactor, with its
extremely high (up to 1.2 :/cmzfsec) neutroen flux direczed foward its
center target area, was designed primarily .0 produce transplutonium
isotopes. Both reactors operate by burning uranium-235, in a fuel cycle
of about 19 days.

The HFIR began in its early years bombzrding targets made of plutonium-242
provided by the Savannah River Laboratory. Recently it has started using
curium-244. In creating new elements and new isotopes, HFIR provides a
basis for research in many sciences and many laboratories. As sources of

nentrons, the HFIR isotores ceonstitube re:
2 P

application, Snell pointed out.
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One of the neutron beams from the Brookhaven reactor is rich in
peutrons with ener-ies above the most common thermal energies. This
besn- is sent through a thick, slotted rotor, so that it is chopped Iato
successive pulses of neutrons. After a flight path of some meters, the
neutrons are sorted as to energy by their time of arrival at a remote
detector. This arrangement furnishes a wealth of experimental information
for resonance capture studies when appropriate samples are interposed.
Combined as it is with the modern technological innovations of on-line
compuiers and high resolution radiation detectors, it offers a highly
sophisticated arena of study for nuclear physicists.

Sources of slow neutron beams, sald Snell, are of great wvalue to the
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high-purity crystals. Three characteristics of these beams made this so:

FIrsT, L€ Leulrol WaveieLhgilsd are Clmparalle U0 Crysial latuiice spaciags,
enabling the neutrons to be used for structure analysis. OSecond, their
enercies zre compar.vle with the atomic binding enerzgies in crystzls,

enabling them to excite characteristic lattice vibrations. And third, the

mzretic moment of the reutrons rermits interaction with atoms of rzrzme

(921

netic, ferromagnetic and antiferromagnetic substances, revealing magnetic
structures and lattice Qynamics associated with magnetic activity.

Both of the research reactors make use of triple-axis spectrometvers, in
which the neutrons are first intercepted by a monochromating crystal which
selects only those of a specific energy; the selected neutrons then impinge
on the sample under study, situated on the second axis. As théy scatter
from this sample, they are analyzed for both direction and energy by a
third crystal on still another axis. The intensity of the beams, 3n21l1

pointed out, permits useful counting rates even after triple scattering.



