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Weliveina world in which the perception of reality
is too oftem confused with reality and there are fow
ficlds in which more confusion exists than in the popular
perception of the hazards of exposure to low level
radiationand low level radicactive wastes. Muchofthe
tear of radiation has been generated by the association
of radiation and radicactivity with nuclear explosions
and nuclear war. So phobic is the fear that the new
medicalimaging modality "nuclear magnetic resonance”
or NMR has been renamed Magnietic Resonance or MR
to avend the bad word "nucicar.” What | would like to
discuss today is not philosophy, bul sdience — what do
we know about health effects, and in particular, the
carcinggeniceffectsassociated withlow doses oflightly
ionizing radiation. Since there are tens of thousands of
papersin this field, Thave obviously had to be selective
in choosing studies to discuss.

Before discussing radiation effects, let me define
some unils. A rad is a umit of absorbed dose or energy
absorbed per unit mass from ionizing radiation and
corresponds lo 100 ergs/gram.  Denscly ionizing
radiation such as thatassociated with e particles, protons
or fast neutrons is more effective in producing
deleterious binlogic effects than is the lightly ionizing
radiation associatod with B or X radialion. A romis
a unit that takes into account the relative biologic
cffecti vienwss (RBE tof lightly (low linear energy transier,
LET) and densely thigh LET) ionizing radiation. A rom
¥s an absorbed dose that produces the same biolegic
cifect as 1 rad of low LET radiation. Rad and rem can
be used interchangeably for low LET radiation. The
REE is not a constant for any ionizing particle but
depends lo some extent both on its encrey and the
Linlogic effect under observation.

The question to be addressed is "How low is low,"
of are there levels of radialion below which one cannot
discern deleterious effects. Much of what is known
about the bivlogic effects of ionizing radiation has been
obtained fromepidemiolugic studics of humatis ex posed
ta high doses and/or at high dosc rates. Owver abaoul the
pastihree decades, national and internalional standard-
seiting bodies concerned with establishing radiation
protection guidelines have aceepted the hypothesis of
alincar dose-effect extrapolation withno threshold, on
the assumption that this provided a generous safely
factor for predicting possible radiation-induced
deleterious effects. According to this hypothesis, there
would be the same number of radiabon-related cancers
of other bintogic effects, among 100 thousand prople
vach receiving 100 rem as among 100 million people
cach recciving 100 mrem.  Can this hypothesis be
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tested? To putthisconceptint, the proper perspective,
let uscomsider |hatthere were about BO000 survivors of
the Hiroshima-Nagasaki bumbings. The survivors
received doses lesd than 400 rems. To deal in round
numbers, one can treat this group as 10 theasand
peopic receiving about 100 rem. Inalmost three decades
the excess radiation-related deaths in this group were
less than 200. Natural background radiation in most of
the Linited States is 100 mremn / vear due to eosmic ravs,
natural radicactivity of the soil and building materials
and fhe self-contained radicactivity in all living things,
cach conlributing aboul one-third. [If the linear
extrmapolation hypolhesis were valid, based an the
Japanescexperience, onc wouldexpuctabout 200deaths
duete background radiation. Since among 100 million
Amcricans thire are about 200 thousand cancer dealhs
per year, natural variations in this death rate would net
permit ascertainment of the few hundred deaths that
might be attributable 1o backyround radiation. This
tough calculation points out the absurdity of Mublic
Law 97-414 that requires "the Secretary of Health and
Human Services to  devise and  publish
radicepidemiclogic tables. .. These tables shall show a
probabilily of developing each radiation cancer
assnciated with receipt of doses ranging from Tmrad to
1000 mrads. . " It must be approcated that 1 mrad is
about 1% of natural yearly background and that a
round thp flight from Washingion to Los Anpcles
increases radiation exposure by 5 mrad. Maost of us
would aceept that the probability of cansation of cancer
atdosagesin the mrad rangeis nbviosly zoro to many
significant figures.  As a member of the committee
allempling to construct these tables, | can assure vou
that the uncertainties even at doses of many rads are
subjectto such controversy that oneshould not ' redquire”
attention to exposute in the mrad range. However,
such legislation creates a mind-sct in the public that
radiation at the mrad level is a cause of concern.
There have been a number of studies altempting to
detect deleterious health effects in regions of the sworld
where natoral background radiation is increased. One
such sludy was performed in China by examining
150,000 Han peazants wilh essentially The same gonelic
background and same life style. T1alf of them lived in
a region where they received an almost three-fold
higher radiation vxpasure because of radicactive sail
{1). More than %% of the progenitors of the more
highly exposed group had lived in the same rogion for
more than six generations. The investigation included
determination of radiation level by direct dosimetry
and evaluation of anumber of possible radiation-related



health effects including chromosomal aberrations of
peripheral lymphocytes, frequencies of hereditary
diseascs and deformities, frequency of malignancics,
growth and development of children and statos of
spontangaus aborbions, This sludy failed 1o find any
discernible difference between the inhabitants of the
two areas. The authors of this study concluded that
cither there may be a practical threshold for radiation
effects or that any cffectis so small that the cumulative
radiation exposute to three mes the usnal natural
backgrourd ruesilied in ne measurable harmalter six or
TNOre $uccUssive generations.

There are regions inthe United States where natural
background radistion s also increased. In the Rocky
Mountain statestheaverage radiation cxposurc isabout
twice that on the East and Wesl coasts because of
increased eosmic rays at their higher clevations and
natural radinactivity of the soil. However, death rates
due to cancer in these statesare among the lowest in the
country. It is possible thal an appropriale statistical
analysis would reveal that the racial, ethnic, age
distribution or other factors mighl account for the
lowoer cancer death rales in these slales. Howewer,
when Mason and Miller {2) compared the age-adjusted
risk rauo for mortality from malignancies for Caucasians
in Denverand Salt Lake City wilh thosein San Francisco
and Seattle-King County, Washington, they observed
that the leukemia incidence was slightly but not
significantly lower and the incdence of other cancers
was significantly lower inthe higher radiation exposure
citiss. Aninverse relationshipbelweenclevation{hence,
higher radiation exposure) and mortality from
leukemias and lymphomas has also been reported (3).
Others have concluded (4) that in the United States
there is na relation between increased background
radiation and leukemia. There are regions of the world
in India and in Brazil where natural background
radiation is up to 10-fold higher than usual (-1 rem/
year} and deleterious health effects have been looked
for and not found {59} This is not Surprising since
even were the linear extrapolation hypothesis valid, the
pepulations invplved are too small to detect increasaed
malignancies above the nalural variationin the incidence
ol the discases. Howover, these studies emphasize ithe
difficulties in assessing probability of causation ab low
divias and dose rales,

Senalor Hatch was undoubtedly stimulated to
sponsor Mublic Law %7-414 mandaling the radio-
cpidemiolegical 1ables in response to several widely
publicized reports asscrhing Thal the cancer risks from
low Taciation exposures are much higher than those
estimaled according tu the lincar exirapolation
hypothesis. Cme report that was of particular concern
to his constituents was that of Lyon et al. (10} who
reported 1hat leukemia morlality in children was
increased in those counties in Utah neceiving high
levels of fallout from the atmaspheric nuclear testing

conducted int 1951-1958 comparcd to the mortality in
low-fallout counties and inthe rest of the United Stales.
Let us exarmnine the originat dala. In Figure Tare shown
the mortality rates for leukemia and for all cancers,
including leukemia, for children in highand low-fallout
epunties it Utah.

The 1944-1950 period represents the pre-fallout
controllow -cxposurcoohorl, The 1951-1958 group was
considered to be the high-exposure cohort, that is, those
born during the period of maximum above-ground
nuclear bomb esting in Nevada, The second low-
exposure cohort was the group born after most, but not
all, of the above-ground testing had ended. From a
perusalof Lyen'sdata, itcould be reascnably concluded
that on the average, during the enlire 30-year period,
the high fallout countics might have had a lower
incidence of leukemia than the low-lallout countics but
that the uncertainties in the determinations are so large
that one cannot reliably conclude whether or not there
is a trend. Il one considers the sum of childhood
malignancies{leukemia plusother cancer deaths), there
appears o be a generally downward irend, with the
drop in the high-fallout countics being somewhat
greater than in the low-fallout countics; although if the
standard deviations had been included, the differences
would not have boen significant. The news headiines
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following interviews with Dr. Lyon would have been
less sensational if he had stated that his data had shown
no relation between the totality of childhood
tnalignancies and the atomic tests of the 1950s, rather
than selectively reporting what woulid appear to me, as
anexperimental scicntist whose results do not depend
on marginal p-values, iobean inconclusive stady of the
relation between lewkernia and fallout. Lyon's paperin
the New England fovrnal of Medicine was cribcized in the
same and later issuces of the fournal by several
bipstatisticians (11-13). Ingencral, theircnticoisms were
related to theapparent under-reporting or misdiagnosis
in the earlier cohort and to crrors in small sampl;
analysis. For instance, Bader (12) presented a year-by-
year lisling of leukemia cases in Seattle-King County,
which has a larger population than the southern Ulah
countlies, and noted that there were only bwo cases in
195 and 2010 1963 among the 217 cases reported Irom
1950 0 1972, Thus, a ten-fold differenee in annual
incidence rates when the number of cases is stmall
simply represcnls statistical variation, Allhough the
vearly distribution of leukemia cases had not been
reparted in any of Lyon's papers or in Lhe assonaled
publicity, it was, however, labulatedin the Government
Accounting Office Repertonthe Problems in Asscessing
the Cancer Risks of Low-Level lenizing Radiation
Exposure (14), Table 1is waken from that reporl. Teis o
be noted that the socalled excess leukemia cases

Table 1. Year of Bomb Testing in Mevada* and
Year of Death from Leukemia for the
Southern Ulah High-Exposure Cohort*

Mo of MDeaths
Test Yield Sauthern Utah
[kilolons) High-Exposure Cohort
51 112 n
E2 104 3
53 252 2
% - n
55 167 2
56 ? 2
57 RN 0
ER 38 0
54 — 7
(&) - - o]
61 — 2
62 1] 1
hl <10 1
e <20 {0
#a <80 1
bh =6 1
67 20-200 2
68 <6l) 1
L] 20-200) 1
Ylata taken frem referenec 10

repotted by Lyon etal. (10) wasduc lo a clustering of 13
cases iy 1959 and 1960, In fact 22 of the 32 leukemia
cases occurmed in 1951-1960, i.¢., during the first ten
years of testing. Since there is a several year latency
period between radiation exposure and induction of
Ieukemia, were the excess leaukemia deaths a
consequence of nuclear Iesting in the 193 s they would
have been more likely to occur after 1960 rather than
before.

Furthermore, a now ostirnate of extemal vadiation
exposure of the Utah population based on residual
levels of '"*Cs in the souls has shown that the mean
individual exposure in what Lyon deemed to be the
"high-fallout counties” was 0.86 0,14 rad, compared to
L.3 £0.3 rad inn the “low-lallout countics” {151 Evenin
Washington County, the region in which the fallout
amved the earliest {less than five hours after the Lest)
the estimaled exposure o ils 10,000 populativnaveragoed
only 3.5 #).7 rmads — quite comparable 10 natural
background radiation in that regron over a 20-X0 year
P-(_'riq_'n.,i. Thuz, on the basis 0F the [apanea: esperience,
the expasure from fallout was 100 low to expect an
ingrease in leukernia and a careful perusal of the raw
dala would suggist that none was found.

Anpther report that has received publicity far
beyoend its scientific merit is the Mancuso study of
workersal the Flanford Laboralories, Lhe sito of soveral
of the then-AEC's reactors. The history of this study
dates back by 1954 when Dr. Manouso was awarded a
contract to investigale for the AEC the bealth af these
wiorkors. v Barkev Sanders, a statishctan, and Dr,
Allen Brodsky, a health physicist, were co-investigatoss
in this project. Anmual project reports For many vears
suggested only that there were negative fAndings
regardinga link belweencancer and radiation and Drs.
Sanders and Brodsky left the project. There were no
papers published during the peried in which they were
invalved in the analysis ol the data.  In about 1976,
Mancuse was jeined by the pediatrician Stewart and
the statislician Kneale, who had acquired a reputation
for their studics on relationships between diagnostic
¥-rays and childhood cancers. Tugether they wrole a
controversial paper purporting ko shesw that workersat
Hanlord had a statistically signilicanl increase in the
incidence of bwo types of cancer. e, mulliple mycloma
and cancer of the pancreas {18}, According to Table 10
of their paper, the mean comulative radialion dose lor
Hanlord workers who subsequently died from
cardiovascular discase was 1.05rads; for solid tamors,
1.3 rads; for leukemias and Iymnphomas, 2.2 rads. This
excess radiation exposure is quile caomparable to the
excess regeived by living in Colorado for 1010 20 years
— and Colorado has a low cancer death rate. The
vviderwe in the Mancuso report Lhat has not been
widely publicized was that Hanford workers receiving
the highest radiation doses {greater than 15 rem)had a
lower death rale from all causes and from all malignant



neoplasms than expected in a cantrel population.
However, because of the small numbers of workers
who reccived this exposure and the small number of
cancer deaths in ihis group (a total of 14 cancer deaths
compared to 24 expected), the distribution among the
different malignancics appearcd to have a pattern not
identical with that found in much larger groups.
Subsequently, beth Dr. Brodsky and Dr. Sanders, who
initially collabarated with Dr. Mancuso, have been
highly critical of the Mancuso paper. An independent
analysis by Gilbert and Marks is maest revealing (17).
The pasitive correlation purported to be demanstrated
in the Mancuso report appears to be dug to three deaths
from pancreatic cancer in workers recei ving more than
15 rem cumulative exposure. However, according to
Gilbert and Marks (17), this diagnosis had been
confirmed in only one case. Furthermore, it should alsa
be noted that the Atomic Bomb Casualty Committee
reporidescribed amuch larger cohort withmuch higher
radiation exposures {up to 400 rads) and found no
positive link between pancreatic neoplasms and
radiation {18). The second category of excess cancer
deaths was reported o be multiple myeloma, which
included three cases compared to an expected number
of 0.6 (16). Whether this éxcess of two deaths in this
category represents a statistical variation or the effect of
another carcinogencannotbe determined. Nonetheless,
since among those receiving a cumulative exposure of
15 rems the observed number of subjects with
malignancies was only 14 compared to an expected 24
in a control population, one could be temptied to
conclude thal radiation at thislevelis protectiveagains
malignancics.

To demonstrale how legislation is spansored in
response to special inferest groups rather than rational
analysis, lct me pose the foliowing problem. Let us
assume that thete are bwo groups who received exposure
io radiation. Group A consists of 6,500 people who
were nol badged but who received radiation exposures
probably in the range of 10-15 rems, or perhaps mere.
Croup B consisled of 39 wheo received more than 25
rem, 1,400 who received between 5 and 25 rem, and
anpther 5,000 who received between 3 and 3 rem.
Which of the twe groups should have been favored
with respect to compensatory legislation CONCETNING
possible radiation-related health effects? The logical
answor would be the Group A, whe received the larger
radiation exposure. Now et meidentify for youGroups
A and B, the legislative act, and the known health
effocts. Group A wasa group who were trained during
World War II as radiology technicians and who
subsequently served in that role for a median period of
24 months. Description of their training (19) included
the stated that "During the emaining twe hours of this
period, the students occupy themselves by taking
radiographs of cach other in the positions taught them
that day.” 1t was noted (19} that the students did not

receive a skin erythema dose nor did they show a drep
in white count — monitoring procedures that are
insensitive to acute doses less than 100 rem. The
cumulative exposures of these radiclogy technicians
were ot monitorcd. However, the radiation exposure
l}fhechmlugi,stsatamremudeminsta]lahﬂn.ﬂmlard
Clinic, was monitored in 1953 and found 1o be inarange
of 5-15 rad/year {20). Army technologists a decade
eariier probably received greater exposures. Henwe,
myestimate of 10-50 remduring theit peried of service.
Yot, a follow upufﬂw&nﬁrﬁm radiclogy technicians (21,
22} for a period of 29 ycars revealed no increase in
malignancies when compared with a control group of
sirnilar size consisting of Army medical, laboratory er
pharmacy technicians.

Who was Group B? This group consists of those
whoentered Hirashima and Nagasaki after the bombing
and who received less than 0.1 rem during ther
occupation and the 220,000 Depariment of Defense
(DOD) personnel involved in the atmospheric nuclear
testing in the Pacific Occan and Nevada, Among this
Jarge group, only 1,400 received mori: than 5 rem (23).
Among these 1,400 werce 39 who reccived over 25 rem
as.a result of a wind shift during the 1954 Bikini testing.
A follow up of these 39 men almost 30 years later
revealed that four were dead from causes natassociated
with radiation {trauma, heart attacks). Of the 35 who
were notified, only 1B desired medical examinations,
seven refused and ten failed to reply. No adverse
health effocts associated with radiation were found in
those examined.

Further, ke putin proper perspectivethecumunlative
radiation exposure among Armed Services personnel
associated with nucleartesting, itshould be appreciated
that in the early ycars of the draft those accepted into
the Armed Forcesand many of those rejected on medical
grounds, a group numbering over 12 million persons,
received chest photoroentgenograms. Unlike ordinary
X-ray examinations of the chest, these deliver 1-5 rad
skindose (24}, Inaddition, some of the Armed Services
received considerable X-ray exposure secondary to
service-related injurics and, of course, there were thie
highly exposed radiolegy technicians, None of these
are included in Public Law 97-72 (25) which provides
that "a veteran who the (Veterans Administration)
Administralor finds was éxposed while serving on
active duty to ionizing radiation from the detonation of
a nuclear device in conpection with such veteran's
participation in the test of such a device or with the
Amcrican occupatien of Hiroshima and Nagasaki,
Japan, during the period beginning on September 11,
1945, and ending on July 1, 1946, may be furmished
hespital care or nursing home care for any disability
notwithstanding that there is insufficient medical
evidence to conclude that such disability may be
associated with such exposure.”

There is no logic in giving special privileges 10



some veterans who received radiation exposure and
nol 1o all receiving equivalent exposure. Perhaps this
legislation was intespanse to another highly publicized
Teport concerning nine cases of leukemia among 3,200
men who participated in a nuclear test explosion in
1957 (26). The radiation exposurcs of eight of the nine
men were monitored: 3 received between 1 and 3 rem,
3 receivied less than 0] rem. Since the 20,000 prople
expased in Hitoshima-Nagasaki to doses between 1
and ¥ rads showed no increase in malignancies,
including leukemia, the study by Caldwell et al. (26)
concerning, only 3,200 people exposed in this dose
rangeis obviously Hawed. The most probably reasoniis
onceagain the errorinherenlin small number statistics.
By the lime of diagnosis all Ihe leukemia casos had
received more radiation from natural background than
fron Operation Smoky.

Can epidemiologic studies permit Lesting of the
validity of the lincar extrapolation hypothesis in
estimaling cffects at low doses and dose rates? The
answer is urexuivocally, oo, AsTand has painted out
{27} o test this hy pothesis, for instance in radiation-
nduerd breast cancer, a sample siae of 100 million
women wotld be required 1o be certain of an increased
radiologic incidence following an acute exposure of 1
rem to bolh breasts at age 35. Such a sample is hardly
practical; therefore, a case-control approach, in which
the sample consists of a fixed number of cancer cases
and a fixed number of matched non-cases or controls, is
uscd. Land has calculated (27] that using this cohort
approach, only one million women would be required
tobw certain of a radiation effect from L rem. Of course,
in the case-conlrol approach 0 evaluation of radiation
and olher carcinogens, a sufficient number of subjects
are never included and there s not random selection of
cases and conlrols. Hence, the dala presented simply
do not have statistical significance and subtle sources of
bias could well account for purported ohserved effects,
Farinstance, MachMahon has reported (281 thatchildren
bomn alter their mothers had received one to six pelvic
radivgraphs {average dose per radiograph was 1 rem)
were 429 more likely to die of cancer in the first ten
vears of life than were children not irradiated in ptero,
Using the same ease-control method of analysis,
MacMahonetal, (29 also reported that drinking one to
two cups of coffee a day introduced a refative riskof 2.6
in developing cancer ol Lhe pancreas, and [urther
suprgested that ooffee drinking at This level can acoount
for more than 5% of the cases of pancreatic cancer.
Huwover, since coffee dnnking isfarniliarand radiation
s not, ost people would discount that his case-control
analysis proves that such modest colfee drinking is a
nisk factor lor pancreatic cancer, particularly since the
cficct did not appear to be dese-related in men — the
risk [aclor was the same, 2.6, whether consamption was
onc 10 two cups, or grealer than five cups a day. There
areother reasons for reluctance inaccepting hisanalysis.
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For instance, the risk factor was bwice as great for ex-
smokers compared to current stnokers drimking one Lo
two cups of coffee per day; a rather unlikely linding,
since it iz commonly accepted that smoking is a
cardnogen or promoter of other carcinogens. The
MacMahometal., (29) report on Lhe associatiom between
cofieedrinking and cancer of the pancreasis, however,
in a sense less lawed than his carlict report (28) on the
assowiation between prenatal radistion and early canger
death. Inthelatter study, there was clearly abiasin that
RO account was taken of the fact that the cxposed
mathers had medical conditions Lhat prompted the
diagnostic X-rays.

Webster has provided a simple demunstration of
the problem of small number observanons by
determining the counling ratefrom a weakly radicactive
source (H). Such a counting rate, like cancer events,
follows Poisson shalistics. T 2 sucoiessive puriods, the
counting rale varied from () to B counts per unit tme,
with an average of 4. As shown in Table 2 the actual
eocurmenoe ol a particularcounting rate 1o the probabilily
of its occurrence ranges from 0.6 0 23 — these ratios
arc cquivalent to the “relative risk” ratio using the case-
control approach in epidemiclugic studics - - exvept
that there was no bias introduced in the “control” or
Poisson probability distribution.

For almosl 37 years commiltees conceried with
radiologic protection accepted the linear extrapolation
hypothesis without correction for dose rate on the basis
that it overestimated potential radiation-related risks.
This has left the impression that i1 is an established fact
Lhalany level of radiation, no matter how small, carrics
sorne Tisk even if that risk is not measurable. In the
latest report of the NMational Academy of Sciences
Commiltee on the Biologic Effectsof lonizing Radiation

Table 2. Poisson Statistics; The Problem of Small
MNumber Observations”
B, Mrobakiliny Ooourrence
Hmervcd (%) Mrad gk liey
Actual coents &3 5,_4..2 2.4,
chworved dunng 4.7 38660,
0 oo e 052.36,1
coninting periads
Thaeoretical 1] 13 2K
expectations 1 7 063
with Poisson 2 146 1.37
dlstrbytion 3 145 [ Hierd
4 195 .77
5 158 (.64
£ 104 1.%0
7 R0 {+H3
B 2.0 1.60
*Takem From reforence 3d




{BEIR 11! Report) (31), it was conduded that a lincar-
quadraticextrapelation was to be preferred, althoughit
was also stated that the scienlilic basis for making
estimates of the carcinogenic risk of low-dose, low-
LET, whole bod y radiation is inadequate. The data are
simply not available that would permit determination
as ko whether there is any risk associated with radiation
it doses below 10 rads,

There isone large group of subjects with total body
cxposures in this dose range, i.e., patients treated with
radivactive lodine, =| for hyperthyroidism. Asof 1968,
il was estimated Lhat 200,000 people were so realed
and the number has probably since doubled. A study
of 36,000 hyper-thyraid patients from 26 medical conters
of whom 22,000 were drcated with 2 single dose of =|
and moslof the rest with surgery revealed ne difference
in the incidence of leukemia between The two groups
(31, The average bone-marrow dose was about 810
rads, about half of which was delivered within one
woek. The follow-up for the =l-trealed group averaped
scven years, quite long enough to have reached the
peak incidence, as determined from the Hiroshima-
Nagasaki expericnce. A subsoguent follow-up three
yearslateragain revealed nodifferencesin the lcukemia
rate between the two groups{33). This study emphasizes
theimparlanceof havinganappropriate control group.
Earlier studics had suggested that the occurrence of
leukemnia in hyperlhyroid patients following =] therapy
was 50% greater than that of the nalural population
(34, 35). However, it appears from this study that
there is an increased inddence of leukemia in hyper-
thyruidism, irrespective of the type of treatment (329,

The quesiion may be addressed as to whether a
large epidemiologic study could or should be
underlaken to follow-up the several hundeed thousand
wha have been treated with ™1 for hyperthyroidism. 1
bulieve the feasibility of such a study should be
examined. It hasthe potenlial fpranswering thequestion
asto whether general body oxposure in the 1 rad range
delivered at a relatively low dose rale is caranogenic.
Howover, sinee it apprars that hyperthyrotdism per se
may be associated with leukemia, the appropriate
control groun should be, asin the siudy of Saenger et al.
(A2}, patients treated with surgery. | doubl i it is
currently possible to oblain an age-matched surgically
triatesd group since ™l has certainly become the treatment
al chaice fut definitive therapy, [nevaluating whether
hyperthyroid patients treated with anti-thyroid drugs
uril remission would be suitable as a control group,
the palential ol these drugsforinducing leukemia must
also be considered.

There have been several other negative studies in
which induction of leukemia as 2 consequence of
radiabion was sought for and not found. The BEIR 11
REeport did not consider carly papers (34, 37) that
observed nodnerease in leukenua in women trealed for
cervical cancer withigither intercavitary radium, oxternal

radiation or both. Perhaps the rcasons for neglecting
considerationcf these papers was theincomplele patient
follow-up in Ihese earlier studies. However, a reoent
report {38) of an international collaborative study of
31,219 women with corvical cancer, of whom 28 490
receivod radiation therapy and 2,729 did not, revealed
thatin theirradiated group 15.5cases of ieuketnia were
cwpecied and 13 were observed frelative risk =0 8)(95%
confidence lovels 0.4-1.4) and in the non-irradialed
grouptwocasesof leukemia were observed ascompared
wilh the 1.0 expected. The follow-up was long cnough
tehaveincluded the fourteeight year period of lenkermia
praking observed with the Japanese atom bomb
survivers.  The consistency of these studies (36 .38)
would suggest that thereis no detectable leukemogenic
effect in patients with cervical cancer following radio-
therapy. Theecahort sizeof thisstudy isquite comparable
ko the Court-Brown and Dall sludy showing increased
incidence of leskemia in patients irradiated for
ankylosing spondylitis (39,400 Tedows remain a my stery
as o why radiotherapy would apprar to be
leukemogenic in one disease and not in another when
the therapeutic doses are in the same range allhough
net delivered te the same body rogion.

ltiscommonly acoopted thatearly radiation workers
had an increased incidence of malignancies. For the
miost part, their radiation exposures cannotbeestimated .
The classical picture of the Curics working in theirshed
for four years while separating and purifying radium
and poloniumis one which will never be repeated. Ttis
not surprising that Marie Cunc died from aplastic
anemia, probably secondary 10 the radiation exposure
she received in her laboralory and during her
experiences in World War I when she personally
provided X-ray services just behind the front Hnes,
trained X-ray technicians and installed 200 radivlogic
rooms. What is surprising is that she did not die untit
1334 at the age of &6 in spile of cumulative exposures
that must have been thousands of rems. What aboul
more recent radiabion workers with iesser exposures?
A recent report of the maortality from cancer and other
causes among 1,328 British radiclogists who joined
radiologic societics bolween 1847 and 1954 revealed
that in lhose wha gntered the profession before 1921,
the cancer death rale was 75% higher than thatof other
physicians but that these entering the profession after
1921 had cancer death rates comparable 1o olher
professionals (41).  Although the exposure of the
radinlogists was not monitored, it is estimated that
those who entered between 1920 and 1945 could have
received anaccumulated whole-body dose on tho order
of 100-530 rad.

[t scems abvious from these sampling of reports
thathuman studiesin the low dosc, low-dose ralerange
are complicated by the biases introduced by the case-
cortrol methodology, the limitations of smafl number
stahistics and thenatural vaniation indiscase patternsin
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a heterogencous human population. Because of these
inherent limitations, it secms unlikely that human
studics will ever answer definitively the question as o
whethor there is a threshald for radiation-induced
carcinogenesis.

Animal studies have certain advantages: theanimals
arc inbred and are not subject to the genctic and
environmental variability of a human population; at
present il is pussible Lo expose animals bt not humans
to graded radiation doses at different dose rales. The
inherent limitation of such studics is that it would be
enormously expensive to maintain the Jarge groups of
animals that would be required to evaluate effects at
truly low dosesand dose rates. Theconclusion of many
studics of different umors in different animals is that
for a given total dose there was generally decreased
tumarigenesis when the radiation was delivered at a
lower dose rate, but that the reduction faclor was
dependenton the tumor and the specivs of animals (42},
Noneof these studies have been performed at truly low
dose tates. The studies by Ulrich and Storer{43) on
turnorigenesis in REM mice revealed that the L -
gamma-ray irradiation is delivered at 3.3 rad/day, 1.,
25 (XHimes natural background, there is & threshold of
abont 50 rads before an increased incidence of ovarian
tymors or thymic lymphomas is observed. The
threshold appeared to be no more than a few rads when
the irradiation dose rate was 45 rad /min. Studies at
even lower dose rates, fur instance at about 100 Hmes
natural background, would reguire an enormuols
number of animals and are really net practical.

Without developing a detailed theoretical madel
for radiation carcinogenesis, it €an be cxpected that,
since human beings are more than 2% waltcr, low-LET
ionizing radiation is probably largely absorbed in the
water with production of frec radicals, Thus, many of
the bipchemical changes indtiated in the cell, and in
particular, damage to cellular DNA, are probably a
cunsequence of the indirect action of the products of
walcr radiolysis. 1f molocules which scavenge radicals
and which are normally present in tissue exceed the
concentration of free radicals generated al low dose
ratcs, theremay wellbenoinitialing event,ie, damage
to DN A. The threshold could be the dose rate at which
the free radicals overwhelm the scavengers — and this
may be dependent un species of animals and specific
tissug. This is a tenable hypothesis but one that 15 not
readily werifiable,

In addition to concerns with carcinogenesis, there
is considerable fear of the risks of genctic effects from
radiation. This was considered extensively in the BEIR
Nireport(31rand it was concluded that since radiation-
induccd transmitted penetic effects have not been
demanstraled in man, cstimates of genetic risks must
be based on laboratory data obtained at high dose rates.
Schull et al. (44) have concluded on the basis of studies
of the children bom to survivors of Ihe Hiroshima-

7

Nagasaki bombing, that the estimated doubling dose
for genetic changes would be about 150 rem, a value
some jour-fold higher than the resulls fromexperimental
studies on mice. Furthermore, this represents simply
an estimate since they reported that in ne instanoe was
therea slalistically significantelfoctof parental exposure,
It should be nated also that many investigators have
found that chronic ircadiation in mice is aboul three-
fold less offective than acute irradiation. This waould
cffectively raise the doubling dosc for prolonged
exposure in man to about 500 rem. Furthermore, since
none of the studies in mice wore performed at truly low
dose rates, one cannot really determine what the
doubling rate would be fur background radiation.

In my introwduction 1o this presentation 1 raised the
question, "How Tow is low?" or are therce levels of
radiation below which one cannot discern delelerions
cffeets of radiation. Theanswer to thal question is YES,
The GAQ report concludes (14} that "thete is as vet no
way to determine precisely the cancer risksof burw-level
innizing radiation ¢xposure, and it is unlikeiy that this
question will be resolved soon.” Stating that there are
tevels below which one cannot discern harmful elfocts
of radhalion is not the same as reaching conclusions
concerning the existence of a threshold below which
radiation effects in man does not eecur. L scienee we
ran only accopt as valid those laws that are subject io
experimental proof. Wecanhypothoesi ze, but we should
not confuse hypothesis with reality. Thercisa problem
in determining what kinds of studics should be funded
in radiologic rescarch. Itis evident that epid erninlogic
studies cannot produce meaningful data aboul the
existenceof a throshold for radiation cffects. Molecular
and cellular studies may or tay not give some insight
about molecular or oellular cifects but cannol answer
irportant queslions about repair mechanisms in the
intactanimal or man when radiationis delivered atlow
dose-tates, Al present there are no really good idees
Ihat would permit a breakthrough in the field of law-
level radiation cffects. Therefore, pood scientists with
imaginalion and insight are unlikely lo work ina field
in which the studies at best are pedantic and, al worst,
are inevitably flawed. Thus, this field of rescarch,
which is now primarily generaled not by scientific
interest but by Federal concern and Cengressional
mandate, is not likely to attractinvestigalors seeking to
ppen new frontiers in science. 1L is cssential Lo
communicate to the public and through them to our
government that each of us leses when srienlific talent
and funding is diverted from scientifically important
and socially desirable investigations to predictably
negative experimentation because of irTational lears
generated by well-intentioned or ill-intentinned bul
often uninformed Cassandras.

Let me turn now, for a momend, from science (o
philosophy. Scicnee, unlike religion, is not influenced
by belief or divine revelation. In science we observe,



hypethesize and re-observe in an atternpt to determine
whether the hypothesis is consistent with the
observations. Scientiats arc not Aristotchians — if we
want to determine the number of teeth in a horsc's
mouth we open its mouth and count the teeth.
Sometimes the critical cxperiments cannotbe perfonmed
wilh available tools. Thus, Newton's Laws, which were
the dogma for over two centuries, could not predict
bechavior at high velocities or atomic or subatomic
dimensions. Butthisis simple compared to predicting
the laws governing the much more complex
interrelations in biologic syskems including man. With
respect to cffects of low-level radiation, there is a
consensus that there are no reproducible studics
demenstrating unequivecally that such effects are
demonstrable.  The disagreement concerns how o
extrapolate from higher dose raies and retal doses to
the non-measurable range. The BEIR I Report (31}
concluded that lingar-quadratic extrapolation is the
ane most consistent with available data; Radford
dissenled and contended that the linear extrapolation
hypithesis was appropriately conservative; Rosst
claimed lhat a quadratic extrapolation should be
cmploved. There are those who hold that there 1s no
ividence which would exclude Lhe possibality that therne
isathreshold below whichthere areno radiationeflects.
After all, with what we have learned in Tecent years
through studies in melecular biclogy, there is every
reason Lo belicve we have repair mechanisms hitherto
undreamed of. The disagrecment in the low-level
radiation ficld is about hypothesis — not observable
facts. Cmecould noldetermine the validity of Newion's
Laws at subatomic dimensions until the tools became
available. Howewer, in that case there was no noed Lo
make policy decisions based on extrapolation. In the
case of low-level radialiom effects, public policy decisions
nied to be made in the absence of scientific evidence. Tt
should beappreciated that bhese are arbitrary decisions
based on philesophy not fact and mav well change
because of political or other considerations.

In conclusion lel mequote frorm the Matienal Counail
(NCRT} Report Noe. 43 on Radiation FProtection
Philosophy. "The indications of a significant dose rale
mfluence on radiation effec b would make complelely
inappropriate the cutrent practice of summing of doses
at all levels of dose and dose rale in the form of total
person-rem for purposes of calculating risks lo the
populationonthebasis of extrapolationof risk estimnates
derived ftom data at high doses and dose rates, The
NCRI? wishes to caution governmental policy -making
apgencies of the unreasonableness of interpreting or
assumung “upper imit" estimates of carcinogenic risks
at lovw radiation levels, derived by lincar extrapolation
from data obtained al high doses and dose rates, as
actual nsks, and of bastng unduly restrictive policies on
stsich an interpretalion or assumption. Undue concern,
as well ascarclessness with regard to radiation hazards,

isconsidered detrimental to the publicinterest.” Would
that all legislators and regulators would pay heed to
these words!
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