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!1. Wound-Healing Error Model for Redon Car. 1

worken whose average exposure extended over 14 yr (squares),cinogenesis, Schel Kondo (Kinki Univ-Japan) 9.3 yr (triangles), and 5.6 yr (circles).8
Figure 2 shows that excess small-cell carcinomas plateaued

INTRODUCTION after 100 working level months (WLM), while excess epider-
'moid carcinomas increased approximately linearly with radon

'

Epidemiological studies oflung cancer in uranium miners **P '"''

exposed to radon suggest that radon is a tumor promoter.' I |
will refine this notion by applying the wound healing error
model proposed for radiation carcinogenesis in general.2 wound Heallag Error Model for )

Radiation Carcinogenesis *

DATA AND MODEL
Human cancer is a genetic disease due to accumulati

Data on Ursalum Miners la CeechoslovaWa multiple oncomutations in a single cell. Therefore, it ta.
long time for a normal cell to develop into a cancerous ceti,

Figure I shows excess lung cancer deaths in miners as a which explains the steep rise in the enacer incidence with age,
function of cumulative radon exposure for three groups of ' " " " " * * * * " * " " * * * **"# # "**"* * '# '

sues are irradiated or not, but that cells with onco' genic muta-
tions in a tissue moderately injured by radiation have a selective
advantage for clocal expansion because the tissue damage must
be repaired by cell growth, which creates the opportunity for

Espe wre pero , clonal expansion. Furthermore, if the tissue damage persists200 -

for a long time, spontaneously occurring preneoplastic cells will
have an increased probability for acquiring the multiple onco-
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Fig.1. Excess lung cancer deaths in miners as a function of Fig. 2. Excess frequency of small-cell and epidermoid lung
cumulative radon exposure, cancer in miners as a function of cumulative radon ex-

posure.
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murations necessary for their progeny to produce a cancerous genic effects of low level radiation. It is therefore extremely
cs5. important to test LNT expenmentally.

To perform this test, we contpare age. adjusted lung can-
DISCUSSION car monaHry rates m with mean radon aposure rin 1729 U.S.

counties, constituting 90% of the U.S. W% Results are
ne wound healing error model, in which chronic, long- shown in Fiss. la and Ib (see non pase), where each point gives

term wounding after irradiation is more oncogense than a high the average m-value for the group of counces within the range
cumulative exposure to radon over a short time, can nicely of r-values shown at the baseline of Fig. la (the figures there
aplain the observation that workers who spread their radon an me numk,of counties in the group). Error bars are one
exposure over more years had more lung cancers (Fig.1). The standard deviauon (SD) of the mean, and the first and third
unique shape of the dose-response curve for small cell carci- quartiles of each group are also plotted. The solid straight line
noma, with a plateau at 100-300 WLM and diminution at 500 is the best fit to the data for au counties, and the dashed line

WLM (Fig. 2), can be explamed by the wound-healing error is the predaction of LNT (BEIR IV version) assumms all other
model as follows. If the target tissue has been heavily irra- factas are equal. Figures Ic and Id show these data corrected

diated, prensoplastic cells will have no selective advantage for smoking prevalence S in the various counties.
,

haranas cell growth may not be activated due to impairment We see sat, after corteedng fw smokiss m deenaser
by -sw per pCi/f, m sharp contrast to the theory predictioneof the tissue repair capacity. Therefore, primordial cells that

produm snau-cou caremomas may be more radiosensnive than of an increase of -7% per pC1/f, a , discrepancy of >20 SD.
squamous ceds that produce epidermoid carcinoma. The last We mfer m &is as "our disempancy The pnncipal ennetsm
assumpdon should be studied, although it seems to be the case of thss work is that it is an " ecological" study, dealing with

because small-cell carcinomas are considered to be derived groups of people (populations,of coundes), whereas epidemi-
from neuroendocrine cells of the bronchial epithelium. ologists much prefer to study individuals. They are very con-

It is firmly established that the excess frequency of muta- scious of the " ecological fallacy" that the average dose to a
tions after irradiation increases almost linearly with incressms group of people does not determine their average risk; this is
dose and that iu value at equal total exposures remains the obvious where a threshold ts involved. However ,it is easy to
same or decreases if exposure rates are decreased. However, show that the " ecological fallacy" does not apply m tesung an
uranium auners had increased lung cancer at decreased expo. .LNT theory-the average dose doer determine the average nsk
sure rates (Fig.1). Therefore, radon is not an oncomutagen. in LNT. It is shown that other problems asenbed to ecologi-
Mutations are the only known radiation effects that increase cal studies,do not apply here.
approximately linearly with the dose of radiation, without a Extensive studies were made of effects of uncertainties in
threshold. Thus, no scientific evidence is available o support rwalues and S values, but these can do little to explain our dis-

t linear no-threshold risk of cancer after exposure to radon. capancy. Extensive studies were also made of potential con-

Cancer is not a problem of single cells but of ce!! society, founding by 54 different socioeconomic factors, smgly or m
combination, and of confounding by geography, by altitude,
and by climate, but no substantial reduction in our discrepancy 1

1. R. W. HORNUNO, T. J. MEINHARDT, " Quantitative could be obtained. Effects of known r S correlations-rural
Risk Assessment of Lung Cancer in U.S. Uranium Miners," people have Mgher radon exposures and smoke less than urban
Health Phys., 52, 417 (1987). people, and smokers are exposed to less radon than non.

'* " ' ' ' * * ' " * * ' ' * " * " ~ ' ' ' " *2. S. KONDO, Health E//rets of Low Level Radiation, Kinki effects on our discrepancy. It was shown that our discrepancy
University Press, Osaka, Japan, and Medical Physics Pub- s not particular to the BEIR IV theory, but applies equally tolishing, Madison, Wisconsin (1993). any LNT theory based on the miner data. Properties of a hypo-

3. E. KUNZ, J. SEVC, V. PLACEK, J. HORACEK, " Lung thetical unknown confounder that could explain our discrep-

Cancer in Man in Relation to Different Time Distribution ancy are c nsidered, and it is concluded that its existence is far

of Radiation Exposure," Health Phys., 36, 699 (1979). less credible than failure of the LNT theory in the low-dose
region where it has never been tested.

4. J. SEVC, E. KUNZ, L. TOMASEK, V. PLACEK, J.
HORACEK, " Cancer in Man After Exposure to Rn Daugh. 1. B. L. COMEN," Dose-Response Relationship for Radiation |

ters," Health Phys., 54, 27 (1988). Carcinogenesis in the Low Dose Region,* Int. Arch. Occup.
Environ. Health, 66, 71 (1994).

2. Test of the Unear No-Threshold Theory of 3. Rethinking ' LARA, Jerry J. Cohen (Cohen iARadiadon induced Cancer, Bernard L. Cohen
Consult)(Univ of Pittsburgh)

The recommendation to keep exposures to ionizing radi- ,

There is no experimental evidence supporting the linear no- ation "as low as reasonably achievable"(ALARA) has been a I
threshold (LNT) dose response relationship for radiation- long-standing component of radiation safety programs. This
induced cancer in the low-dose, low dose-rate region of the vast recommendation is based on the assumption that there is no
majority of applications (e.g., leakage of radioactive waste, dose threshold below which harmful biological effects will not
>90% of projected deaths from reactor accidents routine occur. With thia assumption, it logically follows that there is
1 missions, clean-up of Hanford, etc.). The only basis for LNT no " safe" level of exposure and that any exposure, no matter
:in a very simple theory: a cancer can be initiated by a sin- how low, casries with it some risk of harm. This presumption

gle particle of radtarion, so the cancer risk is proportional to was a departure from a previously established principle in pub-
the number of these particles, which is proportional to the lic health that could be paraphrased "the dose makes the poi-
does. However, this ignores the effects of radiation on repair son," which held that high-dose effects of harmful agents are
processes, stimulation of the immune response, and timing in not necessarily indicative of low-dose effects. The concept o f
the call cycle. All of these are now known to be important, and further minimizing radiation exposures to levels well belo*
they tend to reduce the effectiveness of subsequent radiation specified dose limits originated in the 1950s with the Inter.
exposure.' Thus, they cause LNT to overestimate the carcino- national Commission on Radiological Protecuon (ICRP? ec-

_ &E
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Fig.1. Lung cancer mortality rates as a function of mean radon levelin homes for U.S. counties. (Paper 2)
)
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a====d=*ia= that doses be kept "as low as "possible"(ALAP). ALARA is clearly predicated on the assumption that there |
In 1959, ICRP replaced "possible" with " practicable," and in is no threshold below which biological effects are nonentent ,
1973. ALAP uns changed to ALARA to convey ICRP's intent or posenbly even benancialia nature. This assumption has been |
to achieve does mini-i-eian with " economic and social con- used as a basis for regulatory decimons for so long now that
adorations being taken into account." To implement this guid. it has come to be regarded by the public as an immutable truth.
ance, ICRP m=aadard applicanon of cost. benefit analysis However, there is currently a considerable body of evulence
to balance economic costs against benefits of dose reduction. iad"eia" that the assumption is false. This evxlence has been

f=pa==-e=,*aa of ALARA in redaation protection pro- largely ignored la the regulatory decision-making process for ;
grams is a regulatory requsrement in the United States; how. the stated reason that it is "not convincing." Because, at very
ever. ICRP m==d=rians on use of cost benefit analysis low doses, h would be == rime =Ily impossible to prove the
are lorsely lanored. Under U.S. Nuclear Regulatory Commis. occurrence of any effects (either harmful or beneficial), it is
sion (NRC) rules, required ALARA programs can essentially highly unlikely that clear, absolute proof will ever be r * M.
be denned as " dose reductaon" programs. A cursory survey of However, the preponderance of direct low. dose (< 100 er )
auclear la==:1=*i== in the United States revealed numerous evidenas that does exist ndwar== that beneficial effect. .di

lastances of "ALARA borror stories" where ALARA is the be more likely.
dead beels for making enormous expenditures to achieve rei- The argument may be made thcs even if the no-threshold
anvely triviallsveis of does r=rhumaa This observation has led ====pnaa is wrong, it still provulas a "prudem" basis for res-
to a q ==4aataf of the basic prenuses upon which ALARA is ulatory decimons. If,in fact, low-does radiation expcaure pro.
founded. duces no adverse effects, then accepting this sssumption as a

h$ .
.. . . . . . . . _ . . . . . . - _ . . - ..
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basis for regulatory decisions is certainly not prudent. The re- An ahernadve basis for radiation protection standards to
sultang policies can and have caused the expenditure of vast assure public safay, based on the weght of 'scientinc evidence
amounts oflianted ruources towere meeung requir=n nre that on radiados health effects, is proposed. The basis is a numer-
veduce no public beneet. These resources necessarily become leal value for annual permissible dose. If an individual's done
,asavslable for other areas of public health and safety where romaans below that value, no cost would be justified to reduce
they might actually do some good. is further. If it were antepasant that the does would signifi-

h may also be argued that highly restnctive regulation, as cantly exceed the standard, the concept of ALAP, or keeping
is the case with the NRC's ALARA requirements, can be jus- the dose as low as pracdcable, taking into account econostic

. tified as a reflection of inordinate public fears toward radia- and socal consideranons and individual - - - - . , would
tion. On the other hand, a strong case enay also be rnade to the be applied. The same value is proposed for both radaauon
effect that such regulatory policies are a major cause for those workers and the general public. It is proposed that studies of *

1

fears, because it could logically be inferred that severe controis groups of individuals who are exposed near the tirait be funded
would be unngcessary i' radiation was not extremely dangerous. by the federal government to verify that no harm is observed. |

Despite the existence of sciendfic evidence indicating the it is further proposed that other standards be developed to pre.
likelihood that ALARA is technologically unfounded, one vent the spread of radioactive astenalinto industnal processes
should not be optimsstic that current policies will be relaxed. that are perucularly seassive to the presence of such matenal
Considenna the desp. seated public fear of radiation (regard- Rammples of such processes are photographic fism and paper
less of done level), such relaxation would likely prove to be manufacture, cosiputer chip manufacture, radiation measur-
politicauy unpopular. It is also unlikely that the idea that ing equipment manufacture, and research laboratones that use j
AI. ARA is an unsound policy would gain widespread accep- radioactive material.These latter standards are not safety stan. i

tance among radiation protection professionals, because it is dards. With this two-uered set of standards, one to assure
asumated that 250*e of this group is gainfully employed in health and safety purposes, the other for industnal and re-
work that is directly or indirectly related to A1. ARA. None- search purposes, comparable to industnal " clean room" stan-
theless, from a public health standpoint, ALARA is at best a dards, members of the public would be informed that a little
highly questionable policy that should be subjected to an objec- radiation would not hurt them, and that radioactive material
tive and unbiased reassessment in light of all current evidence may otherwise need to be controlled so that it will not be dei- i
on low-dose radiation effects. A serious problem in this regard sterious to certain manufacturing and research activities. The j

might be the assembly of a knowledgeable group of experts to evils and unwarranted costs of the linear hypothesis would
review ALARA policies, who have no vested interest in its per- then be eliminated. The nuclear ladustry will then be able to
peruation. continue to provide the enormous benefits to society that it is

uniquely capable of providing. |

4. The Linear Hypothesis - Ari idea Whose Time 1. " Basic Radiation Protection Criteria," NCRP 39, p. 55
riss Passed, A. N, Tschaeche (INEL/LITCO) (19'I)-

2. " Recommendations of the laternational Commission onThe linear no-threshold hypothesis is the basis for radia. Radiological Protection, ICRP 26, Para. 27 (1977),
tion protection standards in the United States. In the words of
the National Council on Radiation Protection and Measure.
ments (NCRP), the hypothesis is: "In the interest of estimat.
ing effects in humans conservatively, it is not unreasonable to 5. Why We Need New Approaches to Low-
follow the assumption of a linear relationship between dose and Dose Risit Modeling, Joseph L. Alvare:(ITCorp, i

effect m the low dose regions for which direct observational Er glewood), Frit: A. Seiler (IT Corp, Albu- i
data are not available. The International Commission on
Radiological Protection (ICRP) stated the hypothesis in a querque)
slightly different manner: "One such basic assumption . . . is
that . . there is . . . a linear relationship without threshold be- The linear no-threshold model for radiation effects was
tween dose and the probability of an effect "s The hypothesis introduced by the International Commission on Radiological
was necessary 50 yr ago when it was first enunciated because Protection t.s a conservative model for the design of radiation
the dose-effect curve for ionizing radiation for effects in hu. protection programs.8 The model has perststed not only as the i

mans was not known. The ICRP and NCRP needed a model basis for such programs .s but has come to be treated as as

to extrapolate high dose effects to low-dose effects. So the lin- dogma and is often confused with scientific fact. The perva-
car no-threshold hypothests was born. Certain details of the sive use of the linear anodel has extended calculanons of radi.
history of the development and use of the linear hypothesis are ation risks to dose levels that cannot be asseured and have
presented, la particular, use of the hypothesis by the U.S. res- risks that are much asialler then the uncettainty of the calcu.
ulatory agencies is examined. Over time, the sense of the hy- lation. This extends the model beyond iu range of applicabil-
pothesis has been corrupted. The corruption of the hypothesis ity and requires consaderation of a msnmum significant risk.'
into the current paradigm of "a little radiation, no matter how E=i= ion of the model for a manamum significant risk
small, can and will harm you" is presented. The reasons the required exammation of the model and data uncertamties. In
corruption occurred are proposed. The effects of the corrup- this ammmarion a number of serious problems with the linear
tion are enumerated, specifically, the use of the corruption by no-threshold model of radiation carcinogenesis were dernon-
the antinuclear forces in the United States and some of the huge strated, many of them invahdaung the hypothesis. It was shown
costs to U.S. taxpayers due to the corruption. Examples are thst the relative risk formaham did not approach one as the

.'iven of how and why those costs have been created. Playersdose approaches zero. When mortality ratios were used in-
n the creation of the costs have been the regulators Congress, stead, the data in the region below 0.3 Sv were systematically

the anunuclear forces, the nuclear industry itself, and the pub. below the predictions of the BEIR V model. It was also shown
Ec. The interrelation and communications arnong those groups that the data above 0.3 Sv were oflittle use in formulating a
that resulted in creating the costs are examined. A pessimistic model at low doses. In addition, these data are valid only for
future for the nuclear industry and lost benefits to society are doses accumulated at high dose rates, and there is no scentific
forecast if the hypothesis continues to be the basis for radia- justification for using the modelin low dose, low-dose-rate ex-
uon protection standards in the United States, trapo!ations for purposes of radiation protocuon. Figure ! d!us-

-. _ -- - 5 _ _ _ _ _ _ _ . -
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1<

vivors, while the light shaded portion is the low-dose and low-

0.1 dose-rate region. Data exist in the intermediate region 3
bndse the considerable gap frosa the region of the n

sm

# 0.01 < the low-dose rad low-dose-rate region. Above aH, tbs -en-'T
dose to low-dose model ignores the copious @ logical '
database that is available at low doses and does rates, that is. |$ 0.001 , (2,1) (2.2) (2.3) exactly the regian for which radiation protection models arew

. needed. These epidemaiological data also are at odds with thee o.0001 ,
'iB Enear no-&reshold .g-M
E: Despite these obvious errors in the model extrapoladon,

0.00001 fureer exaniinada of model His to the Japanese navim
3 data were attempted. Several such models were fit to the data

[ 0 000001 0.1) (12) (13) I 8 "" """ "**' U"**''M"*'' '"' ""d
Weibull, all of which fit the data be'tter than the relative'-risk,

0.0000001 linser no-threshold madei. These fits were used to demonstrate. . .

that the BEIR V model syw.marw.ny overestimates the risk at
.

0.01 0.1 1 10 low doses in the Japanese survivor data set. This systematic
lack of fit hardly invites extension to low doses at low dose
rates.

Dose (Sv)
It is recommended that a unbiased reanalyns of the data

Fig.1. (Dose / dose ratel classificadon chart. The Japanese be undertaken and the results used to construct a new model,
bomb survivor data occupy the three top ce!!s above based on all pertinent data. This model could then form the
0.1 Sv/h., shown with heavy shading. Due to the spar- basis for managing radiation risks in the appropriate regions
las effs.s of lower dose rates, the boundaries between of dose ud dose rate.
the three dose regions move to higher doses by some-
what uncertain factors. The predicdons by a radiation
protection model for routine exposures need to be made 1. " Recommendations of the International Commission on
in ceu (1,1), shown with light shading, and maybe in Radiological Protecdon," ICRP Publication 26. Pergamon

cvus (2,2) and (2,3) for accidental exposures. Thate are
Press, Oxford (1977).

urge but at present ignored data sets in the middle row 2. Hes/th E,/ facts of Exposure to Low Levels o/lonizing Radi-
of ceus as well as in cell (1,1), where the low dose, low-
dose rate modeling is most needed, ation: BEIR V. National Academy Press, Washingtori 'v;

(1990).

3. " Recommendations of the International Commission on
zrates the state of our present knowledge from the data base Radiological Protection,"ICRP Publication 60, Pergamon
of the BEIR V model and the regions of dose and dose rate Press, Oxford (1991).

that are dependent on the model for interpretation. The dark
shaded pordon of the figure is the region of the Japanese sur. 4. F. A. SEILER, J. L ALVAREZ,"The Defmition of a Min-

imum Significant Risk," Technology,331A,83 (1994).
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LOW-LEVEL RADIATION HEALTH EFFECTS:
POLICIES AND COST / BENEFITS.

Cosponsored by the Biology add Medicine, the Environmental Sciences,
and the isotopes and Radiation Divisions

Session Organizer: J. Muckerheide (Comm Mass)

All Papers invited
i

i

1. Retuming Common Sense to Regulations,
iing %~ly cLar that such an investment has not produ. |Michael R. Fox (Wesfinghouse Hanford)
menttletneductions in health risks. In the case of radiat i1

regulanons, the reaion is that at low doses of radiation ex; |To begin at a point of common understanding and agree. sure, there are no significant levels of observable harm. C
ment, the British philosopher C. P. Snow in i A',4 wrote his should not expect large and observable reductions of har
short and insightful book, Two Cultures.' He described the

regulating agents at doses not observably harmful.existence of the division within society between the scientific, The recent works by Cohen,' Kondo, the June 1995 is!
numerate, and quantitative on one side, and the nonscientific, of the Nec/th Physrcr News /erter,' and the efforts of the Bi '
nonnumerate, and nonquantitative on the other. ogy and Medicine Division of the American Nuclear Soca

This division since the 1960s has flourished, deepening and (ANS) co!!ectively challenge (if not overthrow) the questu !
expanding as technologies have advanced. The impacts of pub.
lic fear among the nonscientific segment of society have been

able underpinning of the dubious Linear No-Threshold Theo i

To provide a specific example, the average resid(at
immense, since this segment represents a huge majority of the Spokane County of the state of Washington receives >l6
American public. What the public perceives as harmful,

mremq). r of radimion from natural sources (largely indeaccording to traditional risk data (e.g., mortality and morbid. redon Higher individual exposures are common. There a
ity tables), is almost inversely related to what is actually harm. no notable excesses of cancer mortality in Spokane Coum ,fut to the public.3

nere are many other instances of such exposures to natur
his has led to a morass of environmental regulations that radiation.

not only are extremely costly for the public to understand, Does it make sense to set radiation exposure limits t
comply with, and implement, in too many cases the regulations nuclear technologies and activities at levels down to Ir,
contribute precious little in the actual reduction of health risk these naturallevejs? (ne state of Washington is curremly c:to the same public.

sidering exposure limits of 15 mrem /yr above natural levels
The regulations regarding radiation exposures to the pub. Hanford cleanup.) The answer is, no it doesn't, if impros

lic are a subset, a rather large subset, of the fear-driven regu. public safety is the issue. Scientific societies such as the A.'
lations with which we now must comply. These costs have must become active participants in these scientific debates
directly affected every industry using nuc! car technology and ensure that this nation ceases squandering its financial a
materials. The exorbitant costs of compliance, we must never WH""M resources pursuing small, often immeasurabM ns,
forget, are almost unique to the American experience with
nucicar technology.

A major contnbuing factor to these costs has been the Lin. 1. C. P. SNOW, Tw Culturer, Cambridge at the Universc
car Theory of Harm from Radiation, which has been trans. Press, Cambridge, England (1964).
formed from what was initially an administrative guideline in
controlling radiation exposures to a scientific fact. It is one 2. P. M. SANDMAN," Hazard Versus Outrage: Respondir

to Public Concerns about the Risks of Industrial Casesthing to advise a child not to go near a hot stove (instilling fear presented at Int. Oxygen Manufacturers Association
in the process). It is quite another to ask society to forego all Annual Meeting,1991.
uses of heat in domestic and industrial processes.

For the past 50 yr, the nation hra been struggling with 3. P. ABELSON," Pathological Growth of Regulations,"Se
understanding nuclear technology. Even though natural radio- ence Gune 25, M3).
activity was discovered a hundred years ago, it remams substan-
tially unknown to the American public today. Those opposed 4. B. L. COHEN, " Test of the Linear.No Threshold Thecr

to nuclear technology have exploited this magnificently. of Radiation Carcinogenesis for Inhaled Radon Decay Proc

Regrettably, in some cases people with scientific credentials ucts," Health Phys., 63, 2,157 ( Feb.1995 L

have aided and abetted the critics of nu: lear technology. For 5. S. KONDO, Health E//ects o/Lo w Level Radiation. Kina
the most part the scientific societies remained on the sidelines University Press, Medical Physics Publishing (1993).

'

during decades of public debate.
The United States has spent hundreds of bilh.ons of dollars 6. Health Physics News / art., XXIII, 6 (June 1995).

complying with the vanous regulations imposed by federal and 7. "Special Report-Radon in Washington." washmston Sts:
state regulators (the Environmental Protection Agency esti. Department of Health, Environmental Hes.th Prograr-mates 3115 billion per year for compliance costs).' It is becom-

(June 1994).
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2. Umitations on Cost Benefit Analyses in- 3. Cancer Risks, Risk-Cost-Benefit Analyses,
volving 1.ow Radiation Exposures, Allen Brodsky and the Scientific Method, Frit A. Seiler (IT

|(Georgetown Univ) Corp, Albuquerque), Joseph L. Alvare:(ITCorp,
Englewood)

The purpose of this paper is to examine some'llmitations |

on cost-be tefit analyses related to activities involving individ. Two main changes in risk analysis are increasingly besc.. :ual expontes below -0.1 to I Sv. Previous papers' 2 have ning to influence the manner in which, in the percepcon of sci- 1presented evidence showing the likelihood that there is no entists, low dose modeling of radiation carcinogenesis is Ipurely linent dose response component at low radiation lev- supposed to be done. In the past, efforts to model radiation
eis-that most dose. response functions where the response is

risks have been carried out under the banner of scientific !

,

the induction of an initial cancer cell tre likely to be curythn- endeavors. On closer inspecuen, however, it has become obvi- icar (concave) upward at the lowest exposure levels. There is ous that these efforts were not guided by the scientific method I

also considerable evidence that bormetic effects in this dose and that a change in approacia is needed.' We realize increas- I
region, including those that can repair or kill initiated cancer "Ingly that risk analysis is not done in a vacuum and that anycells as well as those that might provide beneficial health action taken due to the result of the analysis not only has a ben-
effects, are likely to be supenmposed on any dose-response efit in the form of a risk reduction but leads inevitably to an
functions for the caremogenic process alone.3 * These phe- increase in cost and an increase in the risks of persons effect.
nomena impose such large uncertainties in response at low ing the benefit. Thus, a risk cost-benent analysis should bedeses that current nsk factors obtained by extrapolation of

done and show a clear-cut net benefit before a remedial acnonlinear-quadratte models fitted to human cancer data at high is taken.
dose levels are inapplicable for use in low-dose cost-benefit These two changes will require a dramatic change in the
analyses; this is true at least insofar as such analyses cannot be

approach to low-dose risk modeling. Some important aspectsexpected in themselves to necessartly resu!! in optimum choices
of this statement may not be directly evident, so a short analy-

between alternauve actions. The innuence of these uncertam- sis of the situation may be helpful. In a cost benefit analysis,
ties on cost benefit analysis has been examined usmg methods the benefit of a management action, measured in numbers of
for such analyses as given in Ref. 5.

human lives saved or injuries avened, has to t e compared to
Limitations in ICRP47 methods have been examined also the cost of the acuon measured in dollars. Many methods, suchin the usual context of deciding alternatives for a spectfic

as the Multi Attribute Utility Theory, have been developed toproject. The need for a true cost benefit analysis to provide solve the obvious problem of comparing cost in human lives
optimum societal benefits through incorporation into a quan- to cost in dollars.s A less obvious problem is the implicit
tiaed framework of benefits for all projected human activities assumption that both the reduction in risk and the increase in
involving environmental exposure has been presented previ-
ously.' Thus, the variables in this examination have been cost are estimated with models of roughly the same degree of

sophistication and assuming that the numerical uncertaintyrestricted to those for alternatives to a specific project and analysis can account for the remaining differences in reliability.include the gross benefit, production costs, radiation protec* In a risk cost benefit analysis, the costs are evaluated in ation costs, and costs of detnments that include radianon health
effects as well as other detriments to human life-as related

manner that is likely to yield a best possible estimate and its
uncertainty Similarly, the risk of the remedial action, often a

only to the possible alternatives for the specific project. set of different occupational risks, is based on actuarial data
We conclude from this analysis that (a) conventional meth- and is usually also done in a manner that should yield a best

ods of cost-benetit analysis can be used to help choose between possible estimate. The benefit by risk reduction, however. is
alternative actions only when regulatory constraints demand usually overestimated dramatically, allin the name of conser.
specific ! imitations on population dose and when budget con- vatism and the benefit of mankind. This well meaning
stramts have been already imposed on a projcut, and (b) these approach thus ! cads to an unacceptably biased risk and risk
conventional methods do not achieve true optimization of ben- reduction, making these risk models completely useless for risk,
efit/ cost for society as a whole, nor even for the exposed group. cost-benefit analyses.

In the application of the scientific method to the problem

1. A. BRODSKY* "Are Radiation Risks Real Below 0.001 Sv of I w-dose risk modeling, the most important question is,
per Year?" Trans. Am. Nucl. Soc.,69,177 (Nov.1993). What can we as scientists bonestly state about this nsk? and

My e procede me that ccub a d m
2. A. BRODSKY,"Are Radiation Risks Real Below 0.001 Sv the most appropnate model available and the best possible val.

per Year?" Radiat. Proteer. Manage.,12,3,61 (May/ June ues for the model parameters to yield the best possible nsk
1995)~ value according to the state of the art. This is followed by an i

exploration of the limits of our knowledge about each one of
3. T. D. I.UCKEY, Normesis, 2nd ed., CRC Press, Boca the model parameters and, if necessary, an error propagation

Raton. Florida (1990). calculation to arrive at the total error of the risk. Agam, the
question is, What can we honestly say about the standard

i

4. A. BRODSKY, Radianon Risk and Uraniem Toxicology error? Then and only then should upper limits be calculated 1

Review, with Applications to Cost-Benellt Decmons in and used and statements about the low-dose nsk made. Thus.
Decomme.monmg, RSA Publications, Hebron, Connecticut from the standpoint of the scientific method, usm_ s conserva-
(1995). tive models and conservauve parameter values is not accept.

I

,

able. Indeed, in the new paradigm of risk assessment. |
5. " Cost Benefit Analysts in the Optimization of Radiation conservatism is not a virtue but a sin.

Protection,"ICRP Publication 37, International Commis. An example for the application of these new rationales ;s
sion on Radiological Protection Pergamon Press, New the definition of a minimum significant risk.3 It ts based an

.

York (1983). the fact that some errors decrease as the risk decreases, but atb
ers do not. Thus, as the dose decreases, the risk decreases M50

6. A. BRODSKY. " Balancing Benefit vs. Risk in the Control but not all components of its standard error. There will mus
of Consumer Items Contaming Radioactive Matenal," Am. be a dose for which the risk is comparable to its error. sed 2 ,

|1. Public Health, 55, 1971 (1965). simple staustical test will show that the assumption that me nst

_ k
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,

j

is different from aero can no longer be maintamed. As with all
queaddes, there is a ='=i=u= scendrxally manningful risk.
An lespeadom af the MR V model and its uncersasaties shows 1. F. A. Nf f ** J. L. ALVAREZ,"I'he Use of the haarifici
that the alaisemis sisd8sant risk lies in the range of a few per.Method la Risk Analysis " Technology,331A, $3 (1994).
osat for a 90 se 95% ===8d==a= level. For an improved error;

aaniysis of the MR V dass, manimum sisafficant risks of a 2. R. L. KEENEY," Decision Analyus,"#sadbook ofOper-
few times 10-a midt be obsained, but values near or below stions Asenerch. FosenderJose and Fausdementair, J. J.1

are probably out of the reach of these studies. The- MODER, S. E. ELMACHRARY, Eds., Van Nostrand1 x 10-3

unportant consequence of these evaluations is that any risk Reinhold, New York (1978).

anaBar thna the ====== signanc=ar risk is scentifkally mesa.
3. F. A. SE!LER, J. L. ALVAREZ,"The Deflaition of a Min ;

ingless.
imum c-ai6aa' Afsk," TeeAnology,331A 83 (1994).

.
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1.

Panel Discussion,

,

i

Panelists: Marvin Goldman (HPS)i

Anthony Thompson (SPP&T)
;

Jerry Cuttler (AECL CANDU-Canada)
Myron Pollycove (NRC)
Leonard Sagan (Sagan Consult).

John Cameron (Cameron Consult)
'

Carol S. Marcus (Harbor-UCLA Medical Ctr)
A. N. Tschaeche (INEL/LITCO)
Joseph L. Alvarez (IT Corp, Englewood
Fritz A. Seiler(IT Corp, Albuquerque) )
Jerry J. Cohen (Cohen Consult)
Michael R. Fox (Westinghouse Hanford)
Schel Kono*o (Kinki Univ-Japan)
Bernard L. Cohen (Univ of Pittsburgh)
Allen Brodsky (Georgetown Univ)
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LOW-LEVEL RADIATION HEALTH EFFECTS:
ADAPTIVE CELL REPAIR AND BENEFICIAL EFFECTS

Cosponsored by the Biology and Medicine, the isotopes and Radiation,
and the Environmental Sciences Divisions

Session Organizer: J. Muckerheide (Comm of Mass)

All Papers invited

1. Can Low-Level Radiation Cause Cancer? can be brought about by irreversible changes in the genetic
i /arnes E. Trosko (Michigan State Univ) caterial,(mutagenesis), cell death (cytotoxicity), or reve sible

dtanges in the expression of genes at the transcriptional, trans.

CANCER IS NOT " CAUSED" is tional, or posttranslasi nallevels (epigenesis). While radia-

BY ONLY ONE THING Lon is known to induce DNA damage /mutauons, cell, death
and epigenetic changes, tn addition to cancers that are found

Health in a multice!!ular organism is maiami'=4 by he;. leo. in radiation-exposed animals, expenmentally, and in humans,
static processes. Disruption of these homeostatic controls at epidemiologically, the question is. At low-level exposure, what
the molecular, biochemical, cellular, and organ systems levels is the risk that cancers are " caused" by the radiation?
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Fig.1. This wheme characterizes the postulated link between extracellular communication and intercellular communication via

various intracellular transmembrane signaling mechanisms. It provides an integrating view of how the neuroendoc. ne-
tmmune system (mind or brain / body connection) and other multisystem coordinations could occur. Although not shown

here, activauon or altered expression of various oncogenes ggd contnbute to the regulation of gap junction funcuen.
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Fig. 2. The initiation-promotion-progression model of carcinogenesis: B , rate of terminal differentiation and death of stem ce!!:
Bs, rate of death, but not of terminal differentiadon of the initiated cell (-1 |--); ai, rate of cell division of stem cells;

i

o2, rate of cell division of initiated ce!Is; m, rate of the molecular event leading to initiation (i.e., possibly mutation); and
#2, rate at which the second event occurs within an initiated cell.

CANCER IS A MULTISTEP,
MULTIMECHANISM PROCESS rounding normal cells by downregulating the transfer of ions

and small molecules through gap junctions. Tumor-suppressor

Our understanding of experimental in vitro and in vivo genes would be predicted to upregulate GJIC or to prevent the

studies, as well as epidemiological data, suggests that carcino- downregulation of CJIC by oncogenes.

genesis is the result of many endogenous and exogenous fac- Ionizing radiation, as an efficient clastogen and inducer of
deletion mutations, might be affecting any of the stepstors interacting during a multistep, multimachanism process.' deleting regulator genes controlling oncogenes, rearran(e.g.,No single factor "causes" cancer.8 ging
oncogenes to have altered expression, causing ceu death to pro.Carcinogenesis is a multistep, m"M-hnem process in-

volving the irreversible conversion of a stem cell to a terminal- mote surviving stem cells initiated by other agents, and delet-

differentiation-resistant ceu (initianna), foUowed by the clonal ing tumor-suppressor genes). The stem cell pool at the time of
acute ionizing radiation, the number ofinitiated cells in theexpansion of this cell (promotion) and by the acquisition of
body, and the amount of cell killing by a given dose of ioniz-other genetic and epistactic alterations leading to malignancy
ing radiation would all contribute to the carcinogenic risk.(progression) (Fig.1).

The initiation and progression steps seem to be facilitated It will be difficult to esumate the frequency of gene or chro.

by mutagenesis, whereas promodon has been associated with mosomal mutations in the few stem cells that give rise to can-

gents that cause mitogenesis (e.g., cell killing, growth regu- cer. If ionizing.radir. tion leaves a urdque fingerprmt in the kind

lators, chemical mitogens). Regardless of the actual mecha- of DNA lesions / mutations found in the tumors of exposed

nisms that could lead to cancer, cancer ceus are phenotypically orgamsms (molecular epidemiology), there might be some esti-
mate to ionizing radiation's contributory role in caremogenesis.characterized as being non contact inhibited, blocked in their
Even more difficult will be the estin ation of ionizing radia.ability to terminauy differentiate and.having no growth control.
tion's role in inducing cell death (particularly in the inductionin effect, cancer is a problem of homeostatic control within and

between cells. Cancer is more than a cell problem, it is a cell- of apoptosis or in the induction of altered gene expression)
society problem. because both of these end points are induced by many natural

A hypothesis had been advanced that cancer ce!!s are the and other exogenous nonradiation factors. At low-level expo-
sure, detecting biomarkers for ionizing radiation's effects onresult of some dysfunction in gap junction intercellular com- signal transduction, an epigenetic effect, will be difficult to

munication (GJIC). CeU-to-cell communication, mediated by assessJextracellular factors (growth regulators, hormones, neurotrans-
mitters, etc.), which trigger intracellular signals (e.g., Ca**,
pH, phospho y!ation changes), could modulate (up or down) 1. J. E. TROSKO, " Radiation Induced Carcinogenesis: Par.
GJIC (Fig. 2). adigm Considerations," Biologics / F,/feetr of Low Level f a-

This integr'ated hypothesis postv!ates that chemical promot- poswes: Dose-Rerponse Relationslupr, p. 205, E. J. CALA.
ers, occogenes coding for growth factors, receptors or trans- BRESE, Ed., CRC Press, Boca Raton, Flonda (1994).
membrane signaling elements, and transcription factors can
tsolate an initiated cell from the suppressing mfluenct of sur.

2. J. E. TROSKO, "Does Radiation Cause Cancer" RERE
Update, 4, 3 (1992).
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! 3. J. E. TROSKO, "Epigenetic Bismarkers: Pctantials and Thus, the pff dependent signal transductica pathway may be
: f taurarmaa," Asomerkaar and Occupersonal Neelth, p. 264, unportant for ensunas cell. cycle progression, DNA replicanon,
1 M. MENDELSON, J. P. JEETERS M. J. NORMANDY, chromosome segregation, and DNA repair.

Eds., Joseph Henry Press, Washmston, D.C. (1995).
,

a

i 3. Programmed Ces Death for Defense Against
I 2. Signal Transduction Through p53-Depen. Anomaly and Tumor Formation, Schei Kondo
| dont Fathway After Low-Dose ionizing Radle. (Kinki Univ-Japan), Toshiyuki Norimura (Univ of
i tion Takeo Ohnishi, HidekiMatsumoto, Xinjiang OEH-Japan), TaistiNomura (Osaka Univ-Japan)
i Wang (Nara Medical Univ-Japan)

INTRODUCTION

j in the study of cell-eycle events, recent attention has focused Call death after exposure to low level radiation is often
; on the signal transduction pathway in which a tumor suppressor considered evulence that radiation is po sonous, however small

protein, wild-type (wt)p53 protein, acts as the key protein. A the dose. Evulence has been accumulating to support the notion
i major advance in recent years has been the partial elucidation that call death after low-level esposure to radaanon results from

of the Gi-arriet mechanism. However, the transcriptional res- acavanon of seculal genes ' programmed cell death' or 'apop.;

: ulation raschamsms of components of the cell-cycle machin- tosis'-for the health of the whole body, This paper gives
j ery renam unknown. We have investigated the induction of expenmental evulence that embryos of fruit flies and mouse
t pff, WAEl and edkJ after gamma-ray irradiation using two fetuses have potent defense mechamsms against teratogenic or

human glioblastoma cell lines, U-37MG beanns the wt #53 tumongssue injury caused by radiacon and carcinogens, which
j gene and the other T98G. a mutant gene. After the cells have function through programmed cell death.
j been irradiated with gamma rays at 3 Gy, the level of p53 and
j WAfl mRNAs in U-87MG increased gradually for up to 10 h, DATA AND DISCUS 6 ION

whereas these mRNAs were overexpressed in T93G, and these4

! levels remamed relatively stable after irradiation. In an attempt Ceu Replacement Repa.r of Teratogmu.e
; to examine the induction of edkJ after gamma ray irradiation, Wury la Fruit Has
! we analyzed the level of edkJ mRNA using the reverse tran- When male genital disks of Drosophda melanogarter lat.

scriptase polymerase chain reaction (RT-PCR) technique. We vae at the third instar were exposed to 50 Gy, all of them devel-t

! calculated the amounts of edkJ mRAA relative to that of oped into abnormal adult genitalia, whereas when they were.

i b-actin mRNA in both cell lines, then plotted them against transp' anted into 2. day younger larvas, all of them developed

{ those in nonitradiated cells. After irradiation, the level of edkJ into normal genitalia.' These results fit the model of cell
; mRNA in U-87MG gradually increased more than twofold by replacement repair,in which cells with teratogenic injury are
! 10 h i er gamma-ray irradiation, whereas the level of the replaced by healthy ones within the cellular society of a target
! mRNA in T98G remained relatively stable after irradiatioa. organ and in which this presumed cell replacement results in
! This result demonstrates that wtp53 induces the expression of complete elimination of injured cells by programmed cell
| not only WAEl but also cdkJ. death, since otherwise the residual injured ceus would give rise
i On the other hand, we report the induction of wt p53 pro- to abnormal portions in the adult organ.
i tein accumulation within 12 h in various organs of rats exposed
! to X ray irradiation at low dose (10.15 or 50 cGy)., The lev- Cell Replacement Repair of Teratogenic lajury la Mice
i eis of p53 in some organs of irradiated rats were meressed |'j about two to threefold in comparison with the basalp53 levels Expenmental studies with mice have established the empir- 1

'
in norurradiated rats. Differences in the accumulation of p53 ical rule that irradaanon during tb pre-implantation period of
after low-dose X ray irradiation were observed among the the embryo (0.5 to 5 days after fertdization) causes a high inci-

j small intestine, bone marrow, brain, liver, adrenal gland, spleen, dence of prenatal death but virtually no anomalies in the sur.
j hypophysis, and skin. In contrast, there was no obvious accu- vivors. After the implantauon stage, however, fetuses become
i mulation of p53 protein in the testis and ovary. Thus, the progressively resistant to prenatal death. The sensitivity to neo-

induction of cellular p53 by low-dose X-ray irradiation in rats natal death or to gross anomahes at term reaches a peak around
'

seems to be organ specific. We consider that cell type and inter- days 9 and 10. Even at the stage most sensitive to the terato-
actions with other signal transduction pathways of the hormone genic effects of radiauon, there is a threshold of -1 Gy. We
system, immune system, and nervous system may contribute irradiated fetuses at 9.5 days with 2 Gy of X rays. Fetuses,

j to the vanable induction of p53 by low-dose X-ray irradiation. homozygous for null mutation of genepfJ,(p53*) showed
!

,

j TABI.E I (Paper 3)

1 Effects of Caffeine on Mutations, Malformations, and Tumors Induced in
Mice by Eaposure to Urethane or 4NQO tref. 31g

;

! Agent Biological efecta incidence without caffeine incidence with caseine
a

Urethane Mutations 12.8 % 16.4%-

i Urethane Malformations 52.9% 7%*

k 21.9%"'Urethane Lung turnors 52.5%

t 4NQO 1.,ung tumors 4.3 nodules / lung 1.8 nodules /lun[

*p < O M t.'

'p < 0.01.
,

5I'

_ _
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anomaly incidence three times higher than that induced in cs
wiB type (p53 *'*) fetuscst fetalp53 *" ceus were senutive toMETHODS
rsdiation-induced apoptosas but fetal p53

Twelve week-old C57BL/6 mice were exposed to ionizingcells were not
sensitive.s These results support the notion that m wild-type

radiation (**Co facility at doses ranging from 0.01 to 0.10truce exposed to below-threshold doses of radiation, cells hav-
y/exposm, at a dose rate of OEy/ min, 6 tee to Hve timesing induced teratogenic injury commit apoptosis, and dying

per wd, for a period of I to 4 weeks). Dm days after decells are replaced by healthy ones. I*****P *"#****" **"
for their immune ce11 compostuon, DNA strand breaks level.and deir spleens wm analyzedProgrammed Cell Death Suppresses
0.f activity of a DNA repair-associated enzyme (poly (ADP-Tumorigenesis But Not Mutagenesis
nbose] transferase), levels of heat shock protein and mRNA,Table !(Ref. 3) shows that when fetuses of mice pret,estedand T-cell mitogen induced proliferative response.

with urethane or 4-nitroquinoline 1-oxide (4NQO)-an inducer
of bulky adducts to purine bases of DNA reparable by exci-RESULTS
sion repair-were then treated with caffeine for -I day at 6-h
intervals, the incidence of lung tumors was significantly re-he following results were obtained:
duced, whereas the incidence of somatic mutations (detected

1. An exposure dose of 0.04 Cy > 0.10 Gy > 0.0* Gy, andby coat color mosaics) was not reduced. These results suggesta total of 10 exposures > 15 exposures > $ expot:es for 2that urethane and 4NQO act pnmarily as tumor promotersweeks,3 weeks, and I week, respectively, as judged by therather than oncomutagens. Evidence is available to support theproliferative response. These results suggest that the prolifer-notion that caffeine enhances the apoptotic activity of cellsation-enhancing effect of LDR is dose-dependent, the effec-damaged by 4NQO in the G2 phase.'
tive dosage of LDR is extremely low, and the effenive doserange is very limited.CONCLUSION

1. T cells, and not B cells, are the primary cells in the spleenThe fact that the atumal body contains cells that are highlyaf are resp nsive t
LOR, as judged by splenocyte reconsti-sensitive to death by radiation indicates that animals have

tuts a studies, and thymectomy abrogates the proliferation.highly sensitive defenses against risk of low level radiationenhancing effect of LDR. This suggests that the thymus, whichrather than that low. level radiation is hazardous to animais,
generates new T ce s and modulates the maturation ofimma-including humans.
tun heus extrachymicaDy, is a pnmary target organ of LDR

1. S. KONDO, Health Effects oflow-leve/ Radiation, Kinki(ADP-ribose) transferase activity in splenocytes of mice ex.3. The constitutive levels of DNA strand breaks and poly.University Press, Osaka. Japan, and Medical Physics Pub-
lishing, Madison, Wisconsin (1993). posed to LDR are lower than those of sham-irradiated control

m'ce. This suggests that LDR promotes the repair of DNA2. T. NORIMURA,5. NOMOTO, M. KATSUKI, Y. GONDO,
K. NAKANO, S. KONDO," Mice Deficient forp53 are Sus-strand breaks and/or eliminates cells with DNA damage.
ceptible to Padmion-induced Teratogenesis " Proc.10 runt. 4. Splenocytes, whose proliferative activity had been en-
Cong. Radiat. Rer., A bstracts (in press), hanced by LDR possess elevated constitutive levels of heat

shock protein and mRNA; these splenocytes proliferate more3. T. NOMURA, " Diminution of Tumorigenesis Initiated by
4-Nitroquinoline 1 Oxide by Post Treatment with Caffeineextensively in response to mitogenic stimulation than spleno-p s am and contrd nuetin Mice," Nature,260,547 (1976);
inhibitin see also " Comparative
Tumors,g Effects of MethyLxanthines on Urethane-InducedThese results suggest that LDR is modulating the expression

Malformations, and Presumed Somatic Mutations of heat shock protein genes, which, in turn, suggests that the
in Mice," Cancer Res., 43,1342 (1983). signal transduction process of T cells could be adaptively upres-ulated by LDR.

4. S. KONDO,"Apoptosis by Antitumor Agents and Other Fac-The physiologic outcomes of chronic LDR were assessedtors in Relation to Cell Cycle Checkpoints,"J. Radiat. Rer.'* * "* " ""* " """* "***E '36' 56(1995)'
Ipr / Ipr mice and mammary tumor-susceptible C3H/He mice.
With the former model, the results showed that LDR elmunates
abnormal double-negative (CD4 CD8-) T cells, which are4.

Low-Level Radiation Effects on Immuneresponsible for the charactenstically enlarged lymph nodes and
Cells, Takashi Makinodan (VA Med Ctr, Los spleens and delays the onset of autoimmune disease manifes.

tations. With the latter model, LDR was ineffective in down.4th
regulating the growth of spontaneous mammary tumors in ad,

INTRODUCTION libitum fed mice. In contrast, caloric restriction (caloncally
70% of the food consumed by mice of adlibetum fed diet) was

The purpose of this study was to characterize the effectseffective in retarding tumor appearance; however, once the
cf chronic low-dose ionizing radiation (LDR) on murine im-tumors appeared, they grew as rapidly as those in adlibitum-
rnune ceus. Previously, it had been reported that LDR enhancesfed mice. A striking effect was observed when chronic LDR
the proliferative activity of T cells in vitro and delays thewas combined with caloric restriction (i.e., mice were adapted
growth of transplantabic immunogenic turnors in vivo. This to a diet calorically equivalent to 70% of the ad libitum-
suggests that LDR eliminates immune suppressor cells, whichfed diet in a stepwise manner (100% - 90% - 80% *0%i
townregulates immune response and/or adaptively upregulatesover a 3 week period, then exposed to chronic LDR 0.04
ne responsiveness of immune effector cells. It had also beenCy/ exposure on 3 alternating days per week for 4 weeks) and

t

repcried that human lymphocytes become refractive to highmaintained on a calorically restricted diet throughout the study~

dose radiation-induced chromosomal aberrations by pretreat-(44 weeks}}. The appearance of tumors was not only retardec.
ing mitotically active lymphocytes in vitro with very low dosesthe growth rate approached 0, the incidence of tumors was
ofionizing radiation, and thz adaptive effect can be abrogateddrastically reduced, and the frequency of tumors undergoing
by cycloheximide. This suggests that protein synthesis isregresron was very high. Moreover, large clusters of CD8 T
required for lymphocytes to respond adaptively to LDR. cells were found infiltrating the regressing rumors but not .n

tumors of calorically resencted or adlibitum. fed mice.
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: CONCLUSION sa
! Dese results show that chronic LDR is effective in enhanc. Com,M3,

) ing the immune responsiveness of T cells, and the anhancani '8>y .

: insmae responeveness is assoaisted with elevated consdrutive
,

levels of heat shock protasas and mRNA and reduced conmi. *s 'f No
,' tutive levels of DNA strand breaks. De bsologic significance -

,,.Nussesa or cousnES6

cf chronac LDR is reflected by the retardation of disease in , nos
i autounmune susceptibis mies and by the dowaragulation of g; I
1 spontaneous mamunary tumors, when combined with caloric ae U- i
! restriction. Further studies are in onier to provide insight into $ { L' the macheasam of adaptive upregulation of chronac LDR on sea

immune. responsive T cells. g
, io4,

q ,,
i e ia- 4 o

w' #a n t

! 5. Radiation Hormesis: Radioactive Waste for I b
'

(*
| Health. T D. Luckey (Oraiu Corp) 0 H . * ' ."
;

\
,-

| Hormesis is the stimulation of any system by low doses of | \ |

lj any agent. The hormesis model is particularly applicable to Aa '

| radioactive waste management, Badariaa hormesis encom. 4
,

" ' ' '

passes the beneficial effects oflow< ices irradiation in both ani. 0.5 1 E 5 PCIA.
'

j mais and humans.' he radiation hormesis model comprises ,

i

statsstically significant (x test) results that compare total death Fig.1. The inverse correlation between lung cancer mortalitys '!

rates and cancer death rates in exposed and unexposed nuclear and radon concentration in the United States. The ver.
, tical lines give one standard devtation for the numbe--
) of counties indicated for each value. (Used with per.
a mission of Journal of Occupational Medicine and
| TABLEI Tomolocr.)

| Background Levels of Ionizing Radiation
fi

workers.2De usual" healthy worker effect"is negated because
mCF/y both groups were in the same plants. These data invalidate all

linest (no-threshold) models. This dramanc change in conceptsggg about the effects of low. dose irradiation transforms problems
UNITED STATES 2.6 about radioactive waste into solutions for improved health.
NILE DELTA 3.5 Total deaths were 24% lower in 28 542 nuclear shipyard

workers exposed to >5 mSv (lifetime doseRXFOSED WORKER $' 3.6
posed and minimally exposed workers.j than in 33 352 unex.PROPOSED PERSON ALLOWANCE 5.0 Obviously, recom.

JET AIR FLYERS * 5 tuendations to lower background radation to levels which are
run a t.1, INDIA 4-23 as low as reasonably attainable (ALARA) are counterproduc.
GUAPARA, SRAZIL 10-18 tive to health. The data suggest that if background exposures
HEAIPE BRAZIL 22 were sa ely increased to that of frequent fliers (Table !), the
GERAIS BRAZIL 23 United States would have -10000 fewer premature destAt each
ARAXI, BRAZIL 35 week (260 million people x 0.S$"e death rate yr-8 x 0.24 =

530000 fewer deaths per year).CPTINUM 100
.The importance of radiation hormesis was amply con.RAMASARI, IRAN 243

firmed by comparing cancer death rates in exposed (a lifetimeGUARAPARI BEACH 263
dose >7 cSv) and "amaa-i nuclear workers (Table II). TheseMAXIMUM SAFE LEVEL' 10,000 results based on observations of almost 8 million person yr
show that low. dose irradiation will decrease cancer mortality

'This includes both natural and industrial exposures. rates. The decreased cancer mortality rate following low. dose
" Earth exposure plus 1000 h/yr at 11.km altitude. irradiation has been attributed to increased immune compe.'See Ref.1. tence.8

TABLE II
Low Dose Exposures Decrease Cancer Deaths in Nuclear Workers

NUMBER OF WORKERS CANCER DEATHS /1000

PLANT UNEXPOSED EXPOSED UNEXPOSED EXPOSED P

SHIPBUILDERS 4 111,757 40,777 27.6 23.7 <0.01U. 8. WEAPCNSS 20,619 15,318 34.8 20.3 <0.01
CANADA ENERGY 0 21,000 4,000 22 2 <0.01
BRITISH WEAPONS 7 58,945 36,272 9.9 2.6 <0.01

53
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Several populations have lived for many generations in Maleareas with unusually high natural background radiation 8 Female
(Table 1). These populadons have no unusual health problems. 1.0 TotalCaizer stomach futal Caicer Stomach
This concept is validated by the inverse correlation between
radon in homes and lung cancer mortality rates for 1600 of the '''~

most populous counties of the United States'(Fig.1). The 0.8 ~
-

inverse correla: ion shows radon is not a major cause oflung
-

cancer deaths.

Use of the hormesis model would greatly reduce the cost y.00
of radioactive waste cleanup.'' The amount removed would be v3
reduced. Also, radioactive waste could be used to safely dou. U.4 *
ble our nonmedical level of background radiation (Table I).
This would decrease both cancer mortality and premature total ' 7

death rares'. Savings from radioactive w ste management, 0'2
industry sick leaves, premature deaths, and national health care

, . '

%

should be used for (a) research on low dose irradiation and (b) '

trauung health physicists, nurses, and physicians in the tech * 0,
- -

niques of radiation supplementation. klifune. Subue. As um,w Ko% h
Our national wealth would be increased by allowing indus- Komiu & Tanouka. Jun.J.Cance

trial workers 26 mGy/yr. This exposure is equivalent to that Misasa Cnotrol Hes.83.1.1'JW
of healthy populations in other parts of the world (Table 1) and Area

considerably less than the suggested optimum. Fig.1. Comparison of standardized mortah. Ity ratio, Misasa/
|control area.
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Fig. 3. The p53 protein accumulation in organs of rats after low-dose X rays.

mesis with many references. His assertion was that there is a Results and findmss obtamed through the research program
beneficial effect of low-dose radiation on the human body, include cell rejuvenenon, radianon adaptanon, stimulation of
contributing to a healthy body, longer life, and vitalaation.cs the tumor suppressor genes, and the recovery of diabetics.

The radiation ho mesas research by the Central Research Professor Sakamoto of Tohoku University Hospital is
Institute of Electnc Power Industry was istaated on the ratio. achieving great success la therapy for non Hodgkins lym-
nale that if Luckey's claim were to be true, radiation manage- phoma. He applies 10 cGy of X rays three times per week, for
ment in Japan is extremely erroneous and that we have to find 5 weeks for a whole. body irradiation of 150 cGy. He succeeded
the truth. in therapy for intermedante-stage patients with non-Hodgkins

, After many test results were obtained, some from human lymphoma. He has obtamed a drastic increase in the survival
data, as shown in Fig.1 (Ref. 3), and others from various ani- rate, from 36*e at 5 yr after treatment (from only local high
mal experiments, that support the radiation hormesis hypoth- dose therapy without whole body dose irradiation), to 90's
asis,' we initiated a collaborative research and testing program after 5 yr (from local high-dose irradiation combined with
with more than ten universities on more than ten expenmen- whole-body low-dose irradiation).
tal subjects. . He also st"-* with whole-body low-dose irradiation,

.

The subjects in which we are currently interested are as in achieving the recovery of a panent with termanal liver cancer.
follows: Profe.aor Ohnishi of Nara Medical University has tried to

find a clear reason for this. He found that the tumor-
1. effects of free radicals produced by low-dose radiation suppressor genep53 response was stimulated by a 10 to 15-cGy

dose ats as2. molecular biological response to low-dose radiation
ds of stim ve r are being found at

3. radiation effects on neurotransmitting systems molecular' levels in organisms by low-dose radiation, as are
other various biophysical responses. .: This suggests to us that

4. stimulative effects of low dose radiation on immune this is an unknown and extremely comprehensive and mean-
systems ingful field of research and possible human health benefit.

5. expansion of the vivid life span, as shown in Fig. 2 1. T. D. LUCKEY," Physiological Benefits from Low Levels
(Ref. 5), of lonizing Radiation," Nes/th Phyr., 43, 6 (1982).

.. 55 --
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Actual sciennpc data on health efectsfmm low-to-moderate doses
ofionizing radiation contradict the presumed " linear; no-threshold"

dose-response "model." Use of the linear model as a basisfor
regulations and standards has resulted in high public costs with

\
negligible or :em halth benept to society, and in the potentialloss |

of nuclear science and technology contributions to humanity.

|

|

|

The health effects of low-level radiation:
Science, data, and corrective action

'

by Jim Muckerholde |, .

|

At the Amencan Nuclear Society's 1994 puluic fears and large public costs, with neg- from low-to-moderate radiation doses show
Wintec Meeung in Washington, D.C., two ligible public health benent (and even poten- no adverse health effects at doses below
special sessions were held on " Low-Level ually significant public detnment), will also about 20 cGy (I cGy equals I rad). (he ex-
Radiation Health Effects." covenng actual be addressed.
dose-response data and applicable research ception is for moderate doses, above about

5 cGy. of high dose rate X ray: to the fetus at
programs. Two addiuonal sessions. on these Compfehensive, applicable data cell differentiation dunng the secondtopics plus " Policies and Cost / Benefits."

There are voluminous relevant dose-re- tnmester of development.) in addiuon. data
were held at the 1995 ANS Meeung in Phil- sponse data, organized into significantly ex-

show that adverse health effects are small foradelphia. Pa. Representauves of the Health posed populanons. Significant radiation ef- doses in the range of 200-400 cGy at low
Physics Society (HPS) and the National fects data on nonhuman populations, and on dose rates and for fracuonated high dose rate
Council on Radiation Protection and Mea. cellular and rnolecular biology and geneuc ef- exposures,
surements INCRP) were among the presen- fects research data, have been and will be pre- Statistically significant data show below-
ters at these sessions. At the October 29- sented in the ANS sessions. normal adverse health effects (i.e. healthNovember 2.1995. ANS Winter Meeung in

The significantly exposed populations are: benefits) as low-to-moderate doses comparedSan Francisco. Cahf., four additional ses-
* Japanese survivors of the atomic bombtags with unexposed populanons. These data,

sions. on this topic plus " Biology Research of Hiroshima and Nagasaki. however, are effecovely obscured when lin-
and Beneficial Effects." and a panel on * Occupationally exposed populations (in- ear relauonships are art >itranly imposed on
"Needs for Research. Organizanon and Cor- cluding radiologists and other medical prac- these nonlinear data, thus misrepresentingrectne Actions." are to be held, tauoners). Iow-to-moderate dose effects. When rela-

Also planned is the ANS ~ Radiology Cen- e Medically exposed panent populations. tionships are not artificially forced to con-
tennial Award and Lecture." with Myron Pol- * Radium body-burden populanons. form to the linear model, scienu6e ficung of
lycove, professor ementus in nuclear medi- e Weapons and facilities releases popula- the data shows that polynomial relauonships
cine at the Unnersity of California at San uons (with military weapons tests observersi. generally are the "best fit" to the actual low-
Francisco, honored as the ANS Wilhelm * High natural background radiation-ex- to moderate dose data.
Roentgen Radiology Centennial Orator. posed populations This arucle bnefly summanzes a substan-

Papers and panel discussions at these ANS In bnef summary, data on health effects taal compilanon of the scientifie data pnmar.
mecungs ha ve addresacd and will address ac-
tual low -to-modersta dose-response data with 100m g
respect to the scientific bases for the " linear. :

no-threshold model." These substantial but
_

-

little know n data generally contradict the hn- -

ear model or its application, and are not ap- ,g tooo _. epropnately considered by the government 8
5

agencies and their funded studies, which are ,b : 8
dnven by the radiation protection mission. j) -

g
The fact that pohcies and cost / benefits of ap- 3g ~------ ------------ ---------------------~~-~
plying the linear model cause unwarranted ji 100 \g-

rate of leukemia

Lm Muckerheide is the Massachusetts State Nu- O
cicar Engineer. a member of the Governor s Advs. UC - '"h*' #d E*" *
ory Council on Radiauon Protection. and chair of

}l
* '" #y -

the American Nuclear Sociciy1 Biology and Med- i8' j 'L ' ' ' ' ' I '''''I ' ' ' ''''10 ' i '

ione Dis nion Low Lesel Radianon Health Effects
Committee He can be reached at 508/820-20N , 10 100 M
4 mork phonet 617/444 8319 4 home phonei. and e.
mail jmuderheide w delphi com F41. Dose response for leukemia in Japanese survivors

26 NUCLEAR NEWS / SEPTEMBER 1995



- - _ _ . . _ _ .

l

cancers, how;ter. w1re found in radi:logis 5

who started practice after 1921. when en- MI .wrow II dose categones and that "A '

'

Tseu|| there w as no reason to suspect that es

| ''"''''''#'" " ' ' ." d '"" ''' P" '
* *"a 5 s c ad t linear ' '"

model, which would show adverse dose er. "N
fects in this populamos ifit were valid # d """ ' ' " **'
e Norzcesscancerswrejandin USArmy * ** hP''%'$~"' **' '' '*W

the iI Jose categones were collapsed to 7radiologs.c technicians. wsth estimated 50 Cumulee o"*' resulung in greater-than-expected leukemiascGv doses. Yalow noted that these approxi. "d " Natu=ued'
mately 6500 radsological technictans re- in three of the sesen dose groups (the * in

o.: eo,62.0 TaNe 11: Mnse only posiuve data are allowedceived an estimated 50 cGy dose in traming. 1-2 19/t7 2* iA sonsidered. only the data from the threei After classroom work in the morning. they 2-5 14/t? 4 greaterahan-espected dose groups are used. ,practiced making X rays in the vanous posi. 5-10 8/90
esen though these dose groups are not eventions on each other in the afternoon.) This 20 *

was followed by an average two years of ser- onuguout Sinse the selected data are not

sace. A 29. year follow up compared them W23 signitwant. the I ARC performs a Monte Car-
locakutauon on .% 11)anals terfecuvely mul.with other Army medical laboratory. and acmaarennepened isuksmus Noui. far en tiplying the data hv roughly a tactor of 1001

pharmacy technicians. The linear model pre- table. II does cameanes === cons, d io 7
to " find" that the rbuhs show a "significant'* I

diets an increase in cancers at these dows. | near dose response " trend."
which should be readily detected in this pop. This " result" was then the subject of a '

ulanon.
er populations, all above 5 cGy and 70 pep worldwide media campaign. reasonably re-

e Aforrahrt and cancer rates are lower in cent above 10 cGy the linear model predicts poned even in hIrar h t that the knear
hieher ryosed nuclear ship.sard workers. pgnificant mereases that would be evident.

model is confirmed. This report was aidelyJohn Cameron. professor ementus of the Uni. Early nuclear workers have generally low. distnbuted long before the data and analvsn i
sersity of Wisconsin and a member of the er cancer rates than the general populauon. A were published and available for resiew [ |Techmcal Advisory Panel for the $10 million " healthy worker effect"is used to discount IARC also reports that the 44 multiple !

1978-1987 Nuclear Shipyard Worker Study these sigmficant data. Although it could read- myetoma deaths are similarly found "signif- |
(NSWS1 that followed about 70 000 of the ily be determined, the effect has not been icant." noting that this is "attnbutable pn-
approximately 700000 U.S. nuclear shipyard quanti 6ed. Applying the healthy worker ef. manly to the assoetauons reported previous-
workers, reports that the 28 542 nuclear feet to cancers. however. has been ques. ly . . in the Hanford and Sellafield cohorts." I

workers with doses greater than 5 mSv have tioned, since screening-out of the infirm in This note indicates that they are aware wnh.
24 percent lower total mortality (statisucally employment. especially in the time frame of out so staung, that this " association" is not |

significanti than the 33 352 non-nuclear interest, does not have an evident relauonship found in other cohorts and is generally con- |

workers. and those with doses less than to the likelihood of later development of can- sidered to be erroneous in these studies. con.
5 m3v have 19 percent lower mortality Ialso cer. It also conflicts with contrary health re- sistent with the weakness in the dosimetry
statistically significantL search arguments that consider the industri- and the confounding effects. IThe study re-

This large group has esceptional dosime- al/ chemical workplace to be a major cause of ports that cancer relauve nsk is 0.99 and
try compared with most high dose early cancer incidence. leukemia is 1.22 at 10 cSv.)
workers. Their exposure was pnmanly from The early nuclear worker exposure data. Clearly. if all data were considered by
extemal g amma doses. with low confounding however, are generally poor. Compared with IARC without arbitranty excluding the con-
ef fects t except asbestos, w hich appears in in- the NSWS data, the dosimetry is question- trary data, and presuming the linear model,
creased mesothelioma ratesI with higher dos- able, with many confounding e(fects, espe. the mortality data in these combined popula-
es than later similarly well-monitored groups. cially from internal esposures with relauve- tions do not support the linear model. As Don
The Department of Energy, however.has not ly poor work and dose histones, and Luckey. ementus professor of biochemistry
published the report. the data are not in the inconsistent weariag of badges. Study results at the University of Missoun. has found. ob-
literature. And the contractor report was min- are often poor, with effects that are not dose- jectively examining all the data in each of the
imalized o a n was esentally released in response related. that are often negative cohorts indicates positive / beneficial effects
1991. C d Jn noted tra 'nad the study (showing greater effects at lower dosesk or for the exposed populations, a result that
found 24 percent higher mortality or in- in w hich dose effects are rc4 considered. would be reasonably expected to result in a
creased cancer in the nuclear worker popula. Myron Pollycove notes that a recent report positive (beneficial) effect in the combined
tion, the treatment it receised from the bu- by the intemational Associanon for Research populations. The IARC. consistent with
reaucracy and the media would have been on Cancer ilARC) similarly misrepresents B EIR. the NCRP, and other government data
significantly different. dose-response data to report a linear model presentauons. capnciously misrepresents the
e No c.rcess cameers nor noncancer heahh result. The IARC report chooses to ignore data to conform to the linear model.
</frcrs acre found in the high dose DOE data that show lower nsk. i.e., a nsk decre-
u orkerpopulation group. Shirley Fry, of the ment. First, in this combined occupanonal ez. Medical patient exposures
Oak Ridge Institues for Science and Educa- posure group. it chooses to ignore the most Vanous medical procedures expose pa-
tion. presents these results from a study of accurate data. the NSWS. compared with the tients to low to-moderate whole-body doses.
3145 white male early nuclear workers who early weapons facility workers with their often associated with high doses to specific
were csposed to more than 5 cGy in any one questionable dosimetry and confounding fac- organs, that esceed public or radiation work-
year, though with data only through 1984, tors. Then, in a populanon of 15 825 total er doses. These exposures include moderate.
since the f ollow up programs were defunded. deaths. lARC reports on 119 leukemia deaths, ly high doses to relatisely young and other-
The only significant health effects are /ener excluding nonradiogenic leukemia. The data wne healthy patients. Early procedures iunni
total deaths t asenbed to a presumed " healthy show that there are oO deaths obsersed with the 1970s) exposed many panents to rela.
w orker ef fect"-a population bias that esists 62.0 espected for doses of less than I css. tnely high doses compared with wrent prae.
due to the " screening out" of the less healthy. and 59 deaths observed. with 57 0 expected ocet U S. research to follow medwal patient
or unemployable. populationi. and fewer for doses greater than 10 cS$ pee Table 11). radiation exposure data has not been sup-
deaths f rom circulatory and digestise discam Clearly, there n no ewew leukemia found in ported. and some data that f ail to now ad.
than the general population. All cancer these data serse ettects have not been pubbshed .e g . a

Jeaths are slightly higher, but are not statn- Pollycose notes that the l ARC report states follow up of childhel iodine.1 i, ;rme-
ocally significant. Since thn group recened exphcitly in the Staustwal W. nod " section dureu Some significant medwal rm +up
higher doses than the general radiauon uork- that the) apphed sibey presamedl the linear data. how es er. Jo e s at

28 NUCLEAR NEWS / SEPTEvBE A 1995



- -

I (tual MIT data is less than 1/200 million

N

no adverse health effects.. These results again Extensive health monttonns for about 20
w here a goodness-of-fit of 1/2 is considered refute the presumed use of the linear model years shows slightly lower monahty in the

poorn and the " full-range" model is less than for radium doses.
HB A for all cancers (including leukemia > 1-

1/220 000, with "BEIR in between." (BEIR e There is signipcantIv lower mortalityfrom with equivalent hereditary diseases and con.'
V is now more equivalent to the Gofman- allcauses in young U.S. and U.K. female dial genital defects eacept somewhar higher rates
Tamplin model.) De Center for Human painters. Thomas also shows that only breast of Down's syndrome, which is shown to be
Radiobiology (CHR) at Argonne Nauonal cancer is. minimally elevated in the then- pnmanly duc to an abnormally low incidence
1 aboratory. establishad in 1970 to be an "im- young female luminizers. They worked di- in the CA (compared wuh the larger region
mortal organization" for the life of the radi- rectly exposed to radium with substanual. un- and China as a whole), plus a significantlyum. burden populanon. consolidated all U.S. known external chest. neck. and head doses higher birth rate to women who are more than
cases.

in addition to their internal doses. Excepung 35 years old in the HBA. me mother's ageEsans' invited summary at the 1981 In- the 65 bone and head tumors found in cases is a known association with higher rates of
ternational Conference on Radiobiology of with extremely high doses, there is no in- Down's syndrome). These data dramatically |

j Radium and the Actinides in Man ipublished crease in all cancer deaths for this populauon. contradict the linear model. The population
'

in the #calth Physics lournalin 1983). with Substanually lower circulatory /cerebrovas- size and the accuracy of the dosametry,
'

then more than 4000 U.S. cases and from oth- cular diseases are the most significant health and detailed health data over many years. |
er international studies, stated that the scien- c!fects. The luminizer data shows very low establish that increases in adverse health ef- i

ufic evidence " . has continued to show no noncancer mortality compared with the gen- fects would be readily detected by the linear
radiogenic tumors, or other effects, in hun- eral population, with dramatically reduced model.

!
dreds of persons w hose effective initial body mortality for 20 years following the initial- * There are no discernible health efects in I
burden was less than about 50 sci oi Ra 226. e aposure. other high-background. radiation dose popu.
and whose cumulative skeletal average dose lasions. Yalow observes that studies of the I

,

is less than about 1000 rad." Nuclear weapons / facility releases population of 12 918 people in Kerala. India.
|Maletskos reports on his recent analyses, e No.adve-re health egects arefound in the who were exposed to four times the dose rate !

with Evans and others, and in another inde-
46166 "assmic ve.erans" exposedio above- of a netghboring town with a control popula-

pendent analysis by Otto Raabe. that a ground nuclear tests. Yalow notes that while tion of 5938. found no adverse effects. etcept i

1000-1100-cGy threshold is again confirmed the 3200 participants in the "Operauon 12 cases of Down's syndrome compared with I

now, another decade later. Also. Robert Smoky" nuclear bomb test had 10 leukemia none fan abnormal low rate) in the control
Thomas. a former director of the CHR. pre- deaths compared with 3.97 statisucally ex- populanon. She noses that Down's syndrome I
sents background c.n propam termination pected, only one leukemia case had a dose in Kerala is slightly lower than the rate in in-
and the lack of resolumn for disposioon and greater than 3 cGy. Contrasung to that data, dia. She also noses that in Guarapan. Brazil,
availability of the radium burden poputadon the 3000 part capants in " Operation Green. with six times the background dose rate. no !
records. After the l981 intemational confer- house" expenenced only one leukemia death. adverse health effects are found. Also, stud-

{ence and Evans' summary, the CHR was in. compared with 4.43 expected. Both of these ies of numerous other small populauons that
crementally constrained and defunded by the results are typical in applying statisucs to live at relauvely high natural radiauon dose j
DOE. begmning in 1983, w hen annual repons small populations. Other similar studies rates have found no advene health effects as- '

were stopped to 1986. when new cases and found: No increased cancers or increases in sociated with significant increases in radia-
case follow-up were stopped. Finally, in all cause mortality in 22 347 Bntish weaports tion doses. Such natural high-background
1992. the program was terminated, even tests panicipants. and no difference in mor- sources of radioactivity are thousands of
though more than 1000 cases are sult alive. tality, nor trends by dose. in 954 exposed Ca- times greater than the radioacuvity from re.
* A lornormal distrsbution of all tumors nadian military personnel, leases from nuclear faciliues or from ra-
sersus Jose in the dial pannte. ' projects a dioacuve waste dnsposal sites.
minomum threshold of abous 400 cGv. High natural background radiation e No increased lung cancer is associated
Thomas reports on the 65 tumors in | 545 cas- * Cancer mortaisty sn the seven U.S. Col. wnth indoor radon. Yalow notes that non-
es in the homogeneous group of young orado Plateau states is about 15 percent less smoker lung cancer incidence is 2-3/100000.
women luminizers/ dial pamters. These 65 ru. than the U.S average at background doses In 1985. male lung cancer rates were 75/
mors are shown to be log normally distnb. about three times the U.S. average (exclud- 100 000, and female lung cancer rates were
uted only in the 154 cases with doses greater ing radon lung doses). Yalow noees the sub- 27/100 000. She observes that 95 percent of

. than 1000 cGy. This highly conservative stantial data in this study, and addresses po- lung cancer is associated with smoking. con-
I esaluauon does not weigh the evidence of the tential confounding effects. The results refute tradicung EPA predictions that 15 percent

1391 cases below a 100My dose that have the linear model. The dose differences, with of U.S. lung cancer is associated with radon
the size of the populauons and the death sta- (20000 of 140000 deaths per year) using hn-U*" " '"N " " N tisucs, are sufficient for the linear model to car projections from a few early uranium

.ith the lou or his Jaw and oIber distigurung effects and show increases in adverse health effects. miner cases of lung cancer.
'7[t Iee # No adterse e[ects arefound between sra- Yalow observes that there is no lung can-

'

u ie io h
c.er radiacon and radmsenvwy However. FDA then dad ble. eQulFalent. Chinese populations in a cet in nonsmoking uranium miners who have
not uudy the consequences to the many thousands of probince with afactor of fhree d1[erence in less than 1000 times the average 70-year in-
peopie .ho had been using radiauon and radioactmty natural background doses. Yalow presents door radon levels. She notes that EPA erro-
$ N i me hei e$ these results from the study of two Han peas- neously predicts 1000-5000 lung cancer

' ' " *
dd

k,ngaerm nas RoNew Evans. of the Maunuieus tasn. ant populahons of roughly 70 000 persons deaths /100 000 persons ( l-5 deaths /100) in
tule of reshnoiogv Lodected Jaa on more than Mo rads- each, who have ined in their respective re- persons so exposed. She adds that the lad of
om ouraen easet mous. Jial painiert from the 1950s to

gions for up to six generauons. Uratuum and lung cancer in the miners at these high radon
ne ceNi$uNn maa $,NYr$ radium and other decay products are more doses scienufically discounts radon a a po-

'
a onas

t..noraion the raaiom sases. no. itn more man 50 than four times higher (about 8 ppm com- tennal cause of lung cancer for the s ers much
.ea, or ui... p. ,no.ed 4 inresnoid or approumately pared with about 2 ppm)in the High Back- lower mdoor radon levels. Yalow aho she* s
o m ,co .% m d. merage Jose io me weieton ground Area i HB A > compared with the Con- that the significant and well-documenteKhi.'"'"''""'**''""*'''"''"*"""d**'

trol Area t C A t Thorium and its decay na HB A populauon has 23/10tmu0 lung an-vhese result. ere ignored in setung ingeuion wandards
i e . s,ert .nos, acan ied io ,reanon ne pums reu and products are about m timesliigher iabout cer deaths compared with a higher r.iie . *,

m3esnon oe raaianon use .ngewed 5 mmion-to-milhon 50 ppm compared with about 8 ppmL Exten. 100 000, in the low-dose CA These rewin
oci me radium Nrden use unser ingeuion meeshoid '' me area radiation monitonng and personnel clearly contradict the linear model.innui :9m ace Ni t s annung .aier waneanh ne

dosimetry of this population were conducted Yalow also obserses that uranium %ners
"",f r iar urnabat puw u un#uw :-

for more than 10 years and smokers have different lung un er n res

h u u o can ocnaic 'ccotcasoco .coe,
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low 4evel radiation health effects I

gan, organism. population L to the total mass. public radiacon dose limits and increase pub- ence and technology applications fo human
is scienufically related to effens. both math- lac costs, for no public health benefits. This health and welfare.
ematically and empincally. He shows that is true even when arbittanly applying the lin- Current radiation protection limits are es-
this is consistent with other toascologscal re- ear model dose response, since the proposed timated to cost in the range of $23 bilhon per
suits. and with macro evenen (e.g., vehicular regulations would reduce eaposures that are life year saved, as reported by a Harvard
accidents) that relase dasegues energy events "less than i percent" of public radiation dos- School of Public Health study. Even these
to damage. A " hit size effeestveness function" es to limits that are "much less than I per- values are taken from regulatory analyses,
n denved in units with bosh coordineses at the cent" of public doses; and to " protect" indi- based on the linear model, which are hkely to
same biological " level." which results in an viduals from doses that are small compared understate de cost / benefit. Simply reflecung
etfectise threshold. He shows that in the with natural 5anations in daily living (e.g.. null health effects data by using a conserva. '

i
i'

Japanese population. a linear relationship much less difference than living above the tive no-threshold sigmoidal dose response
with known cancer effects shows that about second floor of a building instead of on the model would result in increasing these re-
3000 joules of energy are required to produce first floor, working in a granite building, or ported costs by factors of tens to thousands .'
one cancer effect. In radiation biology, in- getting water from a well instead of a reser- (e.g..considenng the radium burden popula- g
creasing the number of cells to improve "sta- votr). tion data). Of course, recognizing an actual

tisues" for measunng effects, is actually an ANS and other nuclear science, medicine, threshold as shown by the radiauon dose.re-
increase in the mass and total imparted ener- and technology based organizations must sponse desa makes these incremental costs m.

I gy. These analyses disprove the possibility of change past organization policies and partic- finite, before considenng the data that
a linear relanonship of the " energy concen- ipate in these rulemakings and other public demonstrate beneficial effects for moderate,

I trauon" dose to cell, organ. organism, or pop- policy proceedings. There is a need to require doses in many populauons. i'

ulauon effects. the federal agencies to address the factual ev. Nuclear technologies bear these highly bi. j

ider.ce on radiation dose-response health ef. ased public health and environmental pro-

Viewing the data fects that are necessary to establish valid reg- tection costs, adding tens of millions of dol-'
i

j From the time of Eben Byers' death in ulatory standards to assure public health and lars in both capital and annual costs to j*

1932, radiation protection policies and re- safety; and to constrain ever. increasing res- nuclear power operauons. when the baseline ,

search have increasingly fostered public ulatory and program costs that provide no already shows much lower adverse public j

fears and supported costly government reg- public health and safety benefit and that cost health and invironmental effects than those
ulations and programs. These costs have society the loss of the benefits of nuclear sci- from alternauve technologies. The histoncal
been largely borne. with minimal quesuon- (

/ (D) |ing. directly by the general public, due to the ; /
Male (a) /'

abihty of affected gosernments.uulines,and y Theo4r j
/ 'E

n,,,,, / jpnsate corporations to readily pass these
,

s/4

costs through in medical and unlity bills with - 70
' \ L20 - s

'
I

. ,/ 3rd @amm |j. 'd 4'*"3 **^small adserse competiuse costs. These large . - s

e N */*g /costs might have been wasteful, but were 4 - \ %'/
,

*
moderate compared with the pnmary costs x
of nuclear technology operauons and the cost I, 'N[.~ t 00 e =.

,

\, I*
of providing necessary protection for work- e.

-
\ p .. .

ers and the public from hazardous radiation i 50 ,
\,

, j, \ , '

,/ ( A o so .

/ i

'|
'

.esposure.
Recently. howes er. these radiation protec-

tion excesses have resulted in large incre- ( 40 " iugamieg/g /*N N
i

'

s

mental pubhc costs, with esen more pro- la \ iu @amie |*

posed. with no accompanying pubhc health j 0 60 -'

30benefit. Currently. these pohcies especially 3 2 8. 5 ,f ;;; Comcied for unabas *

atfeet radioactise waste management and site , , , , ,, , .

decommnsioning costs, to the benefit only of 2 E E O 3 E. E O *
*

t 2 3 4 5 egosernment bureaucractes and contractors.
- 3 4 5 6 7'

The immense costs incurred are reducing the
uabihty and pubhc benefits of many radia- 20 l 50

(d)
tion and nuclear technology applicauons, and . (C) M a k' ][ - 3rd @amie D

'* q

humanity is losing mapr sdvances and con-
- /' .,y , , , , . g /y

3rd @amle f /j/tnbuuons to human haahh and well-being. .

without benefit to public health. g6 - -

/,y _

'a.
\ "

Current w ork in Japan, and similar work in ,

Chma, with the beginnings of small efforts in _ / ' " *v*j . - ,.

7, m " , , " .Europe and elsew here, along with some U.S. 3 i,

\,,*%work in biology performed in cancer and ge- 1 .
-

,, j

M (neues research. may be the hope of the future. 3 - - ,g
h, , g .'Again. the world is responding to U.S. data j - -" * . *-A

./ N . icieand ininatnes. especially as compiled and 2 8 '
-

.\
.*

eonfirmed by the singular work of Luckey s: ' tu Quamle
"

,

and the research and reporting of many oth. %
' *

,

ers. including those who have participated in i ~
o to .

*

"; C '*''d '*' *'"8
the ANS sessions menuoned cather, w hile
U S pohey and pubhc progress in the use and ,

,

reasonable evntrni of radianon and nuclear
technology appheauons Magnate in fasor of

-
, , , , 7 , i 4 3 .,

,

dto tenng pubbe lear and unjushfied pubhc \tean Radon Lesel.rtpCiL )

Fig 6 Lung cancer mortauty rates compared with mean home rador''evels Oy U S cou"v rdE and Nuclear Regulators Commmion
rulemakings propme to still t'urther reduce companson witn presurred knear model Oy BEIR IV
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$ b Comunittee on Interagency Radiation Research and Polacy
-

Coordination asked the Nanonal Couned on Radiation Protecnon
and Measuremente (NCRP) to primde advice on the use of collecove
does in radiataan protectaen, particularly as it should portaan to
radiation esposures of the United States public.

In response to this request, NCRP Scientiac Comunittee 1 3. Collec-
tive Dose, was estabhshed. Servtag on Scientiac Committee 1 3 were: .

Romand L. Emahnen. Chairman .

Washington State University '

PMImad Washington

Members
m
# John R. Johnson Barbara J. McNeu >

Battelle, Pacisc Northwest Harvard Medical School
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Center Galveston, Texas
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43 0 / h **lhK ASNESSMENT ANI) MANAGEA.
att

The app.
n of the conversion factor, alpha, requires that the

loss of future humen resources (lefe expectancy) per unit collective
done be quantiAed. 'the ICRP and NCRP (ICRP,1991; NCRP,1993) h
prevides nominal probability coeGleients for stochastic effects. 6* CORClu8iOB8 RBd

'l

weighted for the detriment from nonfetal cancere and severe heredi-
'

tery effects, of 6.8 percent Sv-' for adult workere and 7.3 percent bOmmendatIOn8
*

Sv ' for the general population. For the eiwitiplicative einedel, tan j
less of life per fatal cancer is 13 to 15 y (ICRP,1991s. As a Aret
approximation for the purpose afillesteeseen, the amount oflife last
or impaired may be taken as the total Astudma=* monitapteed by the
cmount oflife lost per fatal censer. h estlaneted less oflife is then

A

celculated to be appresimistely 0.8 ySr-' hr workers and 1.0 y Sv -' It is clear that the eencept of eenactive h lies, seer b m d
for the general populatsen. One seethed Amr a.-a.a of years of found incremosag ; . ' -+ in redsstaan p M esaw j-

,

4
life leet per unit deae, which aime eensideae een at time time afirradas. steenal teel for contreusag redentaen espesures te *

3Lion and organe irrda=*=d, has been published (BdeMus et al,1983) and to the semeral pubbe, and as a means of , N.

1 g

An inaportant questaen them is: " Hour enesek of curvent hissaan. tive rieha to; ; ' M Brom real erpotestaal redseems p
|

resources (time and offort) are we willens and ehto to trade for Astere
'Ibe appheeteen of the eenesyt of esReceave h hr b m

human resonaress?" As a escasty, we appear to be wiliseg to apend heurever, is entgeet to certain hautetamme and M d q j

satraordinary suena te save er praiseg the life efidentised individu- the Commed therefore cautaans against aseppreynote emes N ) t

sia cad we are winias to apend large emme se long as the amambar potentaeuy valisable best lumited teel. ,)
:

erindividuals at risk is asneM. N asneunt we are wdung to apend Impleest in the esacept of esilectsve h a,s the @ g
{to improve life espectancy or quality offife for people we de not kees, direct proportaemenity between the risk leeussed and the

cad cannot identify is leen cieer, but the available f eside are clearly dese, ever the rense of does and dans rates of esmann, )

limited. % principles and probleens a===e==ted with evahnetion of reopense to redsstaesiis hetin h d h
.

geg '}
>;P ,

done have been discussed in ICRP Publication 37 (ICRP,1983). any incrossental does shore M, a* met 88',,Q
-

!,,,,

withit risk g,,,, ,

,, gg ,,, ,,,

es,esuve m. ,reve d ae .ne.n de is smaa- ~ *e et- i !,i
' hochgreemd. m assumiptaan eflinenety without threnheid iejusti8sd 't

g, ,og,eg

"as diadived=al -"r""""* ti* '''" '"'"*"' "* """''
"

perpenas. It ebenand be resegneses, houser,
dietatleurle e .j

'
tain by a faster of two er more in oder e and a W
in de done respamme een met he ancheded, mer een the remibMMy est

i de rieke are moderestimated at low deems he seesuded
agedern radistana protection practase is based en eroe W

y. . -- oge y,esties to essesse that it, in feet, A a W #

M besset, ALANA, takang inte aa-.=e sosist and er.M
,

j
W and deer hoeais wheek are estehleshed to coeure M 6e
___i g, paa.=e,-- and ALARA de met result in emmesive
risk to individuale er te groupe ofindiveduals. % Aret two d
,e.ete_,ueo.c. tan ami AmR -imp., - -sta < a-
practase, and dierefore collecti'* d*'' 'eay be the only ,e se.e,,e

t
tity en whech a suitable eval ==*a== sney be bened. M M

norsnelly apply to the individual, but esmetrainte en eeMudve
done eney alas be applicable, albeit with senportant

|
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62 / e CONCt.USIONS AND HECOMMENDATIONS t

Given the foregoing discussion of the underlying bases and limita- In the future, broader application of collective does enay be appre-

priata, but extension will neceendate e greater knowledge and under k.5tions of collective dose, the Council recommende the following:
standing of the parameters used in the deternianeties and calculauen

1. 'Ihe concept of collective done should be considered as one of of collective dose and its attendant riska. .f,

the means for assessing the acceptability of a facility or practice. i

tllowever, because collective done i;n' upon demographic
variablas as well as radiatism deses, it is remmmended that q

i rregulatory limita not be est in ternas of collective dose.
I

2. Collective dose is most usenel when applied to populations with
known characteristace auch as oise, age, sex, etc. Where popula- ., | [
tion characteristice are poorly d=A=ad er highly uncertain or .

subject to signi$ cant *- ;--d change, collective dose should ,

be applied with appropriate cautaen. *i j
3. When the uncertainty in the number ofindividuale summed in

the population cosaponent of collective dose is large (e.g., one
or more orders of anagnitude), collective dose should not be used ,
as a surrogate for risk even at relatively high levels ofindividual ,

radiation doses.
4. Applicatnon of collective done should be listited to stochastic

@* effects (deterministic effecta are not included) and to the dose
og range in which risk is assusaed to be proportsenal to dose and

independent of dose rate.
5. Assessing risk from collective exposures in usedicine must

resect the great uncertainty in applying population based risk
', estimates to patienta due ta specate age distributions, health

statue and, possibly, ahorter life espectancy.
6. All dosee should be included in calculat3ema of collective dose; ,

there is no conceptual basis for " " ; any individual deses,
however manall, frean themivo dose calculation.'Daere may,
however, be practacal limitatione lose "=*"(2),(3)
and (4)l.

't. When the range of individual demos spans several orders of
magnitude, the distributies should be dieracterised by dividing
it into several ranges ofindividual deses, each envering no enere
than two to three erdere of anagnitude, with the population aise,
mean individual dese, emilective doce and uncertainty being
considered separately for each range. . , ,

8. Projection of collective committed deees to future populations
and situations should be done with care and situations must ..

'

recognize the large uncertainties introduced by unpredictable
ilninges in relevant parameters c g.. less than about 10 percent.

9 Wisen the rullective dose is smaller than the reciprocal of the
artrvant rank rurihtient, the risk assessment should note that **{
ti- .ust hkely nuinber of excess cancer deaths is zero.

- - - -
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Editorial

The issue of the decade: hormesis
unnaan==
t*=weny a conme. sen pensent us n seer nepasawy ceavn=enn, woneneen. oc anses. usa

The Wyngaarden and Pauwels review of hormesis in this great cannoe is view of a possible underesumauon. At
isees is most timely. Deepas as ==pa===aal increase in the same ans, the posedaility cannot be excluded that
dass supporang bornesas darteg the past 15 years, there our presset ==a- exaggerase the hazards of chrome
has also been a parallel increase is resencave regulances exposure ao low levels of radsanon. Only funber mten-
of radiance that enppie medical resserch, diagnosis, and sive resserch ces establish tbs nue position."
therapy, ialmbet the h -1, of nuclear emergy, and Despise the aheemos of any suppornve evidence of
unpose enormous Anancial burdens upon society Unni predicted low-level radianos eSects, this no-direshold
recently, the "H" word has been ndiculed and taboo in working hypothesis came to be regarded as a scienufi-
aushantative ar==a4c comumner;s. In 1994, after 12 cally dae====ami fact by mesy scienness. The tenden yyears o( deliberanos, the United Nations Scientific to neglect or reject epidemiologic human saubes and ex-
Coenmesse on the Effecu of Asomic Radiance (UNSC- penmeetal studies of cells and orgamsms that centradict
EAR). the most disnagashed imarnanonal authonty on the lianer-no threshold shoory of radumos carcinogene.
this subject. decided to publish its report on radiation sis is supponed by the widely accepted view that chro.
hormesis. "Adapave responses to radaanon in cells and rnosome aberration and gene mutanos can be producec.
orgaansans"[1]. by a single pernels of ionizing rednesson and so initiate a

Why have scientific circles discounsed or ignored evi. realisanocy. However, ao considerance is given to bio-
desce suppornas honnesas for more than 50 years? lai- logical defense =arhamaa== that could be ea=alanad fur-
tially, the main sciennAc evidence of busnan radiance ther by low-level incrossess of radiance above bacit-
effects came from 7 M4-3 saadies of ascene bosnb ground. tammalaamd defense macha===== could also de-
survivors is Haroshima and Nagasak These saubes crease carcinogeassis by chemmcal and asher consonazing
demoneeresed a roughly liener .P 7 between es- aseen as well as ioensing radammoe.
tremely high single doses of rahance and the imhaenon The operanos of thsee defense mechamasms in re-
of cancer, la the absence of comparable low does eSects sposes to low-level radianos is exammaed entically in
it was prudent to adopt the so.dweehold hypothesis that die receedy pubhehad UNSCEAR repon [1].
exampolases l=marty from esects observed at very high Adappsve proosenes so low-level radiance were dem-
doses to the seem eSoca at very low doses, even those oomrased is homen lymphocytes, nouse cells, and fibro-
approach ag aero. This hyposhoeis also implies that ef- blasts from vences specson, wish evidence of cross-adap-
facts unobserved as high deems do set occur as low dos- nos between sonic chamecal agoens and low-does radia-
es. It was accepend in 1999 by the lasermanomal Commas- noe. These ==eha==== of adopdve response include:
sion ce Radistagasi Pinescados GCRP) [2] to guide 1.The g<egelenos of genes and presem syedissis in-
rules for the psesseios of Pty exposed work- thaeacias cou cycle kimedes
ers following the solginal seemdve aar t*==e= of the try. 2. The id===Ae=ia= of asevesed genes and their coryme
poshems by UNSCRAR in 1953 (31. This UNSCEAR re- prodects apar*Acany involved la radiance-induced DNA
port scenes: "Presset knowledge ... does not pennit us to repair
evaluase with any precemos the poemble eaaa-piaae* to 3.1he r=amaa==h=p between radianon-aduced repair
rama of exposure to low radianos levels. Many eSects of geens and thoes acavened by other inusagens
irradiance are delayed; often they cannot be dison. 4. The ability o(cells to remove toxic rashcals
gunshed froen effects of other ageass; sieny wig only de. 5.1he scarvence of membrane receptors and the relene
velop once a Areshold dear has been exceded some of growsk factors
may be cuamalatrve and others not; ad individuals in 6.The effects of radiance on the proliferanve respmse
large Populances, or perucular groups such as ctuldren to mitepeos
and fenases, may have special sessenvity. Those facts 7. 5'ahamead i===aa==rvetlance by Tcell ontogeny ap.
render it very difficult to accunmiase reliable informa- opsoses and radianon-indaced imeerphase death, and sie.
noe about the conelance between small doses and their nalling processes in thymocytes
effects either is individuals or in large populanons . The DNA repair earynne was heralded by Scienu :'
Such a sinaanon requires that maahad proceed with December 1994, as the " molecule of the year" W De

Ear J Ned Med (1990 22J99-det~ . a__
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| coevergence is 1994 of many decades of meeerch in ver- tality rates of plutoniem -==,w workers on the Man-

!
ious reper pashways has Grudy emahiished that DNA re- hanan Project. B.L. Cohenicomplesed maana=*al 12-

| Per enzymes, cece thes@t to be important only in rare year saady that relates the incidence of lung cancer to ra-
j forms of human dessene or mdience damage, occupy the dos exposure in nearly 90% of the populance of the
; central role in the life of the cell. Dese enzymes are United Stases was published in the February 1995 issue

: grouped in pathways that specialize is ihree types of re- of Neehh PAysics (s). nis setersement of eerber sur-
par raamatch repair of errors inade when DNA is cop- veys to 1722 counties from which 1601 were selected

;
ied; base excision repair of DNA injury by oxadanos and for adequase permanence of residence provides extreme-

,

j other comame reacticas; and N excision repair ly " A statistical analysis. AAer applying the
j of large, bulky DNA lemoes caused by omnade agents BER IV 1933 conocnoe for varianoes in smoking fre-

! such as ultravioist light and chamacala. Defects in the quency, there is a very strong tendency for lung cancer j

| m'd repaar gone hhtSH2 ase presset is a large pro- morsahty to decrease with increasing mean radon level

|
Pornoe of panents wish the costuce concer. hereditary in homes, is sharp contreet so the BER IV theorencal

! acepolypons colometal cancer Ponents with the rare ge- nacmened mortality derived by limmer-oo-threshold ex.

]
notic disease namderina pigmessoenn lack a secleande trapoiance of eSects in uramism maners exposed to very

j exctssos repeat eeryne with reenkant extreme sensevity high rados concentrances. no discrepancy between the.
j to sunlight and frequent & ' . - ^ of skin cancer be ' aretical and asseured slopes is by 20 standard devia-

fore age 10. Amoeer reper eeryme defect occurs in pa- tions. Rigorous == - e= aanlysis of 54 socioeconomic,

tients with ataxia ', -M' a rare diesene with ex- seven altmade and weesher, and andeple geographic
treme sensauvity to scenzang radianos. Curvest resserch vanables as poemble confounding facsors, both smgle

,

is teenag the theory that decliamag DNA repair is a sis- and in ea-a===ua . dennoestrases ao @h de. i

niScast componeet of aging. If so, this would explain crease in the discrepancy. ne amiltiple independent re-
9
g the progressive sacreened incidence of cancer with ag- quarennents that a poemble unknown confounding factor

; ing. Current research discloses that the 67 ~ ^ of raust meet make its *n=amar* higidy improbable. A res-

j cancer is rauch recte d=p= adam upon the functiceal sta- sonable explanance is that sciendased biological mecha-
tus of repair ==ch=====is than the exsont of DNA injury. nisms more then er==p====a* for the rahance " insult"4

Very high doses of radaanoe result in enerhed impair- and are prosecove agesset cancer in a low-dose, low-
meet of reper fuscace. As Devsd nra=hn==d Jr. stones in dose-rase range.
his Science editonal. "Moreover, the new underwandaag ne repeased criticisms of Cohen's studies, while
of reper systems may bring about a r====iamw=i of :==im=ining the validity of the poor spedesmologic evt.,

{ the pa=ad= sad linear extrapolation for peancides and ra- desce of the uranium mine workar saadnes, exemplifies

i dianon and allow more realistic assessments of envuon- the need so observe the ademnition of John D. Graham.

|
mental risk. Evaluanon based on such knowledge would Censer for Risk Analysis. School of Public Health. Har-

not depend on the opunoes of perusan protagonists, but vard Umversty. " Finally, and most imponantly, we need

on good, solid sciennSc evidence" (5). to be acusely sensitive to the constmcuan of asymmetne

i Dree recent reports are sign Scant additions to the bur.iens of proof is abe sciennSc liseramre and the pro-

! epid==W evidence suggesnag beneficial effects cess of -= formanca ne pcpers by Drs.

! of radaanoe reviewed by Wyegaarden and Pauwels. Dr. SchaNoor and Sagen warned us of the genanc danger:

i Zbigniew Jaworowski, past chesnnen of UNSCEAR in proponents of a prevailing paradigm will send to ignore,
his current review of honnesas cines very recent data suppress. and censor evidsece that seems to be incom-

showtag barmanc eSeces in homens froen the fonner So- penbie with or threenemag to the seems geo. ...f would

viet Union [61. Ator high redsence exposure from a like to coeclude ..[with) what I beheve is the inost crin-
thermal exploniae in 1957,7852 persons living in 22 vil- cat concept in the conference. the "apa'ama dose."
tages in the Eamus Utais were devsdad isso three expo- When background doses (from all scates) exceed the

sure groups avesadag 49.6 coy 12.0 cGy. and 4.0 cGy opamum does, the honmens concept is irrelevant to so-

and followed fee 30 years. Temor-roissed monality was cial pobey. When the opomma does exceeds the back-
28%. 39% and 27% lower in the 49.6-cGy.12.0cGy. ground does (freen all sources), the bonnesis hypothesis

and 4.0-cGy groups, respectively, than in the naastradi- has profound implesnana for social pohey" (9].

ased control populanon in the saine region, la the 49.6- Recent high stansecal power epidesmologic studies

cGy and 12.0.cGy groups the difference from the con- of low-level radiance and studies of adapove responses

trols was stanstically signiScant. Epidemiologic studies to low level rrdianon are bnagag about a reexmnacon

showing beneficial effects of low doses of radianon in of the "no-threshold hypothesas" based upon the hypo-

atoauc bomb survivors and other populanons were re- thetical linear extrapoianon of high-dose effects to ef.

viewed recently by Schei Koodo. Professor of Radiation fects of very low doses .,,a+N sero. The 1994 UN.

Biology. Atomic Energy Research Instinne. Kinki Uni. SCEARisport documents that multiple defense mecha.

versity. Osaka. Japaa [7). laciudad are the apparently nisms at molecular, cellular, organ, and systenc lesels

beneficial effects of low doses of external gamma rays are currently bemg demoostrased and confirmed by nu.

on the life span of radiurn-dial pointers and the low mor- merous invesagators. Stimulanon of these adapose re-

c, -.. im .i nmiieie.c Medicine vol ::. No ' * ~
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sponses by low-level radiacion involves gene activation. References
repaar earyme syndbenis. DNA repair, prosein synthesis,
stress-response protein production, activation of rnem- 1. UNSCEAR (Unsed Nauons sewnufic Cosumnee on the Ef.
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M8'** l*-the immune system.
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hrr ===== No.17 (A/383811958.abesith e5ects observed at high levels of radsation thag
overwhelm these defense mechanisms cannot be enrap- 4. Kashleed DE.1secar A. Hasawak PC Modnch P. DNA repair

otated to the low levels at which these stimulated de- easyness and e science I m ; 266.1 6 27

fesse gnachanisins predcminate with decreased cancer
5. bE. Molecule of the year: the DNA repaar ennme

inducuon. decreased mortality, and other observed posi- 3,,,,,,,i ,,g.2 m 925.

tive health effects. 6. Jarcrowski Z. Normesas: the beneficial effects of radianon
An understanding of the positive health effects pro- ;,' . c,nierv sci r,,4 i,94: 7:22-27.

duced by adapove r*<aaa<a to low level radiation 7 ra jo 5. #ceirA aprers cfio .lcret rod enoa. Osaka: Kinki
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tal risk of radiation. Instead of wasting many billions of 1993- I

dollars annually for protection against hypothetical risks a Cohse BL Ten of its haser.no threshold theory of radiation
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Review article

Normesis: are low doses of ionizing radiation harmful
or beneficial?
K.E. van Wyngeansen. E.K.J. Pauweie

Desenmore of Dieresse namoengy ans Nussear unenne unneresy Hosses t.aienn. The Neetertends

Abstract. A review is provided of the literanare on radi- >Idringfrom to.ric efects moreef at high doses (2]. Herme-
ation hormesis. hormesis being any physeological efect tic e#ects are normally benencial but may co exist with
that occurs at low doses and which cannot be anticipated toxic effects. Normesis may be characterized as a pro-
by extrapoiming from toxic e#ects noted at high doses. cess whereby low doses of an otherwise harm 6d agent
Epidemiological suadies suggesting beneficial efects are may result in stimulasory or otharwise beno6cial effects.
comidered. and experimental evidence for the existence The word originates fVom dL Greek word hornisein.
cf harmesis is then apprai ed. In the latter context. there which means "to excite" and refers to a much broader
are possible low.dche effects at the rnolecular level. at spectrum of phenomena including inany toxicological
the cellular lesel and on the organism as a whole. It is observations. Accordang to Stebbing (3) the term was
concluded that ahile it is difficult to analyw the e#ects probably Mrst coined in a publicanon dating from 1942
if low-dose radiation with statistical significance. the describing the growth seinmineiaa of fbagi by a naturally
.oncept does permit the reconsideration of the validity occurnns antibiotic. which at higher cancearracons sup-
of currently accepied notions, pressed fungal growth. '!here are many examples is na-

ture of processes that follow a hormetic model. A strik.
Krv worils: Hormesis - lonizing radiation - Epidemio- ing example is vitamins. widely accepeed to be very ben-
logical studies - Expenmental studies eficial at cenain doses. but known so be toxic at higher

doses. Hormene models of ioniang redsomon sugges
Eur J Nect Med i199g) 22:481- 486 that it behaves in a similar way. A schemenc representa-

tion of the models illustrating the pressmed bene 6cial
and harmful effects of ioensing radiance is shown in Fig.
1. The hormecc anodel is clarined la Fig. IC, which il-Introduction lustrates the concept that at lower doses the effects of ra-
diation are benencial la the diagrams eNects are shown

Since its discosery ionizing radiation has captured the to be either harmful or benencial as the radianon dose is
imagination of the public. Initially it was thought to be increased. The point at which the radianos has no over.
healthy in all dchen. leading to unusual applicanons such all effects is referred to as the "aero equivalent point"
.n ladies corsets caaranslag radium and radium drinking (cf. 24].
eups. But as time poseed k became clear that there was la this article we shall review the liesramre that has
an upper limit to the pneummed benencial eSects. Unde- appeared on this subpect. E-M Sy :C M:i cali
sired side effects caused by missively high doses of radi- and experimental evidence will be brought forward to
ation led to the belief that radiados was harmful at all elucideas the argumens in favour of radianon hormesis.
dches. Later. the concept of the threshold does was intro- This paper will be concluded by highlighong some criti-
duced to explain the fact that negante eSects were ob- cisms raised against hormauc models.
served only above certain dose levels. Furthermore. it
was wggested that low dcne of radiation enight acusally
hase bene 6cial e#ects on organisms. Itasults of experi- Epielemiologiset evidence
ments that pointed in this direction were atenbuted to a suggesting beneScial eNects of retRetiert
rocess named inormesis"[Ij.

Hormesis is unv physsological efect ther occurs at I.iterature dats on radiation hormesis describe the ob-
ww Joses and s hich camsor be anticipered bv enrupo- served bene 6ciai effects at dose levels between I and %

cGy (cf.18). Many epidemiological studnes have been
Corrrvmikm e rm E KJ. Paumek Desenmses of Diagnonne Ra. performed to investigate whether threshold dose of ion.
doo6ayy and fkleur Madscies. Benedias 1. C4 Q. Uersernay Ho inns radiacon exists. Obviously, it is ddlicult to find a
ptus PO Son wpMK 1.MORC. Lewsen. The Netherlandn utuation in a hich a large group of subjects is exposed to

__
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Fle, IA-C Repenensauen of one eWects of lou.nevel ionizing ra- at all dows abuse aero. 5 eoms i throhoid model. in which thet

diessen on livtag organensus. On the s4 sis the overall effect of the aherse edect tart as wsne point abm e aero. The hormetic mod.

rednessos is .r ' on the y-eaan the lesel of red == m. el in demonnarmed in C; in than model the effects of radiaison at

cerved is repassmand. A shows the ensablished linear model is lower denen am benencial. ZER. Zero egwtient point .at which I

wesen e o ymmasand ther es esses of radianon an unfavooraner radsanon han no oserall e6eet
)
|
|

acanzing radianon. allowing accurate assessment of the ca asing enough difference in dose between the groups !

does. As a consequence of this. beneficial effects may be for a hormetic efect to be otherved. The chance that
difRcult to quantify. Nevertheless. sewral epidemiologi. this difference would occur at random in 2.39. One
cal saubes have come to the conclusion that such benefi- must. of course. be aware that other factors such as die-
ciel eNects really exist. These reports are summarized in tary habita may have cauned this difference in cancer
the following paragraphs mortality.

la a Canadian study [4] the mortality due to cancer at in an U.S. energy department study [7]. the workers

nuclear power stations was reported to be 58% lower at three facilities were exponed to plutonium and other
than the nanomal average. One reason for this could be radioactie substances. The purpow of the study was to

_the strict medical tests that the nuclear power workers measure adverse health efects cauned by the exposure

are subpected en before being offered a job. However. The pitsonium exposure was sainly by inhalation. !: ai
workers in the non-nuclear power industry who under- peared that the standard mortality raio due to lung can.

went - : --- .M. medical tests have a mortality due to cer was only 149 of the nanonal level and all cancers in
cancer which amounts to 97% of the national aserage. It general appeared to be 70% of the national level These
is therefore unhkely that this marked drop in cancer figures are too extreme to be caused only by "the healthy
mortality is due to "the healthy worker effect" alone as worker e#ect". It was also observed that the number of
equally "heahby" workers in the non nuclear power in. smokers amongst the mweisei group was comparable

desary do not have this lower mortality. An epidemio- with the national average. eliminating this factor as ,a

logical study of cancer frequency and mortality in nu- source of error.

clear power workers has also been carried out in Britain in a study looking at the effects of a high back-
[5]. Also in this study it was found that cancer frequen- ground radiation in various cities in ladia (8i it was ob-
cy amongst nuclear power workers was lower than the served that in areas with a high background radiation

national average, but no definite conclusions were level the cancer incidence / mortality was significantly

reached. less. Five cities wete studied and the higher the level of

in a Chiaeas sandy [6]. two groups of people were radiation. the lower the rate of various forms of cancer.

7-". 5 esapared. The first (74.000 peopiel Bombay. Nagpur Bengalors. Pune and Madras were ;

lived is an ages ett a telasively high background radia- chosen for this investigonos. Whereas the radiation

tion (2.28 m% per year), while a second (control) levels in Bombay and Pues were much lower <<400

groep (78.M peuple) lived la an area with less radja- p5v/ year, colapared to 600 400 p5v/ year in Bangalore

tion (0.95 mOy per year). The first group had a lower and Madras). cancer incidence and mortality were

mortality due sa cancer. Cancer anottality in the first higher. The reduction occurs at the rate of 0.03 per
group was 48.8xIWS (s2.3) per person per year. Cancer p5v/ year (per 100000 people) in the Indian populetion.i

reortality in the control group was higher 51.tx10 ' in the United States. Hickey et al. [9] have al o mea-

(s2.2). The difference is not statistically significant. but sured the effects of differing levels of background radi-

if only an older age cuegory is compared (40-70 year ation in different areas. From this study it was conclud-

olds) a significant difference is observed. The cancer ed that total cancer mortality is inversely correlated
with background radiation dose with a statistical signif-neortality in the first group is 144x10-5 (28.01 per per-

son per year, whereas the control (lower background ra- icance level of 0.05. but the Indian data are based o'
diamon) group shows the higher rate of 168x10-5 (z9.01 larIk Population. In addition the authors menten th

per person per year. The jusofication for only compar- due to a low degree of industrialization, saranoemem

ing these higher age groups is that this part of the popu. is lesa influenced by the environment tnan in aner
lanon has received a higher total life radiation dose. countnes.
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A Japanese study luuidag at cancer incidence / mortal-
would be presented rather than 900 excew deaths beingit) in atomic bomb surviwrs looked at the dche respurbe induced Ibetter than 994 confidence limitt

within the low di.he range ll01. In this wudy it was ditti.
cult to evaluate the data and not really powible to estab-
lish the existence of hormesis by stanwical analysis. An- EJtperimental evisience
other Japanese study [11] looked at 290 male A bomb
survivors who had been exposed to 30-149 cGy of radi-

Further evidence for the emissance of hormesis has beenation. These showed signincantly lower mortality from obtained from results emanating from expenments de-
non cancerous disemes than unexposed males but higher signed to demonstrate low dose e#ects at the molecular
rates of cancer. It is evident that epidemiological studies level. the cellular level and on an organism as a whole
amongst atomic bomb survivors are difRcult to carry out. [22].
as received doses are dif5 cult to ascertain. To dose no
really conclusive evidence for harmesis has been found
in this type of study. Egects or the molecaderlawl

Cohen and Coldiu (121 looked at tin e#ects of radon *

exposure oa cancer nsk in U.S. homes. It has been sug- At the molecular level hormesis has beer. explained by
gested that radon in U.S. homes is responsible for about bodi DNA repair and deepsincanon of free radicals
10000 fatal lung cancers each year (SElR 1984) [13).
This number is. however. based on extrapolations of data DNA repeic It is an established fact that the extent of
on miners who have been subjected to high radon DNA damage is propornonal to the radianon dose re-
concentrations. This study found that lung cancer rates ceived [23]. However some experiments indicate dias
decreased with an increase in radon lesels. Smoking tnis relanonship may not be totally linear. I aw does ra-
prevalence may have influenced the results. but this was diation might cause an adaptanon whereby cells become
orrected for. Many other confounding factors are con- resistant so the mutagense efects of 97at high-idered and dealt with, such as socio-economic vanables dose exposures These low doses may induce the

and geography. Nonetheless. a sery strong negatise cor- producnon of proneias that are involved in DNA repair
relation was found between lung cancer mortality rates Expenments showing the inducuan of adeptopon to ion-
and mean nadon levels. A British study came to similar izing radianon how t; eon carned out on hwnen lympho-
conclusions [14]. Both these studies support hormetic cytes using low levels of redestice-incorporased tnsumed
models for lung cancer mortality. thymine followed by higher doses of X-rays (24] It was

A wudy involving 700.000 shipyard workers (100.000 found that the number of chromand breaks induced by
of whom were nuclear shipyard workers) by the Johns 'the X-roys was lower than expeceed. k wJS laser found
Hopkins Departmem of Epidemiology. School of Public that this adaptive efect could also be induced by expo-
Health and Hygiene [IS) concluded that both the nuclear sure to very low doses of X-rays before the higher dosesuorken receiving more than 500 rnR and those were given (25). Another inseresting observation was
rGeeiving les3 than 500 mR had significamly lower that the e#ects could only be induced using a fairly nar-
mortality 10.76 and 0.81. respectively from all causes of row range of doses [19). This snay be an *=rie for
death than the non-nuclear workers. Non-nuclear the fact that honnetic models have not come to light
shipyard workers' mortality races were similar to non- earlier. In this laborasory seat it appeared that, once the
shipyard workers, thepedere eliminating the healthy e#ect was induced, it lassed for the relatively long dura-
worker effect as a bien. This is consiseents with other tion of three cell cycles. k was also found that these phe-
studies of populatican is sesses with higher background nomens were only Asily mussent aher 4-6 h. suggesungradiation (approximessly I mGy per year more than the involvement of a repair enzyme. Eleceophoresis
states with lower background radiation) that expenments reinforce this idea that praeses (enzymes)
demonstrated increased longevity and a 15% reducnon are involved and how doesramaad the pressace of a 30
in overall mortality (16.-19). to 35-kDe pressa, thought so be . _ m for DNA

A study of 31.710 Canadian female tuberculosis pa- repaar (26).
tients who underwent tiuorrwcopy [20] concluded that the
breast cancer nsk incremed with received radsanon dose. Free radical dero.rifcarica. Free radicals are known to
According to this report. which comprised examinanons cause DNA damage, lonizing radiacon causes a tempo-

| 'erformed in the penod between 1930 and 1952. a theo- rary increase in intracellular free radical concentranon.
tical lifetime exceu of 900 deaths due so breast cancer it is suggested that proesctive mechanisms are activnted.

.ould occur in a hypotheucal gmup of one million wom- leading to longrr term prosecoon against DNA damage.
en having receised 0.15 Gy. The report used a linear mod. Femendegen et al. [271 have investigated the e#ect of
el to calculate the hypothetical increased risk at this low low level radiation and the suinequent increase in intra-
dose of radiation. A more recent analysis of the data by cellular free radical concentranon on DNA synthesis. It
Pollycove [2|| applying an empincal polynomsal funcuon was found that DNA syndnesas was temporanly inhibit-
demonstrated that for this drwe.10.000 deaths per million ed. this inhibition reaching its maximum m 5 h. The
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decrease in DNA synsbesas wan accompanied by an in. ie prmoroans. Airumctmnt rentdurum and Furumre um,
creuse in the concentratiusi of the free radical seasenger terrunirliu IMI Wng groups that were shielded rnim
gluthionine. This mayorary inhibition of DNA 9 nthesis bacl6 ground radiation. groups exposed to low leseis oi
gives the cell time to carry out the DNA repair proccu. gamma radiation and control groups. it was found that
By temporarily inhabiting crucial intracellular actnities radiation euuld sismulate pmiiferation of these smgle.
and inducing the producnon of free radical sessengers. cell organisms. The stimulatory efect occuned only m a
the low level rachanon has the e#ect of inducing a de. limited range of domes and disappeared at doses . abuse
gree of protection against the harmful e#ects of further 50 mGy/ year. Experiments were also done in. space on-
exposures to radiation and the detnmental e#ects of sub- board the space shustle Challenger [36] to measure the
sequent free radical anacks. e#ects of connue radianon on paramecia: howeser. re-

suits were inconclusive due to the combined influence of
conmic radianon and low gravity.

E#rcrs e' the cellularlevel Cellular experimesca were also done by Fabrikant
(37). His esperiments demnaerrased changes in the pro-

At the cellular level hortnetic efects include immuno- liferative characterisacs of tissues under contmuous low-
samulation and fertility enhancement. Some auchnrs be- done radiation. Cell populanon kinetics were measured
lieve that radiation is essennal for life and the preserva. for rapidly and slowly dividing cell types. Data were
tion of the species. Luckey [28] hypothesized that a base collected on immt='_m-eic tissues. regenerat-
amount of radianon is essential for cell growth. Several ing liver tissue. ineestinal epithelium and seminiferous
saadaes have been carned out to look at efects on the epithelium. Adapave changes to the irradiation were
cell, as detasled below. observed in the cell populations, the cell cycle being

.

accelerasad so as to replace damaged cells. Cells that
Immeniosrunsdenen. High doses of radiation are known to normally divide more rapidly showed a better repnnse.
suppress the immune system. but at low levels radiation replacing damaged cells at a higher rate.
may induce the generation of a haemasoposetic growth
facesrs. In a Chmose study (29) the efects of low dose ra-
dianon on the immune system were enwhM using mics. Egrrr;an the arrumsm as a whole

~

The ruecevay of thy nocyses to inserieukin-1 was shown
so be deposeed as radianon doses ranging from 0.025 to in animals and humans low level radiation presumably
0.25 Gy. but there was an increase in cell number in the leads to an increase in life span. This increased longevery
thymus between 0.025 and 0.10Gy. resulung in an im- has been antibused to two factors: 11) an initial produc-
provement of the rencoon of the whole organ. In these ex- tion of free radicals lwhich are thought to be involved in
penments the reacnon of the organ to interleukin-1 mm ageing (34]) as a result of low-level radiation leading to
measured by countmg cells in thymocyse suspensions a feestpack reduenon of insracellular fiee rwiical levels:
made aher exposure to varying degrees of radiation: the (21 the fact that these ;' m--a resemble calonc intake
grosser the cell count, the beoer the reactivity (30. 31]. resenenon efects (39) (calone intake restriction has
Saabes of the immune system of A bomb survivors (321 been found to increase life span (401). Low lesel radia-
showed some reeuks which may not rule out hetmetic en- tion is known to proshace oxygen radicals. which aNect
hencement of the immune symem but failed to come up endocnne balance. This is inserpresed by the body as an
with conclusive evidence for i-aamimulanon, increased food intake. thus lowering appetite and there-

fore calone intake. wtiich in narn increases longevity.
Tentlity enhaneuemmer. In a Belgeen/ French study (33]
male and femakt mise wem esposed to 10 mrad /h for dif- Animal e.iperiorsts. Theories on hormesis hase been
femet lengdes at tun. Female Isruimy was decreased and tened by performing expenments on mammals. Cons-
rnais fertiitty husased minive to a consrol group. This don (41] reviewed some of these wish interesting results.
incranes in male AusBry may be an example of radianen Starting in the.1940s. expennients at the Nanonal Can.
honneses. Femmie Antilley we adeced due to the high eer lastituer (USA) led by Lorenz esposed mice, guinen
sensuivity of the cocyms to radiadon. Cytological and his- pigs and rabbies to varying degrees of radiation. A group
toiogical seudnes of the assoas did not reveal any diference of mice was exposed to 0.11 R per S-h day until natural
between the *=paami and unexposed or5ans, suggesung death. The expenmensal group had a longer mean sur.
that the incranes in forulity occurs in an indirect way via vival rase (nearly 2 months compared to the control
physiological eSects. Hurnen sandses also suggest an in- group). Them was also an increased body weight in the
crease in fenility as a result o(low levels of radiation (34]. irradiased animals: animals exponed to 0.11 R had an

aserage weight increase of 50% over the controls after
Experunents at the cellular level. At the cellular level approgimately 69 weeks of exposure.
expenmerus have been performed using unicellular or- In another study (42) young adult beagles were in.r

ganisms. Background and chronic low levels of radiation jected with graded activities of radioactive substances
have been found to increase the growth rate of the aquat- and were observed for the entity remaining portion of
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