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Abstract 

In 1950, the International Commission on Radiation Protection (ICRP) 
recommended that ”certain radiation effects are irreversible and cumulative.’’ 
Furthermore, the ICRP ”strongly recommended that every effort be made to 
reduce exposures to all types of ionizing radiations to the lowest possible 
level.”’ Then in 1954 , the ICRP published its assumption that human 
response to ionizing radiation was linear with dose, together with the 
recommendation that exposures be kept as low as practicable.* These concepts 
are still the foundation of radiation protection policy today, even though, as 
Evans3 has stated, “The linear non-threshold (LNT) model was adopted 
specifically on a basis of mathematical simplicity, not from radio-biological 
data. . . .” Groups responsible for setting standards for radiation protection 
should be abreast of new developments and new data as they are published; 
however, this does not seem to be the case. For example, there have been 
many reports in scientific, peer-reviewed, and other publications during the 
last three decades that have shown the LNT model and the policy of As Low 
As Reasonably Achievable (ALARA) to be invalid. However, none of these 
reports has been refuted or even discussed by standard-setting groups. We 
believe this mandates a change in the standard-setting process. 

*Th is  work was performed under the auspices of the U.S. Department of Energy 
by Lawrence Livermore National Laboratory under con t r ac t  No. W-7405-Eng-48. 



Introduction 

In 1950, the ICRP recommended that '' certain radiation effects are irreversible and 
cumulative" and it further recommended that "every effort be made to reduce exposures to 
all types of ionizing radiations to the lowest possible level"'. Then in 1954 the 
International Commission on Radiation Protection (ICRP) published its assumption that 
human response to ionizing radiation was linear with dose, together with the 
recommendation that exposures be kept as low as practicable *. These concepts are still 
the foundations of radiation protection policy today, even though, research to date fails to 
support these assumptions. It should be axiomatic that groups responsible for setting 
radiation protection standards keep abreast of new developments and new data as they are 
published, however this seems not to be the case for radiation protection. Evans3 stated, 
"The linear non-threshold (LNT) model was adopted specifically on a basis of 
mathematical simplicity, not from radio-biological data.. . I' 

There have been many reports in scientific, peer-reviewed, or other, publications during 
the last three decades, all of which show the LNT model and the policy of As Low As 
Reasonably Achievable (ALARA) to be invalid. And as far as we are aware, none have 
been refuted or even discussed by standard-setting groups. Rather, they seem to have 
been ignored. It is time to mandate a change in the standard-setting process, and begin to 
question and remove as necessary, the time (and research) withered concepts that have 
existed since the early years of radiation protection. 

Historical review 

It was thought for over 30 years after the discovery of x-rays and radioactivity that the 
somatic effects of radiation exposure in humans could be repaired; and for this period the 
concept of a "tolerance" dose was used to set protection standards. This view was revised, 
when in 1927, Hermann Muller published his results on the induction of mutations by 
radiation. Shortly thereafter and until the early 1950's protection standards were set to 
limit the number of recessive genes introduced into the gene "pool" by radiation exposure. 

Then, by the mid-nineteen fifties, when it was recognized that "genetic damage.. . . .is not a 
limiting factor" 4, radiation protection standards began to look at alternative effects such as 
life span shortening and cancer. The standards incorporated the concept that cancer 
induction has no threshold, and that all exposure carries some risk, while at the same time, 
recognizing that there was some evidence of repair and recovery from radiation effects. 
From this innocuous, but erroneous, assumption of linear non-threshold effects has grown 
the pernicious, but now official, policy of standard-setting groups. Based on these early 
concepts, the linear model must be used to fit exposure-response data over the entire dose 
range, even though there is no basis, other than "mathematical convenience" for so doing. 
An example of such policy was recently reiterated in the Federal Register, Fig. 1, despite a 
statement that human response to ionizing radiation is "non-linear." 
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Natural phenomena 

. 

There is abundant evidence that many natural processes are non-linear. As early as the 
1800's both the principle of an optimum quantity (neither to little or too much) , and of a 
necessary minimum quantity, of environmental agents were expressed in the context of 
plant growth modeling '. An extension of this principle to mutagenic effects was given by 
Bowen and Tolley '. C.E.K. Mees, in "The Theory of the Photographic Process'' ', details 
the non-linearity of the relation "between the exposure given.. .and the density obtained" in 
a photographic emulsion. Here, a minimum amount of energy must be supplied to render 
a silver grain developable. This requirement of a minimum energy needed to cause an 
effect is common to other processes as well. 

Continuing this line of reasoning, we know that all living organisms, DNA, and even 
molecules, are highly ordered systems, and it is clear that this order must be maintained if 
a system is to perpetuate itself. Scientific logic dictates that it is natural for such systems 
to develop a mechanism to routinely perform needed maintenance. And indeed, self- 
maintenance and repair are everywhere evident in living organisms. It is also natural that 
this repair mechanism can be stimulated by external forces and this too is everywhere 
evident. Hair regrows, skin is replaced, and neural pathways regenerate. All are evidence 
of both normal and stimulated repair, the expected response to a normal environment. 

It has been speculated that such changes are mandated in order to induce adaptation and 
evolution. If this were so, then exposure to environmental agents, below the threshold for 
harm, may be vital to assure that needed adaptation in a constantly changing environment 
continues to occur. 

A multitude of physical evidences demonstrate that a threshold exists, below which highly 
ordered systems will show no detrimental response. For example, oxidation induced by 
Brownian motion would turn our bodies into C02, H20, and a fine white inorganic 
powder, if a threshold did not exist. 

Stated differently, we human beings have developed and adapted in such a way as to 
finction best and to be fittest over a range of environmental agents. Ultraviolet light, 
temperature, pressure, and our response to trace elements are examples. Is it logical to 
assume that our response to radiation, another environmental agent, should be different? 

Review of experimental radiobiological observations 

Twenty years ago, Robley Evans' paper2 showed the LNT model to be radiobiologically 
untenable. By extension this would invalidate the conceptual basis for ALARA. 
Nonetheless, the Committee on Biological Effects of Ionizing Radiation (BEIR) for the 
National Academy of Science) and the United Nations Sub-committee on the Effects of 
Atomic Radiation (UNSCEAR) have chosen to use selected data, manipulated this data, 
and forced the data to fit the linear non-threshold model. To review this process, just re- 
read the Robley Evans paper. 



Both ICRP and National Committee on Radiation Protection and Measurement (NCRP) 
base their “recommendations” on the BEIR and UNSCEAR report(s), and on Japanese 
data which is also forced to fit the linear non-threshold model. Fig. (2) In turn, regulatory 
bodies such as the United States Department of Energy and Environmental Protection 
Agency (USDOE and USEPA) justie their use of the LNT model and ALARA by 
referencing the ICRP, NCRP, BEIR and UNSCEAR reports. 

Over the years many published papers, cited in the attached reference lists, from the U.S., 
China, India, Canada, Japan, and England also invalidate the linear non-threshold model. 
Most, if not all, have been published after peer review. Some show a downward trending 
response to radiation exposure, and others show a threshold. (See the first attached list of 
references for response versus exposure effects). These studies demonstrate that there is 
no relation whatsoever between the epidemologic or biological data and the linear non- 
threshold model. The published results from these studies, which demonstrate the fallacy 
of the LNT theory, include data on cancer incidence from both external and internal 
exposures, for both whole populations and occupationally exposed groups. Figs (3), (4), 
and ( 5 )  show such data; these are typicd of the entire group of attached references. 
Equally important, an additional set of references provide evidence for both normal and 
stimulated repair of radiation damage. (See the second attached list of references for 
genetic repair of radiation effects.) 

Summary 

When we review the substantial list of published data as well as the author’s conclusions 
given in the attached references and compare the data with the linear non-threshold, we 
can only conclude that the LNT model (and by inference ALARA) are wrong. Modeling, 
or fitting, or any other form of interpretation of this data need not be performed. Rather 
direct observation of the data allows one to easily conclude that the LNT model can not 
be used as a predictor of dose versus effect. As Richard Feynman said *, “In general we 
look for a new law by the following process. First we guess it. Then we compute the 
consequences of the guess to see what would be implied if this law we guessed is right. 
Then we compare the result of the computation with nature, with experiment or 
experience, compare it directly with observation, to see if it works. If it disagrees with 
experiment it is wrong. In that simple statement is the key to science. It does not make 
any difference how beautifid your guess is. It does not make any difference how smart 
you are, who made the guess, or what his name is - if it disagrees with experiment it is 
wrong. That is all there is to it. ...” 
Feynman continues, by stating; “Another thing I must point out is that you cannot prove a 
vague theory wrong. If the guess you make is poorly expressed and rather vague, and the 
method you use for figuring out the consequences is a little vague - you are not sure, and 
you say, ‘I think everything’s all right because it’s all due to so and so, and such and such 
do this and that more or less, and I can sort of explain how this works.. ., then you see that 
this theory is good, because it cannot be proved wrong! Also if the process of computing 
the consequences is indefinite, then with a little skill any experimental results can be made 
to look like the expected consequences.” 

. 



Feynman's view of science is directly applicable both to use and application of the LNT 
model and ALARA. Moreover, based on review of the data presented in the attached sets 
of references, there is unequivocal evidence that heterogeneous groups of humans have, 
without ill effect, tolerated chronic radiation exposures of at least 0.1 rad per year; and can 
tolerate acute exposures of at least 10 rad, also with no effect. 

Recommendation 

Although it may once have been prudent to assume that the linear model should be used, 
we now believe that, in the spirit of true science, it is obligatory to reject this policy. The 
promulgation of standards for radiation protection must be based on scientific observation 
rather than on an unsupported assumption and on subsequently begged assertions. 
Obviously a re-examination should be commissioned under the auspices of some entity 
other than those responsible for present standards. It seems apparent that these groups 
have failed to consider new developments and data, and that they would face a severe 
conflict of interest were they to be involved in a new review. 

M e r  such a review and reexamination it is to be hoped that the current application of the 
LNT model and the A L U  principle, together with its regularly ignored mandate to 
balance benefit against cost, would both be abandoned. We make no recommendation 
about methods and procedures to be used in any re-examination of the linear model by a 
newly constituted group, believing it is premature for us to propose specific solutions. 
Also, we have for this reason omitted any discussion about what model, if any, should 
replace the LNT, rather the approach should use good scientific principles in arriving at 
logically and unequivocally stated concepts. 
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Figures 

“EPA policy, supported by recommendations of SAB/RAC 
is to assess cancer risks from ionizing radiation as a linear 
response. Therefore, use of the dial painter data requires 
either deriving a linear risk coefficient from significant13 
non-linear exposure-response data, or abandoning EPA 
policy and SAB/RAC advice in this case.” 

Excerpt form: Federal Register 56 (138) 33050-127, 1991 
Fig. 1. EPA admission that the LNT model is not valid. 

“The lowest specific absorbed dose at which unequivocal 
effects can be demonstrated among A-bomb survivors is 
0.20 - 0.49 Gy” 

From: Schull, W. J., Shimizu, Y., Kato, H., Hiroshima and 
Nagasaki: New doses, risks, and their implications, Health 
P ~ Y s ~ c s , ~ ~ ,  1, pp. 69-75 1990. 

Fig. 2, The LNT model does not apply to the A-bomb survivor data. 

, 



J 

Environmental dose (external radiation only) 
usv y' 

300 400 500 m 700 e 
I I I I 

T 

i I&-----&- - --- 
a 
QJ 
U 

L 4  Mean point 

Regression f i t  of Obs. data :- 
U t 

r = 0.9 
- 

. _  I 

IFV Bo NA AH BA MA 
W 

0.02 s v  0.03 sv 0.04 sv 
Per caput cumulated environmental dose 

Fig. 3. Cancer risk from environmental radiation (external and internal) in age- 
standardized Indian populations. 

0 
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