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April 1,1996

Dr. Martin Steindler'
United States Nuclear Regulatory Commission
Advisory Committee on Reactor Safeguards
Advisory Committee on Nuclear Waste
Washington, DC 20555

Dear Dr. Steindler,

Sony that I had to rush off to catch an early flight, for no doubt the discussion that follow sd
my departure was lively. Sometimes it is just not possible to do everything that you would
like to do. -

However, be that as it is, per our discussion during the break, enclosed is a proprint of my
paper " Pathway to a Paradigm: The Linear Nonthreshold Dose-Response Model in
Historical Context" which is scheduled to appear in the May issue of Health Phymes. The
published version will have some minor editorial type differences from the gegbt, but
essentially they are identical.

Expanding on my final comments at the meeting, let me again point out that the shape of
the dose-response curve to ionizing radiation at low levels and for low dose rates is not
known and is unlikely to be known with any degree of certainty in the foreseeable future.
Thus the possibility of any particular dose-response curve, including hormesis or linear
nonthreshold or quadratic with or without a threshold cannot be ruled out. Moreover,
human radiation response can be evaluated in terms of many potential end points, and
different end points are likely to have different dose-response curves. Indeed, it may be
impossible to isolate the dose-response curve for one specific endpoint because of
interferences from other endpoints and other causes. As noted in the enclosed preprint,
the overall radiation response is likely to be Gompertzian, with the specific shape or slope
of the toe of the curve unknown. It is not inappropriate or illogical to consider the existence
of a real or effective threshold for specific low level radiation induced
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effects. And, as is also pointed out in the paper, the assuruption of linearity of response
without threshold was chosen initially on the basis that was not only mathematically simple,
but provided an upper limit to the risk of low level irradiation.

While there is a large body of evidence to support response curves other than the linear
nonthreshold curve, given the above, it would seem prudent to proceed with some caution
until more definitive and less equivocal understanding of the shape of the low dose
response curve is obtained. My own view is that for now, radiation protection is best
achieved by continuing to apply the linear nonthreshold extrapolation to low doses (but with
a lower level cutoff), recognizing that in so doing the risks of low level radiation are likely to
be considerably overestimated. Explicit in any linear extrapolation should be a lower limit or
de minimis level below which exposure is ignored. Hence, by implication, risk at or below
this de minimis level is effectively considered to be zero, whether applied to an individual or
to a large population. At what point the de minimis level should be set, will depend upon
who is setting the level, but in my opinion, given our current level of knowledge, somewhere
between 10 and 1000 Sv (1-100 mrom) annually, would seem a suitable range of values.
The upper end of the range would be applicable to occupational exposures, while the lower
end, porttaps 100 pSv (10 mrom), would seem a suitable de minimis level for exposures of
the general public. The above is entirely consistent with the discuss;on and
recommendations of NCRP Report 121, with which I am in full accord

I hope the enclosed preprint and discussion will be of interest and assistance to the ACRS
and ACNW. Feel free to include this letter in the record of the meeting.

It was good seeing you again, and to participation in the efforts of the ACNW and ACRS.

Wa t regards,

Ro L Kathren
Professor of Health Physics, Director ,

RLK/sme
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PATHWAY TO.A PARADIGM: THE LINEAR NONTHRESHOLD
DOSE-RESPONSE MODEL IN HISTORICAL CONTEXT

The American Acaderny of Health Physics 1995 Radiology Centennial Hartman Oration

Ronald L. Kathren*

Abstract - This paper traces the evolution of the linear nonthreshold
dose-response model and its acceptance as a paradigm in radiation
protection practice and risk analysis. Deterministic effects such as skin
burns and even deep tissue trauma were associated with excessive
exposure to x-rays shortly after the discovery, and carcinogenicity was
observed as early as 1902. Still, it was not until 1925 that the first
protective limits were suggested. For three decades these limits were

,

based on the concept of a tolerance dose which, if not exceeded, would
result in no demonstrable harm to the individual and implicitly assumed a
threshold dose below which radiation effects would be absent. After
World War 11, largely because of genetic concerns related to atmospheric
weapons testing, radiation protection dose limits were expressed in
teims of a risk based maximum permissible dose which clearly implied no
threshold. The 1927 discovery by Muller of x-ray induced genetic
mutations in fruit flies, linear with dose and with no apparent threshold,
was an important underpinning of the standards. The linear nonthreshold
dose-response model was originally used to provide an upper limit
estimate of the risk, with zero being the lower limit, of low level
irrad{ation since the dose-response curve could not be determined at low
dose levels. Evidence to the contrary such as hormesis and the classic
studies of the radium d!al painters notwithstanding, the linear
nonthreshold model gained g* eater acceptance and in the centennial year
of the discovery of x-rays stands as a paradigm although serious
questions are beginning to be raised regarding its general applicability.
The work includes a brief digression describing the work of x-ray
protection pioneer William Rollins, and concludes with a recommendation
for application of a de minimis dose level in radiation protection.

* Washington State University,100 Sprout Road, Richland, Washington 99352
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Introduction .

I
; it is but a few months short of a full century since Wilhelm Conrad
! Roentgen made a most insightful discovery, a discovery which has led to |

many changes in our understanding of the world and to numerous |,

| beneficial applications for mankind. As we look back over the century j
since this great discovery, we readily well recognize that the gift of x- '

:

rays is a two sided one, and that our noble profession of health physics
j exists because the benefits of that discovery cannot be realized without
i the payment of some price in the form of detriment. Indeed, it is
| precisely because of the two sided nature of this discovery that the

profession of health physics has evolved.'

.

j A central aspect of the profession of health. physics is to establish
j practical scientifically based radiation protection standards with the
! worthy aim of minimizing the detriment while at the same time enhancing
! the benefits derived from x-rays and other sources of ionizing and
' nonionizing radiation. For half a century than the professional lifetimes
i of virtually all current practitioners of health physics, the fundamental

underpinning of these standards has been the linear nonthreshold dose-;

| response model. Briefly articulated, the model states that any exposure
i to ionizing radiation, no matter how small, carries with it a
i commensurate risk of detriment (i.e. a fatal cancer or adverse genetic
j effect), with the risk being proportional to the dose accumulated.
) Professionally, although aware of other mathematical characterizations
| of dose-response, most of us engaged in the practice of health physics

have known of nothing other than the linear nonthreshold model as the
basis for the dose limits, risk evaluations, and others protectivei

! measures, at least insofar as the regulatory aspects of our work has been
: concerned. The model has assumed the status of a paradigm which,

| according to the dictionary, is synonymous with an ideal, a standard, a
; paragon or a touchstone.
4

The pathway to this paradigm will be the theme of this presentation.
Thus, this paper will briefly review the scientific bases and supporting
studies that led to the development and acceptance of the linear

:
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nonthreshold model for low level radiation effects, emphasizing studies
carried out in human populations. It will include consideration of
observations and studies such as hormesis and the clear threshold for I

certain stochastic effects such as osteogenic sarcoma in the radium dial
|

painters that do not support the linear nonthreshold model, as well as the
plethora of studies that do. It concludes with a brief examination of the
contemporary application of risk assessment in radiation protection
practice and closes with the recommendation that to better fulfill the
central goal of the profession of health physics, consideration should be
given to incorporation of a de minimis basis or philosophy for operational
radiation protection and for application to risk assessment of low level
radiation effects,

in the Beginning: The First Decade

The pathway begins, as it necessarily must, with the twin discoveries of
x-rays and radioactivity, made only a few months apart a few years
before the close of the nineteenth century. In November 1895, German
physicist Wilhelm Konrad R6ntgen recognized that an energized evacuated
Crookes tube was emitting a penetrating form of radiation and so
discovered x-rays. The following March, French physicist Henri Becquerel
observed the blackening of a photographic plate on which an ore of
uranium had been placed and correctly deduced the existence of a
penetrating form of radiation similar to x-rays.

Few'. discoveries have excited the world, both scientific and lay alike, as
did the discoveries of x-rays and radioactivity, and a period of intensive
study of these new phenomena began. Thus it was only a matter of weeks
after the discovery by R6ntgen that reports of deleterious biological
effects attributable to the x-rays began to appear. The first of these
appeared as brief news items describing eye irritation associated with
the use of x-rays and fluorescent screens reported independently in two
separate brief news items by two Americans, Thomas Alva Edison and
William J. Morton in the March 5,1896, issue of the British journal Nature
(Edison 1896; Morton 1896) incorrectly attributing these effects to x-ray

33
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; exposure (Kathren 1962). About the same time, H. Marcuse, a German
physician, associated injury to the skin -- dermatitis and loss of hair --*

| with exposure to x-rays in the first of what was to become a long
'

inventory of articles in the medical and scientific literature describing
what were clearly acute and hence deterministic effects manifested in4

j the form of dermatitis, epilation, and erythema with deeper tissue trauma
j in the more extreme cases (Marcuse 1896).

,

Not surprisingly, the initial observations in humans as well as studies of |
the effects of x-rays (the great interest in radioactivity was to come a i

few years later after the publication of the doctoral dissertation of Mme.
Curie in 1903) were related to deterministic offects. By the turn of the
century, a scant five years after the discovery of x rays, the fact that
excessive exposure to x-rays would result in a variety of acute effects
from high level exposure was by and large recognized and accepted by the
scientific and medical community although a minority, including some
prominent medical experts, remained unconvinced that skin burns and
other acute deterministic effects observed in some patients were in fact
attributable to their exposure to radiation, offering alternative
explanations. But within another few
years, virtually all accepted the incontrovertible fact, likely aided in this

'

conclusion by a spate of successful malpractice lawsuits brought by those
who had suffered such
effects (Kathren 1962). Yet to be recognized and studied, however, were
long term non-deterministic or stochastic effects or the effects of
chronic low level exposure.

Interlude: William Rollins and the Origins of Health Physics

it is most fitting-that this centennial celebration and the joint meeting of
the American Academy of Health Physics, the Health Physics Society, and
the American Association of Physicists in Medicine, is held in the city of
Boston, for it is this city that was home to William Herbert Rollins.
Rollins was born in Charlestown, Massachusetts, in 1852, and was raised
in the Boston suburb of Lawrence where he apprenticed to local dentist for

4
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three years before graduating in 1873 at the age of 21 from the Harvard
University dental school. Subsequently, and while engaged in his practice
of dentistry, Rollins also earned a medical degree from Harvard but never
was to practice that profession.

| An apparently shy and reticent man with a penchant for working with his
| hands, dentistry was more suited to Rollins. When he learned of x rays,

,

like so.many others of the day, he quickly began his studies -- all |
| personally and privately funded -- of this newly discovered form of '

radiant energy. Within months of the discovery, he devised a number of
|

new applications and significant improvements to the primitive x-ray
wbes of the day. His first publication, in July of 1896, described a
'cryptoscope' -- basically a fluoroscope for intraoral radiographic
examinations, which innovatively featured leaded glass over the
fluorescent screen which Rollins, some years later was to assert was
designed to protect the eyes of the operator from
radiation (Kathren 1964). His second publication, a month later, observed

|
the value of x-rays in dentistry and described the intraoral use of
celluloid films rather than glass plates for intraoral radiography (Rollins
1896). An interesting invention, described in 1899, was the 'Seehear',
basically a combination of a fluoroscope and stethoscope which enabled
the radiologist to hear the sounds from the heart and lungs as he was
visualizing them.

From the beginnings of his investigations into the nature of x-rays,
Rollins was apparently concerned with the potential. hazards of x-rays and
protection from same. He devised collimating diaphragms and leaded tube
housings, perhaps as much to improve radiographic image quality as for
protection, but it was clear that x-ray protection was an important aspect
of his work. In 1901-2, he published a series of brief notes in the Boston
Medical and Surgical Joumal describing a series of straightforward
experiments in which he exposed of guinea pigs to x-rays and observed the
results. Primitive, crude, and, certainly by today's standards
unsophisticated and perhaps even childlike in design and execution, these
papers nonetheless rank as classics of radiation biology and radiation
protection. The first was quite simply titled 'X-light Kills' (Rollins

25
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1901 a). In the terse and unpolished style that characterized his writing,
Rollins used only 261 words the Boston Medical and Surgical Journal dated;

| February 14, 1901 to describe an experiment in which he exposed two
guinea pigs to x-rays two hours a day, noting how one died on the eighth
day of the experiment and the other on the eleventh without external

i manifestation of trauma or pathology without manifestations of skin
! burns, heretofore always associated with excessive x ray exposure, were

not noted. This simple experiment was apparently the first in which it:

| was shown that acute x-ray exposures could kill the higher forms of life.
| His reason for brevity was given in these sage words which have modern
j application as well, Rollins noting that ". . .

many details . . are not given, remembering how many hours of sunlight; .

; have been lost through being obliged to read long papers." (Rollins 1901a).
The brief article, however, included three protective precautions

i recommended to users of x-rays: radio-opaque glasses, shielded tube
! housings, and limiting exposure of the patient to the region of interest.

In the next issue of the Journal, Rollins (1901b) described the results of
exposing a pregnant guinea pig to x-rays, noting the death of the fetus and
expressing concern about exposing pregnant women for pelvimetry or |

routine x-ray examinations. Decades were to pass before routine
radiography of pregnant women was halted, and then largely as a result of
the classic epidemiologic investigation of Stewart and coworkers (1956)
which linked x-rays in utero to leukemia in childhood. In a third note,
Rollins described the lack of effects of his control animals and offered an
ahead of his time suggestion based on his observations of the exposed
animals, viz. that the demonstrated deep tissue effects that he had
observed might prove valuable in treatment of inoperable cancers (Rollins
1901c), an applicatior, first attempted two years later by Chicago
radiologist Nicholas S9nn who favorably treated leukemia with splenic
irradiation (Senn 1603).

A subsequent paper described still more studies with guinea pigs exposed
to external x-ray fields, and included a brief history of the theories of x-
ray burns. It also included tabulation of the daily weights of the exposed !

animals and controls, showing a drop for the former prior to their death,

1
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and concluded with a lamented of the inability of Rollins to interest a
pathologist in examining the tissues from his dead animals and the words

it is hoped some clear-eyed observer will realize here is a new field
"

. . .

where useful original work can be done." (Rollins 1902a) The final paper
in the series summarized additional conclusions primarily related to x-
ray therapy which he derived from his guinea pig experiments, and
included the recommendation for protective purposes using only very soft
x-rays for superficial therapy and maintaining a large tube to skin

,

distance for deep therapy (Rollins 1902b). |

l

Rollins contributions to x-ray protection alone were numerous and often
decades ahead of their adoption. He was an early proponent of collimation |

and nonradiable x-ray tube housings and even designed a method of testing !

the efficacy of the latter, using time fogging of a photographic plate as a
,

quantitative measure of leakage. He applied the general principles of
protection derived from x-rays to radium (1902), recommended leaded

Igoggles be worn by fluoroscopists (1902) and suggested reduction of
patient exposure in fluoroscopy through the use of pulses or bursts of x- !

rays rather than a continuous beam (1903). By the time he privately
published the compendium of his works entitled Notes on X-Light (Rollins
preferred the term 'X-light' to x-rays or Roentgen rays feeling it was more
descriptive and recognized the electromagnetic nature of the rays) in
1904, he had elucidated all of the fundamental principles of radiation
protection, some of which would not be implemented for decades. His
researches were all self financed, carried out as a hobby, and his
numerous inventions and innovations were freely given to all without
hinderance of patent or copyright or hint of monetary gain or personal
acclaim. He was a devoted husband and left his entire estate to the ,

Smithsonian for the establishment of the William and Herbert Rollins |

fund, after previously, and again with great prescience, donating land he )
owned near Wellfleet, Massachusetts, for the establishment of a wildlife j

'

preserve. This obscure Bostonian who flourished a century ago was a man
of great character and ability. In this centennial year of the x-ray, he
well deserves remembrance and recognition for his pioneering
contributions to x-ray science and engineering generally, and especially to
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health physics, it is he who truly merits the title of Father o! Health i
Physics. !
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Toward Development of a Radiation Protection Philosophy: The
Early Years

'

|

For the first three decades after the discovery of x-rays and
radioactivity, there was no indication, let alone support, for the idea that |
biological response - even a specific biological response -- to radiation I

was a linear function of dose. Recognition of the carcinogenic, and hence
longer term effects, of radiation exposure was first made in 1902 by
Frieben based on his observation of a carcinoma on the hand in a worker in
a factory producing x ray tubes (Frieben 1902). Over the next several
years, reports of a number of x-ray induced malignancies, including
fatalities, appeared in the literature, along with experimental studies
with animals in which both skin carcinomas and sarcomas were induced by
x-ray exposure. By 1911 at least 94 cases of apparent x ray induced skin
carcinoma in man were documented in the literature, and average of six
per year since the discovery (Hesse 1911). By midcentury, only a total of
200 cases of x-ray induced skin carcinoma had been reported (Ellinger |

1957), for an incidence rate of only 2.5 per year for the subsequent four
decades despite consioerably increased usage and opportunity for
exposure. Protection practices clearly contributed to this improvement,
although a part of the apparent slowing in cases may have come from
decreased reporting since the phenomenon was no longer novel.

From his evaluation of these first 94 cases, Hesse (1911) found that the
interval between exposure and the diagnosis or recognition of the skin
carcinoma averaged nine years (range, 4 to 14 years), with the interval
between an acute radiation induced dermatitis and diagnosis of the
malignancy averaging 4 to 5 years (range,1 to 11 years). This was a
clear demonstration of the dependency of the latency period on dose, for
the dose to those with dermatitis was likely greater than that to those
who did not develop dermatitis, or in the latter cases the doses were
fractionated. A few years later, the carcinogenic potential of chronic low
level x-ray exposure was
clearly stated by British phy 'lan Hec:or Colwell and his physicist
colleague Sydney Russ in what .nay wel! nave been the first text book of
radiobiology (Colwell and Russ 1915, p. 283):

29
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.

"The significant fact, therefore, is that repeated small !
doses of soft X rays,when applied to human tissues,
produce gradual changes therein, which may cause such
tissues to develop malignant features."

However, well into the first century after the discovery of ionizing
| radiation the prevailing view regarding induction of malignancy by x-rays
! was that it was necessary for actual damage (as would be the case with
j high exposures producing acute effects) to occur in order to ultimately
| lead to malignancy. And, at least in the early years of the twentieth

century, many subscribed to the premise that small doses of radiation
might in fact be beneficial, some citing as justification the Arndt-Schulz ,

Law. The Arndt-Schulz Law, which applied to drugs and served as an |
!

| important underpinning of ho.meopathy, was formulated in the late
i nineteenth century prior to the discovery of x-rays and radioactivity and ;

theorizes that small doses produce a stimulatory effect, while larger
doses would produce increasingly deleterious effects. This is, of course,

|
analogous to, if not an actual statement of, the more contemporary ;

! concept of radiation hormesis. The belief that small doses of radium or |

radium emanation (i.e. radon) was salutary was held by many reputable ,

physicians through at least the first quarter of the twentieth century. ]

it was, however, the observations of potential long term effects on the |
'

| blood that greatly influenced radiation protection in those early decades
,

following the discovery of x-rays and radioactivity. As early as 1911, a'
,

'

cause and effect relationship was postulated in four cases of lymphatic
leukemia observed in radiologists (Von Jagie et al. reported in Colwell and |

! Russ 1934, pp. 66ff). Minor blood changes, including leukopenia in i

radiologists, were described the following year, and, although such
effects were not noted by all investigators, there was a growing
awareness, perhaps subconscious to some extent, that continued low level
irradiation at levels considered to be within the range of safety might ;

| produce adverse effects in the long term. This was buttressed by the
| deaths of a number of prominent radiation workers, including the
j redoubtable Marie Curie in 1934, from aplastic anemia and other causes

attributable to their radiation exposure (Henshaw 1941). It was thus'
,

i

M
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effects on the blood -- deterministic effects specifically -- that served
as the basis for early protection standards and for longer term sequelae of
irradiation.

The Tolerance Dose and the Status of Radiation Protection
Philosophy: 1925

The earliest considerations of radiation effects and protection were built
on the principle that a certain specific level of radiation can be incurred
by various tissues without apt arent ill effect This in turn logically led
to the concept of a ' tolerance cose'. More completely and precisely, the
tolerance dose was considered to be that level of radiation to which an
individual could be continuously exposed without demonstrable ill effect.
Demonstrable ill effect or harm, of course, was considered in terms of
what are now known as deterministic effects; risk (or more appropriately
recognition of the hazard) was thus characterized in terms of a clinical
manifestation of radiation effects such as a diminution in the circulating
leukocyte count. The tolerance dose thus served as the basis for what
was likely the first statement of a dose limit, determined as a fraction of
the skin erythema dose, which was put forth by Arthur Mutscheller at the
1924 meeting of the American Roentgen Ray Society (Mutscheller 1925).
It was a concept that served as the basis for radiation protection
standards -- is dose limits -- for the subsequent three decades.
In general, and as applied to early protection limits, the tolerance dose
was based cr. a fraction of the so-called erythema dose, ie. the dose
required to produce a perceptible reddening of the skin. Since the
erythema dose is by no means an exact quantity, dependent as it is on
radiation quality, dose rate, and the specific response of the individual,
the tolerance dose was by no means an exact quantity. Mutscheller's
original recommended level corresponds b a whole body dose of about 700
mSv/joar and was derived from calculations of anticipated exposures in
well run x-ray installations. Levels proposed by o"1ers within the next
several years were, typically, roughly equivalent to a whole body
equivalent dose in modern units of 250 to 500 mSv annually, an annual
level considerably in excess of what is now considered as low dose in
radiation protection practice.

?

<
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There was considerable scientific and anecdotal support for the concept
of tolerance dose. One of the few still living health physicists
professionally active in the early days of the tolerance dose, Lauriston
Taylor, in discussing efforts by three prominent early investigators
independently working to establish a quantitative level for tolerance dose,
observed . no one of these people, or anybody else, claimed that they I

"
. .

had. ever detected any injury due to radiation at levels above this one- i
hundredth of an erythema dose per month" (Taylor 1980). There was, in i
fact, supporting evidence in the literature Barclay and Cox (1928) i

examined radiation risks to roentgenologists, making measurements under '

actual operating conditions.

They failed to detect any ill effect in either. of the two workers they
followed, one of whom they estimated was exposed to a daily dose of
0.007 unit skin dose (ie erythema dose) for six years, a dose rate 30 per
cent lower than that proposed by Mutscheller, and equivalent to about 500
mSv annually in modern terms, over a time period of 6 years. Similar
findings were reported by other investigators, buttressing the idea that
low level effects did not occur. A major failing of these studies was that
they involved only a few individuals, and were perhaps ingenuous
in assuming that if effects were not seen in one or a few individuals
exposed to relatively low level, such effects would be absent in all
individuals so exposed.

The tolerance dose was thus effectively a statement of threshold in which
was clearly implicit the idea of recovery (or rcpair) from any subclinical
acute effects with denial of the possibility of long term low level effects.
Such was the state of radiation risk philosophy a full three decades after
the discovery of x-rays and radioactivity.

!

Watershed: H. J. Muller and the Fruit Flies |

In 1927, American geneticist Herman J. Muller made a highly significant
discovery which was to win for him a Nobel Prize and to exert perhaps the l
single most significant influence on radiation protection philosophy some

12
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1 twenty years later, and for at least the next half century after that, in
experiments with the fruit fly Drosophila melanogaster, Muller;

; demonstrated that exposure to x-rays could result in the mutations, and
i that the mutation rate was linear with dose (Muller 1928). Muller's

extraordinary observation of the mutagenicity of x-rays was quickly:

j confirmed by Weinstein (1928) and shortly thereafter, mutations were
| induced in

|
| plants by x-rays (Stadler 1928) and in somatic cells (Patterson 1928; i

! Timofeev-Ressovsky 1929), lending support to the idea that x ray induced
j mutations were generic and species independent. Studies in the 1930's
! established that the induced mutation rate was independent of dose rate,

4

) and, perhaps most significantly, that mutation was a single hit process
| with no threshold, and that the mutagenic effect of radiation is
j cumulative over a lifetime (Oliver 1932; Timofeev-Ressovsky, Zimmer and
i Delbruck 1935; Uphoff and Stern 1949). Moreover, of perhaps even
) greater significant than genetic mutations was the existence of x-ray
| induced somatic mutations which offered a plausible explanation for the
| carcinogenicity of ionizing radiations, and also was consistent with the
.

long latency period associated with the production of cancer.
!
!

Radiation Protection Philosophy and Practice: 1925-1945
i

The two decades between 1925 and 1945 have been dubbed "The Era of
;

j Progress" and were a period when radiation protection emerged as a
i science in its own right (Kathren and Ziemer 1980). These years saw the
'

formation of such protection oriented bodies as the International X-ray
; and Radium Protection Committrw (1928), predecessor of the International
i Commission on Radiological Protection (ICRP), and the U.S. Advisory

Committee on X-Ray and Radium Protection (1929), the direct forerunner
! of the modern National Council on Radiation Protection and Measurements
! (NCRP). During this 20 year span, these bodies, as well as the League of
i Nations, various national governments , and individual investigators were

to promulgate radiation protection standards, all having as their'

j underlying basis the concept of a tolerance dose.

,

,

,
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In 1931, the American body put forth a tolerance dose of 0.2 R/ day, and
the international group did likewise in 1934. Subsequently, in 1936, the
American body reduced its value to 0.1 R/ day, largely as a result of ,

changes in the assumptions and calculational method, further reducing the
recommend maximum exposure level to 0.02 R/ day in 1941, a level that ,

corresponds almost exactly with the 50 mSv limit almost universally
accepted for regulatory purposes today, more than a half century later.
(Note:. In the 1930's, dose was expressed in units of the roentgen, !

symbolized by R, which, for photon radiations, are roughly numerically
equivalent to cSv). Also in 1931 the League of Nations, put forth a4

tolerance dose limit of 1 x 10-5 R/s, based on an exposure of 8 h per day
300 days per year, (Wintz and Rump 1931), which corresponds to about
860 mSv in modern terms. Significantly, and perhaps presciently, they
noted that it was impossible to exactly determine a dose incapable of
damaging cells, or ". . exercising any stimulating action", and thus wrote.

in terms of a so-called harmless dose which would result in no effect ,

detectable by clinical examination (Wintz and Rump 1931, p. S). in effect
leaving the door open at least a crack for effects determined or ir.ferred
from radioepidemiologic studies of human populations.,

It was the Manhattan District of World War || that systematic and
extensive study was made of radiobiological phenomena and to
establishment of radiation protection criteria and standards. In large
measure, the radiobiological studies in animals were devoted to
deterministic effects, is obvious clinical manifestations, with a major
purpose being verification of the basic protection philosophy and criteria
which were in turn based on the concept of tolerance dose (Cantril 1951;
Nickson 1951). In some instances, results were quite unexpected and
highly surprising. Lorenz and his coworkers (1954,1955) observed that
mice exposed to 0.11 R per day, approximately the accepted tolerance dose
in the 1940's, outlived control animals, an observation that has never been
satisfactorily explained. Clinical laboratory studies, carried out en mass
on the workforce, failed to yield indications of potential long term low
level effects (Jacobson and Marks 1951; Jacobson, Marks and Lorenz 1951)
although clearly the population was not followed for a sufficiently long

14
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period thus obviating the detection of possible long term effects from low
level exposure.

At the conclusion of World War ll, a half century after the discovery of x-
rays and radioactivity, radiation protection philosophy was firmly
grounded in the tolerance dose concept. To be sure, the concept of
tolerance dose was not inconsistent with the idea of late or long term
effects of irradiation, for indeed such effects had been demonstrated at
least three to four decades previously, but only with what would today be !

considered high level doses. The generally prevailing belief underlying the
tolerance dose was that there was a threshold dose that needed to be
exceeded if any effects -- early or late -- were to occur. And, for many,
implicit in the prevalent belief was the idea that complete recovery from
radiation effects was possible, thereby precluding long term effects if
the threshold level had not been reached.

However, the seeds of possible long term low dose effects had been sown
by the work of Muller and other geneticists, already described briefly
above, which raised serious questions regarding the existence of a
threshold and the validity of the tolerance dose concept, and seemed to
indicate biological respor'se at low doses was both linear and time
independent. This new idea, which would shape the direction of radiation
effects research as well as radiation protection philosophy in the coming
years.

The . Groundwork is Laid: 1945-1970

After World War ll, the pathway takes a significant turn away the from
the tolerance to a new heading directly towards the linear nonthreshold
dose-response model and becomes more of a two lane highway than the
leisurel) pleasant and relaxed country lane it once had been. In the late
1940's, scientific interest in the applicability of the linear nonthreshold
model for somatic effects was kindled, and the model began to be applied
in radiation protection risk assessment methodology. Usage was
gradually refined over a period of perhaps fifteen or twenty years with
special reference to the potential long term health effects from

j5
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atmospheric nuclear weapons testing. Regrettably, political or
ideological considerations were not absent in the choice and refinement of
the low dose-risk assessment model for this and other purposes, and
sometimes took precedence over strictly scientific considerations.

To a great extent the choice of the linear nonthreshold model was dictated
by its mathematical simplicity and its judicious or prudent representation;

of an. upper limit for risk in the low dose region. Its principal scientific
;

foundation lay in the studies of radiation induced genetic changes
observed by Muller and others some two decades earlier in the fruit fly

: Drosophila melanogaste which were indicative of a nonthreshold linear
response. The presumption was that what was likely the case for genetic|

effects also applied to somatic effects, and although somatic effects had
only been observed at high doses, straight line extrapolation of the dose-
response curve could be readily made down through the low dose domain to
the origin.

Implicit in the early consideration of the linear nonthreshold
extrapolation of the dose-response curve was the concept that the true
risk in the region of extrapolation -- is the low dose region where effect
had not been observed -- would lie somewhere between zero and the upper
limit, as defined by the location of the extrapolated line. This was not a
denial of any other shape for the curve, nor even of the existence of a
threshold. Rather the threshold -- zero response if you prefer -- was
included in the range of values or effects from a given dose in the region :

of extrapolation. Perhaps what has in fact been forgotten or at least lost !

sight of over the years is that the original representation of the linear i

nonthreshold extrapolation of the dose-response curve into the low dose
region in which there were no empirical data was actually couched in
terms of a range of values or responses for any given dose, with
the extrapolated line itself providing the upper limit of the range of
response at any given dose.

Historically, the shift to the linear nonthreshold model and the refinement
with respect to its interpretation came about relatively rapidly. In the
fall of 1954, the NCRP put forth its new recommendations on permissible

16
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dose from external so.urces of radiation in its Report No.17, originally
published as National Bureau of Standards Handbook 17 (NCRP 1954), and
the British did likewise the following year. In place of the tolerance dose,
Report No.17 introduced the concept of the maximum permissible dose
(MPD). Implicit in the MPD was the idea of acceptable risk, and 'hence a l
nonthreshold model, the basis for which were the observations of

| linearity in genetic mutations in Drosophila melanogaster which, for l

i protection purooses, were assumed to also apply to somatic mutations.
There was also unstated concern about genetic mutations as well, for
during the approximately five year period that NCRP Report 17 was in

I preparation (1949 54), there were about 50 announced atmospheric
weapons tests, and a growing realization of the potential
genetic consequences of even small doses to large (le in this case
worldwide) populations.

|
Less than five years after the historic NCRP report, the first report of the |
United Nations Scientific Committee on the Effects of Radiation was I
published (UNSCEAR 1958). Some credence was given to the linear
nonthreshold model, which was used along with a threshold model to make i

numerical estimates of effects. The UNSCEAR report included what is
basically a brief summary of the state-of-the-art with respect to low

,

'level radiation effects, a statement that today, some four decades later,
| still rings true:

|

"Present knowledge concerning long-term effects and ;

| . their correlation with the amount of radiation received
does not permit us to evaluate with any precision the'

possible consequence to man of exposure to low radiation
levelo. Many effects of radiation are delayed; often they
cannot be distinguished from other agents; many will
develop once a threshold dose has been exceeded;some
may be cumulative and others not; and individuals in ;

large populations, or particular groups such as children
and foetuses may have special sensitivity. These facts
render it very difficult to accumulate reliable
information about the correlation between small doses

|

t
'

.
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and their effects either in individuals or in large
populations." (UNSCEAR 1958, p. 42)

It is of interest to note that this statement clearly identified the
existence of a threshold and further noted, in contradistinction to the
current applications, that some effects may in fact not be cumulative.

l
With respect to leukemogenesis, which had already been unequivocally |
observed in the Japanese atomic bomb survivors, UNSCEAR concluded that '

both the threshold hypothesis model and the linear nonthreshold
hypothesis corresponding to a single hit with no repair somatic mutation
model had equal validity. This contention was disputed by the Committee
on Pathologic Effects of Atomic Radiation of the National Academy of
Sciences / National Research Council which straightforwardly stated that ".

. a considerable body of experimental evidence . .' favored ;..

I nonlinearity, and hence presumably a threshold, and urged that nonlinear
relationships be given greater heed (NAS/NRC 1959). The following year,
the short-lived U.S. Federal Radiation Council (FRC), which had been
created only the year before, published its initial report in which it
reiterated the original concept of the linear nonthreshold extrapolation,
noting that the model merely provided the upper limit of risk for a given
dose in the region of extrapolation (FRC 1960).

During this same time frame, the scientific questions were perhaps at
| once both illuminated and obscured by the extensive hearings of the Joint
I Committee on Atomic Energy of the U.S. Congress. The hearings focussed
| attention on the potential problems of low level long term radiation

effects, and greatly influenced the thinking of both the scientific
community and the general public. The Congressional hearings began in
1957 with an inquiry into the nature of radioactive fallout and its effects
on people (JCAE 1957). The Committee heard testimony from scientific
experts relating to both the linear nonthreshold hypothesis and threshold
dose, as well as the concept of an acceptable level of exposure as |

expressed via the MPD. Although accepting proportionality for genetic'

: effects, the bulk of the expert testimony did not favor a proportional -- ie
linear nonthreshold hypothesis -- for low level long term somatic effects.

,

),
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The Committee, while recognizing that the shape of the curve was not !,

; well known, concluded, among other things, that continued nuclear
"

weapons testing in the atmosphere at the level of the previous five years |
represented a hazard to the population of the world, but left unresolved
the question of whether there was in fact a threshold or ' safe' level for
exposure, below which such effects as leukemia, bone cancer or life'

shortening would not occur.

! An attempt was made by the Committee to answer that very question in j
its 1959 hearings (JCAE 1959). Again, the question remained unresolved,,

i but the final Committee summary report, while pointing to the lack of
experimental evidence regarding low level somatic effects and still
equivocating with respect to the specific low level model that applied,
quoted testimony by Karl Z. Morgan to the effect that only certain types of

,

effects, including genetic mutations, leukemogenesis, and life shortening l,

were without a threshold (JCAE 1959, summary volume p.19). Also highly'

influential in the hearings and in the Committee's subsequent
consideration of radiation protection standards was testimony by Edward
B. Lewis, a biology professor at the California Institute of Technology,
who made a strong case for the linear hypothesis as the basis for

' protection standards, and indeed conceptually put forth what is the
current regulatory and radiation protection concept of As Low As
Reasonably Achievable (ALARA) (JCAE 1960, pp. 404-407). Subsequently,
throughout the 1960's, the JCAE considered the problems of worker
protection standards and compensation, as well as revisiting fallout from
weapons tests and carrying out hearings related to the radiological
hazards associated with mining, moving subtly closer to a linear-

nonthreshold or proportionality hypothesis for low level long term effects
with each succeeding series of hearings.-

The next report of the UNSCEAR was issued in 1962. It, as well as
subsequent reports in 1964 and 1972, reaffirmed its 1958 report and used
the linear dose-response relationship to compute risks from various
sources of radiation, offering as partial justification the argument of the
mathematical simplicity and conservatism of the linear nonthreshold

:

model (UNSCEAR 1962). The report (UNSCEAR 1962, p. 418) further noted
i

j9
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i that the available data were insufficient to make absolute risk estimates.
Again, in its 1964 and 1966 reports, UNSCEAR declared that the
extrapolated linear curve marked the upper limit of the estimate of risk
for a given dose, a concept also put forth by the ICRP in 1966 (UNSCEAR
1964; ICRP 1966).

To a considerable extent, concern over the low level long term effects of ;

radiation led to the treaty banning atmospheric nuclear weapons in 1962.
Optimistic plans for nuclear electric generation, however, aroused.

increasing concern regarding long term low level radiation effects. It was
generally accepted within the scientific community that there was no
threshold for genetic effects, even though such effects had never been
demonstrated in human populations, including the survivors of the atomic
bombings of Japan. However, there was still not common acceptance of
the applicability of the linear nonthreshold dose response curve to
somatic
mutations or effects, in 1964, the NAS/NRC, acting on a request from the

1

FRC, established an advisory committee -- the so-called BEAR (Biological j
Effects of Atomic Radiation) Committee -- to look into problems related ;
to radiation protection, including the shape of the low dose response '

curve. in an importr . departure from previous practice, this highly
influential committee introduced the concept of regulation of populations
doses based on genetic risk (and ultimately genetic dose) to future
generations (NAS/NRC,1972, p. 5).

The 1970's: The Pathway Turns into Superhlghway

The change in direction that had begun after World War || continued, but at
ever increasing speed. Indeed the pathway, to continue with the metaphor,
was rapidly becoming a six lane superhighway, laden with high speed
vehicles, each representative of a scientific or technical paper in the
literature. The BEAR Committee subsequently gave way to the NAS/NRC
Committee on the Biological Effects of lonizing Radiations (BEIR) which
issued its first report in 1972. This initial BEIR report, as do later BEIR
reports, provides a comprehensive review of the literature relating to low
level radiation effects and evaluation of risk assessment methodology to

20
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the tirne of its publication. Although sidestepping the issue of the shape
of the dos 9 response curve at low doses, BEIR I nonetheless put forth
absolute risk values for various nondeterministic (ie carcinogenic)
effects derived primarily from linear extrapolation of the data for the
Japanese atomic bomb survivors as well as other exposed groups which at
the least, clearly implied there was no threshold with respect to low dose
response (NAS/NRC 1972).

Another major shift to the linear nonthreshold dose response model also
took place in 1972. In that year, the U.S. Atomic Energy Commission AEC),
forerunner of the current U.S. Nuclear Regulatory Commission (USNRC),
incorporated the concept of 'as low as practicable' (now known as ALARA)
into its regulations. Implicit in the ALARA concept is the linear
nonthreshold dose-response. Thus, in perhaps the single year 1972, the
situation had changed, and changed dramatically.

The 1970's also saw another major conceptual change with respect to
radiation protection practice. In 1977, the ICRP adopted a new risk based
system of radiation protection based on three considerations:
justification of practices; optimization of doses; limitations of individual
risks and presented this in its Publication 26 (ICRP 1977). In developing
estimates of nondeterministic (stochastic was that term in use at that
time, and basically referred to carcinogenic risk) risks to specific
tissues, a number of tissue weighting factors were derived and these
were then used to calculating a new dose quantity -- the effective dose
equivalent. The effective dose equivalent was. a weighted combination of
doses to various parts of the body (such as organ doses from internal
irradiation) with is to the whole body from external irradiation. The'

resultant single i nerical expression of effective dose equivalent
expressed the total nondeterministic (ie stochastic) risk of radiation
exposure -- partial body irradiation as well as whole body irradiation --
in terms of the equivalent risk of whole body irradiation (ICRP 1977). The
system has been basically adopted, and refined and expanded upon not only
by ICRP (ICRP 1977, 1978-80, 1990, 1991) but also by NCRP (1987) and
various American regulatory bodies including the EPA (USEPA 1987), DOE
(USDOE 1988) and USNRC (1991).

21
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! Although basically recommending the same permissible exposure limit of
i 50 mSv annually for occupational exposure, from the standpoint of applied
i radiation protection, the new ICRP system represented a sharp departure
i from past practice. In the United States in particular, contentious
| argument went on within the operational health physics community

regarding the assignment of the entire 50 dose commitment from an
| intake of radioactivity to the year of intake, an idea particularly
j objectionable to some members of the health physics community who
! were involved with the protection aspects of long-lived bone seeking

| alpha emitters (eg Pu and Am isotopes). The basic problem, it seemed, lay
; not with the risk based concept per se but rather with the administrative

problems of implementation of the new system, and, to some extent,
j resistance to change. More significantly, carcinogenesis was defined as a

| stochastic (now nondeterministic) effect, and the new system represented
j a complete departure from the concept of a threshold.
:

'

The fatal accident rate in so-called safe industries was introduced as a
|

| measure of acceptable risk. This was an important step in that it

| provided a perspective as well as a means of comparison of radiation
: risks with those associated with other human endeavor. The ICRP also
f defined and differentiated between stochastic-and nonstochastic (now
j nondeterministic and deterministic) risks, and thus quite appropriately -

retained the threshold concept where it clearly applied, viz. to so-called'

f
nonstochastic risks such as radiation induced lenticular opacities and skin

i changes. It thus left open the door to applying the threshold concept to
j specific stochastic effects, if indicated by experimental data.

The Human Experience

While animal studies provide insights into possible long term low level
effects of irradiation in humans, it is human epidemiologic and related

; studies that provide at least in theory the most relevant data regarding
~ long term effects of low level radiation applicable to the setting of

radiation protection standards. Indeed, despite significant limitations, ,

radioepidemiologic studies have played a major role in the acceptance of |
,

i

1 ;
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the linear nonthreshold paradigm. The nature and small size of the
populations available, the existence of background levels of the effects
being observed, and the vagaries of the dosimetry on which such studies
are based are but three of the uncertainties in such studies that make it is
intrinsically difficult to assess the shape of the dose response curve or
the level of risk.

A major intrinsic limiting factor of radioepidemiologic studies relates to (
population size. In small study populations, there are likely to be few
effects and the incidence of radiation induced effects may be '

overshadowed or swamped out by the natural frequency or incidence of
whatever is chosen for study in the population. The ability to distinguish
between the natural incidence and a radiation induced effect is a function
of both size and dose, increasing exponentially as the dose is reduced.
Thus, for effects that have a small likelihood of occurrence, the requisite
population size may be prohibitively large if the dose is small.
Radioepidemiologic studies of radiation workers have been particularly
controversial and contentiously criticized, frequently on methodological
grounds. However, the largest and most extensively studied cohort, the
Japanese atomic bomb survivors, showed a clear and indisputable
elevation in leukemia incidence peaking at 5-6 years post exposure, and
elevated incidence of a number of solid tumors correlated with dose (Kato
and Shimizu 1990), although it has been noted that at doses estimated to
be in the range of 10 to 90 mSv, there was in fact a lower leukemia death
rate among survivors (Kondo 1990).

.

Long term low level effects either documented or believed to occur in -
human populations include radiation induced leukemia and solid tumors,
life shortening, and effects on the fetus. In addition, there is evidence for
radiation hormesis, or stimulation, which may produce life lengthening or
reduced incidence of disease including cancer, and possible adverse
immunologic effects.

Leukemia has been perhaps the most widely studied nondeterministic
'

effect and there is ample evidence both in humans and animals to make
indisputable the conclusion that certain types of leukemia are in fact

23
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radiation induced. However, the shape of the dose response curve or the
resultant models for prediction of risk from low level exposure are as yet

|
not well established (NAS/NRC 1990). Independent evaluation of i

approximately four dozen epidemiologic studies dating back to 1962 |
reveals equivocal results with respect to whether low dose or i

fractionated exposures do in fact carry significant leukemia risks, and
i

certainly raise the question of whether the linear nonthreshold dose- !
response model is applicable to leukemogenesis. A recent case control l

study of persons exposed to weapons test fallout (Stevens 1990) was |
indicative of a possible low level leukemogenesis but other studies in

|
populations exposed to fallout or diagnostic radiation have been
negative or marginally positive (Gibson et al.1972; Gunz and Atkinson
1964; Linos et al.1980; Preston-Martin et al.1989; Stewart et al.1962).
Studies in China comparing populations in high and low background areas i
have likewise failed to show an association between leukemia and low I
level exposure (Wei 1980), as have followup studies in patients treated
for hyperthyroidism with radioiodine (Hoffman et al.1982; Holm et al.
1991). On the other hand, other studies with protracted or low doses have
at least implied a positive association (Davis et al.1987; Spengler et al.
1983). Excess leukemia has been associated with exposure in
radiologists or x-ray workers with high doses, but studies of persons with
lower doses have not shown such an effect (Boice et al.1991; Jablon and
Miller 1978).

Studies of radiation workers in the nuclear industries would seem to offer
the greatest promise of determining the shape of response curve at low
doses, and specifically whether the linear nonthreshold hypothesis is
valid. However, because only a small fraction of the cohort has recorded
occupational exposures significantly greater than background, the
statistical power of such studies is greatly reduced. Nonetheless it is
significant to note that in only one study has a significant excess
leukemia mortality in the workforce been observed. Combined analyses of
the data from several studies have been carried out by several
investigators and is currently under way by the International Agency for
Research on Cancer. Again, results have not been unequivocal. For
example, Gilbert et al. (1993) ) obtained positive risk estimates from

24
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i their meta analyses but the wide confidence intervals do not exclude the
possibility of no risk, or define the shape of the low dose response curve.
In their meta-analysis of seven studies, Wilkinson and Dreyer (1991)'

j claimed evidence of elevated risk from leukemia, but again, this study has
been criticized on methodological grounds (Gilbert 1992). In short,!

despite the large number of studies, the data are simply not adequate to;

! characterize the shape of the dose response curve with exactitude.
j Moreover, the latency period is known to differ for different types
j of leukemia and appears to be dependent upon the age of irradiation

!
! NAS/NRC 1990).

'

Other studies of human populations have done little to clarify and define
j the shape of the low level dose-response curve. Although many, if not
j most, studies are consistent with the linear nonthreshold dose-response
i paradigm, none have provided unequivocal validation. 'Indeed, the studies
; of the radium dial painter provide compelling evidence to the contrary, at
j least for osteosarcomas, where Evans (1972) has shown clear evidence of
i a threshold. Thus, the evidence from both animal and human studies, if
'

taken as a whole, is not clear cut and can be used to support a number of
j dose response curves for both mutagenesis and carcinogenesis in both
j humans and animals at low doses and dose rates. In general, however, the |
j studies do not support a threshold model, although a notable exception
! appears to be osteogenic sarcoma for which t',1ere is clear evidence. of a

'

| threshold in both humans and animals.
'

!

Further confounding and confusing the characterization of the low dose
response curve have been reports of an apparent hormatic or beneficial

j stimulatory effect of low level radiation in humans. The basic premise
underlying hormesis is similar conceptually to homeopathy, specifying'

that while large doses may be harmful, small doses are stimulatory and
thus may lead to improved functioning of the immune system and to other,

i beneficial effects. T. D. Luckey has documented a large and impressive

] body of literature -- much of it peer reviewed -- in support of the
i hormesis thesis, including apparently valid interpretations of human
i epidemiologic studies, including those of the Japanese atomic bomb

survivors
,

!

|
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| (Luckey 1991). Certainly the reduced incidence of certain types of
cancers in groups with low level radiation exposure, as has been reported;

in numerous radioepidemiology studies, can be cited as supporting
'

evidence for hormesis, although an argument could also be made that these
.

j are simply statistical artifacts. A number of beneficial effects have i

] been associated with low level exposure, including enhanced growth and j
development, resistance to infection and other immune system'

,

improvements, lowered incidence of cancer, and longer lifespan (Luckey |
1983,1991; Mine et al.1990). |

|'

| Although hormesis presents to some an attractive alternative to the
conventional dose response evaluations of low level radiation effects, iti

j has received scant attention in the conventional radiation risk evaluation
; process. Indeed, it is by and large ignored or even rejected out of hand as
j going against conventional wisdom by many otherwise independent

radiation scientists. Certainly for some, hormesis -- the suggestion that,

j low levels of radiation exposure may be beneficial -- is not a ' politically
i correct' viewpoint. However, recent publications of UNSCEAR provide new

! insights with respect to hormesis, which can be explained in terms of a
cellular adaptive response mechanism to low levels of radiation (UNSCEAR

;

j. 1993; 1994) |

!

:
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Contemporary Times (1980-1995)
|

The trailblazing groundwork put forth in ICRP Publication 26 was
| expanded upon by both the NCRP in its Report No. 91 (1987) and in ICRP
| Publication 60 (1990), which might be considered the second generation or
! direct descendent of the 1977 Publication 26. Both reports rely heavily on

the emerging data and results from the Japanese survivors of the atomic
bombings of Hiroshima and Nagasaki, and utilize
the linear nonthreshold dose-response model as the basis for their
recommendations. In addition to providing the bases for establishing a
dose limit, Publication 60 put forth a new risk projection model and an in
depth discussion of their proposed new approach to taking Relative
Biological Effectiveness into account. A multiattribute approach was !
used by the ICRP in weighing risk, considering such factors as lifetime I'

risk of fatality, loss of life expectancy, and both age related mortality
and morbidity considerations for both fatal and nonfatal somatic and
hereditable effects. Both the ICRP and NCRP put forth values and specific
guidance for application of a Dose Rate Effectiveness Factor (DREF),
applicable to low LET radiations and in large measure based on the time
required to repair single strand breaks in DNA. The ICRP recommended
application of the DREF at doses below 200 mGy or dose rates of less than
100 mGy per hour (ICRP 1991, p.19).

Since the 1960's, there have been numerous reports of low level radiation
effects in both humans and animals, and a complete or even near complete
review or even listing of the literature is virtually impossible. Perhaps
the most comprehensive review and evaluation of the scientific literature
has been undertaken by the BEIR committee, but even that prestigious and
expert group has not been unanimous in its interpretations or without
disagreement. The so-called BEIR-ill report, originally released in May

| 1979, was subsequently withdrawn and revised because of dissention
among members of the Committee with respect to the shape of the dose
response curve. When finally published in 1980, the BEIR lil report
included two ' minority' opinions as well as presenting the consensus of
the rest of the Committee with respect to the shape of the dose response
curve. The Committee by and large adopted the linear-quadratic model for
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cancer induction; the two dissenting members took very different
viewpoints, one adopting the linear model, the other a pure quadratic
model (NAS/NRC 1980).

.

The BEIR lli committee made a number of important observations in what
was their final report. They observed that it was likely undeterminable
whether dose rates at environmental levels, is on the order of 100 mrad (1
mGy) per year, were detrimental to people, and further concluded that the
available data did not support an increased risk of carcinogenesis at low
dose rates from low LET radiations. The Committee also recognized that
differing human genotypes as well as age differences may confer different
degrees of risk with respect to carcinogenesis for a specific dose. The
likelihood of a threshold for certain developmental effects from
irradiation in utero was accepted based on a multitarget multi hit theory.
And, with respect to genetic effects, although curvilinear models were
examined, the BEIR Committee agreed that the linear nonthreshold model
still provided the best fit to the observations of genetic effects,
extrapolating these effects from animal studies.

The BEIR Committee has published two reports since the 1980 BEIR lli.
BEIR IV, published in 1988, was specific to the health risks of radon and
other internally deposited radionuclides (NAS/NRC 1988). Although
recognizing the importance of ago, for mathematical simplicity the
Committee chose a relative risk model to characterize radiation induced
lung cancer for, unlike the absolute risk model, this model did not require
a complex power function to take age into account and required few
variables to characterize the observations of lung cancer in the miner
cohort. Perhaps most significantly, the Committee made a number of
specific suggestions for further epidemiologic and other studies that
m!;ht more clearly reveal the shape of the long term low dose response
curve.

The most recent report, BEIR V (NAS/NRC 1990), once again considered the
broad topic of health effects from low level exposure to ionizing
radiation. The Committee again noted the lack of human data to verify
estimates of genetic effects, generally confirming previous estimates of
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genetic risk in humans and the applicability of previous extrapolations
| from animal data There was, howaver, a change with respect to the
| calculation of somatic effects, which were determined with a linear no-
| threshold model modified in some cases for dose rate effects. Also
|

introduced was the Dose Rate Effectiveness Factor (DREF) which modified
or reduced the lifetime risk, perhaps by a factor of two or more, of a
specific dose if delivered over a protracted period of weeks or longer.

The experiences of other learned bodies concerned with low level
radiation risks, such as UNSCEAR and the ICRP, mirror to a great extent
the BEIR Committee. Together, the actions of these bodies have led to a
more or less consistent radiation philosophy of the past two decades, one
that is based on the principle that any exposure to ionizing radiation,!

however small, carries with it a commensurate risk of a long term effect,
and that radiation exposures must therefore be kept as low as reasonably
achievable below the numerical limits established as radiation protection

;

standards. i

,

j To a great extent, the acceptance of this paradigm has been influenced by
regulatory bodies and by the general public. The public has becomeI

increasingly fearful of radiation effects and demands ever increasing ;

guarantees of safety and even zero risk. Unlike scientific bodies, which
deliberate in private and among themselves, in the setting of standards i

for protection against radiation regulatory bodies must hold hearings and
obtain public comment. Testimony and comments from the public are thus

I a driving force behind radiation protection regulations and standards, and
| have contributed greatly to the widespread current acceptance of the

linear nonthreshold model, and the belief that this model is indeed be

| correct, and may even understate the risk of low level radiation exposure.
I So strongly held is this view that attempts by regulatory bodies to

incorporate minimum levels -- so-called de minimis, below regulatory
concern (BRC), or the negligible individual risk level (NIRL) of the NCRP
have been abandoned. From the 1970's, risk evaluations of nuclear
operations, and in particular nuclear waste disposal, have largely been
based on the linear nonthreshold model and the assumption that any dose,
no matter how small, carries with it some risk. Total risk is thus
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estimated by summation of individual risks, and has been carried to the
extend of including even a large number of vanishingly small individual
risks in the computation. A strong case could be made for truncation of
very small doses in such risk evaluations, but given the wide spectrum of
opinion and belief with respect to low level long term radiation effects,
even among the so-called radiation protection ' establishment', and despite
nearly a century of experience with ionizing radiation, induction of long
term effects such as cancer by low level exposures remains a
controversial and often highly emotionally charged question which cannot
be answered with any reasonable degree of certainty or scientific
consensus. *

|
1
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Into the second century
:

As the first century following the discovery of x-rays and radioactivity |
draws to a close, the shape of the dose response curve at low dose levels
is still unknown but the linear nonthreshold dose-response model
continues to serve a the basis for radiation protection standards and risk
analysis as has been the case for about the past half century.
Contemporary radiation protection practice is firmly and seemingly |

unswervingly based upon the linear nonthreshold model of long term low
level risk, with effects at low doses determined largely from
epidemiologic studies and extrapolation from high dose studies. The
epidemiologic basis is less than solid; Land (1993), in a critique of the
epidemiologic basis for the linear hypothesis, has clearly elucidated some |

of the significant problems associated with application of such studies to l

the problem, as has Gilbert (1991) in a review of low level external ;

radiation studies. So too is the basis for extrapolations from high dose
studies, which are sometimes done in total disregard of a clear and |
obvious threshold for the effect under consideration, the unequivocal !

threshold for osteosarcoma in the radium dial painters notwithstanding. !

On the other hand, a number of recent papers indicate that the Chernobyl i

accident and other radiation releases in the Former Soviet Union are
beginning to yield firm epidemiologic evidence of hitherto unreported and
perhaps even unsuspected low level effects and much shorter latency
periods for the development of cancers than heretofore suspected
(Astakhova et al 1993., Kossenko and Degteva~.1994). It is thus important

to consider all observations of low level radiation effects in an
appropriate perspective, without preconceptions, and to bear in mind that
the linear nonthreshold hypothesis is just that -- hypothesis.

For the near term at least, the linear nonthreshold model for low level
long term effects coupled with ALARA is likely to remain the current
philosophy and practice in applied radiation protection. It is a
conservative, mathematically simple, and satisfying philosophy and
perhaps with even a touch of Occam's razor. Recently,
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however, there has ceen increasing unrest in the radiation protection
community as well as among other scientists with respect to the validity
of the linear
nonthreshold dose-response paradigm. In a provocative article, Peterson
(1993) devised a tabular representation to characterize what he calls the
distortion of the linear, nonthreshold dose-effect assumption, tracing it
from an assumption in which every dose is postulated to have an
associated risk of ill health, through
various steps until the final one in which it is stated unequivocally that
radiation has a linear dose response relationship and that all radiation
exposure is unsafe.

Exhaustive studies and analyses by Cohen (1995) of the relationship
between environmental radon concentrations and lung cancer have actually
and consistently shown not only that the linear nonthreshold dose-
response curve does not apply, but strongly suggest radiation hormesis. A
recent Health Physics Society News /stter (May 1995) exemplifies the
concern and increasing frustratic' with the apparent obsequious
application of the paradigm to radu Con protection. And, in its 1994

report, UNSCEAR has devoted considerable attention to the possibility of a
cellular adaptive response to low level radiation in humans, but notes that
at present no conclusions can be drawn regarding its effects in human
populations (UNSCEAR 1994).

While many observations of radiation effects are not inconsistent with
linear extrapolation to low dose, there are a number of effects for which i

linear extrapolation is obviously inappropriate and incorrect, it is a

preposterous and even arrogant denial of valid scientific observations to ;

assume that the linear nonthreshold response is the only, or even the best,
characterization of human response to low level radiation exposura.
Clearly, some effects exhibit a threshold, as has been pointed out by Evans
and his coworkers for osteogenic sarcoma in the dial painters (Evans )
1972).

I
l

And, for others, there may be an effective threshold, determined by dose,
dose rate, and other factors which determine the latency period. If the
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; latency period exceeds the life span, there is obviously no effect, and
I hence a threshold.
;

1

! Recently Raabe (1994) has put forth three dimensional models of risk
j which lends strong and perhaps even conclusive support to the effective
i threshold concept put forth by Evans and his coworkers in 1972. His three
,

dimensional analysis of dose-rate, time and response, suggest that there
) is no significant difference in the shape of dose response curves for
' radiation induced cancer, widely accepted as a stochastic
'

(nonderministic) effect, and for radiation induced non neoplastic tissue
j injury, a deterministic effect. Raabe's methodology clearly supports. the
i concept of an effective threshold, and should be applied to other radiation

effects to determine for which effective thresholds exist. Logically it
would seem that if low level radiation effects, whether positive or
negative, wert significant in human populations, these would have been |.

| identified long before now. Human response to low level radiation
exposure is clearly highly complex, and despite a plethora of scientific2

| publications pertinent to the problem, the prescient statement from the
! UNSCEAR report of nearly four decades ago is still germane. The recent
: recommendations of the ICRP (1991) represent a reasonable and serious

| attempt to apply existing knowledge within the framework of a practical
! protection schema which can readily be adapted to incorporation of such
! factors as dose rate effectiveness (which is not single valued, but rather
i likely to be a smooth continuous function), LET, age dependency of a

specific risk, and the expected variety of dose response curves for various
specific effects into a single equation which could then be solved to.

j obtain a dose for a predetermined acceptable risk level,
i

|
Human response to radiation exposure needs to include consideration of

; many factors such as latency period and dose rate whose influence on
; response is not well known. The data clearly show that the dose response
i curves for various endpoints are different. When taken as a whole, the

i sum total of all the various human responses to radiation exposure can be

) depicted quite well by the familiar Gompertzian or sigmoidal curve

| (Figure 1), which provides a rather satisfying characterization of human
j radiation response that fits quite well with our existing state of

i
'
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knowledge. The Gompertzian model can readily be divided into two
response functions, one representing the deterministic effects and the
other the non-deterministic or stochastic effects. This portion of the
curve can be drawn to include a threshold, or perhaps an effective or
practical threshold, and can incorporate and accomodate a linear response
as well. )

|
The current schema propose no lower limit on dose, and thus would seem I

not only to fly in the face of practicality, but also appear incompatible
with the principle of optimization and ALARA. Given the present state of

|

knowledge, it is not unreasonable to apply the practical or effective |
threshold concept in low level radiation risk estmination and to
incorporate this concept into regulatory and other radiation protection !
standards, as has been proposed for the past twenty or'so years by a |

number of authors in terms of so-called de minimis, NIRL or BRC levels )
for regulatory purposes. Recognizing the danger of predictions, I !

nonetheless am convinced that early in the second century of x-rays and !
radioactivity such levels will become de rigueur in radiation protection |
practice, and that new models of low level radiation response, more in
keeping with the scientific observations and the philosophy of

!optimization will be devised and applied to protection of people and the
environment from the effects of radiation exposure. To do otherwise
would be an abrogation of our responsibilities to the public and of our
ethics as scientists.

:

|
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CHAPTER 11

Positive Health Effects of Low Level Radiation
in Human Populations

,

I

|
|

|

Myron Poilycove, United States Nuclear Regulatory Commission, I

Washington, DC

Increased longevity and decreased cancer death rates have been observed
: in populations exposed to high natural background radiation and reported
* for several decades.'' These observations contradict the radiation paradigm

that all radiation, including that of natural background, is harmfulin linear
proportion to low level dose. Such observations have been considered by |

recognized radiation scientists to be spurious or inconclusive because of
unreliable public health data or undetermined confounding factors such as
pollution of air, water and food, smoking, income, education, medical care,
population density, and other socioeconomic variables. Attempts to estab-
lish a threshold level below which radiation is not harmful have been
negated by the great difficulty of obtaining accurate data on large human
populations required to demonstrate the absence of very low risks of low-
level radiation predicted by linear extrapolation of high level radiation
health effects. During the past four years, however, several epidemiologic
studies have demonstrated that exposure to low or intermediate levels of
radiation have apparently resulted in positive health effects.

Low Level Radiation of Nuclear Shipyard Workers

A ten-year study by the Johns Hopkins Department of Epidemiology.
,

School of Public Health and Hygiene, of nuclear shipyard workers was
concluded recently.' The Technical Advisory Panel (TAP), chaired by
Arthur C. Upton, advised on the research and reviewed results. John
Cameron, a member of the TAP, summarized the study and stated, ''This
study is probably the best evidence that low levels of ionizing radiation are
without health hazard."

The results contradict the conclusions of the BEIR V report that small
amounts of radiation have risk-the linear risk hypothesis.' The database

171
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of almost 700,000 shipyard workers included almost 108,000 nuclear work-
ers with exposures beginning in the 1960s until the end of 1981. Three study ,

|
groups were selected: 33,352 non nuclear workers (NNW),10,462 nuclear
workers with a working lifetime dose equivalent (DE) of less than SmSv

(NW ,), and 28,542 nuclear workers with a DE greater than or equal to
5mSv (NW,,). Five mSv (0.5 rem) is approximately equal to the sea-level
background radiation (340 mr/yr) one would receive in 1 % years. Deaths in
each group were classified as due to: all causes, leukemia, lymphatic and
hematopoietic cancers (LHC), mesothelioma, and lung cancer. The only
cancer that showed a significantly increased incidence in the exposed groups i

as well as the NNW was the rare malignancy mesothelioma (36 deaths), a
marker for asbestos exposure that is also associated with lung cancer. The
data are summarized in Table 11.1,

The nuclear worker groups had a lower death rate from all causes, leuke-
mia, and LHC than the non-nuclear workers. These apparently beneficial j

effects of low dose irradiation are consistent with the increased longevity
and 15% lower mortality and cancer death rates seen in the seven western
states with high natural background radiation averaging about ina y per

!
year above that of the other states.' t'

The non-nuclear workers' death rates exactly matched those of the exter-
nal non shipyard matched control population. This demonstrates absence
of the external healthy worker effect ascribed to adequate income, better
health care, and the presence of health sufficient to allow maintenance of a
reliable work schedule. There remains the question of an internal healthy
worker effect resulting from the possible selection of more active individ-
uals to be nuclear workers. The NW,, group with the greater exposure had
a death rate from all causes of 0.76 the sta idardized mortality rate (SMR),

TeWe 11.1. Health Effects of Low Level Mediation in Shipyard Workers

Cause of
Death NW ,s NW<s NNW

A Causes 2.797 1.166 4.453

SMR 0.76 0.81 1.00

(96% C.I) (0.73.0 79) (0.76.0.86) (0.97. 1.03)

Leukemsa 21 4 29 i

SMR 0 91 0,42 0.97 |

(95% C 1.) (0.56, 1.39) (0.11,1 07) (0.65, 1.39) |

LHC* 50 13 84 j

SMR 0.82 0.53 1.1 (

(95% C.I.) (0.61. 1.08) (0.28.0.91) (0.68. * 37)

Mesognehoma 18 8 to

SMR 5.49 6.14 2.54

(95% C.l) (3.03, 8 08) (2.48. 11.33) (1.16. 4.43)

Lsng Cancer 237 98 306

SMR 1.07 1.11 1.15

(95% C I) (094.121) (0 90. 1.35) (102,129)

*t.ymphate and Hematopo,etc Cancers.

.
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16 standard deviations below that of the non nuclear worker group (NNW).
The NW., with lesser exposure had 0.81 SMR, about 8SD below the NNW.
While a possibic internal healthy worker effect could contribute to the
lowered SMR of nuclear workers, comparison of the NW,, group with the ;

NW<s group demonstrates that the group with the greater dose had the
lower SMR with even greater statistical power. This provides very strong
evidence that low levels of ionizing radiation are without health hazard.

Leukemia and Mortality of Atomic Bomb Survivors Exposed to
Low Level Radiation

A recent article by Shimizu, et al.* concerning the effects of low level
radiation in atomic bomb survivors concluded that analysis of dose
response "in the less than 0.5Sv region fails to indicate the presence of
hormesis.''They did not observe any significant decrease in the relative risks
(RR) of (a) leukemia, (b) all cancers except leukemia, (c) lung cancer (d)
thyroid cancer, or (c) noncancer mortality. This conclusion is in agreement
with the data shown for the three cancer groups ib,c,d), but appears incon-
sistent with the data presented for the RR of the leukemia and noncancer
mortality groups.

The upper half of Figure 11.1 shows the data for these two groups as
analyzed by the authors with a variety of models. The discussion of leuke-
mia states that though the RR is less than i for the three groups with doses
less than 0.lSv, since all had p>0.10 they did not differ statistically from
unity and thus, were within the range of random variation. In clear contra-
diction to least square fits, the quadratic model for < 0.5Sv was considered
to better fit the data than the linear-quadratic model for <0.5Sv that dem-
onstrated a RR of 0.78 at 0 llSv. The lower half of Figure 11.1 shows
analysis of the data with models that provide a better fit. The five data
points for leukemia are fitted by an empirical polynomial function. The RR
for the 0.010 to 0.019,0.020 to 0.040, and 0.050 to 0.099 Sv dose categories
appear consistently related to one another, not varying randomly. The RR
of 0.6 plotted at 0.075Sv is 1.5SD less than 1(p < 0.15). This study of atomic
l omb survivors is in agreement with the decreased leukemia mortality seen
in the nuclear shipyard worker study. In both studies the very low incidence
of leukemia makes it difficult to obtain sufficient numbers for high statisti-
cal power.

'

Desired statistical power is present, however, for mortality rates. In the
upper half of Figure 11.1 the RR data for noncancer mortality after low-
level radiation are ignored and fitted with a threshold model derived from a
prior study of survivors in the < 4.0Sv high level dose range, assuming the
threshold dose is 1.5. Though the mortality RR of 0.83 in the 0.200 to 0.499
Sv dose category is 3.2 SD below I (p = 0.001) and is the most statistically
significant data point of the entire pudy, nevertheless, this highly signifi
cant decreased RR is rejected with the statement, "The RRs for the sub-

-
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groups within the low dose group ( <0.5Sv) when compared with the 0-Sv
group did not differ and were close to unity." If the only mathematical
models used for anamis are those that a priori exclude a U-shaped dose-
response relationship, it is not surprising that such analysie " fails to indicate
the presence of hormesis." The lower half of Figure 11.1 fits a linear modct
down to, but no farther than, the noncancer mortality RR of 0.83. This ;

decreased mortality risk associated with acute low level radiation is consis-
tent with the highly significant (-16SD and -8SD) decreased standardized
mortality rates observed in proionged very low level exposures of the
nuclear groups of shipyard workers.'

i

Effect on Lifespan of Low intermediate Doses |
1

of Atomic Bomb Radiation

The above-mentioned decreased mortality' risk reported by the US-Japan
Radiation Effects Research Foundation (RERF) study of Hiroshima and

I
Nagasaki is also consistent wi'.h the recent article on Nagasaki survivors

nergy Research Institute, Kinkifrom Nagasaki University and the Atomic e

University, Japan. Mine et al. report upon the "apparently beneficial effect
of low to intermediate doses of A bomb radiation on human lifespan.""
The decreased RR of noncancer male deaths to 0.65 (p<0.05) in the
0.50-0.99Gy dose range was to a large extent offset by the RR increase to
1.56 in cancer deaths (Table ll.2B). The male RR for total deaths in this
dose range was 0.88 (Table ll.2A), with low statistical power (p=0.34).
Fitting of a U-shaped dose-response relationship confirmed the signifi-
cantly lower male RR for noncancerous diseases with maximum reduction
to 0.76 (p<0.02) in the 1.00 to 1.49, average 1.08,Gy dose range (Table
ll .2C). Female survivors, on the other hand, showed no significant change
in RR of death from all causes until the 2.00 to 5.99Gy dose range was
reached, in which there was a rise of tac RR of both cancer deaths (p <0.01)

and total deaths.
This significant difference in ger' der response to low and intermediate

acute doses of radiation parallels the observations of Lorenz et al.a and
Congdon" regarding comparison of the survival of male and female mice
exposed to 0.001IGy delivered in 8 hours daily from age 2 months to death.
The longevity of irradiated male mice was significantly increased to ll5'7e
of irradiated controls (783 days vs 683 days). However, the longevity of
female mice did not increase significantly above their control level of 803
days that was nearly matched by the extended lifespan of the irradiated
male mice. Human populations also demonstrate that female longevity is
greater than that of the male. These results suggest that low levelirradiation
of men and mice may stimulate a physiologic process in the male, relatively
unenhanced in the female, that enables male longevity to approximate that

of the female.

.
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Tab 6e 11.2. Total Deaths and Relative Risks of Male and Female A-Bomb Survivors in
Nagasaki During 1970-1988 Cleesefied by T85 Does

A. Initial numbers of authects (1970), observed (O) and espected (E) numbers of total
doetha and relative risk 8a 1970-1988 in Nagasaki among A bomb survivors classified
by T860 does and sea.

Initial No. Rosetive Riek
of Total Deaths (0:E)

Sutgects Observed Espected All Canoes
(cGy) M F M F M F M F

1-49 562 938 162 202 106 7 209 141 047
50-99 182 168 56 39 63 3 34 7 0 88 1 12

100-149 108 158 36 39 39 7 34 7 0-91 1 12
150-199 196 267 59 48 58 7 48 tot 140
200-599 440 437 172 79 149 7 59 3 1 15 1 33

8. Observed (O) and expected (f) deathe in 1970-1988 in Nagasaki among A-bomb
survivoro classified by natural causes of cleath, ses and T850 dose.

Number of Doeths from:
Non-Cancerous

% Diseases Concer
(cGy) 0 0:E O 0:E

Males
1-49 126 109 35 0 84

50-99 30 045 26 1 56
100-149 23 0 77 13 1*34
150-199 38 0 84 21 1 58
200-599 113 1 07 54 1 32

Females
1-49 144 0 89 56 1 24

50-99 10 1 11 8 1 10
100-149 26 046 13 1 86
150-199 31 CT' 16 140
200-599 50 1 11 28 2 11

C. Calculated (L
5,(O - <D>)# -) volves by the log 6 etic function p = 141 + emp(-a b,(D- <D>)-cal] and observed (0) ve6ues for doeths from non concerous
deemsees in menee in Maessekt classifled by T840 dose,

gg Number of Non4ancer Deaths
(cGy) Observed (0) Corrected 0:E Calculated (L) Corrected L:E

27(1-49) 126 107 123 105
79 (50-99) 30 068 35 3 0 00

108(100-149) 23 0 80 214 0 76
167(150-199) 38 0 88 35 3 0 82
288 (200-599) 113 1 11 113 1 1 11

< O > = 130; a = -6.14 (p < 0 01). O, = O29 w 10-3 (p NS); D2 = 0 213 x 10-* (p < 002); e
= 0115 (p< 041).

NS = not sgrafcant.
t
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; I

3 Correlation of Lung Cancer Risk with Redon in Homes
i

} The BEIR IV report '' based upon a linear no threshold extrapolation of I

the incidence of lung cancer in uranium mine workers exposed to high |'

| radon concentrations, predicts that the lifetime mortality risk of lung cancer ;

; is increased linearly by 10.8% per pCiLd. One pCiLd approximates the j

world average'5 and is equivalent to 0 2 working-level-month (WLM).''The |
American Cancer Society projects for the United States 170.000 new cases |

'

'

of lung cancer in 1993." Accordingly, prior continued home exposure of the
population to one additional pCit-' of radon would have produced 18,000 i

,

i additional new cases of lung cancer in 1993. Five-year survival of treated )
lung cancer is only slightly more than 10%." Relying upon the BEIR IV -

'

j' theoretical prediction, the Environmental Protection Agency (EPA) con-
siders radon in the home to be the r.ation's leading health hazard. '

However, there is no epidemiologic evidence to support the risks pre-
dicted by BEIR IV. To the contrary, epidemiologic studies in the United ,

"

States,'" Sweden,2' Finland,22 and China.22 with increased radon concen-
i trations up to 12 pCiL", as well as in Inose areas below the average radon
1 concentration of IpCiL",2' 2* have all demonstrated a negative correlation
j of lung cancer with radon concentration. For a variety of reasons, these

studies which contradict the linear-no threshold theory have been consid-
}i ered invalid by the National Academy of Sciences Committee on Biological

Effects cf lonizing Radiation, National Council on Radiation Protection
and Measurements, and the International Commission on Radiologic Pro- |

tection. Criticisms have included poor statistical power, inadequate con. |
trols, and inadequate determination of the degree to which data have been i

altered by smoking and confounding factors such as numerous socioeco- ,

nomic variables, geography, altitude, and climate. An extensive University '

of Pittsburgh N;..ional Survey of radon in homes was completed in 1997
that addresses these criticisms with excellent statistical power.

The University of Pittsburgh nationwide st'udy based upon 272,000 mea. ,

I
surements in the homes of 1217 counties was completed in 1992. This study

and nine individual state studies were normalized to the EPA National
Residential Radon Survey. The combined data set compiled from Pitts-
burgh, states, and EPA studies includes 1729 counties containing nearly
909 of the U.S. population. After deleting Arizona, California, and Flor-
ida, states with high retirement migration, and counties with incomplete
data,1601 counties remain included.2' Figure i1.2 shows plots of mean age- !

adjusted lung cancer mortality rates (m) for white males (Figure ll.2a) and
females (Figure ll.2c) vs mean radon levels (r) in homes of all counties
within various ranges of r, along with the standard deviation of the mean,
first and third quartiles, and the best linear fit to the data for individual
counties, m = la(t + br). These mortality rates are corrected for smoking by
use of Bureau of Census Population Surveys of smoking prevalence and
BEIR IV risk estimates for smokers and nonsmokers, and are shown

.
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Mgure 11.2. Lung cancer mortahty rates in male (112a) and female (11.2c) residents vs
mean redon levet for 100lcounties. Data points shown are average of
ordinates for aR counties withen the range of t-values shown on the basehne
of Figure 11.2a. the number of oounties within that range is also shown
there. Error bars are standard deviation of the mean, and the hrst and third
quart 6es of the dietnbution are also shown. Figure 11.1b. id are m/m, vs r
which incorporate the of$ects of smolung prevaience. Theory knes are
artutrardy normakzed knee increasing at a mte of 7.3%/r..
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'

! together with the best linear fit, M = m/m,= A + Br in Figures ll.2(b) andt

II.2(d). BEIR IV theory lines are normalized lines with slope B increasing
mortality at a rate of 7.3%/pCiL". After correction for variations in smok-

c

i ing frequency, there is a very strong tendency for lung cancer mortality to
decrease with increasing mean radon level in homes, in sharp contrast to the

7

!
increased mortality expected from the linear-no threshold theory. The dis-
crepancy between theoretical and measured slopes is by 20 standard devia-

| tions. An earlier study based upon data for %5 counties furnished addi-
tional details of methodology and somewhat less steep negative slopes of
m/m. vs r, with the discrepancy between theoretical and measured slopes by
7 standard deviations.:s

| Correction for the effects of smoking was made using the separate risk
estimates for smokers and nonsmokers given by BEIR IV theory and esti-
mations of the fraction (s) of the adult jopulations that smole -ignettes in
each county derived from Bureau of Census Surveys, with a correction
factor for the fraction of the county popalation that lives in an urban area.
The resultant slopes (B) in units of 3*o per pCiL" are -7.310.6 SD males
and -8.3 0.8 females, discrepant by 20 SD with the slope expected from
BEIR IV theory, B = + 7.3. Many other factors in addition to smoking are
carefully analyzed to see whether any can explain this discrepancy. Pitts-
burgh radon measurements are consistent with EPA and state measure-
ments. Potential problems concerning outliers and sampling issues are dem-
onstrated to be absent. Uncertainties in lung cancer mortality rates (m) and
smoking prevalence (S) are given elaborate consideration and shown to be
unimportant causes of the discrepancy between theoretical and measured
slopes.

A careful investigation was made of the poss,bility that one or more
socioeconomic confounding factors other than smoking could correlate
strongly and with opposite signs with both m and r. Those would introduce
a strong negative correlation between m and r_which would not be due to a
direct causal relationship. The 54 socioeconomic variables (SEV) which are
analyzed singly and in combination are listed in Table 11.3. The 54 values of
B free of confounding by each SEV vary for males from -5.6 to -7.7, mean
-6.910.5, and for females from -5.4 to -9.l. mean -7.710.g, and are quite
close to values for the entire data set -7.3 and -8.3, respectively. Extensive
statistical analysis of the possibility that some combination of SEY may act
cooperatively to confound the m r relationship concluded that the actual
effect of confounding by combinations of SEV is to reduce the discrepancy
between slopes by no more than 10%. Confounding by geography was also
analyzed by considering the 34 states with at least 20 counties having known
radon levels. The average of B values is -6.1 for males and -7.2 for females;
reductions in the discrepancy by 8.2% and 7.l'8e, respectively.

' In addition to the 54 SEV and geography, also considered are the possible
confounding physical features of altitude, average winter and summer tem-
peratures, inches of precipitation, numtier of days per year with more than

1.~
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Tesiste 11.3. Socioeconomic variables UsM n the Analysis for Redon Radiation Lun-
Carcinogenesas in the Low Dose, Low Dose Rate Region

Population Cherectortatics Economics

PT- total population El- $ por capita income
PO- population / square rnise EH- median household inc.,3
PI- % pop. increase 1980-86 EJ- % persons be6ow poverry level
PU- % in urban areas EV- % fem below poverty level
PW- % white EU- % unenspioyment
PS- males /100 females EW- average salary, wage
PE- % age > 64y EP- 5 per cap personal income
PO- % age > 74Y EM- % eammgs from manufact.
PY- % 5-17 years old ER- % earnegs from retaal trade
PN- % bom in state ES- % eamengs from servces
PH- persons / household EG- % eammgs from govemment

EF- % eammgs from far.ning
VHal and Health Statistics EA- av. acres por farm

EL- % mfg. firms > 100 emplys.VS- births /1000 m ED- 5/ cap. sain-M stornVC- % births to mothers < 20y
EC- 5/ cap. sales-clothingVD- deaths /1000 pop.
X- 5/caa -eahng,dnnk

VI. infant deaths /1000 births
VM- mamages/1000 pop. Govemment i

VS- divorces /1000 pop |

VP- physicians /100.000 pop GF- federal govt., 3/ cap |
VH- hospital beds /100.000 pop GL- local govt., S/ cap

GE- % loc govt. exand.-educ.
Social GH- % loc govt. expend.-health

GP- % W govt. eW-polece |SS- social sec. benefrt/1000 pop. GW- % W W expendM |SC enmes/100 000 pop
SH- % high act$ooi grad' We .- s |

W W. empimt/10.000 Pop. I

SU- % cosiege grad GV- % vote for lead party,1964SE- 5/ cap for education

Housing
,

!HO- % owner occupied
HA- % with > 1 automobele
HV- median value ($)
HN- % < 8 years ok'

O.01 inch precipitation, average wind 3,xed, and percent of time with sun-
shine as compared with the maximun. possible. Studies of these physical i

'

features concluded that none is an important confounding factor. The
strong decrease in lung cancer mortality rates corrected for smoking fre-
quency with increasing radon exposure is found in only the low altitude ;

'

states or only the high altitude states; in only the warmest or only the
coldest; in only the wettest or only the driest; etc. It is also found in only the
states selected where the physical features are close to average. The BEIR IV
theoretical prediction of lung cancer mortality from radon exposure cor-
rected for smoking, M = m/m,= A + Br, does not take into account two
recognized r S correlations: (1) urban houses have 254 lower radon levels
than rural houses and urban people smoke more frequently, and (2) houses
of smokers have 10Ve lower radon levels than houses of nonsmokers. An
extensive statistical study of the effects of these r-S correlations leads to the

!
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)

l

conclusion that the BEIR IV prediction of B is reduced from + 7.3 to + 6.9, |

|which contributes very little to decreasine the discrepancy with the large
|

negative values of B,-7.3 and -8.3 obtained from the actual measured and '

reported data.
Linear-no threshold theories other than BEIR IV are considered which

involve different treatments of smoking. Also considered is the " intensity of
smoking." Analytic statistical study of these considerations lead to the con-
clusion that other theoretical predictions of B could reduce the discrepancy
between 3% and 8%. The possibility that an unrecognized confounding

|
factor could explain the discrepancy is recognized. However, the following

I

properties are required of an unrecognized confounder that could resolve
the discrepancy: (1) It must have a very strong correlation with lung cancer,
comparable to that of cigarette smoking, but still be unrecognized; (2) It
must have a very strong correlation of op:usite sign with radon levels;(3) It
must not be strongly correlated with any of the 54 socioeconomic variables
(SEV): (4) It must be applicable in a wide variety of geographic areas and
independent of altitude and climate. The first property alone requires of the
unrecognized confounder that it must have increased by orders of magni-
tude since the beginning of this century, and base been much more impor-
tant in males in the first half of the century, with effects on females rapidly
catching up in recent years. The remaining properties impose additional
requirements that are also most difficult to meet singly, while to satisfy the
four simultaneously becomes incredible. These multiple restrictions upon
an unknown confounder make it extremely improbable that one exists that
would resolve the discrepancy.

These tests of the linear-no threshold theoretical prediction of lung cancer
mortality induced by radon exposure, with the slope of the line determined
by high dose exposures, demonstrate that the theory fails badly by gross
overestimation of mortality in low dose, low dose rate range of radiation. A
likely explanation is that stimulated bio ..gical defense mechanisms more
tha1 compensate for the radiation " insult" and are protective against cancer i

,

in a low dose, low dose rate range. |
r

Breast Cancer in Women Exposed to Low Level Radiation

The Canadian study of fluoroscoped women includes 31,710 patients

admitted to national sanitoriums between 1930 and 1952 and alive on Janu-
ary 1,1950."The results relate deaths from breast cancer between 1950 and |

1980 that occurred 10 or more years after first exposure to fluoroscopic
radiation. Fluoroscopic examination in Nova Scotia was performed AP
(anterior posterior), with the patient facing the fluoroscope. This position
increased the breast dose to 50mGy per exposure compared to 2mGy per
exposure in all the other provinces in which the examination was performed
PA (posterior-anterio-), with the patient's back against the fluoroscope.
The standardized mortality rates from breast cancer for various dose ranges

.
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is shown in Table 11.4 with the high dose, high dose rate data of Nova
Scotia separated frorn the low dose rate data of the other provinces.

Linear ana iinear-quadratic dose-response models were compared with
respect to data fit. The authors concluded "that the most appropriate form
of dose response relation is a simple linear one, with different slopes for
Nova Scotia and the other provinces." On the basis of this linear model,
Table 11.5 predicts the lifetime excess risk of death from breast cancer after
a single exposure to IcGy, an amount approximattiy three times the average
annual background radiation.

The epidemiologic data listed in Table 11.4 and the associated fitted
models were not presented graphically. The omitted graph is shown in
Figure 11.3, together with an empirical polynomial function fitted to the
data. The linear inodel for 2mGy exposures discards the data at 0.15Gy and

Table 11.4. Canadian Study of the incidence of Breast Cancer Following
Fluoroscopic Examinations

8Dose Gy Stsndardized Rate Per 10 Person veers
Nova Scotia Other Provinces All Provinces

0-0 09 455 6 585 8 578 6
(131) (288) (301)

0.10-0.19 389.0 421.8
(29) (32)

020-029 497.8 560.7
(24) (26)

030-039 1709 630.5 650 8
(11) (17) (18)

0.40-0 69 632.1 610 0
(19) (19)

0.70-0 99 1362
(13)

1 00-2.99 2060 1382
(14) (17)

3 00-5.99 2811 873.1 2334
(13) (1 44 (.4)

6 00-10 00 7582 8000
(8) (9)

a 10.00 21 810 20.620
(12) (13)

The numtwsr of deaths is shown in parentheses. The calculations exclude the values for 10
years after the first exposure and have been standardized accor$ng to age at first
esposure (10 to 14,15 to 24,25 to 34 and 2 35 years) and tirne s4nce first exposure (10 to
14.15 to 24,25 to 34. and a 35 years) to the estnbution for the entire cohort.

Totne 11.5. Predicted ufetime Excess Riek of Death from Breast Cancer per Mill 6on
Women efter a Single Exposure to 1 coy

Ageet Additive 4Hok Relative-Risk
Esposure Yr. teodel leadel

10 125 106

20 95 89
30 67 55
40 42 27

1/
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CANADIAN TB FLUOROSCOPY STUDY
DTSK VS. DOSE FRACTION

-
2,oco - /

'

BREAST NOVA SCOTIA ,.'
CANCER
DEATHS 50 MGY/EXP. -

'

i,soo ' PER 10' A-P .-
/

PERSON- R. R/GY=3. 03'

YEARS -

- from sQuGy AP and 2m6y P4,'. .u ne ar .e4.i. for ..e.

fluorescopy esposures1,200 ,

.. . Linear quaeratic mode' for
.

2mGy PA fluorescopy a J. |etastrical multipolynomial

OTHER PROVINCf5
fit to 2mGy/ exposure data

-

2 HCy/EXBr' .

'
- -

ase .-

W Y' I
.

, c.,,[,,_ . .
. . .

- R . R/ GY = 1. 20 -
LQf' .,

"

4es /,.

1 1 S.0.-

Data free Mmer, et al
BREAST DOSE, GY NTJM,1M '

e

4 8.25 Al 8.75 1.8 1.15 IJ

A graphic plot of the authors' data shown in Tab 6e 114. No graph wasFigure 11.3.
presented in their pubication. The hgure includes their "best fit" knear
models, their knear quadratic model, and the best fit rnodel of the author of
this review to their data. an empincal pofynomsal function.

at 0.25Gy, the data with the best confidence limits. Compared to the con-
trols receiving 0 to 0.09Gy,0.15 Gy and 0.25 Gy demonstrate relative risks
(RR) of 0.66 (p<.01) 0.85 (p <.38), respectively. While the RR of 0.85 is
not statistically significant, it is consistent with the significant RR of 0.66
and the zero equivalent point of 0.31Gy indicated by the fitted polynomial
function. For exposures above the zero equivalent point, the RR becomes
positive after being negative in the range of 0 to 0.31 Gy. The decreased RR
of breast cancer produced by low dose, low dose rate radiation were
rejected a priori by the choice of mathematical models that extrapolate the

1

1
1
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dose risk relation from high dose exposures to low dose exposures. The
risks associated with low dose expos.;.es cannot be measured, the authors
state "because the expected small excess of breast cancers would be
obscured by the much higher background rate of breast cancer." Conse-
quently, the unexpected was rejected since the possibility of a measurable
decreased risk associated with low exposures appeared to be inconceivable.
The highly significant decreased RR of 0.66 at 0.15Gy and the RR of 0.85 at
0.25Gy, both with the highest sonfidence limits of the entire study, are not
shown graphically, not even discussed. Instead, the linear model for
0.002Gy exposures is used in Table 11.5 to predict the lifetime excess risk of
death from breast cancer to be approximately 60 per million women after a
single exposure to IcGy at the age of 30. Nine hundred excess deaths from
breast cancer are predicted theoretically from the exposure of one million
women to 0.15Gy However, the qu1ntified low dose data predicts with
better than 99% confidence limits that instead of causing 900 deaths, a dose
of 0.15Gy would prevent 10.000 deaths in these million women. i

Significant positive health effects a . ociated with low icvel radiation have
been demonstrated in a review of five epidemiologic studies: decreased
mortality of nuclear shipyard workers, decreased noncancer mortality of
atomic bomb survivors in both Hiroshima and Nagasaki and Nagasaki
alone, decreased lung cancer mortality associated with increased radon
exposure of the U.S. population, and decreased breast cancer mortality of
women 5 Canada after having received multiple fluoroscopic examina-
tions. The tendency to neglect or reject data that contradicts the linear-no
threshold theory of radiation carcinogenesis is supported by confidence that
chromosome aberration and gene mutation can be produced by a single
particle of ionizing radiation and so initiate a malignancy. The number of
such interactions with cell nuclei is both logically and demonstrably propor-
tional to the dow. However, no consideration is given to biological defense
mechanisms that could be stimulate 6 .arther by low level increments of
radiation above the background level. Such stimulated defense mechanisms i

could also decrease carcinogenesis by chemical and other non-ionizing |

agents as well as high level ionizing radiation. Multiple defense mechanisms
at molecular, cellular, organ, and systemic levels involving enzymatic, hor-
monal, immunologic, and stress protein interactions are currently being
demonstrated and confirmed by numerous investigators.5" Recently a j

human radiation repair gene has been cloned and transfected into a mutant
Chinese hamster with sensitivi,y to both ionizing radiation and certain alky-
lating agents resulting from defective tepair of DNA strand breaks. These
transfected mutants demonstrate overexpression of the human DNA repair
minigene with repair capacity increased above that of the wild-type Chinese
hamsters."

Moun;ing reproducible evidence of the operation of various defense
mechanisms and the r stimulation by low dose ionizing radiation will pro-
vide further details of how biological defense mechanisms, nonoperative at

|

!
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high doses, are stimulated and enhanced by low les el radiation damage so as
to overcorrect and piedominate. These investigations have clarified why the
negative health effects observcd at high levels of radiation that effectisely
overwhelm these defense mechanisms c inot be extrapolated to the low
levels in which these stimulated defense mechanisms predominate with
decreased cancer induction, decreased mortality, and other observed posi-

tive health effects.
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Low Level Radiation Health Effects: Current Data

4 P. O. SMITH, R. DOLL, Br. Med. / ,134, a49 t1982).
The study groups mere selected from a databau of almost

5. Y. SHIMlZU et al , l. RM ct Res . J2. Suppl 2. 54 (1991t *000ry; ship)ard workers, meludira about 108 000 nuclear
workers. The three study groups consisted of 28 542 nuclear6 E. R. FEARON, B. W. LSTEIN. Cell, 61, *!9 (1990).
*others enh a workmg hfetime dose equivajent (DE)equalto?

A. H. WYLLIE et al., Int. Rev Cyroi , 63. 2 51 (1980t r greater han 5 mSv (0 $ remh referred to here as NW >5;
4 C S. POTTEN, Aaruc. 269. $18 (197? . 10462 nuclear workers eith a working lifetime DE <5 mSv.i

referred to here as NW < 5; and 33152 nonnuclear workers,
referred io as NNW. Foe mSv is the amount of radia:. ion a typ-4. What Does the Nuclear Shipyard Worker 7on73,' " '"'" '' '' '" "''"''' '" 8 ' " #'" " '"

'

Study Tell Us? John Cameron (Una of Wixonstn>
All three study groups were balanced in the mirial sample

The Nuclear Shipyard Workers Study' (NSW Sl was to pronde comparabahty on basic demograph2c charactensocs

designed to determme whether there was an excess nsk ofleu. to make between-group comparisons appropriate. The study
kemia or other cancers associated * sh caposure to low le.eis meluded esposeres recened from the begmnmg of nuclear ship
of gamma radiauon. The study was conducted at a cost of overhaula in the 1960s unal the end of 1981.
more than $10 mdhon through a connact from the U.S. De. Deaths in each of the groups were classified as due to all

partment of Energy (DOE) to Matanaski at Johns Hopkms causes, leukemia, lymphauc and hematopoietic cancers (LHC),

Unnersity School of Hygiene and Pubhc Health. The study mesothelioma, and lung cancer. Mesothelioma was the only
was ininated in 1973. The study *as completed m 1987. The cancer IMt showed a signancantly higher incidence for all
results have never been pubbshed in the scientiGe hterature. In groups. M*sothelioma deaths are considered a marker for

IvM f OOE ma& the 437.page study available to the pub- ast%os exposure. There were ordy 36 mesothelioma Jeaths

he with a 2-page press release. In the debate on the health during the entire study of nearly a m,llion person years (in
70730 workers).effects of low level radianon, this study, which is perhaps the

largest and best of its kmd. with better dosimetry than most Asbestos is also associated with fung cancer. The slightly
,

studies of large caposed populations. is largely ignored. It is higher incidence of lung cancer for all three groups compared
fair to assume that if the result of this study had mdicated a to the general population may have been due to asbestos

exposure,
stanstically sigmficant 24r INCRE ASE in cancer mortshtye

among the radiation-exposed shipyard workers, mstead of a Both nuclear worker groups had a lower death rate from

24* DECREASE, there would have been estreme media and leukemia and lymphatic and hematopoietic cancers than the
nonnuclear group. All three groups had lower LHC death ratespobtical and scienutic attenoon (or perhaps even for a 2 to 4'e
than the general population. Table I summarizes the data.stanstically insignificant increue).

An NSWS technical advisory panel (TAP) chaired by The most significant and surpnsing finding of the NSWS

Upton reviewed results and advtsed cn the research. The author research was that the nuclear workers with the greatest radia-

of this paper was a member of the TAP and of the NSWS tson exposure, a cumulative lifetime occupational dose equiv-
Radiation Dosimetry Advisory Ccmmittee. alent of 5 mSv or more, had a standardized mortality rate

(SMR) of deaths from a!! causes of ordy 0.76 that for their age

TABLEI
Summary of Mortality, SMR. and 95'r Con 5dence Intervale

for NW > 5. NW < 5 and NNW Shipyard Workers

RADIATIDN EXPOSURE: NW)5 UW<5 Innf
CAUSE OF DEATH: N= 28,542 10,462 33,352

ALL C?''iEs 2,797 1,168 4,453SMR : 0.76* 0.81* 1.00(954 C.I') :(0.73, 0.79) (0.76, 0.86) (0.97, 1.03)

IA : 21 4 290.91 0.42 0.97( C.I.) :(0.56, 1.39) (0.11, 1.07) (0.65, 1.39)
LNC6

~

50 13 84sMR : 0.82 0.53' 1.1(954 C.I.) :(0.61, 1.08) (0.28, 0.91) (0.88, 1.37)

MESOTHELIOMA : 18 8 10SMR' : 5.49' 6.14' 2.54(954 C.I.) :(3.03, 8.08) (?.48- 11.33) (1.16, 4.43)

LUNG CANCER : 237 $4 306sMR : 1.07 1.11 1.15(954 C.I.) :(0.94, 1.21) (0.90, 1.35) (1.02, 1.29)

* Statistically sigmficant.
't.ymphatic and hematopoietic cancers.
' Associated with asbestos exposure.

f * ,
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and sei m the general populanon. * hile the nonnuclear *ork- TABLEI
a 3 had an SMR of 1.0. The standard destation of the S\lR * as Odds Ratios of Published Studies and Number of3 015; i e , the mortality rate '' the nuclear workers mas

Ongoing Studies of Residenual Rador*
| - 16 standard deviations belo* t . af the nonnodear *orker Esposure and Lung Cancer
! voup,

The occupational eiposure to the nuclear shiptard work-
ers is compar4 Die to the cumulated effective dose equna'ent Number of
ines receised from natural radiation Their total radiauon. Count *v Odds Ratio Ongomg Studies
occupational plus natural, is comparable to natural ra&auon
esposures m some parts of the world Sweden 4.7*, 2.3,1.8 0

This wudy is proeably the best scenunc evidence, of man)
wienuGs data sources, to show that los le cis of ionizmg radi. U.S. 8.2, 8.0 8 |
ation esposure are without health haiard The results clearly '

contradict the conclusions of BEIR that even small amounts Canada 2.4,1.2 2
of radiation have risk (in BEIR V and earlier reports), w hich
haie been largely based on the data from the Japanese atomic China 0.7 1 '
bomb sursitors, who largely received their radianon esposures
in very bnef, high dose rate condioons and who are also no* Finland 1.1 O
demonstratmg that effectise radiation health effects t..resholds ,

esist in the range of 20 to 200 rem
Israel 1.5 0

1. " Health Effects of Lo*.Le el Radianon m Shipyard Work-
Other - Belgium I, France I,ers." U.5, Department of Energy Fmal Repon dune 19911

Oermany 1. Hungary 1,
Luxembourg I, Russia I,

| 5, Residential Redon Exposure and Lung Can- and Uruted Kingdom 1. |
'

cor, John S. Neuberger IUmversity of Kansas Med
'Stausocany signincant u s 0.05 or s 0.10)if in bold. |

Ctr/
l

i INTRODL'CTION
1

l Epidemiological studies of anderground uranium and hard- to 11.7). A small study m Maine found a sagruncantly increased
OR of 8.2 (95r Cl = 2.1 to 31.7) for males under 65. Onerock mmers, as well as anima' expenments, indicate that the e

decay products of radon gas sie a contnbutory cause oflung small study from Canada had an increased risk with radon
cancer. While one might espect that residennal radon (prog- (Port Hope), whereas a larger study did not (Winnipeg). Two

.

eny) esposure might be linked to an increase m lung cancer reports were made of one study in fJew Jersey, which found
| rates, suffiaent evidence from *esidential studies is required to a signincant increase in risk with radon. For exposure to

) support this assumption. To s ate this evidence has not been between 148 and 418 Bq'm , the OR.o (adjusted OR) was B.78

|
deGnitise enough. There are dilferences in age, set, dust espo- (90'e Cl = 1.3 to 57.8). A large study from Shenyans, China,

|
sure, and smokmg between groLos exposed in mines and in found a nonsigruficantly reduced risk as radon lesels increased. i

homes. A number of published sadies have addressed this No sigruficant mcrease in nsk with radon aas found in stud. ]
question 5 a number of studies are under way.3 The compos- ies conducted in Finland and Israel.
ite results from these studies may be usefulin reducing the Out of ten published studies, sta showed some evidence of ji

!

uncertamty. This paper summanzes and critiques results and a statistically significant increase in nsk with radon (see Ta. 1

discusses several methodological issues related to the studies. ble II. Oserall, for females the OR could fit mto the range of
1.0 to 1.6. Problems with these studies included the use of 90's

|

i METHOD 5 confidence intenals (instead of 95's), the large number of
radon estimates, the lack of in-home mobility informanon, the

A hterature rest;w was undertaken and publicatioas were ack of annual averages for radon readings, and the paucity
classified according to exposure category, which mcludev mea. I ttd quality assurance and quality control procedures for
sured mdoor air radon levels. Ongoms studies were ascer amed dn
from mformation provided by the International Ager.cy for Ongoms studies are generally supenor to the published
Research on Cancer, project consultants, and tr.diation studies m design. Many are obtaining I yr radon teadings. A
esperts m all 50 0.S. state health departments. Current mies- number are obtaining information on other risk factors for
tigators provided detailed information on their studies Pub- lung cancer. Results from these studies are crucially irnportant.
lighed studies and ongoing protocols and questionnaires were Meta analyses hase been suggested by some scientists; howe er,
translated into English, if necessary. Studies are included herein many studies lack comparability. Such analyses cannot sup-
if they were case / control and included certain mmimal mfor- lant high quality studies of adequate sample site.
mation. includmg cigarette smokmg, occupanon, and measure-
ments of mdoor air radon. l. J. NEUBERGER," Residential Radon Exposure and Lung

RESL LTS Cancer: An Oseniew of Published Studies." Concer Detect
,

Prer ,15, 435; 16, 87 (1991).
Three published studies from Smeden all found a ognifi-

cant inercase in risk for lung cancer from radon. On rural 2. J. S. NEUBERGER, " Residential Radon Exposure and
Oeland Island, an odds tauo TOR) of 5.1190re confidence Lung Cancer: An Oveniew of Ongoing Studies." Heaun
mtersal tCD = l.4 to 18 5] was detected for esposures euced- Phys. 63,503; 64. 333 (1992).,

ing 150 Bq'm . In Stockholm, the equivalent risk was I?3

i95r Cl = 10 to 2.9L in a large study throughout Smeden. 3 0, rectory of On Goms Research m Cancer Epidemedce e
e

a significant increase m nsk was seen for those smokmg cu ! ARC Scienufic Pubbcanons No.117,Internanonal Ageno

than 10 cigarettes per das trelanse risk = 3.*,95r Cl = i ! t'or Rescatch on Cancer, Lyon, France t1992Le

I
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Health Physics Society Adopts Position re

Low Doses of Radiation

Risks from Annual Doses Below 5 Rem Are Non Existent or Too Small to Quantity

in the Marth 1996 issue of the Health Physics Society newsletter, the society published its position on how
radiation risk should be expressed. The position, which is reprinted below, states in short that health risks should
not be quanti 6ed for radiation doses exceeding background doses by less than 5 rem (5,000 millirem) per yeu
or 10 rem during a lifetime. Because the hefth risks in this range ne so small, oniy qualitative crpressions of
risk ue appropnate, and the qualitative expressions should emphasize the 'inabih,ty to detect any increased
health detnment" from exposures at these levels.

, . . , =

Health Physics Society *

Position Statement

" Radiation Risk in Perspective"

Kenneth L Mostman, Marvin Goldman, Frank Masse, William A. Mills, KriebJ Schlager, RichardJ. Vener

In accordance udd currrnt knowledge of radiation Current radiation protection standards and practices
heala risks, the Health Physics Society recommends ue bued on the premise that any radiation dose, no

agairut quantitadw eniindividualdose ofS rem? tion ofhealth rhk below an
matter how small, can result in detrimental health

in oneyear or a liferime dose elfects, such as cancer and genetic damage. Further, it
of10 rem in addition to background radsation. Rbk is assumed that these effects are
estimarion in thh dose e sh:uld be stricdy gualitatin proponion to the dose received, produced in directi.e., doubling the
acunsuaring a range dxtical heaub outcomes tzdsation dose results in a doubling of the etTect.
with an emphash on th is possibili ofzero adverse These two assumptions lead to a dose-tes90nse
health efcts. De current philos of radiation relationship, often referred to as the linen. no-
protection h based on the assumption t any radiation threshold model, for estimating he1hh effects u
dose, no matter how small may result in human health radiation dose levels of interest. There is, howeve .
effece, such as cancer and hereditary gene:ic damage. substantial scientific evidence that this model a
There h substannal and convincing sciennfc enden:e oversimpli6 cation of the dose-response telancr..n

for health risks at high dose. Behw 10 rem (whid and results in an ovetestim1 tion ofhealth asks an e:
includes occupazionaland environmentalexposures), ruk low dose range. Biological mechanisms inc.a .:
ofhealth egcn are esther soo small to be observed or are celluiu repair of radiation injury, which ne -(
non-erutent. 1: counted for by the linen, no-threshold m - -

- reduce the likelihood of cancen and senem -3 -
. , 9 f 7 , , y+ >r 7,f,f,

gyi p i A
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| Editorial Staff
E6 ton cer.svieve S. Roessler

1 u+s raton sh.- n. H.u GUEST EDITORIAL
| Rt.1, Box 139H

| EJysien, MN 5602s
Phone: 507 362 s958'

i FAX. 507 362-4513

| e.m.ii: 6p.ne. 2.oi com The Linear, No Threshold Modelin Radiation Protection:
Anodate r& ton Andn. P. Hun The HPS Response

s&EP Division

| Bruoumco Natiorat taboratory
Uptoa. NY t1973 Kenneth I.. Mostman, HPS Scientific and Public issues Committee
Phone; 516 282-42to

'[d P 'c", Mj " n this issue of the Newsletter, the avoided because ofinsufficient epidemi-** "

MAC-NA2H Scientific and Public issues Commit- ological data to say anything about
15760 w. Po.u une st. tee publishes the long-awaited Society health risk. It became clear after several

C')]3]*"g34428-670s position statement concerning the linear, drafts, and after reading many letters in
, g

Contributirg Fditon Muvin Rosenstein no-threshold model (LN T) in radiation the Newsletter on the LN T model, that

9433 Bethany Place protection. In recent months, the dia- the appropriateness of the LN T model
s gue on the ap;,op.h.: .ms $f the to predict risk at low doses is not theGaitheriburg.MD 20879 e

contnIut LN-T model as a basis for establishing major question. He major question is:ter resory D. Smith
Mayo Foundation radiation protection standards and prac- Should we be using any dose-response
200 Fint si. sw tices has reached the internatiwl arena. model to predict health risks at low

"",h"'jjg(5 De Society's position should add a dose? In the absence of epidemiological
3

Istah erspective to the ongoing debate. data in the low-dose region, and thePc adbuting rditon x,aner , w. stadie
Deparunent or Physics he Committee carefully considered need to extrapolate 2-3 orders of magni-
u=n eu the many viewpoints on the LN-T tude in dose (e.g., from direct observa-
g ,

none: 50s-934-32J model, both pro and con, expressed in tions of cancer at 30 rem to predicted

ofreen of the socieer the Newsletter. Several Society mem- numbers of cancers at an exposure limit
winiana A. Milk , Pn:Wat bera (David Gooden, Wade Patterson, for the general public of 100 mrem y''),
Richard J. Veer t. Pnsident-Elect Jim Tn.Podes, Al Tschaeche, and Gary as at appropriate to quantify n. k?

. ..
s

Raymond A. (' ailmette, Secretary
Keith H. Ding ar, Tnuunt Zeman) attended the Committee meet- The position statement recommends
Raymed H. Johnson, Jr. ing 24 July 1995 in Boston during the the use of qualitative expressions of risk

aE. HPS annual meeting and added signifi- below 5 rem in one yt. r or 10 rem in a
Jr., Exec. SecretaryR

cantly to the Committee's deliberations, lifetime (above background). Clearly,
Newisou c tra utiou Although many Committee mernbers there are snany ways in which risk can
'" " *

have been thinking about the LN-T be expressed qualitatively. For example,

"Du Problem for some time, Wade Patterson assume an individual receives a whole
s . ..pr a . pa.t .r

Se Ha.hh ebysm. se esy er . pr .uan. gm ggg}}y gg( ghg bg{} rDlling With a presen- body dose of 10 mrem. The following
4.

. g., ors, v. u .t .en.> .a6.nn
i niy on.a w .tr<.i p. .t e. tation to the HPS Boe:d in January 1995 is an appropriate qualitative expression

","'* U'".'".f|,",,''m*"r."a*5.W at the Charleston midyear meeting. of the risk:

@',,"fd,,,,,3 |,"||";', ,",",,r*",',**r,", Based on Wade's presentation, the 7he amount of radiation received is"
,

=.~4- m er w . .=* e ofr,=,4 Board charged the Scientific and Pub'ic about 10 times lowr than the allowable
p .t u s-.,9 nr.ha m s
etona Issues Committee with developing the dase to individual members of the gen-

Reprtat Poticy -nosition statement. eralpublic in one year. A radiation dose~

e..sa s. & a.~r.yr+ t= ~s == 2ni. ,=mition statement is based on this magnitude has not been associ-e=
i. ,r.i . r S.a >> % .4 r.r .

-4 6 w er . 4- 4.a-.d ryna i the premise that Nre is substantial and ated with any adwrse health efects andm

convincing evidence 'or health risks at the risk is generally considered so be''"'

Pgu, 3 ",8 L" high dose; however, t. low 10 rem, negligible.=d D
%% ,

:ma.rwo.n n. .u my== risks of health effects Mter are too Although the position statement doesv

small to be observed or art Ex.uxistent. not specifically address the apprepnate-He.hh Physics Buneda BM
M2*ea m Accordingly, the Committee cancluded ness of the LN T model at low doses,

HPS Adminstrative Sardcas that quantitative risk assessmer.t below national and international bodies such as

*@ "''** individual doses of 5 rem y'' or 10 re n NCRP and ICRP should be enmraged
s

"L","iy^R lifetime (above background) should be to further examine the issue. e
,

| F Ax. lubMt>3672.

a.J hp.6wrk.gq3 I
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Health Physics Society'
| Position Statement

| " RADIATION RISK IN PERSPECTIVE * in individuals exposed to small doses (less than 10 rem)
*

Kenneth L. Mossman, Marvin Golcfman, Frank Masse.
William A. Mdis, Keith J Schiager, Richard J Vetter

Limit Quantitatise Risk Assessment to Doses

In accordance with current kno , ledge of radiation healthat or Ahose 5 Rem per Year or 10 Rem Lifetime
risk.s, the Health Physics Society recommends against la view of the abose, the Society has concluded that

quantitative estimation ofhealth risk below an individual estimates of risk should be limited to individuals receiving
dose cf5 rem' in one year or a hfetime dose of10 rem in a dose of at least $ rem in one year or a hietime dose of
addition to background radiatiort Risk estimation in this at least 10 rem in addition to natural background. Below
dose range should be strictly qualitative accentuating a these doses, risk estimates should not be used; expressions
range ofhypotheticalhealth outcomes with an emphasis on of risk should only be qualitative emphasizing the inability
the likely possibility of zero adverse health efects. Ihe to detect any increased health detriment (i.e., zero health
currentphilosophy ofradiation protection is based on the eifects is the most likely outcome),
msumption that any radiation dose, no maner how small,
may result in human health efects, such as cancer and Impact On Radiation Protection
hereditary genetic damage. There is substantial and con. Limiting .e ne of riasatitasive risk assessn ent, as

vincing sdentific evidencefor health risks at high dose. desenbed above, has the following implications for radia-

Below 10 rem (which includes occupational and environ. tion protectson:

mental apasures), risk: of health efects are either too (a) The possibility that health eifects might occur at
small to be observed or are non-existent. small doses should not be entirely discounted. Conse- |

Current radiation protectmn standards and practices are quently, risk assessment at low doses should focus on '

based on the premise that any radiation dose, no matter how _ establishing a rage of health outcomes in the dose range

small, can result in detrimental health effects, such as ofinterest including the possibility of zero health effects.

cancer and genetic damage. Further, it is assumed that (b) Collective dose (the sum of individual doses in an
these effects are produced in direct proportion to the dose exposed population expressed as person rem) remains a

l received, i.e., doubling the radiation dose results in a useful index for quantifying dose in large populations and

doubling of the effect. These two assumptions lead to a in comparing the magnitude of exposures from different

dose response relationship, often referred to as the linear, radiation sources. However, for a population in which all

no-threshold model, for estimating health effects at radia- individuals receive lifetime doses ofless than 10 rem above

tion dose levels of interest. There is, however, substantial background, collective dose is a highly speculative and

scient4c evidence that this model is an oversimplification uncertain measure of risk and should not be quantified for

of the dose-response relationship and results in an overesti- the purposes of estimating population health risks.

mation of health risks in the low dose range. Biological
mechanisms including cellular repair of radiation injury, 'The tem is the unit of effective dose. In international units. I
which are not accounted for by the linear, no-threshold rem =0 01 sievert (Sv).

model, reduce the likelihood of cancers and genetic effects.

'The Health Physics Society is a non.pront scientific organization

Radiogenic Health Effects dedicated exclusively to the prutection of people and the environment
,

fmnundiati n. Sina ks fonnation in IM6, the Society has gwn to
' , '. Have Not Been Obscrsed Below 10 Rem

- rnore than 6,800 scientists, physicians, engineers, lagers, and other
Radiogenic heahh effects (pnmarily car.cer) are observed

.e
pmfessionals rerruenting *cademia, industry, govemment, nanonal

f', in humans only at doses in excess of 10 rem delivered at laboratones, trade unions, and other organizations. The Societis,

'

high dose rates. Pelow this dm :stimation of adverse objective is the protection of people and the environment from
health effects is speculative. Risk estimates that are used unnecmary upone to radiation, and its concei , is understandir g.

evalua ng, an e ntm ng he % fmm radiation upome re!ameto predict health effects in exEOsed individuals or EOpula-
to the bencSts derived from the activities that produce the espesures

tions are based on epidemiological studies of well-defined Ofncial Pos tion Statements are Prepared and adopted in accordance
populations (e.g., the Japanese survivors of the atomic with canda d policies and procedures of the Society The Sme v
bombings in 1945 and medical patients) exposed to rela- may be contacted at: 1313 Dolley Madison Blvd., Suite C.

tively high doses delivered at high dose rates. Epidemiolog. Met can, VA 22101: Telephone- 703 790-1745, F AX '0.t N
26'2; e. mail hrsburkmrtanol com *

ical studies have not demonstrated adverse health effects

3
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Reactions to HPS Position Papor

i.

Risk Position Statement Conflict in HPS Society Risk Position Paper

Endorsement Not Unanimous
James L Watson, Jr.
ChapelHill North Caro"na

C.E. Roessler. Ph.D , CHP
Member, HPS Board of Directors. 1993 96

he Health Physics Society position statement titled
E/ys<an, Minnesota

" Radiation Risk in Perspective" was published in the
March 1996 HPS Newslener. His position statement cor-

K is in regard to the IIPS Position Statement "Radi. rectly notes that there is evidence for health risks at high1 ation Risk in Perspective" that appeared in the
radiation doses, but at low doses risks of hedh effects

March 1996 HPS Newsletter. He members of the Scien.
are either too small to be observed or are non-existent.

tific and Public Issues (SPI) Comnuttee should be ac.
knowledged for the hard work and many hours that went However, ponions of the position statement imply that if

health effects are not observed, they are non-existent.
into formulating a statement on this extremely important
end highly controversial issue. However, I would like to

This ignores the possibility that health effects may have
occurred, but were too small in numbc. to be detected.

emphasiu a point for the readers who may not be ferrut.
iar with the IIPS position paper process it general and He most conspicuous example of this is the statement

that, 'Below these doses (referring to 5 rem ie one year
the background of this paper in particular, or a lifetime dose of 10 rem), risk estimates should not

The statement was developed and adopted by the SPI
Committee (as identified on the author by-line) is accor. be used; expressions of risk should only be qualitati$e

dance with the HPS Rule for the Committee, ne state. emphasizing the inability to detect any increased health

ment was reviewed by the Board at several draft stages
detriment (i.e., zero health effects is the snost likely out-

*

and was made available to the Board prior to release. mine).
Even if non-aro health effects exist at low doses andHowever, the Board has not taken an official position. In

if the number of effects is correctly estimated by extrapo-
mformal discussion, there seemed to be majority concur.

lation from data at high doses, many studies a re not capa-
rence but the statement does not have unanimous concur. ble of detecting those effects. When effects are not de-erence of the Board,

tected, it is unknown whether or not they exist. To sup-

Pod a statemut that *zem health effects is the mostResponse to Roessler Letter likely outcome" from exposure at low doses, it would be
necessary to estimate the risk at those doses. His con-

Kenneth L. Mossman flicts with the recommendation that risk estimates should
SP/ Committee not be used for low doses.
Scottsdale. Arizona

A later paragraph in the position statement is, in my
opinion, more appropriate. It states that, 'The possibility

By Rule 7.1.24, HPS Board of Directors approval ofthat health effects might occur at small doses should notan HPS Position Statement is not necessary. The
rule simply requires that statements prepared by the Sci- be entirely discounted. Consequently, risk assessment at

enufic and Public Issues Committee be transmitted to the
low doses should focus on establishing a range of health

Board prior to release to the membership (via publication
outcomes in the dose range afinterest including the pos-
sibility of zero health effects." Here is uncertainry re-

in the Newsletter).
At an informal meeting of the Board held on Monday, garding health effects at low doses, and that uncertainry

8 January 1996 President Mills discussed the position
should be stated. It is incorrect to imply that we are cer-

statement and asked for unofficial endorsement by the tain that health effects exist, or to imply that they do not
*

Board. Chuck Roessler's was the only negative vote. e eust because thcy were not detected.

Come now, and let us reason together.

- Isaiah 1:18
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An EPA Response to Position
high doses and dose rates as the efficiency of repair de-Statenient of the Health Physics creues; However, buta epidemiotopc4 data indicate

Society: Radiation Risk in Perspective 8Ppmximate lineenty in the dose runn3e for solid tu-
mors; consequently, there is no basis for expeenng a

./crome Askin, Ph D. rge nducnon in the nsk per unit dose at lower doses in
o// ice of RacFation andIndoor Air, U.S. EPA humans. An in-depth review of the influence of dose and

dose rate on stochastic effects of radiatien has been con-

The llealth Physica Society (HPS) position statementducted by UNSCEAR, whse concluded that the risk may
" Radiation Risk in Penpective" dismisses the tradi- a P fact r f r doses below 20 red

tional reliance in radiation protection on the linear, non- r dose rates below 0.01 rad min , but that the DDREFd

thruhold axdel and recommends that risks not be quanti- um8n8 *PPean to W cluite lom about 2 for leukemialn

fied at low doses. It is EPA's view that the ilPS state- Pproximately I for most solid tumon (UNSCEAR

ment is senously deficient in scientific justification, logi-
.

*

cal coberence, and clanty, and that the substance of the A u als recemly n ewe the evidence
statement stands in sharp contradiction with recommenda- Penaining to a pouMe WicM :.Cect of ndistiu at

la ses A A hwgh & WSCEARtions from consensus committees established by NCRP
ICRP, UNSCEAR, and NAS. Implementatieu of the HPS # ** **** f".)d evidence for a protective effect (*sdap-

e mPonse of tw4ose ndiation in some cellklarrecommendadon would be unacceptable to exposed work-
ers and members of the public and would effectively re- systems, likely resulting from induction of a DNA repair

move much of the bsis for rational decision making Process, they found that: "[t]he presence of an adaptive
m e nt mm em 8KPen-about radiation protection.

De HPS paper states that, below 10 rem, n. ks of ments in mammalian organisms in terms of reduced tu-
s

health effects are either too small to be observed or are mour nduction. De low statistical power of the epidemi-
ofnon-existent. His neglects the epidetmological evidence studio dso pm a h staw a b p

for childhood cancer induction by m utero doses as low ence of an adaptive response in humans exposed to low

as 12 rem. For chrome dose rates of the order of natural dom.* Hus, the significance o% adaptive mponse in
backgmurd, direct evidence of human health effects from cell preparations to human risk estimation is highly spec-

low dose irradiation is indeed lacking. Ginn statistical ulative. De UNSCEAR report states that "it would be

and other methodological limitations to epidenuology, premature to conclude that cellular adaptive responses

this may always be the case. Dere is, nevertheless, could convey possible beneficisi effects to the organism I

strong circumstantial evidence that low-dose radiation can that would outweigh the detrimental effects of exposure."
g ,.ssive revi of & la dose inue hu benincrease the risk of cancer and that the nsk per unit dose 1

at low doses and dose rates is not dramatically lower than published by the NRPB (NRPB 1995). Deir conclusions,

what is observed to populations receiving an acute high cited below, are diametncally opposed to the HPS posi-
g;

dose exposure.

It is widely accepted that carcinogenesis is a multi- .. data relating to the role of gene mutations in tumori-
stage procen in which a single cell gives rise to a tumor. genesis, the mmoelmal origin of tumon, a ed the nla.
Mutation of the cell's DNA is required in one or more of hon 8hi between DNA damage repair, gene / chromosomalP

the steps leading to malignancy. Since cancer is a com- ln* P asia am weH estaWsW W Wymutata an

mon disease, it is obvious that the background rate for consistent with the thesis that, at low doses and low done

each of these steps is not zero. It is therefore expected rates, the risk of induced neoplasis rises as a sirnple func.
tion of dose and does nca have a DNA damage or DNA

that any exposure increasing the rate of somatic tnutations
repair related threshold like component. Whilst adaptive jwould increase the risk of cancer. Here is compelling responses or other protective mechanisms may influence '

evidence that radiation is mutagenic down to the lowest the nsk of tumour development, they do not provide a
doses. It appears that clusters of ionization generated by sound basis for judgement that tumorigerde response at
even a single electron track are capable of producing kw doses and low done rates of radiation is likely to have
DNA damage that is not faithfully repaired with 100% e n n-linear component w;hich might result in a done
efficiency (UNSCEAR 1993). He HPS committee fails threshold below which the nsk may approach zero. These

to recognize that the existence of repair does E.(imply a mechanistic studies, in addition to the epidemiological
,

threshold, or even a nonlinearity in the dose response at informadon, indicate that for radiation protection pur.

low doses. poses there is little basis for arguing that low radiabon
doses tabout 10 rnGy) would have no associated cancer

it is reasonable to expect nonlinearity at sufficiently nsk and that, in the present state of knowledge, it is ap-
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propnate to assume an increasing nok with increasing Report No_121. NCRP, Bedeeds. MD; 1995,
|
r done. Nabonal Radicicg. cal Protection Board. Risk of radia6on-induced

cancer at low doses and low does rates for radiation praection
i The HPS position also suffers from imprecision in lan- purpoeci NRPB. Chahon, Didcot. Oson OX11 ORQ.1995
I guage and apparent internal inconsistencies. On the one Un8ad Nata = kenune Commenee on the Effects of Alorruc Radi-

hard, it recornmends nsks not be quantified at low doses; au n. Sourtce and effects of ioning radia6on. UNSCEAR 1993

on the other, it acknowledges .[t]he possibility of health Report to the General Assembly. Uruted Nabons. NY; 1993. '

Unsed h Scienunc Comr . see on the Effects of Atornic Radi-effects at small doses should not be entirely dis- anon Sources ard effects of ionidrig radia6on. UNSCEAR 1994 )counted.. * and recotnmends that " risk assessment at low Report to the General Assembly. UrutedMicma, NY; 1994 a 1

doses should focus on establishing a range of health out-
comes in the dose range of interest including the possibil- Observations Offered on Statement
sty of zero health effects." It is unclear how one estab-
hshes such a range without quantifying the potenti ! risk. Jerry J. Cohen
Another point of confusion is that, in places, the HPS Walnut Creek, Cs/ifomis
paper seems only to suggest that, because epidemiological i
studies lack power in the low dow region, we cannot egarding the HPS Position Statement on " Radiation
confidently estimate risks there, but elsewhere it makes 'sk in Perspective" (March 1996 inue of HPS
the somewhat ambiguous claim that, for low doses, "zem Newsletter), I would like to offer a few oburvations and |
effects is the most likely outcome," which would seem to questions. I b 'ieve the recommers!. tion to limit risk as-
imply strong evidence for a threshold- sessaent to doses above 5 rem in one yt r or a lifetime,

{ A major use of collective dose calculations is to pro- dose of 10 rem reflects sound science and logic.
t vide a measure of benefits (from dose reduction me** Although the recommended practice would be in the

sures) that can be weighed against c;sts. Dispensing with best public interest, I somehow doubt that it will be ;

the collective dose measure would undermine the use of warmly received by regulators or radiation advisory
cost-benefit (ALARA) considerations in radiation protec- groups. However, the discussion on implications in the
tion. According to the HPS approach, a 9-rem lifetime position statement falls short. Unless I am missing some-
done to each of 100,000 people is no worse than the same thing, it seems that general acceptance of the recommen-
dose to a single person. The NCRP recently published an dation and its implementation would constitute nodting

; evaluation of the collective dose issue (NCRP 1995) and less than a major upheaval in current radiation safety
l drew conclusions opposite to those of the HPS. The practice. Some questions related to the statement ass:

<

NCRP recommended that all doses be included in collec- 1. What happens to ALARA? Current policy limita al-
tive dose calculations, no matter how small. Iowable doses to levels (below 5 rum y ) where, ac-4

Included in a footnote to the HPS position is a brief cording to the position statement, risk assessment
statement of the organization's purpose: would be invalid. In ICRP guidance, dose optimization

(ALARA) requires a consideration of collective dose
The Society's objective is the protection of people and the and risk assessroent. Should ALARA be abandoned? If
environment from unnecessary exposure to radiation, and

not, how would it apply?
its concern is understanding, evaluating, and controlling L PMM f dl mW pmpoudthe riska from radiation exposure relative to the benefita
derived from the activities that produce the exposures. di g i d e d e n

far less than 5 rem in one year or a lifetime dose of 10
Unfortunately, " Radiation Risk in Perspective" repre- rem. Are societal concerns regarding radwaste dis-i

! sents an abandonment of these ideals in pursuit of an illu- posal unwarranted?
sory objective of convincing the public that no risk can be 3. Should clean-up efforts at contamitated sites be aban-
attnbuted to low-dose radiation. doned in cases where predicted dose consequences are

h is the EPA position that, so long as the uncertainties well below levels where valid risk assessment could be
are properly assessed vi commumcated, quantitative performed?

| nsk estimates at low doses serve a legitimate role in de* 4. In focusing on health consequences in the low-dose
; ciding policy and in providing perspectise for the public. range, shouldn't we consider both positive and negs-

tive effects in addition to the possibility of zero ef-
fects? Given that we don't really know the nature and,

References extent of these effects, how can the results of this No-
Nanonal Council on Ra&a6on Protection and Measurements Pnn' sideration be applied in decision snaking? 8

ciples and applicanon of collective doec ut rn& anon pruection ..

.
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Concerns Expressed sources
About Position Staternent of uncertaig i% minry in the

dose-rupone mudel. His practice represents th" 5t*t*I
the art in quantitative nak a= lysis (NRC IW4a and

F. Owen Ho// man, Ph.D.
1994b. NRC 1995, NCRP m pren). ne presence of un-Oak Rdge Tennessee
certainty should never be used as a rusce to preclude the/uhan Apostosei, M S.

Cat R4pe, Tennessee calculation of risk unlen the tnse nsk is known to be
zero with absolute certainry.

| c would like to express our concerns about the g,g
recently issued Health Physics Society's Positios

'

Statement on " Radiation Risk in Perspective" (Mouman Com R.1995. ICRP Commme h Sepamber 1995 rneeung. Na-
tional Radiolosical Pnacuun bliedn Na E15-18.

et al.1996). Comnuttee 1 of the laternational Comminion Imarnaumal Commusim m Radiolosal Prutecuon 1991, 1990
on Radiological Protection (ICRP) has recently reviewed '" Aatm of the imemaamal comma. ion on Radiologi-
the current evidence for the shape of the dose-resp use al Pr Wu n. ICRP Publica6on 60. Pergamon Press. Otford.

relationship at low doses and unanimously concluded that Kocher. D.C. and Hoffrnan, F.O.1991. Regulanns environmeraal
carcinogens: where do we draw the hne? Environ. Sci.Technol. Ithe linear dose-response relatiomhip continues to be 25 (12):19th!989.

assumed for purposes of radiation protection (Cox 1995). Mamman, K.L.; Goldman, M.; Muse, F.; Mills, W.A.; Schinger,
Ustng ICRP recommendations for the nominal probability K.J.; Vauer R.J.1996. Radia6on nak in perspective. Health
coeWicients for stochastic effects (ICRP 1991, Cox 1995)* "[Il '"

N R i smen in riska 10 rem effective don would be equivalent to a lifetime
aseen.med. National Academy Prus, Wuhington, D.C.

risk (detriment) between 3.7 x 108 and 1.5 x 108. nas Neuonal Research Council.1994b. hilding consensus through risk
is comiderably higher than the 10d to 10d risk range typi- '"*" mea and managemers of the Departrnera of Energy's Envi-

|cally assumed for the tegulation of environmental carcino- mnmeNal Rarnedane Pmgram. Nadonal Acaderny Pres Wash- i

gens (Kocher and Hoffman 1991), ington, D.C.

Furthermore, we do not agree with the assertion made Naamal Reseanh Council.1995. Radia6on dose reconstmetson for
ePidemiolosic uses. Na6onal Academy Press Washington, D C.

in the Health Physics Society's Position Statement that Nanonal Council on Radiation Protection and Measuremesa in
radiogenic effects have not been observed below 10 rem Press. A guide for uncertainry analysis in does and risk aneces-

effective dose. Ron et al. (1995) clearly show evidence **"* n t awimnnunal e manunau n. NCRP Cornmen-
,,,y g,

of a statistically significant linear dose response relation- Ron. E.; 1.cbin, J.H.; Shore, R.E.; Mabuchi, K.; Modan, B.;
ship for thyroid cancer that holds for dous even below Pottern. L.M.; Schneider, A.B.; Tucker, M.A.; Boice, J.D. Jr.
10 rad to the thyroid. Using a quality factor of 1 (x-ray 1995. Thyroid cancer after expo un to external radianon: a

therapy)and a tissue weighting factor of 0.05 for the thy- (j*d g'ysis of mven aud h Radiana Romanh
,

rtad gland, this translates to an effective dose of 0.5 rem, .

which is considerably less than the asserted epidemiologi-
cal threshold in the Health Physics Society's Position Criticism of the HPS Position Statement
Statement. Fi$e of the uven epidemiological studies con- " Radiation Risk in Perspectiv *
sidered in Ron et al. (1995) have a mean dou to the thy-
roid that is equivalent to an effective dose lower than 10 Paul S. Stansbury
rem. For the case in which x ray therapy is given to chil- #88co W88hington
dren suffering imm tinea capitis, the mean thyroid dose
was 9 rad (range 5 to 50 rud), or an effective dou of he " Radiation Risk in Perspective' Position State-
0.45 rem (range 0.25 to 2.5 nm), ment attempted to be brief and understandable to the

Finally, we would like to state our objection to the lay reader, but it has serious flaws.
recommendation made in the Health Physics Society Posi- De first is its title, it is misleading. He paper is not
tion Statement that quantitative estimates of risk should about perspective, "the interrelstion in which a subject or
not be extended below an effective dose of 5 rem per its parts are mentally viewed" (Webster's Ninth Colle-
year or 10 rem in a lifetime because of the presence of giste), Instead it discusus *Lamiting the use of quantita-
high uncertainty about the shape of the dose-response tive risk assessment . . . (fifth paragraph), quite a dif-

*

model below the limits of epidemiological detection. We ferent subject.
contend that as long as risk is suspected, it can be quanti- Second, it incorrectly states that "[b]iological mecha-
fied provided that uncertainty in the risk estimates is also nisms . . are not accounted for by the linear, no thresb-
disclosed. In this case, the analpis should include all old model.a ne NCRP specifically recommends a dou
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rate effectiveness factor of two until more is known about Opposition to HPS Position Paper
'the complex process of multistage carcinogenesis * Radiation Risl: in Perspective"
(NCRP 1993).

bst and most significantly, the Position Statement Danie! / Strom, Ph D., CHP
recommends th t nsk estimates of radiogeruc health ef- Rich /and. washiopron
fects that are less than observable should not be used.
Why no:? We use information about a sample with radio- rfhe Health Physics Society's March 1996 Newslener
activity that as less than detectable, even negative. A 1 contams a Health Physics Society Position Statement
mean of worker Joses can be inferred from analysis of . Radiation Risk in Perspective" (Mo sman et al.1996). I
the results above the minimum detectable even if the dingru with the Statement, and feel it will harm the
mean itself would be undetectable. Such a measure is cadibility of the Hulth Physics Society (HPS) as a radia-
often useful in showing the success of ALARA efforts. tion protection organization.
When an expectation value desenbing the frequency of an The Statement does not distinguish between expecta-
on-off or yes no event is less than 0.5, it is true that the tion values of risk in a population aM health outcomes
most likely value is zero, it does not mean that such an for individuals. He statement *zero health effects is the
expectation number has zero value. most likely outcome" is even true under the linear, no-

The problera with expectation values desenbing low" threshold model for a population in which the collective
level doses in a large population is their misuse in risk dose leads to an expectation value of <0.5 cancer. The
management decisions. For example, an expectation of statement "zero health effects is the moet likely outcome'
O.15 cancer deaths (3 person-Sv) is often viewed as is also true under the linear, no-thnshold model for any
"three times better" than an expectation of 0.45 (9 person- individual. If one accepts a cancer risk of 5 percent per |
Sv). It is not always true that three times as much money Sv, then to have an expected probability >0.5 for an in- f
should be spent to cause that thnefold reduction. Smoke dividual cancer requires 10 Sv. If the Statement means >

detectes caused 8 person Sv in the U.S. in the 1980s that 'the most likely outcome of exposing each of the 1

(NCRP 1987). Would smoke detectors that cost thre* U.S. population of 263 millico persons to 5 rem (above |
timea as much but caused one third of the population dose background) is zero health effects,' it should state that !
be worth it? Of course not, but one better not ask public rather than implying it. I personally do not believe that
opinion, aided by the media, courts, and juries to make depositing 900 x 10' joules of ionizing energy (0.05 J
the deciJon. Often, it seems society wants to spend 30 kg'' x 70 kg x 2.63 x 10') in a group of people will I
times as much to reduce threefold an already low risk. have the "most likely outcome of zero health effects."

Using (or misusing) nsk assessment values is where nere may be zero health effects, but we do not base re-
the HPS needs to make strong, clear, and scrupulously distion protection on 'maybe it's safe.'
true statements. As much as I admire the individuals who The Statement does not distinguish between science's
put together the Position Statement, I have called some ability to detect effects anxi whether there are effects. No
Board members about this one. one who has studied statistical inference, as applied to |

counting radiation events in a detector in the presence of |

His letter expresses my own opinions and conclusions, background radiation, doubts that there c be radioactive !

and may or may not be the views of the U.S. Dept. Of material present in a sample that canno: ;4 distinguished

Energy, the Pacific Northwest National Laboratory, or from background. ne difficulty of detectiog it increases

Battelle, as background increases his understanding that 'some-
thing may be present but one can't detect it' is not ap-

- plied to the minimum detection limits of epidemiology in
the Statement, insofar as it does not distinguish between

onal Couned on Radiation Protection and Measurements the conclusions that 'one won't be able to detect any ad-.

(NCRP). Radiation exposure of the (LS. population from con,
surner products and truscellaneous sources. Report No. 95; verse health effects' and 'there are no adverse health ef-
Betheada. MD. NCRP Publicauons; 1987. fects.' The former is true; the latter is unknown. There

Nanonal Couned on Radiation Protection and Measurements may be adverse health effects that will never be observ-
WCRP). Risk estimates for rsdiation protection. Report No. I15; able epidemiologically (NCRP 1995; Cox 1995). This
Bethesda, MD NCRP Publications; 1991 e

doesn't mean that those health effects are not real, and

9
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that efforts should not be made to avert thetn. Given the
enormous background of cancer (over 30 percent of peo- I offer the following in place of the Staternent:

ple get cancer and nearly 20 percent die of cancer; Na- 1. IAw doses of radianon (below 5 rem) ar, very un-

Donal Research Council 1990) and bentable ill health (3.3hkely to cause health effects in any single expo **d
individual. If receise4 by escry member of a largepercent of live births have untowi ,' outcomes with a ge-
population, low doses of radiation may or gnay notnetse component; Brown and M ..i.all 1993) in human
increne the incidence of cancer aM bentable til healthpopulations, numbers of real adverse health effects that in such populat ons.

are significant from a public health standpoint may never
be detectable, unless a unique signature for radiation in- 2. If such radiadon-induced increases in incidence of c8n-
duced health effects is identified, cer and heritable ill health do occur, they would not be

In th. context of the basis for current radiation protec- observable in human populations by standard public

bon standards, the statement " doubling the radiation dose health rnednis because these increases would be small
when compared to the enormous natural incidence of

results in a doubling of the effect"is simplistic and con-
these effects in the absence of additional radiation ex-fusing, sirwe it is neither true for deterministic effects not posure,

for stochastic effects (cancer or heritable ill health). The
statetnent is only true for the probabilities of stochastic

3. Despite the fact that such possible increases in inci-

effects in populations. De statement should read * . . dence of adverse health effects are not directly observ-

results in a doubling of the risk of the effect" or * able, the current state of knowledge cannot rule them

results in a doubling of the likelihood of the effect." out, and there are many reasons to believe that they do
.

The staternent *[bliological mechanisms including cel- occur. Such nonebservable effects may be real,large

lular repair of radiation injury, which are not accounted enough to be of concern, and of sufficient impact to

for by the linear, no-threshold model, reduce the likeli- justify sorne expenditure of public and private fuds to

bood of cancers and genetic effects" is unsupported. I am minimite or manage their occurrence. Such expendi-

unaware of evidence in the peer-reviewed scientific liter- ture is particularly justified when the radiation expo-

ature that repair reduces the likelihood of genetic effects
sure is imposed on members of the public who neither

in humam, the criterion the is used in the next paragraph
control nor benefit from it, and for especially suscepti-

of the Statement. De dose- and dose rate-effectiveness
ble subgroups such as those with compromised im-
mune systems,

factor (DDREF) is used in the linear, no-threshold model
(for cancer) to account for repair (NCRP 1980).

4. In the face of the uncertainty about effects of low

The statement "[t]he possibility that health effects doses, those who hold the public trust for radiation

might occur at small doses should not be entirely dis- protection choose to err on the side of safety by as-

counted" ituplies to me that one can or should at least suming that any increase of radiation dose brings an
increase in likelihood of adverse health effects. Thisparnally dis:ount such a possibility his simply does not
assumption is unlikely to underestimate radiation risks,follow from the ptreeding material in the Statement. The

word " entirely * should be removed, aM may well oserestimate them. His assumption also
leads to a philosophy of keeping doses as low as res-

I am dismayed that the ideas of ' prudent" and *conser-
sonably achievable (ALARA), keeping in mind the

vative,* which have been used in the face of uncertainty costs, fecibility, and social values associated with
(that was acknowledged even in the Statement), seem to dose management,
have been discarde! This contradicts recommendations
of ICRP, NCRP, UNSCEAR, NAS BEIR Committees,

5. Society should not squander resources, public or pri-
vate, attempting to reduce radiation risks to zero.

and the United Kingdom's National Radiological Protec- Dere are many opportunities to improve public and
tion Board (Cox et al.1995), I do not find that the State-

worker health that are more cost effective than somement justifies its contradiction of the well rtasoned rec- present and proposed radiation protection activities.
ommendations (supported by references) of those bodies.

De linear, no-threshold model should not be applied
For the above reasons, I personally do not support the

HPS Position Statement " Radiation Risk in Perspective."
without a quantitative evaluation of the " reasonably" in
*as low as reasonably achievable," which considers

More aa:t more,it seems to me that some members of the these other opportumties.
HPS speak as if' radiation protection" means ' protecting De opinions expressed here are entirely my own, and
radiation's good name' rather than protecting humankind may or av.y not be the views of the U.S. Department of
and the environment from the harmful effects of radia- Energy, ne Pacific Northwest National 1.aboratory, or
non. His Statement seems to have the tone of the former Battelle.
mesmog.
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Refutixes position statement should not be calculated unless doses
Browri, R S ; Marah'E K Ad**^ce* 'n 8'ac(* inform * Loa ^ are greater than 5/10 rem per year / lifetime. ne state-guide for state Policy makers 2nd editrn L4xagton, KY The

Couned of State G) verr. menu; IW. i lies stedly that health effects are negligible
Cos. R , Mutr+ sad. C R.; Stather. J V A*ards. A A.; Litt!c. at low doses, since we can not measure the effects, which

M P R2sk of rad.anc* induced cancer at low doses and low doec sounds more political than scientific,
rates for radation prouxtaon purpoeca. Documents of the NRPB lt is my opinion that scientists should quantify and cK-

* * U * " "I '0* *M es n L G31dman. M , Mamed, F X.; Mdle. W A.; *

Sch2ager. K J ; Vater, R.J. Rad.abon nak in pecepecuve Health are small, but they should be quantified and gwen statisti-
Physics Society New.lcaer. 24(3):3, 1996. cal confidence intervals. To simply state that "since the

National Couned on Radiauon Proucuon and Measuremenu effects cannot be measured, they are of no concern" does
(NCRP). Influence of does and its distnbution in tirne on done- not help science and causes a loss of credibility with the
responac relabonsh). 'or low-LET radiauons Report No. 64;
Betheeda, MD: NC- ublicat ons; 1980. pgc.

National Council ,on Radiation Protection and Measurements A large mmbr of my colleagues have expressed simi-
(NCRP). Pnneiples and application of collective dose in radiation lar reservations to the position statement. Since this state-
protection. Report No.121; Bethesda, MD: NCRP Publicanons; ment should reflect the views of the society as a whole, I
LM- suggest that it be modified to address the concerns dis-

Nauonal Rescanh Council Health effects of exposure to low levcis
C"' *of ioninns radianon (BEIR V). Wash ngton, DC: National Acad.

emy Press; 1990 e

ReferencesObjection to the "Radiatioci Risk Ca,di,, g,; oijbert. E.S.; Carperser L.; Howe, G.; Kato, l.;
in Perspective" Position Statement Armstrong B K; Beral V.; Cowper 0.; Douglas A.; Fia, J.; Fry,2

S. A.; Kaldor, J.; Lave, C.; Salmon, L.; Smith P.G.; Voelz,
Darryl Kaurin G.L.; Wiggs, L.D. Effects of low doses and low does reses of
Piscataway, New ./ersey enemal ionizing radianon: cancer mortality among nuclear indus-

try worksrs in three courance. Radiation Reseanh. 142:117 132;

Iappreciate the tremendous effort, aptitude, ad enthusi-nal Commimion on Radiological Protecuon (1CRP). Roc-
asm of the Scient fic and Public Issues Comnuttee in ommendations of the ligemadonal Comminion on Radiation Pro-

developing the " Radiation Risk in Perspective" Health tamian. Pergamon Press, NY. ICRP Publicanon 60, Annals of the
Miysics Society Position Statement. I have applauded pre- ICRP; 1991,

vious position statements and the efforts by our leaders Nanonal Reseanh Council. Comminee on the Biological Effects of
I nizin8 Radiadon Health decu on populade of upoem tosuch as Kenneth Mossman for influencing the affairs of low levels of soruza;ng radiation (BEIR V). Washingt n DC: Na-

the national government in issues relating to radiation use tional Academy of Sciemes; 1990. e

and safety. I do, however, have very strong objections to
the most recent Health Physics Society Position State- A Challenge to ICRP/NCRP
ment- Regarding the Linear Hypothesis

That radiogenic health effects have not been seen in
humans at doses below 5 rem is not true for the develop- A. N. Tschaeche, CHP
ing fetus (BEIR V,1990, p.353). Hat low dose rates are /daho fa//s, !#aho

much less effective than high dose rates is tme in most
cases, but Cardis et al, (1995) show that doses accumu. { rom all of the recerat discunion about the Linear Hy-
lated over the years in radistion workers result in leuke- A pothesis (LH), low-dose radiation risk, and regula-
min (excluding CCL) risk estimates similar to those de- tory requirements for ALARA, I think i perceive a pat-
veloped from the high dose rate A-Bomb survivor data. tern emerging. Dere are two camps into which most of

Other objections to the staternent include the follow- those who have communicated about these subjects fall,

ing. While the poution steemet.: claims to avoid choos- One camp fully, aM without reservation, supports the LH

ing between the Linear-No-Hreshold model and an alter- and all ofits corollaries (ALARA and collective dose) for
native in the " Guest Editorial," the statement effectively all purposes (e.g., stardards snting, representing realiry,
assigns a tioeshold of 5/10 rem per year / lifetime. He legal maters, communicating with the public and legisla-
omission of ALARA implies a departure from use of the ton, developing risk numbers). I call that camp the "sup-

concept, or a threshold action linut for ALARA controls. Port camp * or *SC" for short. He other camp rejects the

Effective doses calculated using risk-based tissue radia. LH and its corollaries for any purpose. I call that camp
tion weighting factors given in ICRP-60 (1991) under the the " reject camp" or "RC" for short. He recently pub-

;i
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HPS News /sPfer

hsbed HPS position paper on * Radiation Risk in Perspec-
NCRP memben also agree and will take appropnate ac-

ove" rejects the LH for developing risk numbers below 5 tion to revise their recommeMativus,
rem per year or 10 rem per lifetime. I might gws, if the
HPS were pressed, it could extend that rejection to all
other purposes. References

*

The RCs reject the LH because there are data (Cohen, Cohen, B L Tests of the linear no4hreshold theory of radiation
'Evans, Muckerheide) that demonstrate its falsehood. In **'' '" 8 *"** 's t inhaled redon decay products. Health Phys-
.

the scientific method, it only takes one piece of data t '

Eva . radium standard for boneseekers - evaluation ofdestroy a hypothesis or theory. He RCs fear the enor-
the data on radium st2ents and dial punters Heskh Phys.

mous cost with no measurable benefit of the regulatory 13(3):267-278, 1967.
application of ALARA and collective dose to environ- Evans. R D. Radium in man. Heahh Phys. 27(5): 497;1974.
mental cleanup and decommissioning and decontamina- Evans. R.D. Inception of standards for internal enutters, radon

;

rs iunt Hea h Phys. 41M374as; 1981.
|tion work. %ey fear the public's E'rception that there is an

HPS Newslener. 12:11 1995
no dose without risk will result in the death of the nuclear

Muckerheide J. The Heahh effects of low level radiation: sci-i d ustry,
ence, data, and corrective action. Nuclear News. 38(11):26 34;

,

The SCs believe in the LH because the existence of a 1995. e |

threshold for low dose effects is not proven. The SCa
fear unknown consequences if the LH goes away. For Editor's Note:
example, Strom queries: "What are the consequences if Some thoughts came to mird while I was diligently copy
we're wmag (if we tell the public there are no risks from editing all of the correspondence regarding the linear no-
low doses)?' (HPS Newsletter,1995). The ICRP and threshold (LN T) dose response model, the Society's
NCRP clearly do not want to even think about what " Radiation Risk in Penpective' Position Statement, and this

would happen if their recommendations on standards for Newsletter issue's comments on the Position Statement.
radiation protection should result in any harm to humans. Some people think that the controversy over the LN T

model falls into two camps. Al Tschaeche in his responsela this thought, I agree. -

However, their statement that there MAY be an effect m the Position Statemem calls the camps SC (support camp)

has been corrupted into there IS en effect. The result is and RC (reject camp).

the publi: fe4rs any radiation exposure, no matter how I keep thinking back to two recent Newsletter guest
small. Why can't the ICRP/NCRP take the position that, editorials. In the October 1995 issue, Steve Garry suggested
until haru is demonstrated, doses of radiation below that im much anemim is being placed a the wrong issue- i

some agreed-on numerical value are safe and no re, the linear, no-threshold theory at low doses instead of on

sources need be expended to keep doses below that level? the cost-effectiveness of environmental regulations.
The opposite position (the one ICRP and NCRP take President elect Rich Vetter in his December 1995 guest
now) can never be demonstrated. Harm can be demon, edit rial said: *. . . the real issue is not the validity of the

strated. Which side should we be on at this point when m del but its application and social consequences.'

we know much more about radiation effects than we did Are they not on the right track? We will never have a

50 years ago? And the ICRP/NCRP position has been risk free wodd. It seems that the real issue is not whether
corrupted so that the public fears even the tiniest dose? the model is correct (we may never know that), but how

I challenge the ICRP and NCRP to take everything it is applied and what the social consequences are of the
appl, cat on,into account, including the current public corruption of i

their recommendations leading to public fear of radiation While risks oflow-level radiation can be predicted with

and resulting legal and legislative obstruction of the bene. an LN-T model, many msintain that there is a procucal

ficial use of radiation and radioactive material, the huge threshold at which our resources are better spent dealmg

projected costs for decontamination, decommissioning, with other, more significant risks.

and waste disposal, the hormesis data, and the current Perhaps this is the approach that the SPI Comnuttee was

information on cell repair and radiation stimulation ef- trying to take in their recent Position Statement. Howes er.
|

fects, and revise their recommendations do tnat they can- the Statement has evoked a lot of concern over the
not be corrupted and lead to public fear oflow doses. I rec inmendatin that quantitative risk assessment should

perceive that the ICRP and NCRP recommendations are not be used below a certain level. It seems wo stil; have
tw camps.one of the, if not THE, reason the nuclear industry is

failing in the USA. Do not other members cf the Health is thne a way to contime e upand a these ideas to
,

Physics Society agree? If so, we trust that the ICRP and bring everyone into the same camp?
_

e
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1 Tile LINEAR NO-TilRESilOLD .hlODEL: IS IT STILL VALID FOR TIIEyer

na PREDICTION OF DOSE EFFECTS AND RISKS FRO.hl LOW LEVEL
RADIATION EXPOSURE?

|

l

| ,[' PROCEEDINGS OF A CONFERENCE TO IIONOR VICTOR BOND IN llIS
75Til YEARmi,

! of
let. THE ut:DITY of the linear no-threshold model in radiation Power Employees, etc.)-G. Afaranoski,

'n s, i protection has been the subject of great debate m the (Johns Hopkins University. Baltimore.
ies. scientific community. It is well known that a sery high MD)'

the dose threshold exists for cancer induction with re>pect to 12:15 P.ht. Lunch
wo radium deposited in bone, yet human data for other types II. Energy Deposition Esents and Quantal Cell Re-'

of high and low LET exposures base not been as sponses-Chair. R. Sedow (BNL)*w
ce- I conclusise. For these reasons. experts from both sides of 1:30 P.ht. Track Structure and Intracellular Orga-

i

For the issue were brought together to debate the current nization-C. R. Geard (Columbia Uniter-
.

scientific basis for radiation protection using the hnear gjn. New York, NY)hat
,

.

' the no-threshold model.
. 2:00 P.ht. The Role of Radiation in 51ultistep Car.

me The question of the validity of the linear no- cinogenesis-1. Trosko (Universirv o/Mich-
ion threshold model in radiation protection has been a igan. Ann Arbor. MI)

i
motisating force during a significant part of Dr. Bond,s 2:30 P.ht. Radiation Effects at Low Doses-R. J. M.
long and distinguished career. "Ihis corference was held |

Fry (Oak Ridge National loboratory. TN1 I| ev in order to honor Dr. Bond s lifelong acnievements and -

3:00 P.ht. Coffee Break
'

m/ contnbutions to the scientific knowledge of radiation
3:30 P.ht. Quantization of Energy for Radlobiologi-d health effects and radiobiology.

cal Purposes-H. Rossi (Columbia Univer-
sirs. New York. NY)

51EETING PROGRAh! 4:00 P.51. The Radlobiological Challenges Posed by

3 Nosember 1994 cr dosimetn,-A. Kennn unst. Stra@
enbiologie. Muntch. Germany)

,

| 8:30 A.51. Greetings-N.' P. Samios. Director. 4:30 P.ht. General Discussion
Brookhaven National Laboratorv S:1$ P.51. Ad}ourn

| Objecthe of Conference-E. P. Cronkite

4 Nosember 1994
1. Acute a ong Term Effecu of High and Low-

Doses-Chair. E. P. Cronkite (BNL) III. Silcrodosimetric Concepts and Their impacts
9:00 A.51. Present System of Quantitles and l' nits on Radiation Protection-Chair. L E. Feinende-

| for Radiation Protection-W. Sinclair Na- gen (BNL)
| tiona! Council on Radiation Protection. Be' 9:00 A.ht. The Expression of Biologic Effects |

ugh hilcrodosimetry-M. Varma'

9.30 A.ht. hole-B y Radiation Effects on Human ,
I Beings-Prognosis Based on Sejerity of 9:30 A.ht. Derivation of Hit Size Effecti eness Func.Organ Effects-T. M. Fliedner t t mversit' tion (HSEF) for Diserse Biologic Ef- 1

I -f der r Columbia Unn erun. |
| 10.00 A.51. Ra oe id lo ogy of the A Bomb Sur. g

.Tvivors---W.1. SchulliUniversity of exas. 10.00 A.N1. ' Assessing Biological Effects in Cells
N#""#"' from loniz!ng Radiation in Terms of i

'

1[ ad ide lology of Occupational Relatis e Local Effectiseness and

Groups (Nasal Ship *vards, Nuclear RBE-L E. Feinendegen IBAli |

10 30 A.51. Coffee Break.

! l 00 A.51. General Discussionmin.wm.wsnoo
Cop 3ngni c im Health Phpics Society 11:30 A N1. Lunch

..,

Ii/
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O EFFECTS OF LOW DOSES OF RADIATION

R. J. M. Fry *

_ _ _ _ . - - ~ ~~ ~~ WilAT ARE 1.OW DOSES AND DOSE RATES?
miract-This is a brief resiew of what is known from
ciperimental studies about the effects oflow dows of radiation, With low doses and dose rates the effects of concern
and approaches that might improse risk estimates are dis. are the so-called stochastic effects; cancer and genetic
cussed. The dose response relationships for cancer induction effects. What is considered a low dose or low dose rate
by radiation sary markedly between tinues. The esidence of low energy transfer (LET) radiation depends on
suggests that 1) the inductinn of the initial es ents is dependent the approach taken (see Rossi 1985). For example. if a
on the cell type because the site and'or the number of targets low dose is defined as one in which only one track
and how the cells handte the initiallesions differs bet *cen cell traverses a nucleus it would be less than about 0.2 mGy
typot and 2) there are mark (d differences amcng tissues how
initiallesions are expressed and proceed to osert cancer. The (UNSCEAR 1993).
recent findings about adaptise responses are discuued in the The problem is that the size and number of tarcets~

contest of what they contribute to our understanding about the for cancer induction are not known, but the evidence
response to irradiation. Lastly, the possibility of estending the would suggest that they vary depending on the tissue and
approach of determining "The probability of causation," type of tumor. Of course, much of what this symposium
which Vic Bond played such an important role in estsblishing' is about is how to define the relevant interaction of

energy and the biological target. From the point of view
Health I hys. 7016n821-827t 1996 of radiation protection, there is the pragmauc question

'

Key words: cancert risk estimatest doset radiation effects about the dose and dose rate at which a low dose and low
dose rate effectiveness factor (DDREF) should be ap-
plied. UNSCEAR (1993) concluded that a DDREF
should be applied at a total do>e of 200 mGy. indepen- i

INTRODUCTION dent of dose rate and at a dose rate of less than 0.1 mGy
min-'. These values were based on expenmental animal 4

It is an honor and a pleasure to be here to celebrate with studies. The value of 200 mGy is very much greater than |

you. Vic. I chensh the many years of fnendship that we the value based on the estimate of dose that would result
have had. in approximately a single track traversing a nucleus. The

My charge is to talk about the effects of low doses. differences between ussues make it difficult and perhaps

Some might equate that with being asked to give a unwise to select single values. NCRP in Report 64
reading from the Old Testament. An immense amount of (NCRP 1980) suggested that a low dose w as one betw een
ame has been spent attempting to determine directly and 0 and 200 mGy (20 rads) and a low dose rate was less
to esumate indirectly the stochastic effects of low doses. than 50 mGy (5 rads) y-'
Howeser, the fires of controsersy about the validity of A single value for the dose rate at which the effect
the approaches still cause some heat, if little light. There becomes dependent only on total dose and independent
is the complaint by some that the evidence does not of dose rate can be obtained from investigations of life

shortening.He findings of the most extensac such studysupport a no-threshold, linear dose-response relationship
between dose and effect. By others it is stated that is shown in Fig.1. Up to about 250 mGy d-' th'e

accurate nsk estimates will be made only when we mortality rate can be desenbed by a slope 1 on a log-log
,

understand mechanisms. Perhaps with less sense than I plot (Sacher 19% Grahn 1970). The " day" of irradiauon
should base at my age, I will attempt to review sery lasted about 10 h. and on this basis the dose rate at w hich
bnefly what we know from espenmental studies about the slope of the monality rate changed was about 0 4
the etfects of low doses, or. perhaps as importantly, w hat mGy rmn-'. It is assumed that irradiation throughout the

we do not know. life span did not affect the relationship of mortality rate
.o dose rate. The advantage of using life shonening is,

--

that it gives an integrated estimate of the etteet ot

* Biok.gy Dnmon. Oak Ridge Nanonal Laborarer . P O Bm radiation on total cancer induction. and that is so because
an beiife shortening at low doses and dose ratesM On Ridge. TN 37831 8080.

aranuwers rc<ened 29 December 1994. remed mam m accounted for by excess cancers.
in a comparable study on does exposed to dme utes

"''[$"" $ "'"F"d :o Februan 1996i ranging from 10 to 540 mGy d-', it was found u me
Copyngnt C 19% Health Phym Soaen

.



^

l_-

. , ,,_m- '- ~;;s s.
.

.

.' .

'
824 ,

Health Physics June 1996. Volume 70. Numtier 6

0.1

x * *x in rnice are sery different. It can be seen that in the case storx
of lung cancer. at the lowest doses for which data for ,* mat
cancer incidence were obtained, there appears to be an ' radi
irutial slope that is linear up to at least 250 mGy. w hereas and
in the case of breast cancer no such linear slope can be indi0m -

detected from he single dose response curse. The lowest and
SLOPE 2 dose for w hich there are data for lung cancer is 100 mG).

d 1.93 a 0.02 The number of tracks per nucleus at a dose of 100 mGy sup
$ of low LET radiation is perhaps 100 or so (Goodhead* see'

1988). If the initial lirear slope reflects single track inciR
3 0.001 - ./ events, then the relevant target (s) is much smaller than fun

the nucleus, which, of course, is reasonable. In the case frat0 {' k SLOPE 1 of breast cancer, and based on the same assumptions. mG
,

l

,/ 0.98 a 0.11 e ther the size of the target (s)is smaller than the nucleus '

SPe

/ but significantly larger than in the lung, or there is a ind
/ difference in the number of targets. In the case of breast '

0.0001 3 SP
cancer, the very small linear component suggests a large ti<

sized or a large number of targets. In the case of lung de

cancer, the much larger linear component suggests a very ca
small-sized target and/or a very small number of targets. re

To speculate on wheir these differences are con- ef
0.00001 t i i tietot

sistent with what is known about the targets is difficult do1.0 10.0 100.0 1000.0 because there is so little information on either size or Ic5?
DOSE RATE (cGyld) number of the relevant targets. It is not uninteresting that to t

Fig.1. Log log plot of mortality rate based on rnean after survival BRCA1 gene involved in some breast cancers is a large re.

of nuce exposed for about 10 hours per day at vanous dose rates gene. In the case of tumors of the lung (Ullrich et al. to c
to *"Co gamma rays. Data come from Sacher (1964) and Grahn 1987) and the liver (DiMajo et al.1986), the alpha rate
(1970)- component is large. While the loci have not been

mapped, the evidence suggests that about 85% of the mo
resistance in mice for lung rumors is accounted for by chr-

slope of mortality rate as a function of dose rate was one locus, ptr (pulmonary tumor resistance) (Bloom and clo-
Falconer 1964). Similarly. one locus. Hcs, accounts for

about 2 for non tumor deaths down to 3.0 mGy d'', 85% of the difference in susceptibility for liver carcino.
rest

whereas for tumor deaths the slope was 1. A high fraction
genesis between a resistant and a susceptible mouse

can

of the tumor deaths were due to myeloproliferative
strain (Drinkwater and Ginsler 1986). There is the surs -

ano

disease. In these experiments the mortality rate was
dependent on the accumulated total dose rather than the temptation to suggest that these results indicate the role reg

dose rate (Carnes and Fritz 1993). of a so-called rumor suppressor gene (cell proliferation acts -
suppressor gene would be a more preferable term)in both tote 'It is much more difficult to suggest, based on animal these types of tumor,

expenments, a dose (single) at which a DDREF should
if the targets for induction and their characterization

i

be applied because of the very large differences among are determined for the key tissues, the job of the modeler
tissues. It can be seen in the panel on the right side of Fig. will be made a great deal casier and the models more
2 that the dose-response curves for breast and lung cancer credible. While it should be possible to estimate the

target sizes from biophysical studies, the molecular
,

,
biologists may win the race to do so.

|'* *( 'O.'Mf.%'
, ; g!,] - .

( (i'-/-t" DOSE RESPONSE MODELS Iy, g
-

~ . ~ -.

3* 25|~ The dose response model used frequently for the
*';

g 'o ,, M~.".., .. . -[;* j induction of solid cancers is the so-called linear.s quadratic model. If the model does hold for the induction, , .

s **-
B

of initial esents in caremogenesis then the effect per unn2
~

dose should be equivalent for 1) doses in the range of the,

linear component. 2) multiple fractions of doses in theo s .o o os (o is to
sosinoo oesoso range of the hnear component, and 3) low dose rate

Fig. 2. Left panel: De number of tracks of low LET radiation exposures. If the model can be validated for the inducuon Fig
traversmg a Bam nucleus as a fraction of dose (Goodhead 1988t of solid cancers, as it was many years ago for chromo-
Right Panel ne incidence of breast cancer (upper cutse) and lung some aberrations, it would substantiate the use of low G3

ev
cancer as a funcuon of dose it'llnch et al.1987L dose rate and multiple fractions for estimating the iniua) 0I,

/ /]

- - . - .
iL
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of the dose response cune and. therefore, esti- populatmns which results in sery impreene estimates of

a7 yes at low doses. A companson of the effects of
nsk But there are some populanons who hase beencue iepe

odianon goen m single doses, multiple small tractions.
exposed for medical reasons with multiple small frac-
nons. for example the panents with TB. w ho were'e an low dose rates has been carned out for theM at In these studies. the;ren

naucDon or breast and lung cancer iClinch et al 198h examined repeatedly by tiuoroscorn
concentration was on the quest'' ! mducnon of breastn be

gJ mseloid !cukemia (discussed below l cancer. and until recenth no detailed study of the effech4ey
The appropriateness of the Imear quadratic model is

ncjy gpponed by the tindmgs illustrated in Fig 3 11 can be
on the lunc has been pubhshed, although Daus et al.1Gs

1eah ,een that approumately the same mittal slope for the il989 did report an absence of lung cancer esen with
~

incidence of myeloid leukenua m RFM male mice as a relatnely high total doses from multipte fluoroscopic

funcnon of dose was found for small single doses, with
exposures. How e i1992) has estimated the excess relatnerack

~

tracunns below about 200 mGy and at a dose rate of 50 nsks per Gy to be -0.019 for maies and -0.12 forthan

ons. rnGy d ' ' These results are not surpnsing because a
females in the Canadian TB patients? The expenmentalase

l transkication is msolsed in the data would predict that an effect of fractionaoon would
leus specitic chromosoma be more hkely to be detected in the case of induction of:nduction of myeloid leukemia and a cunihnear re-

lung cancer than breast cancer, and that is what has beenis a
sponse would be expected for such chromosome aberra-
nons. It is of interest that m the expenments of similar

found in the epidemiological studies. The range of' east

lung Jesign carned out on the mduction of breast and lung dose-response relationships found for mduction of cancerarge

dose- by radiation in mice is huge, from threshold responses f orcancer, which apparently have sery different
skm cancer to linear or almost linear for breast cancer.s ery

response relationships (Fig. 2), it was found that the This daersity should discourage generalizations.;ets.
effect per umt dose with low dose rate and small fractionscon.
Jose was comparable, in the case of the lung. fractions of, cult
less than about 200 mGy resulted in a slope comparable ADAPTIVE RESPONSESe or
to that for low dose rate exposures, but in the case ofthat
breast cancer the dose fraction had to be 20 mGy or less The fact that radiation has a stimulating effect on a

arge
to obtam the same effect per unit dose as with a low dose number of biological processes, and that resistance cant at be induced, is far from new (for earlier references see

'pha rate-
These expenments suggest that the linear-quadratic Luckey ;980 and Joiner 1994 for resiew of more recent

'een
model not only desenbes the initial events such as resultn. Under the name adaptise respcnses. rather than

the
chromosome aberrations, but also the incidence of my- hormesis, there has been a surge of interest in the

by
cloid leukemia, breast. and lung cancer in nuce. The molec ilar, cellular, and genetic basis of radiosensttaity

for results lend some promise that the effects of low doses at low doses (Skov and Marples 1994). One aspect o'fand

can be estimated from data obtamed at low dose rates these studies that stimulated interest in the question of
and, more importantly, from data obtained from expo' induced repair is the evidence that the initial slopes of the

ino-

the sures to multiple small fractions. It is this latter exposure survisal runes of cells in virro are steeper than presi-use

ole regimen that is of particular interest because it is char ~ ously detected. This finding is not accounted 4r by the
actensuc of many tndustnal exposures. However, the pres'ence of a hypersensitive subpopulation.Th accepted
total doses are low m, most of the mdustnally-exposed explanation is that the initial steep slope of the survnal

sn

curve changes to a less steep curve because of induced
i

radioresistance. Sinclair (1993) has drawn attennon to
the effect of cett killing on the dose-response cune fori

c= m.mmu.c
the risk of cancer as a function of dose. it has become
cons entional to include a term that takes into account cell

m , , ,

so
,M "Sc" " ' " * - killing in the equation for the dose response relationship

.r 3 _

,/ of cancer induction as a function of dose. It should be
noted that introduction of the cell killing term was based

e'
erroneously on experimental animal data If the idea of a

.

$'oI ,/
,

13 0 ma

dose-dependent sensitivity with induced radioresistancea nucncus , , , o,'~
; ,3 / is correct and applies to human cells m um,it may hase
E / a nucten sic s a

relevance for estimates of risks at low doses. If the kilhng
he 8 / m ucne=s

of cells at low doses has been underestimated, and it the
.

,,

}
,,',!.'9 - ',

_
,

*

assumption that reducing the number of cells at nuar- , 3 c,,

= , g ~ a..- gu:ps
' reduces the nsk of cancer is cotTect, then the mmal

=on ,

nit j slopes of the dose-response cunes for cancer mauenon3

ne Jr * T may be less steep than estimated As is otten the a.e m
,

he 'o i r 3

00$E (GH
ate _

Re i . W
Fht. 3. The incidence of myeloid leukemia in RB1 male mue In a recent pubhcanon G R Howe. Radiatan Wg5,. the esumates of excess relause na per Sies er he.-
esposed to unpe doses. 0-0. I fraeuon of : Gy. traeuon, at I

men relatne nsk model were 0 02 #954 C 1 -o 01 n !
c-o-

Gs. a tract ons of 0 $ Gs 8 tractions at 0 25 Gy. 20 traetmns of

al * o I Gy _. and. at 50 mGy d ' ' --- 90 mGy d - ' and -o 08 W59 C I-010-0 0h t'or temales.a
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dEffect of 7.5 cGy d ylrradiation (dog) the findings have reinforced the belief in multistage
(seed etal.,1982) carcinogenesis. There are at least three important ques. Br:

tions to be addressed. First, what is the influence of
radiation on the stages after initiation? Second, are

: I
effects on so-called mutator genes central to the multi-

|,

' O 5- Celt.S FROM EP 55 nd h Pression of ininal etems? Dird. |Ca
LONG TERM SURVIVORS if the dose-response relationships for the trutial esents/ are hnear-quadratic why are the dose-response relation-d' +

Da: ships for cancer induction in the atomic bomb sursisors
_

fitted best by a linear relationstup? It is important to
_

appreciate that such linear dose response relationships do
not mean that the slopes cannot be decreased when the Di

$ oi _. dose rate of the exposure is reduced.
2 CONTROLS '
9 PROBABILITY OF CAUSATION U"
-o -

h CELLS FROM
Lastly, rernembering the central role that the hon-sHORT Rviv0as[ oree of eis symposium. Vic Bond, played in deseloping C

-

,)a

o oi -

the concept of the probability of caus..: ion, that is the
i

probability that a particular malignancy may have been C
ia

caused by a specified exposure to radiation, perhaps it is 1
p'

an appropriate occasion to address the possibilities of a
new or revised probability of causation. The indicators
that are used currently to estimate the likelihowl of an

,

association of exposure to radiation and the occurrence Joir
of a specific cancer are the dose and all of the factors.

I
, , , , , ,* -

u u u such as sex and age, that are taken into account in the risk i
DOSE.Q estimates for each cancer site made by the NIH Commit- Luc

tee (NIH 1985). The idea would be to add other indica- '
Fig. 4. The survival of GM.CFUs as a function of dose in beagles tors of exposure, especially mutations that are specific to
this have surmed less than 300 d of exposure to 7.5 cGy per day radiation. To date, the only specific mutation that can be igamma irradiauon. o-a, and in those that survived considerably
longer than 300 d of conunuous exposure: 0-0, and in umrra- linked with a specific radiation is a mutation of p53 -

ditted controls: 9-9 (adapted from Seed et al.1982). nduced by ultraviolet radiation (Brash et al.1992). .

However, there have been a number of reports of i
" specific mutations" associated with alpha particle irra- 6
diation. For example, Vuhukangas et al. (1992) and Mar

,

biology, there is the obserse of this coin. In dogs exposed Tayloy et al. (1994) have found "hotspots" in p53, but the {lto protracted gamma irradiation (Fig. 4), induced radiore- mutations found by the two groups are not in the same
, ,,

sistance of hematopoietic progenitor cells develops in exons. But there is some hope that mutations induced by
|

only some of the animals (Seed et al.1982). These dogs Specific chemicals can be distmguished from those '

sur'ive the damage to their hematopoietic system but caused by radiation. Here are also quite different prob-
only to die subsequently from radiation-induced myelo- abilities with regard to the cell type of certain tumors
proliferative disease. Those not developing the radiore- induced by different agents, for example m the lung
sistance die of the effects of anemia. De apparent (Land et al.1993). Soon it may be possible to prepare a
prevention of death from anemia due to induced resis. Profile of a tumor that makes it possible to establish or
tance unfortunately meresses the population at risk for climinate that radiation caused a tumor with a greater
the induction of leukemia at a later time. degree of accuracy than previously. In the field of

The findings that priming doses that are small in radiation studies, Vic Bond can look back with satisfac-

sue, and which are more effective when protracted, tion that probability of causation was just one of his
reduce chromosome aberrations, mutations, and neoplas- many different valuable contributions.

,

tic transformation in virro may be part of the explanation
of the reduction in the effects of radiation when it is ;

protracted. In other words, protraction not only allows acinni,dgments-The research was sponsored by the Offke of Heatui '

and Enstronrnental Research and the Ofnce of Epidemiology and HeaJth
more repair because of the time between depositions of sunediance. L' 5 Departrnent of Energy, under contra,:t DE 4C04-
energy, but also more effective repair. Mitchel (1994) has 540R 1400 m ith Lakheed Marun Energy Systems. Inc it is a picasure m

,

,

shown that there is a higher rate of repair of DNA double uno*kdge the help of C. Monday

strand breaks in cells given a protracted adapting dose.
The hope has been that the study of mechanisms gg.g

would improse nsk estimates. There have been wonder- Bloom. J L Falconer. D. S. A gene with major effect en
ful discoscries about the genes involved in cancer, and suscepubility to induced lung tumors in nuce. L Mil

.

Y

e.w .
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Rao CURRENT MISINTERPRETATIONS OF TIIE LINEAR

NO-T!IRESIIOLD HYPOTHESISa,, ,

J uunteck r
n,Q V. P. Bond,* L. Wielopolski,* and G. Shani'
Plenum

INTRODUCTION'

i. P. J ; estract-Contrary to the " linear no-threshold hypothesis."
Jg. M . which implies that "any amount, howeser small" of radiation THE us, tan no-threshold hypothesis, referred to hence-
I high. energy is a serious cancer threat, it is shown here that only forth as the " linear hypothesis," in essence holds that a)

ggstisely quite large amounts of such energy can pose such a radiation effects Produced with low lesel irradiation can
'

ment of threat to a person or population. Key to doing this is to make a be predicted quantitatiyely by linear " extrapolation"
.

,

-6 #A gharp distinction between the actual amount of the radiation from effects produced with high level irradiation, and b)
agent imparted energy, e, which must be expressed in units of

nsity in joules, and the aserage concentration or density of energy, e/m
any amount of radiation, howeser small, is potentially

Radia ' 44., absorbed dose), whlch is expressed in units of Gy. %ith any harmful. This hypothesis is the core of present radiation
cruular system, e.g, in tissue culture, one can easily adjust the protection policies, principles, and practices.
numbers of cells used at each dose point so that a clearly The purpose of the present communication is to

ounter:
' Radiat. dgnificant number of radiation-induced quantal responses (e.g, challenge seriously the validity of the current approach to

mutations, chromosome aberrations, maugnant transformations. " proving" the correctness of the hypothesis and, thus, the
ces deathi,in the absorbed dose range of about 0.7 to 3 or more validity of the hypothesis itself. It is further shown that.pt for

prog, Gy, can be otmersed. Iloweser, if the number of cells is held radiation protection practices should be viewed and .

|constant as the atmorbed dose is progressisely reduced, a point is molded onty in the framework of a Public health rob-
'

P ;
noched at which no significant cwss is otmervable. This situa. lem, rather than as both a public health and a medical. nented tion is f ,oendy " remedies' by including more cells at that (individual) problem as is now done.

,

'"'
point. utih, of coune, can increase the number of malignant
transformations sufficiendy to render the excess statistically
valid. llowes er, because both axes are expressed in retads e tenns' CONCEPTS, DEFINITIONS AND NOTATIONS

~ the data point, despite hasing gained statistical significance,
Presr' remains at the same locadon on the graph. This gises the false Key to understanding the main points to be made in

impression that no more of the agent energy was added or n eded this communication is to recogmze the clear distinction, radia- to achieve significance. Howeser, if both coordinates are put in
that is being made between the actual amount of energy'

absolute tenns Le., the actual number of quantal responses ss,
k imparted energy, and the same exeirise of "improsing the imparted to a biological subject, e g., cell, organ, organ-

statistics" at lou uposures is attempted,it then becornes esident isms, or population, and a related quantity, the mean"

that any point tiu rendered significant must be relocated r.t a energy concentration or density. The former is defined as
substantiauy higher energy point on the graph. This demon- the imparteci energy, e, in units of joules tiCRU 1993).''

strates 'unequivocany the fallacy in the proof of the "tincar The latter is the energy per unit mass, m, termed thec-
hypothesis" whkh is bened on asent concentradon response absorbed dose, D, in units of Gy.

of, curses and not agent amount. It shows that the smaller the agent The symboh Ne, No and N , respectively, are used
concentration (absoebed donet e/m), the larger the amount of to refer to the number of subjects exposed; the number

OO radiacon energy eat must be added to the system in order to with at least one stochastically receised h.it (dosen and.

demonstrate a radadon. induced response, This suggests a mini- the number responding quantally, i.e., in an either-or
mum aserage ensegy requhment for production of a radiation. fashion with no intermediate gradations. N , the numberattributable cancer. It is concluded that the " linear hypothesis" o

| should be abandonert as the cornerstone of radiation protection of persons with cancer,is a particular example of N . A4
" hit" is an interaction between a single charged particle

| and practice.
i Health Phys. 70i6u877-882t 1996 and an object, here of cellular or smaller dimensions.

during which energy is transferred to the object. Na
Key words: linear hypothesis; tissue sampling; radiation pro. refers to the total number of hits on all exposed subjects

,

tectiom cancer tcells) in an exposed population (Sondhaus et al 1990L7

Linear proportionality in a " dose" response tunetton
* Medical Department. Brookhasen Nauonal Laboratory l'rten. implies that we are in a domain where the etfects of all

NY !19?3. * Ben Gunon l'nnersity, Beer Shesa. Israel hits are actmg independently. This generally occurs onl}.
with small exposures or with larger exposures at lowe stanuscnc, recened 3 rebruan 1995. remed manuser:n *

| ""$,g"|9,M"Pred 5 februarv 19961 rates which, unless otherwise stated, pert.uns to a'1 uch
,

1 .

i copyngnt c iw6 Heaita pnysics saaery functions presented here.
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|
In general, it is recognized that 1) both cancers and 0 05- ^

Fenetic effects observed in a multicellular organ or
organnm are single cell in origin,2) energy transfer from 0 05' ,

a radiation Geld is accomplished in ti form of small.
stochauicallpdelisered discrete packt * f random sue. [ *

a
the summation of which is c 3) the response and the N o a3 1

j

phpical insult presumed to be responsible for or related 8
to the obsersed response. must, unless reasons are gisen Z o.o2
for doing otherwise, be expressed on the same level of
biological organization, and 4) the prime function of o 01-
radiation protection is to estimate the number of excess a

cancers that will appear in an exposed population and to o oc --
00 ois ilo i .'s 20 25 3o JISkeep this number as low as is practicable, i.e.. routine

radianon protection lies in the province of public health Absorbed Dose, D (Gy)
and not medicine. ,

Fig.1. De function now frequently used to represent the eteess
,

cancers in the atomic bomb survivors ne actual values, for solid
TIIE INADEQUACY OF THE PRESENT tumors onib are taken from Bond et al. (1991).

DOSE. RESPONSE RELATION
.

Fig. I shows the type of function frequently used to 1

display the cancer data obtained from the atomic bomb parted energy, e (Bond et al.1991). Such a plot, in which l
e is the independent variable, and which also is consistent

|survnors (Bond et al.1991) and used extensively in with lineanty, is shown in Fig. 2. The least squares fitted 1

connection with establishing radiation protection exP* line shown includes the coordinates (0,0). Important issure limits. The population of public health interest here the fact that the inverse of the slope of the function, |

'

is all of the approximately 40.000 persons included in the
dNo, yields an estimate of the amount of energy

p:
'

eight data points shown on the graph, taken to represent required, on average, to produce one excess cancer in the
er

all of the survivors in the two cities of Hiroshima and ss ,

Nagasaki. The function is known, or is at least often exposed poptilation. This value is nominally 3.0 kJ per a'r i
individual cancer (Bond et al.1991).assumed, to be linearly proportional. The coordinates st.

are the same as those for medico-pharmacological- ha

toxicological curves which yield threshold, sigmoid A DECEPTIVE " PROOF" OF THE " LINEAR Pe

shaped functions. No reason for this deviauon has been HYPOTHESIS" pr.
juadvanced in the radiation protection or radioepidemio- Because the points on the function in Fig. I repre- (0-logical literature.'

Note that the absorbed dose D, dm, on the abscissa. sent the actual cancer data on human subjects, they B-
because it is an intensive quantity, is not additive. Thus cannot be changed in order to test hypotheses. Therefore, in

the values cannot be summed across different individual
the linear hypothesis is " proved" in surrogate single cell

subjects, or groups of subjects, for the purpose of systems, using differing types of cells and endpoints (i.e.. "e-
obtaining the total amount of physical insult transferred po

to the entire exposed and dosed population of interest- ree
so,

Therefore the function in Fig. I is totally inadequate for wa
furpublic health purposes (in fact, the term ** collective dose" 70' ,

is an oxymoron). the
so-

Nonetheless, the function in Fig. I has played a lar;

principal role in the conegtion of, and increasing atten- 30 stai
o stattion paid to, the linear hypothesis. This despite the fact y 40- a esathat the abscissa is the energy concentration. dm, rather '

3o.
than the actual amount of radiatiots energy, e, demanded '

by the linear hypothesis. However, it is precisely this 20- mor
g,j

misuse of absorbed dose to represent the actual amount to. A
* restof radiation energy that, as will be shown below, has

been largely responsible for the impression that one can o _ Hmi

o so too iso the" prose" that effects are demonstrable even in the lowest
valtdose range of the linear function that constitutes the basis imported Energy. E (kJ) asofor the linear hypothesis.

A suitable extensne and therefore additive quantity. Fig. 2. ne same data used in Fig.1, plotted usmg the addinse and. .

quanney impaned energy. e. as the independent sanable The Thi-which can replace D in Fig. I and thereby render the inserse of the slope shows that, on average. about 3 U of gamtDJ
function suitable for public health purposes, is the im- radiation energy imparted to a populauon of human bemg* d.

poir

sorbmixed setes and ages is required to cause one radiauon.
Illus' For an esplananon of the lineanty. see Bond et al. (1995L attnbutable cancer.

*
.
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5 0 (E/rn) Imported Energy E(KJ)
gg. 3. A plot to illustrate the dow nward estrapolation process no* Rg. 4. The same plot as shown m Fig. 2. with the points A and B
unlized to " prose" the validity of the linear hypothesis Pomt A hasing smular meanmgs. Howeser. because the independent'w

|bd represents the lowermost data point. usmg a number of person' sanable is imparted energy, e. the fact that mass and thus energ)
,imulatmg cells adequate to obtain statistically 5 alid data pomts m had to be added to the system in order to render pomt B significant

.

the high esposure region, at which such a salid pomt can be must now be overt:y recognized 'shis is done by mosmg pomt B i

obtamed. B represents any pomt m the dashed, lmearly. to a locanon above pomt A. e g., to point 8' on the graph. ,

"ettrapolated" region. m which, using the same number of cells. J
.ch '

,tausucally sahd pomts can no longer be ootamed.:

:nt
|ed

ics. one .can obtain more N, cellt which require energyi is
pnnciples can be examined, despite the enormous differ- to produce, with no requirement to add more energy to

, n.>

ence in the mass of the subjects). Such a surrogate cell the system.gy
system is depicted, schematically, in Fig. 3. At point A ne error is made even more evident with thehe

| )er and above, a number of cells sufficiently large to ensure function shown in Fig. 4, which is derised from the same

statistically significant values for quantal responses N,, data used to construct Fig. 3. Because the abscissa is now
!

have been used. Below this point linear extrapolation is the actual amount of energy transferred to the population.

performed as indicated by the dotted line (frequently, the
it is with this function that the linear hypothesis should

I

procedure amounts to linear curve fitting, with no stated be tested. Here again one can make the point B stattsu-

justifying model or theory, and includes the coordinates cally significant by using more cells. However. because
t0.0) obtained by subtracting out baseline values for N ). the absensa is now the actual amount of energy, and the

i tey B represents any point on the dashed line below point 1,radiation quality remains constant, the point B in Fig.1re-

| re. in the " extrapolated" region. must be moved from its present location to point A or

eli As is well known in physics and mathematics, higher. Thus. a constant large amount of radiation energy

" extrapolation" of a regression line beyond observed data is required to cause an excess cancer, independent of the

pomts is frowned on and must be accompanied by good salue of D.
reasons, ne justification provided at present for down- The above analysis would appear to completely

aard extrapolation is that points such as B on the invalidate the method used to " prove" the linear hypoth- j

function in Fig. I can be shown to be valid by repeating esis, and thus the hypothesis itself. One of the stronger
'

|

the experiment at point B, but now with a number of cells points of the hypothesis is that it has appeared to be

large enough to render the previously unreliable point B
amendable to validation, and increasing efforts have been|

statistically significant. Thus, simply by " improving the
made to uncover more sensitive and more easily man-

statistics," one appears to be able to validate the hypoth- ageable cell systems that might permit one to " prose" its

esis down to quite low energy concentrations, D. correctness by using smaller and smaller " amounts" ti.e..

Apparently overlookedis the fact that, when using dm), of radiation energy. Nonetheless, as shown abose,

more cells at point B. one is adding mass to the radiation however small dm may be, a cancer can appear m an
individual belonging to the dosed human populanon.tield and thus energy to the cell system at that point. This
only if the population is large enough so that at lea 3t 3 U. |results in a larger and thus significant value for N .o

However, this addition of ene gy is masked because of of energy have been transfened to it ti.e., the salue ot
the normalization of all values of N to unit No, and all dm at any point does not at all equate to the astual_.

salues of e to unit m i.e.. all absolute values for mass are
amount of energy at that point, and certainl) not nesevo

avoided. Thus, because proportionate amounts of both e sanly to a small amount of radiation energyi. Funne

and m are added. both N,/No and dm remain constant.
more, because of the large baseline " normal" mr ,

use
The This absence of any apparent change in the location ot meidence. there is no chance at all of detea . .i i

;

point B on function, attnbutable to the misuse of ab. ogni6 cant excess number of cancers unless the e
'ma
' "' sorbed dose as an actual amount of energy, fosters the added is many times the 3 kJ level required to mam

-

e

illusion that in violation of the first law of thermodynam. cancer. Thus, on a funcuon such as that shown r ,""'

1
l

.
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The question arises as to why, on average. such a; .v tutescoru cc w.r large amount of energy is necessary, when it is known |,a. p o cactr,s % a :P/ ^MN c j
that the amount of energy required to alter a biological

,,
|

- molecule and thus presumably genes is, on average. r

..eO......,, appronmately 35 ev. The answer lies in the fact that the| -> uma
vast bulk of indisidual cells and tissues is composed of t

j
,'

' 7t7|y,';= "inen" matenals such as water and hard bone. Also, of t~
s

the enormous numbers of cells in the human body, only
.

. g gy
a small fraction is capable of dev eloping into a still viable%. c

t t 4 but clonogeme malignantly transformed cell. Thus, es- e-

!
'

sentially all of the energy and resultant damage is [,
.

%
collateral, in that it is deposited in "carcinogemcally

.y

. so.vm. $ o o wn inert material. a

A single function that shows explicitly the meaning tt !'

.[ s , ,,)). . of the 3 U requirement for an expectation salue of one [,,

cancer is shown m Fig. 5. His function demonstrates
Fig. 5. A plot showmg the results when 3 U of radiauon energy is e at een g x cancer b uped in &
added to populabons of different sizes. With small populations entire population, the average energy per person drops
(including the extreme of one person) the 3 U are enough to be rapidly as the population size increases, until it reaches

-

acutely lethal so that the quesdon of a later-appeanng cancer background level. It is meamngless, at this level and
,

,

becomes acaderrue. With sery large populauons. the energy per below, to discuss smaller amounts of energy per person. Iperson becomes essencally that from background radiauons 'Thus
It also shows the reverse; i.e., as the population becomesthe quesuon of eness cancers again becomes academic, small, the amount of ener
expectation of one cancer,gy per person required for the p;

rathe than "howeser small,"
is so large as to be in the acutely lethal range.

the point B' would have to appear at a quite large value
of e. PERSON-GY

Even though it has thus been shown (Fig. 5) that
downward extrapolation is inadmissible, and even The slope or " risk coefficient" derived from the

hthough more than the 3 U would be required for a function in Fig. I would be in terms of (N,/No)/Gy. or
statistically significant observation of excess cancers, a cancer probability (" risk") per unit agent concentration. 1.

small probability of an induced cancer with a small However, the actual " risk coefficients" are reported as
amount of energy to the population cannot be ruled out. the slope of a different function (Fig. 6), in which the
nus, a distnbution around the value of 3 U, with some absolute or actual numbers of excess cancers observed is
(very small) probabilities existing at values of e close to plotted as a function of person-Gy (Fig. 6 may well
zero would exist. Nonetheless, to answer the question of
whetner it is possible for truly small amounts of radiation
energy to cause an (extremely rare) excess cancer in a
person under any conditions, it would be much more **~*""*#
useful and definitive to address the question principally
from the biomedical standpoint alone, using disciplines " 2.

such as molecular biology, cell biology, physiology, %~, , m, ,
~

oncology, and immunology,
*

Re abos e arguments also appear to have destroyed
e -

rather completely the inedpretations of and impressions ,, [ f
- ; ,- 3.from the linear hypoth t " low level" irradiation ! Cj ./should be of major pe or public health concem, a ,

factor that has induced an altnost pathological fear of low
yy ; /i ,

.( ,/lesel irradiation in a major segment of the general ;t g, population. In fact, the abose arguments appear to have
! -( ,e

reversed this completely. Rather than it being the rule ,*

that only a small amount of radiation energy is necessary , ,.
.. . ,

,

to cause a cancer, on average a relatively enormous
__

2,.,.. .

: amount is required. In fact. the mean of 3 U required t _

induce I cancer in a population, if given to a "popula- ng. 6. A plot of the actual number of excess cancers as a funcuen
tion" of I person, would be some 10 or more times of person-Gs. Although the cancer data on the atomic bomt, rer

greater than is required to kill a person acutely from sunnors is essenually alwa>s pioned m the form gnen m Fig 1 I
non-cancer causes, even though delivered over a penod the "nsk coerficient" quoted. the actual number of tpersons with'

( of weeks or more. a cancer. per x number of person-Gy is actually the slope of the
y.
dWeb. If eser before plotted funcuon shown m this figure
nu

__ -
dk
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.h a gresent the first time that this function has been plotted. probabilin densed frorn a 1;near function with om as
ieast presentedt The slope is then ithe actual the abscissa is most uniikely to coincide with the

wn
|aal

or Ji
mber of eteess) cancers per permn G) actual salue for an indnidual. were it somehow to bea

Fe. The slopes of the two functions. for Figs I and 6. .hcenamed medicaHs T% radiauon protecuen must

he men appear to be identical Howeser. thn change in be treated solely as 'a purne health problem.
Rather than a collectne salue of phystealinsult to theruncuon would appear to be a de farro recogninon that. .

of 4

n pubhc heaith of which radioepidemioloA n a suo- p pulation dosed. m terms of person Gy or person
,

|"I

N) hpime. it n necessarv to take into accourE as pan or "#'#"' """ "* * #*
' "'# #

)'

Me ,ne independent sanable. the number or mass of the "# PI "0" '" # I #
1

h f ll hort because the *# #' "I# ""' # ' >
#ersons dosed Howeser.the et ort ta s s4

umts of the bybnd quanuty on the abscissa are soll e/m "Dall S the Public health problem posed by low lesel"

dl> and thus not additne. The solution lies m recognuing radiauon. t e . m the range of background or routme ;

that the present system of radianon quanuues and units ccupational amounts. For example. the estimated
num cancen in uce per;em m au II(ing rooted in the toucological model and earls acute effects

""2 such as one appropnate for, e e., cancer ra iotherapy. n @e ng peer reace nd nae atet n no (

based on mass e g.. gram-rad; 4Gy. mtegral dose) and more than 10 and could be much less. This number jde'

not on the number of individuals compnsing that ma3s; e n be put in perspectise by companng it to the some |the

'Ps Thus person.Gv. Nox(dm). is a proportional paramete 600.000 or more new malignancies (excludmg skan |
!

hes of. and can readily be changed to the additise quanutv. e- cancers), from all other causes, per year, m the LS.
ind Consequently person Gy. rather than being simply an (Ca A Cancer Journal.1990). The' number of all

I

alternatne w ay of plottmg the function in Fig.1. is rather excess cancers in the atomic bomb surs nors is about f
an unsatisfactory way to represent the funcuon shown m 5 per year. Also, probabilities or nsks can play no role ,

Fig - in public health practice i e.. probability or nsk, per |

[ 1,. . se has neser injured or killed anyone. Only integer
numbers actual observations of the number of quantal

DISCUSSION AND CONCLUSIONS responders can be used.

From the above arguments and discussions. the 5. It appears to be more sophistry than science, and |

f 11 wing c nelusi ns and recommendations appear to reminiscent of the " angels on the head of a pin"
the debates, to argue about whether a small amount ofbe jusu6ed:

radiation energy can cause an excess mahgnancyor
1. Adherence to the linear hypothesis as the core of (which could be detected if it did occur). One excessan.

radiation protection theory, poliev and pracoce, at cancer cannot affect significantly a public healthas
least m its present form. should be' discontinued. The problem of the magnitude of cancer.'he

I is demonstration of the incorrectness of the way that the 6. The individual exposed, or potentially exposed to low
ell linear hypothesis is "senfied." coupled with the not- level radiation should be apprised of the fact that

unexpected finding that. with a weak carcinogen such radiation is a weak carcinogen, so that sery large
as radiation energy euraordinanly large amounts on amounts of energy-more than 10 times that neces-
aserage are required to produce esen one excess sary to kill a person acutely-are required in order tocancer, esen at the smallest value of D (dml would

yield an expectation value of one excess cancer in a
appear to justify this change.

2. The proper independent vanable for the linear hy poth-
dosed population (however sm211 that population).
The individual can be reassured by the abose conclu-

esis should be the amount of energy e, rather than sions and their apparent serificanon. i.e. with low-
energy concentration D. However with this change. level irradiation, the most extensise and detaded
apparent validation of the linear hypothesis by addmg investigations have failed to reveal even one excess
mass at low doses is not possible. cancer. Therefore, the probability is vannhingly

3. Current attempts to treat the low lesel irradiations small, that a cancer will ever result from any gnen
encountered in radiation protection practice as both a low level exposure of one individual. It is not possible
medical and a public health problem should be dis- at present to provide an exact predicuon of cancer
continued. There are no biolocical indicators of an induction for an individual exposed to low les el
etfeet. or measure of the sesentl of that effect, w hieh

radiation.
can permit a physician to estmiste a probabdity that

it appears that the linear hypothesis has acted as a cen.an exposed, non-cancer indisidual. will or udt not
in that it has lured those concerned into endless +rhtsucdeselop a radiation attnbutable cancer. A salue of arguments that have tumed out to be compie e red
hernngs. In focusmg attention so strongly an

.s" ether~

_-

' Which they may or mas not be. depending on the Jntnbunen one person might get a cancer from a smaH r
at et

q
represenung the number of PGy. as a funenon of Gy Uthoyn
Jntneunon wa, tanen into account in constructing the function in Fu radiation, when the cancer could neser be dete, .n eno

T toif I were caused, it has blinded regulators un5. mere n no eudence that this nas been Jone preuously l e t

has been .wronghi anumed that iN hG3 and N the fact that, on aserage, an mdisidual require-
s e;>.

,,
apparenus ~

enormous amounts et energy from the weak , gen.NGs i 'are not only the iame conceptua:Iy. but aiw ar
a.#

numeni.aily I
,
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Iradianon. to induce a cancer, the expression of which Bond V P.; Benary. Vc. Sondhaus. C. A.; Feinendegen. L E, !

could neser be obsersed. The meanmg oilinear dose response relauons. made eudent ;

by use of absorbed dose to the cell. Health Phys. 68.786. ,

92;1995.
|

Ca A Cancer L for Chrucians. Januan/Februan Vol 40. Nou. . :ne ienn-This research was e moc.ed by the t' S Depanrnem I; 1990.
~ ~ !

at Ene<g.s under Contract DE. ACO2.?6tHW16-
International Comrruttee on Radiation Units and Measure. |rnents. Quanones and units in radiation protection dosirne.

REFERENCES try Bethesda. MD: ICRU; ICRC Pubhcation 51; 1993.
,
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t
Sondhaus. C. A.; Bond. V. P.; Fetnendegen. L E. Cell-onentedI Bond. V P,; Benary. V.; Sondhaus. C. A. A Different percep- attemanses to dose. quahty factor, and dose equn alent for

non of the linear, non threshold hypothesis for low dose low lesel radiation. Health Phys. 59:35-48. 1990. '
radianon Proc. Natl. Acad. Sci. 88.8666-8670. 1991. EE *
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3/24/96
FAX TO John Larkins
CC TO ACRS/ACNW Joint Subcommittee Members (JTL - please provide

copies of this memo to the members)
Roxanne Summers

FROM: JCC
SUBJECT: 3/26/96 ACRS/ACNW Joint Subcommittee Meeting

Because of another commitment, I have decided to conserve your budget oy
not attending the 3/26/96 ACRS/ACNW Joint Subcommittee Meeting.'

Additionally, as a short timer on ACRS (my term ends on 5/30/96), I won't
be around to participate in the on-going deliberations of low-level
radiation health effects a subject dear to my heart. I have full
confidence that the members of the Joint Subcommittee will come to an
appropriate position on this issue without my presence at the meeting.

I have reviewed the impressive stack of paper on low-level radiation
health effects that Roxanne put together for the meeting. I believe now.
as I have believed for the 40+ years that I have been associated with the
nuclear power industry, that the nuclear establishment has created an
unwarranted fear of man-made ionizing radiation on the part of the

' general public with the " linear, no threshold" effects / dose hypothesis.
This has resulted in a tremendous financial and health effects cost to
society, not only with respect to the utilization of nuclear power, but in
the use of all forms of nuclear technology.

There appears to be considerable technical bases for the March,1996
Health Physics Society's recommendation " against quantitative
estimation of health risk below an individual dose of 5 rem in one year or
a lifetime dose of 10 rem in addition to background radiation." However.
the proponents of this position were given a number of clearly valid
challenges by W.K Sinclair (See p 5 of Attachment 15 to Roxanne's memoi
Of his several questions. I was particularly intrigued by his question
regarding the usefulness of a threshold of a very low value of cose in
actual radiation protection practice. I believe that we have an answer e
this challenge as it concerns the regulation of nuclear power plants

Tne last 1 of Marv Goldman's comments (see Attacnment 18 to Roxanne s
memo) seem to me to be an espec ally cogent summary of where we are-

anc ,vhere we shculd be going-

A)' V | -
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'Let's stop debating what we believe and hope for. and put tne linear.
ro-threshold hypothesis to sound sohd scien:ific scrutiny and

ob ective testing It's time fcr innovative research I We need to do a3

complete review of the available data. and as well employ our newer
molecular tools in unique researcn to better understand the raoiation

carcinogenisis process"

I don't believe that the NRC can change its regulatory approach (at | east
politically if not legally) until the NCRP (and the ICRP?) changes its
radiation protection philosophy with respect to low doses of radiation.
Attachment 24 to Roxanne's memo is a proposal to the NRC from the NCRP
dated 2/10/55 (over a year ago) to produce a report entitled " Critical
Evaluation of the Linear-No threshold Assumptions." The estimated cost
of this three year study is $225k, a drop in the bucket relative to the RES
budget. We need to know what action has been taken by the staff with'

regard to this proposal. It seems to me that this is an obvious first step
in dealing with this issue, although I can imagine that there are stati
people that might see this as a threat to their empires.

Finally, I believe that the Committees. either individually or jointly,
should recommend to the Commission that the agency develcp a proactive
strategy to settle the question of the health effects of low level radiation
exposure. This would be wholly consistent with this Commission's stated
policy that NRC regulations should be risk informed.

.

.
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BEIR VII " SCOPING STUDY"
Draft Work Scope

May 2, 1996

BACKGROUND

Since publication of the 1990 BEIR V Committee report, " Health Effects
of Exposure to Low Levels of Ionizing Radiation," new information has become
available en the Japanesc :temic bomb survi-ver; nd Other-regarding; cohorts
exposed to ionizing radiation atilow dosesfand~ dose rates. Studies'at the
molecular and cellular level have poihted the-way-towards-contritiuted to a

~

better understanding of carcinogenesis and may eventually lead to an improved
basis for estimating radiation risks at low doses and dose rates. In
addition, there is new information on the effects offlow-level radiation in
producingfH$k'decremeritsiof(both mortallty[~and Ecanger;Tahd'otherinon; cancer
effects et5isf th:h'c:hder.

~ ~" ~ ' ^ ^ ~ ~ ~ ^ ~ ~ '

To be credible, it is critical that federal radiation protection
measures and risk assessments be based on the best current science. Although
the emergence of new epidemiological data and progress in understanding the
biological basis for carcinogenesis is expected to continue in coming years,
an update-extension of BEIR V may be desirable at this time. Before
proceeding with ~a full-scale National Academy (BEIR VII) review and analysis
aimed at updating the existing state of understanding and quantification of
risks from low dose, low-LET radiation, it would be advantageous to conduct a
preliminary study that would examine the range of potential issues that could
be addressed, along with an assessment of the usefulness of available sources
of new information in order to define the most useful scope for BEIR VII.

PROPOSED PLAN OF ACTION

The Board on Radiation Effects Research will organize a small expert
panel to investigate what issues a BEIR VII study might usefully address in
depth. The scoping study should address each of the issues / areas outlined
below and any others the panel deems relevant. .In conducting its review, the
panel should consider the current availability of data not evaluated by the
BEIR V comittee and the expectation of significant additional data during the
period of the BEIR VII review. The panel should provide a final letter report

depth in a$ommends which of these issues could profitably be addressed injRIR VII study, (2) provides a basis for these recommendations, (3)that: (1)
lists primafy sources of data that might be used, (4) assesses whether or not
a detailed analysis of each issue could have a significant effect on the
quantification or validity of radiation risk estimates, and (5) indicates what
scientific disciplines would be required to adequately address each of them.

.
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OUTLINE OF AREAS TO BE ADDRESSED IN SCOPING STUDY

In considering usues to be addressed in future BEIR studies, the panel
j

should at least review the following:

1. Cancer risk estimatation at low doses

The form of the low dose response below in the dose range directly
accessible to human epidemiological studies, including the evidence for
or against linearity and thresholds at-or near bask 9round-leveks-of
exposur+

Adjustments to organ-specific risk estimates at low dose rates, e.g. as
expressed by a Dose Rate Effectiveness Factor (DREF)

Significance-or nonsignificance- of "hormetic effects," i.e., risk
decrements in human populations resulting from enhanced prevention,
repair, or removal of DNA damage in the exposed biosystem.' -49rr
adapt 4ve-response, i=une system st4mulat4cn) to the dose-response-4*
eanser-4aduc44en

2. Numerical risk estimation

Alternative biologically based' models for projecting radiation-induced
cancer risks in the U.S. population, for workers and the general
population

Quantification of uncertainties in radiation risk estimates
1

Resolution of claimed inconsistencies in risk estimates derived from
different epidemiological studies

UNSCEAR.1994 Annex B contains a discussion of various' mechanisms for'

adaptive responsesksuch as; prevention by increased radical" detoxification
(page205)hrephirbyactivatedgenesandtheirenzymeproducts(page199),
removal JQpop,tosis1(pages 199, 208), and immune system changes (page 206).

* ThF 6116 Ring' biologically based models include both th~ ~ normal verye

high back" Eligf intrinsic metabolic mutations (2.4x10'/ cell / day) and the
adaptive" responses of the biosystem to radiation,

'

A Cytodynamic Two-Stage Model that Predicts Radon Hormesise-
I(Decreased, then increased Lung-Cancer Risk vs. Exposure, Dr.

Kenneth T' Bogen, Lawrence Livermore National Laboratory, i
University of California, February,1996 (
The meaning of the a-Term in the Dose-Risk Function for Latee
Radiation Effects, Ludwig E. Feinendegen, Medical Department,
Brookhaven National Laboratory, Upton, NY, and US Department of
Energy, Washington, DC

2

..
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3. Existence of sensitive subgroups

Genetic predisr,sition to radiogenic cancer

Exposures to other agents that modify the effect of radiation (other
than agents administered for this purpose)

Risks from prenatal exposures

In reviewing these and other issues, the sources of data considered I

should include (but not be limited to) the following:j

Japanese atomic bomb survivors data je
l

Cancer incidence and mortality data available subsequent to BEIR V
! analysiswith; emphasis |onexposures;at? low ~ doses-anddose' rates

Dependence of risk on cancer site, age at exposure, age at observation,

|
time since exposure, gender, city, and dose |

New dosimetric information, particularly. pertaining to neutron doses at
Hiroshima = visk"astimataC =,a,a1 M b M i,3 4 ?dted-env4penmentil

,

!
.

l ==ar'res ;

Evidence pertaining to possible loileve17adi'atis induction of
|

| noncancer effects ( mortality; genetic',''thatologk.1, cardiovascular,
cataracts, etc.) by radistica

Other epidemiological low le' vel' data that has been cited as a basis fore
risk estimation at low levels of exposure

Medically irradiated cohorts

Populations exposed to chronic doses: (1) groups exposed in the former
Soviet Union, (2) nuclear workers in the U.S. and other countries, and i

(3) other population groups for which studies have been reported (e.g.,
residents of high background areas). |

Evidiince for carcinogenicity of I-131
''
..

Labopatory studies pertaining to mechanisms of radiation carcinogenesise
,

Occurrence of various types of DNA damage' produced by! radiation'and
intrinsic' normal | metabolism.

Efficiency of biosystem in prevention, repair, 'and." removal of DNA damage
; and its functional dependence on dose and dose' rate

Importance of specific gene changes caused by radiation or other agents
in carcinogenesis

i 3
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Influence of cell cycle on radiation-induced cellular changes and repair
.

In assessing what issues can be profitably addressed, the panel shall
also consider recent reviews conducted by UNSCEAR, NRPB, ICRP, NCRP, and other
organizations since the issuance of BEIR V. Should the panel recommend that
it is not appropriate to evaluate specific issues at this time, the report
should, if possible, indicate what additional data would be needed to make
such an evaluation appropriate.

.

4

/ .

- - -- _.



. ____ _ . . - _ . _ - . _ _ ._ . _ ._. _ _ . _ -

-.

*, . . ,

..

Proposal

To

U.S. Nuclear Regulatory Commission

to produce an NCRP report on the

Critical Evaluation of the Linear-No Threshold Assumption

April 1,1995 to March 31,1998

.

.

National Couned on Radiation Protection and Measurements

7910 Woodmont Avenue, Suite 800

Bethesda, Maryland 20814

|
m l 1 m , ci r m e b

) 'f> v i y +- ju# a ay
--



.
.

*
,

.

. .

.

Contents
.

)

Page

| Technical Proposal Summary . . . . . . . . .1. . . . . . . . . . . . . . . . . . . . . . . . . . . .

i O bject iv e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Ratio nale/Tas k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

: Back grou nd on the NC RP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

NC RP Procedure s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
4

Biographical Information on Selected Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12'

'

Me mbers o f the Cou nal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
.

Collaborat ing Organizations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
.

Special Liaison Organiza tions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
,

.

4

4

'}

4

k

|
J

d

e

.



. ._ - - _ . - .. .. _ _ _

|. ..
'*

. ,

!

: !
> 1..

,

: TECHNICAL PROPOSAL SUhDIARY
l
i

Submitted by: National Council on Radiation Protection and
Measurements
7910 Woodmont Avenue, Suite 800
Bethesda, Maryland 20814 j

; l
J

Type of Organization: A non government, not for profit, congressionally
chartered, public service, scientific and educational
orgamzation

,

PrmcipalInvestigator. Charles B. Meinhold, President I

National Counal on Radiation Protection and |
Measurements |

'

! 7910 Woodmont Avenue, Suite 800 |
Bethesda, Maryland 20814 I

~

Telephone: (301)657 2652

.
. |

'
.

Cost: $225,000, $75,000 per year for
three years

i

Institutional Adminiatrator: W. Roger Ney

1st.itutionallinancial
Officer. W. Roger Ney'

Date of Submission: February 10,1995
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Objective'

The objective is to make a critical scientific assessment of all biological studies of the

efects ofionmng radiation, and radiobiological theory of effects, in the low dose and dose rate

region, e.g., less than appronmately 200 mSv and 10 mSv h'8 and then to summarize these !

|

effects.

|

|
|

|

|

|

'

,

I

|
:
|

|
.

.

i
The NCRP is imminently qualified to perform this study as it has among its

|
2

membership national experts in many fields to carry out its broad program in radiation
i protection and it can assemble the best scientiGc minds of national stature to serve on the
|

committee to perform this assessment. In addition, the NCRP has the responsibility to meet
the objectives of this study as given in its charter, see page seven. No other organization m
the United States has this specific responsibility in its charter.

2
_
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Rationale /I'ask'

hse responsible for establishing limits of radiation exposure for radiation protection

purposes have assumed that at the low levels of dose relevant to radiation protection activities,

the response of humans, as far as cancer induction or hereditary effects is concerned, is linear

with no threshold. It has always been recognized, however, that this is an assumption and not I

l

a fact directly demonstrated by human epidemiological data nor uniformly supported by other

|
biological data or theory. '

Because the assumption oflinearity plays such a vital role in our a stems of radiation

protection, both as a means of employing information available from human exposures at high
1.

doses and from a practical standpoint in facilitating exposure control, a critical ernmination of
l

Ithe scientific support, or lack thereof, for the assumption is warranted. h report to be

prepared is aimed as such an exammation.

The United Nations Sciertine Committee on the Effects of Atomic Radiation

(UNSCEAR) has published two reports of particular relevance to this ernmination. Annex E of

their 1993 report (UNSCEAR,1993) reviews mechamams of radiation caremogenesis at low dose
:? I
,

and low done;jate. hir 1994 report (UNSCEAR,1994) contams a section on low 1 dose
'

epidemiology and a section on adaptive response. hae reports, particularly the 1994 report,

A study by the NCRP addressing this subject is timely in that there is considerable2

discussion taking place currently in the radiation protection community on adaptive
response and radiation effects in general at low dose. This committee is not expected to
specifically address risk estimates such as those derived from the survivors of Hiroshima
and Nagasaki nor are they expected to speci5cally address the uncertainties in those
estimates. However, the committee will perform a thorough assessment of the available
information on radiation effects at low dose.,

/: 3
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have raised questions of hormesis to the level of in. depth scientific analysis and will form an

important aspect of the committee's referenco material. The committee will also review the

expenmental data and the radiobiological theories of scientists who have varymg opinions and

theories on the response of biological systems to ionizing radiation in the low dose region. !

I

It may be possible that definitive guidance on specific radiation protection assumptions :
I

at low dose could result, but a detaded exposition of what is known about the subject will, in and |

ofitself, prove to be of major importance to all who have responsibilities that relate to radiation

protection. !
l

1

With the availability of funding, the NCRP will establish a scientific committee of |

national experts to conduct this assessment. It is anticipated that such a' scientific committee

would be mmprised of recognized individuals with expertise in the scientiSc areas such as

biophysics, genetics, DNA repair, experimental ammal oncogenesis, dosimetry, radiation |

epidemiology, as well as operational radiation protection. It is anticipated that an additional

10 to 15 scientists with diverse opinion on the effects ofionizing radiation at low dose will be

asked to present their views to the comnuttee and to, therefore, serve as consultants to the

committee. The consultanta would not regularly attend meetmgs, but would most likely attend

one meeting and have the opportunity to review the committee's report as it is developed. It

may be effective to conduct a one or one and one. half day semmar where the consultants would

be invited to present their views to the committee.

'
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Such a committee would be cxpected to meet six to eight times during a three year

period. The estimated cost of travel and secretariat support for such a committee is S75,000

annually, (A detailed budget will be provided on request).
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