UNITED STATES
NUCLEAR REGULATORY COMMISSION

Office of Public Affairs
Washington, D.C. 20555

No. §-28-94
Tel. 301-415-8200

Remarks by Dr. E. Gail de Planque
Commissioner, U.S. Nuclear Regulatory Commission
before the
NRC Workshop on Site Characterization for Decommissioning
Rockville, Maryland
November 29, 1994

In Search of . . . Background

It 1s a pleasure to be here this morning at the NRC Workshop on Site Characterization
for Decommissioning. I'm so pleased to see so many in attendance because [ think that the issue
of decommissioning is one of the most significant issues on the Commission’s plate, one that will
have long lasting and far reaching impacts.

Introduction

As you know, the NRC is undergoing a lengthy process aimed at formulating radiological
critena for the decommissioning of NRC-licensed facilities. During that process, extensive
discussions have focused on four possible approaches to this task: (1) establishung an annual risk
or dose limit for an individual; (2) establishing an annual risk or dose goal; (3) requiring use of
the best available technology; or (4) requiring return of the site to background radioactivity.
While many ccmmenters preferred a risk-based or dose-based standard, many others favored the
“return-to-background” approach.

The proposed rule attempts to accommodate both groups by establishing a dose limit for
release of the site of 15 millirem per year Total Effective Dose Equivalent (TEDE) for residual
radioactivity distinguishable from background with further reductions As Low As Reasonably
Achievable, or ALARA.

First, an aside. To make life easier, I will usually use the quantity total effective dose
equivalent expressed in units of mrem. But for brevity's sake, [ will use the term "dose® when
speaking of total effective dose equivalent. .
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o The objective expressed in the proposed rule is to cleanup up to dose levels that are
indisunguishable from background. Return to background!

Sounds good, doesn't it? On the surface, this seems like a relatively easy, common-sense
approach: for example, survey a nearby spot unaffected by a nuclear facility, use that radiation
level as a baseline, clean up the contaminated site to that level, and . . . voila! The site is
decommissioned, the method indisputable, the job completed.

But, as we all know, the devil is in the details. And in this case, the devil could produce
a senes of torments for those involved in returning a site to background.

I'd like to discuss some of the details with you this moming, particularly the details that
are relevant to determining what background is and how it is measured. But I'd also like to place
this discussion of the details within the broader context of a regulatory decision-making process.

Risk-Based Decision-Making

The decision-making process ['m referring to is "risk-based" decision-making, a process
gaining popularity both in the Clinton Administration and in Congress, and widely advocated by
the most recent Supreme Court member, Justice Stephen Breyer. Let me say at the outset that
as far as | know this particular mode of making decisions was not followed in any rigorous way
in formulating the proposed ruie. Nevertheless, for reasons which I hope will be clear later in
this walk, it may offer a useful framework for working out the details of a decommissioning
program.

Risk-based decision-making allows for the assumption that the resources available for
limiting risks are not inexhaustible and seeks to ensure that the resources which are available to
society as a whole will be put to the best overall use considering risk, cost and benefit. It can
be divided into three basic components as illustrated by the following Sydney Harris cartoons:
(1) risk assessment, (2) selection of an acceptable level of risk, and (3) risk management. In
the context of decommissioning, risk assessment is an evaluation of the hazard associated with
residual radioactivity remaining at a site released for unrestricted or restricted use. Selection
of an acceptable risk level involves weighing the benefits of lowering risk to a certain level
against the costs and may involve comparing the risk at issue with other similar risks confronting
society. Risk management consists of a regulatory process designed to keep the nisk below the
level found to be acceptable.

Risk Assessmeni

As the NRC begins to formulate a regulatory program to manage the risk associated with
sites cleaned up to levels of radiation contamination that are indistinguishable from background,
it might be useful to revisit Step | of the risk-based decision-making process: risk assessment
Perhaps this can most easily be done by reviewing the levels of radiation to which humans are
typically exposed and the health consequences of those levels.
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other internal sources, mainly from inhalation and ingestion of food and water which contain
naturally occurnng radioactive elements. The remainder is from external sources. about 75%
from cosmic rays and about 7.5% from terrestrial §amma ray sources such as uranium.
potassium, and thorium, that are present naturally in soil and rocks.

radiation from cosmic sources: naturally occurring radioactive material, including radon
(except as a decay product of source or special nuclear material): and global fallout as
it exists in the environment from the testing of nuclear explosive devices or from past
nuclear accidents like Chemoby! which contribute to background radiation and are not

Although naturally-occurring radiation and fallout from atmospheric weapons testing and
the Chernoby! accident are present everywhere, each of these components of what I'll refer to

levels fluctuate significantly due to various physical phenomena that differ from place o place
and change with time at any given place. For example, over the long-term, cosmic radiation
vanes by about 10% over the 11 year solar cycle. Seasonal cycles produce changes in soil
moisture, rainfall, snow cover, and €vapotranspiration that cause variations in the dose from
terrestrial gamma radiation, fallout and radon. Many sporadic geophysical phenomena, volcanic
eruptions or earthquakes for example, can also introduce radioactivity into the environment.

Temporal vaniations can also occur over the short term. Rain, for example, will wash
out radon and other radionuclides from the air causing an immediate rapid increase in dose that
typically decreases exponentially after the rain stops. Doses from radon typically exhibit a
diurnal cycle due to local climate conditions.

Radiation varnes spatially. The dose from cosmic radiation is a function of both latitude
and alttude. The population of the city of Denver, at an altitude of a mile receives an annual
cosmic ray dose that is a factor of 2 higher than the U.S. average. Terrestrial gamma radiation.
including fallout, vanes from place to place because of differing amounts of uranium, potassium
and thorium in the earth's surface material and can easily differ by a factor of 10 across the
country. Granite, for example, contains higher than average uranium concentrations and
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monazite sands can have particularly high concentrations of thorium. Furthermore, humans
sometimes alter soil content with fertilizer which contains varying amounts of potassium-40.
Spatial vanations occur locally as well; the well-known Reading Prong in New Jersey provides
an interesting regional example. The average annual dose from gamma radiation is
approximately 50 mrem but if one resides closer to the rock formations along the prong, the
annual dose can be much greater. About sixty miles away at the New Jersey shore, the gamma
radiation dose levels fall to less than 10% of the average measured over the Prong.

Even in the immediate environment of a typical facility site (this happens to be
Shoreham, Long Island), significant fluctuations occur (Figure 1). For this site with an annual
average terrestrial gamma dose of about 35 mrem, when measured simultaneously, levels varied
by more than 50% over a distance of only a mile within the site boundary, and the areas within
a 4- or S-mile radius of the sie exhibited variations with even greater extremes.

This site in rural New Jersey, used as a background monitoring station, is only 50' by
200" (Figure 2). And even within such a small area, simultaneously measured terrestrial gamma
radiation dose levels, which average about 125 mrem per year, differ by as much as 30% from
spot to spot. That translates into differences of close to 40 mrem per year.

Other local variations occur due to the types of houses and buildings in which people live
and work. Persons living in a wood frame house usually receive lower doses than persons living
in an all brick house because, even though brick is a better shield of outdoor radiation, it has
higher concentrations of naturally occurring radioactivity than wood. Persons working in granite
and marble buildings may receive higher doses due to the radioactivity in the stone. Even
moving from a rural! to an urban setting may increase an individual's annual dose, due to the
level of radioactivity present in concrete. The dose from cosmic rays can be measurably higher
on the top floor of a high rise than on the ground floor. Measurements in a 12 story building
in Manhattan indicated a cosmic ray dose on the ground floor one third that on the 12th floor,
due principally to the shielding effect provided by many stories of concrete from the building
in question as weil as adjacent structures. In addition, a person's annual dose from radon can
vary dramatcally, by a factor of 10 or more, depending upon where they are and the adequacy
of ventilation.

To further complicate matters, these temporal and spatial varations can be
interdependent. For example, determining the average annual dose received from terrestrial
gamma radiation cannot be done simply by measuring differences in soil concentration, since
it is also affected by weather conditions. Moreover, usage must be considered and can result
in what is often referred to as technologically enhanced natural background radiation. Finally,
the actual dose to particular humans is heavily dependent upon the specific external and internal
pathways of exposure.

Obviously then, there is no single number that represents the annual dose to U.S. ciuzens
from background. But for perspective, it is useful to know that the average annual background
dose for the U.S. population is about 300 mrem with about 200 mrem from radon, about 40



rrem from other intemal sources, about 25 mrem from cosmic rays and about 25 mrem from
lerrestrial gamma rays. The average annual dose from fallout is less than | mrem.

However, because of the many factors that cause both spatial and temporal variations, the annual
U.S. dose from background can easily range from 100 mrem for people who live in well-
ventilated wooden houses on sandy soil at sea level to about 1000 mrem for people living in the
Denver area, a factor of 10 (Figure 3). At the Shoreham site, annual doses from terrestrial
gamma radiaton differed with location alone by as much as 25 mrem per year. At the small
New Jersey site, the equivaient spot o spot difference was as high as 40 mrem per year. Itis
in the context of these variations that the selection of IS5 mrem over background as the
acceptable annual dose for residual radiation from a decommissioned site must be viewed. For
additional perspective, consider that we rarzly choose our residences or domestic habits based
on exposure to background radiation, yet the choice to live in a brick rather than a wood-frame
house can increase one's annual dose by 45 or 50 mrem. A £4as stove can deliver about |5
mrem per year to the lungs due to naturally occurning radioactive elements in the gas and a
single flight across the U.S. yields about 4 mrem. A Denver resident can receive double the
cosmic ray dose, triple the terrestrial dose, quadruple the radon dose, and a higher intake of
radionuclides in drinking water compared to persons living in a coastal region--and if the house
is not well ventilated the total dose could be still higher!

Selection of an Acceptable Level of Risk

To place the risk from exposure to background radiation in context, let’s look at some
reneral nsks to the population. About 33% of the general population in the United States die
of heart disease and about 23% die of cancer. Non-cancerous lung disease (7.7%), strokes
(6.7%) and accidents (4.3%) also figure strongily as major causes of death (Figure 4).
Companng these causes of death, all of which carry a nisk of greater than 1%, with the elective
or accidental risks faced by selected groups or by the general population illustrates the
complexity of adding societal choice to risk-based decision-making in terms of selection of an
acceptable level of nsk (Figure ). Smoking one pack of cigarettes daily will result in death
from a related cause for about 28% of smokers and a motorcyclist has about an 11% lifetime
chance of dying in a motorcycle accident. By comparison, the average American's risk of
dying in an air accident is several orders of magnitude lower, about 0.02%.

As | said earlier, the annual dose from natural background in the U.S. ranges from 100
t0 1,000 mrem with an average of about 300 mrem. When relating these annual doses to risk,
the risk assessment models developed by the International Commission of Radiological Protection
(or ICRP) are usually applied. The ICRP performs risk assessments for both deterministic and
stochastic effects of exposure to radiation based on research reports of radiation effects on tissues
and animals, as well as on human epidemiology studies and modeling. For the purposes of
radiaton protection, the ICRP asswmes a linear non-threshold dose-effect model and basically
extrapolates to esumate the probability of harm resulting from low doses and dose raies where
there 1s little, if any, human health effects data.



Using ICRP's method of nisk assessment, the average annual 300 mrem dose from
background produces a lifetime risk of fatal cancer of slightly less than 1 in 100, or
approximately 0.82% . The corresponding lifetime fatal cancer risk for 100 and 1000 mrem are
approximately 0.27% and 2.7%, respectively (Figure 6).

So how would an additional increment of 15 mrem change the public's risk from natural
background? Looked at in isolation, 15 mrem per year over a 70-year lifetime would result in
a nisk of about 0.04% yet another decade lower on this log scale. When added to the risks
associated with low, average, and high annual doses from background it is barely distinguishable
(Figure 7). Indeed 15 mrem represents 5% of the average annual dose and is lost within the
range of background which spans a factor of 10,

It is perhaps useful to note that for members of the public, the NCRP recommends an
annual limit of 100 mrem for continuous exposure and an annual limit of S00 mrem for
infrequent exposures due to all anthropogenic sources and recommends that ALARA be practiced
below that. They further recommend that where there are multiple sources, no single source or
set of sources under one control should result in an individual being exposed to more than 25
mrem annually.

What does one conclude from all of this? The limit of 15 mrem, including 4 mrem from
drinking water which in itself is material for a lengthy lecture which I won’t attempt to address
here, carmes a nisk that is a small increment over the risk from background itself. Given that
the risk is small and masked by the variation in the risk over the range of background doses, one
must ask what all this should imply for the third or final component of risk-based decision-
making, risk management.

Risk Management

The major questions for risk management are: (1) What is it that will be measured or
used to represent "background” at a particular decommissioning site? (2) What will be mezasured
o determine compliance with the 1S mrem limit? and (3) What margins of error or what
uncertainties will be considered acceptable in determining compl ‘ance?

The difficulties involved in answering these questions become apparent when a site's
decommissioning efforts are broken down into a series of steps and the complications that can
exist with each step are examined. The overall process consists of, first, an analysis of the
activities that have been performed at the site to be decommissioned; second, an assessment or
survey to establish what represents background and a survey of the site to determine the degree
of cleanup required; third, cleanup; fourth, a resurvey of the site; and, finally, release of the
decontaminated site.

Each of these activities can be further broken down into sub-steps. For example, the
person performing an analysis of the activity at the site must ask a series of questions: (1) Did
the licensed activities involve single or multiple radionuclides? (2) With respect to each




radionuclide, does it also exist in background or is it only Produced as a result of licensed
activities at the site? (3) For each radionuclide, are there single or multiple pathways that may
result in exposure to humans?

Surveying also has multiple sub-steps. Survey methods and the required number of
surveys of each type must be determined to establish the background level or levels. The
corresponding number of site surveys that will be necessary to establish the level of residual
radioactivity on site with reasonable confidence must be determined and the background surveys
and initial site surveys ==t (hen be performed.

The .te is now ready for cleanup. Based on the analysis and survey results, the
appropniate methods must be chosen and cleanup performed with periodic re-surveying to
determine the level of progress until the release criteria are met and the site is ready for release.

Let’s consider a few examples of how this process actually works. First, consider a
simple example in which the residual radioactivity involves a single, non-naturally occurnng
nuclide. For simplicity’s sake, postulate that the radionuclide has only one pathway of exposure.
This will result in a single set of surveys, presurnably a single method of decontamination, and
a straightforward path toward releasing the site.

For a second example, let’s consider a slightly more complicated scenario, involving
multiple naturally occurring nuclides, at least one of which is known to result in human exposure
via several pathways. This analysis is still relatively simple, but the surveys will be somewhat
more complex. In this situation background will have o be established in a . “nner that
accounts for variability, and that will differentiate quanttatively between backgrous radiation
and that produced by site activities. The clean-up may also be somewhat more complex due to
the multiple nuclides and pathways of exposure.

The third scenario, unfortunately, may be the most realistic picture for most licensees,
including reactor facilities. In this case, the analysis may involve a whole spectrum of
radionuclides, some, but not all, of which occur in background. It may also involve a vanety
of interrelated pathways of human exposure. As a result, establishing background becomes
much more complicated, even for a site with a detailed pre-operational survey. Multiple
elements of spatial and temporal variation will complicate this scenario further, requiring a
higher number of surveys and sometimes multiple methods to achieve the necessary degree of
confidence. The decontamination of such a site, of course, will be correspondingly more
difficult, invelving multiple clean-up methods and, quite possibly, repeated attempts, with re-
surveys performed as necessary until the criterion of 15 mrem above background has been met
and the site is ready for unrestricted release.

How does this affect cost, certainly an element in risk-based decision-making? Suney
costs alone, not even considering cleanup costs, will vary based on the complexity of the
situaton considening the number of surveys taken and the quality of those surveys in terms of
the degree of confidence required, or level of uncertainty considered acceptable.
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external pmlu don air, soil and vegetaton samples; and samples of surface water,
water, and precipitation. Obviously, to attempt to sample and measure every cubic meter of the
relevant environment would be both impractical and prohibitively expensive. Instead, a sampling

as appropnate.

Even with an efficient sampling strategy, however, the cost of performing surveys just
o establish background can escalate sharply depending on the degree of uncertain‘y that is
acceptable, which will directly influence both the survey methods employed and the number of
surveys taken. In general, measuring smaller doses Means inCreasing costs as more sophisticated
techniques are employed.

Similarly the costs of site surveys and decontamination increase based on the background
criteria employed and the level of sensitivity and confidence desired. For some radionuclides,
the detection limits of standard laboratory instruments can be reached, causing the survey costs
to rise dramatically as sophisticated research techniques become necessary. For naturally
occurnng radionuclides or those present in residual levels from weapons fallout, it may be
virtually impossibie to distinguish the contribution of site activities given the spatial and temporal
vanations in background discussed earlier.

Just as an example, consider the cost of measuring cesium-137 in soil (Figure 9).} At
doaeincremenuofaboutwmmmperyworhi;ha. the cost is about $50 per sample. The
cost roughly quadruples when trying to measure at levels of 10 mrem per year or less-—-based on
the need for more sensitive laboratory methods--and increases dramatically again, to about $500
per sample, when measuring at a level of 0.3 mrem per year, which requires sophisticated
research techniques. Because cesium-137 is present in residual radioactivity from weapons
fallout, the typical levels and degree of variability make the cost of measuring this radionuclide
at dose increments of 0.1 mrem per year more or less indeterminate.

Whnaﬂﬁﬁsmalsisﬂmwerymmentofdouduebddmm&mlor
mmmpogmkmwummlmmofumnty. Whether that uncertainty stems
from spatial or temporal variations, the limitations of the measurement technique, or the ability
of the analyst t0 interpret data, it is still unceriainty, and it can never be entirely eliminated.
Now let's review how the compliance process might work. First, background (x,) must be

'NUREG-149€¢, Vol 2. “Genenc Envuonmental Impact Statement in Support of Rulemaking on radiological Antera for
Decommussioning of NRC -Licensed Nuclear Facilities.” Appendices, p A-44, August, 1994

NUREG-1496. Vol 2, "Genenc Environmental Impact Statement in Support of Rulemaking on radiological Artera for
Decommussioning of NRC-Licensed Nuclear Facilities.* Appendices. p A-53. August, 1994
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determined. But, unless it is zero, this is clearly not well-defined and carries an uncertainty
(9)). To determine if cleanup is sufficient, the site must be surveyed to determine what remains
(x;) which may or may not include natural background as discussed earlier. This, too, of
course, cames an unceriinty (0,). Compliance requires that what remains after cleanup not
contribute more than 15 mrem above background.

In addition, the proposed rule requires that further reductions be made As Low As
Reasonably Achievable. Defining ALARA., in this framework, might be much more problematc
than when working with higher, more readily measurable doses. Can ALARA he assigned a
cost-per-dose-increment value, as is done for occupational exposures? Is it simply a matter of
vague principle? And how will it take into consideration other risks, such as those associated
with the decommissioning activities themselves? These are the questions of the risk management
phase of risk-based decision-making.

Now let us retum to the framework of risk-based decision-making which is premised on
balancing risk, cost, and benefit. To implement the 15 mrem cniterion, as well as ALARA, in
this context, one needs to ask at least two fundamental questons:

1) How should both background and residual radioactivity be defined or measured in
practical terms, and what degree of uncertainty will be considered acceptable? Recall
from the examp'ss of our earlier discussion that if one takes into account spatial or
temporal vanitions of background, not to mention measurement uncertainties, the
sigma may easily be of the same order as, or even multiples of, the 15 mrem
cnterion.

2) The second question follows naturally from the first: given that the nisk associated
with a 15 mrem residual dose adds very little to the risk of exposure to background
and indeed is buried in the noise of the natural variations of that background, then
how much money and effort should be spent not only to clean up to this level, but
to assure compliance?

Conclusion

These are among the questions that we, as regulators, licensees, and members of the
public must consider as we proceed toward final decommissioning rulemaking. And remember,
I've only touched the surface. For example, we haven't even discussed the proposed 4 mrem
criterion for the water pathway and the associated risk management scheme necessary to assure
compliance. These are challenges of rsk-based decision-making as we all go in search of
background.

In this endeavor, | would urge that we be ever mindful of our goal as captured in the
NRC's mission, that is, “to help assure that the use of nuclear materials is carried out in such
a way that public health and safety, the common defense and secunty and environment are
protected,” and that we be mindful of the principles of good regulation, namely, independence

.
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ESTIMATED COSTS OF
RADIATION MEASUREMENTS

COST PER
METHOD SAMPLE
ALPHA SPECTROMETRY $300-1000
BETA ANALYSIS $50-750
EXTERNAL GAMMA EXPOSURE SURVEY $50
EXTERNAL GAMMA TLD MEASUREMENT $20
GAMMA SPECTROMETRY $100-300
RADON MEASUREMENT $10-20
SOIL SAMPLE COLLECTION $100-200
SOIL SAMPLE PROCESSING $100-400
THERMAL IONIZATION MASS SPECTROMETRY $1000

. FIGURE 8
= =



ESTIMATED COST PER MEASUREMENT
OF CESIUM-137 IN SOIL

0.03
.

0.1

_ﬁ

0.3

I INDETERMINATE

DOSE
(mrem/YEAR
w s

bl
g 8 3

8

t T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500
COST PER MEASUREMENT ($)



BELLE

LET

a .t Hogranei ba i

N EWS
Vol 3. Ne. | Juy 1994
AUVISORY COmMMITYRY

Cryinvay

Fnawd | Calabwes ™D
[ o o M-, |\ oo

Commirren Mawsens

Man Frevitwey M D
PR e b 1 e A
Witk Fartand. P D
(N My
Jasnas R Fonas M0 D
ik

juve Framin M D

[ r—
ke Lamnam P9 D)
Marvam « bun o Mol rieate
Reen W\ Han M D

“IN

AW dare Mo M D
el e pm

Johm G hatter. PO

Y pow—— o

Omnt Kowwni. P2 D

Mt o (2
Roger 0 MeClettan. D\ M
hremon asuw assiee o ey
aonare Suger. W D

oww P = Reummt regiy
Harvy Sakeen. FRLD.

{5 \nn

Andrew Snsh. PRD.

I e A

Lawer Soush. PoD.

s
Donate L Servvason P D
Devenge 'w:

Racty = “wan Thomas Ph D
nwr

Dmow - whallaes. Py D
M o gt Cawte

- el

.

o Argrme | sewe weved
Satts Noow

B aa AR T T

Cmbew WA
TEL 4% i
FAX (41 % phamm

-

TER

Heatih « smin . be w B

Ll o Pult. Heamtoh 2@8eri Wi wite

State of Research and Perspective
on Radiation Hormesis in Japan

SADAO HATTORI

Vi Premdnt

Coniral Reswarch [nststuie of Flactnc Power Industry (CRIEPY)

(100, Onrmacks. Chrpodaky. Tokye, japan

ABSTRACT

In 192, Prof. Thomas D Luckev of the Universiey of Missoun published a p~pe: in
the journal of Health Phyucs descnbing radiauon hormess. Radiation horn:esis
research in Japan has been based on the ravonale that o Luckey s clum were 1o be
(rue radianon management in japan has heen exiremeh erroneous.

After results were obtained trom vanous exper qoent on the health effects of low
omes of radiation supporng the hormesss hvpothesis. 3 Rovad Robun collaborutn e
LEMUNG PrOWTAM wis (Ntited o sbout twenn research plans with more thai ten
unversnes in Japun Thesw acuvives are caegorzed as follows A Effects of tree
rachicals prodiced br low dose radision B Molecular biological responses (o low dose
radiauon (. Radiaon effecis on the neurowransmismson ssem D Sumalaus e effect
low dose radiauon on the unmune wsem E. Epdemioiogical studies

INTRODU "TION

In the review arucle “Phiuologwcal Benefits from Low Levels of lonizing Radiauon ™ i
Health Phvucs (December. |983). Luckey asserted the exustence of “radiauon
hormess” This rescited in the firs loternasonsl Ssmposum on Radisnon Hormes:s
at Oukland in California. Augus 1985 Subsequenty. interesung surveys and
expeniments on the eflecis of low dose radianon on mammals o japan have expandec
on the body of knowledge which in general have supporwed Luckey's cimm that “low
dose radiavon  sumulaing and emenual for life'” The following article will describe
vanows rdianon hormess research Andings and the current “Round Robun Radiavon
Hormess® research program i japan which represena a collaboraove
mulhonganzavonal endcavor invoiving CRIEP! and vanous research orga.iuzauons
ncluding vanous unversiues.

TOPICS OF RADIATION HORMESIS RESEARCH

Suroey ~f Adomb Survevors

The foliow up da of peopie who recenved radianon from the Alomic Bomb show us
an intevestng feature especialiv in the low dose range. Figs. | and 2 show thai abou: =
cCv u the opumum dose (or the suppresmon of leukemia through the surves of the
propie of Hiroshima and Nagasak exposed 10 the radiation of the Atomic Bomb The
exposed groups are showing longer lives through the comparmson of the death rare
each age between exposed group «nd nen-exposed group (Fig %)

20



The Bemeficral Effect of Misasa Spe
Professor Emeritus of Osaka
Univermey Dr Kondo and Dr
Tanooka. former Chasrman of Japan
Raduiuon Research Sociery.
4‘ conducted sausucal compansons of

|

|

|

cancer of the peopie of Misasa
villages (1.e high radon levels in
dannking water ). adjacent villages
and all Japan The result was
meaningful as shown n Fig ¢

Maidrcal Apphoasen T rearment of Cance
rate of leukemis Professor Sakamoto 13 unng
desthy among the radiaton hormens 10 cure and 0
::::"::‘(m suppress the reappearance of cancer
- iri the hospual of Tohoku University
] T R T ) %0 For example. he applied 10 cGy twice
weekly for several weets successfully
Organ Abso. bed Dose (cLy) agains liver cancer and lymphauc
tumors. He 1 successfully appiving
whole body or half body low level
Figure | Dose-response retanion of leukemia deaths among A-bomb survivory. dore combined with local high dose
« irradiauon (o treat non-hodgkin
| lymphoma The low survnal race of 36% in pavents
k"o with non-hodgisn « vmphoma after five vears of the
(herapy mproved vo's 30% survival rate with 2 low
dose weaunent schema. Some analvucal results
demonsirace an increase of the rauo of the helper T
cells to s ppressor T cells.

Supprassson of Lung Cancer

Rate of Leukemia De. ths
during 35 Years (per 10" persons;

response & shown o Fig 8. Chunewe hamsucr V 79
Cells were incubased with SH-Thymudine for 16 hry

)
;
i ol Hiroshima Ishi of CRIEP! and Hosoi of Tohoku Univ. examined
' -2 2F the suppresmon of metastams by counung lung
| = cotonses of mice, (Fig. 5) Ishii also measured the
j a acuvauon of rat splenocytes. as shown in Fig. 6 by low
o GORe rAdAO0N EXPORIIE
E Cell Reyurenatssn
- Yamaoka .0 “RIEM measured uhe properties of celi
= 1 memv. anes and superoxide dimmutase actuvies. Fig 7
.3 I’ Nagasaki wsows data from some of his experiment
o Ikushima of Kyow Univ examined the radio-adapuve
=
=4

E (one cell cycle) and irradiaied with a dose of | Gy of
i 60Co gamumnacays (0 4 Gy/min). The cells were fixed
) | and amayed for the formation frequency of the
T macronucier- 6 hn after rradiaton. Misonoo of
CRIEPT estumated the opumum uwradiaton dose for
Organ Absorbed Dose (cGy) s b fhens 5 .

('du.

; | Zomas of Horwans
' Figure 2 Threshold-ike dose -~~~ -~ estimated from Yonezaww of University of Osaka prefecture

relation curve of leukemia death. cow.rmed two phases of radio-hormenc responses b
! S— P | using 2 priming dose and survival after a sublethal

BLLE \»r r~




dose adminuuroce. He found tha: ;
low (1 ¢ priming) dost (Le hormenc
dose ) enhanced resssance © sublethal
xradizuon grven two E@ONU byt not
rwo weeks later. (Fig. 10). Oppose
results were observed whe n the primary
Juse was sibstanually greater (Fig 10)
Visahusnm of Human Colls
Waanabe of Nagasaku Univ compared
the growth rae of human embryons
cells which had been exposed 0 2 hugh
acute Gose or w periodic multple doses
Calls whach received 7 3 cGy/week
showed an hormetic response Fig |1
shows one of his experunental result.
An Effoct on the Newrotransmatting Syotrw
Mivachi of Tohnku Univ. discovered an
interesting behavior of mice whn he
inioated the first work of his hormens
research in CRIEPL The 5 ~ 10 cGy
whole bodv X«av irradiation to the ICR
mace which inevitably fight caused a
drasuc change of the behavior after
seven davs Fig |2 shows one of hus tess
resuls Moderauon of offensive
behavor was observed with (he solated-
remdent versus isolated-inuruder
paradigm Significant differences
(p<0.01) between control and
irradiated groups are represented bv
the astenish.

Thorotrast Study

Dr. Mori. former principal researcher of
Nagonal Insutute of Radiologwal
Scrences, 1 direcung epademoiogical
follow up ndies on thorouas patent
in japan He has ndicased no harmful
lung effects are obsurved following : 10
vewr exposure o T Gy vie an merrnal
alpharay source.

Response of p53
Profesior Onishi of Nara Medical
College discovered a marked increase of
stress prowwn production by p5S genes.
Doses of 10 w0 28 cCy were effecuve Fig
18 shows hn expertmental results
Imporiancy of Low Dese Sianey [rradasdon
Prof. Nomura confrmed the 'mportance
of meady low dose tTadiagon for gene
steady low dose adminisraton is
evaential for obauning benefical heaith
effecn

Preath Rate Per 10® Persons 'er Yo

AN

- )
aV

people why were not

30 40 30 60 10 80
Age

Figure 5 Higher death raie after 55 years oid (dotied line) corresponds 1o the

10 A Bomb living 1n Nagasaki. Lower

death rae after 35 vears vid (solid line) corresponas 1© A. Bomb sur-

won
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diation with |5 cGv and combined treatment (15 ¢Gn was irradiared
20 daws afier transplantation wih murne squamous ceil cacinoma)

(% of controls)

'H-thymidine Incorporation
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Figure 6 md-hu_l-mh:‘v!ﬂvnﬁumu:hmk
induced prodiferative r sponse of ru nocytes
were obtaned from rat) a ¢ hrs after rradianon

THE ROUND ROBIN TESTS
PROGRAM

So-dula-ihh‘l'ﬂm
(1993 - 1996) on Ry liation Hormess
| mw«-am--bht

Studary
o Spocal Burogrcsl Rexpenses Lo

Ano-{arcmogrness and Ano-( aocer
Efface wdw vd by Low doss
Bomsbmtnss

Two different groups are working on
ano-carcanogenesis effect induced by
low-dose radiation (LDR): One »
looking 1. the sppressco of '
b emogenems through the '
augmentanon of e ummune sysem ‘
by LR weing AKR mice. The other u
looking at the suppression of chemucal |
caranogen (Fe-NTA) induced umwr
formason through enhanced SOD :
(Superomide dismucame) acuwmey by LDR.
Lk & Beacacbus |
| Anu-Leukemogenesns Tem (S '
Sakamow, Faculty of Medicine, i
Tohoku Univernty) :
2 SOD and Possibie suppression of
Fe-NTA induced Tumor (K
U, lnsovute of Medical
Science. Center of Adult Diseases.
Kz s )

L s L

Two different groups are looking at '
the posmbility of LOR induced increase
v oy Of bDOTENC: | maunak.
Possibie depresave effiecs of LDR oo

¥ gommratmmstengs u Stusfase

One group u iooking at the possaliny
of LDR induced incresse i longewity
of human populatons usng the dan

a3
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LDR intercefiular and meracelhuizr mgnal ransiic jon s

examned n thes sy

Lide & Rescarcher

I DNA Damage Repair Mechanisms (T [kushimy
Research Reactor Center Kioto U ninersin |

| 2 Cellular Resg and Signal Transier (M

| Watanahe. Department f Phamac N agasaks
U niverun)

| CLOSING

i Formauon of free elecwrons and fre- 1 acicals In ionwang
radiauon creates mans complex chermical 1eacuons
followed b sgrificant hologcal responses This arucie
describes imporuant research direcuons that will provde
important mechanisuc undersandingy of how cells and
Ofgansms adap: w0 environmenl sumik such as low dose
ACKENOWLEDGEMR: T
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(10 Watanahe \  Fffecs f Multipie irradiatinn wih lnw dome
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Spontaneous DNA Damage and Its Significance

for the “N
Radiation Protection

Darniel Bilien
Medical Sovence Drvwsaon
Oah Redge Assocrased Usmersities

One of the crucial problems in radiaton protection s
the reality of the negligible dose or de mmrmus concept
(14) This wewe of & “pracucr’ sevo” and its resoluvon 1s
central (0 our of the conwroversy con-
cerning the exisence of 2 “wfe” dose n radiological
health. However, fow very low levels of emvironmencal
mulagens and carcimogens ncluding low doses of low-
LET radiations (les than | cGv or | rad). sponaneous
or endogenous DNA damage may have an increamng

impact on the brological consequences of the induced
cellular response it is this issue that 1 addressed in this

communicanon
The foliowang discusmon s intenuonally limited 10 a
comparson of low-LET radiauon unce 1ts effects are due
primarily to indirect damage i cellular DNA brought
about by OH radicals. Indirect effects of lowLET
radianon under aerohc condivons are reported to

egligible Dose” Contreversy in

a count for 50-85% of measured radiation damage in
ce's (5.6) HighLET radintion, on the other hand,
proa uces unique DNA damage ( 7) prisnarily by direct
efects (5) which is kess lkely w0 be property repaired (7)
Spontaneous or intrinec modification of celtular
DNA s ubsquitous int nature and likely 10 be a major
cause of hackground mutauons (8), cancer (9), and
other diseases (10). The documentation of this intninsic
DNA decay has increased at a raped pace in recent years
and has not gone unnotced by contemporary
radiobvolognss. Sedow (11) and more recendy Saul and
Ames (12) summarzed the findings of Lindah| and
Karts.rom (13) and others (14) which saggest that
approximatety 10,000 measuradie DNA modificavon
events occud per hour in each mammalian cell due 10
INrinsic Cn.l”'

-
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bases of the Asomsc Bowmnb Survnors Healun Survev

T & Beacacchet

| Anatyms oi Dat showing the Longewcy Increanng
Effect of Low-Dose using Deiz Base of A-Bomb
Survivors Health Survey in Nagasaki (Y Okumura
Faculey of Mediicine, Nagasaku Unny, wey)

Studses on Mechanisms wndevtsing Lovw-Dose Efferts

Activation of Besic Brological Frmcuons

There are four differunt groups here One 18 looking

at organ radhcals with long halfl ‘ives produced

LDR. and their wological/ molecular effecu The

other 13 looking at the sumulauve effecs of

fracuonated LDR on the proliferavon of culiured
cells Umng human embryonx fibroblass. wal
passages. ransformason frequency, muauon
frequency and other alteravons of cells are
examined in this sudy The third group i looking at
stem-<cell acinavon through apopiosis induced by

LDR. The effects of prowacted irradiavon with low

dose rates are examined in intesunal crypu of mice

Unng LacZ gene inwroduced wransgenic Mutamouse.

somauc cell mutauon induced by LDR is heing

observed hy another group Mutiwon frequency and
spectrum n the introduced Lacl gene are examined
after acute and/or chronk LOR

Ink & Bexaccher
| Idenuficauvon of the Inwal Radicals induced v
Low-Dose (T Mnazaki. Faculty of Engineening
Nagova L niversity)

2 Exammauen of the Inhibiory Effects of Low-Dose
on Cell Agang and its Mechanism (M. Waianabe.
Deparument of Pharmacy, Nagasaki University)

! Stem-cell Acuvauon by Low-Dose through
Apoptoss Inducvon (K [jin, Radiotsowpe Center,
Tokyo Univermey)

4. Specificavon of the Somaoc Cell Mutaton
induced by LowDose usng Mutamouse (T Ono,
Frulty of Mediciee, Toboku Univermey)

huchvpcum of Dndugion Dhof emwes ibecimmsiss
There are five diiremt groups in this sudy Two
groups are looking w the acquired radioremsance n
mice. When the radioremsance appears after
condivoning uradiauon, how long it lasts and the
refagon 1o the recovery of hemalwposwey ussues are
examined n preutadiaied mice. Relavonship
between saresory, including LDR. ~nd defense
mechanisms 1» also examuned in the tmuce pretreated
with soressful sumuli, such as deet restcoon. Lp.
inpecton of heavy metals. skin-excimon and LDR.
Acuvanon of defense mechanuns « also looked at 1
relauon 10 the & mulanon ¢ sem<ell proliferavon
through apopewor s by LDR. Applicavon of the
Altrwsoc Cell Death Hypothems w0 sem-<celis in
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before the second radistion with 778 Gy of X.rans.

Two types of acquir xa radioresistance after small
doses of X-rays in fice

P A ]

Primung Dc:e of Radioremistance”’
X-rays Gyl 2 weeks wtervel 2 months interval
¢ No
5-10 Neo | ;“.
13 No
20 e No (1 5 months)
30-30 [h, No
s [ncrease in 30-day survival rate ah. " sublethal
X -irradiation

thymus and other hematopoetc ussues are
examuned i thus study

Depresson of aggressve behavior observed
n mice irradiated whole-body or paruallv on
wmdmmmm!m
mwmummmuﬂ
through the central nervous A e (CNS)
Ommnw‘udn&mdwlon
the immune syswem . as well 2 behawor,
mmmm.ﬂcm
connected with CNS funcuon. Kadicals

WM.MWM

LDR can mduce expresson of genes and 2

varvety of gene product refated ©

Mdn‘nbb&nmdm

~elaton to acUvaDon of MObTulAr /

twoc hetrucal defense mechanmms

Tisls & Beasarcost

i quw-wo—bon
irradiated Mice (M Yonezaws. Research
Center of Radiomotopes. Osasa
Prefecture Universty)

Matsubara, Faculty of Medicine, Tokvo
U niversty)

§ Examinagon of “Aloruistic Cell Death
Hypothems™ (Sumutsnon of Swem Cell
Proliferstion throus* _ow-Dose Induced

) (T. Yamada, School of
Medicine. Tobo University)

4 Action of LowDose w0 the Central
mmdmmud
Low-Dose Irradiation (T. Yamada, School
of Medicine, Toko Undversity)
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The current radintion liverature will be interpreted '
show that =109 (er fewer) measurahie DN A alterations
occur per cenugray of lowLET radiaton per
mammolian cell. Therefore every Aowr human a..d ather
mammalian . ells undergo at least 50-100 umes as mu-
sponaneous or natural DNA damage as would result
from exposure 10 | cGv of onizing radianon Since
background radiavon 1s usuall iews than |00-200 mren
(12 mSv). 'v. it can be concluded. as discussed b Muller
and Mot-Smuth (15). tha: spontaneous DNA damage 1
due primanly © causes other than background
radisuon
“Intrinsic” Or “Spontaneous” DNA Drasonange
DNA-mumxwﬁucumMOn
mccmm.tunmnham&w
of chemucal and physcal lemons inroduced wiwo
cellular DNA by thermal as well as oxidative insult in
addiuon. in the course of evolution. many cerls haw
evolved biochemu mechanisms for repair or bvpass of
these lesions.

Some of the more common “natural” DN A changes
inciude depurinauon. depymimsdinavon. deaminauo.
nngiestrand hreaks (S5Bs) . double-sirand hreaks
(DSBs). hase modification, and protein-D\ A ¢ osslinks
These 2re caused by thermodvnamic decas processes as
well as reactuve molecuies formed v metaholic
processes leading to free radicals such as OH.
peromdes. and reacuve oxvgen species.

Shapero (14) has recently discussed and summanzed
tne frequency at which vanous kinds of spontanenus
DNA damage occur Sponaneous DNA damage evenus
per cell per hour are shown in Tabie | and were
esumated from the data presented by Shapuro (Table
1(14)].

For unglestranded DNA of mammalian ceils at least.
8x10° damage events occur/cell/hr, whereas for
double-stranded DNA there were —6 x10° damage
events per howr (Table [). While the raco of single-
suranded DNA w double-eranded DNA vanes with
phase of the cell cyele, it i reasonabie 10 assume that

most cellular DNA at anv one ume From the daw
summarized in Tahle | it is not unreasonabie to sugges:
'hat at a mimmum. the spontaneous DNA damage i« f
the order of 610 x 10 events/cell/h and 10 use R X
1 DNA damage evenus/ cell/h as a reasonable average
tor the pn?mr of discusson This allows a caiculation
o9 x 107 spontaneous cellular DN A damagqing
evenus/cefl/das or 7x 107 per year in mammais
including humans (Table [1) The lifetume load »f
spontanenis DNA damage eventy per cell 1s *hen <5 «
10" i an average life span of 75 years is allowed for
humans

DNA Deenage Indaced By Lrradiaton
Several recent reviews summarize the types and
quanutes of alieranon of DNA in cells caused by
exposure 10 low-LET radiation (16-18) The reader
should refzr io these (or references to the ongwnal
works from which the reviews were drawn

The esumate of about 100 DNA events/cell/c(v used
in this discusmon 15 based on information contained in
the reviews by Ward (16. 20) and assumes the molecular
weight of the mammalian genomic DNA 1o be 6 X 10!2
D constituung about 1% of the cell weight

Ward (Table 11 (16)] lisis the amount of energy
deposited in vanous DNA consutuents/ cell/ Gy From
this table a txal of 13.3 DNA events/cGv s calculated
His rsuimate of damaged DNA sites/ cell/ cGv 1s 10-100 |
chouse the |004enon esumate w0 make as reasonabie a
conservauve comparison with spontaneous DNA
damage as possible (Table [T). This number of damaged
nies would inciude both direct and indirect DNA

damage
Spoatsmeous vs Indaced DNA Modificathons And
Their e Campammscpomnes:wa

Wallace has recenty reviewed e nature of the DNA
lemons caused by active omdizing species produced
both naturally and by lowLET radiagion (17). Omdining
radicals and especially OH radicals resulting fron either
cause produce smilar types of DNA lemons (17-19) The
enzymes involved in thew repair are mmilar whether the

double-suranded DNA is the usual configuraur a for DNA damage is produced spontaneously or by
Table | Esumated Spontaneous DNA Degradauon Evenu (Cell 'h)3 '
Reacuon Singlestrand DNA Doublestrand DNA
Depurninauon 4000 1000
Depyrimidinanon 200 . 50
Deamunanon of cytosine 4000 L]
Cmbnn resuang i 1000
Direct chain break - 4000 w
* Cakculated from Shapwo (14) 2 ’




radiavon However. radiation s known 1o induce an
erTOrprone repair HREM i hacterial cells and perhaps
in mammalian cells 2 well (21, 22)

DN/ viycomiases and endonucleases are imulved in
the repasr of ha . damage. Other nucleases 4o+
avalable for sugar dama»ee repair (17) Recognition of
the damage sute by the 4ppropriate ennvmes i
dependent not on the iniuaung event hut un the
chemical nature of the end product These end
products appear 1o be similar whether indied h
natural cavses or radiavon (17) It would seem
reasonable (o conclude thai. due W common oudizing
radicals. many of the qualitauve changes in DNA are
quite umilar for radianon«nduced or spen@aneous DNA
damage

The quanuty and distnibuuon of each class of lesion
may, however, differ ugnificanuv As indicaied earlier
there would appear 10 he relatnely more DNA sirand
breaks than other lesions resulung from sponianeous
causes as compared to radiation insult. A good poruon
of these may result from depuninanon (Table 1) with
producuon of 3 OH ternuni (“clean ends™) as part of
the repair process

Mamy of the DNA stand breaks caused n low-LET
radiauon are incanable of serang as pnmer for DNA
polvmerase (23) However, endo- and cxonu leases
*xist whach can restore these blocking ends to (lean
ens and allow compleuon of the repair process (17)

A sirong correlavon exisus between DNA DSBs and
lethaliy in mammalian cells for low-LET radianon
While the quanuty of DSBs produced by iwmuzing
radiation 1s fairty well documented, this is not true for
spontaneous DSB producuon in mammalian cells.

In sponianecus DNA decay, formation of a2 DSB s
likely to be the result of singlestrand events occurnng
in close proximity on each daughter serand and leading
10 cobestve enus which can be repaired easily by 2

ligauon sep

A survey of the lieratire on the doubling dose for
Muagenens in cukarvotes exposed o 'ow-LET
rachiation indicates a range of 4 1o 300 cGv and |
carcinogenews 4 range of 100 (o 400 cGv LUung the
“halipark” value of approxumately 100 DNA
events, cell/ el this would represent a range of 400 1n
00N induced DNA damage evenus per doubling dose
Lsng 100 cCa as the approxumate doubling dose. 2
ttal of | x 104 DNA damage events would be required
10 mduce mutavons in numbers equal 10 that observed
in nature This s approximately the number of DNA
events (R0 x 10%) produced spontaneousty in each
cell/h (Table [N

The Negligibie Dose Coutroversy

The comparwon of low-LET radiaton-mduced DNA
Aamage with that which occurs spon@neously indicates
(Tabie (1) that a relauvely large number of DNA
damage events can occur spontaneousty dunng the
lifeume of mammalian and other cells.

Dose prouracuon over a peniod of weeks or months
would lead w an increasing rauo of spontaneous DNA
damage evenws w those caused by irradiavon. By
cxirapolavon from high doses and high dose race as
aiscussed by Ward (16, 20), | ¢cGv delivered in | s would
catiie 40-50 umes as many DNA damaging evenus per
cell as that caused spontaneousiv dunng the same ume
span (Tah'e [1). However, | cGy delivered evenly over |
-ear would cause (on aversge) less than | DNA
damaging eveni per ceil/day. This can be compared 10
-2 % 107 nawral evenu caused per cell /day

From these numbers, it seems reasonabie o suggest
that there does exix a “negligible” dose in the range of
our terrestnal background annual radiaton dose of - |
mSv (=10 DA events/ cell/year). This can be
cnmpnndwthth’DNA
evenu/ cell/ year produced by spon@necus Causes.

Table I DNA Dessage Evenes per Mammalian Cell
Spontanecus DNA damage e enu .

Character of event Per second Per hour Per year DNA damage /cGy* t
Single-scrand breaks I 4 5% 10' 4 4x 10 10 *}
Doublestrand break, 04 ‘
Depunnauon and/or ~1.5x 10 -814x 10

base lesions 08 “12%5x 10 11 x 10 95
Total events 22 -80x 1O “Tx 0 ~-20
cGy equmnalents 0022 80x 10 Tx 0

(1 cGy = 100 evenus)®
a From Ward /()
b Since other WMWWuh-DNAwemcrodnhqudhtnm(ll)m. 100
events/ Gy v used a8 2 “ballpark” value for ease of comparson with sponianeous even.
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Adler and Weinberg (24) have proposed that the
sandard deviauon of the background irradiavon (-0 2
mSv) he used as an acceplable additonal dose due 10
human actniues This wouild lead 10 -2 addional
induced DNA damaging evenis celi, vear as compaied
0~ 710 spor 13 DNA damage events
Considenng the magnitude of the spontanenusih
induced DNA changes in each human cell, it 13 not
unreasonable o precict that 0.2 m$s delnered e o
vear would have aeghigible hologiial consequences

When teinporal conniderations are factored in. it
becomes clear that spontanevus DNA damage n
mammalian cells mav be manv orders of magnitude
greater than that caused by low and prowacted
radiauon doses. especially in the terrestnal background
range of 1-2 mSv (100-200 mrem) per year It is
important that further suudies on the effecu of hoth
ionizing radiatons and spontaneous events on DNA
decay and repair he conducted to better understand the
pracural heaith consequences of low and protracted
doses of radiauon (2, 9, 25)
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