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Scientists’ Serious Issue on Low Dose Rate Exposure

* Radiation protection experts

* Radiobiologists An3\0S

* Radiation epidemiologists

Is LNT the scientific truth 2 e

o S o -'-7«7‘ = o‘ 7
even in the quite low-dose rate! .~ Dblologists

=

What is "DDREF” ??

What is
“committed” dose-equivalent ???
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Hermann J. Muller
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Hermann J. Muller (1890-1967)
the Nobel Prize in Physiology or Medicine in 1946
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Science, Vol. 66, p. 84, 1927

ARTIFICIAL TRANSMUTATION OF
THE GENE

Mosr modern geneticists will agree that gene muta-
tions form the chief basis of organic evolution, and
therefore of most of the complexities of living things.
Unfortunately for the geneticists, however, the study
of these mutations, and, through them, of the genes
themselves, has heretofore been wery seriously ham-
pered by the extreme infrequency of their oeenrrence
under ordinary conditions, and by the general unsue-
cessfulness of attempts to modify decidedly, and in a
sure and detectable way, this sluggish “natural” muta-
tion rate. Madifieabion nf the innote natars af ore

ods employed, or of the individual results obtained.
It has been found guite coneclusively that treatment
of the sperm with relatively heavy doses of X-rays in-
duees the oceurrence of true “gene mutations™ in a
high proportion of the treated germ eells. Several
hundred mutants have been obtained in this way in 2
short time and considerably more than a hundred of
the mutant genes have been followed through three,
four or more generations. They are (nearly all of
them, at any rate) stable in their inheritance, and
most of them behave in the manner typical of the
Mendelian chromosomal mutant genes found in or-
ganisms generally. The nature of the crosses was

aneh ag fn he mneh mares favarahla far the detoction
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RADIATION RESEARCH 168, 1-64 (2007) _

Solid Cancer Incidence in Atomic Bomb Survivors: 1958—-1998

D. L. Preston.#! E. Ron.” S. Tokuoka,® S. Funamoto.© N. Nishi,© M. Soda.c K. Mabuchi? and K. Kodama¢

@ Hirosoft International, Eureka, California; * Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, Maryland; and
¢ Radiation Effects Research Foundation, Hiroshima and Nagasaki, Japan

Solid Cancer Dose Response

excess relative risk

2
weighted colon dose (Gy)

FIG. 3. Solid cancer dose-response function. The thick solid line is



e » IMEXRYPEERE (Dose and dose-rate effectiveness factor)

/ LQ (linear-quadratic) model \

E(D) = aD + BD?
E : the excess effects

low dose-rate: lim E(D) = aD

D—0

Dose & dose-rate effectiveness factor

K DDREF = (aD+pD?)/aD =1+ f/a + D /

N [CRP Pub.60 (1990), Pub.103 (2007) — 2
BEIR VIZEH% (NAS/NRC, 2006) — 1.5
UNSCEAR 1998 5 2~10
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William L. Russell (1910-2003)
“The large mouse genetics program”
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Mutation frequencies in male mice and the estimation of genetic

hazards of radiation in men
(specific-locus mutations/dose-rate effect/doubling dose/risk estimation)
W. L. RusseLL aND E. M. KELLY

Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830
Contributed by William L. Russell, September 21, 1981
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To overcome barriers of understanding ...

Theoretical Physicists
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Basic concept of the Whack-A-Mole (WAM) Model

Radiation - Metabolism

.Cell démage

<3
Heredity | " NLNi&1dle]g -Carcinog:enesiswl |
(Evolution | T 5 = 'Cancer
Germcell | | Somatic cell i [ Death
Directly observed Multi-step

in F1- F2

—

7~
BRMIEADLIE %fﬂ@ BRBIAD R

Bando M. et al.,

“Study of mutation from DNA
to biological evolution.”

Int. J. Radiat. Biol. (2019)

in press

Mole
- = Mutant Cell



Whack-A-Mole (WAM) Model

The differential equation with respect to “time”, not to “total dose”

EEf

“DOO]”

a, : BIRIE<ICRDAEETIZE [/GyY]

B =h,+b,d

b, : BAMMAI5ED [/hour]
b, : BIHEIELIC K DHBEIFE [/IGy]

= A=a,+a,d o sex
s a, . BREZEEZD1ENID [/hour]

[ERY



8, [1/hour]
a, [1/Gy]
D, [L/hour]

b, [wey]

gD N

Assessing of parameters

experimental data — parameter - fitting

parameter sets (aga,, b,,b,)
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Mutation frequency

Comparison of WAM-theoretical values and experimental values
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Mutation Frequency

Comparison of WAM-theoretical values and experimental values
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Mutation frequencies in male mice and the estimation of genetic
hazards of radiation in men
(specific-locus mutations/dose-rate effect/doubling dose/risk estimation)

W. L. RusseLL AND E. M. KELLY

JAN

Proc. Natl. Acad. Sci. USA
Vol. 79, pp. 542-544, January 1982
Genetics
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Comparison of WAM-theoretical values and experimental values
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a,[1/hour] ~ 3.24E-08
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b, [vGy] 1.36E-01

Y. Tsunoyama et al., “Verification of a dose rate-responsive dynamic equilibrium model on radiation-induced mutation frequencies in mice.”
International Journal of Radiation Biology (2019) in press



Time interval from the end of irradiation to the start of mating,

Assumptlon only 0.8 R/Gy exposure condition : 2 weeks delay
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Y. Tsunoyama et al., “Verification of a dose rate-responsive dynamic equilibrium model on radiation-induced mutation frequencies in mice.”
International Journal of Radiation Biology (2019) in press



Prediction by WAM model : if dose rate (d) is constant ...

Solution of WAM equation

dF (1)
dt

A=a,+ a,d
B=Db,+b,d

= A — BF(t)

F(t) = A/B (1-e5%) + F(0) e®t
if d is constant - {REXRNIREAICHIE > T—ETHDIES

a, + a,d
Fo) =AB= 20T &
(«0) b, + b,d




Dose rate
2 0E-04 — |(Gy/h)
LNT == 10
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E .
= - - -1E-4
> —1E-5
5.0E-05 -
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T. Wada et al., Journal of Nuclear Science and Technology, 53,1824-1830. (2016)
M. Bando et al., International Journal of Radiation Biology (2019) in press



M. Bando et al., “Study of mutation from DNA to biological evolution.”, Int. J. Radiat. Biol. (2019) in press



WAM model prediction

Mouse — T T
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T. Wada et al., Journal of Nuclear Science and Technology, 53,1824-1830. (2016)






WAM model R —XJILY A | http://radi.rirc.kyoto-u.ac.jp/wam
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WAM Simulator
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Whack-A-Mole (WAM) Model Simulator

The simulator solves a following differential equation:
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Thank you for your attention.



