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The Fukushima Nuclear Power Plant Accident and &idh Health Risks

Shunichi Yamashita

Nagasaki University Graduate School of BiomediaaéSces

I would like to start by first of all expressingynmeartfelt condolences to all those who have
suffered due to the calamity of the unparalleledaBEast Japan Earthquake, which struck on March
11th this year.

The Fukushima No.1 and No.2 nuclear power pldrdsitore the brunt of the massive earthquake
and tsunami followed two different paths of fateswuccessful attempt and a failed attempt at
shutdown, but with regard to the details and respsrmimade to the accidents we will now have to
wait for a future verification of the events. Thesults of the research into long-term health effect
following the atomic bombings of Hiroshima and Nsa@d have become the standard criteria for
worldwide radiation protection, and are the bagithe scientific and policy decisions ef-both the
United Nations Scientific Committee on the Effecfs Atomic Radiation (UNSCEAR) and the
International Commission on Radiological ProtectiGiCRP), respectively. The lessons of
Chernobyl have also taught us a great deal abelidhlth effects of not only external exposure but
also of internal exposure and chronic exposureiti® amounts of radiation. | would like now to
consider the correct understanding of radiatiomftbe perspective of the health risks that are the
stochastic effects. Though we are still in a stdtibux that still shows no signs of drawing to amd
three months after the accident, | would like tplai just how health management and promotion
can be attempted in the areas suffering from ratli@aenvironmental contamination.

Types of radiation exposure, at first, includeeexél exposure, internal exposure, whole body
exposure, partial body exposure and contaminatimhs® on, but it is the dose of all of these that
decides the health effects. The 120,000 researdisialy results for the atomic bomb victims in
Hiroshima and Nagasaki is external exposure dateada huge body of epidemiological research it
is the criteria for radiation safety and protectiegulations throughout the world. Specificallyeré
are two types of health effects caused by radiathonte Radiation Syndrome results from exposure
to 1000mSv or more; anybody exposed to this leviélexhibit vomiting, headaches, diarrhea, hair
loss and other physical symptoms or features, foickvthere is a threshold, and these are called
‘deterministic effects.” In the case of the form efposure called ‘Late Radiation Effects, which
raises the possibility of developing cancers inftitare, and occurs following exposure to doses of
between 100 and more than1000mSyv, we can carrgamparative examinations of several groups
of exposed and unexposed people. As a result, #e that the risk of cancer increases in a
dose-dependent manner is called the ‘stochastctéfiSo what happens in the case of exposure

under 100mSv? The fact is that the results of lgoge epidemiological studies have not been able



to prove the existence of any clear carcinogersiksriHowever, emphasizing the stochastic effect,
the recommendations for radiation safety and ptote@re made under the hypothesis that even
with exposures to doses of under 100mSv the cagemo risk rises in proportion to the dose
exactly as it does with doses of over 100mSv —therowords under the principle of the Linear
No-Threshold (LNT) Hypothesis. It's a principle thseeks to reduce radiation as much as it is
possible. In either the case of a single exposureleen repeated exposure to small amounts is
undergone and the accumulative dose gradually esaitie same level, the protection criteria is for
the same dose. Of course, biologically speaking @asy to imagine that the gradual exposure to
small amounts carries a much lower carcinogenicassthe body’s DNA repair function go to work,
and this has been confirmed experimentally. Thedrmunace developed by continuously acquiring
DNA repair abilities as it evolved, adapting to tlesenvironments, and spinning the ‘threads of
life.” The exposure limit for the general public Japan is set at 1ImSv per year. We are generally
exposed around the world to an average accumutiateel of 2.4mSyv, so | think you can appreciate
just how minimal that 1mSyv level is. Human beingséalways, are now, and will in the future live
together with minute amounts of radiation. In thé&se, with regard to the emergency situation in
Fukushima Prefecture it is important to compareftbalth risks from chronic exposure to minute
amounts of radiation with the entities of the matter carcinogenic risks.

I myself have worked for a long time in Chernobigl,land contaminated by radioactive fallout,’
where | was involved in study and research withra@rnational institution. Immediately after the
accident, on April 26th 1986, a massive amount afigactive iodine was released into the
environment. Inaudible and odorless radioactivestauizes quietly fell on the people watching the
May Day street marches. Initially exposure fromailiig, and later on internal exposure from food
contamination were suspected of causing problemsoBparison with Japan, too, the people there
continued living on land that was extensively camteated with radioactive cesium, and they also
continued ingesting contaminated food in no smalasure. The annual doses of radiation that those
millions of local residents were exposed to ranigech several mSv to tens of mSv, but no clear risk
of cancer, which is to say a stochastic effect, igen confirmed to date. The ones who should be
protected are infants, children, and pregnant wormérChernobyl, however, thyroid exposure to
internal radiation in children emerged as a majobfem, particularly due to contamination of milk
through the food chain by radioactive iodine thaisweleased in large amounts immediately after
the accident. Radioactive iodine has a half-lifeeight days, so it had almost entirely disappeared
after half a year. Following the accident, howevke, area around Chernobyl experienced a sharp
increase in cases of a childhood cancer of theoithyafter a certain period of latency. This was a
rare cancer that affects one in a million, and géhsere nearly 6,000 cases in a 25-year period.
People who were infants at the time of the acci@eatundergoing surgery for thyroid cancer even

after they have grown up. The cancer has not ceduhowever, in children born since the accident,



and today the incidence of childhood thyroid cariseat normal levels. In other words, the health
effect on the general population following the Ctudyl nuclear power plant accident is the sharp
increase in thyroid cancer extending throughoutliteBmes of residents who were infants or small
children at the time of the accident. This is whyrbid exposure to internal radioactive iodine was
also raised as a problem with the recent Fukushmmelear power plant accident, and why
regulations for food safety were promptly upheldthAugh Fukushima and neighboring prefectures
not only had restrictions placed on the distributad agriculture, forestry, and fishery productst b
also paid a heavy price in the form of harmful rusnas a result, it can very fortunately be inferred
that the risk of thyroid exposure to radioactivdine was drastically reduced. It will be necessary,
however, to continue verifying this by reevaluatiigroid exposure doses among those who are
expected to have been exposed.

Japan has been experiencing the reverberatiosisock from the earthquake since March 11, and
everything at this point is undergoing a periodupheaval. The Chernobyl nuclear power plant
accident was a remote contributing factor in themkdown of the East-West cold war structure and
the dissolution of the Soviet Union, so Japan rmake good use of the lessons of Chernobyl and
explore the ways leading to new life rather thastetion. | would like to take this perspective in
considering the course of the Fukushima nuclearep@iant accident and the question of whether
the levels of radiation in the environment will leaany health effects.

After the occurrence of the tsunami that followtbd earthquake, the residents of communities
within a three-kilometer radius of the nuclear popikant were instructed to evacuate, and residents
within a 10-kilometer radius were instructed togakfuge. Then further instructions were issued to
residents within a 20-kilometer radius to seek gefin safer locations. Even after that, concerns
about the health effects of radioactive fallout duédydrogen explosions led to residents within 30
kilometers being instructed to take refuge indoarg] their continuation in that state indicates the
seriousness of the situation. The offsite centeas $should have served as headquarters for local
countermeasures to the nuclear power plant disastier dysfunctional, and in this and other ways,
matters were initially in a state of extreme coidns On March 15, radioactive fallout drifting
through the environment on winds blowing to thetimeest fell mixed with snow in the city of
Fukushima, 60 km away. Concerns have been expressednvironmental contamination and the
impact on human health over a rather extensive diea government expressed its view that there
were no immediate health effects and has contitueepeat this view. Finally, however, orders for
systematic evacuation were issued to parts of Kabsmura, Namie-machi, lidate-mura, and
Kawamata-machi as well as to parts of Minami Sontg @ April 11. The area at a radius of 20 to
30 kilometers that had been designated for indefuge was then further defined as an Emergency

Evacuation Readiness Zone. It is essential thatrdlk@tion doses of these disaster victims be



reevaluated, and it is considered desirable thaiuneto long-term health management be carried
out.

Meanwhile, the people working at the Fukushima eaichbower plant accident sites are at greater
risk of direct exposure to radiation. This necesed radiation emergency medical care in the form
of constant readiness to take measures in resgonselustrial accidents. However, for the vast
majority of Fukushima Prefecture residents, ingigdevacuees, there is no risk of exposure to
dosages exceeding 100mSyv. Even less is there aadyatall for concern regarding the deterministic
effects of exposure to 1000mSv or more. The ontyease of radiation in the environment and in
the earth due to the effects of radioactive falisttom the radioisotopes of iodine (half-life @fht
days) and cesium (half-life of 30 years). These dreoncern as causes of external and internal
exposure of our bodies to radiation. However, gitrendiversity in individual people's patterns of
activity and dose distribution as well as the paitr half-lives that are characteristic of radinac
substances, it can easily be inferred that thesegoif actually measured, would likely be lowearth
the theoretical integrated dose values. The enwisgriial monitoring data from different areas of
Fukushima Prefecture are continuing to show a d#hing trend at every measurement site to date.
| hope that this trend will continue unchanged.

Finally, 1 would observe that along with evaluat@and analysis of risk by scientific means, correct
risk communication is also necessary. Risk managetoemitigate and preclude risk makes use of
regulatory science. In other words, overall judgteeme made of the benefits and drawbacks in grey
zones, where matters are not clearly defined iokb¢éand white, and policy decisions regarding risk
taking are made. The matter of how the public péliceive these decisions, however, and how they
will understand and judge the risks, will diffepin person to person. This is risk perception. On
April 12, a provisional report was made to the in&tional Atomic Energy Agency (IAEA) that the
accident was rated at Level 7 on the Internatibhadlear Event Scale. This came about because the
total amount of radioactivity released into the esphere was rated the equivalent of approximately
one-tenth, and currently one-fifth, that from thée@hobyl accident. Given the severity of the
incident, it is essential that additional new sifeslocal environmental and health monitoring be
established.

One lesson indicated by this recent experienceappo be the development of a new framework
for radiation emergency medical care. This shoutshitor the validity of information on the health
risks of radioactivity from the point of informaticscarcity to overflow and intermixture. It should
evaluate government positions and instructions abibgly, neutrally, and dispassionately. And it
should be able to speak to the people of Japan axgtibility. It is precisely when emergencies
occur that it is necessary to respond in ways shgbass existing frameworks with extraordinary
thinking. We published the titles Philosophy andccAmlogy of Risk Communication and Risk

Perception and Risk Communication even beforeabcsdent, while our most recent publication is



Atomic Bomb Victims of the 21st Century, so we dogether with everyone in considering
radiation health risks.

It is particularly important to reevaluate the egpre doses of individual people when dealing with
problems of uncertain and indeterminate radiatiealth risks. To that end, the people concerned
should act without delay to collect solid infornaeti on their own activities from the point
immediately after the earthquake on March 11 ugh® end of March, relying on their own
memories to do so. There is also a need for heailagement that will forestall the damage caused
by rumor and keep the psychological impact of evémta minimum. A health effects management
group for Fukushima Prefecture residents has bsw@bleshed for that purpose. | intend to do

everything | can to enable Japan-wide supportifer'United We Stand Fukushima" movement.



2011/6/13

The 2" Tokyo Symposium on Restoration Support for Fukushima
By NASHIM, June 15, 2011 Tokyo

Quake-damaged Fukushima Nol Nuclear Power
Plants and Radiation Health Risk
Shunichi Yamashita, Nagasaki University

T 73

Change of cancer risk after A-bombing
Follow-up studies in Hiroshima and Nagasaki, and future prospects
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International Standards
in Radiation Risk Evaluation

Based on a large-scale radiation epidemiology
research completed using an evaluation of the
radiation-induced health effects on the
survivors of the 1945 Atomic bombing of
Hiroshima and Nagasaki, the UNSCAER
report dated on 2006 contained the final
formulae for radiation risk evaluation, taking
into account of the uncertainty factors.
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Epidemiological Data from Humans

* Atomic Bomb survivors’ data and radiation
risk analysis with other exposure groups have
proved the dose- and age- dependent thyroid
cancer risk after external irradiation for all
their life with unlimited latency.

» Chernobyl data suggest that a dramatic
increase of childhood thyroid cancers can be
induced by short-lived radioactive iodines by
its internal exposure just after the accident.

+ Radiation-induced thyroid cancers are all
histologically papillary thyroid carcinoma.

Scientific data collection Radiation Safety Standard Administration of
and evaluation WHO Radiation Safety
ILO
OECD/NEA

Researchon

Radiation Effects Information

Radiation Safety IAEA of radiation
: rotection
Basic Standard p
Safety \
BEIR (BSS)
Recommendation Radiation Protection
Regulation
Guidelines

N

UNSCEAR
Report

Radiation

Recommendatign Safety
Culture

Radiation Health Effects
. Consequence

Acute Radiation
Syndrome

1. Radiation exposure
1. External

2. Internal Lethal Dose
3. General
4. Local 10,000

5. Contamination

2. Source
1. Natural, 2. Artificial 000 ¥

5. Chronic
Dose responsive Cancer Risk

100 |¥ .
o 1E 6.Uncertainty

Occupational limit 50mSvly .

3' Response 1 .« «« Natural background 2mSv
1. Deterministic effects
2. Stochastic effects ey Dose assessment and

Radiation Risk Control

Recent Development in Radiation
Health and Life Sciences

+ Dose-effect relationship
Age-dependent effect
Causality

+ Genetic susceptibility

« Combined effects

Cancer risks attributable to low doses of ionizing radiation:
assessing what we really know and understand and what

we can contribute to Fukushima using lessons from Chernobyl.
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Chernobyl Nuclear Power Plant Accident o
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Increase of Thyroid Cancers in Belarus
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Risk of Thyroid Cancer around Chernobyl
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(Cardis E et al; Risk of thyroid cancer following 1-131 exposure in childhood, 2005)

Biological Reaction & Cancer Risk After Nuclear Disaster

Radiation
Plume

Inhalation Intake of Contaminated Food

Internal Irradiation
Radioactive Materials

Nuclear Power
Plant Accident
<

Food Chain

&

Environmental
Contamination

The Evacuation Zones
Around the Fukushima Daiichi Nuclear Plant

Iapanese and American Evacuation Zones

iy e S About2 million people five within 50 miles (80 km) of the plant. Thisis a much larger area
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Dose-Rates at the Site of Fukushima Dai-ichi NPPs
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Protection of People Living in Contaminated
Area in Fukushima after the Accident

................................... >
[After the accident]

[Normal condltuon] -
Radiation Safety

(a) FHBEMPRELMEE Commission in Japan
BT 51=HDEE Bsased on ICRP
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Accident happens | Accident terminates DAYS

Further radiation health-related activities

* Determination of accumulated doses (maximally
individually-oriented), including type of exposure
(external, internal) and major affecting radioisotope

* Calculation of radiation risk

« ldentification of groups with risk exceeding socially-
acceptable values

* Long-term health monitoring of the groups with
elevated risk if necessary

Health Security and
Environment

How to solve uncertainty of low dose radiation health effects;
Necessity of Regulatory Science
based on academic research and healthy policy-making
L e
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Radiation Effects on Human Health

Cancer Radiotherapy Death in 0-5 days
death certain in$ 10 12days total dose to tumor
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Limitation of science
for contribution to
risk assessment

and uncertainty
because of no

direct evidence
between radiation
and human cancers

Limitation of low-dose
epidemiological studies
related to Atomic bomb
survivors data because of
various type of
heterogeneity in
population and non-
specificity of radiogenic
cancer

Health level

Radiation-related cancer risk

What caﬁ'we cDouF;tribute to?

1. Understanding molecular and cellular mechanism of low dose
radiation-associated cancer induction may alter the concept of
risk assessment by an identification of vulnerable group and
radiation susceptible or resistant individual .

2. The advancement of radiation biology/oncology may improve
the concept of risk management by an active prophylaxis or
prevention before/during/after medical radiological exposure.
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