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Special Lecture

Lessons learned from the Fukushima Daiichi Nuclear Power Plant Accident

- The Current Status and Issues of the Radiation Emergency Medical System
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Chair

We have reached the time for the final item on
our program, which is a special lecture. The person we
have invited to give today’s special lecture is Professor
of Emergency and Critical Care Medicine at Hiroshima
University. He is Dr. Koichi Tanigawa. Dr. Tanigawa has
been in and out of the Fukushima area since the initial
time of the Fukushima Power Plant Accident. And we
have asked Dr. Hideo Sasaki, who is HICARE’s Executive
Secretary, to chair Dr. Tanigawa’s lecture. So from this
point on, it's Dr. Sasaki in the chair. Over to you, Dr. Sasaki.

Hideo SASAKI, MD, PhD,
Executive Secretary of HICARE

The special lecture about the “Lessons Learned
from the Fukushima Daiichi Nuclear Power Plant
Accident - The Current Status and Issues of the Radiation
Emergency Medical System” will be given by Dr. Koichi
Tanigawa. Here I will provide a brief run-down of Dr.
Tanigawa’s career. He was born in 1957 in Fukuoka, and
his current post is Professor of Emergency and Critical
Care Medicine in the Graduate School of Biomedical
Sciences at Hiroshima University. He concurrently holds
the posts of Deputy Director of the Hiroshima University
Hospital, Chief of its Advanced Emergency and Critical
Care Center, and Head of its Intensive Care Department.
Also, and of particular relevance, he serves as Vice
Director of the Radiation Emergency Medicine Promotion
Center of Hiroshima University. After graduating from
Kyushu University Faculty of Medicine in 1982, he worked
for institutions including Kyushu Kosei Nenkin Hospital
before becoming a Clinical Fellow in the Department of
Critical Care Medicine at University of Pittsburgh Medical
Center, USA, in 1992. Then from 1998 he was Associate
Professor in Fukuoka University Hospital's Department
of Emergency and Critical Care Medicine, until coming
to work at Hiroshima University since 2002. His main
areas of research are post-ischemic reperfusion injury,
cardiopulmonary resuscitation emergency disaster
medical care, and emergency exposure medical care. He is
a trustee of the Japanese Association for Acute Medicine
and its Chugoku-Shikoku Regional Chapter, of the
Japanese Society of Intensive Care Medicine, the Japanese
Society for Emergency Medicine, and similar bodies.
He is currently serving as a member of the Emergency
Response Investigation Committee of the Cabinet’s Nuclear
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Safety Commission. He additionally holds other major
posts including Chairman of the Hiroshima Prefecture
Regional Council's Emergency Medical Care System Expert
Committee, and Executive Secretary of HICARE.

Why did Dr. Tanigawa choose to specialize in
emergency medicine? He tells us that from the time when
he first became a physician, he had high interest in “the
fields directly connected with saving life”. At Hiroshima
University, Dr. Tanigawa, together with Dr. Kamiya, has
for several years been at the core of preparations for a
Radiation Emergency Medicine Promotion Center, and
as events have turned out, those preparations have been
for an event which everyone wishes had never happened
- the occurrence of the Great Eastern Japan Earthquake
on March 11th. The doctor immediately set out for
Fukushima, where he treated people engaged in rescue
work and the residents themselves. More recently too, as I
am told, he has been making periodic visits to Fukushima.
I am sure we are all eager to hear the doctor’s talk about
the issues ahead and future orientations based on his
immensely important experience. So, I yield the floor to Dr.
Tanigawa.

Koichi TANIGAWA, MD, PhD,
Professor of Emergency and Critical Care Medicine,
Hiroshima University

I am currently treading the path of emergency
medicine, and in connection with the recent Fukushima
Daiichi Power Plant Accident I have made visits to the
affected areas, not so much from a long-term perspective
as from an acute-phase one, and moreover one directly
concerned with saving life. I am giving this talk to share
with you what I have seen, in the hope that if another such
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» Exposed (irradiated) persons are not
*Radiation is not responsible for immediate death.

dangerous.

of contamination.

exposure from radioactive plume.
- Radiation can be easily measured.
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“radioactive” .

Trauma or heart attack, stroke, or exacerbation of underlying
medical problems during evacuation or emergency care are more

- Simple gears such as caps, cloths, gloves and masks alleviate risk

» Sheltering (in-house evacuation) is very effective to avoid

event should happen in the future,
people will not repeat the same
mistakes.
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As we have members of
the general public among those attending here today,
I would like first of all to get straight a few basic facts
which should be common knowledge. One fact is that
people who have been externally exposed to radiation,
and people who have undergone examinations for x-ray
therapy, do not have any radioactivity in them. If you
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have had an x-ray examination, it is not the case that
you will have radiation in you and affect other people
as a result - this is a fact that I think you all probably
know. Also, exposure to radiation does not immediately
cause death right afterward. Even if you get exposed
to an extremely high dose of radiation, you will not die
immediately after because of it. At the time of the JCO
accident, three workers were exposed to a high dose, and
regrettably two of them died. But even though it was a
considerable exposure dose, they did not die immediately
after it. In fact, most of what are referred to as deaths in
connection with exposure contamination are principally
due to external wounds, injuries, illness and disease.
Similarly in the recent disaster, people died as a result of
the emergency evacuation rather than from contamination
or exposure as such. There were also two of the nuclear
power plant workers who died at the beginning, but that
was due to the tsunami’s effects. Let me repeat once
more: exposure itself does not cause immediate death.
As for radioactive material, contamination from it can be
lessened by extremely simple expedients, such as wearing
hats, clothes, gloves, masks and so forth. It is possible to
lessen such contamination with the protective clothing -
the surgical gown and so forth - that surgeons normally
wear when performing operations. Also, an extremely
effective means of avoiding the effects of the radioactive
plume (the cloud containing the radiation) is to shelter
indoors. This is another thing that I have become acutely

aware of in this disaster. Going
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The types of effect that radioactive substances
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outdoors unprotected for emergency
evacuation, and then on the contrary
getting exposed to contamination or
radiation - that is what is harmful.
Another thing is that unlike other
substances, radioactive ones can
be measured easily if you have the
measuring instruments available.
For instance, take the subway sarin
attack incident - it took hours until
the fact that it was sarin could be
determined. Whereas there are only
a few different types of radioactive
substances, and so they can be
sensed using a detector, survey
meter or similar instrument. I
would like you, in the first place, to
understand this feature of radiation.
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Let me talk about the types of
effect that radioactive substances have. The effects can
be broadly divided into three types. “External exposure”
means being exposed to radiation from the outside. If
you travel to New York by airplane, you will be exposed
to natural radiation. Similarly when you have an x-ray
examination or a CT examination, that is referred to as
external exposure. “Contamination”, on the other hand,
refers to radioactive substances getting attached to the
skin or clothes. “Internal contamination” refers to the
case where radioactive substances enter inside the body.
With internal contamination, the substances may stay in a
part of the body for a prolonged period and exert effects
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on various organs. Depending on the case, there is a
possibility that this may lead to cancer. To a small extent,
this has been a problem in the recent Fukushima incident.
There are several types of radiation. However, we
can say that these different types are far fewer than the
many types of chemical substances, biological organisms,
viruses, and bacteria. For example, neutrons are produced
by nuclear fission in a nuclear reactor. Radioactive
substances such as uranium and plutonium give off
radiation that is known as alpha rays. In a recent case,
a Tokyo resident who was examining the area around
his residence with a survey meter came across a place
where the reading was extremely high, and he notified
the public administration. An investigation found that
it was due to some radium in a bottle. Radium is one of
the commonly handled substances that emit alpha rays.
But radium also emits what are called gamma rays when
it decays into radon. These were what the survey meter
detected. Cesium, which is in question at the moment,
emits radiation called beta rays, and also gamma rays.
Alpha rays and beta rays can be blocked relatively easily.
For example, alpha rays can be blocked with a single sheet
of paper and beta rays can be blocked with slightly thick
aluminum foil. Normally, if you are wearing clothes and
exposure is only at a level where alpha rays have gotten
attached to your skin or clothes, there will be no major
effect. Gamma rays, however, are extremely penetrative. In
Fukushima (especially at the nuclear power plant), there
are places with extremely high radiation levels, and it is
gamma rays that are the problem there. The only way to
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continuous irradiation;
Example;
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Contamination with radioactive dusts
fol lowing nuclear power plant accidents.
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Radioactive dusts may attach clothes or skin surface.
However, irradiation by those dusts does not pose any
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Incorporation of radioactive materials may poses hazard because of

1-131 (8 -ray) caused thyroid cancer in Chernobyl accident.

block gamma rays is to wear thick
lead armor. But it’s just not possible
to do work wearing that. So what
is done instead is to control the
amount of exposure by controlling
the duration for which one is
exposed to radiation.
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In the recent nuclear power
plant accident, radioactive dust has been a problem.
Regarding the effects of this, radioactive substance
dust was observed on the clothes and on the heads and
adjacent parts of the people who were evacuated out of
the 20 km zone. Even when the dust itself gets attached
to the outside of the body, it will not have any large effect
on health. However, if it enters inside - for instance if
radioactive iodine is taken into the body from the air
through inhalation, or enters inside the body via milk
or dairy products, it could cause impairment of specific
organs. An example of this is the relationship between
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thyroid cancer and radioactive iodine at Chernobyl.
Radioactive dust is not much of a problem when it adheres
to the exterior, but if it gets inside
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radioactive dusts
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s there any health risk to families of
a person internally contaminated with
in a nuclear accident?
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it does not pose any significant
health risk for families or care takers!

the mouth or is inhaled, and so
forth, it will require attention.
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If someone winds up breathing radioactive dust
into their inside, will it be dangerous for people nearby
them? For example, suppose there are some people who
have fled from the 20 km zone. They have no external
contamination, but they may perhaps have breathed in
quite a lot of iodine. When such people go to a shelter,
will they have effects on the other people who are taking
refuge there? Regarding this, there is no hazard. We can
say that the risk of people nearby
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them being exposed to radiation is
extremely small.

Criteria for discharge from controlled areas of
hospital in patients with |1-131 treatment for
thyroid cancer, hyperthyroidism.
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Residual dose of 1-131 in body, 500MBg (500, 000, 000Bq)
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Clear for discharge!
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Health and Labor ministry, 1998/06/30
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Medical care institutions
routinely use radioactive substances for medical treatment.
For example, they administer radioactive iodine against
thyroid cancer and hyperthyroidism. They make use of
internal exposure as treatment for disease. Regarding
patients who have been administered radioactive
substances, release criteria have been established for
deciding whether it is OK for such patients to go out of
the radiation controlled area and return home. These
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criteria have been determined by the Ministry of Health,
Labor and Welfare. One criterion is that the amount of
radioactive iodine remaining inside the body must be
no more than 500 megabecquerels. Even with such an
amount being used, the dose to which the cohabiting
family members will be exposed will be no more than 1
mSv a year, and so provided the radiation is of this level, it
is possible for the patient to leave the radiation controlled
area. Actually, in the recent Fukushima incident, large
amounts of radioactive iodine have been emitted, but even
so, there are probably no individuals who have breathed
in a quantity of that level. Thus, we may consider that,
supposing people who have taken
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radioactive iodine into their bodies
in large amounts go to shelters or
elsewhere, the radioactive matter
that they have taken inside them
will not result in the people around
them being exposed to radiation
and having their health harmed.

E | That completes my brief account
T — of common knowledge concerning
REFERER 1099 radiation.
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Next, I turn to talk about the
radiation emergency medical system in Japan. In the past
there have been several serious accidents at nuclear power
plants and nuclear sites. More than 20 years ago, there
was an accident at Three Mile Island in Pennsylvania,
US.A, in which large quantities of radioactive material
were released into the atmosphere due to human error.
Then at Chernobyl an explosion and attendant troubles
occurred, resulting in severe environmental contamination
and large numbers of people dying from direct high-level
radiation exposure, internal exposure and related causes.
At Tokaimura, three workers were exposed to neutrons
because of a criticality accident. Two of them were
exposed to high radiation levels all over their bodies and
died as a result. And this year there occurred a nuclear
power plant accident in Fukushima. But according to
global surveys of radiation accidents, it can be said that
major accidents on this level are extremely rare.
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Especially as regards criticality
accidents pertaining to nuclear reactors, there have only
been six such accidents in the course of the past 60
years, excluding the recent Fukushima accident. There
have been no more than 19 cases of criticality accidents
as such, and the overwhelming majority of them have
been accidents due to radiation generators. These are
mainly sealed sources and x-ray apparatuses which are
routinely used in medicine, industry and other fields.
Accidents pertaining to these account for a large majority.
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Besides those, there are isotope-
related accidents. Although they
have an extremely low frequency of
occurrence, such accidents have the
potential to cause extremely severe
environmental damage once they
occur in connection with a nuclear
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Japan’s radiation emergency
medical system has been put in place with the experience
of the radiation accidents that have occurred to date.
A turning-point in the putting in place of the radiation
medical system was the JCO accident of 1999. In that
accident, three persons suffered high-level whole-body
radiation exposure and two of them later died. No-
one imagined at that time that such an accident would
happen. Fortunately, just before the accident a network
joining experts together had been put in place, and that
network functioned extraordinarily smoothly during the
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medical responses. The two persons who died were given
multidisciplinary intensive treatment that prolonged
their survival period, which normally would have been
extremely short, and the other person was able to survive
over the long term, despite having been exposed to an
extremely high-level dose of radiation. As a result of such
experience, the Act on Special Measures Concerning
Nuclear Emergency Preparedness was established in
December of the same year, and the appropriate shape of
the Radiation Emergency Medical System was revised by
the Nuclear Safety Commission. The work of putting such
system in place proceeded from 2003 onward, focusing
on environmental contamination type nuclear power
establishment accidents of the just-mentioned Three

Mile Island type and medical care
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for high-level radiation exposure
injured (who have sustained whole-
body high-level exposure). However,
no provision has been made in the
system for natural disasters - more
particularly for what are called
complex disasters, with a major
earthquake and/or tsunami followed
by an incident such as a nuclear
power plant accident. This was our
biggest point for introspection in
the recent Fukushima accident.

M ES R ST
National Institute of
Radialogical Sciences

in Japan
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Since 1999, under the Act
on Special Measures Concerning Nuclear Emergency
Preparedness and improvements to that Act, radiation
emergency medical institutions have been put in place
in those of Japan's prefectures where nuclear power
plants are sited. Nuclear power plants have been provided
in 19 prefectures across the nation, and there are 57
medical institutions that have been designated as primary
radiation emergency medical care facilities. There are 33
secondary radiation emergency medical care facilities, and
two medical institutions have been designated as tertiary
radiation emergency medical care facilities - Hiroshima
University and the National Institute of Radiological
Sciences.

I'd like you to look at this map of Japan up here.
There are 54 nuclear power plants nationwide, and each
of them has radiation emergency medical institutions in
its surrounding area. The primary radiation emergency
medical care facilities carry out initial responses -
particularly decontamination. The secondary radiation
emergency medical care facilities carry out medical
treatment that requires hospitalization. Those facilities
that have a whole body counter carry out dose assessment.
The tertiary radiation emergency medical care facilities
come into play in situations that further involve high-level
or internal contamination or that require dispatching of
specialists. A system has been progressively put in place
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whereby the two tertiary facilities
divide the country between them,
with the western half being under
the jurisdiction of Hiroshima
University and the eastern half
under that of the National Institute
of Radiological Sciences.
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The basic role of each is to
provide a radiation emergency medical system centering
on the prefectures for which it is responsible. At ordinary
times, the major roles of the tertiary radiation emergency
medical care facilities are network creation, training,
education and verification. We have been proceeding
under a scheme whereby Hiroshima University and the
National Institute of Radiological

Sciences collaborate together as
they put these systems in place.
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The upper left picture shows
the National Institute of Radiological Sciences, and the
bottom right picture shows Hiroshima University Hospital.
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Here you see pictured
Fukushima Prefecture’s primary and secondary radiation
emergency medical care facilities. Fukushima Prefecture
has five primary radiation emergency medical care
facilities. They are the Fukushima Prefectural Ono
Hospital, the Futaba Kosei Hospital, the Imamura Hospital,
the Rosai Hospital, and the Minamisoma Municipal General
Hospital. The designated secondary radiation emergency
medical care facility is Fukushima Medical University. If
a nuclear power plant accident happens and residents or
workers are injured, decontamination and initial responses
are carried out at these primary
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Nuclear Disaster Management Center,
Prefectural government office in Fukushima.
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radiation hospitals and

radiation emergency medical
care facilities. If hospitalization is
necessary, the patients are taken in
by Fukushima Medical University
Hospital where, if necessary, dose
assessment is carried out using a
whole body counter or the like.
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Geographically, this is the
deployment of the radiation emergency medical system
in Fukushima Prefecture. The 20 km evacuation zone is
indicated by the circle. The Fukushima Daiichi Nuclear
Power Plant is at the center of the circle. This area is a
place that is known as “Hamadori”, and the Fukushima
Daiichi Nuclear Power Plant is located in the center of this
stretch of Pacific Ocean coast. In fact, three out of the five
primary radiation emergency medical care facilities are
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located inside the evacuation zone (specifically they are
the Futaba Kosei Hospital, the Fukushima Prefectural Ono
Hospital and the Imamura Hospital). Also, the Minamisoma
Municipal General Hospital is located 26 km distant
from the Fukushima Daiichi Nuclear Power Plant, and
Iwaki roughly 40 km to the south of it. Fukushima City is
located 60 km to the northwest. In Fukushima Prefecture,
the off-site center to serve as the disaster management
headquarters in the event of a nuclear power plant
accident has been set up at the Fukushima Prefectural
Nuclear Disaster Management Center. This Disaster
Management Center is located at a distance of 4 or 5 km
from the nuclear power plant, inside the 20 km evacuation

zone for the recent accident.
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Radiation emergency medical
systems of the same kind as the one
in Fukushima Prefecture have been
put in place in the other regions of

Radiation Emergency Hospital

Japan. So, the overall operations

would begin in what form in the
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has been created.
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This is a map put out by the
government, but I have schematized it a little to make it
simpler to understand. The off-site centers are set up at
the Nuclear Disaster Management Centers. The national
government dispatches personnel from organs such as the
Ministry of Economy, Trade and Industry and the Ministry
of Education, Culture, Sports, Science and Technology,
to the Nuclear Disaster Management Headquarters and
the local Nuclear Disaster Management Headquarters.
The local governments have their disaster management
headquarters in place. For an accident occurring in eastern
Japan, a radiation exposure medical care team formed by
the National Institute of Radiological Sciences participates
in the managements, and for accident occurring in western
Japan, Hiroshima University and the National Institute of
Radiological Sciences jointly form such a team to take part
in the managements. These medical care teams include
responsible personnel from local medical care institutes,
especially from public health centers and the like. Also,
a Nuclear Disaster Joint Management Council including
nuclear power operators among its members is set up,
which gathers information on radiation and damage and
formulates the management measures.

The Nuclear Disaster Joint Management Council
links up with the primary, secondary and tertiary radiation
emergency medical care facilities to form a system that
will provide decontamination and radiation emergency
medicine for contamination patients. Also note that the



Nuclear Disaster Joint Management
Council includes advisors from the
Nuclear Safety Commission.
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Fukushima Nuclear Disaster Management Center
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— . — o= - Disaster Management Center has, in fact, been fitted out to
72 BRSO O AT DEMNT, VTV SA L be able to carry out real-time information exchange using

DOIEEAHAD T A B I EN TOE T AT A various computers, data, video transmission and other up-
DB 2P EFHARNT, 2O BRI TR T8 EREON to-date systems. In the event of a nuclear disaster, Japan's
I TOET, Radiation Emergency Med'ical System.would, basically

: speaking, respond in the form I have
just outlined.
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CTCBETOIHBICOWT, ilixitEdE 9,311 H26; Now I will move on to talk

4697, HERASEEL P/ BT GEDICE, iy about the accident at Fukushima. At 2:46 pm on March
o o . , a tsunami occurred which surged over the coastline
AILEETERLIC, including the Hamadori district where the nuclear power

plant was.
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This is a heavy-oil tank referred
to as a surge tank, and the huge tsunami hit this area in
repeated waves. A first wave, a second wave, a third wave
- in this way, the water level steadily rose. The water
level rose further, and finally the tank was completely
submerged. You can see what a state it was, with cars
floating on the water. Meanwhile, at the Fukushima Daiichi
Nuclear Power Plant, there were two backup power
supply systems for use in a power outage. One system was
connected to a power transmission line, and the other was
an independent generation system located underground.
A power pylon had fallen onto the transmission line due
to the earthquake, so the first back-up power supply had
been lost. Then the water level steadily rose inside the
nuclear power plant site too. The water had tremendous
force, and all of a sudden the site was flooded and the
remaining underground back-up power supply also was

lost. As a result of all the backup
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power supplies being lost in this
way, the cooling capability was
lost, and the nuclear fuel inside
the nuclear reactors went out of
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control. A mere two hours later, an
irretrievable situation had arisen.

East Japan Earthquake' s aftermath.
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Here we have the events in
the great earthquake’s aftermath, listed in chronological
sequence. As [ stated earlier, the Great Eastern Japan
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Earthquake occurred at 2:46 pm. The nuclear reactors may
have undergone melt-through a short time after that. At
7:03 pm, the government issued a declaration of a nuclear
emergency situation (declaration of a situation where the
spatial dose rate rises inside a nuclear power plant at a
certain point of time and continues at the high level, or
where there is some other state of equivalent extreme
danger). Two hours after that, instructions were issued to
evacuate within a radius of 2 km. At 5 o'clock on the next
morning, March 12th, an evacuation advisory was issued
to the roughly 50,000 residents within a radius of 10 km.
I have been told that despite the early morning hour, the
residents evacuated extremely hurriedly. In the afternoon
of that day at three o'clock, an explosion took place at the
Unit No. 1 building. At first we didn't know what kind of
an explosion it was, but it was later determined to be a
hydrogen explosion. Four workers sustained injuries in
that incident. In the evening, as the reactors’ condition
became unstable, instructions to evacuate within a radius
of 20 km were sent out. So the residents did an emergency
evacuation in their own cars or in buses. I am told that
many of them wore simply the clothes they had on their
backs, some left bankbooks, wallets and other valuable
items behind them in their homes, and others fled in the
middle of agricultural work, just as they were. I am also
told that inside this 20 km radius there were as many as
something over 2,000 hospital patients or facility inmates.
Evacuation of these patients and inmates by means of Self-
Defense Forces aircraft and so forth was begun, but by the
night of March 13th there were still 840 of them (or 700
according to initial reports) left inside the 20 km zone.
Then at 0:47 am on March 14th, the government issued
emergency evacuation instructions to inmates of medical
care institutions and nursing facilities within the 20 km
zone. At 11:00 am on that same day, an explosion took
place at Unit No. 3, and 11 workers sustained injuries.
Further, at 6:00 am on March 15th, Unit No. 2 became
damaged and Unit No. 4 exploded. At this time, the spatial
dose rate in Fukushima City, 60 km to the northwest from
the nuclear power plant, rose abruptly up to 24 uSv per
hour in the afternoon, from a level of 0.09 uSv per hour
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in the morning. At 11:00 am on
March 15th, the government issued
instructions to those inside a 20
to 30 km radius to take shelter
indoors. At three in the afternoon on
the same day, evacuation of all the
residents from the 20 km zone was
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were determined from information
gathered at a later date, and the
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actual circumstances were not
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As I have said earlier, an advisory was issued
to evacuate within a 10 km radius, and in fact the three
primary radiation emergency medical care facilities and
the Nuclear Disaster Management Center were inside that
radius. Of course, the power was out due to the earthquake
and tsunami. Because of communications failures,
telephones were not working and fax machines were
somehow working. There were satellite connections, but as
only two of these had been provided in the Nuclear Disaster
Management Center, the actual situation inside this zone
was that the power was out and the communication
network was disrupted. Further, all of the hospital related
people, including the patients, withdrew out of the zone. As
a result, it was a situation where the radiation emergency

medical system that had been built

BEANDBEIWIKEEREF—LOIGE
Dispatch of the Radiation Emergency Medical Assistant team to Fukushima

in Fukushima Prefecture and should
rightly have functioned was crippled
from the start. Further, in actuality
a state of dysfunctional inadequacy
had arisen in the Fukushima system,
affecting even the Nuclear Disaster
Management Center which was its
nucleus.
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Amid all this, Hiroshima
University, which had been designated as a tertiary
radiation emergency medical care facility, was assigned
the task of dispatching a radiation emergency medical
team. However, even the Nuclear Disaster Management HQ
of the National Institute of Radiological Sciences (NIRS)
had acquired only a meager amount of information, and
its informational content was a long way from giving an
overall picture. There was nothing for it but to gather
information at the actual disaster site, so we got ready
everything we had and headed out for the disaster site.
Specifically, we took survey meters, large amounts of
water, simple meals, protective clothing, and so on. Luckily
the Self-Defense Forces put one of their big helicopters at
our disposal, so we were able to take all those goods with
us when we headed out to Fukushima.
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In Fukushima Prefecture, the
work of evacuating hospital patients out of the 20 km zone
was already underway. At the Fukushima Gender Equality
Center in Nihonmatsu City, decontamination of residents
who had been contaminated had begun, along with triage
of patients and other efforts. However, the necessary care
for the hospital patients was not being carried out at all.

The decontamination for residents was basically
in the hands of the Self-Defense Forces. But at this time,
the water supply was off in almost all the districts of
Fukushima Prefecture, and water was extremely scarce.
At the same time, there was also the fact that the air
temperature was rather low. Most of the residents had
left home just with the clothes on their backs, and so they
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had nothing to change into after the
decontamination.
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Critical fssues discussed at the first meeting in Fukushima
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Establish the medical control panel to organize the activities
HEREIINT HRBEEDHRTE
Screening for evacuees including hospitalized patients
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Re-build the radiation emergency medical system in Fukushima
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We took such circumstances
into account as we considered what we ought to do to
begin with, after arriving at the site. The Nuclear Disaster
Management Center (originally the off-site center) was in
a state where it could not function adequately, and we had
to construct a medical management HQ just as quickly as
possible so as to deal with at least the emergency radiation
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exposures. The Fukushima Prefectural Office building
had suffered damage in the earthquake, and at that point
the prefectural government’s Disaster Management HQ
had moved to the third floor of the adjacent Fukushima
Prefecture Community Hall Building. However, that
Disaster Management HQ was completely overwhelmed
with management to the earthquake, and was in no
condition to handle emergency radiation exposures. Given
that, we borrowed a room on the Community Hall Building’s
fourth floor and started up an Emergency Radiation
Medical Coordination Council. This room had just a single
telephone. Here we gathered information on emergency
radiation exposures and worked out our management.
What we deliberated first of all was the setting of
decontamination criteria for the evacuated patients. Also,
all the radiation exposure medical care facilities inside the
20 km zone were completely out of action. The Municipal
General Hospital in Minamisoma City was inside the
sheltering-indoors zone and so it was also functioning at
a low level, with no supplies coming in, and had limited
its medical services to just outpatient support. Another
primary radiation emergency medical care facility - the
Fukushima Rosai Hospital - was also functioning at a low
level because its buildings had been partially damaged
and most of its staff had evacuated due to harmful rumors
about radiation exposure. We had to put another radiation
emergency medical system in place as soon as possible.
We deliberated how we should go about coping with these
two issues.

At this point, I would like to speak about the
thing which is our biggest cause for introspection in the
recent Fukushima Daiichi Nuclear Power Plant Accident. It
is the casualties which occurred during the evacuation out
of the 20 km zone on March 14th. On the night of March
13th, the status of the Unit No. 3 reactor had become
extremely unstable. In the midnight hours of the 14th,
there were still some patients remaining inside the 20 km
zone and a notification was received from the government
that it was urgently necessary to evacuate them. Middle
of the night on 14th, we left Fukushima City and made
our way to the Public Health and Welfare Office in Soso,
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Soso Health Care Center (Screening site for evacuees)

which is 25 or 26 km northwest of
the nuclear power plant, and which
had been designated as a survey
point for surveying the patients and
facility inmates who evacuated out
of the zone.
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We arrived at the site just before dawn on March
14th, and not long afterward the patients to be evacuated
were put onto chartered buses and transported out in
orderly fashion. The screening ought normally to be
carried out according to the proper procedure, with a one-
way line of movement being created for the patients, but
with so many patients who were elderly, suffering from
dementia, or bedridden, it was not

possible to have them go outside the
buses, and so we decided to do the
survey screening inside the buses.
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The upper picture shows the screening being
carried out inside a bus. The patients are seated closely
together, with almost no seats left empty. That’s how it
was when we began the screening. Besides doing a survey
of the evacuated patients, we also did surveys of police
and firefighters who had been doing work activities inside

3

the 20 km zone, when they came
out of the zone.

SETEENLOD . ERECHERBGE BN T AL B0 FE0H
[ZIE ST (L5525 T- Radiological contamination was
found on the gloves and boots of those who were involved in outdoor
activities such as police officers and fire department personnel.
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We found that those persons
who had been doing work outdoors were particularly
contaminated with radioactive substances on the palms
of their hands and the soles of their feet. But the level was
from 8,000 to 26,000 becquerels - which is not high-level
contamination. We found none on their heads. Almost all
of the patients and facility inmates, on the other hand, had
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kept inside their facilities within the 20 km zone, and had
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not gone outside.
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In the radiation survey of
the evacuated patients conducted inside the buses, we
basically examined their heads, noses and surrounding
areas. This was because of the probability that they had
breathed in radioactive substances. We surveyed their
palms and soles, but found no contamination on them,
despite two days or so having passed since March 12th.
This means that the patients who had been in hospitals
or facilities had also automatically “sheltered indoors” by
being inside the buses. We were

made keenly aware that sheltering
indoors is extremely effective.
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As the night drew near, increasingly large
numbers of patients and facility inmates were transported
out. At 11 o'clock in the morning of March 14th, the
explosion of Unit No. 3 occurred and the reactor status
became even more unstable. As it was a considerably
pressing situation, almost all the evacuees were
transported out in police vehicles that night. In those
police vehicles there were not only patients but also
some of the remaining residents mixed in, so it was
rather crowded. This situation continued late into the
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night. There was an increasing number of patients and
facility inmates who were transported out without a
medical institution or shelter to receive them having been
determined. After night fell - and this had been seen with
some of the patients in the daytime too - there was an
increasing number of such patients transported out, from
the same medical institutions, with no place to receive
them having been determined. The doctors at the public
health centers negotiated with the prefectural government,
trying to find medical institutions that the patients could
be transported to, but there was nowhere in Fukushima

Prefecture that could take them.
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Patients were required to step out of the buses
FAEMNRETVENESD  BRABRERFARBE ISV TEALLRES
NHETEET Ho Lo

After having evacuated out of the
20 km zone, nowhere could be
found to take them in. But having
said that nowhere could be found
to transport them to, the patients
couldn’t be lodged inside the police
vehicles for ever. Accordingly, we
emptied out a meeting room at the
Public Health and Welfare Office in
Soso, and there we took the patients
temporarily under our care.
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In the upper picture you see
patients and facility inmates who were transported out
to us. There were many patients who were catheterized
(had catheters inserted in their urinary tracts) or were
attached to intravenous drips for the special nutritional
management known as central venous hyperalimentation,
or were bedridden. No medical institution to take these
patients in had been determined, and the meeting room
where they were temporarily under our care had no gas
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Some patients suffered head injuries by falling from
the seat during transportation.

or heaters, etc. It was a situation
where we had no choice but to take
seriously ill patients temporarily
under our care in extremely cold
conditions.
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While being evacuated out, some of the dementia
patients wandered about inside the bus and in some cases
hid themselves under the seats. It was very hard to get
them out. Many of the patients had been put to sleep by
simply reclining the seats arranged in two rows, and then
due to the bus’s motion, some of them had fallen off the
seats and injured their head parts.

In late March, an article about the condition of
the evacuated patients at the Public Health and Welfare
Office in Soso late at night on March 14th, and how they
fared afterward, was posted on an internet news site. It
ran as follows. “At around 9 o'clock at night, 27 patients
from the XXX Hospital arrived in a police vehicle, but with
no accepting institutions to go to. There were patients
with serious illnesses among them, such as patients on
dialysis. Envelopes containing letters of introduction
had been stuck onto their chests with adhesive tape, and
no doctors or nurses had come with them.” Supplies of
food and water had already stopped at the medical care
institutions inside the 20 km zone. As the status of the
nuclear reactors had become unstable, one can understand
that probably they put the patients onto the evacuation
transport under rather tight circumstances. A recent NHK
TV program took a look back over how things were at that
time, and because it was a case of emergency evacuation
where the exact situation was not known to them, they
had had the patients evacuated in rather demanding
circumstances. The fact that letters of introduction were
stuck to the patients with adhesive tape would seem to
be symbolic of this. As the article goes on to report, 12 of
these patients unfortunately died. 10 of them died inside
the buses. The suspected causes of death are - as you
can easily imagine - dehydration,

NEW EXPLOSTON AT JAPAN'S FUKUSHIMA DAIICHI

UNIT NO. 3 NUKE REACTOR

LATEST: 3RD EXPLOSION - THIS ONE AT UNIT 2 | U.S. TTH FLEET
REPOSITIONING AFTER EXPOSTRE TO RADIOACTIVE CLOUD | VIDEQ SHOWS
FLASH, PLUME | 6 WORKERS INJURED, RESIDENTS 'ON EDCE', ORDERED TO
REMAIN INDOORS | OFFICIALS BELIEVE REACTOR VESSEL NOT BREACHED IN
HYDRO GEN EXPLOSION, CONTROL ROOM AT UNIT STILL OPERATIONAL...
SEE BOTTOM OF ARTICLE FOR CONTINUING DETAILED UPDATES

hypothermia, aggravation of a pre-
existing disease, and so forth. I
believe that we must take this as
an extremely important message -
that “Unprepared and unprotected
evacuation may cost lives instead of

saving them.”
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I now turn to the collapse of
the radiation medical system. As I said earlier, all three of
the primary radiation emergency medical care facilities
inside the 20 km zone had completely ceased functioning.
In the midst of that, Unit No. 3 exploded on March 14th,
and 11 persons sustained injury.
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This is a list of patient situation
that the physician in overall charge at the time wrote on a
whiteboard at the Radiation Medical Coordination Council
in the Community Hall Building in Fukushima City. The
injured workers numbered 11. Four of them had relatively
severe injuries and were transported away to Fukushima
Medical University Hospital or the NIRS. Some of the
injured were found to be contaminated. The remaining
seven injured did not need to be transported to a medical
care institution immediately, and so they were transported
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Medical responses for patients who suffered injuries following the
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temporarily to a sickbay in the
Fukushima Daini Nuclear Power
Plant. Only, they also had been
found to be contaminated.
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Let me describe where and
how the injured workers were transported subsequently.
There were 11 injured in all. Four of them were
transported from the first floor (of the Daiichi Nuclear
Power Plant) to Fukushima Medical University Hospital,
one of them was transported by helicopter to the NIRS,
and two of them were transported to a medical care
institution in the neighborhood. This was on March 14th.
Meanwhile, the remaining seven injured were examined
by an industrial physician at the Fukushima Daini
Nuclear Power Plant, and three of them were judged to
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require treatment at a medical care institution. So, we
had negotiations with various medical institutions, trying
to find one that could take these injured in during that
day, but it was difficult to find one. Eventually, early in
the morning of the 15th - the day after the accident -
they were at long last transported to Fukushima Medical
University Hospital. That means it took nearly 20 hours
until they were transported to a medical institution.
Further, the other worker complained of not feeling well
and was given an examination in the sickbay at Fukushima
Daini Nuclear Power Plant. This worker had been injured
by being struck in the chest by a piece of concrete of the
building which exploded. Thus there was a possibility of
an external chest wound, and on March 16th a request
was made for him to be urgently transported out. A Self-
Defense Force helicopter then picked him up at the Daini
Nuclear Power Plant and transported him to Fukushima
Medical University Hospital. This worker was found to be
contaminated in his head portion and in his sides. He was

finally taken to a medical institution
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after two days had passed since he
was injured. There was no medical
institution except Fukushima
Medical University Hospital that
could take him in, because at
that time there were no medical
institutions functioning inside
the 20 km zone and Minamisoma
Municipal General Hospital and
Fukushima Rosai Hospital (in Iwaki
City) were functioning at reduced
levels. If there had been large
numbers of sick and injured, then a
situation would have arisen where
there was no choice but to take
care of them by means of wide-
area transportation beyond the
prefecture to places including the
NIRS and Hiroshima University.
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Also, the lack of information
concerning radiation was an extremely large problem.
The Fukushima Disaster Management HQ had moved
into the Community Hall Building because the Fukushima
Prefectural Office building had been partly damaged by
the effects of the earthquake. At the Radiation Medical
Coordination Council in the Community Hall Building,
we tried as much as possible to gather information
concerning radiation. But initially (especially on March
13th and 14th) the fact is that the information could not
be gathered unless we go to gather information to various
departments by ourselves.
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Spatial dose rate in Fukushima Prefecture
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On March 24th, the Fukushima
Prefectural Government provided information on spatial
dose rates at seven locations inside the prefecture. This
report presented dates, times and spatial dose rates in
figures. When we plotted these as a graph on an Excel
sheet, we were able to see what had actually happened.
Initially, with the explosion on March 12th, the spatial
dose rate in Minamisoma City had been temporarily
high, probably on account of the wind direction, but later
it dropped all at once. In Iwaki City the dose rate rose
sharply in the morning of March 15th, but then went down
for a time. On 16th it went up again, then down again, and
after that stayed low all along. In Fukushima City, which is
60 km distant to the northwest of the nuclear power plant,
the dose rate rose sharply in the pm of March 15th toward
evening, and continued to stay at a high level all along.
I was in Fukushima City on the evening of that day and
when I actually measured the dose rate I indeed got a high
reading. I checked with the Fukushima Prefecture public
administration, and they responded that the level was over
20 microsieverts. At first I had wondered if my monitor
might not be faulty, but in fact it was a correct reading.
The reason why the spatial dose rate continued high in
Fukushima City afterward was the effects of the rain and
snow that fell. The effects of rain had also been a problem
at Chernobyl. Snow fell on March 15th in Fukushima City,
washing the radioactive substances in the radioactive
plume down onto the ground surface. It is because of that
the high dose rate level continued in Fukushima City. But
looking at the dose rate a few days later, one sees that it
has suddenly fallen, and so I think that probably the high
rate had been mostly due to radioactive iodine, which has
a short half-life.
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The variation of spatial dose rate in Fukushima Pref.
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In June 2011, an article
appeared that gave simulations of the variation in the
overall spatial dose rate on March 15th, and I'd like to
describe this to you now. This is the morning of March
15th - the day when Unit No. 2 developed damage and
there was an explosion at Unit No. 4. During the morning
the wind direction was southward, and the spatial dose
rate in Iwaki City was somewhat high. Later, the wind
direction changed progressively clockwise, and at night
the spatial dose rate had become high in Fukushima City
and other locations to the northwestward. At this point,
snow fell. An accident at a nuclear power plant produces
a radioactive plume that floats around, its movements
varying from moment to moment. The changes are many
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and various, depending on the status
of the reactors, the wind direction,
and the topography. And as the
recent Fukushima experience has
demonstrated, they are affected to
an extremely greater extent by the
weather (especially rain and snow) -
more than by anything else.
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In May of 2011 the U.S.
Department of Energy and Japan's Ministry of Education,
Culture, Sports, Science and Technology carried out
airborne monitoring. This rendered the contamination
situation clear in an overall manner. The red area and
yellow area in the map above correspond to the Control
Zone or Closed Zone at Chernobyl. Looking at this, we see
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that the contamination is not at all concentrically spread
out. Also, the contamination cannot be measured only by a
distance of 10 or 30 km, and it is not continuously spread.
In Belarus, as we are told, the hot spots extend to 160 km.
From the spread of radiation in Fukushima, we

believe it is not practical to provide one or two medical
institutions, shelters or refuges in concentric circles, but
rather it is necessary to create multiple such facilities at
varied distances. In this incident, the residents evacuated
out of the 20 km zone wearing just the clothes on their
backs and without any psychological preparation. For
some time they were not even clear about how to take
iodine tablets or if they must or mustn’t take them.
Everyone is unprotected when disaster strikes. That
is particularly so with a nuclear disaster. Of course,
preparedness of individuals is also important. But the local
government with direct jurisdiction is the responsible
actor in disaster prevention. Moreover, regarding
evacuations, attention must be paid to the wind direction,
and there must be systems for radiation measurement and
medical care at the places that the people are evacuated
to. Japan's Radiation Emergency Medical System is under
the direct control of the national government. Nonetheless,
in the recent Fukushima disaster, no information
concerning the taking of iodine reached the affected
area from the Nuclear Safety Commission - to give one
example. But there is nothing to be done about the fact
that information completely fails to get through. There
was a huge natural disaster such as
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- Take wind direction into consideration in evacuation.

supports should be readily available.

well as for elderly.
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- Residents have no protections themselves in nuclear disasters.
- Local government assumes responsibility in preparation and countermeasures for

- Prefectural and National government support the efforts made by the local

- Evacuation facilities should be equipped with monitoring systems and medical

- Establ ish detailed plans for evacuation in advance. Look into distribution of
population, available vehicles, routes and estimate time required for evacuation.
In particular, set up specific plans for nurseries, schools, and hospitals as

WATER REHREEIH-BREOEBLOLYASTESCE HERE 1993

Yamamoto S, Preparedness for nuclear disasters: Roles of local government

has never been experienced before,
and the information network has
been cut into shreds. In the midst
of that, it is extremely difficult
to obtain information from the
national government or follow its
directions or orders, and so forth.
We may assume that, as would seem
natural, the local government that
is nearest to the disaster-struck area
ought to be the responsible actor
for the disaster prevention. I believe
that the role of the national and
prefectural government may be to
back up the local government’s such
efforts.
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The late Mr. Sadaaki Yamamoto
(of Radioisotope Research Center, Nagoya University)
made some points concerning this issue some 18 years
ago in a book titled Preparedness for nuclear disasters:
Roles of local government and individuals. What he
stressed at the end was detailed deliberation of plans for
evacuation in time of accident. He also advocates knowing
thoroughly in advance the population distribution, number
of vehicles available, road conditions, and time required
for evacuation. Nurseries, schools and hospitals will
especially be key locations. In the recent incident, elderly
and other “disaster-vulnerable” people were casualties.
He correctly pointed out that disaster planning should be
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thoroughly thought out, right down
to the details.
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There are eight medical
care institutions inside this 20 km zone in Fukushima
Prefecture, and supposing each of them to have been
full, there were 1,240 hospitalized patients. There are
17 welfare facilities, with a maximum capacity of 983
persons, so there may have been close to 2,200 persons.
Unlike Chernobyl and JCO, there have fortunately been no
deaths due to radiation exposure at the present time. Nor
were there any deaths due to the explosions. Nonetheless,
casualties did occur as a result of the emergency
evacuation. I said earlier that it was about 20 persons,
but in later investigations it was found to be 50, including

persons who had died suddenly
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inside the refuges and similar after
the evacuation. This, I think, should
be used as a lesson in working out
the future system.
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By the way, the Chugoku
Region also has a nuclear power plant. It is the Shimane
Nuclear Power Plant in Shimane Prefecture. This is a map
that I have borrowed from NHK; the prefectural office
building is at a close distance - 10 km - from the Shimane
Nuclear Power Plant, and the off-site center has been
provided there also. The primary radiation emergency
medical care facilities, which are the Civic Hospital and
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the Red Cross Hospital, are within 20 km of the plant. The
population of Matsue City, in Shimane Prefecture, is about
200,000. You have to consider in advance how 200,000
people would be evacuated if an accident happened here.
There are 30 medical care institutions inside the zone
with a maximum of 3,800 hospitalized patients. And
there are 83 welfare facilities, with 3,100 inmates. How
to shift these roughly 7,000 patients and inmates is an
issue far more difficult than in the case of Fukushima. If
you told them to “Please urgently evacuate at once” there
and then, without adequate preparedness, it would hardly
be possible. Even in Fukushima there were at least 50
casualties due to the evacuation, and it is possible that in

Shimane Prefecture more casualties

& Summary
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should be designated in advance.

system needs to be refined.

on radiation should be readily available for citizens.
for evacuees.

responsibilities in developing plans.
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1.Evacuation from 20 km zone was accompanied by loss of life. On the other hand, sheltering was
quite effective to avoid nuclear plume. Because irradiation itself does not pose any immediate

| ife-threatening conditions, well planned evacuation should be considered. Admitting facilities

2.Significant difficulties were encountered to determine hospitals for evacuated patients.
Education for medical personnel and students should be emphasized and Radiation emergency medical

3.Due to lack of information, medical teams were exposed to radiation risk. Nuclear plume does not
spread in a concentric fashion. It spreads discontinuously and changed its direction quickly by
wind direction, geographic, and weather. More monitoring posts should be in place and information

4 Proper knowledge on radiation mitigates health risks, overcomes misunderstandings and prejudice

5 _We should prepare for combined disasters, i.e. nuclear accidents fol lowing a disaster. Local
residents are the core member of the system, and the local government should assume

would occur. It will be necessary
to deliberate how a systematic
evacuation could be done, and how
the personnel for the evacuation
could be secured. It will also be
necessary to think of a medical care
system outside the 20 km zone that
could take in the evacuated patients.
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In the recent disaster, precious
lives were lost as a result of evacuation out of the 20
km zone. By contrast, sheltering indoors was extremely
effective. I think that medical care institutions, which are
built of concrete in many cases, make particularly good
environments for indoor sheltering. Although the time to
evacuate is limited, but still, indoor sheltering should be
effectively made use of.

The radiation exposure itself does not constitute
an immediate risk to life. Even in an emergency, it is
important to plan adequately and to think the evacuation
through. Also, one must deliberate in advance which
medical institutions are to take in the evacuees. Which
medical institutions would take in Shimane Prefecture’s
seriously ill patients, and by what routes, and using what
places as stopover points? - These matters would have
to be determined, as would also how many patients with
what specific diseases the receiving institutions could cope
with, what places could take in contamination patients,
and so forth. Patients with contamination, in particular, are
difficult in the extreme to take in. In Fukushima Prefecture
we couldn't get any medical institution, except Fukushima
Medical University, to take in the three workers, simply
because they had contamination. Radioactive substances
can be dealt with, provided that one knows how to handle
them and to measure them. They are definitely not
hazardous in such a way as, for example, sarin - just a
few cubic centimeters of which will have the surrounding
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people dropping to the ground instantly. More than
anything, it will be important to educate about radiation
in the medicine and medical care and to promote the
dissemination of radiation emergency medical care among
them. There are 54 nuclear power plants across the
nation. Almost all of them are not operating, but even so,
we have seen from the case of Fukushima that the effects
of a radiation accident cannot possibly be contained in a
single prefecture. I believe it will probably be necessary in
the future to incorporate education about radiation into
medical studies and medical care education, as an integral
part of them, in the same way as the drugs that are so
familiar in medical care.

Radiation data was extremely insufficient in
Fukushima. Yet, radiation is measureable. Dosimeters are
not such expensive things. On the other hand, radioactive
substances sometimes spread in ways that cannot be
predicted. This means of course that monitoring posts
will be required, and, I think, that radiation data should
be provided in ways that allow it to be shared with the
residents as much as possible.

The risk of health effects from radiation can be
reduced for both residents and medical personnel through
correct understanding regarding radiation. After the
Chernobyl accident, the residents of Belarus are said to have
grasped radiation head-on and made various resourceful
efforts in their daily lives to reduce the health risks from
radiation, by however small an amount. I hope that the
mistaken and discriminatory attitude of “You're going to
contaminate people with radiation because you've come
from inside the 30 km zone” can be wiped out through
correct understanding.

I have now come to the end of my talk. Japan
is, of course, a major earthquake nation. It also gets
tsunamis and typhoons. Hitherto we have only envisioned
nuclear power plant accidents as occurring on their
own and being due to human factors, but I think that
will have to be changed in the future. We will need to
construct antidisaster systems that envision complex
disasters comprising a large-scale natural disaster and a
nuclear disaster. What will be important in that is that the
residents form the core. I believe it will likely be important
to have antidisaster systems that are built from the
bottom upward, with the residents forming the core, the
prefecture supporting the residents, and the government
supporting the prefecture.

SASAKI

Dr. Tanigawa has set forth in a very accurate
and vivid manner the basic matters concerning radiation
damage, Japan's emergency radiation medical system, and
specific cases and issues that have actually arisen within
that system. He believes that education of various kinds
and training of medical staff are particularly important,
and it would seem that those are just the areas where the
roles of the joint operations by IAEA, HICARE and others
have been demonstrated. This was an exceedingly useful
lecture. Dr. Tanigawa is always calm and collected, and
commands great powers of action when things come to
the crunch. Currently problems are continuing to arise
with the Fukushima accident, and Hiroshima is doing its
utmost. In the near future we must keep up “All Japan,



HHZ I TV EX T, All Hiroshima™ support for Fukushima. I close this lecture
with the wish that Dr. Tanigawa will be increasingly active
as one of the leaders of Team Hiroshima.
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