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"Fukushima Daiichi Nuclear Power Plant Accident and the Effects of Low-dose Radiation on the

Human Body"
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Chair

There are two more seminars remaining in the
2011 HICARE International Symposium. We will now
proceed with this afternoon’s Seminar IV, the speaker in
which will be Dr. Kenji Kamiya, Director of the Research
Institute for Radiation Biology and Medicine at Hiroshima
University. The topic of Dr. Kamiya's speech is: “Fukushima
Daiichi Nuclear Power Plant Accident and the Effects
of Low-dose Radiation on the Human Body.” As you are
probably aware, Dr. Kamiya has visited the Fukushima
area numerous times since the accident, and has been
directly involved in the efforts to deal with the problems
there. I yield to the floor to Dr. Kamiya.

Kenji KAMIYA, MD, PhD,
Director of Research Institute for Radiation Biology and
Medicine, Hiroshima University

Thank you. My name is Kenji Kamiya, of
Hiroshima University. I am honored to have this
opportunity to speak at the HICARE International
Symposium.

Since the accident at the Fukushima Daiichi
Nuclear Power Plant, Hiroshima University has sent a
large number of personnel to assist with the operations
at Fukushima, in the hope that the knowledge and
capabilities that the University has built up over the years
can be used for the benefit of the residents of Fukushima
Prefecture; these activities constitute part of the subject
matter of my speech today.

The Great East Japan Earthquake which occurred
on March 11th, 2011, together with the resulting tsunami
and nuclear accident, caused immense devastation and
loss of life. At the Fukushima Daiichi Nuclear Power
Plant, a hydrogen explosion in Reactor 1 on March
12th was followed by further explosions at Reactor 3
on March 14th, and at Reactors 2 and 4 on March 15th.
The explosion on March 15th caused large quantities of
radioactive material to be released into the surrounding
environment.
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Fortunately, so far no
cases have been reported of people suffering serious
diseases from radiation. Japan has put in place a
Radiation Emergency Medical System to deal with
accidents involving radiation. The key factor behind the
establishment of this System was the Tokaimura criticality
accident which occurred in 1999. In this incident, three
people suffered serious diseases from radiation exposure,
two of whom subsequently died; even though they had
received the best possible level of medical treatment.
The government took this issue very seriously, and the
Nuclear Safety Commission committee concerned with
medical treatment for radiation exposure examined what
changes needed to be made to the system for emergency
treatment of radiation exposure in operation at that time.
On the basis of this review, it was decided that a new
system should be put in place. As a framework of this new
system, the radiation emergency exposure medical system
is operated in a manner consistent with the Emergency
Medical System. The Emergency Medical System uses a
three-tier system - Primary, Secondary, and Tertiary, and
the Tertiary level engages in the treatment of persons
in critical conditions. A similar structure was adopted
for the Radiation Emergency Medical System, which
included the establishment of two Local Tertiary Radiation
Emergency Hospitals, one each in Western and Eastern
Japan. An outline of the framework is shown in Figure 1.
By the Ministry of Education, Culture, Sports, Science and
Technology (MEXT), Hiroshima University was selected
as the one for Western Japan with the National Institute
of Radiological Sciences (NIRS) for Eastern Japan. NIRS
also became a nationwide Tertiary Radiation Emergency
Facility. The Western Japan block covers eleven
prefectures that have nuclear facilities located either
within them or their adjacent prefectures. Each of these
prefectures has its own Primary and Secondary radiation
emergency hospitals.

Given that Hiroshima University had been
entrusted with this responsibility, when the declaration of
nuclear emergency was received, the Hiroshima University
Radiation Emergency Medicine Committee was established
at once. On the day after the issuing of the declaration of
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nuclear emergency on March 11th, Radiation Emergency
Medical Assistance Team (REMAT) No. 1 was dispatched to
assist with the disaster response efforts. As Dr. Tanigawa
gave a report on these activities yesterday, I will limit
myself to a brief summary. As of the present time, over
one thousand personnel from Hiroshima University
have been dispatched to the disaster area to take part in
activities aimed at enhancing the safety and well-being
of residents of Fukushima Prefecture. The bases of our
activities included the Off-site Center (which serves as the
headquarters for local operations), Fukushima Medical
University (which is a Secondary Radiation Emergency
Hospital), the evacuation centers, the support stations
set up to facilitate temporary entry to the affected zone
for local residents, and J-Village (the Japan Football
Association’s National Training Center) which was used as
a substitute site for the local Primary Radiation Hospitals.
In addition, doctors from Hiroshima University have been
assigned to work at the emergency treatment room which
has recently been set up within the nuclear power plant.

Dr. Tanigawa mentioned in his speech the
regrettable serious problems which occurred during the
evacuation.

One of the most important tasks assigned to the
medical team of the Off-site Center was deciding on triage
methods, as well as deciding on the institutions that would
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University personnel have been operating in the
Fukushima area, I would like to talk a little about some of
the problems that have been encountered in Fukushima.
One point relates to the airborne dose rate in the town
of Namie. An extremely high airborne dose rate was
recorded in Namie, due to the release of large quantities
of radioactive material from the nuclear power plant
on March 15th. The airborne dose rate has since fallen
steadily. A similar pattern of decrease in the airborne
dose rate has been recorded at litate village. A rapid fall
in the airborne dose rate is normally associated with a
decrease in the amount of radioactive material with a
short half-life. The radioactive iodine-131 is one of the
best-known examples. However, the airborne dose rate
has not continued to fall beyond a certain level which
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indicates that there is a presence in the environment
of radioactive cesium which has a long half-life. The
International Commission on Radiological Protection
(ICRP) has presented an outline that describes standards
for protecting the general public when a radiation accident
occurs (see Fig. 2; source: Nuclear Safety Commission).
The initial standard is intended to an initial phase of an
accident; to prevent people from being exposed to large
amounts of radiation, the level at which they should seek
refuge indoors or evacuate is specified. Subsequently, as
the situation will take some time to bring under control,
the ICRP standard for a situation where an emergency
is ongoing has been set at between 20mSv and 100mSv
a year. Also, as radioactive material remains in the
environment even after the situation has been brought
under control (this situation is called "existing exposure
situation”), the standard for this situation has been set
as well. In an existing exposure situation, the aim is to
keep the level of radiation exposure at between 1mSv and
20mSyv per year, and to bring this down to a level of below
ImSv per year as soon as possible. Currently, the Japanese
government has set the acceptable annual exposure dose
at 20mSv or less per year, so the residents of districts
where the exposure exceeds 20mSv will be instructed
evacuate in order to protect their health.

While the area within a 20km radius of the
nuclear power station was designated to evacuate,
areas with an annual exposure dose in excess of 20mSv
were found outside this 20km zone. Such areas have
been designated as deliberate evacuation areas, and the
residents have been urged to leave the area. Further
out, small “hotspots” where the radiation exposure
level reached 20mSV was found. These hotspots were
designated as specific spots recommended for evacuation,
and local residents were encouraged to evacuate the area.
The “evacuation-prepared area in case of emergency”
designation was lifted on September 30th, 2011.

Let me just go over how radiation exposure
occurs in the event of a radiation incident. When an
incident occurs, a radioactive plume will be given off.
Breathing it in causes “internal exposure.” The plume itself
emits radiation directly; exposure to this causes “external
exposure.” If the radioactive material contained in the
plume falls to the ground, this is known as “fallout,” and
since this fallout emits radiation, it can be thought of as
causing external exposure. There is also the possibility
of internal exposure due to eating food that has been
contaminated with radioactive material.

Before I go on to discuss the radiation effects
on human health, I need first to talk about the types
of radiation that surround us in our everyday lives.
We are exposed to radiation from the natural world.
The global average for this kind of “natural” exposure
is approximately 2.4mSv per year. In other words, on
average, every person on the planet is exposed to 2.4mSv
of radiation each year. In Japan, the average level of
exposure to natural radiation is believed to be lower
than the global average, at around 1.5mSv per year. This
radiation exposure from the natural world derives from
radiation emanating from outer space and from the Earth,
as well as from radioactive isotopes in the food we eat.
There is also exposure from radioactive materials such as
radon that exist within the natural environment. The level
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of environmental radiation varies from place to place. One
example of a place with particularly high environmental
radiation is Guarapari in Brazil, whose inhabitants are
apparently exposed to radiation of the order of 5 to 10
mSv per year.

The most obvious example of artificial radiation
is radiation resulting from medical treatment. For example,
a person who undergoes a chest X-ray will be exposed
to 0.05mSv of radiation, while a stomach X-ray involves
exposure to 0.6mSv. The upper limit on the amount of
radiation the public can be exposed is generally set at
ImSv. CT scans sometimes involve relatively high levels
of exposure that may exceed 7mSv. While we are thus
exposed to radiation on a regular basis, if the level of
exposure increases, this can affect our health.

The long-term epidemiological studies that
the Radiation Effects Research Foundation (RERF) has
conducted on Atomic Bomb Survivors constitute the
most accurate studies of the radiation effects on human
body that have been undertaken anywhere in the world.
Atomic Bomb Survivors have been affected by two types
of cancer: leukemia, and solid carcinoma. Solid carcinoma
is a general term for cancers that involve the formation
of cancerous growths. The detailed studies carried out by
RERF have produced a considerable number of findings
relating to the effects on human health. One of the most
important of these findings was the discovery of a linear
correlation between the exposure dose and cancer risk; the

risk of cancer increase linearly with
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On the basis of this direct
linear relationship, international agencies consider that the
risk of cancer becomes significant after radiation exposure
exceeds 100mSv. Once the 100mSv level is exceeded,
cancer risk rises linearly, whereas below the 100mSv
level there is no statistically significant increase in the
risk of cancer. On the other hand, it has not been proven
that there is no risk of developing cancer when exposure
is below the 100mSv level; there is still some scientific
uncertainty about cancer risk below the 100mSv level. For
radiation protection purposes, the ICRP considers that it is
safest to assume that the direct linear relationship that has
been shown to exist with respect to medium-dose levels
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of exposure also exists with low-dose levels of exposure,
so that any increase in radiation exposure, no matter
how small, is associated with an increased risk of cancer.
In point of fact, even if we assume that there is a risk of
cancer below the 100mSv level, the risk must be so small
that it would be extremely difficult to measure precisely.
That is to say, this risk factor becomes hidden among all
of the other risk factors that exist in relation to our living
habits, and may thus be impossible to detect.

What we have been discussing up till now is the
cancer risk caused by the kind of flash radiation exposure
experienced by Atomic Bomb Survivors. However, it is
known that even if the same amount of radiation dose, the
biological effects vary depending on whether the exposure
pattern is high dose rate exposure (flash exposure) or low
dose rate exposure (gradual exposure). For example, there
have been studies in which the entire body of a mouse
was irradiated in order to induce a lung tumor. Two
patterns of irradiation are used, with the same total dose
of radiation, and the results are compared to see whether
or not the pattern of exposure (flash or gradual) makes
a difference on the radiation effects. Studies of this kind
showed that the incidence of lung tumors was lower in
the case of gradual exposure. This phenomenon has been
well-known in the radiobiology field for many years, and is
known as “the dose rate effect”.

Then, the question is: this dose rate effect
could apply to human beings as well? The most gradual
radiation exposure that human beings experience is the
exposure from the natural environment. Given that there
are parts of the world with particularly high environmental
radiation, it is necessary to consider the effects on health
of the people living in these areas. The best-known areas
with unusually high levels of natural radiation include
parts of China, Guarapari in Brazil, Kerala in India, and
Ramsar in Iran. I would like to discuss the results obtained
in health surveys that have been conducted in Kerala, in
India. In Kerala, the average outdoor radiation dose is
over 4mSv per year, and can reach 70mSv in high places.
A comparison was made between the results obtained
in Kerala health surveys and the data on cancer risk in
Atomic Bomb Survivors. This comparison showed that the
increase of cancer risk was not seen in Kerala in the same
way that a direct linear increase in line with the increase
of exposure dose in the case of Atomic Bomb Survivors
who experienced flash exposure to radiation. The highest
level of exposure seen in Kerala (in this case, cumulative
exposure) was approximately 0.6Gy (equivalent to
600mSv). Even with this high cumulative dose, there was
no statistically significant increase in the risk of cancer.
This result displayed considerable fluctuation in risk
values and very pronounced variation, which indicates that
further verification of the data is needed, though. Even so,
these data do suggest that the risk of developing cancer
may well vary depending on whether radiation exposure
takes place flashy or gradually.

The assumption that the risk of cancer increases
in a linear fashion is referred to as the Linear No-
Threshold or LNT model (see Figure 3). In the case of low
doses or gradual exposure which is normally referred to
as “low-dose rate exposure’, the cancer risk actually has
been found to be lower than what would be expected by
the LNT model. Therefore, the ICRP estimate a risk level
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by dividing the value obtained using the LNT model with
a coefficient of 2. This coefficient is referred to as the
Dose and Dose-Rate Effectiveness Factor (DDREF) (see
Figure 3). The causes of this phenomenon are not yet fully
understood. However, one possible explanation is that
our bodies have the ability to repair some of the damage
caused by radiation. These capabilities might affect the
results of exposure to low doses and low dose-rates. One
of such capabilities is the ability to repair the damage to
DNA caused by radiation. This ability is known as DNA
repair ability; recent research has revealed more of the
details about how this works.

The discussion so far has focused mainly on the
cancer risk associated with low-dose radiation. However,
the main concern of people in Japan at present is the
risk to human health caused by food contaminated by
radioactive materials. Before discussing this contamination,
we first need to remind ourselves of the fact that the food
we eat already contains radioactive isotopes. Radioactive
isotopes can be absorbed into our bodies even by ordinary
food which is not contaminated. The most representative
type of radioactive isotope is Potassium-40; a person with
a bodyweight of 60kg will normally have around 4,000Bq
of Potassium-40 in the body, along with approximately
2,500Bq of Carbon-14, and various other isotopes,
and the combined total would be around 7,000Bq of
radioactive isotopes. The reason why our bodies contain
Potassium-40 is that potassium is an essential mineral for
our bodies. The human body contains around 130g of
potassium, of which approximately 0.017% is in the form
of Potassium-40. As long as we are absorbing potassium,
we will inevitably also be absorbing the radioactive form
of potassium, hence the 4,000Bq of Potassium-40 in the
human body. Being exposed to environmental radiation on
a daily basis, we are also absorbing radioactive isotopes
into our bodies on a daily basis. What this means is that,
when considering the effects of radiation on human
health, it is not a case of being exposed to radiation or
not being exposed to radiation; rather, it is a question of
how much radiation we are exposed to. It needs to be
understood that the quantitative issue of exactly how
much radioactive material our bodies have absorbed is of
the utmost importance.

The current controversial issue is the problem
of radioactive cesium. Comparison of the characteristics
of radioactive potassium and radioactive cesium shows
that the two are in fact quite similar. Both of them become
distributed throughout the body’s muscle tissue, and they
have a similar energy spectrum; the Beta particle energy
value is roughly the same for both, although Potassium-40
has a slightly higher Gamma particle energy value than
cesium.

With internal exposure, dose measurement has to
be carried out in a different manner from that used with
external exposure. In the case of external exposure, the
dose is measured by estimating the energy transmitted
during the period of exposure to radiation. By contrast,
with internal exposure, the dose received throughout the
entire period during the radioactive material is inside
the body must be appraised. With adults, the total dose
received over a period of 50 years is added together;
this “committed dose” is taken as the amount of internal
exposure. In other words, the amount of internal exposure
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is calculated so as to allow for all doses to which a person
would be exposed internally over the following 50 years.
There were cases in which beef contaminated with
radioactive cesium was sold to consumers. The provision
safety limit for beef is 500Bq/kg. Assuming that the level
of contamination of the beef is approximately 3,400Bq/
kg, and then the internal exposure dose after consuming
1kg of beef would be 33 uSv in the case of a five-year-
old child, and 44 pSv in the case of an adult. While a dose
of this size is less than the 50 uSv that would be received
when having a single chest X-ray performed, an event
such as marketing contaminated beef is bound to cause
considerable emotional shock and worry to those involved.
It is extremely regrettable that incidents of this nature
occurred, and it goes without saying that strict controls
are needed with respect to contaminated food products.
Ordinary citizens will naturally be concerned that, even if
the food contains only microscopic amounts of radioactive
material, this may build up to a dangerous level of
exposure over time. It is only natural for people to think
this way, and since there is no way of knowing the exact
individual exposure dose, it is difficult to put people’s minds at
rest. In point of fact, estimates have been compiled of the
amount of radiation to which people are exposed through
consumption of food. These data were included in a report
issued by the Pharmaceutical Affairs and Food Sanitation
Council, Ministry of Health, Labour and Welfare. The data
make certain assumptions. It is assumed that the same
contamination conditions of the food on the market as of
June 2011 remain for a period of one year; the exposure
dose is then calculated based on the average food
consumption of a Japanese citizen. The calculations show
that, for the population as a whole (regardless of age),
the exposure dose per person is in the region of 0.1mSv
per year. The exposure dose is 0.07mSv for pregnant
women, 0.14mSv for young children, 0.06mSv for a fetus,
and 0.04mSv for a breast-fed infant. Even when different
assumptions are made, the resulting data are roughly the
same. The exposure dose from then natural radioactive
material contained in food, not contaminated food, is
around 0.3mSv, so the exposure dose from contaminated
food is actually lower.

What is most concerned about is the internal
exposure suffered by people living in the vicinity of
nuclear power facilities. The earliest survey of internal
exposure to have been released so far is the survey
carried out by the National Institute of Radiological
Sciences (NIRS). This survey examined 174 residents of
localities such as Namie and litate that had been subject
to evacuation. Testing was performed using a whole-body
counter; cesium was the radioactive isotope evaluated
there. The results showed that the internal exposure dose
was under 1mSv for all persons included in the survey.
Subsequently, the Japan Atomic Energy Agency (JAEA) and
other organizations tested the internal exposure dose for
over 3,000 people; here again, for over 99% of the people
tested, the internal exposure dose was found to be under
ImSv (this testing did not include internal exposure dose
testing with respect to radioactive iodine, etc.).

As those of us living in Hiroshima and Nagasaki
are only too well aware, besides the physical effects
of radiation, radiation exposure can also have serious
psychological and emotional effects and a pronounced
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impact on society.

The stories reported in local newspapers give
some idea of the kind of effects that it can have. There are
the continuing problems relating to discrimination caused
by preconceptions concerning radiation effects, and local
people, in particular, the parents and guardians of young
children have experienced an anxiety. There have also
been cases where children from Fukushima who have
been transferred to schools in other areas have suffered
bullying because of groundless rumors that radiation
can be “caught” from them. The effects of radiation
incidents are thus very wide-ranging. At the same time,
local residents are being exposed to a wide range of
information from different media; as they are often not in
a position to judge the veracity of the information, this can
cause an unnecessary anxious that people feel. To bring
about an improvement in this situation, it is important that
people have access to accurate information. To achieve
this goal, experts in various fields have been visiting the
areas affected by the incident, to give presentations and
lectures about radiation. In my capacity as a health risk
management advisor for Fukushima Prefecture, I myself
have been giving presentations regarding the health risks
associated with radiation to the members of local school
boards, teachers, caregivers, and other local residents.

I would just like to refer to an editorial which
appeared in the September 24th edition of the Asahi
Shimbun newspaper, in which three particular events were
reported. The first of these was a firework display which
was intended to provide support for Fukushima. A local
government authority in Aichi Prefecture was planning
to hold a fireworks display using a manufacturer in
Kawamata-machi, Fukushima Prefecture. However, when
a group of local residents objected to the idea of letting
off fireworks which they believed to be contaminated with
radiation, the firework display was cancelled. The second
incident occurred in relation to the Gozan no Okuribi
festival (also known as the Daimonji Festival) in Kyoto. It
had been planned to use pine-woods from Rikuzentakata
City with message for victims of the disaster for
ceremonial bonfires, however, this plan was also cancelled,
again because of worries about contamination. The final
incident involved a plan by inhabitants of Fukuoka City to
set up a Fukushima Support Shop. This plan ultimately
had to be abandoned because of concerns that trucks
coming to Fukuoka from Fukushima might “spread
radiation.” These kinds of uninformed attitudes could
disappoint the people affected by radiation incidents. The
main point that the editorial wanted to convey was that to
have a correct understanding of the harm that radiation
causes is the first step towards providing meaningful
support for the recovery of the Fukushima region. This
is a view that I fully agree with. I believe that those of us
whose work is related to radiation have a responsibility
to provide accurate information about radiation to the
nation’s citizens, and in particular to the inhabitants
of Fukushima Prefecture. Unfortunately, getting this
information across to people is proving to be a very
difficult task, and we are still very much “feeling our way.”

In the field of radiation protection, considerable
importance is attached to the “ALARA” principle. ALARA
is an acronym that stands for: “As Low As Reasonably
Achievable.” Today, the work of cleaning up the



B EWVIEIRT I, ZFDIDIC, 5, T, BREEDIEE - T
WET YU, FADA A= TR, IEARRE B R 0HTET
T, BRBOFHRIE, DT TIRNE NI DI TRIHOFE
Moo, DB TV HEEE, 2451 — ANV O BHE AR
82250% FF53, TELDRAE, 60% FIF520H98DTT,
ub\l, FRAUC KD TN RO B RO L ~N)UE, — e
BT, 50%DIBD10BITEBEER AL RYUL, Thiah
.%ﬁtﬂ’ﬁ%ﬁf@‘o LWL, 272505 C, MTHEZRBRO#E <K
Z FF2L0HT LT, 2Nz id BIci, JEHICE DM
WERRDAET S, DED, IG5 LTz 21 175D
BNEWTIENENHITE T, ZNZATREICT B7zDITi, Hi
O EREATBIMRE MO HEMRD R dE T LA 723
BTEDAAR T, LS, ZNZMHINC P> TNTEN
BT, ZRUCKD, BRI D LT 2N TE R
TVET,

TS, FEEOBE A, e DEWBIW A
DI TITD, ZNZ L2501, V- ThERZERVE
THESAS THADXIS, IRBICFEIH FEnfzL &
5045, HBWVIE, 100 BARBEZ T Ve EbhE L
M, IR, B, RCERLUE L ZO—KDFE &7
STeDF, PEHDHEIADEE)ITIL, ILE, BEROTRS
BRDONTTH, ZNEZZATOR, R0, T RVH
LRVET, S, 211U E ST, B, BRI X B A

TVET, U, BITEIEOMA T, LA L, T B
2T, R0, HROZEHA AR TR0 ER->T0E
oL, BROBENE, RIS EEINE LS, A
15, BIGDONRDEISDNR %SRS BTN ED TR
BODEEZTOETLLETT EFETHREHONELHT T W
FLiz,

(F£]
ZNTE, ROy a BTN TROLEL TR
EXT.HONESITEVEL

174

contamination at Fukushima has already begun. When we
think about pollution cleanup, we probably have a mental
picture of being able to just wash the contamination
away. In reality, decontamination efforts tend not to be
spectacularly effective. The targets that the government
has set are to reduce the radiation dose to which ordinary
members of the public are exposed by 50% within
two years, and to reduce the dose to which children
are exposed by 60%. In reality, the reduction in the
exposure dose for the general public would only be 10%.
Contamination cleanup is a challenging task. However,
we need to do it in order to reduce the exposure dose by
as much as humanly possible. To achieve this requires
some extremely detailed and precise clean-up operations.
Specifically, contaminated material that has adhered to
people’s living spaces must be removed. Close, effective
teamwork that coordinates the efforts of local residents,
government personnel and experts is a vital precondition
for successful implementation. Furthermore, these
coordinated efforts must be undertaken on an ongoing
basis; if this can be achieved, then the clean-up work can
be made more effective.

The inhabitants of Fukushima Prefecture will be
faced with a long, continuing struggle against radiation.
The most important source of support for them in this
endeavor will be the nation’s citizens. As you will all be
well aware, it was originally believed that Hiroshima
would remain a barren wasteland 50 years, or even 100
years, after the dropping of the Atomic Bomb, and yet both
Hiroshima and Nagasaki have in fact made an impressive
recovery. While the most important factor behind this
recovery was the hard work of the cities’ inhabitants, their
efforts received vital support from the nation as a whole.
Today, at the beginning of the twenty-first century, people
in Japan have once again suffered from radiation. This is
a deeply regrettable state of affairs. What must be kept
in mind is that, to facilitate recovery, the support of all
the people will be needed. The recovery of Hiroshima and
Nagasaki was supported by the nation as a whole. Now,
Hiroshima and Nagasaki can play their part in providing
support for the people of Fukushima. Thank you for
listening.

Chair
That brings Dr. Kamiya’s session to a close. Thank
you very much, Dr. Kamiya.





