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The ethical and philosophical issues concerning the clinical
application of brain-machine interface technology:
from the perspective of rehabilitation medicine
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Abstract

Purpose : This study examines the ethical and philosophical issues concerning the introduction of BMI
technology in rehabilitation medicine. In particular, the following three points are discussed. 1. Conditions for
application of BMI technology to medical treatment. 2. Ethical and philosophical issues of “Neuro-enhancement”. 3.
A fear of BMI technology changing one’s identity. Conclusion: Bodily transformation because of BMI technology
will disrupt our understanding of the body as one’'s own. If our society accepts BMI technology, we need to be
prepared to accept the changing view of what a human being is (i.e., the change of the modern self as a free
and autonomous agent). Considering the fact that the history of medical care is as long as the history of human
culture, this paper raised various issues that require further examination in the historical, cultural, and social

contexts in each country.
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Introduction

The brain-machine interface (BMI) or brain-
computer interface (BCI) that utilizes both
neuroscience and information communications
technology is now being used in the medical field.
Hammad et al” previously showed that a BCI “aims
to restore functional movements in subjects with
neuromuscular disorders by interpreting neural
signals recorded from the brain and translating the
inferred information into control signals for external
devices such as a prosthetic limb or to guide
electrical stimulation of the patient’s own limbs.”
Daly et al ® mentions that “BCI technology might
also restore more effective motor control to people
after stroke or other traumatic brain disorders by
helping to guide activity-dependent brain plasticity
by use of EEG brain signals to indicate to the patient
the current state of brain activity.” This technology
may prove to be a useful rehabilitation tool for
patients with severe disabilities, and the number of
studies on this has increased”” At the same time,
some ethical and philosophical issues concerning a
direct connection between the brain and machines
have been raised®” For example, there is the risk of
invasion to the brain, whether to permit the use of
medical technology for enhancing a condition beyond
the normal condition, the invasion of privacy due to
mind-reading and the potential for the collapse of the
general concept of an individual that is autonomous
and self-determined. These issues highlight the
importance of examining the influence of BMI
technology on human society. More specifically, it is
vitally important to consider beforehand the potential
of BMI technology to impose an undesired influence
on humans. Based on the above, this study examines
the ethical and philosophical issues concerning the
introduction of BMI technology in rehabilitation
medicine. In particular, the following three points are

discussed.

. Conditions for application of BMI technology to
medical treatment.

. Ethical and philosophical issues of “Neuro-
enhancement”.

. A fear of BMI technology changing one'’s
identity.
The goal of this paper is not to provide answers

but to raise our intelligence by examining complex

issues.

1. Conditions for application of BMI technology to

medical treatment

It is necessary to weigh the benefits and risks of
introducing a new technology in clinical situations.
Clinical trials that measure effects are necessary to
demonstrate the benefits of short-term and future
uses of BMI technology. However, it is difficult to
judge objectively the benefits and risks of BMI
technology because this technology aims to treat
the brain, which is directly linked to the human
mind. Furthermore, in clinical trials of applying
BMI technology in rehabilitation medicine, the level
of patients' cooperation may affect the treatment
outcome. In fact, many studies have shown that
improvement of motor function is influenced by
the degree of concentration on the therapy by the

012 However,

patient or the level of motor imagery.
Mulder™ reported that the effects of motor imagery
differ according to not only individual ability to
mentally simulate the action, but also the cooperation
and concentration of the learner. More generally,
biomedical research related to physiological
reactions caused by the intake of drugs excludes the
subjectivity of the patient from the experiment. The
determination that a new medicine is more effective
than a conventional medicine is validated according
to the hypothetical model, and high reliability is
determined by double-blind randomized controlled

trials. On the other hand, when measuring the



effect of applying BMI technology for the treatment
of stroke, it is necessary to clarify the process of
neuronal network reconstruction caused by conscious
body movement. Moreover, it may be necessary
to verify whether the therapy can cause favorable
changes in the connections of neurons and synapses,
in the quantity of the neurotransmitters, and in
the properties of receptors. Accordingly, so long as
the treatment outcome is influenced by the level of
patients' cooperation, it is difficult to determine the
scientific validity for BMI technology in rehabilitation
medicine. *'

Some reports show that electrical potentials such
as the mu rhythm' or P300% that are detected
from the scalp or cortical surface can be used in
rehabilitation medicine. It is well known that the
mu rhythm is suppressed when one performs or
visualizes performing a motor action. Dobkin'®
pointed out that “therapists could use the change
in the mu rhythm to get immediate feedback about
whether a subject is optimally prepared to make
a movement and has focused his motor attention.”
Even if this feedback may enhance the presynaptic
drive to a cell population and network that patients
use to plan the trajectory of the foot for walking,
which in turn may increase motor output and
improve the timing and completeness of movements'®,
the effect may depend on the patient’s motor attention.
Consequently, compared with the method for
determining the effect of a new medicine, it is very
difficult to verify the treatment outcome reflected
in the patient's mental condition. *! In this situation,
should patients choose the invasive BMI technique
over other therapy?

Standard clinical treatments do not provide any
guarantees for identical outcomes because physical or
mental conditions differ between individual patients.
There is no indication that invasive treatments of
the brain, such as the BMI technique, would be any
different. Furthermore, evidence obtained by medical
workers or researchers is required to apply BMI
technology to standard treatment in rehabilitation
medicine. *? Here, it should be noted that advanced

technology always introduces uncertainty, and
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BMI technology should be considered from the
perspective of not only scientific validity but also

from an ethical or moral standpoint.

2. Ethical and philosophical issues of “Neuro-
enhancement”

‘Beyond Therapy : Biotechnology and the
Pursuit of Happiness' by The President's Council
on Bioethics was published in 2003.'” This report
defines therapy as bringing a condition back to
normal, and “beyond therapy” as enhancing a
condition beyond normal. However, the realm of
biotechnological beyond therapy is a hard-to-define
gray zone where ethical judgments are difficult.
Chaotic discussions have focused on having better
children, superior performance, ageless bodies, and
happier souls. The report says that the vast majority
of council members feel that beyond therapy should
be approached cautiously and that some believe this
type of therapy should be regulated. Some people are
trying to use genetic manipulation, nanotechnology,
and robotics to improve humans after birth, and
they insist that society should not be limiting the
pursuit of happiness via the use of transhumanist
technology. The technology itself is said to be
‘value-neutral’ because the value judgment of it
being right or wrong depends on the social context.
Generally, scientists tend to seek the highest
degree of technological development. Therefore, the
technological developments that sufficiently enhance
functions may spread throughout society. Many
ethical issues have to be solved if someone motivated
by desires for sensual pleasures makes use of
biotechnology. An individual could also attempt
to gain superior strength or performance, like the
‘Hulk’ . However, from a moral perspective, if they
have a greater ability to do heavy work compared
to others, they will never be highly appreciated.
Moreover, it is expected that this technology would
not become commonplace in society. Taking this
into consideration, if the use of biotechnology or
BMI technology is regulated, it will be necessary to
adjust the regulations based on the intended target

of the therapy. Nevertheless, the differences between
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therapy and enhancement seem to have been
blurred. To clarify the difference between the two,
it is essential to answer questions such as ‘What is
the desirable normal condition? or Ts the deviation
from a healthy or normal condition simply because
of a disease? If stroke patients are given functions
superior to those of healthy elderly individuals of the
same age by BMI technology, should it be considered
beyond therapy?

Jotterand * indicated that “the question I address
is not whether attaching artificial limbs or enhancing
particular traits or capacities would dehumanize
or undignify persons but whether nonbiological
entities introduced into or attached to the human
body contribute to the “augmentation” of human
dignity.” Whether or not we can use BMI technology
depends on the augmentation of human dignity, and
discussions about human dignity and posthuman
dignity are essential. ** When examining the issue
of enhancement or neuroethics, an important
consideration is that there is no simple solution
to this complex problem. Considering that health
and disease are socially constructed concepts, the
concepts of normal and abnormal are also similarly
constructed. Thus, the individual desire to become
stronger and faster reflects a sense of values and the
state of society. Notably, a society’s values become
a kind of pressure, and there is the risk that an
individual’s freedom to choose a therapy becomes
restricted. That is to say, in a society in which it
1s common to use BMI technology for treatments,
people may be unable to choose an alternative
therapy. Moreover, the problem of enhancement by
BMI technology can include enhancing a function
that is desirable, as well as excluding an undesirable
function, such as treatment to remove a specific
state of mind by electric stimulation of the brain. If
BMI technology eventually becomes mainstream, is
it an oversimplification that a single misstep could
give rise to eugenics? Thus, in the case where BMI
technology is applied, it is necessary to obtain a
social agreement about ‘What is normal? or ‘What is

an acceptable range of therapeutic applications?
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3. A fear of BMI technology changing one’s identity

BMI technology that assists with defects in motor
function is used as an example in this section to
consider identity crises and human nature. These
technologies are broadly classified into two types:
invasive and noninvasive. The invasive type includes
implanting multiple electrodes in the brain, and the
noninvasive type involves detecting a weak biosignal
from the surface of the skin. The extracted signals
are electrically connected to the joint and limbs
via a machine to provide aid for easily moving the
hands or feet. These technologies are expected
to function as an effective treatment in clinical
applications, and when established, could lead to
serious ethical issues, such as the uncertainty of
body ownership; in other words, the collapse of the
sense that the body is one’s own. Humans grow
emotionally or mature through physical states or
experiences throughout their lifetime. The body
is a place where one’s emotions exist; the human
body can even be said to be the organ of emotion.
Moreover, we not only have explicit knowledge, such
as verbalized information, but embodied knowledge,
such as a way of moving the body based on the
internalization of physical experiences. ** A lack of
embodied knowledge means that a smooth daily
life or social life is difficult because there is a close
relationship between mind and body. Accordingly,
the sense of body is an important requirement for
developing rich emotions and acquiring embodied
knowledge. Our anthropocentric view of the world
may be greatly influenced by bodily changes induced
by cyborgization that changes our emotions or
personality.

Here, we consider the reaching motion exercise
of amputees by a robotic arm using BMI technology
as an example. First, a brain signal related to the
reaching motion must be converted to a mechanical
signal by a machine, and an amputee must perceive
the motor information feedback from the robotic arm.
This feedback information must be converted to vital
signs. It is necessary to understand how this kind of
interaction between the human body and a robotic

arm is comprehended, as it is completely different



from a normal biological phenomenon. Thus, when
the amputees lift something with the robotic arm,
they will probably feel a new mental representation.
Amputees are then forced to change their body
image. A constructed social relationship through
embodied interaction by humans is also expected to
change similarly. When amputees become able to
control the robotic arm the same way as their own
body due to advances in technology, there could be
philosophical issues such as ‘Who am I?" or “‘What
is my body? Even Descartes, well known for his
concept of methodological doubt, i.e., a method of
doubting everything that exists for the pursuit of truth,
never doubted that the body is one's own. However,
bodily transformation because of BMI technology
will disrupt our understanding of the body as one's
own. These points indicate blurring of the boundary
between nonbiological artifacts and humans.

The Japan Science and Technology Agency has
succeeded in moving a humanoid robot via data that
is detected from cortical brain activity in a monkey
and transmitted through an internet interface
between the US.A. and Japan in real time'®. This
monkey essentially has another body at the remote
location. In other words, the individual is separated,
thus, jeopardizing the sense of identity. An identity
crisis arises in organ transplant patients, who, as
recipients, are given an organ from a donor; BMI
technology may also lead to the same problem.™® The
success of this experimentlg) means the conventional
concept of human embodiment, that one brain
controls one body, begins to weaken. Thus, our
understanding of the individuality of human beings
is not absolute. The externalization of brain function
based on a direct connection between the brain and a
machine raises abstruse philosophical issues, such as
‘What defines a human being? or ‘What defines the
human brain activity of the identical personality?’
If our society accepts BMI technology, we need to
be prepared to accept the changing view of what a
human being is (i.e., the change of the modern self as

a free and autonomous agent).
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Conclusion

Ethical and philosophical issues from three
perspectives were discussed in light of the future
prevalence of BMI technology in rehabilitation
medicine. When discussing these issues, both the
benefits and risks of BMI technology should be
considered. Because the discourse itself about the
risks of BMI technology acts as a social pressure,
there is a possibility of undermining the benefits to
patients who need this technology. Paraphrasing
Baron', technological achievement is not a great
Invention in itself; its importance depends on what it
means for humans and how it will alleviate sickness-
related pain. Therefore, we have to consider the
social and cultural perspective of happiness for all
humankind in technological development. *° In a
report on introducing a caregiver robot into nursing
care institutions, nearly 40% of respondents replied
that ‘facility users and their families are eager
for manual care and they will not accept care by

machine.”’

Although it will be appreciated, new
technology will not immediately be fully accepted
by the social community. Current problems include
how to introduce BMI technology into daily life
and whether it will be naturally accepted by many
people. Considering the fact that the history of
medical care is as long as the history of human
culture, this paper raised various issues that require
further examination in historical, cultural, and social

contexts in each country. *’

Notes

%1 : As pointed out earlier, the main aim of
rehabilitation medicine is to restore physical
abilities lost to injury or disease in order to function
in a normal or near-normal way. Therefore, it
is difficult to evaluate quantitatively the efficacy
of rehabilitation treatment. Moreover, cognitive
ability or motor attention influences the therapeutic
effect. However, the advent of positron emission
tomography, functional magnetic resonance imaging,
and transcranial magnetic stimulation as noninvasive
evaluation methods through the development of

medical electronics enabled observation of cerebral
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nerve activity that was once difficult to detect. I hope
that progressive use of these devices contributes to
assessment of the treatment effect of rehabilitation
medicine in the future.

* 2 : Clinical practice guidelines for the use of
BMI technology will likely be prepared through
the accumulation of case reports. To accomplish
this, healthcare practitioners need to report what
was diagnosed, the clinical manifestation, any
medical treatment, the treatment period and
clinical outcomes. A report on a person's mental
and psychological status is especially important.
When a change in human nature is suspected of
resulting from treatment utilizing BMI technology,
it is necessary to re-examine the validity of this
treatment method.

*3 : It is difficult to establish a common definition
of “human dignity” because of the differences
in thoughts and religions between periods and
regions. However, any consideration of human
dignity must consider the following points. From
a moral perspective regarding human dignity,
the externalization of brain function based on a
direct connection between the brain and a machine
should not be done. However, what are the moral
obligations if a patient’s pain can be relieved by BMI
technology? Thus, we cannot simply say that use of
BMI technology is still immoral. The alleviation of a
patient’s pain by BMI technology would be vital in
maintaining human dignity. This is a difficult problem
that cannot be solved immediately. For details, see
Jotterand's report. o

%4 : The body is a very important medium through
which to recognize the external world. According
to M. Merleau-Ponty's phenomenological thought on
bodyw, the human body functions as a medium in
which one takes recognition of the actual world by
the reciprocity between body and the environment.
For example, it's not that children know the concept
‘chair’ by learning the linguistic definition of a
‘chair’ , it's just that they already knew about it
through the physical act of ‘sitting in the chair'.
Therefore, the transformed body will almost

certainly recognize the external world differently.

*5 : Recipients of organs transplanted from donors
have suffered from identity crises, such as not
being able to “feel” their own organ and having
their identity jeopardized. Through experiences of
heart transplantation, French philosopher Jean-Luc
Nancy® came to feel, “In me there is the intrus, and
I become foreign to myself” , and he philosophized
about what the subject is. BMI technology is none
other than the intervention by ‘what others call
scientific technology’ to the brain as an important
organ of human intelligence or memory. Therefore,
the possibility that BMI technology will lead to an
identity crisis cannot be ruled out. Considering the
sense of T being nothing but T supported by my
memory, rewriting this memory by BMI technology
could cause serious issues, such as “Who is the
subject?” We must be prepared to deal with the
issues surrounding technological intervention in the
brain.

%6 : Does BMI technology contribute to human
happiness or well-being? Deep brain stimulation
is currently being explored as a treatment for
psychiatric disorders, such as major depression. If
this treatment using electrical impulses can make
patients happier, we wonder if this truly contributes
to well-being. In a thought experiment known as
the Experience Machine (a machine for realizing
experience as desired), Robert Nozick®™ says well-
being is not only constituted by mental states but
also by living in contact with reality. According
to Nozick, people would not want to obtain happy
feelings using the Experience Machine, they would
want to make decisions about their life in the real
world. From this perspective, if self-identity changes
depending on the BMI technology, complex issues
such as ‘What part of me is making the decisions?’
or ‘Does achieving well-being mean changing my
identity? may arise. For more information, see
Schermer’s report. ®

%7 . We must consider peaceful uses of BMI
technology. Particularly, BMI technology shall not
be used for war or crime, nor shall it be used for
mindreading or mind control. Countermeasures

to prevent misuse of BMI technology will be
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needed. Three fundamental rules concerning
the development and use of nuclear power will
probably be a good reference for establishing these
countermeasures. However, because brain function
has not been studied sufficiently, formulation of a
code of ethics and code of conduct will be difficult.
Nuclear weapons may bring about the annihilation
of man. On the other hand, BMI technology may
dehumanize people. We expect discussion to proceed
with due consideration toward differences between

nuclear power and BMI technology.
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Desired social measures to protect and manage food allergic children
in schools and nurseries
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Summary

Food allergy is a common health issue in the early-childhood and school settings. Food-induced anaphylaxis
is associated with severe, potentially fatal, systematic allergic reactions. A fundamental prophylactic measure
is the elimination diet, indicating that causative allergenic food should be accurately identified. All schools and
nurseries should therefore have a policy to implement food allergen avoidance in school-provided lunch and
prompt recognition and management of allergic reactions in order to protect food-allergic children. In addition,
providing children and caregivers with comprehensive information on the policy is of the utmost importance.
Provision of adrenaline auto-injector (Epipen®) and education on how and when use this is essential components
of a comprehensive management plan. The social efforts to protect and manage food allergic children in schools
and nurseries have been widely developed in Japan. However, we have to overcome the relevant social barriers

such as shortage of pediatricians and medical specialists of allergic diseases.
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e NE
Key words : food allergy prevention and management, school-provided lunch, anaphylaxis, fatal food-induced

anaphylaxis, adrenaline auto-injector
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Causal relationship between the Sense of Coherence and support
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Abstract
Purpose
The purpose of this study was to clarify the causal relationship between the Sense of Coherence (SOC) and

support for the mother during the child care period.
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Method

The subjects were 269 mothers who attended the 6-7-month child health consultation at A City health center

from April to June 2010. The follow-up survey involved the same questionnaire for the same subjects one year

later.

“2010SOC”, “2010support”, “2011SOC”, and “2011support” were set as latent variables. Using Cross-Lagged

Model and Synchronous Effect Model, the causal relationship was analyzed.

Results

One hundred and twelve subjects were analyzed (follow-up rate : 41.7%).

Cross-Lagged and Synchronous Effect Models showed high-level validity.

The two models showed that “2011SOC” and “2011support” are significantly affected by the same latent

variable, and showed that predictive validity one year later was high.
The Cross-Lagged Effect Models showed that “2010SOC™ had a significant influence on "2011support” (8 =0.326,

p<0.05).

The Synchronous Effect Models showed that “2011SOC” significantly influenced “2011support” (£ =0.419,

p<0.05).

Conclusions

The two models showed that SOC had a significant influence on support. It was suggested that a high SOC

enhanced support.

Future research is needed to make a model that has higher both internal and external validity of these results.

F—7— N FLSER, B8, Sense of coherence, AR — N ERHIL, HEHEE

Key words: child care period, mother, Sense of Coherence, support, causal relationship
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Report of interview survey on TB to homeless people who were
employed in publicly organized special cleaning work and people who
stayed at shelter in Kamagasaki area of Osaka city
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Abstract

There is a public employment system of cleaning work for day laborers who are healthy and over 55 years
old homeless people in Kamagasaki area of Osaka city. They have to receive an annual TB screening. But during
the first half of 2013, ten newly registered TB patients were occurred among them. Administration and related
agencies researched how they had TB screening and how they understood about TB, and they got 853 answers.
We divided the answers into two groups. Group A is special cleaning workers. Group B is shelter users except
for special cleaning workers. And we formed group C which is people who stayed at shelter almost every day

among group A and B. Analysis of three groups showed that people of group B are young, never settle down
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in one place, often coughed and spited out phlegm, had less TB examination notebooks, nor understanding about
TB than other groups. People of group C were shelter users for over 5 years. Significantly, the number of people
of group B who came across people who coughed hardly at local facilities they used was more than other groups.
We came to a conclusion that there are four efficient ways to reduce TB incident rate in Kamagasaki. The first
is to strengthen TB screening of group A when they extend registration of work. The second is to require group
B to show TB examination notebook when they use shelter. The third is to build completely air-conditioned
shelter with HEPA filter that can prevent the spread of TB bacillus. And the forth is to educate the managers

of local facilities about the importance to prohibit smoking, divide areas for smokers and non-smokers, and set up

ventilate rooms.

FoTU—F 1w A, By FEER, vy -, @D

Key words : Airin area in Osaka, Kamagasaki area in Osaka, TB control, shelter, TB screening
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Factors determine the municipal spatial pattern of death rate
based on vital statistics in Japan.
ERINEE
Takashi Hasegawa
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Chiba Prefectural University of Health Sciences
&
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MARFERT L LT, BRI V=R EAR—L4, BELS i$$i’ﬁﬁiﬁ\ TR & OBEEIZ OV TR
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Wize TS DOEE S 'fj:(}:llﬂ:f‘ EEIN T 7 & 5 HOBMAELIC O W T ENENERIFHH 2175 720

ol B A B LA AUR (B1-0400, p: 0.003) & FIgEEs (£:0.378, p: 0.004) . HliJe i3 FIgHE s & 4 & 72 Bk
(B:-0.360, p: 0.024) %=FBD72

fham PR, EEERIRR & O B EREEN T A EEROECE SIS L TCW b 2 e L ol

Abstract

Objective: We studied the municipal spatial patterns of cancer, heart disease, cerebrovascular disease,
pneumonia-related mortality at the age of 85-89 years in Japan. Furthermore, we studied the association between
the death rate due to these diseases and socioeconomic and environmental factors. Methods: Vital statistics in
Japan in 2010 were used. Multiple regression analyses were conducted to clarify these associations. Explanatory
variables were as follows: annual mean temperature, average elevation, personal annual income, GiNi coefficient,
and the number of nursing homes.

Results: Cerebrovascular disease was significantly correlated with the annual mean temperature (f: -0.409, p: 0.003)
and average elevation (f: 0.378, p: 0.004). Pneumonia was significantly correlated with the average elevation
(f:-0.360, p: 0.024).

Conclusion: A prefecture-based study of cause-specific death rate revealed an important problem in the health

inequalities in Japan.
F—7—F NOBEERET. EHAay. ORE. MmERE, i, 5ES

Key words : vital statistics, malignant neoplasm, heart disease, cerebral vascular disease, pneumonia, average

elevation.
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Temporary reentry of refugees into the no-entry zone
after the Fukushima Dai-ichi Nuclear Power Station accident
— The process of peentry and the progress of safety measures
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Summary

The temporary reentry of refugees into the no-entry zone after the accident at Fukushima Dai-ichi Nuclear
Power Station has been carried out since May 10® of 2011. Such an operation had never been executed yet
and had to be planned in a short period of time. Thus, at the beginning, the reentry was carried out on a small
scale, with strict safety measures and while expecting the unexpected. As temporary reentry progressed, the
operation's scale was expanded while safety measures were gradually relaxed. The operation is expected to be
a case example for future reference not only for preparing for reoccurence of such accidents but also for quickly
drawing up safety measures in various fields. In this report, we summarized the progress of the operation and

considered some points of it.



HABESME. 4 32 % 1 5. Bulletin of Social Medicine, Vol.32(1) 2015

F—T— N RBEEIEE T —RRLAY L BRI, A R

Key words : Fukushima Dai-ichi Nuclear Power Station, accident, temporary reentry, no-entry zone, safety

measures

I. #

R 23 4F 3 H 11 H 14 B 46 4312584 L 72k
KPR, REEAT SR L, duti)s & B
P ORI ER 2 EE2 726 Lz,
COWMBELEKRIIL ST, BEEHTHIEEN (&
B &, K&, T b~ KaE o RGHEwE
Ot & ) BRRFEF R ER Lz, ZOFHig
& HHENOERKE L ) o BUERHEYE AR
TS SN0z, BBAERIE, B2 SN BERK
AN~ O R & 437 STz,

MHAEROPIZIZ, FOHGEOTEMEL. 20 F
FMEENATEICAS72E LS D072, FO0. &8
FAERE. FNE. 7 — FEOBREMEZFH T I LN TE
FTHGICH 5%, Kk, &, HAGS, KTEES
WHEGICLERY 2R I/ 72nwE, TV A, H
R EASOBRELREVHEOMERLRY 20E, &
LTELRy PRREXFETHHE., ROBLHITIE
IR L7200, B0 LT T2EEND D,
WEEE R 5 — R EDOEHE D 5 72,

Tk 23 4 4 A 22 HIZId, B dsdgeE s
A FNLENIE, S X R E S Tw b o
DOENED e Do 72720, (FEROHFIIZE N TEEE D
5 20km BENOXIIZZHAY . LELRY R FL LT
BEbDookEZLND (ED. LML, F0OX

A, TR R O R D T ok R
iibewnwI b d D, FRE G OFHRRLEMW X
ANDFHEFDOIERIBE I NIz, ZD720, BEEOIE
T IR EHHEARL (794 Mk &= OFC)
BT, ER, S Z BRI ITI— R
MEADL [—RLAY | OFBMEHIDHE S, Pk
2345 H 10 H A 5 FE i S 7z

KEETIE, FHETIZND TOELL L 22
MR EDOR D, B R O—HALA Y OFERIRT %2 £
EOTHET 5. TNUL, SO KEFAROZ LM
HIEBEORENOBELRER LD EE2 D,

il

0. MREHE

1. —BIAY ORRE

—IESLAD O RE X, P 23F 4 H 23 Ho [
M IAN O AR ] 2 1280 T OBmIX

BWANICEET 28T, BIEHOATG EOBEIZ L) —F
VA)EHLT DH. QAN TERIFIULEL <
NigxI% ) ZENRATNDH., LHES NI,

2. —BRLAVYDFE

—REZAD OHE, OWmoFEH L, @FKIZ X
LENOFFIT, @BEOFHEL, @y b - KEOHT
R, R0 55, ORIE., £S5, @AW —KIZAD,
EQHE SN,

O~®%HWE L-ERO—KFIZAN X, —&KHIZ
BWTIE, kD SN AT b THMICm
M, FUONZIZHE S THHFEHIZRE S &) FET
fibhize @OHEOF L 2479 B2k, 17 & 13N
A THMIZM 2, R ITH B OFE THFIEHIZRE -
TAhZEah, ZRE»SIE, EFRAGVEHRE
HEZHWTHMEDEHE T 25 60 TR E Lo
726

®ODRZE—RELAY Lid, EED AR HTIT)
e oI, 8470 ATM 205 O &SR, FRFED
HNTORELETH ), ERO—FZAD EIZIXH]

L CERi S N7z,

(1) PBEMOFRE & —KBDOILAV FIE

—RHO—FEZADIZBNTIE, WERD—A—A
OERAE N EM XL B A S Z L3S
FREETH B 720, BIGHRBEIZE & F > TORMETH)
R b7z, BARNZREIUL, OERXBIOEEY;
FcEE 5@ 2 THEEFHIZOWTHAZZIT 5,
@A L THEICHD ) . OFERIEIEZE~DHE
THIEFMOEELZIT) . OFUNRIIHED ARTOE
BHBHTCR S, @OFEREOF vy 7 (A7) == )
2T h, L) bDTHD, OOEEGHFTE A
DEDA ) — =2 7L ERIFE =T TH 1 |
CTAUGHHEIE L & PR S L7z, kRS L CUE, B
METHERELS, NN REE Y ¥ —, LEHH
RAEEHE, BN THEREEO 4 23 %EmS
(F2). 1 HERK 3 2o mikdtih 2 #H T X 2 /4]
oz (M1),

—BEZ A OWNEH 2 1R L7z R F 9k
FHWIEAS L, —REZA D OFNE, R Lo EEFRHE,
BisiR O BB IC oW CEHA <1572, 2L T,
B2 3 7 RHIRH O & OHIW EAEF D 720 O



HEESMZE. 4 32 % 1 5. Bulletin of Social Medicine, Vol.32(1)2015

L 4. ol B g L
5 ! EEAK | o
g (s ‘

f“'-\'"; =] il 5 EEH e S —I“
e 2 — ]
e it ) /5 SRITHT i r
e il it 8
' L e |

= |

NAHHBREEE5—
(i)

1
1Y

nwH [ ﬁu

L
R )

B

HrRmE EE R
RRRENAREY [6~:10))

1 —BAWICH T BPREMDONUE
(BRFHEERUISRABER L)

i
_ ”ﬁ—- S &
a ::@H AP ==t .
| HAhRR | 208

T
SEHM

JSEDp R
SR
!

B

4—""‘?’

W
(Qﬁﬁ*ﬁ#ﬁﬂ]
? ]
»,

[
B

H H
- -
30km 20km

®2 —BIAYDRA
(BEFHKER M RABER £ —5eXE)
FEAOTLAZIT, Bk, K7 v MgEEt PHS
BIEE L T/NAIZEERL 72,
FERIEINATHEELECRE L. BEORK, ek
THFEIR 20 22 TO 2 BRI OMAERR A, K
OV = — 4% (70cm x 70cm) I[ZHELYHEEED .,
FONRIZFERE L2,
kL IC R S &, FERICERT 2y 7 v — )8
EEN, EEMRAY DY Z— LRI, GM &% H
W7 RRAE (=) PER SNz ZORR,
BYEP 2T IUESHREORY P 2) 7H5a— )V K1Y
TIRY . PR E R v MRS RIS e &
LT, Mmilske & b IHRD Ao 7z & v ) lHIDS

FRESINT, LAY DITEIHET Lo,

(2) MaHERBHFER

VAN EROBSRRG R #ER & LT TR
DIANRY Z A= %FEHL, SHIZHEHBAINN—, =
AT T MAN-REETLHILIILD, HEO
B AEMRL 72/ LA (M3), £72. HEN
DRRATEIR D IZH B NADTHERT B L2 7
DI, ERFHEBIC LS DB N—D FI12h )
—HMHN—FBEE L, NAR > T ELZBICIE—HT
OFLE, WA N— P L) AR STz B
FHIZOWTE, AP ISR F &, A
WIIATERY ONADOHPZFICRE EN7ze E 512,
MEROREIL, KREBRCVLESIH L7720, R4k
ZBWIEEICRY . MO LTITH) 2k ks,

@3 —BLAY DEFEOG
(hifkit BBATICTHRY)

BHIRWEIconT A HIRS R S h Y Ak
RREEOEMIOVTIIF B LEELE Sh/e &
ICDOWTIEAPZT DO TH Y . HHEBNERIZ
REEL TV L RECmEREOMELZ b H ) |
WCHEEIT)RE L &SN, F720 AEOMET, &
Fan QBAOED &), AbbEah, EHIED ZhciE
Czfhne eotze 20 Ry MIOWTIRELHHE
REINTGEITIE, HIRITE (RER. BBEE) »E!
W F B L, REFFETAZ ) —= 2 7 %479 2
LEaEhiz,

—EZ AN 225 I L 7RO G K OFRE L i
2OV, HROF NS DI 7% > TW W EREIC
BT, HROPKR LD FHHEBE;LEE 55,



HABESME. 4 32 % 1 5. Bulletin of Social Medicine, Vol.32(1) 2015

FD0, FFEEHIZBWTIE, Bo TE RIS
L. BROFELZ A7) — =0 T L CHERT 57200
)7 (kv bZ)7T) EMERD ETHOFS & X
LCHESNZ, b LF RV H o 72 HA1E. Ay b
L) TSRS 72 BR G CTRRE 2 AT\ S R
BaIZiE. BRNERIES TRy b 7H (2=
FZU7) Il EPEFI sz, £720 Ky bz
)T M7 THBE RN L. O BESEY) & BRE L X B
LCHl) & e sn,

(3) 1BRERERFOMIC

—EVLA ) O IEIREDFEE LA 1E. ik
FEHZHEZ T BB HEAPUMICEST L. BHE T R
BRI T A RHIA L Sz Zoa. B
W4T LTV 2 U E B DMERED A 7 ) — =
TERITV, A7) == 7 L)L (100000cpm) %
ML TOWARWI EERHRLZ) 2T &HF ) OFEEI
kT hHrI LN, BLAZY -V T LNV %E
R 7H AT, EREE, CRBEHITCEREETH
DIRBESIERICHGET 5 2 & & SNhize —F. Ak
L CHIREENRE LA L. SICRE SN
HGEPT T 2 2T, LERIEESIS Lz,

F7o BRI EDITE T 2 BEN RS S 720,
RELA W X O ks & 375 A5 HiRRICIS Uz IX
GUATOID & LB, ZROGHIREDFEE L5612
Bz MO HIE OB E A & DIFEARH] b B S iz

m & =2

1. — KB DRER R

GRD &) 7% NEOEBERIXIEADILA D 1E, fEk
FEBREINIZ EN R\ 2D/, FERHERDO T 1 —
NNy 7% b &2, MR, LEMERE DR FhEH
BEOPLRPH STz (4 4),

AL AYEB(A)
40000
35000 [ SR
30000 Y — g T
25000 [ ek L L
| '
20000 Lr: tagnt
bl SSAGH
|
15000 ¥ =
S0&I=
10000 7 e ey
HAAER
5000 - sotic
0 LU it ot ettt rentasentaniinl)

15 91317212529 333741454953 57
IAYB#(BE)

M4 —KBICHTZBREIANEHEHEE
(RFHRERU KA 5D T — 2 £ EITMER)

(1) Eheis, EHREOHRE

BAD—FALA VI P 2345 H 10 HICFE-mS 1
7oo WHEIEMIE 1 HT ONNHRB XY 5 —) T, NA
S5EMEH SN0 1 BDONAITERLSEA 20 4.
AEHY 100 ZOERICH LT Fohs 155 (HiRE)
BORE RS RET) . ZeEHE (JAEA) &,
EFH 100 AT S b &) FEWHEAE S
726

Z O, OFC Tid, Bz E 2. RAIINZAD
BHAEML L, 7o, HHT L Pk o s
NbZElrorz (3. 5H 25 HIZIE kI
2 (BHELM, NINKELY Y —) &%), 61
7 HIZIE 3T (BFEAS, LE R E, Ik
BLryy—). "APGEEH 2D HBE e o7, —H. 12
ORI 72 D ISR S AR 100 %L o
7o, R CEETELZEAH S, —HICKETE
B Wk 3 T ASIREE T b L bl o AT
B OO R B LR AR R S 78, BB
WCIHINGEE L Y 7 — L TERBEO WL —T
PRHEHINLZ L ER o7

ZDM%. —HEVAD OFEREIZES S 1I2mL. 6 4
25 HIZWEIANAREF40G. 7TH 1 HIZIE NN AD AR
W0 B LR o7 TNFETIERBEARICLAHIED
T L CREFMO 2 EICEL Twizas, Th
HAHEDNEA L. FDHIEEH 1,000 & H#OERA
B§ KINIZTL B A D £ ) 12k o 72,

B, INOLOREBEEFE 2. 8H 26 H2 51,
HEAE N EE 2 LN DMEEEIED S 3km EAN~ND
LAY bATb I,

29 LT, —&KHTIZAEF19926 fiE. 33598 A
DAY DTNz T2y EOFE LIZ 4152 /T
Ho72

(2) B - WIE< - BEIRR

A7) ==y LNV, gk, e b
100000cpm TdH - 72725, FNx Bz 5 AW itz
Motze GRDAZ ) —= v ZIZBWTIE, HYILK
B 1 @ 726 13000cpm #* # 2 723 A& 113 S LY &5
DG EG AT o720 —RELA Y —KEOWIENIZE
WCUE BAR 2 18 Win 1RO BRI DS & o 7225,
WL B R o A & K X HCY T 13000cpm PLF
Lo 1272 JRER OWFEBIE ) AR L 72 o 72,

FERPET LR v MEEFTOMEOREMHIL 95
USVTHotz, THEFHBEMETORI ) —= 7
RO AE 4 ~ S RHOMBEMETH L, —HERD



HABESMZE. 45 32 % 1 5. Bulletin of Social Medicine, Vol.32(1) 2015

ERhim YR RETH L EM ImSv 2 6E 2 5 &, 1
F DA IZBITHHECHEIL. BEHITREANDE
BERWLNVTH L EHWT SN,

R IE L O RGERT & 235 L 7o k. HURE, 18
I - TR AL BPE, BES L A VSR CTh o 7,

(3) FHEEARZE - RV -2 T HEDHE

—EVL A BGR LA, HRB ko721, Tk
By ARy 7 A=y OFERDPLEL SN0, (ER
128 5 TIRWIZ L Do 27z, —EL A D BdG
IV LT o oIlEE SN, 2. B
ORI B L &I, BREER L ) b LA EAQE
12X BBHEDNBE SN0, HENH - 2HE I
EKRIREBEET 5 Z L & 5FI0. BRilERTHILES
AR Z A=V ELTLOEML RS T I kL
N7z,

F WD A7) — = 2 ZFEICOW T, 47,
EZ— VRS Lan Landil) L ClIE L T iz7z
12, ERFEZZ L TWwizo LAL. BRI EAELR
LMol eh b, FTIIEOHOYM % Y55t
FEHC) LT L Ly, 30 oWz Eodhic
GMEZHALTLIES CEWT, #25—Ell Likh
RIFIRTEGE R L &S 5 HESH ISR SNz, &
72D, SHRLEHRE LT, WREE,LS—
EIHC) &9, BN A& A IS =S T 5Kk
e BT,

2. B LEOZE

(1) ZXBDEES

ZDOH%. FH234E9 A 19 B2 5 12 A 24 HIZh
T, —HEZAY OZRKHEAEBS N, —KH L D&
W LITFIZHET 5,
OHFHFIZLZIAD - —KHTIEINRIZ5ELT
DAY DHFLTZE5 7208, KBTI, BRHAETO
VAR E o7z, BRAETOVADIEHE4LH
THY, pllz, —&HERKEONAIZLDIZAD HAS
EANRCY (WA
@F b LY mEHIRO®EE © Fib S 2 Wimo 5 &
X, —KH TR — V& 1 DIZ AL &I
HIR S Tz, BRHAFTOAD BFGIE ]
BRASZ: < 7o 72
OMZEMEEIL : —KHTIX, BEFEEOIFFHD I
v FHIPE G O EHEEIZOWTHWIT 27205, A D
WCHERICHMZEORAZKEL, £/ 3A123 7 FEH
AER L TS, B v ROFELEIM L D b
E2 IRV RE L, mEREARD ZEllL

o7z, ZREPHIZHMZEORAZEKL, T UK
O L 72 o720

@HHOEN © —KHOERS T, RO {5 —
VANV ELREROM#EEF LD LTS
72780, BidERR O iR i B O TEE SIS OM
WWHEIHZ RO b D IEEFH L SR VETRL.,
B O FTARIL S B L7z,

OkgEEomEI: BlkEErZNETO
100,000cpm %> 5 13000cpm 127 1 ', Z 4G L7z
PRy E S E L o 7,

B, —RKHTRHAZ ) -y 7 IEENBERE LK
SFEDMGHRE IR G F THED ., FOEREQEIC
KL TE TV, By ) —= v 7RI ER
fbL7z2&h 6, ZRKHEUREEENBERED AT
Zlklhol, 6. —KREHOBEBRLYD ., &Hi5
DFEFNIFEZ I W &0 s, HEROTHYRE
FEE Nz ZRETIRARHETOILAD 20220
T35, 48204 A\, BN A TOILAY 1,064 ., 1567
ANDIEAY DT NIz T HOF L1556 5725
720 ZRHEIZERD XS I—KH & LB L Tz
Foive & DB HMEL S 7278, iR T B
BEIZAE L e d o 72,

(2) =XBLIRE

F1LBIT 2 L) 1c, ZRAMED . X%
RSN, PRk O, R A Y 21T
RAFRHFAR A7) — 2 VDD I CRE L2 F
FRMOTHEEZTIOND [FI94 7 ANV—FR]
OFH ERHD2S) . —HZA D OTRHRERN
DA E—FE LT Ity —0HE (UKH
Mo) HEOMMPNEEN D720 T2, HETICIZH
TCO BRI R E LR, H AR 75 OB
MBI . KT v T 1 7 N— A TERS % ki L
TW72A, TR H O 5 L FEMHE ST 5 L9
27272,

PR 25 F 4 A SIEOKE & W) IEREA R 22 ),
HEHAERIIMAL > BIC1EREEOIAD AR L
oz, —REVLAD L, AREaPARFE PR 26 428 H)
IZBWT OB TH 2 H%, BED L Z AHFRI42HE
IFHE LTV,

V. £ =

—ESZAD LV ITAIZO VT EAEIZB W TIL,
R B FR LN IIMET SN TV BHE v, %
W, SEER AN T T S S B T Y



&I

# 32 % 1 %. Bulletin of Social Medicine, Vol.32(1)2015

F1-1 EXBEEBO—BIAYDOEED (ZD1)
1548 2B 3B 438
M H23.5.10-9.9 H23.9.19-12.24 H24.1.29-4.22 H24.5.19-7.15
TARER B#h. EEET. | BN . EEET. | BT EEET. .
WEZERT EREET. KA
WEZERT, EREIET, Il | FEET. EREET. )R EET, EREET. )R BT ST 38T HT
RAT, KEERT, INEE | #F. KAEHT. IEEHET, . KHEHET, JEEHT, BRI E )
BT, CRIIET. BEM | RIFT. BEN RIIET. BEM
FRE i FAEETEREEAE | EHEETREEANE HHEETREEAR BHEETEEAR
REETPRAFE | RHEPREAFE EOERAESE BOERLSE
ANTHEREE | BNTHEREE (EDH)
N REEE EE-RERY)—=
H— Vits
TAEEH 33598 A 49771 A 44717 N 33916 A
(19,926 tH7) (21,284 t#3) (18,491 ) (13,669 )
55/8R 33,598 A 1,567 A 1,045 A 739 A
(19,926 tH7) (1,064 1) (726 ) (502 tH#)
SHLERAE oA 48204 A 43672 A 33177 A
(0 &) (20,220 #73) (17,765 ) (13,167 t5%5)
H—_AEHE 100,000cpm 13,000cpm 13,000cpm 13,000cpm
HER "HRAFICKDIA | FSATRIL—FR -a—LEVA—DEH
YBAsE DR [
1 FHHLEDFIREE -EHEMOEE
1 G&EHRMD)
"EEZEDREL
-ERISHBA L
S 0 (3%2) WM& 12 14 ME W& 5
BARERSIE
(s 95 133 107 265
BEERF RS % 610 A 168 A 28 A 40 A
SHER 550 A 143 A 7A 24 A
SHER5YT 57 A(? H¥3) 25 A 19 A 16 A

1 ERMHIERE L TR, ET—HE - ETHEE - RMBERATHKA ~&HBLE

MBORYY—ZUFFERELTIE, EZ—LEMS 1R T ERYBLTEE —

FTEHBMYHL, BYRBEZ—ILROPICAEREELRAA, LECKEVWTHE —

ROBAYDHDP > YBIE EHBLTE,
: 13, 000cpm % #B % TL =AY 100, 000cpm KiEZ o= DE L THE 2 . U@ 1 4-hH -

X2

f=o (BE2HIZOVTRERBADFEDF=HBKIZ LY XFAL.)

3
BiRENR Sht,
UG S &R S N RF IR SEETHI. TR 7B 5
YZaTIVOWTNERTH, —FIZADIZOVWTD
AR 2 Bl ld 2 s
EA6IEARICIHY Ex NEFSCRED Y 7 5 1 T,
NRINV—=VIZF N HIE) TRELEFoNV ) TA
) EFHIEFROFERIZB VT, FEO—KT7A
DIZRMIEA TS, 728 QB TId b o 72 (F
4)o T2 FAED LS IR ERBBNICAT > THY
TOEEIZRA ) L LB XITURHILAERL, F

C S, 1T KEHMIE, ZHOEREBRNR SH=EA. ZHOROBEOEIIR., RE. 17

B2 5 DAY ZEEX T IZITE D> T o
729

Rl DA B I S8 B LR O Ji -7 Rl IR oD i e = T
RMEHEINFRFIC BV, FESZ 2 FTRIMET S
ZEDPHE - B ENT I hdolze FD7280, 4
DML RO—BELA D EREIZH 2o TE, ZDONE
EREHRICE L. BHOIREED S HHI R TR
HTEMEFEEN, T, BAIEIAHFED JAA
72T, TORREWHREIT) L L I/ TENE



MBI

% 32 % 1 75. Bulletin of Social Medicine, Vol.32(1)2015

®1-2 ZSXBEBEO—BIANDEED (20D 2)

5B 6 B 7B Zh U
B M H24.8.25-10.13 H24.11.3-12.15 H25.2.13-3.24 H.25.4~H.26.3
SIARE EEET, KAEET, N | EREAET, KAERT, X | EREHET, KAERT, X | EREET, KAEHET, WIE
TEMT. SRITIHET IERT, JRIIET IERT, RIIHET BT, JRITHET
chikELih SRIL-MEERGE | CRIT-REERRE | RIT-REEhHRE T SR R
i #h i
N %%-;‘&Ex'yu—: %%-;‘&Ex'yu—: %E-;‘EE?\’JU—:*/
D2k D2k Ji5
(EDH) 52%5%1&1&‘/\9—7(’]')
—= 95
EE-HARY—=Y HERHRY)—=U T i5(&
Vi HIEASH)
FTAEERH 27,087 A 23,163 A 20,856 A 54,490 A
(11,005 ) (9,779 ) (8,661 &) (23,678 15
YAV 564 A 543 A 544 A 1,739 A
(376 tH3) (373 H#%) (375 H#7) (1,238 H#3)
SHLERMAE 26,523 A 22,620 A 20312 A 52,751 A
(10,629 ) (9,406 1) (8,286 ) (22,440 55
H—RARH#E 13,000cpm 13,000cpm 13,000cpm 13,000cpm
HE R OB EWSFERRD BE
1t
-B 1 EOIZAYTTEEL
5 % W& 5 4 Wa M6 H M6 4
BEARERSE
(25} 121 146 97 198
TR AE R 97 A 29N 29 53 A 202 A
SHER 54 A 19 A 21 A 11 A
SHERAYT 43 A 10 A 32 A 64 A

(RFAKERKBRBERN SO T —2 ZEITER)

L. TOMREERE 2 TKRE
LK % AT ) LED D > 72,
—REZA D, MR - RIS, TEEICL TR
PBREND L) B HETITDLRAE LRV, 2ok
) BEBORERDOF RV —2 a VIFHiBIS %R <L #ie
BRI H KON LETH 572, TD72D, JHTT
KEFHRATIC BV TIE, 2274 ) OB TH
B 23 4E 3 R OEKMM S, R AR D &9 OFC
DEHRDHHLENSE LT, #BH, TOHEfFD 7
OORF VRSN (EDH. ¥\, FHFEroHEY
Hix, E*%EEE@Z%J—:/&‘%EWF%%? (G
l:%f FeHTEE) . YA R OHROBEE=5 1)
(Yﬂ%%)iﬁ‘”ﬁﬁ@ R b & o EE (2
_&E%@J%‘%%Bﬁ%ﬁ&’éi)\b (2 BT B B
TERES) . R (BERE) & 2h TR

(2 TR PRI DA HL

(%

I 550 FEo

3 BRHPATRT S 5 8 5 &
SCERAMLED

TW7-®12, BHOREBRICED
EIMTEIZEEZOLND,
—BEZADIZBWTIE, ERAEM X (20km B
W) 1B AD ., RO TRV BHEIZWT
HAD EICHZZ0 . AEBICHS LT w7z etk o
HLENTHEERZTHIEICE), BUXL RHERET
LUREMDH o720 D7D, BT, T OER
X & M7 DHEGDF = v 7 Fs% Jesd % W F
Bdholze 72, FEBRIC—RZA D WTEERKERIZ LD
FREE WEEDS R L 72720 U7 12 Hk - 72 R RS
DEHIZHEME L, EOLHITET-THH ) H, 2l
B SERIChPLBEHOEHEE &9 3 5 0 Bii#ER.
%%E?Jr%dﬂﬂzwfi%ﬁwﬁﬁk% EYTDh b AL
DDA % ED &) ITHET 205, EROZEMER



HABESME. 4 32 % 1 5. Bulletin of Social Medicine, Vol.32(1) 2015

DA S E S EHEDPKBETRELE ol ThD
OEHE, MESROBIELX 2 S, g0 v+
YHAEFODEEIED bz,

WA D720 OMEHI BV T, ERAER XN 2
AD DI TH D2 &, FHHTWMITEND D
DIZROEND Z LFEOHH2L, —FEZADIIBITA
HAAE N LNV TH B EHE S, BiEER A Y
V==V THEEEER O TLI VO TIE RV ED
b H o720 L L, wEMICIE, EBRIZT - TH
DUFIUIHEE 2 Z LT A V7201, wmidEi L v
ST TV, KA B E 2 OO 4 IZiRgfb L T
Z&taEniz T4bb, ORI WTIEIL
AU REE RS A ) R OATEFE Z HIR L 720 . R L
Wi HIR L7720 F72, HERBIERSFEELHC
CETHEEBILL, S5IHERNED - B AEDT
OIZkRGeiae 2l F 72 ) &, ZH - ZEOMNKE#HL
HrIlllL., 20k, FEEEHRED LIZLT, 8%
MR L OO 4 I T SO X5s Z & L Eh
720

TR 5 12D W Tid, AT & DREE Fis
REIZTH G ST 2 A0, Al 20 3B 32 A3 R B 2 K8 ©
. BWIEEL T OESH o7, —H, —ELE
AV FtG%. FEITEICH 2V, BHEEL w5
. BRES OB TOY) A7 L ORBEE D L
TholzbEZObNb, BPZZF ARy MY HYME
A % 2 & & ERE L TR BN 20 R0 SR 72
A, HUE LW ih & EEMI L ODBFREZTTH DL
&L F7o0 EBIIERLIORT LIS, 2506
WELTW 2o 2B T HEREIZIZEA LY
LhrolzZl &b, BHRERZ AR L CTvo 7225,
ZOBRLHEEPRON o722 LT, fHEE LTIE
BRUThHotzbEZ NS,

A7) == ZIZELTE XA 7 ) — =
YUHBENRELEE L, I, B BEAD D
Wbolth, BELEBLZVEVW)FEREKEZEF
200, WEKROZER R LT &\ ) EIRT. Bl
TOREBRERE 2. BEEERITVWOOWHFEINTED
DTHbB, Az ) —=r 7L LT, F—-KHET
13 100,000cpm # W TWwWizdb oo, EFNEE%E
KRS, [F25) v 7 ORRR KB OIRE %%
AICHZEL, BMUICED TERBEMIRS L Tn S
ENEFE L] Lo 220, EIKH DI
13000cpm & 7% o720 T, BEeEMEET 2008
MLTHLEW) KT 20T 2Vl v

BENH 5o

100,000cpm &, BB O 2 WEE L E 01k %
H B & L 72 [Manual for First Responders to a
Radiological Emergency (IAEA EPR 2006) | 2 7R
SNz B2 5 10ecm O ETOM =1 uSv/h
WRIET 5 GM Y=L XA —=FDOHETH D, SR
FEVBENLLANVD10077 D LIZHET 5, —75,
13000cpm &, %7 I v R THIRHO&EE L LTo,
WEE 3 7 RI2 & 2/ E o BRI & 100mSy
. REETH RS ICHE L 72, 40Bg/cm? I
5CGM I =L X=FDiTH 5,

INHEFVTNORAZ ) -V TOBERTH LI
E VDY, 100,000cpm (AR IE . TR b bR
FKMMHGA L B EEREEZ I LD &3 5B MEE I
FTAHREETH Y, —F. 13000cpm IFHERHFIL . F
GOLEE S 7 FRORGEDIZODOREEL LT
Aoz b0 ThH), ZOHWERLZ->THDE Y,
MHEx & DI 720121, B2 5 13,000cpm
AR ICHREL TV FPEE e dbEZ 6N
%o

AMEoEFRLE LT, MBRIIHERHSH. 13000cpm
AR LTS, Loy 775 KLV A
LCEFDOEMDPREEE 2o/ &0, —EL A B%G
ANZERXIEAN D SR H L 724 < O BRI
fill L CRRAEEDIFED B DD, PO D % &
BHEWHTREDEH o720 200, BEERIE. KK
ROz HR TS HEEL LT, HMEOMEZM
&5, 100000cpm % #eie & L TREIF 72 P, LT,
HHRERNAIE LA W2 ZKH 25, 13,000cpm 12
WOTEHLIZDTH 5,

CHUTIEF RIS T A 72t F o7zl b v i
B, HEEYPHBFICHE > TLES KL BD R
Vo 72720 —RESIA D DG E o 7B, BRIZ AP
DFARE T 7RI & B NEHIE O T LT
BENLTEBY, A7) —= 7R r LT, #EHE
TS A 728 @ 100,000cpm % 72 0 (LB E T
X5, EHI1Z, —KHBIZB VT, 100000cpm %
#1524, 13000cpm % LA I2idE 91
HEI) FOHEIZL Y ZNLUTIZT LI LIZEDT
BY., TOERTIZENRICHEI o7 F R
bMb,

HADBERICE L TiE, ik o BSR4
Mo 5EEHE S, FNELBIHNLEDL S TV,
U, FENAT DN BRI A O s A, KO



HABESMZE. 45 32 % 1 5. Bulletin of Social Medicine, Vol.32(1) 2015

Hif) CEABEMLBHZEZBL RO TWY
bo 1272, BVWEMMERLET LI ARY b
BNAIET DRI EECE o722 LT, BE
ZRBLODOFEROAD I X YHGEEL T E 7285 b
HolzbDLEZOLNDL, (FEBRIZ, BRI D
Hinfk CKRERT, BUERT) RO AD X, Mo i
TOREDHFE 2o, 1 KEORKIATDNIZ,)

INFECTH SN AL MR D RKME A 265
uSvThs, GHIE. FER1IANLADTH A K
RHEELHET - DT RCHBAFTE TV L DI
Tl \wizo, LG LR EE Tl 5 25,
COmRKMEE . — M AROFENIR R SRR OFH
ImSv. MEEIRR XN O A TH 5 R 20mSvy & LR
THE, IHOVADIZBITAHIEHEED, BEHI
BRENEEEZ RIZT LNV EIEIE RN, 72771, #
B H A D DB D M 0 RS N6, ZOREMR
wEOEMHE EO L) IATH) DIE, SROBEIILE D L
Bbihs,

HEEFT R IEICOWT, 2 1 ORGERFHE B DR
wHhbHE, FE—RHTIIBDTE Do 7205, FOHKIL
Ve o TWBE I EDGH5E, THE, —KHTIE
INAZR L7232 A D) AL T, ARAEICH~EE
WREDS/ZZEDHEBE LTCEITONE, T2 fF
REGTHRLL, A2V -0 %2479 A5 v 788
AR L TWA I LA, —ZAD O¥R
WCHBEERP P> TWL I EDf[MZ L, 2 THEN
BT BGE R SN B OB TH Y . EBOBRE
EREERIC—HT L0 TIER L, 2, EREEIC
FLOONTVBEIDTIE LRV, T8 TH LA
Bl TR E IR EDIE L 72 A I A E S Tl
FEHHEIEIINS 220, 2OMICIFE TR TV,
Lo, RIE, BobiE, HURE, TSR & o 704
S MEHEREIE AR E Vo B a b0 F
TS ST W CHGEN  #hii7z. . Rk
MO Z L VB TOERICE s TOEELRLEDY
Lo TR L B 5o FRTIOFEEATUKE O
WHNL THo72h, FIHEDEL D - 7250 5 EE
LI RETHo/EbELOND,

BUEOILRIZOWTIL, —FEZAD L2217
CALRAIRTH B I, AL THE L DEREALT
bR, FAMELHYELTIZAD &5 %UH
bHolze D0, B (—REILAY Ok #EL,
HOGK, ERE) ORIV ETH-70, bTT
VAL FTICHHIC LAY 247 bE 5 720121,

EORMEOREE L OIXFERMITHETH % 2> 2 HE I HIE
WELELH o7 2D, —RHEIZBWTIEK
Ik b A BN S, VA EREE RIS 9,
INADF WP L2 (M4), ThEhDy LIV 7,
RINZ BT, B TORERIZED 25 225625 T
bz 72012, ENDSHEY DD ORE e idamns) 7
WEALTHRENTZDIT TR WD, A7) —=27
LEOEOBIUILDMERED M T TR AR
"o 7z,

LN F 2R EE L EOBRCIEREIE 0
VA7 a2z —aryhPtobt3Exehroizlz
WIZ, —EZAD L72ERO P, BESHRE <~
DAREDVIRTE Loz LWz EPHER S
o —EEV AN EPAT L) AV a3 a=r—2ay
HEE, ~ 8T —Eofl# b & o T, SEIILT L
bHaTHoEIEE RV BEOE R
R RS D) 2 27 43ft, £ LTEND
DIETy ANHED @Y ) A7 a3Ia=r— 3
. Rk, BRSO B A HIBR A 15 A 25
LT 7O RIIBWTH, FERICERELREEL 2
52 EEHEV V. ZOHICELTE, SRlo—k
A OBEOREERE ED L. 4% D 15 ik x #ad
LTW ZENEEFNL,

V. #& &

LA TOREERE 72 o 72 —HZ A 0 13, i
B ROAZ Y =2y LRV EBR BHRS %L
F IS BOEREDSA D B . BRARNER I HE
BL7zo ZOBERICIE, BEMER X0 R K EBH
XFSRAES, BFRTTHIAS AR 5 IR 2 o fl B AR FERE o> B 4R
HAEEE L MEAHEL T MM ELDERD
bEIMBIBTERL ., TR erillclT, —
Bk, BAEEYIS & & ICHEAILRL Two
R EDFELSTHEIANPREVEEZ SN,

FHETEIC B 2 EEHHNI BT, 2 & 2 TFllA
RN H oL LTH, ERICHESESE L2
B & s 5 & Bl S R — K E R OB
QLI LR )R, DD, FEMEREK
OMEHIZEE ., T E#%T. »50LHES
MBI AN TEEICKE 217> T BEDPH L, L
ML, RO E 2T EHETEEMIREBE L2 h
%52 0nEEICE, THIREZFEDS &0, L#
Bl o/ LTOREWII Tttt b o 7ok
AL TBLUEDN DD, TOERTIE, SHD L)



HABESME. 4 32 % 1 5. Bulletin of Social Medicine, Vol.32(1) 2015

(o BIGE SR LAE e MR & 3. FEOER
WIS U TR A ISR R 2 fliisfb L 72 2 3@ TH b |
T2, BEIZOWTH, ML OPSHIZLO T,
HERR I DR A IHER A o T DS, RIS
B R — K ERIC, BHEEE b > TZIFAN
LNBHVDTHHEEZLNS,
AIFIZBIT2—RIZADOF LHIE, TOEBE
RTH L OFCIZBU 235 E b O EERR & Ak,
MRS DOV T OFEMIL OFC BIRHE~OH &Y -
fEE, OFCE» b AT LBz Ic LT, FHEM
FROIEMERTRICED e T2 FEMEEEE L.
OFC Bt LIS DT & STk S I 2 725047 - B %
To7z0 —RELAD EWVHMEEEAED, SHEOFHUZ
BWTHDTHEBRL-—BEBED LD TH 7272012,
T 7% 7 — S PRI L 2 ZORMFEEFICOVTOKE
I BT DS HEE T H 5722 IO R L TB X720,
SR ORI, Sk, FEROFREFIC L 5 —R7A
D OERIEIZIED B A A, RUOFENA L-5ED
SRRENR L OHELREGRE 2L EE21 65,
— A D IR BT AR B b ik T
BH, HSHRLPIEHEZOMBEZBRL TV E 2V,

#H O

A LDV B LR 72727 BRE R 1
NG B RFHRARMLAR, R4 57 @) L fe
By — W AR S O A R BN, AR 7 S 4 AN I8
WRUE AR ARG, £ ORI 5
FBHRT AT ORILRE D7 2 1ZEH 72 LT

=S

1) A7) ==y 7FHLBEPLOREMDICL 2, £
7oFERE, WK 10 EOEHRAZ ) —= v 71
B (BT BT SE) CITo CVWBHDA S 1) —
BT A A 19 H 94574, 4 H 20 H 1,716 1.
4H 21 H46201. 4 H22H 1412F. 4 H 23 H
1120 &, ERMXEERER R TaN - 2% L T
\/‘Z,) 13, 14)0

2) HRIEHOBIEICH V) . BEAEREICB WX, £
NECTHRERTHEER, FOERFNOAS ) —=
VIO TC 728 10 ST O BERT. T
SN, FTEME L TR ND, ok k
WHDAY ) — = THPTIE, K5 A50 55
5 30km BYMZH o 7o BRIXILPNIZT B A -
72#2120 30km DT < % &L FEIH R X IC

3)

4)

HRDIEDN > TLFE D &) BEeD L HEBED
LR ENTz728, 20km ~ 30km i AP 12 P
HHARET LI L & E NI, MBI
VB GME. ORERBIZL 2, /227
) ==V IHREE 7 D &) ICREA O BRI E R
BTHHEL e o TWA T &, @4 B2 IZ
fibhenwZ b, @ERWICENTHLI L, @
HLBRERANBONENTELZZ L, THolo
CNODOFEMEMITHTE LT, NERRTR
FiR%EE D BERIICZ AT 7225, HTo T E S
Lotz T, BRICHAERETE LTRAI N
Tz DI B SN % b H - 7.

Bt 2 R A L 7o R, BTSSR AS. I
MHRAEE Y Y ¥ — IREFHET R IEFfE o 3 fET
HIRE SNz BHRERASIE, b &b EHNEST
HY., RIIWHTH > 72720, ki & LT
FESED70IIIBERY 12T 52U ENH o7 &
7oy IREPET UL AE AL, — BRI ART ORI
WIXEHTTRECTH o 7278, —HREHDOA ) —
=2 T OO DERITE GO D H D Z L
LHEGBERO THIMEON o7z DD, K
HEEMICTLNT/NEEZBETT, 22 TAZ ) —
VTR EENT. IS D 3 DEIHHE
SEL72Z S &Y B XA AR, TR O
B3 HEMPSILEADL T EDTREE %572,
Z Ok, AT EAREE RN E S, T
A O kS )S 2 fEETHEIR S 7270, T2
5ALH AL B E NN RIEE &~ & — HHA
THEERFEO TN, 1 IFTOAT AL Z L
Eahiz,

LI HFH T 5 ik O N A DB E
THROLN TV TR, BEE» SO
EOHE 200, KEBEICEBRIBEN L
% OFC WO £ U R A SRR L 72 B Cién s
Tz,
(HHTOMEMY 2L 5 L) HBHER- 72
By VA EIEXBUCEEL T zE X, BE6
A7HO [BHOH] IZORTIAY DTS X
YN0 72iEh R OFIED D 5356 TBUFH
RO EN DRI AN)DBFHEINL LD &,
i IIEAR 2 b OTH Y . ShESED BRW
FLERIEFE SN TV, HAF LT L A VR
=3I YI7WICERZB LAY, ZOHTHEN
TeBM AT A0, HHBICRVITHLED



. ZORRE TLFRKEIIIBEEDL L) T
ET, #FEmsinEoa sty 225008 5
N7ze B, ML EEREIIYSZ>TIE. W
FF IS -0 R E R ARE D TR, OFC AELE
#THMS &35 OFC N TOFTED Tt &0 8 5
N7z

SEH

1)

2)

5)

P23 4F (2011 4F) MRS — R UHE K
T IIEEBEITIAR B E 7 K EF R KA R
~ [on line] *F Bk 23 4F 4 A 22 H 9 K 44
o [FH24FE8HLIHME] 4 5 —
% v b (URL : http : //www.meti.gojp/pre
ss/2011/04/20110422004/20110422004-3.pdf)

WX O — W7 AFFIT & HE [on line] Pk
234 4 F 23 HIERF D SER SRR EIRE. [F
2448 A1 HE], 1% —%v b (URL:
http : //www.meti.go.jp/earthquake/nuclear/
kyokakijyun.pdf)

T et m R — A R— Y, B~
RoO—K3 A D) OFEIZDOWT (BFET K
EBH KA S5 O BHIS ) [on line] 9 A
9H, [‘Fi244E8 H1 HME], 1% —%v
r (URL : http : //www.nsr.go.jp/archive/nisa/
earthquake/tachiiri/files/tachiiril 10909.pdf)

JE - SEEH I WAL, ERO—KIZAD D
FilZoWT [on line] MM 2345 A 7H, [°F
2448 01 HM#E], 1> —4» b (URL:
http : //www.meti.go.jp/earthquake/nuclear/
tachiiri_0507.pdf)

BFNERFERR BEDIZDDA ) == 7
L ARVOEFEIZOWT [on line] Fhk 234F 3 A
20H. P24 8 B 1 HMR], 1 ¥ —% v
I (URL : http : //www.nsr.go.jp/archive/nsc/
ad/pdf/20110320_1.pdf)

i J) %A R e MR E N (5
258 #t ) [on line] “F B 23429 16 Ho [ *F
W24FE8H1IH MK 4 7% — % v
b (URL : http : //www.meti.go.jp/pre
s5/2011/09/20110916005/20110916005-1.pdf pdf)
RER IR WA= RNE+H—H T H SR
EoH =

JE -0 SEERS HAF I E . Pt — 4+ A
TEHEREAL RS

9)

10)

11)

12)

13)

14)

% 32 % 1 75. Bulletin of Social Medicine, Vol.32(1)2015

Wikipedia. [on line] Chernobyl Exclusion
Zoneo [FH 26410 A 16 Hi&®]. 1 ~» ¥ —
% v b (URL : https : //enwikipedia.org/wiki/
Chermpbyl_Exclusion_Zone)

55 65 [0l 5 ez B aEl s, [on line] *F
23 4F 8 H 29 Ho & (55 4 75) [RERED I (B
MXIF) A 5B T B BEOBRG O #Y) 7 FE 12O
Wl PP 24 8 H 1 HME], 1 v —% v
I (URL : http : //www.nsr.go.jp/archive/nsc/
ad/pdf/20110829_1.pdf)

BRERR— A=Y BRI CERIIBIT5
A7) == (BAE) 122w Tlo [P 24 4F
8H 1HME]., 1% —% v b+ (URL : https :
//www.pref.fukushima.lg.jp/sec/21045¢c/iryou-
screening.html)

% 31 MEF N EERESWE S ERIFE (OF
2442024 H8) EF (EoHE3-4) [ A2
V== 7 d 585 (%)) [P 2448
AlH#M®%E], 4% —%>» F (URL:http :
//www.nsr.go.jp/archive/nsc/senmon/shidai/
hibakubun/hibakubun031/siryo4.pdf)
WERA—AL~=; [on line] BEPIT A
==V T OFEBIRIIIDONWT, [FR 2448
A1H®#%EI, £~ % —4 v b (URL: https :
//www.pref.fukushima.lg.jp/sec/21045¢c/iryou-
screeningkatsudouwhtml)

H. Kondo, J. Shimada, K. Koido et. al. Screening
of Residents Following the Tokyo Electric
Fukushima Daiichi Nuclear Plant Accident.
Health Physics Society 2013 ; 11-20



HABESMZE. 4 32 % 1 5. Bulletin of Social Medicine, Vol.32(1) 2015

=
Uy

wm & EIZL LGB B O L F oA IR AR

The relationship between heavy snowfall and snow incidents and
its regional differences
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BICL AR IEFE—FEFEREL. Z2EATOERIIALZD 256 L TWhH, AIFEOHIZ, BENICKS
WEFICLARELOMEL, ZOMBELZHO2LIZTLILETH S,

2004 fEFE~ 2012 4EJE 2 E BT E. ADHERH [FICX 2 ERRSE] 12X 20T H. BEHEE. BLOZOM
Z (LT, %) oz v, E R UEEDIC Pearson MR EZE I L, B % f#iv72.

ZORER 2004 5 THEMOZTEHTT COPHEEE L FIZ L LEGEROMIC, MERE0973 (N=7,
P<0.001) OFERDFFSNIzo F 722004 4E20 5 9 SER O ERFIMES Tl AR - BRI - LTI - 48 B U - Fri I -
LR AR AR RBEICB VT, FHURERE L FICLEEROMIC, Wb HBIFRE06 ML (%
N=9) ORI/ ONTZ,

AIFIEICLY) . BEEOLVWHEIZRFICLDWEEEN L NI EHITRENT, BEICRL LIS NLHEIT, F
AHCBREVEEOREMRDO IO DKL T IAT o720 . BREMEEOTFEXL (G ELZD T2 EEELE R
b7z,

Abstract

In Japan, a surprising number of persons have been died in snow incidents every year. This gives cause for
anxiety to residents in heavy snowfall areas. The purpose of this study is to reveal the relationship between
snowfall and casualties caused by snow over time and its regional differences.

We used snowfall data, population data, the number of seriously injured and deaths caused by snow. The data
Is drawn from periods between 2004 and 2012. We calculated the correlation coefficient and drew scatter plot
graphs by prefecture and totally in Japan.

The result showed that the correlation coefficient between the average snowfall in heavy snowfall areas and
the total casualties caused by snow between 2004 and 2010 was 0.973 (N=7, P< 0.001). The result by prefecture
showed the correlation coefficient between snowfall in the prefectural capital and casualties between 2004 and
2012 was over 0.6 (N=9) in Aomori, Akita, Yamagata, Fukushima, Niigata, Toyama, Ishikawa, Fukui and Nagano
Prefectures.

These results indicate there are many casualties caused by snow in years when snowfall is more than usual.

Therefore, this study suggests that it is important to warn residents to ensure their safety during snow removal
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and set aside an adequate budget for snow removal when a heavy snow season is anticipated.

FoU—FBEEE, FIZLANE, FIZX BN, TER ., HiEeE

Key words : snowfall, snow incidents, regional differences, heavy snowfall area
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