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Survey of indoor radon concentrations in a school in
the suburbs of Kagoshima City
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ABSTRACT

In recent years, concerns regarding the impact of radon on human health have increased. The release
of radon gas from the soil into the atmosphere during the eruption of Mt. Sakurajima has been reported in
its vicinity. Therefore, in this study, a survey of the indoor radon concentrations was conducted in
Kagoshima Prefecture. Radon was measured continuously from April 2012 to December 2015 using a
radon gas measuring device (RGD-PS3) in a reinforced concrete school building in the suburbs of
Kagoshima City. The average, minimum, and maximum indoor radon concentrations were 45, 5, and 103
Bq m?, respectively. The average radon concentration was higher than that found in a Japanese work
environment (20.8 £ 19.5 Bq m™).

*— 79— F ! radon, indoor, Kagoshima, eruption, Sakurajima.
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1 INTRODUCTION

Radon is a naturally occurring, radioactive
inert gas. As radon is odorless, tasteless, and
colorless, it cannot be sensed. Radon has 34
isotopes (National Nuclear Data Center; Lide et
al., 2005) with the following primary nuclides:
radon-222, a decay product of the “uranium
series” uranium-238 decay chain with an alpha
decay half-life of 3.823 d (David, 2005);
radon-220, called “thoron” (Tn), a decay product
of the thorium series that experiences alpha
decay with a half-life of 55.6 s and maintains a
low-level presence inside residences; and
radon-219, called “actinon” (An), a decay
product of the actinium series, for which the
alpha decay proceeds with a half-life of 3.96 s.
An is present at negligible levels in houses
(Audi, 2017).

Radon concentrations are higher on large land
masses than in the sea. Land with high
concentrations of uranium and radium can
exhibit radon concentrations of several hundred
Bq m*® under atmospheric temperature inversion
conditions. Radon concentrations can change
daily, seasonally, or over the course of years
(Sanada et al., 1999). The distribution of indoor
radon concentrations is generally log-normal
(NIRS, 1998) but can differ depending on the
type and location of a building or the position of
a room. Radon concentrations are higher in
basements and other locations that have direct
contact with the ground than in rooms on upper
floors; this is owing to the ease of transmission
of radon from the ground. Furthermore, even
within the same room, radon concentrations can
vary dependingon position. Radon concentrations
tend to be high in soil and building materials and
near ducts. Water from underground and hot

springs also tends to exhibit high concentrations

of radon (Igarashi et al., 1995).

Radon-222 and its decay products have been
classified as Group 1 carcinogens (carcinogenic
to humans) by the International Agency for
Research on Cancer, a subordinate agency of the
World Health Organization. As soil and other
media contain uranium and radium, the radon
consequently emitted is constantly present
around us. The average global exposure from
natural radiation sources is 2.4 mSv y!, and
approximately half of that (1.15 mSv y*!) is due
to internal exposure from radon inhalation
(United Nations Scientific Committee on the
Effects of Atomic Radiation (UNSCEAR),
2013). The most important nuclides created from
radon-222 decay are polonium-218 and polonium-214,
as they are alpha-emitting nuclides (UNSCEAR,
2013; ICRP, 2008). The nuclides created by the
decay of radon are fractions that immediately
attach to atmospheric particles (Komura et al.,
1988; Lambert et al., 1976). Inhalation of the
nuclides produced from the radioactive decay of
radon causes these nuclides to settle in the lungs,
where they can emit alpha rays and increase the
risk of lung cancer. For an increase in radon
concentration by 100 Bq m?3, the risk of lung
cancer increases by 10-20% (Darby et al., 2005;
Krewski et al., 2005).

The global average indoor radon concentration
is reported to be 40 Bq m?3, whereas the global
average outdoor radon concentration is 10 Bq m?
(UNSCEAR, 2000, 2013; Podstawczynska et al.,
2010; Chen et al., 2016). In Japan, the average
indoor and outdoor radon concentrations are
reported to be 15.5 and 6.1 Bq m?, respectively
(Sanada et al.,, 1999; Oikawa et al., 2003).
Oikawa et al. (2006) reported that the average radon
concentration in a Japanese work environment was

20.8 £ 19.5 Bq m*®. Indoor radon concentrations



tend to be greater at higher latitudes than at
lower latitudes (National Institute of Radiological
Sciences, 2002). However, radon concentrations
in Japan are lower than those in the rest of the
world, owing to differences in soil quality and
climate.

We previously reported that during the
eruption of Mt. Sakurajima, outdoor radon gas
was released from the soil into the atmosphere
in the vicinity (Higuchi, 2019). On analyzing the
variation in outdoor radon concentrations with
time, we observed the phenomenon that radon
concentration is high in the morning, gradually
decreases in the daytime, and then, gradually
increases again in the evening. Regarding monthly
variation, the highest radon concentration was
observed in January and the lowest in March.
Considering seasonal variation, radon concentrations
were shown to be low from spring to summer
and high from autumn to winter (Higuchi, 2019).

In this study, a survey of indoor radon
concentrations was conducted in a school facility

in the suburbs of Kagoshima City.

2 MATERIALS AND METHODS
2-1 Measurement methods

This study was conducted from April 2012 to
December 2015 in a five-story reinforced
concrete school in the suburbs of Kagoshima
City in Hirakawa-cho, Kagoshima City. There
are no data on the radon concentration from
January to March 2012 and from August to
September 2014. The data for that period is
missing due to maintenance of the measuring
device. The measurement device was placed on
a desk 2 m from the wall and 1 m from the floor
in the staff room on the first floor of the school
building. The room was continuously ventilated.

The measurement was performed continuously
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over the study period, and if a change in
concentration was detected, radon concentration
was updated every hour. Based on the measurements,
the average radon concentration over 7 d was

determined.

2-2 Measurement equipment

Indoor radon concentration measurements
were conducted using a radon gas detector
(Family Safety Products, Inc., 2018; RGD-PS3).
These radon detectors have been tested and
calibrated and are officially approved by the U.S.
Environmental Protection Agency and the
Radiation and Indoor Environments National

Laboratory.

Product Specifications:

« Radon concentration measuring instrument:
RGD-PS3, manufactured by Family Safety
Products, Inc. (USA)

+ Display unit: Bq m-3

+ Measurement range: 0-9999 Bq m-3

« Operating environment: Temperature: 0-40 ° C;
Humidity: <75%

+ Power source: AC 100 V

* Measurement period: Once per day;

continuous recording for one week

+ Diffusion-bonded photodiode detector

2-3 Other exposure data
The frequency of eruptions was obtained from
records kept at the Kagoshima Local Meteorological

Observatory.

3 RESULTS

Figure 1 shows the changes in the indoor
radon concentration from April 2012 to December
2015 measured at a school in Kagoshima City.

The monthly average radon concentration is



AREFRRKEACE F 75 20214

shown. Figure 2 shows the frequency of
eruptions for each month from January 2012 to
December 2015.

The average, minimum, and maximum values
of radon concentration in 2012 were 25.7 £ 9.4,
10, and 65 Bq m?3, respectively; there were 1,107
volcanic eruptions in Sakurajima in 2012. In
2013, the average, minimum, and maximum
values of radon concentration were 41.5 = 21.6,
10, and 96 Bq m?, respectively; there were 1,097
volcanic eruptions in Sakurajima in 2013. The
average, minimum, and maximum values of
radon concentration in 2014 were 66.8 = 13.3,
38, and 103 Bq m?, respectively; there were 656
eruptions in Sakurajima in 2014. In 2015, the
average, minimum, and maximum values of
radon concentration were 63.9 = 11.9, 5, and 88
Bq m3, respectively; there were 1,252 volcanic

eruptions in Sakurajima in 2015.

4 DISCUSSION

Between 2012 and 2015, the average indoor
radon concentration of school facilities in
Kagoshima City was 45.0 = 22.3 Bq m?; the
minimum and maximum values were 5 and 103
Bq m?, respectively. This is considerably higher
than the average radon concentration of 20.8 +
19.56 Bq m*? in the Japanese work environment.
The radon concentration was higher than the
average indoor radon concentration of 15.5 Bq
m in Japan and the global average indoor radon
concentration of 40 Bq m.

The indoor radon concentration was likely
higher in the school because more concrete was
used here than in ordinary houses. Ventilation is
unlikely to be the cause because the study area
was ventilated continuously. A previous study
reported that spatial gamma-ray dose rates are

not high in and around the school (Higuchi,

2018).

Anotherlikely factor for the high concentrations
of radon is the number of volcanic eruptions of
Sakurajima. Between 2002 (76 times) and 2008
(80 times), the number of eruptions of Sakurajima
was relatively low at <100. Since 2009, the
number of eruptions has increased. The average
indoor radon concentrations in 2012, 2013,
2014, and 2015 were 25.7, 41.5, 66.8, and 63.9
Bq m?, respectively. In 2012, when the measurements
atthe school considered in this study commenced,
there were 1,107 volcanic eruptions, which
decreased to 1,097 in 2013. Subsequently, in
2014, there were only 656 volcanic eruptions, a
marked decrease compared to those in 2013.
However, the number of eruptions in 2015
increased to 1,252, and the average indoor radon
concentration in 2015 was 63.9 Bq m?, which is
as high as the radon concentration in 2014.

In the target area of this study, the yearly
fluctuation in indoor radon concentrations was
substantial. However, we could not determine a
relationship between the indoor radon concentration
and the number of eruptions of Sakurajima. In
general, outdoor radon concentrations tend to be
high during the winter and low from spring to
summer (Higuchi, 2019; Higuchi, 2020). Indoor
radon concentrations tend to be sensitive to outdoor
conditions. However, the radon concentrations
measured in this study were not consistent.

Future studies should investigate radon
concentrations in residential houses and
analyze the volcanic activity, areal extent of
the effects of volcanic activity, and geological

and meteorological data of Sakurajima.

5 CONCLUSIONS
The average indoor radon concentration of

school facilities in Kagoshima City measured



from April 2012 to December 2015 was 45.0 £
22.3 Bq m?. This is higher than the average
radon concentration in a Japanese work
environment (20.8 = 19.5 Bq m?®).
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Table 1: Summary of indoor radon concentration and number of volcanic eruptions in Sakurajima between 2012
and 2015

Vear AM * ASD Min Max g 3}‘;?:;;{
[Bq/m3] [Bq/m3] [Bg/m3]
2012 25.7 9.4 10 65 1107
2013 415 21.6 10 96 1097
2014 66.8 13.3 38 103 656
2015 63.9 11.9 5 88 1252
2012-2015 45.0 22.3 5 103 1028 °

*  AM: Arithmetic mean

T ASD: Arithmetic standard deviation

§ Number of eruptions: Annual eruption frequencies
P: Average eruption frequency for 4 years

100

90

80 /\
_ 70 /\ /
E
2 60 .\x

y

|~
2 50 \m
g
g 40
c
8
c 30
(=]
o
m
< 20

10

0

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. All

-8-2012 -4—2013 -¥-2014 2015

Figure 1: Changes in the indoor radon concentration measured at a school in Kagoshima City from
April 2012 to December 2015

The figure represents indoor radon concentrations measured in the first-floor faculty
room in a school building.
“All” covers the year from January to December.

Radon concentrations are presented as the monthly average values.
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Figure 2: Frequency of eruptions for each month from January 2012 to December 2015
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Validity of a new method for estimating the signal-to-
noise ratio for the purpose of daily quality control
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R L 70 2 05, FZREIX SNR OWEIZ ROI #4FE LLWD T, BHEIEZEHWEZEZ LD,

Abstract

The purpose of this study was to evaluate the validity of our newly-devised method for estimating
the signal-to-noise ratio (SNR) in magnetic resonance (MR) images. Our devised method estimates the
probability density function from the histogram of the MR image and calculates the signal-to-noise ratio
by determining the signal component and the noise component separately. There are two conventional
methods, the subtraction method recommended by National Electrical Manufacturers Association
(NEMA method) and the method of calculating from the mean value and standard deviation of the same
ROI recommended by European Economic Community (EU method) . Two kinds of images to measure
the SNR was the digital phantom image, and the MR images acquired with 3T MR scanner. The result
of simulation experiment showed that our devised method had the accuracy that was equal to the
conventional methods. In the phantom experiment, the SNR by use of the subtraction method showed
a high accuracy. The reproducibility of results measured using the EU method is low because they are
greatly affected by the size of the ROI. On the other hand, our method does not require ROI to measure
SNR, so it is considered to be highly reproducible.

F—9—F REGERS eIV, BT, WREEEE. HEEH
gaussian mixture model (GMM), signal-to-noise ratio(SNR), probability density function,
daily quality control



AREFRRKEACE F 75 20214

I.INTRODUCTION

The signal-to-noise ratio (SNR) is one of the

important measures for an objective evaluation
of a magnetic resonance (MR) images. The SNR
is a value that expresses the noise properties of
images and that is used for evaluation of device
performance, daily quality control, and imaging
sequence evaluation. It is thought that the signal
and noise value independently is impossible for
evaluation, because the signal intensity of an
MR image is a relative value. However, the
ratio of the signal and noise value can be held,
so that it is possible to evaluate the degree of
noise by using the SNR. It has been reported
that there are many methods for measuring
SNR depending on the purpose (National
Electrical Manufacturers Association, 2008;
Price et al., 1990; EEC Concerted Research
Project, 1988). Two typical measurement
methods are described as follows.
1) Method recommended by the American
Association of Physicists in Medicine (AAPM)
and the National Electrical Manufacturers
Association (NEMA)

The noise value (SDsub) can be determined
by acquiring two images at the same location
and under the same conditions, and subtracting
one from the other to get the standard deviation
of the difference image. The signal value (Ms)
was defined as the mean value of the region of
interest (ROI) set in either of the two acquired
images. The SNR was calculated by the following
equation 1. (Here after referred to as the NEMA
method.)

SNR = Ms / (SDsub/y 2) ... equation 1

This method is superior in that it is relatively
insensitive to structured noise (the signal
unevenness, truncation artifact, and so on.).

Previous investigations have reported that the

NEMA method has little measurement error and
is also effective for evaluation with the parallel
imaging technique (Kaufman et al.,, 1989;
Henkelman et al.,, 1985). However, since two
images are required, the acquisition time will be
long. Therefore, it is not suitable for clinical
images.
2) Method recommended by the European
Economic Community

The mean value of the ROI set in the center of
the MR image was defined as the signal value
(Ms), and the standard deviation was defined as
the noise value (SDs). The SNR was calculated
by the following equation 2. (Here after referred
to as the EU method.)
SNR = Ms / SDs ... equation 2

This method can calculate the SNR with one
acquisition, but there are problems such as the
influence of Gibb's ringing due to finite sampling,
the difference in sensitivity distribution, and so
on. Therefore, the central portion and the
peripheral portion of the acquired phantom
image become non-uniform. The reproducibility
is reduced because the signal value and noise
value for calculating the SNR depend on the size
of the measured ROI. Therefore, the size of the
measured ROI needs to be small so as not to
include the peripheral portion (Ogura et al.,
2003). This reduces the effects of structural
noise and avoids underestimating the SNR.
3) SNR calculation method which uses an
estimated formula for the probability density
function the devised method.

In order to improve these problems, we devise
a new method that is highly reproducible and
can be performed with one acquisition. H
Gudbjartsson reports that the noise component
in the MR image follows the normal distribution,

the Rice distribution, or the Rayleigh distribution



(Gudbjartsson, H., 1995). The noise component
in the region where many signal components are
present follows a normal distribution, and the
noise in the region where there is no signal
component follows the Rayleigh distribution.

In case of the measuring SNR as a quality

(x-w*

fo)= kLﬁOXexp[ 947 H ... equation 3

In this case, the mean value (u) can be
regarded as a signal component, and the standard
deviation (o) can be regarded as a noise
component. We hypothesized that the SNR
could be calculated from the mean (u) and
standard deviation (¢ ) obtained from the
probability density function. However, the un-
subtracted image cannot eliminate the effects of

structural noise, resulting in non-uniformity in

(x—w)?®

SGM(x):kL/%O'XEXP (f 957 H equation 4

ont-t gk (G215
* k and [ as constants.

In this study, the central part and the peripheral
part were modeled independently. This GMM is
expressed by composition of two probability
density functions. For calculation of SNR, the
mean and standard deviation of the probability
density functions which estimated the center of
the phantom were used. (Here after referred to
as the devised method)

The purpose of this study is to verify the
measurement accuracy of our newly-devised

SNR measurement method that can improve
problems of the NEMA and EU methods.

II. MATERIALS AND METHODS
1. Summary of the devised method
The histogram for estimating the probability

density function was created using all the
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control, the noise component follows a normal
distribution because the area to be measured
has sufficient signal components. The probability
density function of the normal distribution can
be expressed as follows using the mean value

(1) and the standard deviation (o).

the center and periphery of the phantom
image. Therefore, central and peripheral parts
must be estimated by separate probability
density functions. The model estimated by one
probability density function is called the single
Gaussian model (SGM), and the model estimated
by multiple functions is called the Gaussian
mixture model (GMM).

2
1 p X exp (— (x;@ﬂ equation 5

2 022

pixels of the MR image. The mean (u) and
the standard deviation (o) were estimated
simultaneously using the Solver function of
Microsoft Excel (Microsoft® Excel® for Mac,
Version 16.49, Microsoft Corp., Redmond,
Washington). A solver is a function that can find
an optimum solution in order to obtain a target
value in a mathematical formula containing a

plurality of variables.

2. Simulation experiment

To evaluate the validity and the measurement
accuracy of the devised method, we performed
verification by using a simulation image. The
simulation image was generated by image
analysis software (ImageJ, Version 1.53h,
National Institutes of Health, Bethesda,

Maryland). The matrix size was set to 192 X
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192, and a 16-bit gray scale was used. To
simulate a uniform phantom, we drew a circle
approximately 140 pixels in diameter in the
center of the image, and the pixel value within
the circle was set to 3200; the rest of the pixel
values were set to 0 to simulate air. Noise in the
MR image is known to be the Rician distribution,
which is same as noise being the Gaussian
distribution in the region where the signal exists
and the Rayleigh distribution in the air region.
Consequently, it is possible to simulate an image
to which noise with a Rician distribution was

added by adding noise with a Gaussian

distribution to an image to calculate an absolute
value. Regarding the degree of the noise, the
standard deviation was set to 10, 20, and 30, and
therefore the theoretical SNR was 320, 160, and
106.7, respectively (fig.1). For the simulation
image obtained, the SNR was calculated by the
devised method. For comparison, the calculation
was performed by both the NEMA method and
the EU method. In the NEMA method, two
simulation images were required; thus, two

images to which noise was added to were

generated separately.

Fig.1 Simulation images for measurement of the SNR. The mean signal was 3200. The standard deviation was
set to a) 10, b) 20, and ¢) 30, and therefore the theoretical SNR was a) 320, b) 160, and ¢) 106.7.



3. Phantom experiment

We used the Magnetom Verio 3T (Siemens
Healthineers, Erlangen, Germany) as an MR
scanner. For both the transmitter and receiver
coils, the gantry coil was used. The phantom for
SNR measurement was acrylic, and 15cm in
diameter and 10cm in height, which was filled
with nickel sulfate solution (3.756¢ NiSO4 X
6H20 and 5g NaCl in 1000ml water, T1 value
was 107.5ms, T2 value was 78.1ms).

The phantom for measurement was placed at
the center of the magnetic field of the MR
scanner, and had been kept on putting for 10
minutes or more before imaging in order to
reduce the flow of the solution. The images were
acquired with spin echo imaging sequences,
under the following conditions: Repetition time
(TR), 500 ms; echo time (TE), 10.0 ms; slice
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thickness, 5.0 mm; matrix size, 192 X 192
pixels; field of view (FOV), 192 X 192 mm;
Band width (BW), 465 Hz/pixel. The number of
excitations (NEX) was set to 1, 2, 3 and 4, and
two images per excitation were acquired.

The SNR in the MR images obtained was
calculated by the devised, NEMA, and EU
methods. In the devised method, to take account
of MR device-specific image heterogeneity as
well as the single Gauss model (SGM), we also
performed estimation with the Gaussian mixture
model (GMM), and both models were compared.

In the NEMA method and the EU method, the
size of ROIs was set to 50%, 75%, and 100% of

the phantom area (fig.2), and measurements

were performed to examine the dependence on
the size of the ROL.

Fig.2 ROIs for measurement of the SNR. The size of ROIs was set to 50%, 75%, and 100% of the phantom

area.
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II. RESULTS regression line and the correlation coefficient
1. Simulation experiment were calculated. From the results of the slope of

Figure 3 shows the relationship between the the regression line and the correlation coefficient
theoretical SNR of the simulated image and the of all the measurement methods, it was the same

SNR measured by the three methods. The as the theoretical SNR.
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Fig.3 Relationship between the theoretical SNR of the simulated image and the SNR measured by the three
methods, a) our devised method, b) NEMA method, c) EU method).



2. Phantom experiment

Figure 4 shows MR images of a uniform

a)
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phantom acquired with a 3 Tesla MR scanner.

Figure 5 shows the relationship between the

b)

Fig.4 MR images for measurement of the SNR were obtained with a 3 Tesla MR Scanner. The number of
excitations (NEX) was changed to a) 1, b) 2, ¢) 3, and d) 4.

NEX settings and the SNR measured by the
NEMA method on MR images. Regardless of
the size of the ROI, when the NEX increased to
4, the SNR increased about by two times. The
regression line and the correlation coefficient
were calculated as in the simulation experiment.

The slope of the regression line was not

significantly different for any measured ROI
size. There was a strong correlation between
those. Figure 6 shows the relationship between
each NEX and the SNR measured by the EU
method. The regression line and the correlation
coeflicient were calculated as in the simulation

experiment. As the ROI size increased, the
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calculated SNR and slope of the regression line
decreased. The SNR measured by EU method
was lower in all MR images compared to the
NEMA method. Figure 7 shows the relationship
between each NEX and the SNR measured by
the devised method. Both SGM and GMM were
used as the estimation model of this method.
The regression line and the correlation coefficient
were also calculated. The estimated SNR results
were affected by model differences, and GMM
was higher than SGM. However, it was lower
than the value measured by the NEMA method
and showed the same tendency as the value
measured by the EU method. When the NEX
increased to 4, the SNR did not double, but was

about 1.5 times. The slope of the regression line
of SGM was less than half that of GMM. Figure
8 shows that the histogram when NEX is set to
2 and the probability density function estimated
using SGM. Similarly, the probability density
function in figure 9 was estimated using GMM.
From the results of the two graphs, the fitting
accuracy of the probability density function
estimated using GMM was higher than the result
estimated using SGM. The signal value estimated
by GMM was 3185, and the signal value
estimated by SGM was 3146. Moreover, each
noise values were 108 and 61. The estimated
noise value had a great influence on the

calculation of SNR.

120.0 ,
O ROI size of 50%
A ROIT size of 75%

100.0 - o
® ROI size of 100%

80.0

60.0

SNR

0.0

Fig.5 Relationship between each NEX and the SNR measured by the NEMA method on MR images.
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In all of the measurement methods, the SNR was equivalent to the value multiplied by the
increased as the NEX was increased. However, square route of the NEX.

it was only the NEMA method where the SNR
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Fig.8 Histogram of the pixel value when the number of excitations was set at “2”, and the probability density
function estimated by use of the SGM.
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Fig.9 Histogram of the pixel value when the number of excitations was set at “2”, and the probability density
function estimated by use of the GMM.



IV. DISCUSSION

In this study, the SNR was calculated by three
kinds of methods: the devised method, the
NEMA method, and the EU method. The SNR
estimated by the devised method using GMM
was equivalent to the value of the EU method in
which the ROI was set to 50% of the phantom
area. The EU method uses the standard deviation
of the signal value as a noise value. It may be
affected by signal unevenness due to the non-
uniformity of the magnetic field, and the noise
may be overestimated. Signal heterogeneity
occurs more often in the peripheral region than
in the center of the image. To maintain the
reproducibility of measurement results, it is
necessary to be small ROI when using the EU
method. The devised method does not have to
set the ROI, and the probability density function
estimated in the GMM can be used for estimation
of the Gaussian distribution at the center and
the peripheral region separately. Therefore,
when the SNR was calculated by use of the
probability density function which estimated in
the center region only, it was equivalent to the
SNR of the EU method calculated in the small
size of the ROL.

The SNR calculated by the NEMA method
showed a higher value than the SNR calculated
by the other methods. When each signal value
was compared to each noise value, the signal
values were almost the same regardless of the
calculation method. However, the important
factor for increasing the SNR was that the noise
value measured by the NEMA method was the
lowest. Although the noise value by the NEMA
method was calculated by subtraction of the
images to eliminate the signal no uniformity due
to the magnetic field heterogeneity, it was lower

than that by the other methods because it does
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not include structural noise (Murphy, 1993). In
the simulation image, no structural noise was
added, so the SNR was the same for all
measurement methods.

Our devised method can calculate the SNR by
only one MR image provided by one acquisition,
and does not require an ROI to measure SNR.
This method is highly reproducible because it
does not depend on the size of the ROI. This
method cannot eliminate the structural noise
that occurs as a whole (such as fluctuations in
low-frequency components due to RF non-
uniformity), and is a measurement that is
affected by some structural noise. As a result, it
is possible to obtain an evaluation result close to
the human eye.

However, there are limitations to this
measurement method. The NEMA method
requires two scans and is very difficult to use
for SNR measurements of clinical images. In
the devised method, it is necessary to separate
the signal unevenness region, that is, the
peripheral part of the phantom image using a
histogram. In clinical imaging, the region for
which SNR is to be measured and the other
region must be separated on the histogram.
However, we think that our devised method has
adequate usefulness as an easy calculation
method for the purpose of performance

evaluation or for daily inspection of devices.

V. CONCLUSIONS

The measurement accuracy of the devised
method was the same as EU methods, and it
could improve the problems of the NEMA and
EU methods. We developed a new SNR
calculation method for MR images and validated
its usefulness. As a result, it was proved that this

newly-devised method can be implemented
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more easily than the NEMA method and has the
same measurement accuracy as the EU method.
Also, this method does not depend on the size of
the ROI because it does not require the ROI to
be set to calculate the SNR. Therefore, this
measurement method seems to have high

reproducibility.
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Nurses in their second year of practice tend to waver between confidence and anxiety, as opportunities
for them to practice nursing independently increase. However, such nurses’ perception of and approaches
to personal growth have not been fully examined. To clarify these aspects, we conducted semi-structured
interviews with 10 nurses in their second year of practice at a hospital in a city. From the data obtained,
4 categories were created: [desiring to grow], [keeping motivated to work and adopting original
approaches], [realizing one’s personal growth], and [being too focused on daily practice to think about the
future]. The nurses were [desiring to grow], and their approaches, such as [keeping motivated to work and
adopting original approaches], led to [realizing one’s personal growth]. At the same time, [being too
focused on daily practice to think about the future] explained their perception. The results clarified that
nurses in their second year of practice are aware of their role, and they adopt original approaches to
personal growth.
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Nurses in their second year of practice, Personal Growth, perception, approaches
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Abstract

Over the past 17 years, local volunteers called end-of-life doulas, are spreading in Europe and the United
States, End-of-life doulas complete training programs to become doulas and help patients achieve their
ideal death, They provide 24-hour near-death care, including grief care for bereaved families, Japanese
people may feel uncomfortable with the intervention of a person who is neither a family member nor a
medical/long-term care specialist in the place of end-of-life home care, However, in Japan, where the
arrival of the multi-death society is imminent, the number of family members is decreasing, and the rate
of living alone is increasing. Residents who are members of the mutual symbiotic society are the last
precious human resource and not yet utilized as volunteers for care, The end-of-life doula is the ultimate
volunteer, They learn about life from the deaths of others, They are the final piece to achieving the
country's goal of a community-based society(not a hospital, but a society where you can live your way of
death in a familiar area or at home) of the comprehensive community care system, This study reports the
results of an interview with the founder of the end-of-life doula program, whose program is not yet in
Japan, From the interview data, we clarify issues relating to introducing the Japanese-style doula system
and discuss future research direction and consider the future research issues.

F—O—FIBMVOFy—7, HIBERARS v 74 7, EBEWY, MR,
e RE A2, HUIBERE S 7 Y A T A

Key Words : end-of-life doula, local volunteers, end-of-life home care, multi-death society,
community-based society, comprehensive community care system
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1.Introduction

People without medical training who support
pregnant women and children during the
perinatal period are called doulas in Europe and
the United States. In 2003, the same system and
training program for doulas applied to end-of-life
care. American social worker Henry Fersko-
Weiss developed the end-of-life doula system. It
quickly spread to English-speaking countries,
including the UK, Canada, and Australia, which
demand dignity for human end-of-life. In 2015,
Fersko-Weiss and his colleagues created the
International End-of-Life Doula Association (INELDA).
There is no similar system in Japan today
providing care at home to the dying. However,
Japan is facing a multi-dying society and aiming
to build a community-based society (not a
hospital, but a society where you can live your
way of death in a familiar area or at home). Based
on declining family long-term care and an
increasing rate of living alone,residents are
valuable untapped local human resources.

This paper is a part of the research to explore
residents’ involvement in end-of-life care in
home deaths before the advent of a multi-death
society. Our study clarifies the issues related to
introducing the Japanese-style doula system and
consider the direction of future research and
future research issues.

Newspapers, television, and SNS report daily
deaths due to the aggravation of COVID19. It is
a tragedy that we could not receive sufficient
medical care due to the collapse of medical care,
but we were not allowed to thoroughly abandon
visits and leave the family at the end, the scale of
the funeral was reduced, and the bodies were
kept away for fear of infection. Everyone felt that
was neither the ideal end-of-life period nor the

way of dying.

The daily coverage of the death toll by the
pandemic gives us deep insight into the way
death should be. What does it mean to die like
that person? In this paper, that person's death is
the death of the patient conscious of the meaning
and dignity of life, and supporting it is defined as

spiritual care.

2.Research Background

Takenaga & Fukuzawa(2015) introduced the
nursing care doula to Japan. They pointed out
that only Japan, which is religiously neutral,
could approach the essence of the doula. In
other words, as the end-of-life spiritual care
specialist, hospital chaplains in Europe and the
United States are often called to the clinic for
patients seeking soul salvation. In Japan, training
of chaplains that are not biased toward a
particular religion has begun in graduate schools
at Tohoku University. However, for non-religious
patients and their families, Japanese-style chaplain
interventions are not realistic during the end-of-
life period. Even if they get qualified, Japanese
chaplains have a limited active role in hospitals
today. Moreover, there are few places in Japan
for such religious professions in home hospice.
However, Takenaga & Fukuzawa(2015) stressed
that the end-of-life doula plays an extremely
appropriate role in caring for death at home.

In their study on the death doula in Europe
and the United States, Rawlings et al. (2019a)
reviewed the literature up to January 2018. They
found that doulas play various roles in diverse
locations, complementing existing medical and
long-term care services. They stated that the
doula system offers a new direction for care that
meets the highly individual needs of dying
people, leading to a new form of care. However,

even though the doula is responsible for care in



various parts of the world, the role is poorly
understood. The researchers also explained their
study, including information from 190 doulas,
taking on tasks that medical professionals do not
do, and bridging the gap between medical and
social care (Rawlings et al., 2019b).

In Japan, the construction of a comprehensive
community care system is currently underway
toward completion in 2025. End-of-life-care
professionals are taking measures to deal with
the difficulty of caring for the spiritual pain
suffered by those near death. Research on
creating scales for nursing professions(Eguchi,
2011) shows that doctors have started courses to
acquire spiritual care skills (End-of-Life Care
Association of Japan). However, these movements
show that conventional medical and long-term
care expertise alone is insufficient to guide
patients and their families to accept their death.

Brereton et al. (2017) found that changes in
social patterns fragmented palliative care in
many countries; the introduction of doulas not

only affected their end-of-life care model. They

Tablel

Interview Guide Items
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said it would transform the end-of-life care model
globally. In publishing the third edition of
Brennan(2019) book on midwifery doulas, she
added pages about the end-of-life doula and
pointed out their potential. Midwifery doulas,
prevalent for quite some time since the program'’s
founding, have already revealed much scientific
evidence about their effects; scientific evidence
for the end-of-life doula started in 2003. The
results of epidemiological studies will be
published gradually in the future, as the end-of-
life doula's services meet the five conditions that
guarantee the quality of death revealed by the
American Institute of Death and Life Sciences
(Brennan, 2019).

3.Methods

An interview with the program's founder,
Henry Fersko-Weiss,took place in New York in
September 2019. We sent an interview guide in
advance, and we recorded the two-hour interview.

The interview items included four points(see
Table 1).

1 The system of the end of life doula and its specified supports in caring for a person to his/her end
2 The features of doula users as well as its processes before the supports get started

3 Training programs of doula and its follow-up ones after a person being certified
4

Evaluation of end-of-life doula in the United States

A second interview was scheduled for March
2020 but canceled due to the COVIDI19
pandemic, making it difficult to travel to the
United States.

Since this paper is a survey report, we
summarized the contents of the interview
descriptively. We are considering constructing a

similar end-of-life doula system in Japan based

on our research results so far, the website of
INELDA, and the previous supporting research.

We conducted our research with the approval
of the Japan Health Care College Research
Ethics Committee. (Japan Health Care College
Ethics 29-2).
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4 .Results

Germany and Italy, where aging is accelerating
next to Japan, translated Fersko-Weiss's training
program for use in their countries. Among Asian
countries, Singapore-also facing a rapidly aging
population-published the program. However, so
far, Fersko-Weiss has not received publication
inquiries from Japan. To introduce the end-of-
life doula to Japan, Fersko-Weiss believes it is
necessary to publish a translated book first.

The doula support for specific end-of-life care
is as follows. Their service consists of three
phases. First, listen to the patient's wishes and
their family for the ideal way of dying, and
prepare for the end of life environment setting.
Second, implement a 24-hour vigil(accompaniment
without sleeping) during the near-death period.
Third, provide support for farewell gatherings
immediately after death and grief care for
bereaved families after the funeral.

(1)In the first phase

Patients and their families seeking a doula's
services have already accepted death. However,
if the patient is a child or is already unconscious,
the request comes from the family. At this stage,
the requested doula starts support alone. Doula
visit patients' homes or medical facilities and
actively listen to understand their views on life
and death, helping them make sense of death,
and explore ways to help them accept death.
This exchange heals the spiritual pain plagued
by the meaning of life and the fear of the afterlife.
Specifically, as a heritage depicting the patient's
life, the doula plays albums, DVDs, and other
works and prepares to set the environment for
dying. The setting includes selecting the aroma,
preparing the music, creating video materials to
realize the desired scenery, etc. The doula also

prepares for a farewell gathering after death.

These preparations and support require active
listening, computer literacy for creating video
materials, working and drawing, knowledge of
music, and editing skills. Although not specialists
in medical care or long-term care, many ordinary
people often have the knowledge and skills
necessary to create a legacy, both as a hobby and
a practical benefit.

For patients,home-visit doctors, home-visit
nursing, home-visit care workers, and chaplain
care teams form and hold regular conferences to
coordinate services. Medical and long-term care
professionals take turns visiting patients with
home hospice, but the service is not 24-hours.
Uninterrupted 24-hour care is the family's role,
and by the time the patient is near-death,the
long-term care family is exhausted. When the
family tells the patient they are near-death, the
doula's support goes to the next phase.

(2)The second phase

This phase takes place when the team's doctors
announce that the patient is near death. Because
near-death requires 24-hour monitoring and
escort, many doulas work in shifts to support the
patient, especially during night-time sleepless
turns, and strive to reach the end in an ideal
death environment. The longer the patient's
near-death, the more doulas are mobilized for
the shift. Fersko-Weiss recounts mobilizing 23
doulas in nine days-his largest number. Where
many doulas are active, this is called the doula
community. Also, suppose that end-of-life arrives
earlier than expected, and it is not possible to
create a heritage. In that case, visitors may write
their memories of the patient in a notebook
placed in the caretaker room.

(3)The third phase
Lastphase begins immediately after completing

care. This phase includes advanced drinks



preparation and facilitating the deceased's final
interaction while viewing and reading the various
created legacies. A doula is not a nurse or a
person responsible for repairing the body, so they
do not intervene in the body. They help the
family and intimate others to spend a short time
with the body meaningfully until the funeral
company arrives. According to Fersko-Weiss,
this way of spending time right after the patient
dies draws its influence from the Japanese movie
“Departures.” About a month after the funeral,
the doula visits the bereaved family and gives
them grief care.

Those who seek end-of-life doula services
understand the role and effects of doulas.
Sometimes a request is made by an introduction
from a person who used the service. On the other
hand, becoming a caretaker doula does not
require caregiving experience or medical knowledge.
However, it is not suitable for those who have
lost a close or intimate person within a year or
have not received grief care even if time has
passed since the death. Currently, many of the
doulas are medical and long-term care workers,
but many general residents have nothing to do
with such fields. Above all, the requirement is to
have the ability to understand the feelings of
others.

Doulas first volunteer at hospital hospices and
similar settings to gain experience before acting
as independent doulas. In addition to the doula
program, INELDA also has a program for
experienced doulas to start a business. The
INELDA site allows those seeking service to
enter the patient's address and directly search for
a doula's living within reach. End-of-life doulas
around the world named on this list can provide
services following INELDA's code of ethics.

Two universities in the United States are
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currently collaborating with INELDA to examine
evidence of doulas' impacts on patient acceptance
of death and improvement in death quality.
Doula training programs are now expanding to
staff training at hospice facilities nationwide in
the United States, prisons where people need to
take care of each other, communities of retired
military personnel, etc. Therefore, end-of-life
doulas' evaluations will increase further in the
future. The end-of-life doulas, like midwifery
doulas, are religiously neutral. However, they are
a type of spiritual care provider because they
help a person die with their own personal dignity
as we have explained so far.

A certain number of people always sympathize
with the explanation that the experience of
learning life from death is complete. Fersko-
Weiss said that some think that the end-of-life

doula role is the ultimate social contribution.

5.Consideration

Why did the end-of-life doula spread to the
United States, Canada, and the United Kingdom
in such a short time? One of the reasons is that
in those societies, doctors often inform patients
of their life expectancy. It is a premise of doula
service that the patient and their family are
notified of their life expectancy and prepare to
accept death. The Japanese have few opportunities
to study death and life sciences and are extremely
afraid of death; they have an extremely high
tendency to avoid death. Japanese doctors and
their families are still more likely not to tell the
patient the disease's name and life expectancy if
it is unhelpful. In other words, first, to introduce
this service in Japan, Japanese society must
develop a habit of talking and thinking about
death regularly. Since many Japanese are non-

religious, it is difficult to get acquainted with
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death by touching religious doctrines. However,
according to the New York survey, the number of
non-religious New Yorkers is increasing, and
many patients still want to receive near-death
spiritual care. As a result, the home-visit nursing
station's chaplain visits the patient's home under
a spiritual counselor's name.

Chaplains sometimes work in Christian hospitals,
which is not common in Japan. Numano(2004),
who served as a chaplain in the palliative care
unit and hospice, believes that an indirect
religious approach is possible. She indicated that
the religious charm of living the faith naturally
inspires people around a chaplain. She explained
that the chaplain's role is not only for terminal
cancer patients but also for their families,
hospitals, and facility care staff. A New York
chaplain’s story, calling himself a spiritual counselor,
and Numano's story seem similar. The difference
is that they are members of the end-of-life care
support team and healthcare professionals, and
they focus support on patients and their families.
On the other hand, Japanese hospital chaplains
are ambiguous in that respect. As mentioned
above, there are no specialists who deal with
spiritual pain at the Japanese nursing care site,
so medical and long-term care professionals have
no choice but to take care of the spiritual aspect.
Therefore, the role of caring for professionals
who are mentally exhausted must extend to the
Japanese chaplain.

Chaplains are spiritual healers who follow the
doctrine of a particular religion. In this paper, we
report that in Japanese society, where there are
many non-religious people, and in New York,
where non-religious people are increasing, they
call themselves counselors instead of chaplains
and care for patients. Doula, on the other hand,

is distinct from religion. This study turned out to

be a one-shot survey, but there is an environment
where professionals can concentrate on their
role. The presence of chaplains and doulas
allowed medical and long-term care professionals
to focus on their primary responsibilities. While
we expected the training of Japanese-style
chaplains and the expansion of their activities,
we strongly felt that introducing the doula
program in Japan was also worth trying. The
biggest issue after the introduction is finding
human resources for those who will become
doulas. In previous studies, the authors have
shown that those who have experience of home
care are significantly more likely to want to
contribute to the community afterwards than
those who have no experience of home
care(Hayashi et al., 2020). If there is a way or
system to utilize the experience in caring for the
neighbors, the empirical knowledge of them will
be helpful.

However, we cannot be optimistic that people
not familiar with death daily will be interested in
undertaking the doula program. The first step is
to introduce the end-of-life doula program to
those interested in preparing for death and
accepting death, targeting participants in seminars
held by funeral companies and other places to
learn about life and death. In recent years, Death
Café, which started in Switzerland and popular
in the United Kingdom, has published its
guidelines online since 2011. The café meets in
Japan since 2011, and there are more than 20
death cafés nationwide(Yoshikawa, 2020). In
September 2020, the first Japan Death Café
Meeting was hold online, and many media
focused on the attempt. At the closing, one of
author gave a lecture that briefly summarized the
research results of this paper, but the participants

immediately received inquiries about the caretakers'



doulas and requests for lectures. Since the purpose
of Death Café is to talk about death casually, it is
not easy to guide Death Café participants to
learning and volunteer training; however, it is a
place where people interested in life and death
gather. We think it would be possible to sow the
seeds of doulas" human resources discovery here.

When all baby boomers become the elderly in
2025, Japan's efforts to prevent long-term care
will contribute to extending healthy life expectancy.
These efforts include increasing the labor force
of healthy elderly people, controlling medical
care for the elderly, controlling nursing care costs
and dementia. There are also efforts to cultivate
human resources who understand supporters
nationwide and create a community that supports
them with “human canes.” In 2012 and the past
five years, the first year of home medical care
efforts to create a symbiotic society contributing
to the simultaneous start of new comprehensive
business until 2018 and the deepening of the
comprehensive community care system fully
launched in 2020. However, the social distance
of corona infection prevention is a hindrance to
the progress of those efforts.

The long-term care prevention classrooms
where the elderly gather and the life support
projects for the elderly requiring long-term care
by healthy elderly people are stagnant at present.
The research has begun to address why we do
not use local human resources in home care-
which requires the most human hands in Japan-
and how to train new leaders in spiritual care
who cannot do medical care or long-term care.
The answers to these questions suggested by
nursing care families' interview surveys(Hayashi,
2016 Hayashi&Nagata, 2018)may determine
whether the “person-like”way of dying determines

a community-based society's success or failure.
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Another challenge in introducing the end-of-
life doula in Japan is that many Japanese are
reluctant to let others into their homes. When
the long-term care insurance was introduced in
2000, it was worried that the insurance utilization
rate would not increase for that reason. However,
betraying such researchers and the government's
concerns, long-term care insurance's service
utilization rate is steadily increasing.Past studies
of applicants confirm that older people in urban
areas are more likely to prefer support from
unrelated parties(Nagata & Hayashi, 2019). But
accepting others in the most private places at the
end-of-life may not be easy.

Currently, Japan's aging rate is 28.7%(2019),
and there is little time left to prepare for end-of-
life care, which is increasing in a dying society.
In February 2017, the Ministry of Health, Labor
and Welfare notified each municipality of the
creation of a symbiotic society rooted in the
mutual assistance of local residents in order to
deepen the comprehensive community care
system. Since 2018, all basic local governments
have already started a new comprehensive project
in which healthy elderly people in the community
support the lives of elderly people who need
long-term care. Now that the resources of the
general population are being mobilized to the
place of long-term care, it may be meaningful to
introduce the end-of-life doula to Japan for
achieving the society where people can die in a

familiar area or at home.

6.Conclusions

Researchers's tatistical analysis of the at-home
death rate factors found that those prefectures
with a lower divorce rate and more family have
a higher at-home death rate in Japan(Souvaget

et al., 1996). The excessive burden of female
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family caregivers became a social problem, and
in 2000, Japan established a long-term care
insurance system aimed at socializing care (Campbell
et al., 2000). The government passed the 2014
Medical Care and Long-Term Care Act directing
local governments to establish a “Comprehensive
Community Care System” within a 30-minute
walk of a population center of around 10,000
people. The system's purpose is to help the
elderly receive end-of-life care at home. However,
Japan's capacity for family care has declined
significantly because women's employment rate
has increased, and women are no longer able to
act as full-time caregivers. As well, the number
of family members living together has decreased.
The Comprehensive Community Care System
will be completed by 2025 when all baby boomers
are over 75. However, the aging population will
create a situation where people die in various
locations, with up to 400,000 Japanese people
dying in nursing homes or at home in 2040(Ministry
of Health, Labor, and Welfare, 2017). Even now,
20 years after the long-term care insurance
system passed, 54.6% wish to die at home(Cabinet
Office, 2012), but only 13.2% do now(Statistics
of Japan, 2019).

The factor preventing increasing at-home
deaths is the heavy burden they put on the family
caregivers. Many patients answered that even if
they wanted to die at home, they would not be
able to die at home because they would bother
their families(Hayashi et al., 2015). According to
comparative studies on ideal deaths in Japan and
the U.S., in the U.S., the focus is on a satisfactory
death of patient. In contrast, in Japan, the focus
is on satisfactory end-of-life care of family(Long,
2013). In other words, it is not the patient who
determines the quality of death, but the family

responsible for end-of-life care. These findings

indicate that family caregivers' significance for
home deaths in Japan is different from the U.S.
Although the family's burden providing at-home
care is significant, the risks of leaving a job to
provide caring, the anticipatory grief over the
family member's death, and treatment for that
grief prevent caregivers from choosing at-home
care and deaths. Foremost, there is no healer in
Japan to treat the spiritual pain from which all
dying people suffer. In Japan, families caring
their relatives are forced to deal with all these
challenges in the absence of specialists, like
doulas, who can provide comprehensive services
to address the challenges that a dying patient
and their relatives often face.

In this study, based on interview survey results,
we considered the difficulty of developing a
Japanese-style training course by introducing a
doula for nursing care. At the time of the
interview, Henry Fersko-Weiss recommended the
publication of a translated book in Japan. In
2020, he published the third edition. The
publication of this book in Japan is the start of
the training course introduction, so we are
currently preparing with Japanese publishers.
However, in Japan, the view of life and death is
fragile, and there is no way for residents to
participate in improving the quality of death just
by publishing a book. An independent volunteer
using the introduced knowledge and a system
that serves as a knowledge receiver is lacking.
There are various issues such as Japanese-style
volunteer training programs, instructors, how to
connect the trained volunteers to the place of
care, and how to build a series of operations
management. Not only that, but in the second
phase, how will doula work with existing medical
and long-term care workers, and in the third

phase, how will doula work with the departure



and funeral companies? Who should Doula then
work with for the grief care of the bereaved
family?

It will be necessary to investigate what resolved
issues when introducing the end-of-life doula
system in the United Kingdom and Australia,
where the system has already started. Also, of
the above three countries that have already
published doula's guidebooks, what is expected in
Singapore, which is in the same Asia as Japan, is
that doula's care services are based on the
traditional ideal death and care culture of the
region.

As mentioned above, Japan generally has few
opportunities to learn the view of life and death.
It has given us a desire to avoid death and an
aversion to death. Therefore, in this study, we
have hypothesized that it is difficult to secure
human resources who desire doula in Japan. We
once rejected this hypothesis when we met the
activities of Death Café nationwide in 2020 and
learned that an attempt to talk about death and
understand death had begun.

In the next research plan from 2021, we will
clarify the more specific Japanese people's awareness
of death and introduce the end-of-life doula to
the people in the area gathering at the Death
Café. It is supposed to verify whether a change
will come.

In the“Introduction”, we explained what it
means to die like that person, and to call the
support for that purpose spiritual care. The
tragedy of death from an infectious disease is not
only a lack of physical and mental care, but also
a lack of spiritual care. In the next survey, we
would like to interview the activities of the doulas
in the COVID19 pandemic, or the impact of that
experience on their subsequent activities.

Although Japan does not yet have a doula of
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care, we may be able to learn from such survey
data about the essence of care that supports

human dignity.
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Abstract

Japan can carry out involuntary hospitalization based on the Mental Health and Welfare Law, but
involuntary hospitalization may infringe on the rights of patients, and an appropriate mechanism for
advocacy is required. New South Wales, Australia is taking the lead in advocating for the rights of
involuntary inpatients. In this paper, information was collected with reference to the annual report, etc. of
Legal Aid NSW. Legal Aid NSW provides information and advice on mental health law to patients, their
families and carers. Legal Aid NSW lawyers may participate in a Tribunal hearing review to determine the
adequacy of continued involuntary hospitalization. It is also considered necessary to explain the mechanism
of advocacy at the time of admission of patients in Japan, change the position of members of the psychiatric
examination board, which is an advocacy body, conduct hearing opinions from patients and agent lawyers,
examine the possibility of discharge from an early stage after admission and take measures to prevent
involuntary hospitalization from being continue indiscriminately.
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1. Introduction
1)Advocacy of involuntary inpatients in
mental health facilities
Involuntary hospitalization may occur in
mental health facilities, and how to protect the
rights of patients at that time is an important
issue. Kitano (2002) defined advocacy as "activities
based on certain methods and procedures that
help individuals and peers empower individuals
on legal and political issues related to rights." In
particular, empowerment is to utilize support,
choose something by oneself, and enhance the
ability to live in one’s own way. In this paper,
advocacy refers to respecting the dignity of
individuals who are admitted to psychiatric
hospitals involuntarily, staying close to them,
empowering their strengths, and legally and
institutionally guaranteeing human rights.
Mental health facilities can carry out involuntary
hospitalization based on the Mental Health and
Welfare Law. It is basically the final treatment
option and is used in special cases where patients
and others cannot be protected without involuntary
hospitalization. However, these practices run
the risk of violating the human rights of
inpatients. In mental health facilities, the
relationship between the medical staff and
the patients may not be equal, and the
intervention of a third party who stands on the
patient's side and protects the rights is important.
Article 13 of the Constitution, the highest law
of the country, states respect for individual
rights, Article 18 states the exclusion of
slavery, and Article 22 states freedom of
residence and relocation. In addition,
treaties that are positioned in the same
way as the Constitution, especially the
Convention on the Rights of Persons with

Disabilities?, have Article 14 for physical

freedom and safety, and Article 15 for freedom
from torture or cruel, inhuman or degrading
treatment or punishment, Article 16 provides
freedom from exploitation, violence and abuse,
and Article 19 provides independence and
inclusion in the community. From the fact that
involuntary hospitalization is established based
on the Mental Health and Welfare Law, which is
incompatible with the Constitution and the
contents of the treaty, it is considered necessary
to have a mechanism to protect the rights of

patients.

2)Issues of hospitalization for medical care

and protection

Of the hospitalization forms of mental health
facilities in Japan, involuntary hospitalizations
are involuntary admission and hospitalization
for medical care and protection. Regarding
involuntary admission, Article 28-2 of the Mental
Health and Welfare Law states, “The person
who has undergone the examination is a mental
disorder's person, and if he/she is not hospitalized
for medical care and protection, he/she will be
injured or injured by the mental disorders. When
it is recognized that there is a risk of harm.”
Regarding hospitalization for medical care and
protection, Article 33 states, “As a result of a
medical examination by a designated mental
health doctor, it was determined that the
person is a mentally ill person and needs to
be hospitalized for medical treatment and
protection, but cannot be hospitalized under
the provisions of Article 20 due to mental
illness. If so, with the consent of one of the
family members, the psychiatric hospital
manager can admit that person without the
consent of the person.”

In this way, the standards for involuntary



hospitalization are looser than in other countries,
and especially for medical care and protection
hospitalization, one designated psychiatric doctor
decides that hospitalization for medical care and
protection is necessary, and hospitalization is
established with the consent of the family. Since
hospitalization is established, requests for
improvement have been made from various
fields(JFBA 2012). In addition to these, the
functional differentiation of psychiatric beds
has progressed in recent years, and the super
emergency ward, which handles psychiatric
emergency medical care, has the highest medical
fees in psychiatry. In order to become a super
emergency ward, there is a standard that
the number of hospitalization for medical
care and protection is 60% or more of the
annual inpatients, and there is a concern
that hospitalization for medical care and
protection will be produced to maintain the

super emergency ward.

3)Issues of Psychiatric Examination Board

in Japan

While mental health facilities can justify and
legally justify involuntary hospitalization, there
are limited mechanisms for advocating the rights
of involuntary inpatients. As a mechanism for
advocating the rights of inpatients in mental
health facilities in Japan, on-the-job survey to
mental health facilities and individual interview
for inpatients who are involuntary are stipulated
in the Mental Health and Welfare Law, and
medical audit is regulated by the Medical Care.
In addition, there are third-party evaluations
by the Japan Medical Function Evaluation
Organization, etc., as well as regular medical
condition reports and treatment improvement

and discharge request examinations by the
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Psychiatric Examination Board. However, it has
been pointed out in several treatises that these
are not functioning sufficiently(Shinohara
2008, Yamazaki 2001). For example, regarding
the psychiatric examination board, the number
of examinations for regular medical condition
reports is about 270, 000 a year nationwide, and
of these, only a few of them, <20 cases have
been transferred to other hospitalization
forms or are no longer required to be
hospitalized(Ministry of Health, Labor and
Welfare Health Administration Report 2019).
This figure approves almost all of the mental
health facilities' decisions regarding involuntary
hospitalization, and it is hard to say that it
functions as a check to protect the rights of

patients.

4)Current status of mental health facilities:

Comparison between Japan and Australia

In the first place, the number of psychiatric
beds in Japan is extremely large compared to
other countries(Ministry of Health, Labor and
Welfare 2018). In 2012, the number of psychiatric
beds was 0.9 beds per 1000 people in France,
0.5 beds in the United Kingdom, 0.1 beds in
Italy, and 0.9 beds in South Korea in Asian
countries. On the other hand, Japan has 2.7
beds, which is an outstandingly high number.
Looking at the number of inpatients, the number
of hospitalization for medical care and protection
in 2018 was about 130,000, accounting for more
than 40% of the total number of psychiatric
inpatients, and has continued to increase since
2000. In addition, the average length of hospital
stay is 265.8 days according to the general
condition of the medical facility(dynamic)
survey/hospital report in 2019, which is related

to the problem of long-term inpatients.
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Therefore, in this paper, I would like to focus on
Australia, which has systematically implemented
the advocacy of inpatients who are involuntary.
In the 1960s, the number of psychiatric beds in
Australia was 3.1 beds per 1000 people, which
was extremely high among other countries.
After that, Australia took about 30 years to
reduce the number of beds to 0.5 after
repeated reforms aimed at reducing beds
and realizing community life. The 1983
Richmond report recommended reducing
hospitalizations and shifting to community
life, and the 1993 Burdekin report revealed
that people with mental illness had been
infringed in human rights. Mentioned that
family members and carers were forced to
bear the burden(Burdekin1993). It is believed
that these reports influenced the subsequent
mental health law and national mental
health strategy. The Mental Health Review
Tribunal(hereinafter referred to as“Tribunal”)
was established in the Mental Health(Forensic
Provisions)Law enacted in 1990. Tribunals are
quasi-judiciary agencies that ensure that people
with mental illness receive effective and least
restricted care. The details of the Tribunal are
described in Articles 140 to 162 of the Mental
Health Law enacted in 2007. If the mental health
facilities continue involuntary hospitalization,
the Tribunal will review it and act as a check
institution to prevent involuntary hospitalization.
In addition, the National Mental Health
Strategy, which has been implemented since
1992, prepares a mental health plan every five
years, and one of its main principles clearly
shows the guarantee of the rights of people with
mental disorders. From the above, it can be seen
that in Australia, the protection of the rights of

inpatients who are involuntary is based on fact-

finding surveys, legislation, and national mental
health strategies.

Australia is divided into 6 states and 2 special
zones, but New South Wales(NSW), where the
capital Canberra and the metropolitan Sydney
are located, has a large population of about 8.13
million(Australia Bureau of Statistics 2020), and
Australia is working on mental health. In the
most advanced areas, there are several systems
and establishments related to the protection of
patient rights. Among them, I would like to pay
particular attention to Legal Aid NSW in this
report. Legal Aid NSW is a public institution
that provides legal information and dispatches
lawyers to people who have difficulties due to
poverty and crime. In the area of mental health,
as a defense of the rights of involuntary inpatients
in mental health facilities, lawyers are advancing
to assist patients when they participate in
deliberations on the necessity of continuing
hospitalization.

As mentioned above, there are many findings
obtained from NSW, which has a mechanism
for advocating the rights of involuntary
inpatients. In addition, it can be inferred that
lawyers are actively involved in Legal Aid

NSW's efforts as a bearer of rights advocacy.

5)The purpose of this research

Therefore, this study gives an overview of the
current status of Mental Health Legal Advocacy
Services hereinafter referred to as“advocacy
services”)in the Legal Aid NSW, based on
published materials, and psychiatry in Japan.
The purpose is to consider legal and institutional
issues in advocacy for patients who are admitted

to hospitals involuntarily.



2.Research Perspectives and Methods

In this paper, we will first clarify the outline of
Legal Aid NSW, and in particular, the support
provided by Legal Aid NSW's advocacy service.
Since the administrative agencies of NSW
widely publish their business contents and
annual reports on their websites, they were used
as materials. We also collected information on
Tribunals, which play an important role in
protecting the rights of inpatients who are
involuntarily inpatients, by referring to the

report documents and website.

3.Ethical Considerations

This report deals with the protection of the
rights of patients who are admitted to mental
health facilities involuntarily, but it has not
undergone ethical examination because it does
not target specific individuals, but it was
conducted based on the research ethics
regulations of the Japan Society for Social
Welfare.

4.Results
1)Organization and role of Legal Aid NSW

Legal Aid NSW is a public institution operated
by the state of NSW that provides legal services
to people who are socially and economically
disadvantaged. People who are disadvantaged in
various respects are considered to be information/
legal vulnerable people who are vulnerable to
disadvantages when some judgment is made.
They may not be able to get fair results because
they are at a disadvantage from the beginning.
To make up for them, Legal Aid NSW provides
legal assistance and education(Legal Aid NSW
2019).

Until the early 1900s, underprivileged people

in Australia were in a difficult situation because
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they could not get the intervention of lawyers,
but in 1943 the Legal Assistance Act was
enacted and for the first time, legal aid for low-
income earners by lawyers has become possible.
Furthermore, the Legal Aid Commission of
NSW was established in 1987, and this committee
developed in 2006 to become the Legal Aid
NSW. Legal Aid NSW Strategic is now
Australia's largest legal aid agency, providing
hundreds of thousands of legal services to
disadvantaged people in the community and
National Mental Health Strategy with clearly
defining directions and priorities(Legal Aid
NSW 2019).

Legal Aid NSW's work is mostly related to
civil law, family law, and criminal law, and
provides support related to 12 legal fields such
as housing, fines, social security, consumer
protection, mental health, employment, and
human rights. In addition, the Court of
Appeals, the NSW Civil and Administrative
Tribunal(quasi-judicial body), the Mental Health
Review Tribunal(Tribunal), and the Youth Court
(substitute for youth trials for the Aboriginal
people are also involved in the program)(Legal
Aid NSW 2019).

Tribunal is a professional quasi-judicial body
established under the Mental Health Law of
2007, which has a wide range of authority over
mental health inquiries, ordering and
confirmation, and appeals when dissatisfied
with treatment. In particular, regular surveys of
involuntary inpatients at mental health facilities
and appeals can be made if patients are not
satisfied with their admission. The Tribunal is
not affected by other organizations such as
government agencies and maintains its
independence(Mental Health Review Tribunal
2020-1).
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NSW operates involuntary hospitalizations
according to the strictest standards possible(Mental
Health Review Tribunal 2020-2). Involuntary
inpatients are“When suffering from a mental
illness(as defined by the Act); and at risk of
serious harm to themselves or others. A condition
that seriously impairs, either temporarily or
permanently, the mental functioning of a
person and is characterised by the presence of
any one or more of the following symptoms:
Delusions, Hallucinations, Serious disorder of
thought form, Severe disturbance of mood,
Sustained or repeated irrational behaviour
indicating the presence of one or more of the
above. Serious harm is not defined in the Act.
However, it is interpreted to include: Physical
harm, Financial harm, Harm to reputation or
relationships, Neglect of self, Neglect of
others(including children).The risk of harm
must be related to the person's mental
illness.”Therefore, it is considered that
involuntary hospitalization is unavoidably
carried out with reasonable evidence leading to
involuntary hospitalization and sufficient
interpretation.

Involuntary inpatients are required by section
27 of the Mental Health Act 2007 to undergo
their first examination within 12 hours of their
arrival at the mental health facility. In
addition, during the first week, patients will be
asked for necessary information at a mental
health facility, and the first trial examination will
be conducted 1-3 weeks after admission(Mental
Health Review Tribunal 2020-3). After that,
every three months, a panel(investigator)of
three professionals, a psychiatrist, a lawyer, and
a mental health welfare specialist, visit a mental
health facility to conduct a hearing survey. At

the time of hearing, the doctor in charge, the

profession of the hospital, the patients themselves,
and their family, and the lawyer can each express
their opinions. One of the roles of Legal Aid
NSW is to participate in hearings as a lawyer.

The number of involuntary inpatients in NSW
from July 2018 to June 2019 was 15,670, of
which 6,787 were included in the initial Tribunal
survey conducted 1-3 weeks after admission. By
this time, it had more than 60% of patients
discharged or voluntarily hospitalized. Table 1
shows the transition of involuntary inpatients
from the 3rd month to the 12th month. In the
third month of the Tribunal, 1,409 interviewees
were conducted, of which, 1,179 received an
involuntarily hospitalization orders. In
addition, 734 interviewees were conducted at 6
months, of which 652 received involuntary
hospitalization orders. The number of persons
subject to examination conducted at 12 months
was 584, and the number of persons who
received an involuntary hospitalization order
was 554. As mentioned above, Table 1 showed
the number of involuntary hospitalizations
continuation in each period, the discharge rate
at 12 months(95.2%), adjourn, withdrawn no
jurisdiction, discharge/ voluntary, discharge
on CTOY, continued detention as involuntary
patient. It could be seen that Tribunal was
functioning as an examination body, with most
patients being discharged until one year later
and being changed to discharge by Tribunal.

By this point, more than 60% of patients
had been discharged or transferred to
voluntary hospitalization. The number of
people interviewed in the third month Tribunal
was 1,409, and 1,179 were again involuntarily
hospitalized. In addition, 734 people were
interviewed at 6 months, of which 652 were

involuntary hospitalization orders. 584 people



were examined at 12 months, and 554 people
received involuntary hospitalization orders. The
average length of stay at an Australian mental
health facilities is 17 days. In total, 95.2% of
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inpatients were discharged within one
year(Mental Health Review Tribunal Annual
Report 2019). s37 in the table indicates section

37 of the Mental Health Act 2007.

Table Involuntary patients reviewed by the Tribunal under the Mental
Health Act 2007 for the period 1 July 2018 to 30 June 2019

Section Content Total | Adjourn | Withdrawn | Discharge/ | Discharge | Continued
No voluntary | on CTO | detention as
Jurisdiction involuntary
patient
s37(1)(a) Review prior to expiry | 1409 213 1 11 5 1179
order for detention as a
result of a mental health
inquiry
s37(1)(b) Review at least once | 734 73 1 7 1 652
every 3 months during
first 12 months person
is an involuntary patient
s37(1)(¢) Review at least once | 584 28 — 2 — 554
every 6 months while
person is an involuntary
patient after first 12
months
Total 2727 314 2 20 6 2385

Source: From “Mental Health Review Tribunal Annual Report 2018-2019”

2)Actual advocacy service of Legal Aid

NSW

Advocacy service provides information,
advice, and support regarding mental health law
free of charge. In particular, it targets involuntary
inpatients in mental health facilities, their
families and supporters. The content of the
service is, first of all, before the Tribunal
examination is carried out, if involuntary patients
protest the decision of the mental health facility,
Legal Aid NSW will give necessary advice,
respond to those who want to meet with a
lawyer. The service includes advice on what is
needed, if you want to protest the mental health
facilities' decision, and respond to anyone who

wants to meet with a lawyer before the Tribunal

investigation is conducted(Legal Aid NSW
Mental Health Advocacy Service 2020-2). In
addition, at the time of a Tribunal hearing survey,
an advocacy service lawyer may speak with or
on behalf of a patient who are involuntarily
admitted at the time of a Tribunal hearing
investigation to discuss financial matters,
Community Treatment Orders, intentions to
discharged, etc.(Legal Aid NSW Mental Health
Advocacy Service 2020-1).

Involuntary inpatients can call advocacy
services even if they don't know what's going
on, and tolls inside and outside Sydney are free.
If someone wants to get advice from an advocacy
service, the advice will be translated into 7

languages, and he/she can get an interpreter/
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translation service in languages other than the 7
languages.

Of the 2,152 Lawyers enrolled in Legal Aid
NSW, 189(8.8%)are in charge of advocacy
services from 2019 to 2020, and they regularly
visit NSW hospitals with involuntary inpatients.
If involuntary inpatients receive advocacy
services, the lawyers will come to see the
patients and there is no need to request that

they want to see the lawyers.

5.Discussion

Involuntary admission to a mental health
facility can be an unacceptable and painful
experience for the individual. Moreover, when
isolation or physical restraint is performed in a
protective room, sufficient explanation to the
patient and proper mechanism to protect the
patient's rights are required. Hospitalization
for medical care and protection permitted by
Japan's Mental Health and Welfare Law is
the Convention on the Rights of Persons with
Disabilities? Article 14 Freedom of Trust and
Safety and Principles for Protecting Persons
with Mental Illness and Improving Mental
Health Care 16 According to involuntary
hospitalization?, it cannot be established. Even
if the UN principles are not enforceable, as long
as Japan has ratified the Convention on the
Rights of Persons with Disabilities, it must
comply with the treaties that are positioned
above the individual laws. Therefore, among
involuntary hospitalizations, hospitalization for
medical care and protection, in which the
contractual relationship with the patient is
unclear, is an exceptional form of hospitalization,
and appropriate reasonable accommodation is
required.

Australia may allow involuntary hospitalization

only if it is determined that the person is
incapable of making judgments. The due process
of Tribunal quasi-judiciary intervention and
advocacy is clearly demonstrated as a due
process justifying involuntary hospitalization
that would be detrimental to the patient. At that
time, Legal Aid NSW lawyers will provide
actual support. In the case of hospitalization for
medical care and protection in Japan, although
the person keeps the judgment ability, the
hospitalization is established. There are cases
where the hospitalization and discharge,
notification of medical conditions, and explanation
of rights protection during the hospitalization
period are not given. Therefore, this paper would
like to compare NSW and Japan and consider
the necessary improvements in defending their
rights.

First, it seems necessary to fully explain how
patients' rights are upheld when they are
admitted to mental health facilities, including
involuntary admissions. In Japan, with the
revision of the Mental Health and Welfare
Law in 1999, has led to the introduction of a
notice(Ministry of Health, Labor and Welfare
2000)is shown in“Documents related to
notifications when admitted to a psychiatric
hospital and notifications of admission and
discharge”.However, notification is not
obligatory. In addition, Article 38-4 of the
Mental Health and Welfare Law requires
notification regarding requests for discharge, but
this is limited to within 4 weeks after admission.
In addition, the notification has no meaning
unless it is explained in a way that is easy for the
patient to understand and how to use it. In
contrast, Legal Aid NSW is positioned to provide
information and advice to patients who are

vulnerable to these disadvantages. In particular,



lawyers regularly visit psychiatric hospitals and
engage with patients, even if inpatients do not
ask for information. In addition, Legal Aid NSW
is widely used, and individuals are comfortable
to use it for free. In addition, Legal Aid NSW is
not just a contact point for information;lawyers
individually support the rights of patients and
provide more in-depth services.

Second, there is a difference between Japan
Psychiatric Review Board and Mental Health
Review Tribunal NSW. The Tribunal is a quasi-
judiciary institution independent of medical care
and administration, and the panel that conducts
examinations consists of a psychiatrist, lawyer,
and individual whose profession is related to
mental health and welfare. Each position is
equal; however, the psychiatric examination
board is deliberated by a council of two or more
psychiatrists and one or more legal professions,
the medical side will be overemphasized because
they have a majority. In addition, the Tribunal
decision is an order. If patients are not satisfied
with the result, they can appeal to the court in
the NSW system; however, the psychiatric
examination board does not have an appeal
system and can only reapply. For these reasons,
improvements are required.

Thirdly, it is necessary to ensure that patients
have their opinions heard during the psychiatric
examination board investigation. The NSW
Tribunal provides an opportunity to hear the
claims of both inpatients and mental health
facilities at the Tribunal. Japan's psychiatric
examination board, the hearing rate is estimated
to be 2% when inpatients who are hospitalized
for involuntary admission or hospitalization for
medical care and protection is examined for
hospitalization notifications and regular medical

condition reports(Hirata 2016). The hearing rate
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of patients who requestdischarge orimprovement
of treatment is>70%; however, this is different
from a Tribunal survey in which the patient or
his/her lawyer participates>90% of hearings.

Fourth, it is necessary to carry out a regular
survey after hospitalization for medical care and
protection as soon as possible, and then repeat
the procedure every three months. The
psychiatric examination board examines the
hospitalization for medical care and protection
cases at the time of notification and every 12
months. Further, there is almost no change in
treatment or involuntary hospitalization from
during regular medical condition reports. This
does not serve as an advocacy for involuntary
inpatients. At the NSW Tribunal, the first
interview is conducted 1 3 weeks after
admission, followed by regular examinations at
the 3, 6, and 12 months to monitor the progress
of involuntary inpatients. This system is used to
check whether the rights are unjustly infringed.
Through this process, a Legal Aid NSW lawyer
can be present. In Japan, the number of
inpatients is too large, and the existing system is
beyond the control of the rights of each patient;
therefore, drastic improvements are needed.

Defense intervention is required to protect the
rights of involuntary inpatients in Japan.
Lawyers have become more aware of their role
in avoiding the infringement of the rights of
individuals with mental illness was the
Utsunomiya Hospital scandal in 1984, followed
by the 1991 UN Principles“Protection and
Mental Health of People with Mental Illness
and — Principles for improving care —”. In Japan,
it is necessary to have third party monitoring
mechanism where the patient is involuntarily
hospitalized.

In summary, involuntary hospitalization can
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been supported in different ways in different
countries. For example courts may conduct
investigations, such as in the United States;
quasi-judiciary Tribunals play a role, such as in
Australia and the United Kingdom; or
examination board may convene, such as in
Japan and Canada. In the case of Japan, it has
been stated that“(the court)is not yet mature
enough as an organization that can quickly judge
medical and legal examinations”(Japan
Federation of Bar Associations 2012); therefore,
itis necessary to maintain the current psychiatric
examination board. The following recommendations
are proposed:(l)explain the mechanism of
advocacy to patients at the time of admission,
and (2)psychiatric examination board should
have equal numbers of psychiatric workers,
lawyers, and psychiatric health and welfare
professionals. It is important for these equals,
(3)to hear the opinions of the patient and his/her
agent lawyer directly, (4)to carry out an
examination from an early stage after involuntary
hospitalization, and to monitor the patient so
that involuntary hospitalization is not continued
unnecessarily. Therefore, it is conceivable that
lawyers will play an important role in this

system.

6.Conclusion

Through the current status of Legal Aid NSW,
I have mentioned that Japan's psychiatric
examination board is not functioning sufficiently
and the importance of lawyer intervention.
Patient consent is a major premise in medical
contractual relationships, but in some
cases, involuntary admission to a psychiatric
hospital, a proper advocacy system is essential.
In other countries, the transition from the

medical model to the legal model was made in

the procedure of involuntary hospitalization
from the 1960s(Kitamura et al. 2006). Lawyers
are well-versed in human rights, the Constitution,
international treaties, etc., and are considered to
be suitable for examining the protection of
rights(Takahashi 2017). In the future, it will be
necessary to seriously discuss whether to
drastically improve the psychiatric examination
board or shift to another system in Japan, such
as the Tribunal.

The mechanism of advocacy and inadequate
judicial intervention are not area-specific issues,
but extend to children, persons with disabilities,
and the elderly; however, this study focuses on
involuntary inpatients. In the future, a wide

range of human rights issues will be considered.
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Note

1)CTO is a Community Treatment Order, and
may be discharged with CTO as a condition
for discharge of inpatients who are involuntarily
admitted. Instead of being able to discharge
the restricted environment in a mental health
facilities, they are obliged to receive the
medication, counseling, and rehabilitation
needed to maintain community life. Although
the CTO makes it easier to be discharged from
the mental health facilities, it forces treatment
in the community, and opinions on the CTO of

those who have been hospitalized and their



families are divided.

2)Convention on the Rights of Persons with
Disabilities
Article 14-Liberty and security of person
1.States Parties shall ensure that persons with
disabilities, on an equal basis with others:
a)Enjoy the right to liberty and security of
person;
b)Are not deprived of their liberty unlawfully
or arbitrarily, and that any deprivation of
liberty is in conformity with the law, and that
the existence of a disability shall in no case
justify a deprivation of liberty.
2.States Parties shall ensure that if persons with
disabilities are deprived of their liberty
through any process, they are, on an equal
basis with others, entitled to guarantees in
accordance with international human rights
law and shall be treated in compliance with
the objectives and principles of the present
Convention, including by provision of

reasonable accommodation.

3)Principles for the protection of persons with
mental illness and the improvement of mental
health care

Principle 16

Involuntary admission

1.A person may(a)be admitted involuntarily to a
mental health facility as a patient; or(b)having
already been admitted voluntarily as a patient,
be retained as an involuntary patient in the
mental health facility if, and only if, a qualified
mental health practitioner authorized by law
for that purpose determines, in accordance
with Principle 4, that person has a mental
illness and considers:

(a)That, because of that mental illness, there is a
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serious likelihood of immediate or imminent
harm to that person or to other persons; or

(b)That, in the case of a person whose mental
illness is severe and whose judgement is
impaired, failure to admit or retain that person
is likely to lead to a serious deterioration in his
or her condition or will prevent the giving of
appropriate treatment that can only be given
by admission to a mental health facility in
accordance with the principle of the least
restrictive alternative.

In the case referred to in subparagraph(b), a

second such mental health practitioner,
independent of the first, should be consulted
where possible. If such consultation takes
place, the involuntary admission or retention
may not take place unless the second mental
health practitioner concurs.

2.Involuntary admission or retention shall
initially be for a short period as specified by
domestic law for observation and preliminary
treatment pending review of the admission or
retention by the review body. The grounds of
the admission shall be communicated to the
patient without delay and the fact of the
admission and the grounds for it shall also be
communicated promptly and in detail to
the review body, to the patient's personal
representative, if any, and, unless the patient
objects, to the patient's family.

3.A mental health facility may receive
involuntarily admitted patients only if the
facility has been designated to do so by a
competent authority prescribed by domestic

law.
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Trends in research into fathers and childcare in Japan, a society with
a declining birthrate - Comparing before and after the implementation
of a childcare support measure - the Child / Child-nurturing Vision -

KK+
Ikuko OHMURA

HARERFERY: RIS FiEAR
Department of Nursing, Faculty of Health Sciences, Japan Health Care College
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Abstract

This study aims to investigate the trends in research into fathers and childcare by comparing how
the trends have changed before and after the implementation of a childcare support measure, the
Child / Child-nurturing Vision to identify topics for future research. We searched the Ichushi Web
database (Ver.5) for original articles published between 2010 and 2019 using keywords, “fathers” and
“childcare”, which yielded 90 articles for a literature review focusing on fathers. We compared the
results of our literature review with that of Makino, Kanaizumi, Izu, Sakou. (2011), who investigated the
articles on fathers and childcare published up to 2009, before the implementation of the Child / Child-
nurturing Vision. We found that the increasing number of articles about fathers and childcare seemed to
correspond to a greater number of national measures, and the methods, fields, and population of research
became more diversified. These results show that research has been in the process of empirically
improving our understanding of how fathers view childcare. The findings suggest the necessity to deepen
the understanding of fathers engaging in modern childcare based on diversified knowledge.

F—U—F D7tk RBl, BR, FEb - FETCLEY 2y, SCHBIEL
society with declining birthrate, fathers, childcare, Child / Child-nurturing Vision, literature
review
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FIRDL, FHERITER DT dons LR
72, 7z, EBEMLoWE2 L, TATCETIRAE
HEEREA DR %, A5 TIRENTHAE
U7 R R G E LT asa 6 iz,
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K3 I BIOIXEE L VEAMBELRIBICE T 2MANREIC L 598

R (R) oM

FAIXIC B D RE (OFES I HRIE)

ARRICE T 2 5E ( (FS) I RER )

HEHBIRD R

TFHIED G L-BiRDOkX @
BFRET>EROX
EBES~T7THOWESBHEOX @

EPFERELRBICAASS ELTWE B (83)
EIFHEMZ DK (76)

R BAIER TH BiEEDK  (46)
EIR3GBLIE DIFR% 2k (89)
SiEEFELTCWBIERDE (60)(61)

BREAZE% L TWBPERDKX (79)
HEZDBRUAOERO K (17)

FAEIRER - FLIRER
YRPOFELZHD
R

BEHPFERORKE O
ABINPBOTFELEZFORXE (BHRETHE) @
A BREZEZZITT-ROKRE 23

AP RABETOTFELEZF OB (T
B ®

%61 BRE HORXH BO®

AP RE L ORI
@
AHRPOFELEZRERICHTITTLERE

BT DAY R %E b DR
@

PHFAEIRDORIE  (20)(25)
£B1~3» AORE (16)

E#3~4nBROKER (4)(9)(67)

FRAD O F ELH2URICAR D ETORE  (73)

0~3mEDIAMEEH DR
1~2@mEDREFD (30
165 BIRE HORE (51)
361 BIEZH ORI (47)
2F 12 IE3~6mDEBREIFORXMR
(13)(31)(65)(88)

KPR ORE  (22)(37)(50)(59)
SR - FBEEICES BE2EO>RE
(5)(6)(8)(18)(54)(57)(71)(72) (84)

(27)(85)

REBEHROFELZLD
KR

NFIELEDTFAHORE  (70)

FEHBE (NP4, 5 6F4L) OFELEED
R (55)(75)

REE - PERBAH - NERICHLIRE
bhbEsRE (T7)
FLEASNPEDFELEHDORIE  (49)

CREEZE

FLRREEZE - HER
HE - -FBECH—oL
BEICSMLIERE

I BRZICER LERE B17) @
HERfE S 7 252 ZH LD TRBICAZEHE
®

MERFHICSMLERE @

BRY—JIIISMLIARDRR

AEBEZEZZ2ZLRE  (86)(87)
HEFRESFICSMLI-k
(28)(34)(36) (40) (44)(62)

FETCH—7LHFIISMLAERE (11)(41)
REOBRHAB NS LS 1=RE
(56)(69)(81)

BRAEZIS LR @
HEMEZE PO E LIBHERKEDORE
BESHICHI T IR @

BIRARELAIE LR (58)(66)
FEEoRE (29
KMFREF OEMRAIBE L L THLH T 5 R (45)

B RS R I M LA RS @ SUEBEL LCHHET A8 (52)
N=EE IS IRE 2~ 4> # Fe -1
2o (BT - R 6 AL ENDERERAFORXR i}i&)’(*ﬁt &0*7 B (2
b B 17 EEoRE (1)
T I . N ) - o
FIFHIAWBEATH - - ERiEHE D RXIRG® “ABOFELAEENS-BHE  (68)
AHMBAEZLBEEAUF L TLWARREORE B F2TFHER2H BIRBLI-EM  (64)
HPBOERE LT 340 EDRE  (53)
KIS 14 LSS TE L 67K o0
ARADRIE & 7 A RERHA ORI ?I” VELERTE LORAT ORT 2352508
v, 8 AEEEA0] H AN RAE2E S I B W COER 3 E
EKEIZB T 2B RIZET 2REDOHEIzo L7: [BDBEIZB T 2RO ] —iEk

WTC, W, R,

BE, #ee (2011) 1, 11993

204 @ H AN RS 2 T OWIRFER DHER
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12k 2L, BAIOWMEIE, 19734EORH %
BERHRE LTZKED [RBOE R~ EH
BITH), D TRBEZFHENR L LTz,
198I4EDE L DRILO BRI 3 2 785k & FiEk
IZOWT] THDEHMEL TS, ZOHIL
WMDHTHLW] LiBxTWw3,

7, B (1996) 1%, DTFALRE DA
B9 2 DUET D 19904EETHIT B 1T 2 R ASE DR
BETFEDOMEL [FEDH 25 R RBiGIZ
M3 2] [(REOBFRZMOERIZHT 2
| [RHOBEMTICET 2 b 0] [
FELNDHEIZHT LD [REAHFDK
B, #ZICHT2b0]0 521t KIILTW3,

—7, T TCHROEE ZH Ok 2> & BEEL
$T3L, TVENTTVIE, RERESHLT
HY, FOBRPFT v XN T T v TlRIMHESEA,
FEDBTFBEUNMET 7 ¥V TIRRHTEA, #L
TARMEDIEH LIz FETEY a ¥ TIEMIL
BTAEBATL, SOITHETIIEH S HFLH|AL
HEwLLTWD MR, 2017a). 2O XY
2o, FETEY a VEEN &L 0B iR
X ORBLEBRICE T 2% 0BIcOWTE

552,
1. FETEY a YRERDORBLBRICHT
SHRDILK

RATXETH 2, W, &%, HE, #fh
(2011) & DHEHIZBWT, WFZEHB BTN
L TH DI 24ETIRE R 2HINAALRT
Wiz, F7:, METFA v B X CHEEWREED
BRI DS LI 12 > T Wi 2 &, B L O
HRF S D E & ORI A BTz 2 &%, 2010
EFED - FHETEY a VIRERIZBIT 2R
EBERICEH T 2R I2DH 5 2 & &R
L, 5HORBEBFRIZET 2HEITB VTR
FTCHRDSHRAE & LT W2 RO B R8I % 5L
LT 2L IHFETLHDEEZ D,
WM SFIZoWT, T CHEE IR
WicB 2 REHRE LIHFEIE, REEHRO
RO RMEER L VBRE Z EZHLITLT:

FrgE, FIEH (1990), ARMMED i & B
IZoWTOME (LA, Wi, JIE, &Lk, P
B, 1995) ZEDBR LTV, RKPEBFR
IR Z Y TR TR B TIEEESE LD
DR NG o Tz, AR TIE, MR -
KRB EATENICHE H L72%E CCENO60, 61,
89) ofth, IEHRWIMA, LHEK1 » B TORB
127 % R OMHER & HEBTRITB B T L 7S
(CCEANOT76), Ko > o pFHE L BEE R %
B 5 202 U 7258 CCBRNO46) 2R & e,
Tz liF, BRORBOEINTWEIRE
BILL, NRTH2RPBLOMFIZOLD DD
DEFEZD, Tz, RPLETFLEHOFEERRE L
ORIz BT 20BN & LTRE (2011)
%, ANMoOFEOERELMEST 6 2R
HoTEHEbORBLE G E LI L
THY, REMOFLHOHKE - BIRITED X
SUMENEHONIITOWTIES  DOIfFEDIS
NTOVRWEIERHLTWT, Kz TR
HHOT L b ORBLEBRICEHT W5 L
LT, FETCITHET 2 EH CUBNOS5, 170,
77), RBOBD Y LIE CLEINOTS), B
DERNTFE COER (CLEANO49) 35 D,
R E BRI 2R IERME M IcH 2 2 &
PRENT., ZTOZ L, REMIAHCEZIEK
32500 Y ORI TLH 2 (B,
2011) ZEEFRITDEHTLAMALELDED
T LRSI N D,
2. RPFDFETCEXRBTEIILDER
RBDOFET~DHEIE, 22 TFEDDOLE
SWHBOMLE LTD “Lo” 2RDBDH
DOBHLTH o 7225, 19904ERITA D, Rz
SLTERAD M —=Z VTSN RD LD &
Sk ot: (BH-, 2017). 2OFEITIE, R
BOBRSMD, BE~OFREFOLEF LM
SNERIEL, BRALEEWT 2 2 TOHER)
PEARENZ EBZET LN (E, |,
1985). AMEBEH LI FECLEY a3 VIRE
IBWT, (A2 AvyFaver ] 2EEL,



Z 0%, HAEEETRBOE R 23R SR
DEUE, X DbE i TWw3, 20154E 4 E LR
HIGHRIZB 1 2 RPSHRRETIX, RBOBR
TEOHANERIZOWT [HHOE R

(=t F—vy L] [FELDOREE] [F
JEAETEOFRFE| [MEOTEREIEE] [RBlo 7 —
2747 N7 A BDFACOMEE ] BT
EHIFIZ T 2EBEHIRD LTIz UDE,
2017b).

FTETCEY a VORERPNINETOFETX
BE—ZWLTW2DIE, DFLREE LT
DTBETCEEILORHAITHY, FLVRLVY -
77—AFE2ERIZBOTWEZLETHS (B
ABEAE, 2010). SHITAEFEMAEFELETE
TERANIIE 2210, THETE [FiEPLH
DS | TExb, HESRTFETEXZ
32| TLANOEHEEFHEGEL TV (NWHEF,
2010). KL L, FETLY a VEERD
RBLEBROWERITB T 2 AN GE 23, Bl
ODERHEE 7 v 77 12 (CCENOS6, 69,
81), RPl- BBLOBFRI L OBFR CCHk
NO29, 45, 52, 58, 66), FEHEKE DM (L
BANO1, 2, 64, 68) T EiIcEHLILKL T
W3 ZEIRENTZZ EIE, ROz vy —
AVE, RgoN—FrF—v v/, ZLTY—
77 A4T7N7 v AEDHBRPLMET LI LT
WS ZEOEEMRERBLTVWSE LEZ S,

DEoS%z#EAd EFETEY a VIRERD
R E B RIS 29813 - JEREIzH
D, FeATSCRAIZEERE L LTHIT TV 7R
OB RBZIEEMIZHL 22295 Z LITo %
D, BLoBRIzh 2 LRI ND,

3. SHEOFE

RRIEBFRIANLEBITL, BlEb kb hFEL
ATE DSR2t 0 FEB % Hig U CEIZH 72
17, 20254E MO F RARERSHE30%, HHH
AR 8OFEBU T K 2T £ 25T
»H5 (NHEE, 2020). FF TIHMEAR 2 AifE
BUZ X DHEIKREL, FLRRE LD ITE
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LT, RELEBERD zoRRop iz 3
FLEBLBEIIESTWSE I L2 TR
&, 55O RBLEE ROV DT & F R I1TE
BLEZ 5,

ARWFFEIE, FeATCHR & o Lkt % il 7272
O, XERBRSEFEOATH ), HEds%
T &b RO BB X CIEEER O RIZIRE L
7z, FBETCXBOMD AL, BEW, fEuk, #
BAWIZIRG S, BFraoittasthkie s
ACSHN» OBEERETH 2, L2ds> T,
FBE RN, FiE, s, WL voi
AW 26 & 622 Z EBRHEATHD, X
D% OB O, ORE ZikA~ 5 Z &
DAREEEZ D,

F7z, BIRORE b BHIFEEE, Hhx L ez
DOZEBLFETCEToTWS T LAWEES
0z, BRORKPOBREZEM S 25 2T, &
KRBUZ L 2 TH 5 O KIMROBHEELE R &%
ZTHWEERGLE LT ROLAR D EELF 2
5, ZOX)IIRBLEBFROMEIZZBIZHT:
STW3, T—<ERMITEILESLzZX
2 Z Ly fFICAN, BROFETIIBIT IR
BOMREZHED 2 Z L BSHBOBELEEZ B,

V. f&i®

TEH - FTETCEY 3 VIEE (201048) DLHj
EZDHBORBLE BRI 2B IT oW
T, W, &R, GtE, #ok (2011) % sy
L UTHGET LTRSS, SCIEFEUEE o sk &
&Y ITHss A LR, RS, RS,
FRNREITBOTHIRMEM AR S 7z, R
BROWIE, Hbodfizdh, ZhFE TR
BEshTuwi, RBPOE RBL2 IS
DT DI LOBKIZBWT, 5%, HANLK
MR LMETZRAL L EDIT, BROTET
BT 2 RPOMEZHEAE L TV Z L p5iRE
ERBE Tz,



AREFRRKEACE F 75 20214

51 - 2F Xk

HAREF (201D, RBI<L 2, RBlET 2.
W L APGEIE. 69-70.
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Effect of the tactile discrimination training on the
tactile threshold and tactile discrimination: a
preliminary study in healthy subjects

WA ERY, R OEEY, K %5
Ak IEY, B BE%Y, a0 RS
ME EY, KE HAAY
Kenta KIYOMOTO, OTR, PhD", Naoki OIKAWA, OTR, PhD" , Ayumi KIMURA, OTR?
Takuma AKIBAYASHI, OTR? , Keita TAKAHASHI, OTR” , Yuto TANIGUCHI, OTR®
Tsukasa MURAKAMI, OTR, PhD"” , Tomomi OHORI, OTR, MSc”

1) HAREBRKZGIEERSEIEY N Y 57— 3 VR RWES RS
2) JLBIBEEIE Y Ne ) T —v a vF
3) BVERREY NEe ) T—v a2 VR
4) EWEBFHERI ALY F—v a v F}
5 MINYNEY F—v a VI ALY F—v a vE
1) Division of Occupational Therapy, Department of rehabilitation, Faculty of Health Science, Japan
Health Care College.
2) Department of rehabilitation, Ebetsu tanifuji hospital.
3) Department of rehabilitation, Kaisei hospital.
4) Department of rehabilitation, Bihoro Ryoiku hospital.
5) Department of rehabilitation, Asahikawa rehabilitation hospital.
=B
AW TIE, BEETNRICFORBHFIRGR L EITTOMEHEEE 7077 501 5TH 5l
BB ATV, MEHRICE 2 2B a 32 Z L2 H L Lz, W53, B RA294 TR 122
%, TMET 4 CPAER20.91045%) TH Y, 2> bu— Vit MGERIEODRE & AR O 3
BECE DA, 10O AEITo 7z, MAEHE X, MERIME, #W 2 M55 (S2PD), BN 2 sSa51
(M2PD) & LT, AARIBETHEL:, ZOHIR, a¥ o -, AARIIELERDLd o1
OO, FEHAFIEEE L, MAKTHERIZ S2PD, M2PD o¥E% RO 7z, Lo L, MsEEMIZZEL
Lotz &7z, MERBHADREE M2PD O~ TH 2 PERLEFELROT. Inb XD, MRE
FRBIFNFRD X D LR D 5 ORI O AL L, 2 s O & 5 GFEHKEELH L35 2 LRI
7z,

The aim of this study was to examine the effect of tactile discrimination training in the sensory re-
education program after peripheral nerve repair on fingertip tactile perception in healthy subjects. Twenty-
nine healthy volunteers participated in this study. They were randomized to one of three groups (group of
control, tactile stimulation and tactile discrimination) and received intervention on 10 minutes, respectively.
We assessed tactile perception by tactile threshold, Static two-points discrimination (S2PD) and Moving
two-points discrimination (M2PD) in the right index finger before and after intervention. Tactile
discrimination training was a statistically significant improvement in tactile discrimination as S2PD and
M2PD, while it had no significant improvement in tactile threshold. In addition, tactile stimulation group
showed a partial but significant improvement in M2PD. There was no significant difference in the tactile
threshold and tactile discrimination before and after intervention in control group. These results indicated
that tactile discrimination training may improve tactile discrimination, and that tactile stimulation may
improve the tactile discrimination.

F—7—F {@%¥% (Normal subject), FITFHEE (Sensory re-education),
il 3R (tactile discrimination training), fill%EI{E (tactile threshold),
AR 3 BIEEE (tactile discrimination)
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I. BC®IC

FOEEIZ, EEKEETS T TRET 2 Z LI
TEY, MEHEIEELZEZRILTWD
L3N Tw3 (Dellon, 1994; Dellon, 2000;
Lundborg, 2004; *FH, 2019) . Z Ofil%i,
B, JOfE, pIBERE & v o 3 o DfllFi 2 &1
ZUEEEM BB D D, BMHIZZ A OIEE)
BAES SR TDITDELT/NORITLATH
D, JIEITREERAL 2 E AL S KRR, Akb i RE
IR OME 23 o E L EZ LTS

(Dellon, 1994; #H, 2019) . & 5z,
JE T BRI X o THIVALTE & BYRYALTE &
WIFTEXY T AILHHHT LI EHNTE S,
B X, A7 i, v g =RREWwo Tz
THENEALITN U TG 38 W2 258 CTHITH D Ff
LM RO EIE 2 5. BREIT< A AF—
MR, T = MR & W o TIRENEA IR L CIE
JE DR NZ A TR I X ISET 5 (
A=A, 2001) . FOBMEICH LTI, B
DfEFEI NS LR OHERITERL, WL 7
—LMENT, ZoiERDOFEICHIRE & 72
L, BIRYARTE 2305 S 1o LM E i ik
OEEICHIRE &S T LFEZLATVWS (F
H, 2019) .

TN XD RIS 2 SITERE L 72
HREEIIFLT, YAEY F—va v TEA
WHEHE (Sensory re-education) & W H 71
77 L HBAT b T & 7z (Wynn Parry, 1966;
Dellon, 2000; Miller, 2012; Nakada, 1997; B ,
2020). KREEMEEZOMBERAETIE, BAEL
TeARE DS AR & I3 7 23040, R 7% 2O
REFEITEE T 2 ARSI RC 23 T 2 WRetE:
DD, EORRE, BEINIMRIED 7o
74— NVIFEL, EhERL XS LLTzE
SITRALPAECIEL CIRTE Twligosdg L
5. MEHHE X, MO REEE DMLY %
R, RENZMREOIMZITI 2L T,
EEINTMEHREO 70 7 4 —VEIEL L
BIRT 208 F2dDL3h, BEIFEIC

X351, MEBEE 7u 77 L oK,
FOEEEE 7075 50 3BRETITONS
(hH, 2019). 205 b0 121z, Foilkil
BEezm o 2 HWIfTbhT a7z, MREEHIEI
Moo, Fefis>o0iEHELEL0IE, F
OIIIERETH D, MR ETHET L Z L%, B
L7z L S oWk E ONICEREFET 20
TH2., WEOHEHAET 7u 77 1213, K
JEWEIEEE  (Bjorkman, 2004; Rosen, 2006; B3,
2010) RENEFLR % H W 7EERENITE (Rosen,
2007) %A 3 23 & LB RIIISE AR &
FA L FESHRE S hTWE, 208l
FEopTdh, MEEIEIIEAvL T ) H
WREETHLLEEZLNDL, LoL, Zofit
AR X > T E O, MdErkiE o UG
T200L V) EET -2 OWMERIDLEL, H#
(GRS E AN T AN AR (R G
22 ERBEODDELEEZ L. MR
MOEH a2 2T, HEMERTIHZES
DHREHE 7 u 7 L% KT Y Rilo—
DL DLEZ LN D,
RIFZETIE, (R%H % GBI 2
v, Mg ORIE, FBIBEE 1T ROX 3B iR
T ETHBME LT

0. 5#&

1. W&

NEIL, HF & OREE2%4 (BH224, K
V74, FHIER20.91045%) THo Tz, Bk
FEAEN, RRICHREREE T L oBELS D 5,
LOI D 2H & LTz, Mg S, HARE
RN RGBS ORBEZITEML T2
(f@EE30-11). MGk, WEoxs, HA
TEH o RECH S L hiko HH B & T
OFEZ O8H, FRTHM LT, Zho o5
Hx, avbo— kL REEEMA R, M
A O 3 BRICIVE 2 1R D 72, 2>
Fo— BT % (BT 4, FHEER22.0E
0.05%), AUFEHIBADEEZ124 (BI04, &



P2 4, E¥ER21.610.75%), il ks
MEIX104 (B4 4, M54, PFIFim21.4
+0.55%) ThHholz, Tk, HOMNFIE FHE
HEr W TIER 12T o T2,

2. ZBRFIE

FEERBRET I, |iL%23 ~ 25°CIlcft s, B

Figurel. AATEEBIFIMR & REEBAL

J> +O—JLEE

PRERUIBIA 1 EY
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DLENEPLRBENTIT o T2, BERE ITIFHLICIH
Do TRFITED, Wi ZLLIZOR, ik
ZEH D X O IR L 72, UT T O FE
[N

Y

BRVERBI AIEREY mEEM

B, pEEBIFIER L RETAL. MEFBIIFRERAZ MR 20> bo—uE (A), MEREZ =M CYED
WG E TR ICEMICAD Uit iF 2 MERIBADE (B), EHR THRE 28K L FOME THFZ #35)
TERBET o ICMEBHIINGRE (C) DFRBTIT o7, BFXRHFONMARKMEE, 1690MEL. &F, MEA
HERE B) &, M0 H2Mhefo TV, WHRICEEZMITICBHEEZRLELEDDITo . ET,

AR FI A ORE L, KRR EENRICTON I NEBFBRELSE LT o2, EFAICD 2YF %,

RENMEEL, BEFACHIYEICH L TEREELERLIRET, FOMREOALTIRESNIYEEZRRLE
ZEEBE5Tol. MABRORER, REWUEZ—FEICTHLOARERKE LT, MEDIFT—EDE

I TRE%Z1T 272 (D).

1) ftAFBE

AATTE,  ARTEFRB B 6 U TR
RRGROMRHAE 7u 77 L Tffba s H
W oin¥E (thH, 2019 £Z%F14T-
7z (M1C)., Bz, 3, Eiliz
WMZLT, ZEHRIZFA—OYHEREL, WEH
oY ERRE LTz, KIT, #EREE,
R 2l S h 7o AN ERIE S h 7z i 2
LIE S NI e G F TR LR E iR 3
LB I00 M T o7z, b, BERLUIWEs
RESNT DO E) pI3MEIHEL, &
LCHUXROYMEIRE LT, 2 O—H o
DR LTz, —05, MBERRBOACIEIE, M
MO B LWERE RIS X oL (K1
B). ZOBRITA U ARSI L TiX, B

Wz R ELENLEMMITET S Z L%,
Frh3 2 2 L KFRMICEEMZ 2 X D1
10 MR E T o 72, &d, MR, F%
REBIAYICE) 2 L CTAE U 283 TH 2 REBI ALY
TS ZERHL7Z(K1C)., av bu— iz,
1051532 2 & 2K L 72,
2) MREEEORE

T DOZL T RS 720, MARRIZUTO
BMEZT o7, THFMREHEIT 272002,
BONEF FHLEFE T W CTHEERITITo 72, &
B, WEIML, ARIEERELT, HoH1L
O K2R ITE & A3 TR L TS L 72 (K 1 D).
(1) filid BgiE

ol 5 BY fEH 13,204 £ v b © Semmes
Weinstein Monofilament test (BAF, SW-test)
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ZHWTHLE L7z, WEG#EIE, HENY FE
74 BROHRET 2 TR TTo7c (HANY
F7 %2, 2019). WEMZE, 7147 R
v+ EE» 5, Levin 5 (Levin, 1978) 12k D
FRHE E L TOREAT VS g/mm*ITHF L7z,
(2)5M 2 s3%51 (Static 2-points discrimination ;

LR, S2PD)

R il 5E o FOB B BE % R § S2PD I3,
Rosén & 23pAFE L 72 2 B EH DO 7 1 2 7

(Rosén 7 1+ 2 7) W7z, KRezHix, 2
s @ BB 534.6mm 2> 50.7mm % To FHEE%
0.3mm i CTHRAETE 2 H D TH % (Rosén,
2014), W7 AR, TATHRICHEC T GEAR,
2016; HH, 2017), Dellon ® #3232 ik T
FElEORM LIz 2 SF7213 1 SolliEzinz7:

(Dellon, 2000).

(3) Y2 A (Moving 2-points discrimination ;

IR, M2PD)

B9l o BRI RE 2 2R3 M2PD b & 72,
S2PD & [AfRIZ Rosén 7 4 A 27 & W THIE L
7z. HIZE H 1%, Dellon ® Fikic#E LT T, 5
ORI EE2T 2 X D I THREP R R
Mo TELLEDL 2 E 7211 SR
W%z 7z (Dellon, 2000),

3) BB E

HEHERMT X, Shapiro-Wilk #7E < IEHED
WER, T oMt zTo7. 9, &t
DI AHiITE DAEIZ D W T Wilcoxon £ 51F = JIH
PLFIRRE CHER L7z, F72, ST ARIRD 3 B
D Mg %, Kruskal-Wallis # %€ % F W T HBE L
7. ZEEHE X, Bonfferoni %Iz & D&
U7z, fREHENTIZIE, SPSS (Version 22.0)
THW, BREKHEIZS % E LTk,

m. #8

2y b o — B, RSTRIMOATRE, AT
AfEED 3 M BT, 4Rl X OB O
fil B BIME, S2PD, M2PD Iz A EE %R
Lholz.

1. MRERE (K2)
Figure2. MIERBMEDZL

A B c
J> O LU Rl MR T
14 14 14
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11 1
§ £ £
os f 8 08
Z 08
@

] 12
o

! E 14
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8 | 206 |

4 4 04 |
" ) =i
[=Eae]

AR fTAR TEAR

0+ - 0
AN fraim AR

W-tos!
s o o
R @
o o o o
[

F2. MREMECZEL. 2> bo—E(A), BERBADE (B) &L CMREHFIFNRE (C) ¢F
BB eRBO Aol I, NATRTIHMICHERELZRDO LD o2,
SW-test:Semmes Weinstein monofilament test.

av bo— v, POl (AL EEE)
234 A B2 70.17 (0.17-0.29) g/mm’®2: 50.17
(0.12-0.17) g/mm*TH VD FERLE B DL
otz (M2A). Fi:, MSEERIBALED,
- A B & T0.41 (0.17-0.41) g/mm*»* 50.34
(0.17-041) g/mm*TH V HFR L Z{tL 2RO
otz (M2B). FERIZ, ARSI
- AHi 42 <0.17 ( 0.17-0.38)) g/mm’%* 50.17
(0.04-041) g/mm’*TH V FRELEERD
olz (M2C). MAHIHRTIHOMIZEW
THEREZRO Uo7 (F1).

2. S2PD (HB3)
Figure3. S2PD ©Z 1t

A B [+
b S 1 E - MBSO HE MR R
25 25 4 25
1 _e
£ "£|:' £ lT] £ |
r=1 [=]
%
§1.5 { ﬁl.s | W15
14 14
05 + T 05 + . 0s + -
TAM AW AW TAE TTAM A

E3. S2PD 0Zft. 2> to—vE (A) 5L UMBERIBADE B) &, BELELERDLH o>
7o, —h, MEBIGEEE, MTANBRTEELRELRS (C). &H, NARWTIHMIEE
EERHT, NABRTRMEHFIVRELBRICEMER L7 (p<0.01).

*p<0.01 versus AR, S2PD:Static2-points discrimination.

avbho—EE (K3A) & CAFEHIBA
(X 3 B) 134 AR TZ 2 1.9(1.8-1.9)
mm » 51.9 (1.6-1.9) mm, 1.9 (1.6-1.9) mm
2519 (1.6-1.9) mm CHERELZZL 2RO It
oz, —7, MEEBIEIEE, AR T
el (P4 L #ipH) £31.6 ( 1.6-1.6) mm %>
51.3 (1.1-1.3) mm AR L UEY RO (P
< 0.01, ®3C). %k, I AL TR
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R1. SRR L KBEM O LR
o RFis . %H Ryis5
Frnd e Tt Fo: Hob
IR 0.17 0.17
/ (0.17-0.29) (0.12-0.17)
y ‘ 0.41 0.34
SW-test Rzl iSO 7k (0.17-0.41) N.S (0.17-0.41) N.S
0.17 0.17
—
SERAIIGEE 0 17 0.38) (0.04-0.41)
o 19 19
’ (1.8.1.9) (1.6-1.9)
S2PD b IIRON H E 19 N.S 1.9 P<0.01
’ (1.6-1.9) ' (1.6-1.9) =
16 13 '
—
RESEIREIRI R (1.6-1.6) (1.1-1.3) T
‘ 13 1.0
Y RE=AE ) (0.9-1.3)
M2PD  RSEEMOASEE NS 1.0 NS
(1.0-1.6) ’ (1.0-1.3) '
16 1.0
AR
MSERAINGRE 31 6 (0.8-1.0)

SEAHG - BROMEIE, FIfifi (PUAALHEIPH) %33, **p < 0.01 versus 2>~ u— Vi, t1p < 0.01 versus fift BRI
ADHE. SW-test ; Semmes Weinstein monofilament test, S2PD ; Static 2-points discrimination, M2PD ; Moving

2-points discrimination, N.S : Not significance.

BAEDIa > b o — Vi, ATERITEON DR & PR
LCARBIZEMZR LT (P<0.01, #£1).

3. M2PD (K4)
Figured. 2m#3l0Z1t (BHR92:a5550)

A B c
Jz o= MENEA Lt b L
-
5 5 5
- = = e
g 2% £
o o o
§:.s §|s i §1.s {
14 1 1]
g | ==
o 0s 4 —— e 0s 4 .
TTAR AR TtAR TrAdk AR ELEE ]

B4. M2PD ©Zft. ¥ bA—VEHIBERERLEBO L 272 (A). —H, M2PD T, MEREHADE
HERGHREERDT: (B). MEHBIFREESL, S2PD LRRKICHRAREERH (C). &H, NARHETI
B3 BEREEROLH o1

**p<0.01 versus SART. M2PD:Moving 2-points discrimination.S2PD:Static2-points discrimination.

a v bu—VEIIZA AR TL.3 (1.0-1.3)
mm 2> 51.0 (0.9-1.3) mm TH»H ) HEE % ZE1b
TROUroT (K4A). —F, MR
HEEX, AR THIE (PURLHEiEH) 23,
1.3 (1.0-1.6) mm 2*» 51.0 (1.0-1.3) mm IZ FH
BolELTEDT: (K4B). s i3I

b 72, MR TL6 (1.3-1.6) mm 2251.0 (
0.8-1.0)) mm ITHEXUHE LRz (K4 C).
L2L, MAFIRT3IHHICIARZZROL
otz (F1).

NV, 8

AW ORER, ARTEFANBAE L, AR &
Ll LA Ak TR S2PD, M2PD 0 %
OB RE S L L7, Lo L, filfEREd
EITIZZECZRD L d o Tz, MREHEEE Fu s
7 L3, 5w - MREHE € LB R OB TR
TZLRMBOBAEZRST Z LTS LRV,
1E L < BEBE L T o w— KRR B (Primary
somatosensory cortex ; YA F, S1) = a2—nu
VI EADL, EnTiETELEZL
nTWwW3 (Merzenich, 1993). F 7z, Mo w¥
HEfRL, ORI ERINZITRSE, 5
RUTEHBO =2 —o Y3y, Xics
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LREBBNELSLDZEITEST, X0l
Eomuwiki ZaffelzTx 3 L S (Jenkins,
1990), ZEf]fFRex M 5 Z L 2SAIRETH 2
LEzonTws (i, 2019). MEHFEE
7a 77 AOERPEIR & LT, Imai 5 (Imai,
1991) 12k 2L, FHH Vv OIEFHRENTZ
2 X 2 BENREE CHREEE Tu 7 8%
1757222412, MEBHE 2T Lo 12 8H
& HHR U CHRBORRE o 3, M2PD, S2PD
BRUESROLNT:ZLEZRLTVS, —
75, HREREEE O R FaEeE oM RE
MREY U 7oy <, FRERSEE L IR B
WCHRBIBERE - LLik 3 5 &, IEIRE X ) LR
REEZEOHBREFTH Y, & LITHEREED
HCHBHEDL L HFMHETITo TV, K
FMF T o TORWHEL D HRIFTH 2 LR
S T W3 (Goldreich, 2003; Wong, 2011).
D%, HEH»OFOMAEIKREZ H v TA
HLTWD Z & ERDFERE T S ® 2 WReM: &
RBELTWEOTIR TV EEZLNS, Th
TEMNT D X DT, BREHOWBRD S10
F= DORERAL B0 P % 1 S AL I 5 (Magnetic
Resonance Image ; MRI) 12 & D #Et L 7oy
2k 3L, HBRIZEEE XD b F MK
BHHHMAIREWZ LRI NTE Y (Elbert,
1995), FOMiITHKAFE U CTHAREBAL P 1%
T BLEZLNS. ThbkD, GEHOX
IIZFERH O ATIE, B MO WEENZAL
EEZON, BUSTIAD=ALTHDLEEZ
b d b O OMBETBIFNFD X 5 LM AZITD
ZEiE, 2500 &) wEEREE m O, £
NEMOKRSTZ LT, X OTEHEEEET SO 57
BMErD 20T TV EEZ L. —F, 5H,
MR, 2RO Uh o7z, T,
R BIMHZ AR OB ENM Z 5 S T2
IZRELR/NORHREERLTE ), ZEHD
B & ARERRME ORISR T T w2 D & D
DERMLTCWa o tFEZLNATWS (FH
, 2019). fRSEERBIGNBE D X 5 &, MEHAE

7u 7T M3, e RERHE € LB R DR
LT L, MROBALTRT I LBTEL
W Z L b ARG R b ARk Il O B LR
BRI EL LoD EEZ LD,
T, A, BRMWIZECV$ERT 22
& 7 K RBEI TR & N 2 72 Ml RSO D B
T, M2PD O %O —# T3 H % 250 Al & L
BLTNHMARICERZAEELRD T, RIYT
R DR D RS N2 L, Z DORIPLIBAL A
BH & iz SIORERAL BRI, JIEKT 2
EWVW I EIR i S T w3 (Jenkins, 1990;
Merzenich, 1984). & 612, RI§DZEE HHE
T BIRREMERIZ 2 ~ 3 KERHIIK S 2 &£ S1D
AL B 2SR L, Bk BE o 1 k%
RDBZ Lo anTxH (Dinse, 2003),
3% M At (Coactivation) & LTYUANE Y F
—Ya VIR ENTETWS (Smith, 2009;
Sullivan, 2007; Wu, 2006). & - T, 4EH® X
> LRI D b DIMTERIUA T D HTH - T HEK
BIMRE 2 UG5S 2 AIREMEDI D 2 b D O, FH
[ 231070 [ & W D KIRF [ CRAE 22 & ORI AR
THTHoTzZ EH B D, S2PD IZIBELE R
OIFWENTH o7z, 5%, 7uta—veH
MES L 2Nz 2 B3 H 2 LHEZ B,
AR ORFIE, FIMREIIHT 2ERED
WEERFETETOW TV ENFE T LN D,
Himaildinen & (Hamalainen, 2000) 12 & 3%
&, S1k & OF = R AR M & 4% ¥ (Secondary
somatosensory cortex) 1%, #¢5r#E OEFOIR
BT X o THERMALOZRLIETC D 2 L ZRLT
W3, ShloFEERREIE, ShTEaBEEok
WD TERBECHEME L 7228, WP LITS
WERBL & LIS 2 L L OMET 2 2 2 LS
H3. 2207, MEHEEOFMMEEE 25, SW-
test, S2PD, M2PD & 5 By 2 il Sk 2L 12
MEoleZtThs. MR, ALOFOHS
IZEoTHEL, ZO7 4 — KNy 7 %R TH
BTG LTV D, 2070, X DEEEIY
T R LT E B X CFORRE & )3



LMEEMZ 1M BETH S, 30HIT,
AR TIEEHONEERID L IE LD & D
Hole:Z EDFETbh, 5, NEEREHE
L, B o LRIBRHOMN BB LEEZ 5.
wRIZ, SR 7RI DO A AREH
OWET D METH 5, AL (Coactivation)
FRHRMIZAHWS Z EBTEE, NRESE
B C 7 D8P LD 325 2 81, il
Waez M ECTE 2 REMEDD D, ERIR A I KHE
R TLEIMEBEE Tu s I L eH55IT
AGE L & O BRPRIE L3 < & 2 IR0 E 2
Lbnd,

V., £L8

fEHHE 2 NG, RIEMREIREG R O MEHE
B a7 L THO LRI % 1T
W, R IC RIE IR R RET L7, £ O
R, il BEFREIRE 1, S ABT & eI ATRIT,
S2PD, M2PD 0¥ %R, M oiknIikae
b7z, £, BRITHTE 2R C 2l
BRI D EET H M2PD 0 i3 % RO REM
T3 D 2 3 OFIEERE % 1) 13 2 W REE 2
RBE T, ThL XY, EKiEd o ot
AR D X 5 BRI O AT L, AFESRE %
£33 ZERBRE NI,

EAL
KRG D—HRIZ, FH 2 AERE HARBERR
MBI DB K % 15 THT - T2

MR
RWFFET, PR SREIAH L T,
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yGETY
AFVEBEYY Y D OH Mtk o XLy
Photochemistry of
OH Adducts of Methyl-Substituted Pyridines
(=
Takashi SUMIYOSHI
HARERRY: PREERRET SRR

Department of Radiological Technology, Faculty of Health Sciences, Japan Health Care College
E:3-

kB & CBRMOKIERFICBWT, OH 992 v e 3D X FVEBRY ) ¥ v O MG TEK L 7265
R DAL G Z SNV A S OF N VA - V—F =7 F v ¥ a7 % M)V AEZHOTHEL .
Y ¥ ry—OH IR DWIREHT X O R 7 7 ) —F B S L, oI P HKERT T
0.38—0.43TdHh H, BHEHEEFhD 7o r L) ¥ v—O0H IR D HE130.27—0.56 TH o 2. Zih
LDWET Y —FI, OH I VB NVIT & BEHRF VDO OKES S S MISIZIRE S i,

Abstract

Photochemical reactions of transient species produced by the reaction of OH radicals with three
methylated pyridines in neutral and acidic aqueous solutions have been studied using the combined
pulse radiolysis-laser flash photolysis technique. Upon photolysis, irreversible photobleaching has been
observed with quantum yields 0.38-0.43 in neutral solutions, and 0.27-0.56 for protonated pyridines
in acidic solutions. These photobleachings have been ascribed to the hydrogen abstraction from the
substituted methyl groups by OH radicals.

F—-0U— F EEMLHEONLT:, OH IV, XFVEHE) DY
Photochemistry of short-lived transients, OH radicals, Methyl-substituted pyridines
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1. #8

BEHRBERLF FERILEMOC ) VX
D VIIBRETTRAEMETH Y, BUNHRE
FIF U 7R iRt AL ¥ (advanced oxidation
12k 20 DOWRIED
NTWa, LrLLds, DRI EHRIC
25 121%, TiOMe fil ﬁ% (Maillard-Dupuy et
al., 1994) % TiO,7 /7 fi¥ (Chu et al., 2018)
DBFEVPBETHDLZEIRENTVS, ¥
VYOVERXRFNVEBECYI VDY, BXUOFZERL
o7 b AMLENT ) V=T A FF VIR
250-270 nm QEIBITWPH R ZH LT
23, Z# b D OH i Ik d 354 13312-370 nm
& XD B DES TR EINBITRINN Y FEH
3% (Solar et al., 1993). L7:25- T, KR
R LR OMERIZE D, Mt EE v
iDﬁU—/Twﬁﬂaﬁﬁﬂﬁfn%xﬁ%
CASER-S

WA, OH 7 Vb v Ry ¥ VBERD KIG

THEET e FuxyyzunxHdz=ry
THNOIACEDOME»ToRTWSE ((EE
2017; 2018; 2019; 2020). Z N5 DOWFZETIE
BIHGHEOBREDAEE T 2HAIHTY
—FBEZY, ENIEIDF AT IINR
7= XY NI I NOEKIBIE L TW»
5. BTREMEDO I NVRE NIRRT T I H%
B3 2BEMAR L OYEE, BIETIZNETY
—F B E N o T2 B8, BE TIIRERIC
X % azirin ZREHIT 2 RIGITL 2 7Y —F 235k
23T EAURENT. THLOMSETIE, Eil
R Y ¥ YO OH Ik @ oAb 2% i 13 i gk
OFEF, BB L OMEOEELYZI 2 2 &2
LITENTWS, AR TR, #HFREATE
LAY D X F Vi e ) ¥ v o OH A gk
DIALEEF BT - Vv —F —FRZEHRH % H
W72 Rz X DR Tz,

processes: AOPs)

I, HBRGE
3D A FNVERR YY) ¥, 2,6-dimethylpyridine

(2,6-DMP), 3,5-dimethylpyridine (3,5-DMP),
2,4,6-trimethlypyridine (2,4,6-TMP) % w7z, &
BHZ1 mmol dm?® Z=EIZEEKITE»LT2D
DxEMELGELLV (1 X1 X4em) 1T
WEERNIZN,O PR Zfflls w08, 77
ayB7Y) —ZAVANNVTTEE LT, pHD
PEILRERR YAV, B - V- —&F
RE BRI EEE S A 7 b DFAIZ O W TITBER

(fE#, 2017) (ZECib L7z, BURHRIE L LT,
ACHE K22 T2 e Rl 045 MeV SN Y R
FEIER SV AR @ 10-50 ns, ZZEEH),
Yty & L € Nd:YAG v — ¥ — (Quanta-
Ray, DCR-11) o 3 f5&ifd# (355 nm, 7¢)v A
& : 6 ns) THWT:.

N,O fi 1 H K ¥ ([N,O] = 26 mmol
dm®) oW, (1) RO RSz & b KFH

BTV OH 7Y VIZE#E, OH 7Y h v
D G fif 250.58 pmol J'& 7 2. WM KR

(pH = 4) TIX/KME Eic7o b v ER
J& L, OH 7 ¥ 4 vd GAE130.29 umol J' & % 5.,

€, +N,O+H,O0—N,+OH +OH (1)
I, HREER

2,6-DMP, 3,5-DMP # X 0°2,4,6-TMP @ OH
IR D pKa 1X, Z#Z05.7, 6.8, 6.6&
BENTWS (Solar et al,, 1993). & TF-HpHEH
12 & DB E A7z OH Ik o H I A R 2
Fov (K1 132,4,6-TMP O FER) o fi kK £
1%, PR T E 0330, 320, 335
nm, BBYEKIEWEF TIE, 360, 355, 370 nm
Thotz., Tb QPR PERIIBEERD 2 F
NVEHE Y)Yy, BXUTENLD SO b LS
N ) V=2 5HFF D OH fFhnk (Solar
et al., 1993; Grover et al., 2003) ® b D & 53K
LTW3, X2 &3 isHHARER & kK
I 51 22,4,6-TMP OB — L —F—
BRI ORGER 2R3, G DI K355 nm
2B 2 TIN5 D TN S W HE KR H O



3,5-DMP 0554 b &, Wik X CHRMEKE
Wiz W T2,6-DMP, 3,5-DMP 1 X f2,4,6-
TMP ® OH IR D JEHIie 17 & o TR R
7N —F B E nTz.

S T 3 PIUBRI RN B 1 250 F W)
FHBRBEHCTHT Y —F o RTFIEZHH
LERLICE LD, BUKBRTIZET 27
o hvibENTAF VB Y OV TIZO =
0.27-0.56, HMHEAEKFPOIETa v {LxF
NVBHREY) Oy TiE®=0.38-043%, W
D4 b OH KR @ e b2 S O %) 2 H3 15
WZEZRLTWD,

OH IV HNDEY VY ~DIIALEIZEE L
TiE, BFACVHIGEEH W% (Steenken
and O’Neill, 1978) XNV A F TV F VY ¥ A
&AW AT T X 5 B %8 (Selvarajan and
Raghavan, 1980) 12 X D, #980% 3 X & fif T
FZDZEIPRENTVD, ZRITHLT,
SERFETIIHT 2 OH 7 90 VORI
XA S LTV Rv, b OFER

0.15 T T T T T
01 -
o
@)
<]
0.05 —
0 I I I I I
300 400 500
A/nm

1 N,Of M 1mM 24,6-TMP KARD/XIVZ S
TPHFY PRI L DBE S NIBERNED R R
7 kv,
(O) MEKARP TEFHRES 1 ps .
Dose =71 Gy/pulse.
(@) BMAEF (pH=4) TEFHIRE 5ps4.
Dose = 109 Gy/pulse.
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0.12 I I I I

electron pulse

|
\ "

laser pulse

0.06

AOD

t/us

X2 N,O## 1 mM 2,46-TMP 4K BRDEF
BRE, L—VY-—b5LU0BEFHR+L——FX
BHICET2RNAEORMEL. BAKER :
340 nm.

( ) BFARIRE, ( ) L—Y—RE,
(—) EF g+ L —¥—ma.

0.08 , , ,

electron pulse

004 \\ -

laser pulse

t/us

AO.D.

3 N0 1mM 246-TMP BBMEKABRDEF
BRY, L—V—-—B5LU0BFHR+L—T—FX
B IcHT2RNEORHEL. BARE :
370 nm.
( ) BFHRIBS, ( ) L —Y—R4,
(—) BEFH{+ L —V—1RE.
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R1 BMUESLUPHKARPICEITEXFIVEMREY Y —OH MNEDOKXT Y —FDEFINE
@ bleach
Substrate pH=4 pH=7
2,6-dimethylpyridine 0.49£0.03 0.43+0.03
3,5-dimethylpyridine 0.56+0.03 —
2,4,6-trimethypyridine 0.27+0.02 0.38+0.02

25, 7o b L UOIETT b ALX FOVE
) iz LT, OH I Vb VidEHfdk
Rle L OBRRBERWIHTME T 2L HEZ L
N3, Lizdo7T, 2,6-DMP B X 072,4,6-TMP
DHEHIFEITAZMNDRFE~, 3,5-DMP 0
BlE AV MMLB & TR TR RFEATINS 20
MRV D LEEZ LD, £ 1 ORI,
70 b LR EBEOPLALE D, T ) —F
DEFINRIIZNZIERS LEELTHLTVY
WZEERLTEBD, FHiES 2 bERUEDS
FTsA47THEZLEHMIRBLTVDS,
Y VA A MR T vy v (IP) B8
VWO TETMGHOEREZH T oY
OFPhE B S iz b F A4 AR (EF,
2016) IFHIfFCTELW. ZHOZ EIE, mON
7Y —F ORTFINEIKEW35-DMP (IP =
9.25) 2%, 2,6-DMP (IP = 8.86) %2,4,6-TMP (IP
< 8.9) T x_EWIP (Haynes, 2016) #H L
TV I E»LLREND,

Zhao 5 1%, ¥V ¥ ¥ ® OH ko Yl
TRIDIBZRIEDz 2 e —21{t (AH)
%, A AV —FHOTHEHLTWS
(Zhao et al, 2007), BREFITEML 7 X F v
oo DKFELSKE IR, AH = -59.3—
-39.3 kJ mol"OFBKIETH B, Do L Lk
MOEREADLYETEZLE, ZOMGHER
Jo EAERMT 2 2 LT E B,

SE 3k
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Photochemistry of Pyridine-Cl Complex

i #
Takashi SUMIYOSHI

HARBERERY: REEEFRET DR BERR
Department of Radiological Technology, Faculty of Health Sciences, Japan Health Care College

=g

Y OVEESCUEREBLOL2- V7 un s X VOBFRBHRIZX VAR T 2BR YY) Vv —Cl
AV FVy I ADMLER G, NVATIFTV VR -V—F—T7Fv¥a7x ) YAEZHOTH
RLI:. VDY -Clavy7vyZ ZORAWHNLNE TV —F BB S n, 08T IE IR
Fd0.03+0.01, 1,2- Y7ok yHTid040+£003ThHho7:. THALOEFNEIFLY D ViEE
ITRAFR S, WRIEERITIRTE LTz, TRODFRERERI D I 2 RIGDZ v E v e—2{bicHEos, K7
Y — F U LR B TIETKES SHE S G, 1,2- V7 uu X vEB &k NEARES TS T H
KEBISHEESFICICERT 2 EF 2605,

Abstract

Photochemical reactions of transient pyridine-Cl complexes produced after pulsed electron irradiation
of pyridine in carbon tetrachloride and 1,2-dichloroethane have been studied using the combined pulse
radiolysis-laser flash photolysis technique. Irreversible photobleaching has been observed in carbon
tetrachloride and 1,2-dichloroethan with quantum yields 0.03+0.01 and 0.40+0.03, respectively. These
quantum yields do not depend on the pyridine concentration, but on the solvent composition. Based on
these results and enthalpy changes of possible reactions, it can be inferred that the photobleaching is due
to intramolecular hydrogen abstraction in carbon tetrachloride and intermolecular hydrogen abstraction
in 1,2-dichloroethane and mixed solvents.

F—0— R EHFEEON L, ClIvy, EIvrv

Photochemistry of short-lived transients, Cl radicals, Pyridine
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23- I AFNT XY ORBEHEIE TR
£~ (Russell, 1957) R ¥ Y ¥~ (Breslow et
al, 1987) OFHETTIT I &, 7 ) —DOHFR
T OGEITHRT3KFE L 1 kFE05 &K
EOBPNED L PHF IR E X5 Z L3HS
nTws, ZOEREOEMERY LYY
YV ERBEFHEICAERLZHVWEEEE T 2
AVTVY I ADRIGITE 2D TH D Z L3
MohTwg, Iy -Clavy Ly 2 Ao
fAICBEH L T4 oRFALFERIR L V- —
79v3¥a7% bY A (Breslow et al., 1987;
Zhao et al., 2007), {KiE< ) v 7 2R EH W1z
7 A ¥ v 3tIE (Abu-Ragabah and Symons,
1990) B X FHRAWINA R 7 b v (Das, P, et
al., 2013) 7t L OFEBRFE LA DR TR
PMTbNTET., ZnbOREN LI, HHEH
FIE N JEFITERNIImT 2 2 L, N-Cl
A 2 0 3EFHIE (2¢-3¢e) THLZ L
LI T 5TV D,

R T L HEG B AT O RIGT
BT B3 TV y 7 ADMACFE G DR
T TE Y (Sumiyoshi et al., 1993; 2006a;
2006b; Wu et al., 1997), ez > v v 7 &
DTN E 7230 FRKES SIS RIS TR Z
FTIEIRINTVDS, LrLLuds, EFE%
GUBEMD Clay 7y y 7 2DHALEIG
BT MR IZIT b TVZ W, KK T,
Y)Yy -Clavy7vy 7 ZADHERED RS
TR - VP —BRESERN T W20t
HIT& DT,

0. AREGE

Y vy (FADGHIEE, Fik) ZhulfifbRss &
1,2-Y7wou=x %> (1,2-DCE) BX &b
DRBMWITIEL LTz b D mfEA R v (1
X 1X4cem) ITAR, BEEIIZTIVITVD
A fIfisE/iz0b, 770 v 7) -2V
ANNVTTER LI, BFH- Vv —F—&X

L HIRH I~ 2 7 2 OFM I W TIZBER

(Sumiyoshi et al., 1993) ZFCak L7z, BURHR
P& LT, i RFE TR D45 MeV S
Ny FEFHIEIES (S ZE 1 10-50 ns,
=ZZEWH), oM L LT, Nd:YAG v—¥
— (Quanta-Ray, DCR-11) @ 3 =iz (355
nm, S)VANE:6ns) ZHW7., UG RS
DEFMBHIZB T 2R F O G fH1%0.17
pumol J' (Sumiyoshi et al., 1993) TH 3.

I, BREER

Y Yy eNEbRFERTETFRIBN T 2
EB 11579 & 912330 nm ik 2oy
Vv -Clav vy 7 ZADNWINART ks
B = 3 (Breslow et al., 1987). 2.5x10*
M) yregffbRE (M2a) BLU
1,2-DCE (¥ 2c) ZEFH- v —F—FRXK
FLGEoe )Yy Clavy vy 7 2AD¥
WA DWRFRZAL D b v —F =V AT 7Y
—FBETWVWDLZ EDDbLS, KTV —F0D
®mPNEFNEARBERTIIE) U VIRES2
x10°—2.5x10* M O #ipd 0.03+0.01, —4,
1,2-DCE 1 T 134.3x10%—4.3x10* M @ %3 H
T0.40+0.03 & —HfDFE DA B LTz,

03 | | | | |
02 |- -
a
(@]
2 » .
01 | .
0 I I I | I
300 400 500
A/nm

X1 73 >8F2.5%X10° M pyridine in CCl, @
BT/ ZIREF0.6 ps BICEE S N7BER
INEDRRZ FJv, RIVERE © 96 Gy/pulse..



2b 1Z17.5 vol% ®»1,2-DCE % & £ Uikl
REPIZBT L2V Yy -Clarvy vy 7 AD
HTIN D EFHIZALTH D, & B
THM s hfiodTch o7, KTV —FD
®FIE O EA SRR EE 2 3 1TRd. 1,2-
DCE QE|E»EMT 2 iIzon TERTFINED IZ
R L TR L .

INLORERIL, VY Clavy vy
JADNT Y —F ZiFild UG EHELE LT,
BTNRICEEOEVS K S CHEE LTV Z
EDPL TR ERIGTH 3 LRBE

0.2

0.04 |-
O: —
Q o002k
= v\ laser pulse .
0 ” m electron pulse ]
l l l l
0.04 I | | |

0.02

t/us

X2 73 >&f25%10° M pyridine in CCl,(a),
17.5% 1,2-DCE(b), and 1,2-DCE(c) D EFH#RER
NELUVEFR+ LV —FRRBRIFICE T IR
FHEORFZL., AR 330 nm.

( ) BFHRRH, (—) BFH+L—
*— RS,
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3. $h. BHBHEHIZBOTEY D VIBEED
AT L CTREELR AL N Lo 72 2 L &
D, Yoy -Clavy vy 7Rty
YORFRIOSD RS LW Z LT 2T
Hs., &6, BHEHD1,2-DCE O #E D il
IMZEVE T Y —F o FINE B INT 2 2
L&D, By ory-Clary vy 2z 2ok
7Y —F 3 (1) ORIEWREFITL 21,2
DCE 25 O3 Fli/K#EGI SIK S RISGIT X 5 &
fhim s b,
CH:N + Cl C.H,N-CI
hv

———— CHN+HCI (1)
1,2-DCE

ORI Y Oy Clay vy 7 A
DTV —=FOERFIGTH 2 T L1, FEOEE
T2 V¥ — (Haynes, 2016) (235 %, #2D
5 30 FHB X O FHRIGDBALFE: D E L
WEORX (1) osasRESIE (AH = -38 kJ
mol') TH2 I EnLHLIFEINE, L
RETavy vy 7 20D TRIKES SHE K
&%, CS,—Cla v 7 v v 7 A (Sumiyoshi et

0.5 I ! ! I

®(bleach)

oT I | | I

0 20 40 60 80 100
Vol% of 1,2-DCE
3 CCl/1,2-DCERRHFICEIFBEU Y -ClO
PTLy I RDKT Y —FOEFIRNEDREME
B&kEM.  [pyridinel= 2.5X 107 M.
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al., 2006a) DHLAITHBHIS AL TVWS,

PG LR B CEl S T ) —F i, o
FKRBGI SR ERIGEHM S D, Zo%E
WD I BRIGD T Y R v —ZiivwT i
HIETWHARIETH L Z EEZRLTWVD R,
Z Vv L DKFEL S E DAHH6 kJ mol' &
oS (X &4 32.6 kJmol!, /5 i :
26.6 kJ mol") (Zhao et al., 2007) Z & &,
FRFEF2IML T 2 EREFOREOERRFEIT
fEALIKkFETHLZ D, N (2) 250U
fLRFEHITB T 2 RFELNFEIEEFEZ LN
5, TFPKBESISKERISIE, Y AF VANV
74%YF-Clav7vyZ X (Sumiyoshi et
al., 2006b) B & X F ViEHixv ¥ ¥ —Cl 2
¥ 7Urvy 27 Z (Wu et al, 1997) OYIRHIZ X
STHRI DI LENHEEINLTVD,

C5H5N + Cl C5H5N_Cl
hv
CHN + HCI (2)
CCl, (2-Pyridinyl radical)
SE Xk
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HEERAFIILERRTRRIE

CFR264E10H 1 HlE)

(H #)

Bl ZoHBIE, HREBRRKELNE (T [#E] tvwd ) RT3 28I128), HRE
BRY (T TR%] Lvwd ) OoHEOM L EREEFRE OMEOIEMEE M 2 7: DITHE L
HHYEDDLZLEHNET S .

(RREEHE)

B2k REGNCORHEFZFEIRFZHATHD L.

2 FIHEHMAOFRAELEE IZOVTE, REREFRFAMREEZER S (UT [ZB&] Lvw) )
23 2 DHEHNZDOWT Z DIGIRDO W E Z HW 3 2 .
€57 10k9)

B35 FEML, RoZTOHEMEIESSHEHT S .

(1) FFERLE L, B, B#EE, UNLY) F—va v, DEBUHRER O ZOBHES Iz B
AR AL & e - AT — 2R MER T L2t s Twa LR LR
24 0. B FBUE) | iR, MEME0H 2 b o, Fis (B |, Hik, f5R, E%, 5
MRS N TR NEZ LT . ZEE, HERERZFA TR ER L v . &I
IZBWTREY) TR B ETDH 5 .

(2) MeFLIZ, MFoEICBI L, EERRSC, PFYE, AERE , OIS S 2R L2 o .

(3) MR & 1%, T L R OB _LME D 2 SRR T, [REFwS) BE L o TlEL
WS, FROBEIKRE L, TARTTHRLIRERT IREWMINET, SETTOREILHT
532LBOLENDLHD.

(4) JEFIF CEFERE I, MLELTE LD IR T LTF— 2R TIE LWV, FEhk,
EERIIZE S 2 WIIEB LORE Titskic Lt Lo 3o H 2 d D .

(6) BERLE X, HFE, BRI, IRHE T LooBITEY L vy, YEsFIcHLARSNE
MZHE, IRE, #E CHERWRESLCEHBFES Mo 20" RE b 7256 L, BEMESD 2
D .

6) HHEIF1~2. R=IBEDHOERERTHEINZ DT, FILOFERLWMRE L Z X
DHRELIFERLLVWE SITEFEA TR I N DD .

(At J O ERE%)

A4S BRI REREIERER TS . ZOMETE 2 CTRERZRERO R L OHIFETO
RSO ERET 5 .

2 REMOBEZRFZIZOVWTRENL LT 3.

3 ZFofhEHIIRD Z LT, BREKSRET S .

(FMFH)

BE55 BEFPHRIIOVWTEHEBESDIZED S .

E&%&

A,
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CRREEBLGH)

Bogk FEMOEAL LI, HREBRRFAHEZE (MUT [BEZHE] tvwd ) idorion
XL 57w,

2 PEBGHEIERAXGHICED S .

(FRfe - F&17 - BB

BT7% WERUETIBELTEROELE) LT3,

(1) AEE, FHIE UCE L EEEERICHRITS 5 .

(2) HEMOUIDIZBFEIHIHLE TS . 22 , KHO L S3XFHEDOFHET 5.

B) RIEEF2MEFTLEL, FEEIEMELH-TTD .

@) FITHEZ, AEERELT .

(6) FTWREFEIAL T2 . 2l 3plic, ARSI NI, J5ER 12D 2088 £ TlIASE
DERAEAHT S 2 LoMMERET L SIE, FHEOAMLT S .

2 FCEIZENAETZZEZEAIETS.

3 MEEBIIBRERNIIIHYT 2  MEREE IYUBFEOREMRL TS .

4 Zofh, e, BTROCAMIRDLE Z L1k, BAKXPIIET S .

GEEME)

8% AEITHEES NI FEROFEM L, RFEICHES 2 . ik % Lz 2 0 IE—H % [ H
T2HAITE, REZORRBEBEL TS . 2L, FEHEAZIHCOEBOEE X IT—EIzo
WC, HIUIAETH 2 Z L2 HRT 5 2 L 25, BRAORREHLZ LT3 2
LRTES.

(FEBFHE)
FI%K FEORMILKOREIZE T 2551, REFHRIMTD .
(& Be)

B10%  ZOHBEOBER, FRPIERKJHRERDTT S .

(Il

ZOFMEIL, FR264E10H 1 H2 6173 5 .
B Rl

ORI, P21 4 H 1 HA LT3 5 .
By H

Z ORI, SPER2TAEION 1 H2 b ifT 3 5 .
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X)) EWELT 5. g, u—~<F, BOUREEZEM L L, FERRIAE AT 2.
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