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Abstract: <--- 2

In this study, the amount of domestic water use was
quantified by estimating the usage rates of various
water-related appliances. Tokyo Metropolis was select-
ed as a case study because it was relatively easy to
obtain detailed data from Tokyo Waterworks Bureau. In
the analysis, the calculations for domestic water use re-
produced actual usage figures from 1998 to 2006. From
the maximum domestic water use per capita in 1997 the
projected reduction was estimated to be 9% by 2025 and
10% by 2050. In addition, our results indicate that water
use for both bath and toilet is expected to remain high
in the future. We performed a simulation assuming that
a 6 L-type toilet is installed by all consumers, with the
results suggesting that domestic water use per capita
per day could reduce to around 200 L. It was therefore
concluded that the replacement of a conventional toilet
with a water-saving-type toilet is one of the most effec-
tive solutions for reducing domestic water use.

KEYWORDS domestic water use; projection; Tokyo;
water related appliances; water saving

HROER,

The amount of water supply per capita in Japan in-
creased with economic growth until reaching a plateau
in the 1990s, and has since decreased over the last 4-5
years (Ministry of Land, Infrastructure, Transport and
Tourism, 2008). The amount of domestic water use per
capita in Tokyo also shows a gradual decrease over the
last 67 years, as shown in Figure 1 (Tokyo Waterworks
Bureau, 1980-2008). One reason for this trend is that
newer appliances with advanced water saving technol-
ogy, such as dishwashers and water-saving washing
machines, have been developed and supplied to the
market in which the usage rates of basic water-related
appliances, such as flushing toilets and private baths,
have approached a degree of saturation.

The domestic water use per capita is known to be
influenced by various factors, such as water charges,
household income, household size, climate, precipitation,
consciousness about water saving and so on (Aramaki
et al., 2004; Yamada et al., 2004; Murase et al., 2005). For
example, the pattern of domestic water use has been
analyzed according to household size (Yamada et al.,

Correspondence to: Naoko Nakagawa, Department of Civil and
Environmental Engineering, Tokyo Metropolitan University,
1-1, Minamiosawa, Hachioji city, Tokyo, 192-0397, Japan.
E-mail: nakanaok@tmu.ac.jp. ©2009, Japan Society of Hydro-
logy and Water Resources.
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Figure 1. Changes in domestic water use per capita in

Tokyo.
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2004). The relationship between water charge and
domestic water use has also been analyzed (Murase
et al., 2005). However, the models in previous papers
have not considered the decreasing trend of domestic
water use per capita. It is most likely that the use of
advanced water-saving appliances has greatly influ-
enced the downward trend of domestic water use per
capita in recent years because the use reduction
achieved by these appliances is significant. This trend
was also seen in a study of water use in California
(CALFED Bay-Delta Program, 2006).

The present study undertook a projection of domes-
tic water use in Tokyo, incorporating simulated usage
of a range of water-related appliances including ad-
vanced water-saving appliances. In other words, the
decreasing trend of domestic water use per capita in
recent years was expressed by modeling the introduc-
tion of advanced water-saving appliances. The amount
of domestic water use per capita was calculated accord-
ing to the proposed model from 1998 to 2006 and
compared with Tokyo’s actual data (Figure 1) for that
time period setting the parameter at the base year of
1997. The parameters were then used to project water
use until 2050.

Received 17 March 2009
Accepted 11 June 2009
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INFLUENCE OF WATER-RELATED APPLIANCES ON PROJECTED DOMESTIC WATER USE IN TOKYO

MATERIALS and METHOD
¥... METHODOLOGY<%-- J5i&

Estimation of future domestic water use in Tokyo

The domestic water use per capita in Tokyo reached
a plateau in 1997, at 248 L/cap/day (Tokyo Water-
works Bureau, 1980-2008). Its subsequent reduction
was assumed to result from new water-saving appli-
ances being used in households. Based on this assump-
tion, the amount of water use per capita was calculated
for each purpose, classified into kitchen (cooking and
dish washing), laundry, toilet, bathing and ‘face wash
and others’ usage. Then, the projected future domestic
water use per capita was estimated as the total amount
of water consumed for each purpose as shown in Eq. (1).

Domestic water use (L/cap/day)

= Db x (1 —a) + (1 - b)) x Q] (1)
i=1

where, 7 is the purpose of water use in household, a; is
the saving rate of each water-saving appliance, b; is the
usage rate of each water-saving appliance, @; is virtual
maximum water use for each water use category assum-
ing the water-saving appliances are not used.

The values for a; are shown in Table I. The saving
rate a; of dishwasher, 24 hours bath, water-saving-type
shower, and water-saving tap plug indicate the reduced
amount of water for each purpose after introducing
these water-related appliances. The saving rate a; of full
automatic washing machine and drum-type washing
machine indicate the difference compared to the con-
ventional water tank type washing machine. The saving
rate a; of 10 L-type toilet, 8 L-type toilet, and 6 L-type
toilet indicate the difference compared to the conven-
tional 13 L-type toilet. The amount of water use is in-
creased by introducing bidet with a fountain of warm
water. Therefore, the domestic water use per capita is
assumed to increase 1 L/day when the bidet with a
fountain of warm water is introduced.

In order to obtain b;, past records of usage rates of
conventional and water-saving appliances for house-
hold water use were used in order to project future
trends of usage. Figure 2 shows the domestic usage
rates of conventional and water-saving appliances

Flush Toilet

100 A/Laundry
90 !E ; ‘ re ‘ s !, s \ Estimated Usage Rates
g0 | Bath ® Full Avomatic
& A” Washing Machine __.----"""|"~
70
Tsbver - Bidet
% 60 + . ..',
~ 50 T . S
%) N | e
a1 4
> 3 oA P
S a0 | ¥ .
20 + ’._, ’,/" Dishwasher
- s
10 & w0 o T
teoo®® ‘ ‘ ‘ ‘
0 t t t t } ;

1985 1995 2005 2015

Year

2025 2035 2045

Figure 2. Usage rates of water-related appliances and
projected usage rates (Tokyo Waterworks Bureau, 1980

-2008).
FrTVavEMEICLEL

obtained from the field survey of domestic water use
that is conducted by the Tokyo Waterworks Bureau
every three years. Usage rates shown in this figure for
conventional appliances, that is bathtubs, showers,
washing machines and flushing toilets, were nearly
100%. Changes in water use occurred due to the use of
dishwashers, fully automatic washing machines, 10 L
low-flush toilets (10 L indicates 10 liters of water per
flush), ‘24-hour baths’ (these are defined as systems
offering purification, disinfection, heat insulation, and
circulation), water-saving tap plugs and bidets, and each
of these were considered in this analysis. The water-
saving appliances for which usage rates have been
increasing include fully automatic washing machines,
dishwashers, and toilets which incorporate a bidet (for
washing with a fountain of warm water). Future trends
of usage for these appliances were projected by a
logistic function wusing the least-square method.
Saturation values of the logistic curve for the usage rate
of each water-related appliance were tentatively
assumed as shown in Table II considering information
about past condition of usage rate. The usage rates of
these water-related appliances were obtained from a
website (Association of 24 hours bath system, 2008) and
an interview survey. According to an interview survey

ROF+FVavBRDEICEL

KXF, The [FDIFEL FTVIVBROL
‘ ‘ Table I. Water-saving rate of appliances.‘ FrFVavVEXECLEL
(Purpose (Water-related appliances Saving rate (%) Source
Kitchen Dishwasher 80 (Nagasaki Prefecture Government, 2009)
Full automatic washing machine 14 (Takada et al., 2005)
Laundry
Drum-type washing machine 33 (kain, 2008)
Bath 24 hours bath 50 Interview survey at the association of 24 hours bath system
Shower Water-saving-type shower 20 (Nagasaki Prefecture Government, 2009)
10 L-type toilet 23 Interview survey at TOTO LTD
8 L-type toilet 38 Interview survey at TOTO LTD
Toilet
6 L-type toilet 53 Interview survey at TOTO LTD
Bidet with a fountain of warm water 1 L increase* (Nagasaki Prefecture Government, 2009)
gggeomisg Water-saving tap plug 50 (Tokyo Waterworks Bureau, 2008)

*‘1 L increase’ means domestic water use per capita is assumed to increase 1 L/day when the bidet with a fountain of warm water

is introduced.
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Table II. Saturation usage values for the logistic
function of each water-related appliance used in the
model.

Purpose Water-related appliances usgggu‘fg&%n(%)

Kitchen Dishwasher 50
Full automatic washing
Laundry machine 100
Bath, Shower 24 hours bath 5
10 L-type toilet 80
Toilet 6 L-type toilet 80
Bidet with a fountain of 80
warm water

gsgeozisrksl Water-saving tap plug 50

at TOTO Ltd., the usage rate of water-saving toilets has
reached about 60% over 30 years. Therefore, the usage
rate of a 10 L-type toilet was assumed to be 60% follow-
ing its introduction to the market in 1994. The future
trends for these appliances were also projected by a
logistic function with the least-square method as shown
in Figures 3(a) and 3(b). Moreover, other water-related
appliances, such as drum-type washing machines and
water-saving showers have been introduced. However,
these appliances were not considered due to their low
usage rate and because their use is not currently in-
creasing rapidly.

(a)

‘Water-saving tap plug

. \

Usage Rate (%)
o
o

24 hours bath

o /

0 e L 4 : : n :

1985 1995 2005 2015 2025 2035 2045
Year

(b)

10 L-type water saving toilet

8 L-type water saving toilet

Usage Rate (%)
o
o

6 L-type water saving toilet

1980 1990 2000 2010 2020 2030 2040 2050

Year

Figure 3. (a) Projected usage rates of 24-hours bath and
water-saving tap plug (24-hours Bath System, interview
survey at TOTO Ltd.) (b) Projected usage rates of the 6
L,8 L, and 10 L-type water-saving toilets (6 L, 8 L, and
10 L means the amount of water per flush)

12

Q; was determined by the water used per capita for
each purpose in 1997 (kitchen, 55.6 L; laundry, 54.2 L;
toilet, 59.7 L; bath, 65.3 L; and hand basin and other
usages, 20.0 L). Water use for cooking was assumed not

to change. .’ﬁE%C%¥
RESULTS AND DISCUSSION

The first projection of domestic water use per capita
based on equation (1) is shown in Figure 4. Compared to
the actual domestic water use in Tokyo between 1998
and 2006, as obtained from the Tokyo Waterworks
Bureau, the calculated amount of the domestic water
use per capita per day is accurate to within plus or
minus 1%, as shown in Figure 5. According to the model
expressed by equation (1), the reduction rate from the
maximum water demand in 1997 is projected to be 9% in
2025 and 10% in 2050. A breakdown of the projected
domestic water use figures for 2025 and 2050 is shown
in Table IIL.

It is expected that water use for baths and toilets
will be substantial in Japan, even in the future, accord-
ing to past trends of usage rates. It is difficult for people
to reduce water usage for bathing from a hygienic point
of view. On the other hand, reducing water used in the
toilet will contribute to reducing the level of domestic
water use in the future.

300

Data of Tokyo Waterworks
Bureau
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Figure 4. Results of the projection of domestic water use
per capita per day.
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Figure 5. Comparison of the actual data of the domestic
water use in Tokyo and the estimated values.
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Table III. Breakdown of projected domestic water use.

Kitchen Kitchen . Face wash

(cooking) (washing) Laundry Toilet Bath and others Total
Amount of water use in 1997 (L/cap/day) 27.3 27.3 49.5 59.5 64.5 19.8 247.9
Projected water use in 2025 (L/day/cap) 27.3 18.9 47.3 56.4 62.1 14.9 226.8
Reduction rate 0.0% 30.7% 4.7% 5.3% 3.7% 24.9% 8.5%
Projected water use in 2050 (L/day/cap) 27.3 174 47.2 55.0 62.1 14.9 223.9
Reduction rate 0.0% 36.1% 4.8% 7.5% 3.7% 24.9% 9.7%

Therefore the second simulation was performed by re-
placing the 10 L-type toilet with a 6 L-type toilet, and
the results are shown in Figure 6. It was found that if
the 6 L-type toilet is adopted in Japan according to the
projected usage rate as shown in Figure 3 (b), a take-up
rate which could be achieved through advertising cam-
paigns and water policy, the domestic water use per
capita per day would reduce to around 200 L. In this
case the reduction rate is then projected to be 11% by
2025 and 17% by 2050, with 1997 set as the base year.
Here, the market saturation values of first projection
shown in Table II were tentatively set from past condi-
tions of usage rate. If the usage rate of 6 L-type toilet,
dish washer, and water-saving tap plug will be 100% and
the drum-type washing machine with high saving rate
(as shown in Table I) will be replaced with the full auto-
matic washing machine as shown in Table IV in the

300
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Figure 6. Results of the projection of domestic water use

per capita with the 6 L-type toilet instead of the 10 L-
type toilet.

Table IV. Breakdown of projected domestic water use
servation policy.

assumption of a scenario where aggressive water saving
is accompanied by water conserving policy until 2050,
then the total amount of domestic water use would
reduce to 171.2 L/cap/day as shown in Table IV. In this
case, the water use for toilet and kitchen were signifi-
cantly reduced; and the reduction rate is projected to be
31% by 2050, with 1997 set as the base year. Therefore
it is considered that high efficient water use can be
achieved without compromising sanitary living stand-
ards, by implementing above-mentioned water-saving
appliances.

CONCLUSIONS - {5

This paper aims to quantify the amount of domestic
water use needed in the future by estimating usage
rates of various water-related appliances. Tokyo
Metropolis was selected as a case study. The results of
this study show that the calculated amount of domestic
water use reproduced the actual amount of water use
between 1998 and 2006 accurately and the reduction
rate is projected to be 9% by 2025 and 10% by 2050 with
1997 set as the base year. The model was developed to
reflect the present market uptake trends of water-
related appliances. In addition, it was considered that
the amount of water used for flushing toilets would be
substantial even in the future. From the results of a
simulation performed by replacing the 10 L-type toilet
with a 6 L-type toilet, it was found that the domestic
water use per capita per day would reduce to around
200 L. The replacement of a conventional toilet with a
water-saving-type toilet is hence one effective solution
for reducing domestic water use in the future.
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with aggressive water saving accompanied by water con-

Kitchen Kitchen ; Face wash
(cooking) (washing) Laundry Toilet Bath and others Total
; . _ Dish Drum-type 6 L-type 24 hours Water-saving
Water-related appliances washer washing machine toilet bath tap plug
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Reduction rate 0.0% 78.8% 23.8% 52.6% 3.7% 49.5% 31.2%
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within which leads to over 90% of most of the anomalies.
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Electrical Conductivity in Doped Polyacetylene
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Doped polyacetylene forms a new class of conducting polymers in which the electrical
conductivity can be systematically and continuously varied over a range of eleven orders
of magnitude. Transport studies and far-infrared transmission measurements imply a
metal-to-insulator transition at dopant concentrations near 1%,

We find that films of the semiconducting poly-
mer, polyacetylene, show a dramatic increase
in electrical conductivity when doped with con-
trolled amounts of the halogens chlorine, bomine,
or iodine, and with arsenic pentafluoride (AsF,).
The concentration dependence in combination with
far-infrared transmission data suggests the oc-
currence of a metal-insulator transition as a
function of dopant concentration.

Polyacetylene is one of the simplest linear con-
jugated polymers with a single-chain structure
as shown in Fig. 1. Each carbon is o bonded to
one hydrogen and two neighboring carbon atoms
consistent with sp? hybridization. The 7 electrons
are therefore available to delocalize into a band.
In the idealized situation of a uniform chain, the
resulting conduction band would give rise to me-
tallic behavior., However, such a system is un-
stable with respect to bond alternation, which
causes the formation of an energy gap in the elec-
tronic spectrum. Studies of 7-7* transitions in
short-chain polyenes show that the frequencies
do not fall as n"? as expected for a free-electron
picture, but appear to saturate at AE , 1a:ge)"-
~2.4 eV.' Bond alternation is present in the poly-
mer and would be expected to lead to semiconduct-
ing behavior. However, Ovchinnikov' has stim-
mated the bond-alternation energy gap to be too
small and attributed the observed value to Cou-
lomb correlation effects, i.e., a Hubbard gap.

In a series of studies Shirakawa and co-work-
ers?”® succeeded in synthesizing high-quality
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polycrystalline films of (CH),, and developed
techniques for controlling the cis/trans content,*:®
These materials are semiconductors®; the trans
isomer is the thermodynamically stable form at
room temperature,
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FIG. 1. Electrical conductivity of trans-(CH), as a
function of (AsF;) dopant concentration, The frans and
cis polymer structures are shown in the inset.
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Polyacetylene crystalline films were prepared
with the techniques developed by Shirakawa and
co-workers®”® in the presence of a Zeigler cata-
lyst. X-ray diffraction and scanning-electron
micrograph studies show that films of any cis
and {rvans composition are crystalline and consist
of matted fibrils. The cis/trans content was con-
trolled by thermal isomerization.**> Details of
preparation and characterization are published
elsewhere,”*®

Samples used in the electrical conductivity
study were cut from polymer films approximate-
ly 0.1-0.5 mm in thickness. Platinum wires and
Electroday were used to make electrical contacts
to the films which were treated with the vapor of
the dopant at room temperature, iz vacuo, for
3-4 hours. Their resistance was monitored at
at intervals. Final compositions of the doped
(CH), were determined either by the elemental
‘analysis (Galbraith Laboratories, Inc.) of a piece
of reference film placed just below the film whose
conductivity was being measured and/or by the
increase in weight of the reference film during
doping. All conductivity measurements used four-
probe dc techniques, Far-ir (400-20 cm™?') trans-
mission measurements were made on films of
both pure and doped polyacetylene with use of
Grubb-Parsons Michelson interferometer with a
helium-cooled gallium-doped germanium bolome-
ter detector. Measurements in the middle ir util-
ized a Perkin-Elmer 225,

Figure 1 shows the room-temperature electri-
cal conductivity of polyacetylene as a function of
AsF, concentration; the initial sample was trans -
rich [#rans content (95-97)%]. After an initial
steep rise over about seven orders of magnitude,
the values appear to saturate at 220 Q"' em™ ",
Similar results have been obtained for halogen
dopants; e.g., tvans-(CHI, ,,), vields ¢(300 K)
~160 Q"' em™1.""® The highest-room-tempera-
ture results to date have been obtained by doping
cis-(CH), with AsF; to yield cis-[CH(ASF,),, 1],
with ¢(300 K) =560 Q' cm™!®—a value compara-.
ble to that obtained with single crystals of the
organic metal tetrathiafulvalene~tetracyanoquino-
dimethane (TTF-TCNQ). The concentration de~
pendences observed in all cases studied thus far
are similar to Fig. 1; an initial steep rise over
many orders of magnitude followed by a leveling
off at concentrations above a few percent,

These results suggest that the residual conduc-
tivity in “pure” (CH), is probably due to residual
impurities or defects at very low levels, The ex-
treme sensitivity to impurities is demonstrated

in Fig. 1. Moreover, the residual conductivity
can be compensated by trace amounts of donor
doping. Exposure of “pure” (CH), to vapor of the
donor, NH,, causes the conductivity of {rans-
(CH), to fall more than four orders of magnitude
(<10°° Q™ em™") without detectable weight in-
crease. Subsequent reaction of the compensated
film with AsF, brings the conductivity back up to
metallic levels—an overall change of eleven or-
ders of magnitude,

Far-infrared transmission data were taken on
samples of varying concentrations of iodine and
AsF, with qualitatively similar results. The data
for a series of iodinated samples are shown in
Fig. 2 for y=0.0, 0.9, 2.0, and 6,0 at.%. In the
case of the 6% sample, there is no observable
transmission throughout the ir down to 20 cm™?,
implying a continuous excitation spectrum; i.e.,
metallic. For the 2% sample, the transmission
was zero at the high end of the spectrum (4000
em”™ ! to 300 cm™Y), but increases below 300 cm”
to about 60% by 40 cm™?, implying an energy gap
at low frequencies. The far-ir transmission
through the 0.9% sample is near 90% with no sig-
nificant change from an undoped sample. The in-
set to Fig. 2 shows the absorption coefficient o
(uncorrected for reflection) at 40 cm”™? as a func-
tion of dopant concentration. The transition is
sharp with a critical concentration (»,) in the
range (2-3)%. Similar results have been ob-
tained with AsF; although #n, appears to be slight-
ly smaller. The values for #, as inferred from
the ir and dc transport measurements are in
agreement,

Although the initial (CH), is crystalline, disor-
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FIG. 2. Far-infrared (20—400 cm™ ! transmission of
iodine-doped polyacetylene (sample temperature was
77 K). The inset shows the absorption coefficient (un-
corrected for reflection) at 40 cm™! vs concentration
(solid points, #fvans polymer; triangles, cis polymer),
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der may play an important role in the doped poly-
mer. In general, we find that plots of Inovs 1/7T
do not give straight-line behavior, Plotting the
data as Ino vs T-% (or 7"'/?) tends to give more
nearly straight-line behavior at least in the low-
concentration range below n, where the results
are typical of transport in disordered and amor-
phous systems.'® Variable-range hopping’’ be-
tween localized states leads to temperature de-
pendences of the form oa exp[- (T,/T)/“* ],
where d is the dimensionality of the transport
(e.g., d=3 for three-dimensional motion, etc.).

A qualitative change in the temperature depen-
dence of the dc conductivity is observed at the
critical concentration as shown in Fig, 3, where
we plot o(7)/0(300 K) vs T on a linear scale, At
low concentrations the curves appear thermally
activated with generally upward curvature. Above
n,, the curvature changes and the conductivity de-
creases slowly with decreasing temperature,
heading toward zero approximately linearly in 7',

As an initial point of view we treat this transi-
tion as similar to that seen in heavily doped semi-
conductors. If this is the case, one expects the
halogen and AsF, dopants to act as acceptors with
localized hole states in the gap, with the hole
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FIG. 3. Temperature dependence of the normalized
conductivity at several doping levels (AsF;).
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bound to the acceptor in a hydrogenlike fashion.
For low concentrations, one expects the combina-
tion of impurity ionization and variable-range
hopping to lead to a combination of activated proc-
esses as observed experimentally. However, as
extensively discussed by Mott'? and others,*® if
the concentration is increased to a critical level,
then the screening from carriers will destroy the
bound states giving an insulator-to-metal transi-
tion. This will occur when the screening length
becomes less than the radius of the most tightly
bound Bohr orbit of the hole and acceptor in the
bulk dielectric'?;

2

n, 1/3 o, (4aH)-1<7_7Z_:_> ,
where ay is the Bohr radius, € is the dielectric
constant of the medium, and m*/m is the ratio
of the band mass to the free-electron mass. As-
suming m*/m ~1 and using € ~3 from far-ir re-
flection measurements, we estimate that n ~2
x10%° cm™3, Since the density of carbon atoms is
about 2x10% em™®, n, would be at about 1%, as-
suming one carrier per dopant. The excellent
agreement with our experimental results is for-
tuitous in view of the much over-simplified mod-
el, However, the scale is correct; the transition
occurs at about 1% because of the relatively small
dielectric constant. Although we have discussed
the metal-insulator transition from the point of
view of simple semiconductor theory, the rela-
tive importance of Coulomb correlation effects
must be considered.?

The polymer structure of polyacetylene implies
strong 7 overlap along the chain with weaker in-
terchain coupling since the intrachain carbon-
carbon-bond length is about 1.4 A whereas the
interchain spacing is 3.6 A.2"® Thus we expect
the resulting metal to be anisotropic, and pos-
sibly quasi—one-dimensional. The temperature
dependence of the conductivity above #_ is consis~
tent with that expected for a disordered one-di-
mensional metal.’ Since all states are localized
in such a svstem,15 the static conductivity goes to
zero at T=0 K. However, when the electron-pho-
non interaction is taken into account, phonon-as-
sisted diffusion through the localized states leads
to finite conductivity with a temperature depen-
dence determined by the number of thermal pho-
nons in the modes to which the conduction elec~
trons are strongly coupled.'® In addition inter-
fibril contact may be playing a role. Studies of
the temperature dependence of the conductivity of
polycrystalline (SN), ***'" and organic conductors
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such as TTF-TCNQ *® often show monotonically
decreasing conductivity even though the single-
crystal data indicate metallic behavior.

In the metallic state, the carrier mobility may
be estimated from o=nep, where n is the carrier
density, e is the electronic charge, and p is the
mobility. Using ¢=560 Q~! em™! for cis-
[CH(ASF,).1,), and assuming one carrier per
AsF,, we find y ~1 cm?/V sec—surprisingly high
when compared with typical polymer photocon-
ductors™ (u~10"7 cm?/V sec) or even with cop-
per metal (i1 ~20 ¢cm®/V sec). Given the aniso-
tropic polymer structure and the fibrous nature
of the low-density as-grown films,?” ¢ higher con-
ductivities may be expected from aligned films of
(CH), derivatives.

In summary, we have shown that doped poly-
acetylene forms a new class of conducting poly-
mers in which the electrical conductivity can be
systematically and continuously varied over a
range of eleven orders of magnitude. Transport
studies and far-ir transmission measurements
imply a metal-insulator transition at dopant con-
centrations near 1%. We have obtained room-
temperature conductivities for polycrystalline
films of the doped polymer comparable to that
found on single crystals of the organic metal
TTF-TCNQ, Use of different dopants and re-
placement of the H atoms in (CH), with organic
or inorganic groups should lead to a large new
class of conducting polymers with electrical prop-
erties that can be controlled over the full range
from insulator to semiconductor to metal,

This work was supported by the Office of Naval
Research,

@ Ppermanent address: Tokyo Institute of Technology,
Tokyo, Japan,
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Electrical Conductivity in Doped Polyacetylene
R—=FEN=RY TEF L OBRIZEE

Abstract (18f2)

Doped polyacetylene forms a new class of conducting polymers in which the electrical
conductivity can be systematically and continuously varied over a range of eleven
orders of magnitude. Transport studies and far-infrared transmission measurements
imply a metal-to-insulator transition at dopant concentrations near 1%.

We find that films of the semiconducting polymer, polyacetylene, show a dramatic
increase in electrical conductivity when doped with controlled amounts of the halogens
chlorine, bromine, or iodine, and with arsenic pentafluoride (AsFs).

The concentration dependence in combination with far-infrared transmission data
suggests the occurrence of a metal-insulator transition as a function of dopant
concentration.

Polyacetylene is one of the simplest linear conjugated polymers with a single-chain
structure as shown in Fig. 1. Each carbon is o bonded to one hydrogen and two
neighboring carbon atoms consistent with sp? hybridization. The = electrons are
therefore available to delocalize into a band.
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In the idealized situation of a uniform chain, the resulting conduction band would give
rise to metallic behavior. However, such a system is unstable with respect to bond
alternation, which causes the formation of an energy gap in the electronic spectrum.

Studies of 7 -z * transitions in short-chain polyenes show that the frequencies do not
fall as n"2 as expected for a free-electron picture, but appear to saturate at
A E(n large) mert 24 eV.l

Bond alternation is present in the polymer and would be expected to lead to
semiconducting behavior. However, Ovchinnikov?! has estimated the bond-alternation
energy gap to be too small and attributed the observed value to Coulomb correlation
effects, i.e., a Hubbard gap.

In a series of studies Shirakawa and co-workers?® succeeded in synthesizing
high-quality polycrystalline films of (CH)x , and developed techniques for controlling
the cis/trans content.*® These materials are semiconductors® ; the trans isomer is the
thermodynamically stable form at room temperature.

Polyacetylene crystalline films were prepared with the techniques developed by
Shirakawa and co-workers?® in the presence of a Zeigler catalyst.
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X-ray diffraction and scanning-electron micrograph studies show that films of any cis
and trans composition are crystalline and consist of matted fibrils.

The cis/trans content was controlled by thermal isomerization. #® Details of preparation
and characterization are published elsewhere.”®

Samples used in the electrical conductivity study were cut from polymer films
approximately 0.1-0.5 mm in thickness. Platinum wires and Electroday were used to
make electrical contacts to the films which were treated with the vapor of the dopant at
room temperature, in vacuo , for 3-4 hours. Their resistance was monitored at intervals.

Final compositions of the doped (CH)x were determined either by the elemental analysis
(Galbraith Laboratories, Inc. ) of a piece of reference film placed just below the film
whose conductivity was being measured and/or by the increase in weight of the
reference film during doping. All conductivity measurements used four-probe dc
techniques.

Far-ir (400-20 cm 1) transmission measurements were made on films of both pure and
doped polyacetylene with use of Grubb-Parsons Michelson interferometer with a
helium-cooled gallium-doped germanium bolometer detector.
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Measurements in the middle ir utilized a Perkin-Elmer 225.

Figure 1 shows the room-temperature electrical conductivity of polyacetylene as a
function of AsFs concentration; the initial sample was trans-rich [trans content
(95-97) %].

After an initial steep rise over about seven orders of magnitude, the values appear to
saturate at 220 Qtcm™.

Similar results have been obtained for halogen dopants; e.g., trans-(CHlo20)x,
yields 0 (300 K) = 160 Q-*cm™.™®

The highest-room-temperature results to date have been obtained by doping cis-(CH)x,
with AsFs to yield cis-[CH(ASFs )o,14)]x With o (300 K) =560 Q “cm™ 8—a value
comparable to that obtained with single crystals of the organic metal
tetrathiafulvalene-tetracyanoquinodimethane(TTF-TCNQ).

The concentration dependences observed in all cases studied thus far are similar to Fig.
1; an initial steep rise over many orders of magnitude followed by a leveling off at
concentrations above a few percent.
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These results suggest that the residual conductivity in "pure” (CH)y is probably due to
residual impurities or defects at very low levels.

The extreme sensitivity to impurities is demonstrated in Fig. 1.

Moreover, the residual conductivity can be compensated by trace amounts of donor
doping.

Exposure of "pure™ (CH)x to vapor of the donor, NH3 causes the conductivity of trans-
(CH)x to fall more than four orders of magnitude (<10° Q*cm™) without detectable
weight increase.

Subsequent reaction of the compensated film with AsFs brings the conductivity back up
to metallic levels—an overall change of eleven orders of magnitude.
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Far-infrared transmission data were taken on samples of varying concentrations of
iodine and AsFs with qualitatively similar results.

The data for a series of iodinated samples are shown in Fig. 2 for y=0.0, 0.9, 2.0, and
6.0at. % .

In the case of the 6% sample, there is no observable transmission throughout the ir
down to 20 cmt, implying a continuous excitation spectrum; i.e., metallic.

For the 2% sample, the transmission was zero at the high end of the spectrum (4000
cm™ to 300 cm™), but increases below 300 cm™ to about 60% by 40 cm?, implying an
energy gap at low frequencies.

The far-ir transmission through the 0.9% sample is near 90% with no significant change
from an undoped sample.
RSN R 2 1

The inset to Fig. 2 shows the absorption coefficient « (uncorrected for reflection) at 40
cm™ as a function of dopant concentration.

The transition is sharp with a critical concentration (n¢ ) in the range (2-3)%.

Similar results have been obtained with AsFs, although nc, appears to be slightly
smaller.

The values for n¢ as inferred from the ir and dc transport measurements are in
agreement.

Although the initial (CH)x is crystalline, disorder may play an important role in the
doped polymer.
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In summary, we have shown that doped polyacetylene forms a new class of conducting
polymers in which the electrical conductivity can be systematically and continuously
varied over a range of eleven orders of magnitude.

Transport studies and far-ir transmission measurements imply a metal-insulator
transition at dopant concentrations near 1%.

We have obtained room-temperature conductivities for polycrystalline films of the
doped polymer comparable to that found on single crystals of the organic metal
TTF-TCNQ.

Use of different dopants and replacement of the H atoms in (CH)x with organic or
inorganic groups should lead to a large new class of conducting polymers with electrical
properties that can be controlled over the full range from insulator to semiconductor to
metal.

This work was supported by the Office of Naval Research.
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Protein and Polymer Analyses up to m/z 100 000
by Laser lonization
Time-of-flight Mass Spectrometry
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Protein and Polymer Analyses up to m/z 100 000
by Laser Ionization Time-of-flight Mass < s~

Spectrometry

Koichi Tanaka®, Hiroaki Waki, Yutaka Ido, Satoshi Akita, Yoshikazu Yoshida

and Tamio Yoshida

Shimadzu Corporation, Nishinokyo-Kuwabaracho, Nakagyo-ku, Kyoto 604, Japan

SPONSOR REFEREE: T. Matsuo, Osaka University, Osaka, Japan

Hitherto, 2*2Cf plasma desorption mass spectrometry
(PDMS) has been used to study peptides and proteins
inthe molecular weight range from 1kDa to 35kDa.'-2
Fast atom bombardment mass spectrometry (FABMS)
and secondary ion mass spectrometry (SIMS) have
been applied to the analyses of proteins and polymers
molecules.™* On the other hand, in the area of laser
desorption time-of-flight (TOF) mass spectrometry
(MS), though there have been many papers on analyses
of organic compounds, the molecular weight of these
compounds has been relatively low.*

For the purpose of investigating the mass spec-
trometry of high-mass molecular organic compounds,
we developed a laser ionization TOF mass spectro-
meter. To assess the utility of this spectrometer for high
masses, we evaluated and tried the mass spectrometer
on various organic compounds.®” This spectrometer
was able to obtain useful spectra up to m/z 100000.
Typical spectra of proteins and polymers with molecu-
lar weights up to 25kDa are shown in this paper.

EXPERIMENTAL <&----- EBR ik

Apparatus

The construction of the laser ionization TOF mass
spectrometer (Shimadzu LAMS-50K) is shown in Fig.
I. A nitrogen laser (wavelength: 337 nm, pulse width:
about 15ns, pulse energy: 4mJ max.) was used for
smple ionization. The sample, mounted on the sample
folder, was capable of small movements in the plane
serpendicular to the ion axis. The magnification image
of the sample surface could be observed on the TV
monitor. These features provided reliable analysis of
the selected area. The ion acceleration voltage of 5kV
was applied to the sample holder.

Generally, TOF-MS has the following characteris-
lis: very high transmission; measurement times of less
than a few hundreds of us; unlimited mass range, low
mass resolution.

A new “gradient electric field type ion reflector”® for
1TOF mass spectrometer has been developed in order
b improve mass spectral resolution by time focusing.
The TOF mass separation system was designed to select
the “reflection type” (above-mentioned) or the “linear
tipe” (without reflecting electric field). For ion detec-
fion, a micro channel plate (MCP) was used, which was
equipped with an ion to electron converter in order to
mprove the sensitivity of detection for high-mass ions.

l’Author to whom correspondence should be addressed.

CCC-0951-4198/88/0151-0153 $1.50

den & Son Limit

Two TOF systems were constructed. The first system
utilized a digital wave memory and accumulation cir-
cuits. This system could accumulate the spectrum data
of 8 K words within 1 ms. In the first place, a “one shot”
TOF spectrum was stored into the wave memory, in the
subsequent accumulating circuits the spectrum was
accumulated in sequence. The second system utilized a
constant fraction discriminator (CFD) and a multi-stop
time-to-digital converter (TDC). The time intervals
between “start” and “stop” pulses were measured with
a time resolution of 1 ns. In these experiments, the first
system (AD method) was only used.

The measuring circuit was controlled with a micro-
processor [Intel 80286, Intel, CA, USA], and the TOF
spectrum obtained with those measurement systems
could be provided with various processes, e.g., smoo-
thing, background subtraction, peak detection and
mass number calibration.

Sample preparation

We investigated the method of sample preparation to
increase the yield of high-mass ions and to prolong the
production time. As a result, it was found that the yield
of ions and the sustained production time largely de-
pended on the method of sample preparation and that
the “ultra fine metal plus liquid matrix method”, de-
scribed below, was extremely effective.

A sample was made into a solution having a concen-
tration of about 10 ug/10 L using distilled water as the
solvent. About 10uL of this sample solution was drip-
ped onto the sample holder. On the other hand, an
ultra fine metal powder ((UFP), in these experiments,
we used cobalt powder of about 300 A diameter purch-
ased from Vacuum Metallurgical Co. in Japan) and
glycerol were dissolved with organic solvents, e.g.,
ethanol and acetone. About 10 uL of this solution was
also dripped onto the sample holder. A mixture of the
two solutions was then vacuum dried for a short time to
remove volatile compounds of the solution. The sample
holder, with sample, was then introduced into the mass
spectrometer to start analysis. This sample preparation
method was simple with preparation times of less than a
few minutes.

Data acquisition

Several one-shot spectra were accumulated from a
single sample introduction to produce the final spec-
trum, giving total data acquisition times of 2 or 4 min;
in some cases two or more significant spectra were
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PROTEIN AND POLYMER ANALYSES OF m/z 100000 BY LASER IONIZATION TOF-MS
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Figure 1. Construction of the laser ionization TOF mass spectrometer.

obtained from a single sample introduction. The final
spectrum data were smoothed and sometimes back-
ground was subtracted and the position of the peak tops
determined. Mass number calibrations were carried out
by using cationized molecular ion peaks ([M+Na]™) of
poly(ethylene glycol) ((PEG); mixture of PEG 200,
400, 600, 1000, 1500 and 2000) as measures of isotopi-
cally averaged mass (chemical mass).

L FEREER
pe

'RESULTS AND DISCUSSION

This mass spectrometer was successfully applied to the
detection of high-mass molecular ions, e.g., lysozyme,
mol. wt 14306 Da (Fig. 2); chymotrypsinogen, mol. wt
25717 Da (Fig. 3); poly(propylene glycol) (PPG), aver-
age mol. wt 4kDa (Fig. 4); and PEG20K, average mol.
wt ca 20kDa (Fig. 5).

It was impossible to detect high-mass molecular ions
from these samples without using the “ultra fine metal
plus liquid matrix method” for sample preparation.

UFP has the following features in comparison with
bulk: high photo-absorption, low heat capacity, and
extremely large surface area per unit volume. “Rapid
heating” of the sample was used as a volatility enhance-
ment technique of organic compounds’ and it was
achieved by irradiating a pulsed laser on the sample
surface. We suppose that UFP in the sample enhances
the speed of sample heating, by laser irradiation. due to
the above mentioned features. Consequently, molecu-
lar ions are formed more easily. By the addition of
glycerol to the sample, molecules of the sample are
replenished to the laser beam irradiation position and it
is considered that the ion formation is allowed to
continue for a long time.

Figure 2 shows the singly- and many of the doubly-
charged cluster ions of lysozyme. Quasi-molecular
jons (may be mostly in the form of [M+Cation]")
of lysozyme were also clearly found.'"" This mass
spectrometer could detect [nxM+Cation]” and
[nxM+2xCation]** (n=1-7) of lysozyme. As far as

we know, ions of m/z=100000 are the highest organic
ion yet observed by laser ionization/desorption mass
spectrometry. :
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Figure 2. Laser ionization mass spectrum of lysozyme from chicken
egg white, mol. wt 14306 Da.
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Figure 3. Laser ionization mass spectrum of chymotrypsinogen, md
wt 25717 Da.



Figure 3 shows the singly- and doubly-charged quasi-
molecular ions and the cluster ion of chymotrypsi-
nogen. This spectrometer was also capable of detecting
the quasi-molecular ion of carboxypeptidase-A (mol.
wt 34472 Da)," bovine insulin (mol. wt 5733 Da).°
cytochrome-C (mol. wt 12384 Da)’ and so on.

The widths of all the peaks associated with the
molecule (over 1000Da wide in most cases) were
broader than those expected from the distribution of
isotopes in the molecule. The origin of these observed
broad peaks is uncertain. Impurities in the sample,
together with adduct ions [M+Na]™, [M+K]" and
M+H]*. as well as metastable peaks arising from
lhese ions, are all possible contributors.

Figure 4 shows cationized molecular ion peaks
[M+Na]* of PPG having the nonlinear structure. The
intensity of fragment peaks was so weak compared to
that of the molecular ions that it was easy to calculate
the average molecular weight from this spectrum.
Figure 5 shows the molecular ion region spectrum of
PEG20K. Each peak for the different polymerization
(n) is not separated. It is supposed, however, that the
shape of this spectrum shows the distribution envelope
of PEG20K molecules.

We observed the spectrum about 10 times for each
sample above. Those peak tops, taken in all cases to be
the cationized molecular ion [M+Na]*, allowed the
molecular weight to-be determined within +1%.

In conclusion, analytically useful spectra from pro-
teins and polymers with molecular weights as high as
34kDa were obtained by using the laser ionization TOF
mass spectrometer. The time required to obtain such
spectra was very short compared with PDMS and com-
parable to liquid SIMS.?

The methods commonly used at present for molecu-
lar weight determination of proteins and polymers are
sodium  dodecyl sulfate poly-acrylamide gel elec-
trophoresis (SDS-PAGE), gel permeation chroma-
tography (GPC) and viscosity method. These methods
normally allow a molecular weight determination preci-
sion of ca£10%. The precision may be influenced by
other properties of the molecule such as conformation-
al state and hydrophobicity. In addition, with these
latter techniques, the measurement times are consider-
ably longer. In comparison with these methods, the
precision of this laser ionization TOF mass spectro-
meter was at least one order of magnitude higher and
its measurement time was one or two orders shorter.

We developed the method of sample preparation
(‘ultra fine metal plus liquid matrix method™) to be
ale to form high-mass molecular ions up to at least
MkDa for laser jonization mass spectrometry. Theore-
tically, TOF-MS has no limitation of mass range and
this spectrometer was capable of detecting organic ions
up to m/z 100000. Further improvements on this
method of sample preparation should be promising,
enabling the detection of high-mass molecular ions over
MkDa.

9 Heyden & Son Limited, 1988
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Figure 4. Laser ionization mass spectrum of poly(propylene glycol),
average mol. wt 4kDa (PPG4K).
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Protein and Polymer Analyses up to m/z 100 000 by Laser lonization
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Protein and Polymer Analyses up to m/z 100 000 by Laser lonization Time-of-flight
Mass Spectrometry

L—P— A F ALRATRF I E BOHTIEIC K D m/2 100000 £ TDF 7 BER
RNV = —DoHT

Hitherto,®2Cf plasma desorption mass spectrometry(PDMS) has been used to study
peptides and proteins in the molecular weight range from 1kDa to 35 kDa.»?

Fast atom bombardment mass spectrometry (FABMS) and secondary ion mass
spectrometry(SIMS) have been applied to the analyses of proteins and polymers
molecules.*

On the other hand, in the area of laser desorption time-of flight (TOF) mass spectrometry
(MS), though there have been many papers on analyses of organic compounds, the
molecular weight of these compounds has been relatively low.>

For the purpose of investigating the mass spectrometry of high-mass molecular organic
compounds, we developed a laser ionization TOF mass spectrometer.

To assess the utility of this spectrometer for high masses, we evaluated and tried the mass
spectrometer on various organic compounds.®”’
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This spectrometer was able to obtain useful spectra up to m/z 100000.

Typical spectra of proteins and polymers with molecular weights up to 25kDa are shown
in this paper.

41



Chapter1 | Reading

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

42

EXPERIMENTAL
Apparatus

The construction of the laser ionization TOF mass spectrometer (Shimadzu LAMS-50K)

is shown in Fig.1.

Anitrogen laser (wavelength:337 nm, pulse width: about 15 ns, pulse energy: 4 mJ max. )
was used for sample ionization.

The sample, mounted on the sample holder, was capable of small movements in the plane
perpendicular to the ion axis.

The magnification image of the sample surface could be observed on the TV monitor.

These features provided reliable analysis of the selected area.

The ion acceleration voltage of 5 kV was applied to the sample holder.

Generally, TOF-MS has the following characteristics: very high transmission;
measurement times of less than a few hundreds of ps; unlimited mass range, low mass
resolution.
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A new “gradient electric field type ion reflector "8 for a TOF mass spectrometer has been
developed in order to improve mass spectral resolution by time focusing.

The TOF mass separation system was designed to select the “reflection type ” (above-
mentioned ) or the “ linear type” (without reflecting electric field).

For ion detection, a micro channel plate (MCP) was used, which was equipped with an

ion to electron converter in order to improve the sensitivity of detection for high-mass

ions.

Two TOF systems were constructed.

The first system utilized a digital wave memory and accumulation circuits.

This system could accumulate the spectrum data of 8K words within 1 ms.

In the first place, a “one shot” TOF spectrum was stored into the wave memory, in the
subsequent accumulating circuits the spectrum was accumulated in sequence.

The second system utilized a constant fraction discriminator (CFD) and a multi-stop time-
to digital converter (TDC).
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The time intervals between “start” and “stop” pulses were measured with a time resolution
of 1 ns.

In these experiments, the first system (AD method ) was only used.

The measuring circuit was controlled with a micro-processor [Intel 80286, Intel, CA,USA],
and the TOF could be provided with various processes, e.g., smoothing, background
subtraction, peak detection and mass number calibration.
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Sample preparation
We investigated the method of sample preparation to increase the yield of high-mass ions
and to prolong the production time.

As a result, it was found that the yield of ions and the sustained production time largely
depended on the method of sample preparation and that the “ultra fine metal plus liquid
matrix method”, described below, was extremely effective.

A sample was made into a solution having a concentration of about 10 pg/10 pL using
distilled water as the solvent.

About 10 pL of this sample solution was dripped onto the sample holder.

On the other hand, an ultra fine metal powder ( (UFP),in these experiments, we used
cobalt powder of about 300 A diameter purchased from Vacuum metallurgical Co. in
Japan) and glycerol were dissolved with organic solvents, e.g., ethanol and acetone.

About 10 uL of this sample solution was also dripped onto the sample holder.

A mixture of the two solutions was then vacuum dried for a short time to remove volatile
compounds of the solution.
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The sample holder, with sample, was then introduced into the mass spectrometer to start
analysis.

This sample preparation method was simple with preparation times of less than a few
minutes.
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RESULTS AND DISCUSSION

This mass spectrometer was successfully applied to the detection of high-mass molecular
ions, e.g., lysozyme, mol. Wt 14306 Da (Fig.2); chymotrypsinogen, mol. Wt 25717 Da
(Fig.3); poly (propylene glycol)(PPG), average mol. Wt 4 kDa(Fig.4); and
PEG20K,average mol. wt ca 20 kDa(Fig.5).

It was impossible to detect high-mass molecular ions from these samples without using
the “ultra fine metal plus liquid matrix method” for sample preparation.

UFP has the following features in comparison with bulk: high photo-absorption, low heat
capacity, and extremely large surface area per unit volume.

“Rapid heating” of the sample was used as a volatility enhancement technique of organic
compounds and it was achieved by irradiating a pulsed laser on the sample surface.

We suppose that UFP in the sample enhances the speed of sample heating, by laser
irradiation, due to the above mentioned features.

Consequently, molecular ions are formed more easily.
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By the addition of glycerol to the sample, molecules of the sample are replenished to the
laser beam irradiation position and it is considered that the ion formation is allowed to
continue for a long time.

B®% O

We developed the method of sample preparation (“ultra fine metal plus liquid matrix
method”) to be able to form high-mass molecular ions up to at least 34 KDa for laser
ionization mass spectrometry.

Theoretically, TOF-MS has no limitation of mass range and this spectrometer was capable
of detecting organic ions up to m/z 100 000.

Further improvements on this method of sample preparation should be promising,
enabling the detection of high-mass molecular ions over 34 kDa.
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part in making the observations.

'Young, F. B., Gerrard, H., and Jevons, W., Phil. Mayg., 40, 149
(1920},

* Longuet-Higgins, M, 8., Mon, Not. Roy. Asiro. Soc., Geophys. Supp.,
b, 285 (1949).

* Von Arx, W. 8., Woods Hole Papers in Phys. Oceanog. Meteor., 11
(3) (1850).

*Ekman, V. W., Arkiv. Mat. Astron. Fysik. (Stockholm), 2 (11) (1905).

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.}). This
strueture has novel features which are of considerable
biological interest.

A structure for mnucleic acid has already been
proposed by Pauling and Corey!. They kindly made
their manuscript available to us in advance of
publication. Their model consista of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. In our opinion,
this structure is unsatisfactory for two reasons :
(1) We bolieve that the material which gives the
X -ray diagrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not clear what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
repel each other. (2} Some of the van der Waals
distances appear to be too small.

Another three-chain structure has also been sug-
gested by Fraser (in the press). In his model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds. This
structure as described is rather ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically different structure for
the salt of deoxyribose nucleie
acid. This structure has two
helical chains each coiled round
the same axis (see diagram). We
have made the usual chemical
assumptions, namely, that each
chain consists of phosphate di-
ester groups joining B-p-deoxy-
ribofuranose residues with 3,5
linkages. The two chains (but
not their bases) are related by a
dya«d perpendicular to the fibre
axis. Both chains follow right-
handed helices, but owing to
the dyad the sequences of the
atoms in the two chains run
in opposite directions. Each
chain loosely resembles Fur-
berg's® model No. 1; that is,
the bases are on the inside of
the helix and the phosphates on
the outside. The configuration
of the sugar and the atoms
near it is close to Furberg’s
‘standard configuration’, the
sugar being roughly porpendi-
cular to the attached base, There

This flgure is purely
dlagrammatic. The two
ribbons symbolize the
two phosphate—sugar
chains, and the hori-
zontal rods the pairs of
bases holding the chains
together. The vertical
line marka the fibre axis
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is & residue on each chain every 3-4 A, in the z-direc-
tion. We have assumed an angle of 36° between
adjacent residues in the same chain, so that the
structure repeats after 10 residues on each chain, that
is, after 34 A, The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have easy access to them.

The structure is an open one, and its water content
is rather high. At lower water contents we would
expect the bases to tilt so that the structure could
become more compact.

The novel feature of the structure is the manner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the bases
are perpendicular to the fibre axis. They are joined
together in pairs, a single base from one chain being
hydrogen-bonded to a single base from the other
chain, so that the two lie side by side with identical
z-co-ordinates. One of the pair must be a purine and
the other a pyrimidine for bonding to occur. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 6 to
pyrimidine position 6.

If it is assumed that the bases only oecur in the
strueture in the most plausible tautomeric forms
(that is, with the keto rather than the enol con-
figurations) it is found that only specific pairs of
bases can bond together. These pairs are : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with eytosine (pyrimidine).

In &ther words, if an adenine forms one member of
a pair, on either chain, then on these assumptions
the other member must be thymine ; similarly for
guanine and cytosine. The sequence of bases on a
single chain does not appear to be restricted in any
way. However, if only specific pairs of bases can be
formed, it follows that if the sequence of bases on
onc chain is given, then the sequence on the other
chain is automatically determined.

It has been found experimentally®* that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to eytosine, are always very close to unity
for deoxyribose nucleic acid.

Tt is probably impossible to build this structure
with a ribose sugar in place of the deoxyribose, as
the extra oxygen atom would make too close a van
der Waals contact.

The previously published X-ray data®® on deoxy-
ribose nucleic acid are insufficient for a rigorous test
of our structure. So far as we can tell, it is roughly
compatible with the experimental data, but it must
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not aware
of the details of the results presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

It has not es¢aped our notice that the specific
pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material.

Full details of the structure, including the con-
ditions assumed in building it, together with a set
of co-ordinates for the atoms, will be published
elsewhere.

We are much indebted to Dr. Jerry Donohue for
constant advice and criticism, especially on inter-
atomic distances. We have also been stimulated by
a knowledge of the general nature of the unpublished
cxperimental results and ideas of Dr., M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at

©1953 Nature Publishing Group
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King’s College, London. One of us (J.D. W.) has been
aided by a fellowship from the National Foundation
for Infantile Paralysis.
J. D. Warson
F. H. C. CriCcK
Medical Research Counecil Unit for the
Study of the Molecular Structure of
Biological Systems,
Cavendish Laboratory, Cambridge.
April 2.
1 Pauling, L., and Corey, R. B., Nature, 171, 346 (1953) ; Proc. U.S.
Nat. Acad. Sei., 39, 84 (1953),
* Furberg, 5., Acta Chem. Scand., 8, 634 (1952).
* Chargaff, E., for references see Zamenhof, S., Brawerman, G.. and
Chargaff, E., Biochim. et Biophys. Acta, 9, 402 (1952).
* Wyatt, G. R., J. Gen. Physiol,, 36, 201 (1952).
* Astbury, W. T., 8ymp. Soc. Ixp. Biol. 1, Nucleie Acid, 66 (Camb.
Univ, . 1047).

* Wilkins, M. M. F., and Ttandall, J. T., Biochim. et Biophys. Acta,
10, 192 (1953).

Molecular Structure of Deoxypentose
Nucleic Acids

WHrILE the biological properties of deoxypentose
nucleic acid suggest a molecular structure con-
taining great complexity, X-ray diffraction studies
described here (cf. Astbury!) show the basic molecular
configuration has great simplicity. The purpose of
this eommunication is to describe, in a preliminary
way, some of the experimental evidence for the poly-
nucleotide chain configuration being helical, and
existing in this form when in the natural state. A
fuller account of the work will be published shortly.

The structure of deoxypentose nucleic acid is the
same in all species (although the nitrogen base ratios
alter considerably) in nucleoprotein, extracted or in
cells, and in purified nucleate. The same linear group
of polynucleotide chains may pack together parallel
in different ways to give erystalline!-3, semi-crystalline
or paracrystalline material. In all cases the X-ray
diffraction photograph consists of two regions, one
determined largely by the regular spacing of nucleo-
tides along the chain, and the other by tho longer
spacings of the chain configuration. The sequence of
different nitrogen bases along the chain is not made
visible.

Oriented paracrystalline deoxypentose nucleic acid
(‘structure B’ in the following communication by
Franklin and Gosling) gives a fibre diagram as shown
in Fig. 1 (cf. ref, 4). Astbury suggested that the
strong 3-4-A. reflexion corresponded to the inter-
nucleotide repeat along the fibre axis. The ~ 34 A,
layer lines, however, are not due to a repeat of a
polynucleotide composition, but to the chain con-
figuration repeat, which causes strong diffraction as
the nucleotide chains have higher density than the
interstitial water. The absence of reflexions on or
near the meridian immediately suggests a helical
structure with axis parallel to fibre length.

Diffraction by Helices

It may be shown® (also Stokes, unpublished) that
the intensity distribution in the diffraction pattern
of a series of points equally spaced along a helix is
given by the squares of Bessel functions. A uniform
continuous helix gives & scries of layer lines of spacing
corresponding to the helix pitch, the intensity dis-
tribution along the nth layer line being proportional
to the square of Jp, the nth order Bessel function.
A straight line may be drawn approximately through
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Fibre diagram of deoxypentose nucleic acid from B, eoli.
Fibre axis vertical

Fig. 1.

the innermost maxima of each Bessel function and
the origin. The angle this line makes with the equator
is roughly equal to the angle between an element of
the helix and the helix axis. If a unit repeats n times
along the helix there will be a meridional reflexion
(Jo?) on the nth layer line. The helical configuration
produces side-bands on this fundamental frequency,
the effect® being to reproduce the intensity distribution
about the origin around the new origin, on the nth
layer line, corresponding to (' in Fig. 2.

We will now briefly analyse in physical terms some
of the effects of the shape and size of the repeat unit
or nucleotide on the diffraction pattern. First, if the
nucleotide consists of a unit having circular symmetry
about an axis parallel to the helix axis, the whole
diffraction pattern is modified by the form factor of
the nucleotide. Second, if the nucleotide consists of
a series of points on a radius at right-angles to the
helix axis, the phases of radiation scattered by the
helices of different diameter passing through each
point are the same. Summation of the corresponding
Bessel functions gives reinforcement for the inner-

i S
. T
__...-—-"_»_':-.__ __.,..--‘-""-_""--___
__.---'?"':'—-—__ __#;\*--_
~ % " .
~ .
~ A A A7 ia

B B
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Fig. 2. Diffraction pattern of system of hellees corresponding to
structure of deoxypentose nucleic acid. The squares of Bessel
functions are plotted about 0 on the equator and on the first,
second, third and fifth layer lines for half of the nucleotide mass
at 20 A, diameter and remainder distributed along a radius, the
mass at a given radius being proportional to the radius, About
' on the tenth layer line similar functions are plotted for an outer
diameter of 12 A.

©1953 Nature Publishing Group
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Molecular Structure of Nucleic Acids
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Molecular Structure of Nucleic Acids
R D oy T
We wish to suggest a structure for the salt of deoxyribose nucleic acid (D.N.A.). This

structure has novel features which are of considerable biological interest.

A structure for nucleic acid has already been proposed by Pauling and Corey !. They

kindly made their manuscript available to us in advance of publication.

Their model consists of three intertwined chains, with the phosphates near the fibre axis,
and the bases on the outside. In our opinion, this structure is unsatisfactory for two

reasons-

(1) We believe that the material which gives the X-ray diagrams is the salt, not the free
acid. Without the acidic hydrogen atoms it is not clear what forces would hold the
structure together, especially as the negatively charged phosphates near the axis will

repel each other.

(2) Some of the van der Waals distances appear to be too small.

Another three-chain structure has also been suggested by Fraser (in the press). In his
model the phosphates are on the outside and the bases on the inside, linked together by
hydrogen bonds. This structure as described is rather ill-defined, and for this reason we

shall not comment on it.
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We wish to put forward a radically different structure for the salt of deoxyribose nucleic

acid. This structure has two helical chains each coiled round the same axis (see diagram).

We have made the usual chemical assumptions, namely, that each chain consists of

phosphate di-ester groups joining j -D-deoxyribofuranose residues with 3',5' linkages.

The two chains (but not their bases) are related by a dyad perpendicular to the fibre axis.
Both chains follow right-handed helices, but owing to the dyad the sequences of the

atoms in the two chains run in opposite directions.

Each chain loosely resembles Furberg’ s 2 model No. 1; that is, the bases are on the inside
of the helix and the phosphates on the outside. The configuration of the sugar and the
atoms near it is close to Furberg’s ‘standard configuration’ , the sugar being roughly

perpendicular to the attached base.

There is a residue on each chain every 3.4 A. in the z-direction. We have assumed an
angle of 36° between adjacent residues in the same chain, so that the structure repeats
after 10 residues on each chain, that is, after 34 A. The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on the outside, cations have easy access

to them.
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The structure is an open one, and its water content is rather high. At lower water
contents we would expect the bases to tilt so that the structure could become more

compact.

The novel feature of the structure is the manner in which the two chains are held

together by the purine and pyrimidine bases.

The planes of the bases are perpendicular to the fibre axis. They are joined together in
pairs, a single base from the one chain being hydrogen-bonded to a single base from the

other chain, so that the two lie side by side with identical z-co-ordinates.

One of the pair must be a purine and the other a pyrimidine for bonding to occur. The
hydrogen bonds are made as follows: purine position 1 to pyrimidine position 1; purine

position 6 to pyrimidine position 6.

If it is assumed that the bases only occur in the structure in the most plausible
tautomeric form (that is, with the keto rather than the enol configurations) it is found
the only specific pairs of bases can bond together. These pairs are: adenine (purine) with

thymine (pyrimidine) , and guanine(purine) with cytosine (pyrimidine).
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In other words, if an adenine forms one member of a pair, on either chain, then on these

assumptions the other member must be thymine; similarly for guanine and cytosine.

The sequence of bases on a single chain does not appear to be restricted in any way.
However, if only specific pairs of bases can be formed, it follows that if the sequence of
bases on one chain is given, then the sequence on the other chain is automatically

determined.

It has been found experimentally34 that the ratio of the amounts of adenine to thymine,
and the ratio of guanine to cytosine, are always very close to unity for deoxyribose nucleic

acid.

It is probably impossible to build this structure with a ribose sugar in place of the

deoxyribose, as the extra oxygen atom would make too close a van der Waals contact.

The previously published X-ray data%6 on deoxyribose nucleic acid are insufficient for a
rigorous test of our structure. So far as we can tell, it is roughly compatible with the
experimental data, but it must be regarded as unproved until it has been checked against

more exact results.
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Some of these are given in the following communications. We were not aware of the
details of the results presented there when we devised our structure, which rests mainly

though not entirely on published experimental data and stereo-chemical arguments.

It has not escaped our notice that the specific pairing we have postulated immediately

suggests a possible copying mechanism for the genetic material.

Full details of the structure, including the conditions assumed in building it, together

with a set of co-ordinates for the atoms, will be published elsewhere.

We are much indebted to Dr. Jerry Donohue for constant advice and criticism, especially
on inter-atomic distance. We have also been stimulated by a knowledge of the general
nature of the unpublished experimental results and ideas of Dr. M.H.F. Wilkins, Dr. R.E.
Franklin and their co-workers at king’s College, London. One of us (J.D.W.) has been

aided by a fellowship from the National Foundation for Infantile Paralysis.
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Application of microbial risk assessment on a
residentially-operated Bio-toilet
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Application of microbial risk assessmentona <~
residentially-operated Bio-toilet
Naoko Nakagawa, Hana Qe, Masahiro Otaki and Katsuyoshi Ishizaki

ABSTRACT =----

The Sustainable Sanitation System is a new wastewater treatment system that incorporates a
nen-flushing toilet (Sio-toilet) that converts excreta into a reusable resource {as fertilizer or
humus for organic agriculture) and reduces the pollution ioad to environments of the rivers, the
lakes, and the sea. However, the risk of exposure to pathogens should he considered, because
excrement is stored in the Bio-tailet, The aim of the present work is {o analyze the heaith risk of
dealing with the matrix (excreta and urine mixed with sawdust) of the Bio-toilet. Therefore, the
fate of pathogenic viruses was investigated using coliphages as a virus index, and the modeling
of the die-off rate in matrix was introduced. Then the microbial risk assessment was applied fo a
Bio-toilet that was actually used in a residential house; the infecticn risks of rotavirus and
enterovirus as reference pathogens were calculated.

According to the fab-scale experiment using coliphages for investing the die-off rate of viruses
in the Bio-toilet, QB had a higher die-off, which was greatly influenced by the water content and
temperature, On the other hand, T4 showed a lower rate and was independent of water content.
Therefore, these two phages’ data were used as critical examples, such as viruses having high or
low possibilities of remaining in the Bio-toilet during the risk assessiment analysis.

As the result of the risk assessment, the storage time required for an acceptable infectious risk
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level has wide variations in both rotavirus and enterovirus cases depending on the phage that
was used. These were 0-260 days’ and 0-160 days’ difference, respectively.
Key words | Bio-tailet, die-off rate, microbial risk assessment, sustainable sanitation system

60

INTRODUCTION <®---- FUBHIC. ARDER

The Sustainable Sanitation System that was developed by
this research is a new wastewater treatment system; it
incorporates a non-flushing toilet (Bio-toilet) that converts
excreta into a reusable resource (as fertilizer or humus for
organic agriculture) and reduces the pollution load to
environments of the rivers, the lakes, and the sea.

The Sustainable Sanitation System was launched with
the support of the Japanese government named CREST, as a
project called “Research on the Development of Sustainable
Sanitation Systems and their Introduction in the Water
Cycle System.” It will be undertaken from 2002 to 2007 in
Japan, with the assistance of a US$4 million research budget

doi: 10.2166/wh.2006.028

from CREST. The objective of the System is to protect
human health and the environment while reducing the use
of water and recycling nutrients.

The elimination of black water from the residential
wastewater stream by using a non-water carriage toilet will
reduce the pollution load from a household. Therefore, the
Bio-toilet - which does not use water and can recycle
nutrients - is one of the key components in implementing
the Sustainable Sanitation System. However, the risk of
exposure to pathogens should be considered, because
excrement remains in the Bio-toilet for long periods of
time.
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In this research, to analyze the health risk of using the
Bio-toilet, the microbial risk assessment was applied to a
Bio-toilet that was actually operating in a residential house;
rotavirus and enterovirus were selected as reference
pathogens to discuss the hygienic safety of the Bio-toilets.
For the microbial risk assessment, the fate of pathogenic
viruses was investigated using coliphages as a virus index;
the modeling of the die-off rate was then introduced. A
number of environmental conditions will speed up or slow
down the time it takes for a pathogen to die, depending on
the characteristics of the condition. The major factors
considered important for die-off are temperature, moisture,
nutrients, other organisms, sunlight and PH (Winblad ef al.
1998). We considered die-off rate as mainly depending on
temperature and moisture. Therefore, this paper also
describes the modeling of the die-off rate using temperature
and water content parameters concerning model viruses.

WD
MEIETE

MATERIAL AND METHODS <®-----
Bio-toilet

The Bio-toilet uses sawdust as an artificial soil matrix to
decompose excreta into compost, and even to form gas and
humus. Inside the tank itself, a motor gently stirs sawdust or
chips; in the sawdust, the water content of the excreta
evaporates as a result of the heat produced by the heater
and the biological activity. After the organic material is
composted, it is disposed of as waste material, along with
the sawdust, for use as a fertilizer. All that remains following
this process are small amounts of phosphorus, minerals,
salt, and humus (Nakagawa et al. zoo1).

Figure 1 shows the structure of the Bio-toilet. The excreta
are placed in the sawdust in the tank, where it ferments and
decomposes as it is agitated slowly by a screw-shaped rotating
mechanism. The Bio-toilet has a structure whereby sawdust is
sent out, in small amounts, from the excreta inlet side to the
removal opening on the side. A ventilation fan installed
beside the Bio-toilet keeps the interior of the house almost
completely free of the smell of the excreta. The fermentation
and decomposition reduce the volume of the excreta until it
can finally be used as fertilizer in dry conditions. One such
Bio-toilet was installed in the house cooperating with this
research and was used by three people.

control switch

Figure 1 | The Bio-toilet.

Experimental procedure

Bacteriophage Q8 and Bacteriophage T4 were selected as
model viruses. After the injection of these model organisms
into the Bio-teilet media, it was stirred well by hand for 5
minutes. Then amounts of between 0.1-0.2 g of the media
were sampled at predetermined intervals. These samples
were then injected into 10ml 3w/v% beef exira solution
(pH 9.7) and mixed well for 1 minute, in order to elute
microorganisms. Coliphages were measured by a double
agar method using E.coli K12 as a host bacteria for QB, and
E.coli C as a host for T4 (Otaki 2003).
The die-off rate is defined as follows.

—log NINg =kt ()]

where

N: concentrations of phages [no./g],

Np: concentrations of phages [no./g},

k: die-off rate,

t: storage time of phage in media (in [min] or [day}).

Modeling of the die-off rate

Based on the experimental data, the effect of temperature
and water content on the die-off rate (k) profiles for a range
of the temperature and water content were simulated. With
respect to Qf, the effect of the temperature on k& was
estimated by using the Arrhenius equation (Lopez et al
2004) and the effect of the water content was expressed by
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the following equation from the experimental data as shown
in Figure 2.

Ink=AlW+B5B 2

where

i k.
A= ) ( so%,r)
in (g_g) i kaos.T
B = In(ksgsr) — In (5004

E 1 1
Ferosr = Rston e"p[_( Z%)(T 3275 T.+ 273)]

E. 1 1
kros,r = Ko exp [ _(-%’E)(T 1273 Tt 273)]

ks:katT = 50°C (kssoe, = 0.893(1/h), ks790 = 0.274(1/h)),
Ts: standard temperature 50 (Fujita 1995),

R: gas constant (8.314(J/mol/K}),

E: activation energy (J/mol} (Ess = 110000 {J/mol),
Eqgs, = 70000 {J/mol)),

Then, 2 was expressed by temperature T and water content W
as follows

W o
kop= ksof;e,T('s-a) 3)
where

1 ksosr
@) Voo

+[m(E50%—E70%)( 1 1 )]
R T+273 Ts+273

T4 was found to be independent of water content, from the
measurement results shown in Fgure 5. Therefore, it is
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considered that only temperature effects k. Therefore, & is
estimated by using just the Arrhenius equation as follows.

Ef 1 1
ke "ksexP[—ﬁ(T+273 - Ts+273)] )

Being similar to the case of kgg,

ks: kat T = 50°C (kssge, = 0.06 (1/h),

ksgo0, = 0.046 (1/h)),

Ts: standard temperature 50°C,

R: gas constant (8.314(J/mol/K)}),

E: activation energy {(J/mol), (Esge = 130000 (J/mol),
Ege5 = 80000 (J/mol}).

Measurement of the temperature and the water
content in the Bio-toilet actuaily operated

This Bio-toilet has been used for three years. When 30
months had passed since its installation, the temperature
and the water content in the Bio-toilet were measured.

The temperature was measured two times at eight
sampling points as shown in Figure 3.

With respect to the water content (w), the matrix was
sampled seven times (once per day for one week) at each
sampling point from eight locations and each was analyzed.
The water content was measured by finding the weight (M)
of the sawdust and the weight (Md) after drying at a
temperature of 105°C. The water content is defined by the
following equation.

M — Md
— X 106 (3) .

(%)

Excreta inlet

Removal opening

Figure 3 | The lacation of the sampling points.
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Microbial risk assessment methods

Risk assessment is a powerful tool for evaluating the
influence of hazardous agents on humans. This method
consists of 4 parts, These are Hazard identification, Dose-
Response assessment, Exposure assessment and Risk
characterization.

Hazard Identification

From the results of the previous study, it was found that
pathogenic viruses have potentialiy high risks and the
control of them must be a key issue, rather than that of
pathogenic microorganisms (Nakagawa et al. 2003). There-
fore, rotavirus and enterovirus, which are representative
waterborne pathogenic viruses, were selected as reference
pathogens for this case study. According to the literature
(Haas e al. 1999; Epstein 1998; Charles ef al 1999)
concentrations of pathogens in feces and the duration of
excretion of these pathogens are shown in Table 1. The
volume of excreta is assessed to be 150g per person, per
day. The capacity of the media is 2501, The density of the
sawdust is 0.27 kg/1. The die-off rate of the pathogenic virus
was based on the experimental data from the phage model
described above. With respect to the period that pathogenic
viruses are discharged into the Bio-toilet, it is considered to
be the duration of pathogen excrement, as shown in Table 1.

Dose-response assessment

Several models that show the relation between the intake
dose of the pathogen and the microbial risk have been
proposed by Haas (Haas 1983), and Rose (Rose ef al. 1991);
the appropriate infective model, shown in Table 2, was
used.

Table 1 2 Concentration of pathogen in feces and duration of excreting pathogenic
viruses (Haas et al. 1599; Epstein 1998; Charles ef al. 1999

Concentration of pathogen

Agent in faces buration of exreting pathogen
Rotavirus ~ ~10'% (No./g) 5-9 days
Enterovirus  ~10° (No./g) 2-4 weeks

Table 2 i Parameters and models in dose-response of pathogens (Haas 1983; Rose

V IR BYIONFIRANF, ‘The' & DIFEL
Agent A\ ysed model "M parameters
Rotavirus B-model a=10232, g=10247
Enterovirus Log-normal GM =250, GSD =173

Exposure assessment

In this house, cooperating with the research study, the
residents remove matrix from the Bio-toilet and use it as a
fertilizer periodically. Therefore, in this risk assessment, it
was considered that resident exposure to pathogenic viruses
was significant when they withdrew the compost from the
Bio-toilet. Therefore, the volume of sawdust attached to the
hand of the person after handling the sawdust should be
estimated. In our laboratory, a survey of 14 persons was
implemented. The examinee replaced the used media by
hand, with and without gloves, and then the weight of the
attached media was measured. We tested the media, which
had three different water contents (20%, 50% and 80%j.

Risk characterization

According to the results of the dose-response and exposure
assessment, the infection risk of each agent was estimated
using Monte Carlo techniques. The screw-shaped mixer in
the Bio-toilet rotates twice to the left and iwice to the right
for one minute, usually every eight hours. Therefore, it is
thought that pathogenic viruses in the excreta that entered
the sawdust are gradually diffused while undergoing this
repeated back-and-forth motion. It is important to know
how long it takes the fastest-moving pathogenic microor-
ganism to reach the removal port’s opening, from the time it
entered the Bio-toilet from the excreta inlet.

According to a previous study using 500 plastic balls
with a diameter of 23 mm each, the quickest one appeared
in 6 days with a median of 22 days (Kinoshita 1994). This
result indicated the storage time of the pathogenic viruses in
the Bio-toilet and was used in the risk assessment!

The computer simulation was performed by dividing the
Bio-toilet into six sections so that the fastest-moving
pathogenic microorganism was exposed for six days after
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entering the Bio-toilet. In addition, a calculation was
implemented where we supposed the pathogenic viruses
diffused into adjacent sections equally, after being inacti-
vated in each section.

The risk assessment was implemented in two kinds of
cases. One was known as the “Actual case” where the
estimated value of k in each section using the model of QB
in the Bio-toilet was applied. On the other hand, the other
case was called the “Worst case” and indicated that % in all
sections of the Bio-toilet were similar to the value in the first
section, where k& was estimated to be at a minimum
because of high water content and low temperatures (see
Figure 7).

RESULTS AND DISCUSSION <---- RBREER

Measurement results and calculated model of the
die-off rate constant using the model viruses

Figures 4 and 5 show the data and model of the die-off rates
of QB and T4, respectively.

The closed circles and squares show the measurement
results. Higher temperatures caused high die-off rate in both
phage cases. In the case of QB, a dependence of water
content on the die-off rate was also seen. However, it wasn’t
observed in the T4 case, as shown in Figure 5. QB is an RNA
virus and T4 is a DNA virus; therefore, the difference in
structure is considered to be one of the reasons for this
phenomenon. However, the mechanism explaining this
phenomenon hasn’t yet been learned.

35
30F | ® kdata (W=70%) !
ach| ™ Kkdaia(w=s0%) !
. k model (W=50%) i
£ 20 k model (W=70%) ]
= | | e k mode! (W=30%)
* 1.5F | —--—- k mode! (W=20%)
1.0F
05}
0 1 1 I}
0 10 20 30 60

ternp. ("C)

Figure 4 | The effect of temperature on die-off rate X {QB case).
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<0.03f '

.02
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Figure 5 | The effect of temperature on die-off rate k (T4 case).

The lines in these figures show the calculated model of &
concerning QB and T4, respectively. The line at 20% and
30% of the water content were also estimated in the case of
QR as shown in Figure 4.

The measurement results of the temperature and the
watet content in the Bio-toilet actually operated

Figure 6 shows the measured temperature and water content
in the Bio-toilet. The locations of each sampling point are
indicated in Figure &; they correspond to the numbers in
Figure 3. The sampling point No.1 which is the point of the
excreta inlet was considered to have the highest risk of a
pathogen because the temperature was at the lowest, while
water contentwas at the highest. The temperature of a middle
point was around 60 degrees centigrade and it was con-
sidered that the risk of a pathogen becomes lower.

50 70
50k - 60
= -1 50
g 440 5
= L S
& 30 &
8 430 &
£ oo} :
£ J20F
1ok ~ == = water content {%)
—e— temperature ("C) 110

O!lllllio
1 2 3 4 5 6 7 38

Sampling point No.

Figure & f Measurement result of the temperature and water content in the Bio-toilet
in the house cooperating the research. ( » Error bar means $5% confidential
intervals).
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Estimation of the die-off rate in the Bio-toilet in the
house cooperating with the research

The die-off rate & of the pathogenic virus in the Bio-toilet
was estimated according to the modeling of & (Equations (3)
and (4)). QBis an RNA virus and T4 is a DNA virus; both
rotavirus and enterovirus are RNA viruses. In this way, the
fates of rotavirus and enterovirus were assessed to be similar
to that of QB, rather than that of T4. Therefore, & of
rotavirus and enterovirus in the Bio-toilet was estimated
from & model of QB, as shown in Figure 7.

Results of the exposure assessment

Figure 8 shows the results of this survey. The higher the
water content was, the larger the volume of media was
attached to the hand. The relationship between them was
exponential, and the distribution of these volumes at each
water content was assessed to have log-normal distribution,
judging from a maximum likelihood method and likelihcod
ratio test (Haas et al. 1999). The median of the distribution
(without gloves) was used as the volume of the exposure in
the computer simulation.

Results of the risk calculation

Figure 9 shows the results of the risk calculation in the cases
of rotavirus and enterovirus. Except for the worst case of
rotavirus, the health risk of human infection from patho-
genic viruses was almost zero less than 2.229 x 107°%
which is the minimum value which can be calculated in MS

10000
1000 ’, Actual case
= 100+
‘g’ 10F
1 Worst case
0.1

0 1 2 3 4 5 6 7 8 9
Sampling point No.

Figure 7 [ Estmated k of rotavirus in the Bio-toilet {«Eror bar means 95%
confidential intervals).
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0.001

Figure 8 | Result of the survey for amount of the media atiached to hand.

Excel 2003, in the case of both rotavirus and enterovirus.
Even in the worst case of rotavirus, the infection risk was
low. Figures 10 and 11 show the results of the risk
calculation in the cases of rotavirus and enterovirus when
applying the estimated value of % to each section from the
model of T4. From the view point of structure, size, and type
of gene, QP was assumed to be a better indicator than T4 for
rotavirus and enterovirus. However, it is necessary to
consider the “worst case scenario” when using an indicator
with high resistance in the Bio-toilet, like T4. Figure 10
indicates thai there is a high risk when a rotavirus is
discharged into the Bio-toilet; the annual risk Pypnua due to
event frequency is shown below.

Pumaat =1~ (1 —p)*
where

p: single exposure risk,
n: frequency of event

&

This residence exchanges the Bio-toilet’s matrix every
four months. Therefore, in order to reduce annual risk to an
acceptable level {i.e. 1 x 107% per year (Regli et al. 1988),
the probability of infection must be 3.33 x 107>

109
1077
102 1
102
104 |
10-5
1076 |
107 |
10"‘8_;
o*

Rotavirus,worst case

Rotavirus, actual case

Enterovirus, actual &
l worst case

Infection risk

0 20 40 60 80
Day

700 120

Figure 9 | Result of the risk assessment (using Qpdie-off rate, rotavirus and
enterovirus case} (0 « : less than minimurn value which can be calculated).
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Figure 10 | Result of the risk assessment {using t4 die-off rate, rotavirus case).

The risk decreases gradually after the rotavirus stops
entering, but it takes about 70 days before the risk is set at an
acceptablelevel, and about 260 days in a “worst case scenario”.
In other words, it is best not to remove the compaost for at least
90 days in this Bio-toilet, if diarrhea by rotavirus takes place to
a person using this Bio-toilet and a rotavirus is discharged into
the Bio-toilet. The infection risk of enterovirus decreases
rapidly compared with that of rotavirus, in spite of its long
period of excretion pathogenic viruses (Table 1), as shown in
Figure 11. Acceptable levels of risk exposure occur after about
50 days in actual cases; however, 160 days is the conservative,
“worst case scenario”. Thus, if an indicator with a low die-off
rate (like T4) is used in the risk assessment, the infection risk
becomes considerably high.

The storage time of the pathogenic virus required for
the Bio-toilet

The die-off rate & of the model virus Qfwas used as the
parameters of temperature and water content, as shown

100
101
- Actual case
2 .ol
- 10 2 / /
k]
©
g il Worst case
104 1
10‘_5 3 1 ‘t 1 1 1 1 — 'y L
0 20 40 60 B0 100 120 140 160 180 200

Day

Figure 11 I Result of the risk assessment (using T4 tie-off rate, enterovirus case).
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Figure 12 | The region of the safety leve! of the infection risk (rotavirus case using
Qpdie-off rate).

in Equation (3). In the existing study, the removal ratio
(logN/Np) required for the Bio-toilet is 11.5 for rotavirus
and 6.5 for enterovirus, in order to hold down the annual
risk to 1 x 10™*(Nakagawa et al. 2003). There is a relation
between removal ratio, the die-off rate, and storage time, as
shown in Equation (1). Therefore, the required die-off rate
was calculated in case of each storage time ¢ to achieve
these removal ratios by Equation (1). Then, the temperature
and water content to achieve each k by Equation (3) was
calculated. The resuit of the case of rotavirus is shown in
Figure 12. The right-hand side of each curve of each storage
time ¢ indicates the region of safety levels of infection risk.
The measurement results in terms of temperature and water
content in each of the sample points of the Bio-toilet (as
shown in Figure 3) are also shown in Figure 12 (square
mark). From this figure, the required storage time is more
than three days, in order to hold down the risk of infection
risk for the year to 1 x 107

If the toilet is not heated mechanically, there is a risk
that some of the material does not reach these high
temperatures. In that case the risk will be substantially
higher and a much longer storage time will be required to
reach a safety level.

CONCLUSIONS < i

In this research, the fate of pathogenic viruses in a Bio-toilet
was estimated according to the fate of coliphages. The
experimental data of coliphage Qf showed a"higher die-off
rate and more dependence on water content. On the other
hand, that of T4 showed a lower die-off rate and was
independent of water content. A risk assessment was
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applied to the actual Bio-toilet condition according to the
data derived in the house cooperating with the research.

As the results of the risk assessment, according to the
actual data of water content and temperature in the Bio-
toilet and the empirical die-off model of QB~which was
assumed to be similar to many enteric viruses - the
infection risks were estimated to be at sufficiently safe
levels in this research. However, it was also indicated that
there was the possibility of a high risk of infection caused by
inappropriate use of the Bio-toilet in the presence of a
highly resistant virus like coliphage T4.

In addition, the required storage time of the pathogenic
viruses in the Bio-toilet can be estimated from the resulis of
the 1isk assessment.
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Application of microbial risk assessment on a residentially-operated
Bio-toilet

ABSTRACT

The Sustainable Sanitation System is a new wastewater treatment system that
incorporates a non-flushing toilet (Bio-toilet) that converts excreta into a reusable
resource (as fertilizer or humus for organic agriculture) and reduces the pollution load to
environments of the rivers, the lakes, and the sea.

However, the risk of exposure to pathogens should be considered, because excrement is
stored in the Bio-toilet.

The aim of the present work is to analyze the health risk of dealing with the matrix

(excreta and urine mixed with sawdust) of the Bio-toilet.

Therefore, the fate of pathogenic viruses was investigated using coliphages as a virus

index, and the modeling of the die-off rate in matrix was introduced.

Then the microbial risk assessment was applied to a Bio-toilet that was actually used in
a residential house; the infection risks of rotavirus and enterovirus as reference pathogens
were calculated.

According to the lab-scale experiment using coliphages for investigating the die-off rate
of viruses in the Bio-toilet, QB had a higher die-off, which was greatly influenced by the

water content and temperature.
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On the other hand, T4 showed a lower rate and was independent of water content.

Therefore, these two phages’ data were used as critical examples, such as viruses having

high or low possibilities of remaining in the Bio-toilet during the risk assessment analysis.

As the result of the risk assessment, the storage time required for an acceptable
infectious risk level has wide variations in both rotavirus and enterovirus cases
depending on the phage that was used.

These were 0-260 days’ and 0-160 days’ difference, respectively.
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MATERIAL AND METHODS

Experimental procedure

Bacteriophage Qp and Bacteriophage T4 were selected as model viruses.

After the injection of these model organisms into the Bio-toilet media, it was stirred well

by hand for 5 minutes.

Then amounts of between 0.1-0.2 g of the media were sampled at predetermined intervals.

These samples were then injected into 10 ml 3w/v% beef extra solution (pH 9.7) and

mixed well for 1 minute, in order to elute microorganisms.

Coliphages were measured by a double agar method using E.coli K12 as a host bacteria
for QP, and E.coli C as a host for T4 (Otaki 2003).

The die-off rate is defined as follows.

-log N/No = kt (D)

where

N: concentrations of phages [no./g],

No: initial concentrations of phages [no./g],
k: die-off rate,

t: storage time of phage in media (in [min] or [day])
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CONCLUSIONS

In this research, the fate of pathogenic virus in Bio-toilet was estimated according to the
fate of coliphages.

The experimental data of coliphage Qp showed a higher die-off rate and more dependent
on water content.

On the other hand, that of T4 showed a lower die-off rate and was independent of water
content.

A risk assessment was applied to the actual Bio-toilet condition according to the data
derived in the house cooperating the research.

As the results of the risk assessment, according to the actual data of water content and
temperature in the Bio-toilet and the empirical die-off model of QB —which was assumed
to be similar to many enteric viruses — the infectious risks were estimated to be at

sufficiently safe levels in this research.

However, it was also indicated that there was the possibility of a high risk of infection
caused by inappropriate use of the Bio-toilet in the presence of a highly resistant virus

like coliphage T4.

In addition, the required storage time of the pathogenic viruses in the Bio-toilet can be
estimated from the results of the risk assessment.
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Detection of the Characteristic Pion-Decay
Signature in Supernova Remnants
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Cosmic rays are particles (mostly protons) accelerated to relativistic speeds. Despite wide agreement

that supernova remnants (SNRs) are the sources of galactic cosmic rays, unequivocal evidence for the
acceleration of protons in these objects is still lacking. When accelerated protons encounter interstellar
material, they produce neutral pions, which in turn decay into gamma rays. This offers a compelling way
to detect the acceleration sites of protons. The identification of pion-decay gamma rays has been difficult
because high-energy electrons also produce gamma rays via bremsstrahlung and inverse Compton
scattering. We detected the characteristic pion-decay feature in the gamma-ray spectra of two SNRs, IC 443
and W44, with the Fermi Large Area Telescope. This detection provides direct evidence that cosmic-ray
protons are accelerated in SNRs.

supernova explosion drives its progen-
itor material supersonically into inter-

stellar space, forming a collisionless shock

wave ahead of the stellar ejecta. The huge amount
of kinetic energy released by a supemova, typical-
ly 10°" ergs, is initially carried by the expanding
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ejecta and is then transferred to kinetic and ther-
mal energies of shocked interstellar gas and
relativistic particles. The shocked gas and relativistic
particles produce the thermal and nonthermal
emissions of a supernova remnant (SNR). The
mechanism of diffusive shock acceleration (DSA)
can explain the production of relativistic par-
ticles in SNRs (/). DSA generally predicts that a
substantial fraction of the shock energy is trans-
ferred to relativistic protons. Indeed, if SNRs are
the main sites of acceleration of the galactic cos-
mic rays, then 3 to 30% of the supernova kinetic
energy must end up transferred to relativistic pro-
tons. However, the presence of relativistic protons
in SNRs has been mostly inferred from indirect
arguments (2-9).

A direct signature of high-energy protons
is provided by gamma rays generated in the de-
cay of neutral pions (r°); proton-proton (more
generally nuclear-nuclear) collisions create n°
mesons, which usually quickly decay into two
gamma rays (6—8) (schematically written as p +
p — 1° + other products, followed by ° — 2y),
each having an energy of mnoc2 /2 =67.5MeV
in the rest frame of the neutral pion (where m_o is
the rest mass of the neutral pion and c is the
speed of light). The gamma-ray number spec-
trum, F(g), is thus symmetric about 67.5 MeV
in a log-log representation (9). The n°-decay spec-
trum in the usual £2F(g) representation rises
steeply below ~200 MeV and approximately
traces the energy distribution of parent protons
at energies greater than a few GeV. This char-
acteristic spectral feature (often referred to as the
“pion-decay bump”) uniquely identifies n’-decay
gamma rays and thereby high-energy protons,
allowing a measurement of the source spectrum
of cosmic rays.

Massive stars are short-lived and end their
lives with core-collapse supernova explosions.
These explosions typically occur in the vici-
nity of molecular clouds with which they in-
teract. When cosmic-ray protons accelerated by
SNRs penetrate into high-density clouds, n°-decay
gamma-ray emission is expected to be enhanced
because of more frequent pp interactions rela-
tive to the interstellar medium (/0). Indeed, SNRs

15 FEBRUARY 2013

807

Downloaded from www.sciencemag.org on July 31, 2013



REPORTS

808

interacting with molecular clouds are the most
luminous SNRs in gamma rays (//, /2). The
best examples of SNR-cloud interactions in our
galaxy are the SNRs IC 443 and W44 (13),
which are the two highest-significance SNRs in
the second Fermi Large Area Telescope (LAT)
catalog (2FGL) (/4) and are thus particularly
suited for a dedicated study of the details of their
gamma-ray spectra. The age of each remnant is
estimated to be ~10,000 years. IC 443 and W44
are located at distances of 1.5 kpc and 2.9 kpc,
respectively.

We report here on 4 years of observations
with the Fermi LAT (4 August 2008 to 16 July
2012) of IC 443 and W44, focusing on the sub-
GeV part of the gamma-ray spectrum—a crucial
spectral window for distinguishing n’-decay gam-
ma rays from electron bremsstrahlung or in-
verse Compton scattering produced by relativistic
electrons. Previous analyses of IC 443 and W44
used only 1 year of Fermi LAT data (/5—-/7) and
were limited to the energy band above 200 MeV,
mainly because of the small and rapidly changing
LAT effective area at low energies. A recent
update to the event classification and background
rejection (so-called Pass 7) provides an increase
in LAT effective area at 100 MeV by a factor
of ~5 (18), enabling the study of bright, steady
sources in the galactic plane below 200 MeV
with the Fermi LAT. Note that the gamma-ray
spectral energy distribution of W44 measured

1-3

recently by the AGILE satellite falls steeply
below 1 GeV, which the authors interpreted as a
clear indication for the no—decay origin of the
gamma-ray emission (/9). Also, a recent anal-
ysis of W44 at high energies (above 2 GeV) has
been reported (20), revealing large-scale gamma-
ray emission attributable to high-energy protons
that have escaped from W44. Here, we present
analyses of the gamma-ray emission from the com-
pact regions delineated by the radio continuum
emission of IC 443 and W44.

The analysis was performed using the Fermi
LAT Science Tools (27). We used a maximum
likelihood technique to determine the signifi-
cance of a source over the background and to fit
spectral parameters (22, 23). For both SNRs, ad-
ditional sources seen as excesses in the background-
subtracted map have been added to the background
model (24) and are shown as diamonds in Fig. 1—
one in the case of IC 443, three in the case of
W44. The inclusion of these sources had no in-
fluence on the fitted spectrum of the SNRs. Three
close-by sources (2FGL J1852.8+0156¢, 2FGL
J1857.24+0055¢, and 2FGL J1858.5+0129¢) have
been identified with escaping cosmic rays from
W44 (20). These 2FGL sources have been re-
moved from the background model (see below)
in order to measure the full cosmic-ray content
of W44.

Figure 2 shows the spectral energy distribu-
tion obtained for IC 443 and W44 through max-

)—F 1 >4 (Reading) &3 DEH

imum likelihood estimation. To derive the flux
points, we performed a maximum likelihood fit-
ting in 24 independent logarithmically spaced
energy bands from 60 MeV to 100 GeV. The
normalization of the fluxes of IC 443 and W44,
and those of neighboring sources and of the
galactic diffuse model, was left free in the fit
for each bin. In both sources, the spectra below
~200 MeV are steeply rising, clearly exhibiting
a break at ~200 MeV. To quantify the signifi-
cances of the spectral breaks, we fit the fluxes of
IC 443 and W44 between 60 MeV and 2 GeV—
below the high-energy breaks previously found
in the 1-year spectra (15, /6)—with both a sin-
gle power law of the form F(e) = K(e/gg) "
and a smoothly broken power law of the form
F(e) = K(e/eo) " [1 + (e/ex)™ 7] with
€9 =200 MeV. The spectral index changes from
T to T, (>T'y) at the break energy &, The
smoothness of the break is determined by the
parameter o, which was fixed at 0.1 (Table 1).
We define the test-statistic value (75S) as 2 In(L /L),
where L/ corresponds to the likelihood value
for the source/no-source hypothesis (24). The de-
tection significance is given by ~/TS. The smooth-
ly broken power law model yields a significantly
larger 7S than a single power law, establishing
the existence of a low-energy break. The improve-
ment in log likelihood when comparing the broken
power law to a single power law corresponds to
a formal statistical significance of 19¢ for the
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low-energy break in IC 443 and 21c for that in
W44, when assuming a nested model with two
additional degrees of freedom.

To determine whether the spectral shape could
indeed be modeled with accelerated protons, we
fit the LAT spectral points with a n°’-decay spec-
tral model, which was numerically calculated from
a parameterized energy distribution of relativistic
protons. Following previous studies (15, 6), the
parent proton spectrum as a function of momen-
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tum p was parameterized by a smoothly broken
power law in the form of

S~ 8
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Best-fit parameters were searched using x>
fitting to the flux points. The measured gamma-ray
spectra, in particular the low-energy parts, matched
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Fig. 1. Gamma-ray count maps of the 20° x 20° fields around IC 443 (left) and W44 (right) in
the energy range 60 MeV to 2 GeV. Nearby gamma-ray sources are marked as crosses and squares.
Diamonds denote previously undetected sources. For sources indicated by crosses and diamonds,
the fluxes were left as free parameters in the analysis. Events were spatially binned in regions of
side length 0.1°, the color scale units represent the square root of count density, and the colors
have been clipped at 20 counts per pixel to make the galactic diffuse emission less prominent.
Given the spectra of the sources and the effective area of the LAT instrument, the bulk of the
photons seen in this plot have energies between 300 and 500 MeV. IC 443 is located in the
galactic anti-center region, where the background gamma-ray emission produced by the pool of
galactic cosmic rays interacting with interstellar gas is rather weak relative to the region around
W44. The two dominant sources in the IC 443 field are the Geminga pulsar (2FGL ]J0633.9+1746)
and the Crab (2FGL ]0534.5+2201). For the W44 count map, W44 is the dominant source
(subdominant, however, to the galactic diffuse emission).
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the n°-decay model (Fig. 2). Parameters for the
underlying proton spectrum are s; = 2.36 *
0.02,5,=3.1£0.1,and py,, =239 £74 GeV ¢ ' for
IC 443, and s, = 2.36 + 0.05, s, = 3.5 £ 0.3, and
Por = 22 GeV ¢! for W44 (statistical errors
only). In Fig. 3 we show the energy distribu-
tions of the high-energy protons derived from
the gamma-ray fits. The break p, is at higher
energies and is unrelated to the low-energy pion-
decay bump seen in the gamma-ray spectrum.
If the interaction between a cosmic-ray precursor
(i.e., cosmic rays distributed in the shock upstream
on scales smaller than ~0.1R, where R is the SNR
radius) and adjacent molecular clouds were re-
sponsible for the bulk of the observed GeV gamma
rays, one would expect a much harder energy
spectrum at low energies (i.e., a smaller value for
the index s,), contrary to the Fermi observations.
Presumably, cosmic rays in the shock downstream
produce the observed gamma rays; the first index
s1 represents the shock acceleration index with
possible effects due to energy-dependent prop-
agation, and py,, may indicate the momentum
above which protons cannot be effectively con-
fined within the SNR shell. Note that py, results in
the high-energy break in the gamma-ray spectra
at ~20 GeV and ~2 GeV for IC 443 and W44,
respectively.

The n°-decay gamma rays are likely emitted
through interactions between “crushed cloud” gas
and relativistic protons, both of which are highly
compressed by radiative shocks driven into mo-
lecular clouds that are overtaken by the blast
wave of the SNR (25). Filamentary structures of
synchrotron radiation seen in a high-resolution
radio continuum map of W44 (26) support this
picture. High-energy particles in the “crushed
cloud” can be explained by reacceleration of the
preexisting galactic cosmic rays (25) and/or fresh-
ly accelerated particles that have entered the
dense region (20). The mass of the shocked gas
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Fig. 2. (A and B) Gamma-ray spectra of IC 443 (A) and W44 (B) as measured
with the Fermi LAT. Color-shaded areas bound by dashed lines denote the best-
fit broadband smooth broken power law (60 MeV to 2 GeV); gray-shaded bands
show systematic errors below 2 GeV due mainly to imperfect modeling of the
galactic diffuse emission. At the high-energy end, TeV spectral data points for IC
443 from MAGIC (29) and VERITAS (30) are shown. Solid lines denote the best-
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data points into account).

fit pion-decay gamma-ray spectra, dashed lines denote the best-fit bremsstrah-
lung spectra, and dash-dotted lines denote the best-fit bremsstrahlung spectra
when including an ad hoc low-energy break at 300 MeV ¢* in the electron
spectrum. These fits were done to the Fermi LAT data alone (not taking the TeV

Magenta stars denote measurements from the AGILE

satellite for these two SNRs, taken from (31) and (19), respectively.
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(~1 x 10*> M. and ~5 x 10°> M. for IC 443 and
W44, respectively, where M. is the mass of the
Sun) is large enough to explain the observed
gamma-ray luminosity. Because the “crushed
cloud” is geometrically thin, multi-GeV particles
are prone to escape from the dense gas, which
may explain the break py,.

Escaped cosmic rays reaching the unshocked
molecular clouds ahead of the SNR shock can
also produce n’-decay gamma rays (27, 28). In-
deed, the gamma rays emitted by the escaped
cosmic rays in the large molecular complex that
surrounds W44 (total extent of 100 pc) have
been identified with three close-by sources (20),
which led us to remove them from the model in
the maximum likelihood analysis, as mentioned
above. With this treatment, the measured fluxes
below 1 GeV contain small contributions from
the escaped cosmic rays, but this does not affect
our conclusions. The escaped cosmic rays may
significantly contribute to the measured TeV fluxes
from IC 443 (29, 30). Emission models could be
more complicated. For example, the cosmic-ray

1-3

precursor with a scale of ~0.1R at the highest en-
ergy could interact with the adjacent unshocked
molecular gas, producing hard gamma-ray emis-
sion. This effect is expected to become impor-
tant above the LAT energy range.

We should emphasize that radiation by relativ-
istic electrons cannot account for the gamma-ray
spectra of the SNRs as naturally as radiation by
relativistic protons can (23). An inverse-Compton
origin of the emission was not plausible on en-
ergetic grounds (/7). The most important seed
photon population for scattering is the infrared
radiation produced locally by the SNR itself,
with an energy density of ~1 ¢V cm >, but this is
not large enough to explain the observed gamma-
ray emission. Unless we introduce in an ad hoc
way an additional abrupt break in the electron
spectrum at 300 MeV ¢ ' (Fig. 2, dash-dotted
lines), the bremsstrahlung models do not fit the
observed gamma-ray spectra. If we assume that
the same electrons are responsible for the ob-
served synchrotron radiation in the radio band,
a low-energy break is not expected to be very

Table 1. Spectral parameters in the energy range of 60 MeV to 2 GeV for power-law (PL) and
broken power-law (BPL) models. 7S = 2 In(L1/L,) is the test-statistic value.

Model K (ecm? s7* Mev™) I, I, £p, (MeV) TS
IC 443
PL 11.7 (+0.2) x 107° 1.76 + 0.02 — — 21,651
BPL 11.9 (+0.6) x 107*° 0.57 + 0.25 1957352 24518 22,010
w44
PL 13.0 (£0.4) x 107 1.71 + 0.03 — — 6,920
BPL 15.8 (+1.0) x 107 0.07 + 0.4 2087353 253711 7,351
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Fig. 3. Proton and gamma-ray spectra determined for IC 443 and W44. Also shown are the broadband
spectral flux points derived in this study, along with TeV spectral data points for IC 443 from MAGIC
(29) and VERITAS (30). The curvature evident in the proton distribution at ~2 GeV is a consequence of
the display in energy space (rather than momentum space). Gamma-ray spectra from the protons were
computed using the energy-dependent cross section parameterized by (32). We took into account
accelerated nuclei (heavier than protons) as well as nuclei in the target gas by applying an enhance-
ment factor of 1.85 (33). Note that models of the gamma-ray production via pp interactions have some
uncertainty. Relative to the model adopted here, an alternative model of (6) predicts ~30% less photon
flux near 70 MeV; the two models agree with each other to better than 15% above 200 MeV. The
proton spectra assume average gas densities of n = 20 cm™ (IC 443) and n = 100 cm™ (W44) and

distances of 1.5 kpc (IC 443) and 2.9 kpc (W44).
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strong in the radio spectrum, and thus the ex-
isting data do not rule out this scenario. The
introduction of the low-energy break introduces
additional complexity, and therefore a brems-
strahlung origin is not preferred. Although most
of the gamma-ray emission from these SNRs
is due to n° decay, electron bremsstrahlung may
still contribute at a lower level. The Fermi LAT
data allow an electron-to-proton ratio K, of
~0.01 or less, where K, is defined as the ratio
of dN/dp and dNJdp at p = 1 GeV ¢! (figs. S2
and S3).

Finding evidence for the acceleration of pro-
tons has long been a key issue in attempts to
elucidate the origin of cosmic rays. Our spectral
measurements down to 60 MeV enable identi-
fication of the n’-decay feature, thus providing
direct evidence for the acceleration of protons in
SNRs. The proton momentum distributions, well
constrained by the observed gamma-ray spectra,
are yet to be understood in terms of acceleration
and escape processes of high-energy particles.
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Crystalline Inorganic Frameworks
with 56-Ring, 64-Ring, and

72-Ring Channels

Hsin-Yau Lin,* Chih-Yuan Chin,* Hui-Lin Huang,1 Wen-Yen Huang,1 Ming-Jhe Sie,*
Li-Hsun Huang," Yuan-Han Lee,* Chia-Her Lin,> Kwang-Hwa Lii,? Xianhui Bu,* Sue-Lein Wang™*

The development of zeolite-like structures with extra-large pores (>12-membered rings, 12R)

has been sporadic and is currently at 30R. In general, templating via molecules leads to crystalline
frameworks, whereas the use of organized assemblies that permit much larger pores produces
noncrystalline frameworks. Synthetic methods that generate crystallinity from both discrete
templates and organized assemblies represent a viable design strategy for developing crystalline
porous inorganic frameworks spanning the micro and meso regimes. We show that by integrating
templating mechanisms for both zeolites and mesoporous silica in a single system, the channel

engineering goals such as enlarging the chan-
nels, changing channel shape and connectivity,
or modifying the wall composition are critical for
creating new materials.

For many years, various zeolite-like struc-
tures have been synthesized using both simple
and complex preparative techniques. In 1982, the
discovery of AIPO4-based zeolite structures (8)
inspired the synthesis of open-framework metal
phosphates. Soon after, the crystal structure of an
iron phosphate mineral known as cacoxenite (9)
was solved, revealing that the structure contained
notably large channels with a free diameter of
1.4 nm and openings encircled by 36 polyhedra
(36R). These discoveries led to increasing in-
terest in pure tetrahedral and mixed polyhedral
frameworks with extra-large channels (table S1).
Later, many landmark structures were synthesized

size for gallium zincophosphites can be systematically tuned from 24R and 28R to 40R, 48R,

56R, 64R, and 72R. Although the materials have low thermal stability and retain their templating
agents, single-activator doping of Mn?* can create white-light photoluminescence.

rystalline open-framework materials are
of interest because of their rich structural
chemistry and their use ranging from

conventional catalysis, gas separation, and ion
exchange to modern high-tech low-k materials,

1Department of Chemistry, Frontier Research Center on Fun-
damental and Applied Sciences of Matters, National Tsing Hua
University, Hsinchu 30013, Taiwan. 2Department of Chemistry,
Chung-Yuan Christian University, Chungli 320, Taiwan. De-
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zeolite-dye microlasers, high-capacity H, and
CO, gas storage (/—4), and potential lanthanide-
free phosphor materials for light-emitting diodes
(5-7). Their functions are mainly attributed to
properties related to pore size. Therefore, pore
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Fig. 1. Systematic expansion of structures with extra-large channels. (A) Channel ring size ranging from 24R to 72R. (B) Pore diameters spanning the micro and
meso regimes. The templates are alkyl monoamines (using a ball-and-stick model) with carbon chain lengths ranging from 4C to 18C.
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Detection of the Characteristic Pion-Decay Signature
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Detection of the Characteristic Pion-Decay Signature in Supernova
Remnants

(Abstract)

Cosmic rays are particles (mostly protons) accelerated to relativistic speeds.
Despite wide agreement that supernova remnants (SNRs) are the sources of
galactic cosmic rays, unequivocal evidence for the acceleration of protons in

these objects is still lacking.

When accelerated protons encounter interstellar material, they produce neutral
pions, which in turn decay into gamma rays. This offers a compelling way to

detect the acceleration sites of protons.

The identification of pion-decay gamma rays has been difficult because high-
energy electrons also produce gamma rays via bremsstrahlung and inverse

Compton scattering.

We detected the characteristic pion-decay feature in the gamma-ray spectra of
two SNRs, IC 443 and W44, with the Fermi Large Area Telescope. This detection

provides direct evidence that cosmic-ray protons are accelerated in SNRs.
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(Introduction)

A supernova explosion drives its progenitor material supersonically into inter-
stellar space, forming a collisionless shock wave ahead of the stellar ejecta. The
huge amount of kinetic energy released by a supernova, typically 10 ergs, is
initially carried by the expanding ejecta and is then transferred to kinetic and

thermal energies of shocked interstellar gas and relativistic particles.

The shocked gas and relativistic particles produce the thermal and nonthermal
emissions of a supernova remnant (SNR). The mechanism of diffusive shock
acceleration (DSA) can explain the production of relativistic particles in SNRs (1).
DSA generally predicts that a substantial fraction of the shock energy is

transferred to relativistic protons.

Indeed, if SNRs are the main sites of acceleration of the galactic cosmic rays,
then 3 to 30% of the supernova kinetic energy must end up transferred to
relativistic protons. However, the presence of relativistic protons in SNRs has

been mostly inferred from indirect arguments (2-5).
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A direct signature of high-energy protons is provided by gamma rays generated
in the decay of neutral pions ( « %); proton-proton (more generally nuclear-nuclear)
collisions create = © mesons, which usually quickly decay into two gamma rays
(6-8) (schematically written as p + p — = © +other products, followed by
n9 — 2v), each having an energy of m_o c?/2=67.5 MeV in the rest frame
of the neutral pion (where m.o is the rest mass of the neutral pion and c is the

speed of light).

The gamma-ray number spectrum, F( ¢ ), is thus symmetric about 67.5 MeV in a
log-log representation (9). The n °-decay spectrum in the usual ¢ 2F(¢)
representation rises steeply below ~200 MeV and approximately traces the

energy distribution of parent protons at energies greater than a few GeV.

This characteristic spectral feature (often referred to as the “pion-decay bump”)
uniquely identifies = °-decay gamma rays and thereby high-energy protons,

allowing a measurement of the source spectrum of cosmic rays.
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Massive stars are short-lived and end their lives with core-collapse supernova
explosions. These explosions typically occur in the vicinity of molecular clouds

with which they interact.

When cosmic-ray protons accelerated by SNRs penetrate into high-density
clouds, =°-decay gamma-ray emission is expected to be enhanced because of

more frequent pp interactions relative to the interstellar medium (10).

Indeed, SNRs interacting with molecular clouds are the most luminous SNRs in
gamma rays (11, 12). The best examples of SNR-cloud interactions in our galaxy
are the SNRs IC 443 and W44 (13), which are the two highest-significance SNRs
in the second Fermi Large Area Telescope (LAT) catalog (2FGL) (14) and are
thus particularly suited for a dedicated study of the details of their gamma-ray

spectra.

The age of each remnant is estimated to be ~10,000 years. IC 443 and W44 are

located at distances of 1.5 kpc and 2.9 kpc, respectively.
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We report here on 4 years of observations with the Fermi LAT (4 August 2008
to 16 July 2012) of IC 443 and W44, focusing on the sub-GeV part of the gamma-
ray spectrum—a crucial spectral window for distinguishing = °-decay gamma rays
from electron bremsstrahlung or inverse Compton scattering produced by

relativistic electrons.

Previous analyses of IC 443 and W44 used only 1 year of Fermi LAT data (15—
17) and were limited to the energy band above 200 MeV, mainly because of the

small and rapidly changing LAT effective area at low energies.

A recent update to the event classification and background rejection (so-called
Pass 7) provides an increase in LAT effective area at 100 MeV by a factor of ~5
(18), enabling the study of bright, steady sources in the galactic plane below 200

MeV with the Fermi LAT.

Note that the gamma-ray spectral energy distribution of W44 measured recently
by the AGILE satellite falls steeply below 1 GeV, which the authors interpreted as

a clear indication for the = %-decay origin of the gamma-ray emission (19).
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Also, a recent analysis of W44 at high energies (above 2 GeV) has been reported
(20), revealing large-scale gamma-ray emission attributable to high-energy
protons that have escaped from W44. Here, we present analyses of the gamma-
ray emission from the compact regions delineated by the radio continuum

emission of IC 443 and W44.
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Novel metalorganic chemical vapor deposition
system for GaN growth

EAHY YL (GaN) RRDHDHMLWERERBILFRE VAT L

C DimE, LED (Light Emitting Diode) DFAFEIC K D, 2014 £/ —~N )V
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Novel metalorganic chemical vapor deposition system for GaN growth
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A novel metalorganic chemical vapor deposition (MOCVD) system, which has two different
flows, has been developed. One flow carries a reactant gas parallel to the substrate, and

the other an inactive gas perpendicular to the substrate for the purpose of changing the
direction of the reactant gas flow. The growth of a GaN film was attempted using this
system, and a high quality, uniform film was obtained over a 2 in. sapphire substrate. The
carrier concentration and Hall mobility are 1 10'3/cm? and 200 cm?/V s, respectively,
which are the highest for GaN films grown directly on a sapphire substrate by the MOCVD

method.

Gallium nitride (GaN) is one of the most potential
materials which can be used as a wide-gap semiconductor
with applications for blue, violet, and ultraviolet light-
emitting devices. For the fabrication of these optical de-
vices, high quality GaN film is required. Usually, GaN film
is grown on a sapphire substrate by the metalorganic
chemical vapor deposition (MOCVD) method, and the
grown layers usually show n-type conduction without any
intentional doping. Recently, much progress has been
achieved in the crystal quality of GaN film. Carrier con-
centration and Hall mobility, whose values were (2-
5) % 10"7/cm® and 350-430 cm?/V s, were obtained by the
prior deposition of a thin AIN layer as a buffer layer before
the growth of GaN film."> However, without the AIN
buffer layer, the carrier concentration was around 2 X 10'%/
cm? and the Hall mobility was only around 50 cm?/V s in
MOCYVD growth without any intentional doping. To form
a high quality film for the fabrication of optical devices,
these values must be improved. In the previous investiga-
tions, a thin delivery tube was used to feed a reactant gas to
the substrate for the purpose of obtaining a high gas veloc-

N 2+H 3
CONICAL
QUARTZ IR RADIATION
TUBE THERMOMETER
STAINLESS
STEEL
CHAMBER ~
SUBSTRATE —| e Hy +NH3 +TMG
ROTATING _|
SUSCEPTOR NQUARTZ
== NOZZLE
HEATER —
VACUUM
EXHAUST.

FIG. 1. Schematic novel MOCVD reactor for GaN growth.

ity (around 5 m/s).!™® For this reason, it was very difficult
to get a high quality film uniformly over the sapphire sub-
strate.

A novel MOCVD reactor, which is shown in Fig. 1,
was developed for the GaN growth. It has two different gas
flows. One is the main flow which carries the reactant gas
parallel to the substrate with a high velocity through the
quartz nozzle. Another flow is the subflow which trans-
ports the inactive gas perpendicular to the substrate for the
purpose of changing the direction of the main flow to bring
the reactant gas into contact with the substrate (see Fig.
2). This subflow is very important. Without the subflow, a
continuous film was not obtained and only few island
growths were obtained on the substrate. The mixed gas of
H, and N, was used as the subflow. We call this system a
two-flow MOCVD (TF-MOCVD). The growth of GaN
film was operated at atmospheric pressure. Sapphire with
(0001) orientation (C face) was used as a substrate. Tri-
nethylgallium (TMG) and ammonia (NH?) were used as
Ga and N sources, respectively. First, the substrate was
heated at 1050 °C in a stream of hydrogen. Then, the sub-
strate temperature was lowered to 1000 °C to grow the
GaN film. During the deposition, the flow rates of H,,
NH;, and TMG of the main flow were kept at 1.0 ¢/min,
5.0 #/min, and 54 umol/min, respectively. The flow rates
of H, and N, of the subflow were kept at 10 and 10 #min,

SUBFLOW
Nz"' H2
Py vy MAIN FLOW
TMG + NH3+ Hy
[ SUBSTRATE ]
SUSCEPTOR

FIG. 2. Schematic principle figure of two-low MOCVD.

© 1991 American institute of Physics 2021
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100 um ()

FIG. 3. Interference micrographs of the surface of the grown GaN film;
(a) sample A, (b} sample B.

respectively. The growth time was 40 min. This sample was
labeled sample A. Its thickness was about 3.0 um. Another
sample was labeled sample B, which was grown under the
same condition as sample A except the flow rates of H, and
N, of the subflow, which were changed to 10 and 0 ¢/min,
respectively. The thickness of sample B was about 2.5 pm.

Figure 3 shows the surface morphology of the grown
GaN film. Normal hexagonal-like pyramid growths are ob-
served on the surface of sample A. Many small distorted
hexagonal-like pyramid growths are observed on the sur-
face of sample B. Therefore, the surface morphology of the
GaN film is affected by the flow rate of the subfiow in this
TF-MOCVD system. Figure 4 shows the thickness distri-
bution of sample A. Good uniformity is obtained around
the center. Hall measurement was performed by the van
der Pauw method at room temperature. The results of sam-
ple A are shown in Fig. 5. The carrier concentration and
Hall mobility are 1x10'%/cm® and 200 em?/V s, respec-
tively. The distribution of the carrier concentration and the
Hall mobility shows good uniformity. The value of the
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FIG. 4. Distribution of the thickness of the GaN film.
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FIG. 5. Distribution of the carrier concentration and the Hall mobility.

Hall mobility is the highest one for GaN films grown di-
rectly on the sapphire substrate. The carrier conceniration
and the Hall mobility of sample B were 1Xx 10'%/cm® and
40 cm?/V s, respeciively. The crysial quality of the GaN
film was characterized by the double-crystal x-ray rocking
curve (XROY mathad T'I-a 211 wyidth

LA W U oS T 93 (-1 8 410, ¢ ¢ ivdn WiGin

i viTyiree

at half maximum
(FWHM) for (0002) diffraction from the GaN film of
sample A is shown in Fig. 6. These values, about 5 min, are
much better than ordinary values (about 8 min) obtained
through the conventional MOCVD method. The FWHM
of sample B is about 40 min.

In the TF-MOCVD system, the reactant gas flows par-
allel to the substrate. Thus, the lateral growth rate in the
GaN growth by this system is larger in comparison with
that by the conventional MOCVD system in which the
reactant gas flows perpendicular or diagonally to the sub-
strate. A continuous film is easily obtained by the present
method. Also the crystal quality of the GaN film is im-
proved.
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FIG. 6. Distribution of the FWHM of the XRC for (0002) diffraction.
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v, a novel MOCVD system, which
different flows, was developed. High quality, uniform GaN
film was obtained on a 2 in. sapphire substrate using this

system.
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Novel metalorganic chemical vapor deposition system
for GaN growth
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Novel metalorganic chemical vapor deposition system for GaN
growth
ZLAHY 7 A GaN) REDTZDHOH LWEHERBLERET XT &

Abstract

=

A novel metalorganic chemical vapor deposition (MOCVD) system, which has two
different flows, has been developed.

One flow carries a reactant gas parallel to the substrate, and the other an inactive gas
perpendicular to the substrate for the purpose of changing the direction of the reactant
gas flow.

The growth of a GaN film was attempted using this system, and a high quality, uniform
film was obtained over a 2in. sapphire substrate.

The carrier concentration and Hall mobility are 1x10® /cm® and 200 cm?/Vs,
respectively, which are the highest for GaN films grown directly on a sapphire substrate
by the MOCVD method.
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Novel metalorganic chemical vapor deposition system for GaN growth

EALAT Y 7 L (GaN) ERDTZODH LWAERE BRI TRE S AT A

Gallium nitride (GaN) is one of the most potential materials which can be used as a wide-gap
semiconductor with applications for blue, violet, and ultraviolet light-emitting devices.

For the fabrication of these optical devices, high quality GaN film is required.

Usually GaN film is grown on a sapphire substrate by the metalorganic chemical vapor deposition
(MOCVD) method, and the grown layers usually show n-type conduction without any intentional
doping.

Recently, much progress has been achieved in the crystal quality of GaN film.

Carrier concentration and Hall mobility, whose values were (2-5) x 10" /cm®and 350-430 cm? /V

s, were obtained by the prior deposition of a thin AIN layers as a buffer layer before the growth of
GaN film.>3

However, without the AIN buffer layer, the carrier concentration was around 2x10*° /cm?and the

Hall mobility was only around 50 cm?/V s in MOCVD growth without any intentional doping.

To form a high quality film for the fabrication of optical devices, these values must be improved.
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In the previous investigations, a thin delivery tube was used to feed a reactant gas to the substrate
for the purpose of obtaining a high gas velocity (around 5 m/s).*®

For this reason, it was very difficult to get a high quality film uniformly over the sapphire substrate.

Anovel MOCVD reactor, which is shown in Fig.1, was developed for the GaN growth.

It has two different gas flows. One is the main flow which carries the reactant gas parallel to the
substrate with a high velocity through the quartz nozzle.

Another flow is the subflow which transports the inactive gas perpendicular to the substrate for the
purpose of changing the direction of the main flow to bring the reactant gas into contact with the
substrate ( see Fig.2).

This subflow is very important. Without the subflow, a continuous film was not obtained and only
few island growths were obtained on the substrate.

The mixed gas of Hz2 and N2 was used as the subflow.

We call this system a two-flow MOCVD(TF-MOCVD).

The growth of GaN film was operated at atmospheric pressure.

Sapphire with (0001) orientation (C face) was used as a substrate.
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Tri-methylgallium (TMG) and ammonia (NHs) were used as Ga and N sources, respectively.

First, the substrate was heated at 1050°C in a stream of hydrogen.

Then, the substrate temperature was lowered to 1000°C to grow the GaN film.

During the deposition, the flow rates of H> ,NHz, and TMG of the main flow were kept at 1.0 L/min,
5.0 L/min, and 54pumol/min, respectively.

The flow rates of H2 and N2 of subflow were kept at 10 and 10 L/min, respectively.

The growth time was 40 min. This sample was labeled sample A. Its thickness was about 3.0um.

Another sample was labeled sample B, which was grown under the same condition as sample A except
the flow rates of Hz and N2 of subflow, which were changed to 10 and 0 L/min, respectively. The
thickness of sample B was about 2.5um.

Figure 3 shows the surface morphology of the grown GaN film. Normal hexagonal-like pyramid
growths are observed on the surface of sample A.

Many small distorted hexagonal-like pyramid growths are observed on the surface of sample B.
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Therefore, the surface morphology of the GaN film is affected by the flow rate of the subflow in
this TF-MOCVD system.

Figure 4 shows the thickness distribution of sample A. Good uniformity is obtained around the center.

Hall measurement was performed by the van der Pauw method at room temperature.

The results of sample A are shown in Fig.5. The carrier concentration and the Hall mobility are 1 X
10 8/cm?and 200 cm?/Vs, respectively.

The distribution of the carrier concentration and the Hall mobility shows good uniformity.

The value of the Hall mobility is the highest one for GaN films grown directly on the sapphire
substrate.

The carrier concentration and the Hall mobility of sample B were 1 X 10 %cm?®and 40 cm?/Vs,
respectively.

The crystal quality of the GaN film was characterized by the double-crystal x-ray rocking curve
(XRC) method.

The full width at half maximum (FWHM) for (0002) diffraction from the GaN film of sample A is
shown in Fig.6.
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These values, about 5 min, are much better than ordinary values (about 8 min) obtained through the
conventional MOCVD method. The FWHM of sample B is about 40 min.

In the TF-MOCVD system, the reactant gas flows parallel to the substrate.

Thus, the lateral growth rate in the GaN growth by this system is larger in comparison with that by
the conventional MOCVD system in which the reactant gas flows perpendicular or diagonally to
the substrate.

A continuous film is easily obtained by the present method. Also the crystal quality of the GaN film
is improved.

In summary, a novel MOCVD system, which has two different flows, was developed. High quality,
uniform GaN film was obtained on a 2 in. sapphire substrate using this system.
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Quiz

According to the theory of relativity, if an object is moving with velocity v it
will become shorter. If the length of the object is L when it rests, its length

while moving will be L 1—(v/c)?,
where c is the speed of light (3.00 X 108 m/s).

How much shorter will a 10 meter object become if it is moving at 2/3 the
speed of light ?
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WICDWTERMIICE L HET. OV Ty gy THWONSEYORRIZEEE, HEREHE
Y

References (BEHK)
1 -1 BEERYOREEDY Y > 3 VTR E S, LE—FEEIIC, &1L
YD DD X LT-6di L X,

ZNTRERICERL R— FZHGETERLTHAEL & I.

RDEHBBETFAI2ZHELIX L. TNzt LICHRGBETERL R—F2/ERLX L &

5.
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Apparatus SEERZEEL

Electronic balance &7 Ff

10 mL graduated (measuring) cylinder 10mL DA AV X —

Test tube holder (rack) ZtERE 7T
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Retort stand, Clamp , Thermometer X% > K, 757, REH

Distilled water, 1L Beaker, Heater stirrer
AZHEK, 1LE—Hh—, t—R—AX—F—

Spatula, Marking pencil XU, ~—7—
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Solubility of Sugar in Water

INTRODUCTION
MATERIALS and METHOD
MATERIALS
Electronic halange «rrrrrrrrrrrrrrrrmmmeee e @é’??{ﬂ
TREIMOMELEL -+ ++rcsreersreermrermreanneerieeaaeenneeateenieeaeeeneees S
Heater StIrrer «ocreerrrrrrrrrersees e K_g._xg__7~_
Spatula ........................................................................ S';*éé D
SHIFING FOU s errereeeeseeseesse sttt HS A
10 mL graduated (measuring) cylinder «««««+s sereeseneeeieees 10mL DAATY VA —
A TESt HUDES -+ ++eerreesreermreemneaueeatte et et e et et e e PB4 A
Retort Stand =-----xvrrrrrrrrr e Z & V% ]\“
Test tUDE FaCK «-rrrrrrrrrrrrree e gﬁ‘%ﬁ%ﬁf
TSt 1UDE ROIAEE - ++++<x+sreerreeemmreamreeaieeaeiiee e ettt e et e e, SRR R L A —
1 L BEAKEL «++rereeerereemreamreamte et et et ettt 1LOVY —H—
Clamp ........................................................................ 7 5 ‘/70
SUGAI +++eeeeserresee ettt s
DISHIIEH WAL -+« ++reerreerreermeemmnearmeeaneeaneeaneeanieeaneeenieenn, BRIk
Marklng penCIl ............................................................ 7_73_

110



2—1 EBLR-FDBETFAb - LR-IRE

METHOD

1. Number the four test tubes using label tape as 1-4 and place them into the test tube rack.

2. Measure the quantities of sugar of 10.0 g, 13.0 g, 16.0 g and 19.0 g that are to be added to the test

tubes 1-4 using the electronic balance and list these in a table as below:

Test Tube M ass of Sugar Volume of distilled H,O
No. (9) (mL)
1 10.0 5
2 13.0 5
3 16.0 5
4 19.0 5

(OHORTVKIICRICE DX LD, AR—A%E 5D TLHR— MF#EEE < TR
T9)

3. Use the 1 L beaker as a hot water bath and fill three quarter (3/4) of it with tap water. Place the water

bath on the heater stirrer which is set at a medium temperature. Place test tube No.1, containing only

5 mL of water, in a clamp which attaches to the retort stand. Lower the test tube into the hot water

bath. Add small amounts of sugar slowly to the test tube. The added sugar was dissolved before add-

ing more. Heat the water bath continuously until the temperature reaches 90° C and adjust the heat to

maintain this temperature.

4 . Stir the sugar/water mixture with a glass stirring rod until the sugar completely dissolves. Loosen the
clamp to remove the tube using a test tube holder. Stir the sugar solution continuously until you ob-
serve the first signs of crystallization. The temperature when crystallization begins is recorded in the

data table.

5. Repeat steps 3 and 4 for all four test tubes. Record the temperatures for each mass of sugar in the
data table.
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RESULTS
RKOF v T avidROEICEL
ZEICULTHEEICIFULIEL
; IEE DRI
. ‘The’ [EDIF7EL
Table 1. !-"
Massof Sugar | Crystallization Mass of sugar/100mL
(9) Temperature(°C ) | of H,O (g/ 100 mL H,0)
10.0 15 200.0
13.0 70 260.0
16.0 80 320.0
19.0 90 380.0
_ _1.I__l__ *
= —. 200
E-' == 300 s
= S 90 .
o F oom .
BT S s
= 100
. .
& 50
= 0
0 20 40 60 a0 100
Crystallization Temperature (C)
Figure 1. Crystallization temperature at different mass of sugar
BOF+FavIFRDOTICEL
DISCUSSION
CONCLUSIONS

Sugar dissolves more in hot water than in cold water. The hotter the water, the more the sug-

ar dissolves.
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| VA ek

DT 7 A)N0EHE LTHWSHERHAFRDOETIEITNTIHL T FEW.
ZLTEIR=VYRET DTS,

Student number
Name
AT ERA G L TLTIZEN.

Title (ZEH)
BETFAMCENIN TS [Solubility of Sugar in Water| TEHEWWTI L, THHTEZ
IEEHTEMOETA.

Introduction (F3X)
RO ZENTL I V. TAHD TCEZ TR OREEZEXINZ 5 L EHICENTT.

Materials and Method (B #4Hl & &)

FERCHOWIaR B L BT EZH T IRE V. @HE, #X® LA — T, Method DHE
& Yy 2 EEE A EEE) ICURZERTEMET. Tk, ERz2T-1Ga1R, @
RIHT> TV A D THHNITEERTE TEMNET.

ZE T A FD METHOD O 1.-5. DE I B TEMINTNVEITDT, ThHDOX 7z
AW TEFRIC UT28E, MERICEZZZATHELLS. flZF

1. Number the four test tubes using label tape as 1-4 and place them into the test tube rack.

COXEZHEBICEEZHAS L

The four test tubes were numbered as 1-4 using label tape and placed into the test tube rack.

eI

TOXIICLT, 2.-5. DXEE A FFEIC LR, MERICEIAEL LS.

Results (&%)

FRZEFNTLEETV. RELENZANS EEHICEBWVTY. TORIEE, Xid Results
DXEDFCAN, ROF¥ T gy (A ML) 1FRD LIC, MOFv T3 VERDOTIC
FEEELEH. XEICBVWTE, HIZIEX 1 (Figure 1) Z AN 5551, £9, [Figure 1
shows the crystallization temperature at different mass of sugar.| £\ 5 K512, TDXN
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AZRLTWADONERINCHIHLTLEEWY. ZLTEBIT T TDHAEZ LTI EE L.
BIZE TYAfR U T-0BEOEIX 15CH 5 70°CE TR LISIEEML TS 70°CHh 5 90°CE Tl
SIICHEEIMLTWS ] EWVWo Ko aER2ENTL I V.

Discussion (E&)
ZZTX, WRIBEBICEZIDNS T EZFNTLEETW. HIZIX T70°CO & ZDHIEE
HANE (outlier) ICRAZDTE S —EHHIET 208N H S | Ik EHRICEVTHVEEA.

Conclusion (38)

CCTRFELDHEZEHNTIEET. BETFAMNZZOEEELTEMOEEAL, TEHY
TEAIAimeSh N TEMNEEA.
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2-2 (LFRERICEDNSRI

| B 5o &8

AT 3, A solution of 1.5 g of X and 3 g of Y was prepared and
BRI S sealed in a test tube.
Z was prepared/synthesized according to a method reported
in the literature.
EY S All reagents and solvents were obtained from commercial
sources and were used without further purification.
The product was obtained with a 80 % vyield.
The product was obtained with a yield of 80 %.
The yield of the product was 80 %.
mzxs To a well-stirred mixture of 100 ml of X, 159 of Y was added
dropwise using a syringe.
Approximately 5 g of Z was added to a well-stirred mixture of
100 ml of X.
WET S X was treated with sulfuric acid.
X was processed using100 ml of water.
ANn3, Approximately 100 ml of benzene was placed in a 1-L round-
BATS bottomed flask.
Hydrogen was introduced to the flask through a tube.
< Water was poured into a beaker.
Y BR< Most of acetone was removed at atmospheric pressure.
%93, The resulting colorless solution was stirred for 2 min and
29 then transferred to the reaction flask with a dry hypodermic
syringe.
BYHY A 1mL sample was withdrawn at 8-hr intervals (i.e. every 8
hours) from the reaction mixture.
(1= ) The mixture was heated for an additional 1.5 hr.
#ZFEEHES | When all the water was evaporated, solid crystals remained
in the bottom of the flask.
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116

TS, The acidic solution was extracted with 200 mL quantities of
dichloromethane.

HIRT 3, The organic layer was diluted with 250 mL of diethyl ether

b ) and washed with 100 mL of water.

IR 9 B, The organic layer was dried over molecular sieves and then

) concentrated at 40 °C using an evaporator.

RETS The product was stored overnight under vacuum.

£5H% The orange solid product was collected on a glass filter.

ot o ) The absorption spectra were recorded on a Hitachi UV-1000
spectrophotometer.

HET S Melting points were measured using a melting point apparatus.

3 ) The formation of a crystalline compound was observed
during the reaction.

®=2 The temperature of the solution was kept (maintained) at 50
°C throughout the experiment.

5T 5 Heating was continued until the color of the metal changes.

Emy 3 Increasing the temperature by 10 °C did not change the yield.
The temperature was raised to 100 °C to bring the reaction to
completion.

Pzl ) The solubility of X decreased dramatically
The reaction time is reduced by raising the temperature.

wET S Polymerization is retarded or suppressed by oxygen.

b 2] A temperature of 80 °C is required to prevent precipitation of
the salt.

HHT S The pressure needs to be controlled to ensure safety during
the experiment.

A% The flask was equipped with a thermometer and a dropping
funnel.

RIS A thermometer was attached to the flask.

#8H3ITT S | The apparatus was set up as described above.




2—3 FA471>4Y (Writing) OBOIE

2-3 SA4T714>% (Writing) DEDIE

| Writing® 728 D HELIL

5

e [the, a, an) (FHAGEICIZZNWDT, e b HARAD R ZEH S FHTIEDVLDWVEND
BT, IS5 iz 2Lt H 50T, EFETT. HIAE, ~—7 - E—%—
Y FE THARANDFFE] WS ADHTIE, Mg, an) & WS NERGAIEHICHFAD Y 72T —
T, Wiz Dl 2 T L THIOTZDEMNFNT ER>TL 38D E LTHHAENTVE
9. HIZ,

Last night, I ate chicken in the backyard.

EEMTVDBE, XATATAVT )y aDNEE, Wi, EET, (A—/3—=Il58>
TWVWBEITEHRNZM>T) N—_"Fa—TE LD K EENK I,

Last night, I ate a chicken in the backyard.

cEMTVB L, WEE, Be—F HEAT, ZOFF) HEETBNTLE>T &,
MAFRSETVIERDBISENSEENMMTVET.

T BEHANGE, FExEELS LIS, WaZEDIERNENZNEEDT VDD, DIF5k
513, the, a, an DENZ[TTZRENDTHRE T ENZ VX IICENETDT, DO TVEK
I TFRHDATIT 4w 7ICEF LD THE L. LUFIRTXEIIC, 3DDXT v I TlEHIC
MW B N TEET.

AT7wv 71 ZO%FIIREE (BE) TEXIM?

FIHRFADRKRIC 2HFANFEENTVAINEDNZ2EALT. FEETNTWVE%EE, TD%
FININELEFTHA D lahb 5k, Tthe)] ZDIFET.

AT 2 —T, TOZEAMNFESNTOWERWVGES, TO%FEMINESFAIEEZET,

ATv 73 BHEIREL L Tal , RSN SIER 2 HEIE R 53w Tan), 2L T
EEIE > A0 B 5 (information, equipment 75 &) 72 SIX G T3 (K X (SR G 2 &
LE9).
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ATv71
BHECTES?
No
Yes AFvT 2
mERE?
Yes /
27773 No
BTSN
B 25
\ 4
the a(an) X
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2—-4 JKICBT HIEEEE

Vocabulary

G &G p={US
active voice REB)RE
passive voice X HE
article L2
definite article ETLE
indefinite article ANTE e 7
tense Aol
upper case KILF-
lower case INTCE
noun B
verb COET]
adjective TG
adverb IR
auxiliary Bh&EpE

modal auxiliary

may, could ,would’Zz &

tentative verb

Seem, suggest, be likely7Zz &

[ 5E L 7 B
infinitive ANGEE
participle !
gerund B 45
relative FE 1R E
preposition H & 3

open book style test
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3-1 YARZY% (Listening) ™

YAZVJIGHGEEE Y YV (HEE L HEED DR ) M E RN NB7TE W IETE £ T,

T ED—HB (Scientific American 0 Podcast 7% £ Transcript {5 & D WA F v M ZRHEL
FL&9)

%9, vocabulary sheet 7 U THEWTH 5.

. vocabulary ZHEFELTE S —EIENTHS.

HRExEERNS, VAV N EERERICAY—RTHEIES.
. BB IR I R T S,

VXY RV TTB.

O = W DN =

S R= A V7 LENERER TICRE BN BN S EHT ST L.
HROAY— RITBND, EFEOU RLDA Y M= 3 DD 5, EHROKY) D TOF—
AD@EFHDNBHEEDAY » FHBHOET. HATRL LeNBT ENTES & RO
LRXIS T LN TEET.

I IXBEW 7o 3R 7 dictation (BFEHLD) 92 T & EARNEAE AT
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3-2 UYRZ=V% (Listening) DFZEM

Muscle Mass Beats BMI as Longevity Predictor

i (longevity) OF51% (indicator) & L T, BMI(body mass index) & O & /A= (muscle
mass) DMV EWVIAEDRY RFv A FTT.

https://www.scientificamerican.com/podcast/episode/

muscle-mass-beats-bmi-as-longevity-predictorl/

Vocabulary

BMI body mass index (A )
obesity JEE o

prescribe fBR$ 5, WhHd 5

shed the extra pounds

RO E (KU F) 2%LT

longevity Ffr
indicator izt

muscle mass B A
analyze TS %

a decade 104F

predict Tl %
odds ReE, s
correlation HH B
resistance training kL
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Transcript

Doctors routinely measure a patient's body mass index, or BMI. And if that weight-to-height
ratio points to obesity, the doc might prescribe exercise, to shed the extra pounds. But when
it comes to longevity, a focus on weight loss may be misplaced. Because BMI isn't actually
a very reliable indicator of life span. A more useful measure, some physicians say, might be

muscle mass.

Researchers analyzed BMI and muscle mass data from more than 3,600 seniors in a long-
term study. And they tracked which seniors had died, a decade later. Turns out BMI wasn't

much good at predicting chance of death.

But muscle mass was: more muscle meant better odds of survival. The study appears in The

American Journal of Medicine.

There's no cause-and-effect here—just correlation for now. But study author Preethi
Srikanthan, of U.C.L.A., has this recommendation: "Get up and start moving. Focus on trying
to maintain the maximum amount of resistance training that you can, and stop worrying so

much about dropping calories." Which could take a little weight off your mind, too.
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Quiz

1. EHGEE, Mz #ROEZRELTHE0h?

2. FmeEATGER, EOXSTIREDIVDN?

3. & B ADEBRED S BMI LHiAE (musclemass) DT —Z&E L S5T=OM?

4. F—RELSTEEIREDERND, EAKT EADNSTON?

5. U.C.L.A @ Preethi Srikanthan AL EAIR T EZHHEFRL TWHBEDOMN?

125




Chapter3 | Listening

M Recycle Machine (Subcritical water reaction device)

SETHEEMEIN TV D%, HEFFIUKE WS ERELEDOKZ HWT, ZO58W ks
FREEINIC K > C, MERERETRR EOBEMBIRICEZ S ENTES, MUYA 7Ly —r b
WOEENDHD XS, T TR, TOEEDEEHT T (flyer) ZHfELIZRIC, TORKE

DTUE—Ya VETAZBTHEL LS.

126

Vocabulary

subcritical water TR SR K
critical point Ry
critical water i 7K
hydrothermal reaction TRER UG
organic molecule HEET T
starch TARA
protein A PA
decompose PaN i R
glucose TNV a— A
amino acid 73

low molecule o+

food waste LD
hydrolysis TR 55
flammable waste PR BE R
pressurized vessel IEA 2
Incineration process BEHILER
carbon dioxide 217 S
dioxin TAFFT
nitrous oxide N,O, —Mfb—=zH
sealing process FioE= P U
processed products LB P )
germ-free IR O
residual dioxin 3 A i




DRBEM

3—2 VURARZY7 (Listening)
heavy metal HEE
safety standards A FLE
raw garbage H A
architectural scrap wood LSBT
organic sludge &G R
polystyrene R)AFL ¥
shredder dust val v F—a3
agricultural vinyl m¥EY —— )
incineration ash BEHNIK
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What is subcritical water?

= - LiqL.:id . Lor\:;‘t ‘Crit_ioal ‘

When the temperature and the pressure of water are S *| hotwater || gasincation || for | |
. . o 1 1

raised to 374 °C and 22 Mpa (220 atmospheres), it £ B Hydrothermal |

@ e rboncaton N
becomes an uniform fluid that is neither steam nor 2 200uuaa ==t~ ") [Rightemperature

o 15.J-Jym:oJ;5|s s | . s ‘

. . . .. . Fluidizing " L ¢
water. This condition is called the critical point. ~ f.uaces P e S
= ressurecurve

Above this point, water is called super critical wa-

Take advantage of

ter. Moreover the hot water where temperature and j
0 100 200 300 the reaction area .

fer H H %, About200° C. 2MP.
pressure are lower than the critical point is called Temperature [*C] | (Abou =

subcritical water, and the reaction from this water is

called a hydrothermal reaction. Through this reaction the organic molecules such as starch and protein
are decomposed into glucose and amino acid as well as being changed into a liquid form from solids. In
conclusion this reaction is very safe, good for environment, and obtains valuable resource such as pro-
teins from food waste by a quick and easy process.

To use this subcritical hydrolysis reaction makes recycling of waste easy and gentle on

the environment.

What is M RECYCLING MACHINE [MRM] ?

The MRM is a future type of subcritical wa-
ter reactor that processes flammable waste by
using high pressure and high temperature in a
pressurized vessel.

There is no incineration process; therefore
MRM doesn’t generate carbon dioxide, dioxin,
or nitrous oxide. Odors are not generated be-

cause of the sealed process.

This is very good for the prevention of the glob-
al warming gases and the protection of the environment. The resulting processed products are in a germ-
free condition, with the residual dioxin and heavy metals below government safety standards.

The dimensions of MRM 1I is 4.5 m in height, 8 m in length, and 2.5 m in width. Processing 2 ni of
waste takes about an hour. To operate MRM 1I requires 2 to 3 people. The cost to process 2 ni waste is
about 3,000 yen including fuel and electricity.

It is able to recycle organic waste such as raw garbage, architectural scrap wood, organic sludge,

polystyrene, shredder dust, agricultural vinyl, incineration ash, and any other flammable waste.
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https://youtu.be/6KRp6ggqwqgDI EI*
(=]
Vocabulary
disruption g 3%
verge of crisis fatgIZH L T\ 5
industrial waste HESEBEEY)
diversification 2L
verbal L)
troublesome KoV, FIHZZW
environmental pollution BRITH G
toxic substances HaEE
livestock K
sludge of sewage water TR
filthy water HK
burn PRR3
urban waste HBTiT Z A
in step with the times IR &t L 7z
uniform — k7
critical point ORIy
critical water il 7K
hydrothermal reaction TRER LIS
starch TASA
protein AV
glucose 7V a—A
saccharides BEHH
acetic acid e
solvent YL

closed process

L =sealed process
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germ-free I o

scent-free I AL
sterilization |

deodorization THR

compost aARA N, HERE
microbe G

yeast mErE (W) , A —A B
funguses FLRHH

fertilizer JEEL
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2017 Nobel in Chemistry for Seeing Biomolecules in Action

Scientific American &9 BIEEZRDERY A DRy R+ v Ak [60-second  Science| Tld,
EATORPAICET 228D 1 THEBEOERICKEOENTVEXY. ZTOHICIE, B,
AY =T VENIRET AT I —NWVEEZE UL L ZDOZENEZ KT DT
LERLOLLNTVET.

T TT, 2017 Fic /S —NIUEEHZZE U, TERMOAMED 7% @0 RE TROGEIRE
TEB7IAAETFEMBRICEHT SRy REY A MZHNLET.

https://www.scientificamerican.com/podcast/episode/nobel-in-chemistry-

for-seeing-biomolecules-in-action/

Vocabulary

cryo-electron microscopy 7 A KB
high-resolution T IRRED, EHEED
biomolecules ARG T

secretary general FEHRE

honorary professor YE I

Molecular Biology oA

exemplify JWwhlEs, BlIRT 5
Zika virus AT AINVA
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2017 Nobel in Chemistry for Seeing Biomolecules in Action

“The Royal Swedish Academy of Sciences has decided to award the 2017 Nobel Prize in Chemistry
jointly to Jacques Dubochet, Joachim Frank and Richard Henderson...for developing cryo-electron

microscopy for the high-resolution structure determination of biomolecules in solution.”
Goran Hansson, secretary general of the Academy, at 5:53 this morning Eastern time.

Dubochet is honorary professor at the University of Lausanne in Switzerland. Frank is at
Columbia University in New York. Henderson is at the Laboratory of Molecular Biology in

Cambridge.

The technique has transformed electron microscopy from a technique that could be used to just
see the shapes, the outer shapes, of molecules into one that is now used to see the details, the

atoms inside the molecules.

Peter Brzezinski is a professor of biochemistry at Stockholm University and a member of the

Nobel Committee for Chemistry.

“And the latest technical developments occurred very recently. So it's recent developments that
you can actually see the details of these molecules. The technique is also relatively rapid, so
once one has samples that can be studied the structure can be determined relatively rapidly.
And this was exemplified last year when the structure of the Zika virus was determined in
just a few months. And the structure shows the atomic details of the surface, which of course is

important when developing drugs against the virus.”

For an in-depth listen about the 2017 Nobel Prize in Chemistry, look for the Scientific
American Science Talk podcast later today.
—Steve Mirsky

[The above text is a transcript of this podcast.]
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Money to Burn

MIT @ Open Course Ware IC#{> TV A {LHEEREDOE T4 T,

TR 9 2 BILEAYD, =i ? E5 LTREERDL T BILIBMA TELS LoD T

Lioh?
EFADOBRHETORST VR ) T MR E L.

https://ocw.mit.edu/high-school/chemistry/demonstrations/videos/money-to-burn/

Vocabulary

burn PR 5

performing with~ ~%95

dollar bill NPIZ e

flame %

thin air FEZE, ATD R\nzE
be engaging kI

informative BENZALD

ashes Jx

treated with~ ~ % LY 5
nitrated bz 7z

soak DUF A, D7
mixture w"ew
concentrated et S 7z

Nitric acid NHO;

sulfuric acid H,SO,

cellulose o — A, e
reacts with~ ~E BT 5
nitrated cellulose CeH; (NO,) 505
polymer wEHE BotEw, R ~—
nitro group = hod, NO, THEENLS T
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134

molecules e
no doubt ok, BZESHL
nitroglycerin —taryky >

tri nitro toluene (TNT)

F)=ba b

explosive

BRI 72
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Money to Burn

Hi I'm just again today. I'm going to be talking about a chemical demonstration.
| like to call ‘money to burn’ and chemist Dr. Bassam Shakhashiri here is actually going to be
showing us the demo. He is the president of the American Chemical Society and is performing

with demo right here at MIT. Let’s see if he has some money to burn.

What am | going to do now is reach in here and take a dollar bill and I'm going to put it
in a flame just like that. Was that too fast? What we always do in science is to repeat the
experiment. So | think what looks like a dollar bill is not a real dollar bill. I bring it close to the
flame. Disappears into thin air. It looks like magic, right? | love magic. Magic is engaging but not

informative.

How is that dollar bill burning up so quickly? Well, it's actually not a dollar bill. it's called flash
paper and it's paper that has been treated with chemicals to make it burn quickly and leave no
ashes. A flash paper has been nitrated. Practically what that means is that you soak the paper
in a mixture of concentrated nitric and sulfuric acid. The cellulose in the paper then reacts with

the acid to produce nitrated cellulose and water. The reaction is this.

3HNO; + CH,,0s — C¢H,(NO,);0s + 3H,0

(nitric acid) (cellulose) (nitrated cellulose) (water)

So, nitric acid here mixes with the cellulose. Now this is actually just one unit in the big
polymer, that is cellulose. It's got lots a little units have C4H,,0s. So in this equation, I'm only
writing one unit and that’s creating nitrated cellulose and water. Now the nitro group, the NO, is
the reactive group and it can be very reactive depending on the molecule that it's in. You've no
doubt heard of nitroglycerin which looks like this. It's an explosive liquid or TNT which actually
stands for tri nitro toluene (TNT).It looks like this. So all these molecules have nitro groups in

them and it's the nitro or NO, groups that make these molecules explosive.
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Why do onions make us cry ?

ESLTERERYZ LIRVHBDTLE DM, ZLUTRMNHS D2 Sk ?

https://lwww.scientificamerican.com/video/why-do-onions-make-us-cry/

Vocabulary

pungent BREXIHT L, oLk T5
be bound to A

tear up o <

bulbous BRARIRD
veggie B3¢

rupture M SE 5
sturdy B A

swarm KEE

enzyme MR

sulfur T 7%

sulfenic acids AT xR
volatile EZEMED
irritating CY Oy EES
lachrymatory RrfEsEsb
waft ENCLRS S 5
neuron kg

duct H,ORE
waterworks K
deactivate IE AL 5
collaborate VAN A

gene BInT

shelf il

genetically BRI
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breeding AR CE
grocery TR
available AFTE
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Why do onions make us cry ?

Start chopping a pungent onion and before too long you're bound to tear up.

How exactly does this bulbous veggie have the power to make us cry?

The second you slice into an onion you change its chemistry.

Cutting an onion ruptures its cell walls.

You can think of these walls as sturdy balloons that hold in the cells contents.

When a knife breaks through, swarms of molecules and enzymes escape.

Some of those enzymes break down sulfur compounds present in the onion generating
sulfenic acids in the process.

Other chemical reactions convert sulfenic acids into a volatile and irritating gas called onion
lachrymatory factor.

When this gas wafts into your eyes, certain neurons instruct your tear ducts to flush out this
potentially harmful substance.

Fortunately, there are a few tricks you can use to keep the waterworks to a minimum.

Storing the onion in the fridge or freezer for at least 30 minutes before chopping, slows down
its enzymes which should help prevent tears.

Briefly boiling an onion should have the same effect.

High heat can deactivate enzymes.

Another strategy is cutting the onion under running water to prevent the gas from reaching your eyes.
But the easiest solution is probably a pair of ski goggles or sunglasses.

Umm, if goggles or glasses don't work out so well, don't worry.

Scientists are trying to tackle the problem too.

Researchers in Japan and New Zealand have collaborated to create a tear free onion.

They silenced one of the genes that makes onion lachrymatory factor, the volatile gas that
irritates your eyes.

But don't look for it on the shelf, this genetically modified product is not currently on the market.
Other researchers used traditional plant breeding to create the "Ever Mild", a yellow onion with
really low levels of the volatile gas.

You can find it in some grocery stores.

But until these products are more widely available, we'll probably have to stick with Kleenex

and sunglasses.
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Have You Ever Seen an Atom?
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https://www.youtube.com/watch?v=yqLlIglaz1L0
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Have You Ever Seen an Atom?

Have you ever seen an atom?

Seeing everything is made of them you have.

But have you ever seen one of them on its own?

Over time microscopes have become more and more powerful allowing us to see deeper into
the world of the ultra small.

Traditional light microscopes can be used to see things like these onion cells and the structures
within them as they divide pulling apart the chromosomes.

The scientists have come up with a whole host of clever methods to observe far smaller things.
Using beams of electrons instead of light, we can generate detailed images of chromosomes
themselves.

Recently groups of scientists around the world are becoming able to see material at the most
fundamental scale, the atomic.

One group from the University of California in Los Angeles have been getting up close and
personal with nanoparticles of platinum just a few nanometers across.

Each of the tiny dots you can see here are actually individual platinum atoms.

The researchers didn’t stop at the two-dimensional picture.

By imaging over a hundred slices of nanoparticle at different angles then removing the noise by
the special filter they're able to map the location of almost every atom.

The information was used to create a three-dimensional reconstruction of the whole particle in
unprecedented detail.

It may look blurry but this particle is estimated to contain over twenty seven thousand atoms.
And so like flies in a swarm they appear to merge together.

Every so often though, we see the platinum atomic structure align granting awesome moment
of clarity. This technique is being used to analyze tiny irregularities in the structure of the
particle called dislocations.

Dislocations are subtle like the misalignment of the green and red layers of atoms in this
particle.

But none the less they can significantly change the properties of materials with effects ranging
from a change in the efficiency of LEDs to the strength of metal alloys.

Three-dimensional atomic scale imaging like this is bettering or understanding of the structure

materials on this truly fundamental scale.
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How Gene Therapy Targets Liver Cells

YRA=>% (Listening) D#EZB=E

B OB IEREHMAATZD A VA2, FEIRER 2R DMIEAICR A E B THE

9% C LB RREOVWETD,

COETHIFIBER T AV AR OMAZIC A > TR

DHBBEIEZERORZ 2 —VDELLBMS>TVWET. T, BERAYVAILAZEDEXS
LT 7ua7y7—I%FT0RFTOTLLEIMN?

https://www.scientificamerican.com/article/gene-therapy-video-

how-targets-liver-video/

Vocabulary

virus A IV A binds to~ ~LHEUDIT S
particle A specifically FEEYIZ
containing HEATVD liver JHHiek
therapeutic HE R Lo envelope VIS K
gene ELF merges with FEX I NERPS
capillaries EA cell membrane | ff i

pore L, ER load e
macrophages ~ra7yr =3 therapeutic DNA | 5% (%) LODNA
task I NE penetrate BAT S
harmful HE%R nucleus %

coated with WL/, Bbh/: || assure EPIZT 5
protein AV function FERET 5, f@ <

141




Chapter3 | Listening

How Gene Therapy Targets Liver Cells

Virus particles containing the therapeutic gene enter the liver with the blood stream.

Their target is the region where liver cells exchange matters with the blood, the small
capillaries.

There are large pores in the capillary walls.

The liver cells are on the other side of these openings.

The capillaries also contain special cells, the macrophages.

Their task is to remove any foreign harmful particles.

They will try to do this also with the virus particles.

That is why the outside of the virus is coated with a protein that can bind specifically to liver
cells.

Because of this protein, the virus will get passed the macrophages and reach the liver cells
more quickly.

Once the virus particle binds to the liver cell, the viruses’ envelope merges with the liver cells,
cell membrane.

This allows the viruses load therapeutic DNA to penetrate the cell.

It will find a path to the cell's nucleus.

The virus proteins assured that therapeutic gene is taking into the genetic material on the liver
cell.

This will enable the liver cell to function once again as a healthy cell.
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What happen to your body after you die?

Death sucks! But what happens to your body after you die is fascinating. So we're going to
show you. Don’t worry, it won't be gross...much. Once a person’s breathing stops the cells in
their body stops receiving oxygen, But the cells continue to live for several minutes generating
carbon dioxide. Carbon dioxide is acidic, and it builds up, rupturing sacs inside the cells. These
sacs contain enzymes that begin to digest the cell from the inside out. This creates a blister-
like fluid rich in nutrients. After about a week, those nutrients fuel an army of bacteria and
fungi that further liquefy organs and muscles. The microbes that attack the tissue produce a
bewildering array of chemicals and gasses. They include Freon, that's right, the coolant found
in refrigerator. Benzene, a powerful component in gasoline. Sulfur, which smells of swamps
and rotten eggs. And the molecule known as Carbon Tetrachloride, which was used in fire
extinguishers and dry cleaning until scientists discovered it's highly toxic. At this point, there’s
very little flesh left, and it's consumed by...here it comes... maggots and beetles. Insects
leave only bones behind. Over time, the protein in bone decomposes too, leaving just the bone
mineral called Hydroxyapatite, which eventually turns to dust. We can take some solace in the
fact that all those nutrients and chemicals, even the dust, provide vital substances that make
soils fertile, sprouting plants and other new life after our lives have ended. Ashes to ashes,

dust to dust.
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How Does Meditation Change the Brain?
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How Does Meditation Change the Brain?

Researchers have known for decades that meditation can improve someone’s physical and
mental health. It can relieve stress, lower blood pressure and lift someone’s mood. But only in
the last few years have neuroscientists taken a serious look at the changes in brain structure
underlying some of meditation’s benefits.

Like everything else we do, meditation rewires our neural circuits. Pruning away the least
used connections and strengthening the ones we exercise most.

Studies looking for signs of these changes usually focus on “mindfulness meditation” which
challenges people to keep their attention fixed on the thoughts and sensations in the present
moment.

Scientists acknowledge that these studies are small and not ideally designed, but at this point
researchers have gathered enough evidence to be confident that their findings are not just
flukes.

Experiments suggest that Buddhist monks have really robust connections between scattered
regions of their brains, which allows for more synchronized communication.

Expert meditators also seem to develop an especially wrinkly cortex: the brain’s outer layer.
We depend on the cortex for many of our most sophisticated mental abilities like abstract
thought and introspection.

Several studies have confirmed that meditation can increase the volume and density of
the hippocampus: a seahorse- shaped area of the brain in the middle of the skull that is
absolutely crucial for memory.

And although areas of the brain responsible for sustaining attention usually shrink as we age,
meditation counteracts this decay.

An increasing number of studies show that meditating for as little as 12 to 20 minutes a day for
several weeks can sharpen the mind.

In these studies, meditators have scored higher on tests of attention and working memory,
which is the ability to temporarily store and manipulate information in one’s mind.

Some lifelong meditators in their 50s and 60s can even outperform twenty-something in tests
of visual attention.

So if you're interested in trying meditation, you should probably start as soon as possible.
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2015 Nobel Prize in Physiology or Medicine
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https://www.scientificamerican.com/podcast/episode/2015-

nobel-prize-in-physiology-or-medicinel/

The 2015 Nobel Prize in Physiology or Medicine goes jointly to William C. Campbell and
Satoshi Omura for their studies leading to novel therapies against infections caused by

roundworm parasites and to Youyou Tu for her work developing a novel therapy against malaria

“The Nobel Assembly at the Karolinska Institute has today awarded the 2015 Nobel Prize in
Physiology or Medicine, with one half jointly to William C. Campbell and Satoshi Omura for their
discoveries concerning a novel therapy against infections caused by roundworm parasites and

the other half to Youyou Tu for her discoveries concerning a novel therapy against malaria.”

Urban Lendahl of the Nobel Committee shortly after 5:30 this morning Eastern time.

Campbell is affiliated with Drew University in New Jersey. Omura is at Japan’s Kitasato
University. Their work developed the drug Avermectin and later the closely related drug
Ivermectin. The medications have led to the near eradication of the roundworm-caused

diseases River Blindness and Lymphatic Filariasis, also known as Elephantiasis.
Youyou Tu is with the Academy of Chinese Medicine. Her studies led to the creation of the drug

Artemisinin, which has lowered mortality rates from malaria. About half the world’s population

have been living with the threat of these infections. Both types of drugs are examples of
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natural products chemistry—that is, the efficacious compounds were isolated from organisms
that naturally produce them or similar molecules and had exhibited therapeutic potential in

screenings.

“The impact of Avermectin and Artemisinin goes far beyond reducing the disease burden of

individuals.” Hans Forssberg of the Nobel Committee.

By allowing children to go to school and adults to go to work, the treatment helps them to
escape poverty, which also contributes to economic growth of the community. The discoveries
of the 2015 Nobel Laureates represent a paradigm shift in medicine, which has not only
provided revolutionary therapies for patients suffering from devastating parasitic diseases, but
has also promoted well-being and prosperity for both individuals and society. The global impact

of their discovery and the resulting benefit to mankind is immeasurable.”

For an in-depth listen about the 2015 Nobel Prize in Physiology or Medicine, look for the

Scientific American Science Talk podcast later today.

—Steve Mirsky

(The above text is a transcript of this podcast)

150




3—2 URZ=2% (Listening) DFEZE=EH

2014 Nobel Prize in Physics
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2014 Nobel Prize in Physics

Staffan Normark: This year’s prize is about light.

The Royal Swedish Academy of Sciences has decided to award the 2014 Nobel Prize in physics to Pro-
fessor Isamu Akasaki at Meijo University in Nagoya and Nagoya University, Japan; Professor Hiroshi
Amano at Nagoya University, Japan; and Professor Shuji Nakamura at University of California Santa
Barbara, for the invention of efficient blue light-emitting diodes, which has enabled bright and

energy-saving white light sources.
Professor Per Delsing will now give us a short summary. (ZDEE & 2 & ABR)

Per Delsing: Red and green LEDs have been around for many years, but the blue was really miss-
ing. This lamp contains three LEDs: one red, one green, and one blue. If you combine these colors
you get white light. This is something that Isaac Newton showed already in 1671. Thanks to the blue
LED we can now get white light sources which have very high energy efficiency and very long
lifetime. This LED technology is now replacing older technologies. In fact, many of you carry this

technology in your pocket. The flashlight and also the screen of modern smartphones uses LED technol-
ogy.

Professor Olle Ingands will now continue and give you some of the details.

Olle Inganas:  And we will continue to look at history of lighting, which has been around now for
the last few million years of human evolution. We started out by burning fuels inside lamps in a
geometry quite similar to that lamp we see over there. However, that has mainly been used here at
KVA using incandescent lighting and electrical light over the last hundred years or so, since Edison
invented these things. The fluorescent lamp was introduced somewhere in the early 20th century,
and then we saw much, much later the arrival of the lighting element that we are now celebrating in this
year’s Nobel Prize. And what you see is, of course, an enormous increase of the power efficiency of the

use of electrical energy in generating light.

Now something like a fourth of our electricity consumption in most industrialized economies goes

to elimination. So these effects, having much more light for much less electricity, is really going to
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have a big impact on our modern civilization. We see that impact. You see it in the streets, you see it

on the cars, you see it in the lights.

You see it in new optical environments like this one from a festival of lights somewhere in Japan.
And they’re all based on the use of these light-emitting diodes. They come in different colors, not only
white, but blue, red, and green, as we saw here, and they have not only the advantage, but much better
using the electrical energy. They also give a very much longer lifetime; it may be 100 times longer than
that of the standard incandescent lamp that is now being-going in retirement. Also it doesn’t bring the
mercury along that intermediate generation of fluorescent is contributing as a problem to industrial

civilization.

So we will most certainly be able to use this technology. But it took a long while to arrive at this
possibility. The red LEDs have been around since the early 1960s, the green LEDs some years lat-
er. Advances in semiconductor technology, using this band gap-semiconductors with different band
gaps lies at the base of this. But the blue thing-the blue light-emitting diode was very, very difficult to
accomplish. Not that there was a lack of effort. There was continuous efforts in industries to generate
blue light-emitting diodes. Because today, with the advantage of having these available, we can generate
all those colors, we can combine color-mixing with three different colors in the individual lamp, or we
can use as you would find mostly maybe on the market today a blue or UV-emitting LED illuminating a

thin layer, absorbing this energy, and converting it to other colors.

The structure of these lamps are very similar to what you have at the base of your semiconductor elec-
tronics that's driving the information technology diode, a combination of semiconductor materials, where
you have one layer carrying holes, one layer carrying electrons. They transport these charges at two
different energy levels, but when they meet in this intermediate layer, the active layer, they recombine,
and when they fall into each other they turn up and turn light on. So this is the physical mechanism that

lies at the heart of this device.
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2015 Nobel Prize in Physics
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https://www.scientificamerican.com/podcast/episode/

2015-nobel-prize-in-physics/

“The Royal Swedish Academy of Sciences has decided to award the 2015 Nobel Prize in
Physics to Takaaki Kajita and Arthur B. McDonald for the discovery of neutrino oscillations,

which shows that neutrinos have mass.”

Goran Hansson, secretary general of the academy, a few minutes before 6 am Eastern time.

Kajita is at the University of Tokyo. McDonald is with Queen’s University in Kingston, Canada.

“At this moment in this room there are more than a billion neutrinos, which travel almost at the

speed of light.”

Anne LHulillier is the chair of the Nobel physics committee.

“These elementary particles are the second most abundant in the universe, next to the
photons, which are the particles of light. They are created in nuclear reactions, for example, in
the sun, in stars. They interact very little with the environment, for example, they can go through

Earth without being stopped.
There are three kinds of neutrinos. Electron-neutrinos, mu-neutrinos and tau-neutrinos. This

year’s prize is awarded to the experimental discovery that neutrinos can change identity. For

example, a mu-neutrino can become a tau-neutrino and vice versa. They oscillate.
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The observations were made by two research groups, one at the Super-Kamiokande detector
in Japan and the other at Sudbury Neutrino Observatory in Canada. The discovery implies that
neutrinos, which were believed to be massless, do have a mass, even if very little. And since

there are so many of them, it changes our view of the universe.

For an in-depth listen about the 2015 Nobel Prize in Physics, look for the Scientific American

Science Talk podcast later this morning.

—Steve Mirsky [The above text is a transcript of this podcast.]
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Physicists Model Mosh Moves
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https://www.scientificamerican.com/podcast/episode/

physicists-model-mosh-moves-13-03-27/

A heavy metal concert might be a tough place to think about physics, especially in the mosh pit,
where some audience members dance violently. But the mosh pit itself is actually an interesting

place to find physics in action. And not just force equals mass times acceleration.

Metal-loving Cornell researchers analyzed videos of mosh pits and mapped the motion of
participants. They found that the collisions of moshers was similar to the motion of molecules in
an ideal gas. Mosh dancers can also form what is called a circle pit, where they run collectively

in a ring, creating a vortex pattern.

The scientists not only modeled mosh and circle pits, they also found how one type of motion
transitions into the other. The presented their ongoing work at the American Physical Society's
March Meeting. [Matthew Bierbaum et al., Mosh pits and Circle pits: Collective motion at heavy
metal concerts]

But why bother to look at mosh pits in the first place? The physicists think their research may
also apply to other extreme situations, which could help us understand collective human
movement in panics and riots. So | say, rock on.

—Sophie Bushwick

[The above text is a transcript of this podcast.]
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Are you alone in the Universe?

Scientific American £\ 5 91 F T, BZICET 24 RERNPEHOVETAICE LD
BNTVWET. TTTHENTZDIZ, FLANERIFHOPR CAYICHE—IE  OIZ(ERDOMNITD
WTOUETATY. WUREETREBNZEMEENSENEPHUETES L XTI 1.

https://www.scientificamerican.com/video/are-we-alone-
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Are you alone in the Universe?

Listen.

Do you hear anything? Me neither.

It's pretty deserted out here.

For the past 50 years, astronomers have been using radio dishes to eavesdrop on the cosmos.
They are listening for signals from alien civilizations.

But so far, it's been pretty silent.

That begs the question: Are we alone in a cosmic desert?

In 1961, astronomer Frank Drake, came up with a way to approach the question mathematically.
He created an equation that estimates how many alien cultures inhabit our galaxy.

The equation depends on a bunch of factors.

First, the number of new stars born each year

times the fraction of stars with planets

times the number of planets that could potentially support life in each planetary system

times the fraction of life-supporting planets where life actually takes hold

times the percentage of planets with life forms that develop intelligence

times the fraction of intelligent species that develop the ability to broadcast signals across
interstellar space

times how long those civilizations are likely to survive, or at least how long they’ll broadcast
their signals into space.

Multiply all those together and you get “N”; the number of detectable civilizations in the galaxy.
It's a long equation and astronomers only have estimates for some of the factors;

the ones we can observe from Earth,

like how many stars are born each year.

On the other hand, we don’t know much about how life develops on other worlds.

Many experts think that alien microbes and slime molds may be common.

But little green men? Not so much.

Perhaps the biggest question is the value of “L” in the Drake equation.

How long will a given civilization last before dying out or self-destructing?

“L” could be hundreds of years or it could be billions.
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Humankind has only used technology like radio broadcasts for a century or so
and in that short time, we've already had a few close shaves.
So the lifetime of a given civilization could be rather short.

If that’s the case, we may be alone in the cosmic desert after all.

For Scientific American’s Instant Egghead, I'm John Matson.
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Einstein and the Special Theory of Relativity
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https://youtu.be/ajhFNcUTJIO
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Einstein and the Special Theory of Relativity

Around nineteen-hundred, all of physics, and particularly Einstein, was in trouble: they couldn’t
figure out how anything could move...

Now before you complain that I'm exaggerating, check out this cat !

You can clearly see that the cat is moving away from Einstein at a constant velocity... but do a
little sliding switcheroo, and suddenly it looks like Einstein is the one moving. This is the “old-
fashioned principle of relativity,” but the point is that the switcheroo changes relative things, like
position and velocity, and not absolute ones, like the separation of Einstein from his cat.

Now for the problem: before Einstein was even born, physicists showed that the speed of light
was one of those absolute things which can’t be changed by a switcheroo, so any switcheroo
we do has to keep light moving at the same speed. But then it's obvious that we can’'t do our
sliding switcheroo at all, which means we can’t explain how anything other than light can
move !

Ok, | spoke too soon... there is one solution-do you see it? We were assuming that our
switcheroo had to keep every slice of time at the same, well, time. But there’s no law of physics
that says time is an absolute thing that can't be changed by switcheroos... so if we just rotate
the slices of time while sliding them, then we can keep the speed of light the same, and explain
how things can move, too.

Of course, Einstein didn't figure out this “special principle of relativity” in 1905 -it was already
done by a guy named Lorentz ten years earlier. But Lorentz just thought this time-rotation was
a mathematical trick...

and it took Einstein to step in, and, you guessed it, propose that “time-rotation” is real, that time
really is relative, and that consequently, simultaneous events relative to one observer aren’t

simultaneous relative to another. Now that’s a real switcheroo of perspective.
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Units, Dimensions, and Scaling Arguments

TN T S0, MIT (RYFa—t v Y ITRASF) © Open Course Ware &5 4
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2c+and+Scaling+Arguments&&view=detail&mid=828D085903
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time squared [TF

165




Chapter3 | Listening

Units, Dimensions, and Scaling Arguments

I'm Walter Lewin. | will be your lecturer this term.

In physics, we explore the very small to the very large.

The very small is a small fraction of proton and the very large is the universe itself.

They span 45 orders of magnitude, a 1 with 45 zeroes.

To express measurement quantitatively, we have to introduce units.

And we introduce for the unit of length, the meter; for the unit of time, the second; and for the
unit of mass, the kilogram.

Now, you can read in your book how these are defined and how the definition evolved
historically.

Now, there are many derived units which we use in our daily life for convenience and some are
tailored toward specific fields. We have centimeters, we have millimeters, kilometers, we have
inches, feet, miles. Astronomers even use the astronomical unit which is the mean distance
between the earth and the sun and they use light-years which is the distance that light travels
in one year. We have milliseconds, we have microseconds, we have days, weeks, hours,
centuries, months...all derived unit.

For the mass, we have milligrams, we have pounds, we have metric tons. So lots of derived
units exist.

Not all of them are very easy to work with. | find it extremely difficult to work with inches and
feet. It's an extremely uncivilized system. | don't mean to insult you, but think about it,12 inches
in a foot, three feet in a yard. Could drive you nuts.

I work almost exclusively decimal, and | hope you will do the same during this course but we

may make some exceptions.

I will now first show you a movie, which is called “The Powers of Ten” It covers 40 orders of
magnitude. It was originally conceived by a Dutch man named Kees Boeke in the early ‘50s.
This is the second-generation movie, and you will hear the voice of Professor Morrison, who is
a professor at MIT. “The Power of Ten”, 40 orders of magnitude. Here we go.

(BRENE Ay FENTNS)

| already introduced, as you see there, length, time, and mass, the three fundamental quantities

166




3—2 URZ=2% (Listening) DFEZE=EH

in physics. | will give this the symbol capital L for length, capital T for time, and capital M for
mass.

All other quantities in physics can be derived from these fundamental quantities.

I ‘ll give you an example. | put a bracket around here. | say speed, and that means the
dimensions of speed. The dimension of speed is the dimension of length divided by the
dimension of time. So | can write for that: [L] divided by [T]. Whether it's meters per second or
inches per year that’'s not what matters.

Volume would have the dimension of length to the power three.

Density would have the dimension of mass per unit volume. So that means length to the power
three.

All-important on in our course is acceleration. We will deal a lot with acceleration.
Acceleration, as you will see, is length per time squared. The unit is meters per second
squared. So you get length divided by time squared.

So all other quantities can be derived from these three fundamental. So now that we have

agree on the units. We have the meter, the second and the kilogram.
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Influence of water-related
appliances on projected domestic
water use in Tokyo

Naoko NAKAGAWA, Akira KAWAMURA,
Hideo AMAGUCHI

Dept. of Civil and Environmental
Engineering, Tokyo Metropolitan
University, JAPAN

Thank you, Mr. chairman(Madam chairperson ).
Good morning, ladies and gentleman.
I’'m very glad to have the opportunity to give a presentation here today.

I'm Naoko Nakagawa from Tokyo Metropolitan University in(of)
Japan.

ZZTIERANTHBI LIz CON R E O AR FR LI W =T BT —
a7 A IVEAE—FERLUET.
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Change in domestic water
use in Japan

(108 m3/year) ~ (t/cap/day)
- oK

160 |

(%]
(=3

169

40

Domestic water use
8
Domestic water use

0

1965 1970 1975 1980 1985 1990 1995 2000 2004
Year
(Ministry of Land, Infrastructure, Transport and Tourism HP)

| The amount of domestic water use has decreased over the last 4-5 years. |

To begin with, I'd like to talk about the background of this study.
This figure shows the change in domestic water use in Japan.

The amount of water supply in Japan increased with economic growth
until reaching a plateau in the 1990s, and has since decreased over the
last 4-5 years.
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Change in domestic water use
per capita per day in Tokyo
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(The Tokyo Waterworks Bureau HP )

The amount of domestic water use in Tokyo also
shows a gradual decrease over the last 6-7 years.

This figure shows the change in domestic water use per capita per day
in Tokyo.

The amount of domestic water use in Tokyo also shows a gradual
decrease over the last 6-7 years.

Therefore, | considered the reason of such tendency of decreasing in
recent years in Japan.
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Factors influencing
domestic water demand

Household size = Family structure.

How to use X % Household income

It is considered that the use o advanced water-saving appliances
has greatly influenced the downward trend of domestic water use
per capita per day in recent years.

The domestic water use per capita is known to be influenced by various
factors, such as water charge, household size, family structure, how to
use it, water rate, etc.

But among these factors, it is considered that the use of advanced water-
saving appliances has greatly influenced the downward trend of domestic
water use per capita per day in recent years because the use reduction
achieved by these appliance is significant.
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saving appliances.

The aim of this study was to quantify the amount of water
use by modeling the introduction of advanced water-

Therefore, the aim of this study was to quantify the amount of water
use by modeling the introduction of advanced water-saving appliances.
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Method

n

Amount of domestic water use _ >k x(1-a,)+(1-5,)x0,]
(L/cap/day) - ; ; ,

i : purpose of water use (kitchen (cooking and washing), laundry, toilet,
bath, face wash and others) .

L w=57%;
a;:saving rate by each water-saving appliance . o mﬁ-:}'*"“
b,:usage rate of each water-saving appliance. & /
Q,:virtual maximum water use for each water use £ «

category before introducing water-saving - .
appliances. § w e
The domestic water use was assumed to change . b

due to the usage rate and saving rate of new obeee®

. . . WS S 08 AN ARS AmS AMS
water-saving appliances and estimated as the total Year
amount of water consumed for each purpose.

| considered such model for the domestic water use per capita per day.

According to this model, the domestic water use was assumed to
change due to usage rate and saving rate of new water-saving appliances
and estimated as the total amount of water consumed for each purpose.
where,

i is the purpose of water use in household,

ai is the saving rate by each water saving appliance,

bi is the usage rate of each water saving appliance,

Qi is the virtual maximum water use for each water use
category before introducing water-saving appliances.

Hereafter ,I'd like to explain the usage rate and saving rate for each
saving water appliance.
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%hange of the usage rate of water

related appliances in Tokyo

Almost 100 %
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(Tokyo Waterworks Bureau ) Year

The future trends of new water related appliances were
projected by a logistic function with the least-square method.

This figure shows the usage rates of conventional and new water related
appliances obtained by the field survey of domestic water use conducted
by the Tokyo Waterworks Bureau until 2006.

As shown in the figure, the usage rates of the conventional appliances,
such as bathtubs, showers, washing machines and flushing toilets were
nearly 100%.

New water related appliances whose usage rates have been increasing
are full automatic washing machines, bidet (for washing with a fountain of
warm water), dishwashers and so on.

The future trends of these appliances were projected by a logistic function
with the least-square method.
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Results and discussion

I'd like to talk about the results.

EEICHWZPPTZ 7 A LIEb o2 D BENZ WO TT R, 22 TITEML Thb
HLEgzHo0FE T,
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Domestic water use

per capita per day

Comparison of the estimates and the
actt_lal data in Tokyo (1998-2006)

e
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(L/cap/day)

= b, x(1-a,)+(-b)x0,]

Here is the result.
This figure shows the change of domestic water use per capita per day
in Tokyo.
Based on the model, the amount of domestic water use for each purpose
was set to the actual amount of that in 1997 because this year was set as
the base year.
Then, the amount of domestic water use was estimated based on this
model until 2006.

And the estimated domestic water use from 1998 to 2006, during 9 years
data, were compared with the actual data of Tokyo.
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Accuracy of the estimated
values

P

250 -

244

242

240

Estimated value (L/cap/day)

238 -
238 240 242 244 246 248 250

Actual data in Tokyo (L/cap/day)

Estimated values are within =1 %

In this figure, the horizontal axis shows the actual data in Tokyo and
the vertical axis shows the estimated values.

As shown in this figure, the estimated values are within plus or minus
1 % and it is found that the estimated amount of domestic water use per
capita was corresponded to the actual amount of that very well in this
decade.
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stimated domestic water use
Domestic water until 2050
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= According this model, the reduction rate is assumed to be 9 % until 2025 and 10 %

until 2050 when the 1997 was set as the base year.
u JThe water use for the bath and the toilet is expected to be large even in the future in
apan .

So, the domestic water use per capita per day was estimated until 2050
according to this model.

According to this model, the reduction rate is assumed to be 8 % until
2025 and 10 % until 2050 when the 1997 was set as the base year.

and it was considered that the water use for bath and toilet is expected to
be large even in the future in Japan according to the present trend of the
usage rate.
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Conclusions

= The aim of this study was to quantify the amount of
domestic water use by estimating usage rates of various
water-related appliances.

m The results of this study show that the calculated amount
of water use reproduced the actual amount of water use
between 1998 and 2006 accurately and the reduction rate
is projected to be 9 % by 2025 and 10 % by 2050 with
1997 set as the base year.

» It was considered that the amount of water used for would
be substantial even in the future.

= From the results of a simulation performed by replacing
the 10 L-type toilet with a 6 L-type toilet, it was found that
the domestic water use per capita per day would reduce to
around 200 L.

It was considered that the replacement of a conventional toilet
with a new water-saving-type toilet is one effective solution for
reducing domestic water use in the future.

In conclusion,

The aim of this study was to quantify the amount of domestic water use
by estimating usage rates of various water-related appliances.

The results of this study show that the calculated amount of water use
reproduced the actual amount of water use between 1998 and 2006
accurately and the reduction rate is projected to be 9 % by 2025 and 10 %
by 2050 with 1997 set as the base year.

It was considered that the amount of water used for would be substantial
even in the future.

From the results of a simulation performed by replacing the 10 L-type
toilet with a 6 L-type toilet, it was found that the domestic water use per
capita per day would reduce to around 200 L.

It was considered that the replacement of a conventional toilet with a
new water-saving-type toilet is one effective solution for reducing domestic
water use in the future.
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Thank you for your attention.
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-
My hypothesis was that sugar
dissolves more quickly in hot water
than in cold water.

WHFEDTE S i3 57280, Bl ITHOBED VK KV 31550 77 3 7< T fif4 % (dissolve)
Ff) ([T A AT —b— LRy ha—b =D PO PER BSEET 721 72 ST THUVLWNTT)
ZFREUTENTTZEN,
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One spoonful of sugar was added to the water in
each flask.

The mixture in each flask was stirred once. )

W Nz BRREE, 2 LTI SR 28 T D720 D G EEE N TLIZEN,
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Humidity-Dependence of Luminescence of
Tetracianidoplatinate(ll) Salt with an
Introduced Organic Acceptor Cation

NAME

Department of Chemistry, Rikkyo University,
JAPAN

Thank you, Mr. chairman ( Madam. Chairperson ). * KFIIRLEH
Good morning(afternoon), ladies and gentlemen. SN2EQTY
I’'m very glad to have the opportunity to give a presentation here today. SECLTFxW
I'm from Rikkyo university in(of) Japan.

EREODAHYMESITENET,

BIEEITTWFETESA,

SHEZDIIGRRDOERETATTHRERTT,

BARDIHEKRZIZABLTLET TY,

The title of my presentation is the Humidity-dependence of luminescence of
tetracyanidoplatinate(ll) salt with an introduced organic acceptor cation.

RRIMMEERNFA U EBALETIS U7 FEEBRIEDOR LB DIEEKTE

®TY, »
cation[kaetaion] g1 74~ HETIVD TR D FICHIERZ
anion [aendgiom] g1 # > ANTTEL, (B4, BZIZEE->
TWELKTH, ZOABHEST
WBIEEH$HDH)

>
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DACT interaction
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) L |

Different species
DACT interaction

*EaZEFIryI U

First, I'd like to talk about the background of this study.
The tetracyanido platinate salt, for example alkali metal salt, is known as an emissive
substance. This emission arises from the interaction between the d-band and the p-band
of platinum. It means the d-band is the electron donor and the p-band is the acceptor.
So, if the acceptor is changed to other chemicals, for example organic cations, the salt
will exhibit emission by the Donor-Acceptor Charge Transfer interaction.

T AEDOERICOVNTHBALES .
FILHERBEDLSLTISOT7_FEERIEIX. BAEOYELLTHMONTNE
T, COEITAERFDI-/NUREp-NURFDORBIDOEBEERICE>TENELET, OF
Y, d-INURNEFRF—, p-/\UEBRTOET2—ELTIE 6LV TLVET,
FOTC.TIOETE—DAZELDILFRICESHRZTH., IR ITEMAFAVIZES
A THERFT—TF o7 2—ERBHHEERICK TR NATEIEEZONTET,
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B ZRNT NS D THRER

.y Firstly, in the previous wy‘i(, dimethylviologen was introduced to the platinum salt.

A

Dimethylviologen salt exhibits emission, and adopts a columnar structure like this.

The donor anions and the acceptor cations stack alternately.

This fact indicates the emission of dimethylviologen salt arises from the Donor-Acceptor
Charge Transfer interaction.

Secondly, the acceptor cation was extended to diethylviologen. Diethylviologen salt also
exhibits emission. In addition, this salt shows vapochromic behavior. In low humidity,
this salt has blue-green emission. This is called the dry phase. But, after exposure to
moisture, the emission color changes to yellow. This is called the wet phase. If the
exposure is stopped, this yellow emission returns to blue-green.

Therefore we considered this phenomenon relates to the adsorption and desorption of
H,O molecules.

HAPFETEH. TTALERICSAFILEAOSUNEBEASNEL-, SITFIILEAD
FEIEEIERL. FF—ET7 0T 8—DXEREBHS LEEZEO TNET, 2D
CENS, CIFIIEAOS UEFRFT—T o7 —ERBEHHEEERICK - TEL
LTWAIENTEINET,

RIS, TOETER—HFA U EIFIEADT UICHELELZ, PITFIILEFOS VIR
LE-RILERLET, S5I2, COBIFER(RYOIXLERLET,
EBEETIZEVNTIE., COEIIFZREALZRLET ., ChExdrylBELET . LHL., K
RRICRETHEERRLICEILET, ChEwetilBELE T, KRRERZZ VDS
ELEBBRANOERELICRYET,
COBRRIFKDSFOHAYERRLTWNSEEZET,
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Objective

blue green yellow

@ The crystal structure of
EV[Pt(CN),]-nH,0

Where is the turning point of the dry phase and the wet phase?

A guantitative investigation was required. So a gravimetric analysis was undertaken.
Moreover, the structure of the diethylviologen salt has never been revealed because
the single crystal of this salt has never been obtained. Therefore the determination of
the crystal structure of this salt is also required.

TIE. drytHEwet BRI DIFE B LG HEEIFF%TLES ? EEMGAENBET
Y. ECT.EESMETLEL

ST CIFIVEF AT UEFTNETEBRDSFoNTLEAOf=f=0 #EEHNHA
BMIEOTVWERATL . ECTREZHELN T HELFBHD—DTY,
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Materials and Method

Synthesis—EV[Pt(CN),]*nH,0O

EVBr2 + K2[Pt(CN)4]
— EV[Pt(CN)s]*nH,0 + 2KBr

(Dwater ] (2acetone : methanol =2 : 3

Dry phase
white powder white powder

Wet phase Dry phase...?

colorless crystal colorless crystal

(needle, yellow emission) (plate, blue-green emission)

The synthesis of the diethylviologen salt is very simple. An aqueous solution of
diethylviologendibromide and potassium tetracyanidoplatinate were mixed.
Subsequently, white powder or colorless crystals were obtained. These single crystals
exhibit yellow emission. This corresponds to the wet phase.

When this procedure was performed in a solvent mixture of acetone and methanol,
colorless plate crystals were obtained. These plate crystals may be single crystals of the
dry phase because of their blue-green emission.

CIFIEAQT NEDEREEIE>THEMTYT, DIFILEA DTV RIEMETIS
ST RFBEBA) D LOMBOKBEEESTHEITTT . 2595L. BBMEKD
ANIEEBHERNEONFEL COBBRIIFEEETIEZRLET, DOFY. wettl
E—BLTWET,

CDEIEFIEET b EAF/—ILDESBEZANTITO L, BEHRRERNE
LNET ., CORKBRIIFTHRELETIT =HAdyHHDOERKRTHLIEEZILONTET,

195




Chapter4 | Speaking

196

Results and Discussion

i G The colorless needles
SI ngle CryStaI synthesized in water have
X-ray analySiS yellow emission
T e 1 Wet phase
Formula EV[Pt(CN),]*5H,0
Formula weight  443.751
T .o e e Crystal system  monoclinic

i g “d [ Space group C2/c
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a 8/ A 95.403(2)

ﬁl\ ﬂi‘- v/A3 4637.7(6)
\2‘\ % = 4 z 8

i s 3 R1 0.0542
LA Temperature /K 173

This time, the X-ray structure analysis of the wet phase succeeded.

This is the structure viewed down the a-axis, and this is the columnar structure. The wet
phase includes 5H,0 molecules in the structure. Moreover, the donor anions and the
acceptor cations stack alternately.

This indicates the emission is due to the Donor-Acceptor Charge Transfer interaction.
This void spaces allow H,0 molecules to move in and out easily.

SE. wettlB D BB EERTICHLEL =, THL([FaBRE T, CHL6[EHT L
BETY, WetlBIF KD FESDEATNET . oI FF—ET77ET4—DXREHE
BH#EEEZES TVET,
COEFRF—ToET2—BRBHHEERICIORAETELTVET,
CHOERMAHHEICEOTKAFNBBICHAYTESEEZONET,
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I’d like to explain the gravimetry method. The thermogravimetry machine was
combined with a humidity-controller.

This is an example of 50 % RH. The red line is temperature, the green line is weight loss
or gain, the sky-blue line is humidity, and the blue line is the Differential Thermal
Analysis(DTA).

To set up a completely dry phase, firstly the samples were heated up to 160°C.
Subsequently, it was humidified with the controller. Then, the sample absorbed H,0
vapor which was then accompanied by a weight gain. After the weight maximized, the
number of H,0 molecules in the salt were estimated. The measurements were
conducted at various humidities.

E%ﬁﬁﬁo)ﬁ%’ébf:b\:‘:ﬁﬁb\i?o BEENTOEEICEEEBEEZHAED
HTFL7 =

CHELILEESONDHITY . FULMRIEE. ROAEZELIL. KENEE. EHDTAZ
FKLTWLET,

SEEITdryREIZT B1=02. FT HUTILELOCETIMELET , TDE. INEETT
WET, 5L HUTILITKERZRIL, EEAEMLET, EEMNBIILI=ES
;;E’G‘fflUi&ihf:ﬂ(ﬁj‘?@i%%ﬁ%%")i?o CDEIGBEERRRITIBEETITL

L7=.
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Results and Discussion

Gravimetry 2 <—
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The dry phase transfers
to the wet phase at approximately 32-40 %RH

The results are shown in this plot.

The horizontal axis shows the relative humidity, while the vertical axis shows the
number of H,0 molecule included in the salt.

This plot indicates that the dry phase transfers to the wet phase at approximately 32-

40 %RH.

Moreover, the wet phase includes 5 H,0 molecules. This agrees with the

crystallographic results.

FOHEBEAIELOTOVRTT,

CHLDEMAEFEE., CHELAMYRAENT=KASFOEMTT, cOTOvrEKY, dry
AhBwetl HEADZEEIE32-40%RHD B TR TS ENHLMYET , 512, wet

BIFKDFESDEATEY., ChITBERTOBRE-BLTVET,
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Summary of  EV[Pt(CN),]-5H,0

32~40 %RH

>
>

Wet
blue green yellow

i\?\g@\;&x\
¢ EV[Pt(CN),]*5H,0

In conclusion, the salt composed of tetracyanidoplatinate anions and diethylviologen
cations was prepared.

This salt exhibits vapochromism of emission. The blue-green emissive dry phase
changes to the yellow emissive wet phase at approximately 32-40 %RH.

The crystal structure of the wet phase consists of a columnar structure composed of
donor anions and acceptor cations stacked alternately and contains 5 H,0 molecules per
asymmetric unit.

The void space allows vapochromic behavior, because H,0 molecules can move in and
out easily.

Thank you for your attention.

LTI,
TFrSUTZRASBAA U ECIFILEAOS U B BEEES R LEL,

DB IERXDRARIOSALERLET . BRI DAryHBILEE32-40%RHTHE
BHERILDOwetHBIZEILLET,

WettBIERF—¢T7 02T 2—DXREBERBIEEEFL>THEY. KD FESDEATUHET,
;A—Zﬁ\%‘%t\’(b\é;L’LJ:"NK’\?h\%%LH:')U')?'ZD;HJ\’C%ZD&%i%hi

TEBHYNESITEVEL,
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Ll o

Rikkyo University
in JAPAN

Hello, I am from Rikkyo University in Japan.

As you know, all of us inherited DNA from your parents and will pass it on
to our descendants.

This is caused by DNA duplication and this process must be done accurately.
How is it done?

Today, | want to talk about DNA semiconservative replication. Let me begin.
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* DNA double helix structure was
demonstrated by Watson and Crick.

/ﬁn

Meselson and Stahl hypothesized
Semiconservatve replication.

4

In 1953, DNA double helix structure was first demonstrated by Watson and Crick.
And then, 3 DNA replication models were proposed as shown in the next slide.
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after one /\
generation

(A) SEMICONSERVATIVE (B) DISPERSIVE (C) CONSERVATIVE

Fiure & Dssenti ety Ve 12

From essential cell biology 3™ edition

The 3 models are Semiconservative, Dispersive, and Conservative.
In Semiconservative, each strand becomes the template.

In Dispersive, each daughter cell contains both new DNA and fragment from
the parent’s by mixture.

In conservative, parents DNA is remained after it was replicated. In this case,
the parent’s DNA and a completely new daughter DNA were proposed.

3 OMET /LX, Semiconservative, Dispersive, #3J:U'Conservative T3,
Semiconservative TiZ, H-8#HA ORI /RDE,

Dispersive Tl £ AMILIZH LV DNAL OB AWM DO 748 /A THET,
Conservative Tid, BIDNAIZERE NI HHIE>TWD, ZO8H ., BLODNALTEAIT
HLWEDNAM R RSN,
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Materials and Method

B | . Isolate 15N-DNA and
- u = 14N-DNA into each
me— B tube and centrifuge.

AND LOAD INTO AND LOAD INTO

ISOLATE “N-DNA o

. c:nmr{uce o ctnmrsuc.t
“"ba(ne“ﬂ_algmm:? ‘."m.;[.;,,m‘m Centrlfuge at a hlgh
e moomason - speed to form a cesium
CHLORIDE DENSITY GRADIENT ” »
chloride gradient.
_I_ T ..‘
heavy ‘nmunrmm %ﬁ light " ununm;m
high density, closer to the low density, closer to the
bottom of the tube top of the tube /

From essential cell biology 3rd edition

When 15N -DNA and *N-DNA were isolated into each tube and centrifuged, a cesium
chloride gradient is formed and then developed a band in a different spot.

This process is called density-gradient centrifugation. By using this way, we can
distinguish heavy DNA (**N) and light DNA(**N).

The heavy culture medium(**N) was changed to a light culture medium(4N). All DNA
was heavy when the experiment started, but it becomes lighter as cell division occurs.

15N-DNAR L TMAN-DNAZ & T = — 7 | ZHEEL . =008 5L, ke v L4805
IR S, IRV T EPA AR Y N TR RESRAE ST,

ZOT BRI E AR O BEE I CVET, 20Xl T, EEVIDNA(15N)
LERVODNA (14N) X BT 52 EMTEET,

VOB (15N) 28 B (14N) 12222 LT, FEBRBAAIREI LT CODNANEN >
VAN ) IR E YN CX IRy AN - SAY
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. Results and Discussion
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Figure -8 Exsential Coll Biclogy /e (£ Garland Science 2010)

From essential cell biology 3rd edition

As shown in this figure, bacterias grown in the light medium made a band at a high point in the
tube. Bacterias grown in the heavy medium made a band at a low point in the tube. Then,
bacterias grown in the heavy medium and transferred to the light medium made a band in the
middle of the two bands. This new daughter DNA is thought to be hybrid of heavy and light
isolate.

From the results, the conservative model is excluded.

Which one is the true, the semiconservative model or the dispersive model?

Meselson and Stahl heated DNA to identify the way of replication.

As the temperature was raised, the hydrogen bond was cut and single strands were formed.
Then, the hybrid molecules were centrifuged, one strand was heavy and the other was light.
Finally, they found that DNA replication was semiconservative.

ZORNIRENDINC, BEHE P CABFLME L, BERNOE VR TAUREEKL, B
WESHLCAEB LI TITIEL, Fa—7 OIS TRV REESTZ, Z0%% ., BB CHEIBEL
VRSB SV X, 22D ROH NNV REEoTz, ZOH LWIERDNALL, &<
TRRWEER DO NAT VR THDHEZEZONTWET,

FERD, RIFHIET VTR SIET,

EHLONE, PRIFHET VDG HBET V2
Meselson&StahllZAE ST L2 5 E 357D ICDNAZ INE L 72,

BEZE B D8, KBRS, —AREDERSIL,

WA AT VR T2 04 BEL . — T OSITEL 5 OSITEV S D TH -7,

BRIz, OIIDNABE RIS HRIFH ChHZ L% R LT,
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) | Conclusions

EEEEEEREEREE

DNA replication is semiconservative.

DNA replication is shown to be semiconservative. Each strand in the double helix
become a template for the new strand.

And then, two new strands are synthesized.

Thank you for listening.

DNAGRUIERFEI THLZ LDV RSN TS, —EHLE AT OAEHIL, FrLVEHD

P72 D,
FLT 2200F LWEBERESNET,

ZIEIRDHV LTI NELT,
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Good morning, ladies and gentleman. Thank you for attending this presentation.
I’m very glad to meet you.

I'm

from Rikkyo University in Japan.

Today, | will talk about the radiation reduction caused by lead plates.
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‘Y) Background

Radiation count is more reduced when |
increase the number of lead plates between
detector and radiation source.

\I\
My hypothesis was that the
reduction of count is proportional to
the thickness of lead plate.

To begin with, I’d like to talk about the background of this study.

When | measured the radiation from a source of cesium137, | found that radiation count
was reduced by inserting lead plates between the detector and cesium137.

And then, | also found that if we increase the number of the plates, the radiation count
was further reduced.

So, | thought that the reduction of the radiation count is proportional to the thickness of
the lead plate.
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‘T) Objective

The objective of this presentation is ...

to understand how the reduction of
radiation count follows the thickness
of the lead plate.

Therefore, the objective of this experiment is to understand how the reduction of
radiation count follows the thickness of the lead plate between a radiation source and the
detector.
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------------------------

1. Geiger-Muller counter
(Picture on the right)

2. Cesium137

3. Lead plate(2 mm) X6

In this research, | used the following materials. First, a Geiger-Muller counter, which is
used as a detector of radiation. Second, Cesium137, which is used as a radiation source.
Third, 6 lead plates with a thickness of 2 millimeters per plate.
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‘T) ' Method

1. Separate the detector and cesium137 by a
suitable distance.

2. Measure the radiation count when 1 lead
plate is inserted between them.

3. Increase the number of lead plates and
measure the count respectively.

This is the method of this research.
First, | separated the detector and cesium137 by a suitable distance.

Second, | measured the radiation count in the situation when 1 lead plates was inserted
between the source and the detector.

Third, | increased the number of lead plates and measured the count respectively.
Last, | graphed the experiment data.
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‘T) Results and Discussion

count rate [Number]

thickness of lead [mm)]

I’d like to talk about the result.
This figure shows the reduction of the count rate by inserting lead plates.

The horizontal axis shows the thickness of lead and the vertical axis shows the count
rate, which means the radiation count per second.

This figure shows that the count rate was reduced in proportion to the thickness of lead.
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'y :
)' Conclusions

The count reduction is proportional to the
thickness of lead plate.

Typically, this relationship is represented
by the following formula.

logl = —ux +logl,

In conclusion, | found that the count reduction is proportional to the thickness of
lead plate. Typically, this relationship is already represented by the following
formula. “I” is the count rate and “x” is the thickness of lead plates. “I;” is also the
count rate, for the no lead plate situation. p is called “absorption coefficient”. This

is different depending on the material used as the blocking plate.

Thank you for your attention.
If you have any question, please raise your hand.
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Presentations at WIT Conferences

NOTES TO PRESENTERS

1. When presenting a paper it is essential to consider the type of audience you
will be addressing.

2. Having determined your audience the next step is to decide what you want to
tell them. In planning your presentation you must first answer the question ‘why
do I want to talk to these people?’

3. Structure your presentation in a similar way to your written paper. First
introduce yourself and the presentation, then move to the main body of the
paper. Having done that, draw your conclusions and describe future work.

4. The purpose of a presentation is to make the audience want to understand

more about your subject. You should assume that people have not read your
paper, so you should try to make them want to read it.

5. Prepare well in advance. By preparing early, the presentation experience
should go smoothly with less anxiety.

6. Practice your presentation in front of people who do not understand your
work.

7. Marketing presentations and product pitches are not acceptable presentations
and will receive poor feedback from delegates.

Presenting

8. Under no circumstances should you read your paper. Each slide should
contain bullet points and you should speak in complete sentences and
paragraphs.

9. Speak to the audience not the screen and use the laser pointer.
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10. Remember that many of the delegates do not speak English as a first
language - please speak clearly and not too quickly.

11. Accurate timekeeping is essential to ensure the smooth running of the
conference. Remember that the time you have been allocated includes time for
Q&A. Delegates do not appreciate long presentations and sessions overrunning.

12. Allow 2 minutes per slide and remember to pause so the audience can read
the whole slide. Do not block part of the slide.

Presentation Equipment

13. A computer and LCD projector will be available for your use. If you require
other equipment please let us know well in advance and be aware that this may
incur an additional charge payable by you. In case of need contact the
conference secretariat as soon as possible.

Presentation of your material

14. Your presentation will be greatly enhanced with the use of a good slide
show. Your aim should be to make your presentation as easy to follow as
possible.

e Try to use landscape format where possible

o Use colour wherever possible and make sure that the colours can be
distinguishable at the back of a large room

e Spacing makes the rest of the slide easier to read — don't cram your
slides full.

¢ Avoid putting important information at the bottom of the page. It can be
difficult for some people to see the entire screen.

e Have between 3-5 points per slide and do not use too many equations.

e The first slide should have the name of your presentation, your name and
the conference name and date. Your organisation’s name should be
placed at the bottom corner of each slide along with your own name.

¢ Remember that a picture or graph is very informative. Check beforehand
that your presentation is of good quality and that they can be read from a
distance.

e Try the LCD projector in advance to avoid delays or disruptions.

e We would request that all participants bring their presentations on a USB
flash drive.

e Meet your session Chairman at least 10 minutes before the session starts.
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BERESE D
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I'm from University in Japan.

Thank you for your nice (excellent) presentation.

I"d like to ask a question.

Q (EMAE) :

EABMN GERE)

That' s a good question.

I didn’t catch your point. (FHF-DHEDERMNE L DS 7&Eh > Tk
Could you repeat the question? (& 5 —EHZ# 0K L TiE LK)
Could you speak more slowly ? (& > £ > < DEEL TIE LWV EF)

Could you speak more loudly ? (% > & KE&E Tab L TIE LWVLE)

| have no idea right now, but let’s discuss later. (59 <ICIEEZ B NRWOE)
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RAR—RRTDORE Y XA

HURAHZET S

Hello. Can I explain my work (study) ?

IBREYVDREZT S

I’'m OO from Rikkyo University in Japan.

I’m a graduate student at Rikkyo University in Japan.

S HARDITERAD KRR T .

I’m majoring in chemistry (physics, life science) at Rikkyo University in Japan.
FMENTBOR T (B, i) ZH L TVET.

B ZdRNS

In this study, we aimed to ~

The aim of this study was to ~

AL TIE, ~952ZHMNICLE L.
We have been researching ~
HAE~EDODVTHRELTEXR L.

What we were doing in this study was ~

AW TITo TV &IE~TT.

R (RER) HE%ZHAT S

Let me explain what we did in the experiment.

EDX S BERZIT>Teh7ZFHHLET.

Let me explain how we carried out the experiment (analysis).
EDXSICHEE () ZiTo7ehZ@HLXT.

You can see here the method we used for the experiment (analysis).

FER (0#) CTHWITiE2 T T THIILET.
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You can see the results of this study in this Table (Figure) here.

This Table (Figure) here, shows the results of the study.
DX (X)) ICHZEORRINIRENTNET.

Development of the Circumpolar Stratospheric Telescope FUJIN for Observations of Planets

Introduction

It is important to conduct long-term continuous observations for studies on time-dependent events of the
planetary atmospheres and plasmaspheres.We have developed a balloon-borne telescope “FUJIN” that has the
purpose of observing the atmospheres of Jupiter and Venus from the stratosphere. We are developing a second
telescope “FUJIN-2" aiming the observation of these planets. This telescope took over both the control systems,

BBT2009 and FUJINI.

About Balloon-borne Telescopes

Why do we observe from the stratosphere

with a balloon -mounted telescope ?

+ Good Visibility (~0.1")
At ultraviolet and visible wavelength, the observation at
the diffraction limit can be performed.

+ Wavelength region
The observation from 300nm wavelength can be
performed.

+ Long-term and continuous observation
In the polar region, there are planets that can be
observed continuously for 24 hours

+ Observation From unchanged direction
FUJIN can observe the planet disk from an
unchanged direction

Wy

naxt

Tab.2: FUJIN-2 telescope specific

.
FUJIN-2 Optical System
FUJIN-2 is a Schmidt Cassegrain
Telescope with a Nasmyth focus and
has a mirror that has an effective
aperture of 406mm.

Table.2 shows the specifics of FUJIN-2
and Fig.3 shows the light path in the

Schmidt Cassegrain

fee=ccelvee with a Nasmyth focus

Effective aperture 406 mm

FUJIN-2. The original focal point Focal point distance ~6000 mm
dlstange of FUJIN-2 was 3000mm but Band-pass filter 8 Sheets
this distance was extended up to

6000mm using a double sized Barlow Detector aCCD

lens.

The end points of the FUJIN-2 light path are separated into
two light path through the half mirror. FUJIN-2 can provide

multi-wavelength observations using the filter turret in front
of a CCD camera. The light into the PMT is used by the \
attitude control in phase 3 (accurate directivity control).

Fig.1; FUJIN-1 appearance
Table 1 shows the history of the FUJIN project. The ~ Table.1:History of FUJIN Project

FUJIN project has failed to carry out observations
twice in the previous attempts. The weakest point 2002 Start of project
of the FUJIN project is that it does not carry out
observations at the optimum time for yn0g
observations. FUJIN-1, the first model of FUJIN-
project, had an unsuccessful flight due to bad 2010
climate conditions and a malfunction in the JAXA's
bus systems.

However it was concluded that FUJIN-1 can be
controlled in the stratosphere from the results of
ground tests. The main purpose of the 2012 =
development of FUJIN-1 wasn't to carry out condition

observations but to develop the control systems. Cancelled due to malfunction in
Therefore, after the development of FUJIN-1, we 2013 the bus system

started FUJIN-2  development for planet

observations. 2014 Start up developing FUJIN-2

1st experiment was failed due to
the onboard CPU failing.
Improvement

Experiment was cancelled due
to development delays.

Cancelled due to bad wing

2011

signal period from PMT to TTM is approximately 1 kHz H Ccco |
(FUJIN-1). Tab.3 shows the target wavelengths of FUJIN-2. 1 \
Tab.3: Subject of research == 'Filter turret
2X barlow lens / Main mirror

Mercury  Venus Jupiter(main)

290~320nm 589nm

S0, N
2 a Focus device
320~400nm 672nm
uv S | 7 [ e —
589nm 777nm 800nm
Na (0] NHy |
900nm 890nm 1
NIR CH, /
1270nm  920~945nm Fig3: FUJIN-2 optical system
0, H,0

FUJIN Control System

For realizing observations at a visibility increment of 0.1%, it is necessary to have
highly developed attitude controls and pointing controls.

In the FUJIN-2, the attitude controls were taken from the FUJIN-1 system and are
divided into 3 phases with each of these phases performed separately (Fig.2).
OControl phase 1

In the tirst phase, a gondola of FUJIN-2 is controlled in 3 dimensions by a decoupling
mechanism (DCP) and control moment gyros (CMGs).

OControl phase 2

When the FUJIN-2 is not observing targets, the Solar Cell Panels, which are installed on the
gondola, are always facing in the direction of the sun to provide electric power for the FUJIN2.
OControl phase 3

In the second control phase, the target is captured by the telescope using two
cameras, a wide angle camera and a narrow angle camera.

(T 1* introduction
@; 2 introduction

Control phase 1 Control phase 2
Fig.2: FUJIN-2 Control System
OResults of the attitude control tests in FUJIN-1

Fig.3-a and Fig.3-b show the azimuth and elevatlon:
amplitudes respectively, when disturbances are input.

The pointing accuracy as RMS values are shown in Fig.3-c and;
Fig.3-d, respectively.

In the control phase 3, the light path must be input within the
predetermined movable scope of the TTM to be able to use
the fine pointing controls of the TTM. The frequency is shown
in Table 2. The azimuth ratio is 45.5% and the elevation ratio |s§
21.7%. Ei
As shown in Fig.3, no significant difference was observed}*
between the case with and without the disturbance. That is, it}
is identified that the attitude fluctuations of the gondola were "
sufficiently compensated. Besides, there were constant Fia.?—lc
vibrations every 3~4 seconds.

Tn the develonment of FUIIN-2. we introduced the 3

Subject of Observation

+ The Rossby wave existing in the Jupiter atmosphere is
OJuplter(Maln Target) important for understanding the atmosphere dynamics.

+ The white edge in the polar region of Jupiter in Fig.4 shows the
Rossby wave with a wave number of 12 as shown in Fig.2.

+ Cumulonimbus clouds transport heat vertically in the Jupiter
atmosphere and are interactive with the planetary scale zones
and belts. There is a hypothesis that these structures were
produced via Cumulonimbus cloud activities.

Fig.4: A region of Jovian South- For understanding the Jupiter atmosphere

pol.e ét 890nm from Cassini structure, we will obtain the following

[Barrado-Izagirre et al., 2008] information .

eSOy * Time fluctuations and velocity of the haze wave

structures in the polar region of Jupiter for several

ays.
- The partial distribution of the clouds and the
!\ correlation of background wind speeds and time
H f 1 :

L7 course of these correlation at the troposphere

; 5 0 altitude in Jupiter.

OVenus(Optional Target)
« Super rotation
« Searching for proofs of
unidentified absorbed materials
OMercury(Optional Target)
+ The atmosphere light of Na

Future Plan of FUJIN-2

OThe earliest year that the FUJIN-2 can be in
"operation will be 2017. We are considering 2
operational plans in parallel. One of the plans is
that FUJIN-2 will be released from Kiruna,
Sweden in the summer in 2017, and observe
Venus. The other plan is that Jupiter will be
observed from Australia in April of 2017.

This plan is for a 24 hour flight: FUJIN-2 will be
released in the morning, and observe the
planets in the night. FUJIN-2 will be shipped by
September 2017 after the integration of the
subsystems.

Fig.5: The time fluctuation of the
longitudes profiles of the haze brightness
in the 67°S in Jupiter taken from Pirka
telescope (Hokkaido Univ.).

'

Fig.3-d
Fig.3: The integrated test results of FUJIN-1 in 2013

(Poster presentation) ZLTH&KS
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Ok 7 = /074 X
It is important to conduct long-term continuous observations for studies on time-dependent events of
the planetary atmospheres and plasmaspheres.
KEDORKENT T A E TR C 2 ZF TS 255 9 2 7DIcid, B OE I 2
TH5%,

We have developed a balloon-borne telescope “FUJIN” that has the purpose of observing the atmos-
pheres of Jupiter and Venus from the stratosphere.

A3 FEEETEEL, RFHEETTEROVKERICER U e K > THER
M5, REREEDRKQZBIT % C &2 HTE L IcKUBREEA S5 E TFUIIND ORFEZTT-
TV,

We are developing a second telescope “FUJIN-2" aiming the observation of these planets. This tele-
scope took over both the control systems, BBT2009 and FUJIN-1.

HI{£(Z BBT2009, FUJIN-1 DY T VAT LZ2fknTe, Bl 2 T Lz HNE Ui EEdi FU-
JIN-2 DRAFEZ1T> TV %,

OSEREHBEEFICEALT
Why do we observe from the stratosphere with a balloon -mounted telescope ?
- Good Visibility (~0.1")
Y, EEE SEHIT 5D
V=AY ITHEY (~017)

At ultraviolet and visible wavelength, the observation at the diffraction limit can be performed.
* Wavelength region

5%, DL B TEHR RS T OBIHIA AT EE

« MR AU VER T 5 R i i

The observation from 300nm wavelength can be performed.
* Long-term and continuous observation
300nm~ DOEIHIAY AT HE

- R OE el

In the polar region, there are planets that can be observed continuously for 24 hours
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* Observation from unchanged direction

FUJIN can observe the planet disk from an unchanged direction

M TT 4 M eitolmd, 24 Rl N X E S H 5
- —EDFTIAMN S BT HE

Table 1 shows the history of the FUJIN project. The FUJIN project has failed to carry out observations
twice in the previous attempts.
7 113 FUJIN-project DESTdH % o FUJIN 1338751 2 [, SURIC K > TEIHIAH R 3 o e,

The weakest point of the FUJIN project is that it does not carry out observations at the optimum time
for observations
FUIIN 70 27 FOERAKDRAUIER LI & ZITEHRITERWETH 5,

FUJIN-1, the first model of FUJIN project, had an unsuccessful flight due to bad climate conditions
and a malfunction in the JAXA's bus systems.
FUIN 7Bz FD 1 5#TH S FUIIN-1 13 IAXA DNA Y AT LOREERLUEDIR
AEL, R 5 2 &R > T,

However it was concluded that FUJIN-1 can be controlled in the stratosphere from the results of
ground tests.

FUIIN-LICBIL T, Hh BICHT 2 EEZ ZaBROMR, UEEERE [ TE o Ic L3N
TE 5 Lhbamfi7zo

The main purpose of the development of FUJIN-1 wasn’t to carry out observations but to develop the
control systems.
Z&%ZE, FUIIN-1 OFIFEEEFERI TR, §lfls A7 LEORFEN LI > T,

Therefore, after the development of FUJIN-1, we started FUJIN-2 development for planet observa-
tions.
FUJIN-1 DOFFEIX 2013 FFICHE T L, RIKOBIHIZ HEE L U7z FUIIN-2 DBIFEZ G L7z,
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FUJIN-2 FJfE1S R 7 Ls
For realizing observations at a visibility increment of 0.1, it is necessary to have highly developed

attitude controls and pointing controls.

0.1" DM FTHEIZRIT B, SREERLSHIE EEARBENLHATD %,

In the FUJIN-2, the attitude controls were taken from the FUJIN-1 system and are divided into 3 phas-
es with each of these phases performed separately (Fig.2).
FUJIN-2 DZBAHIEIE FUIIN-1 DB Z 5 [ EHEWL T 3 BRFEIC 70 THIEZ17 5,

In the first phase, a gondola of FUJIN-2 is controlled in 3 dimensions by a decoupling mechanism
(DCP) and control moment gyros (CMGs).

FIH 1 RERIETET Ay 7)) T (DCP) LaY ha—)LE—XY I v A1
(CMG) ZHWT, d¥ FI0D 3HiflEZITS,

When the FUJIN-2 is not observing targets, the Solar Cell Panels, which are installed on the gondola,
are always facing in the direction of the sun to provide electric power for the FUJIN-2.

B LATME SCP &2 H IS KR /T IAICHR IR E & THEIZ RS %,

In the second control phase, the target is captured by the telescope using two cameras, a wide angle

camera and a narrow angle camera.

o 2 ERBEHIEICIXILA, RADH X T 2O TEREFERENICKAEZEAT 5,

Firstly, the targets are established in the range of the wide angle camera, and then secondly automati-

cally in the narrow angle camera.

XIILADH AT NICHERKZIZ, TITADA A ZICHBIIEASE S,

If targets were captured in the narrow camera, the target could then be viewed by the telescope.
CDEERMAIRATNICKAEZEA & AFFICEEGHENICEEATESXIICT TA XY
FLTH%B,

In the final control phase, the target is established continuously in the center of view field by a Tip/Tilt
mirror with 2 axes and a photomultiplier tube (PMT).

B IRMEHEIE TR 2807 v T T4 )L I T — (TTM) LEETFEMSE (PMT) ZHW
THEFHIRIC KA ZEA Uil 5 filfE 72175
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FUJIN-2 has a half mirror for dividing the incoming light path into 2 light paths.

One is a PMT path, and the other is a CCD path. It is controlled to send the ratio of the light on the
four channels in the PMT on time.

FUJIN-2 DY DIRAZIC CCD 1 X T & PMT ICYERDAI T 5 XS ICN—T I F—ZRiEL
TV, 4DDF v 3T NTz PMT OF v ¥ 3)V IS AS LT EB D E TTM I
U7IVEALTEES S ETHIEIZTTS .

Then the TTM is controlled by tipping itself to give equal amounts of light for each of the channels of
the PMT.
CDEE, EF v RIVONENELLRD K SIS TIM 2T 6l Z2175 .

O FUJIN-1 £35S R
In the experiments of FUJIN-1 in 2013, integrated tests were conducted of all the FUJIN-1 attitude
controls, and the controlled performance of FUJIN-1 was evaluated for the stratosphere.
2013 FEIC TN T FUIIN-1 EERICHBWT, H—, ZEREEGIEIO T X H 2170y, FUJIN-1 AVK
JEPENC 3513 % ZEAHIMEH DRE )1 72 71Tl L 720

Fig.3-a and Fig.3-b show the azimuth and elevation amplitudes respectively, when disturbances are
input.
3-a &X 3-b IFHELATIHRF DI & S EA DIRIETH %0

The pointing accuracy as RMS values are shown in Fig.3-c and Fig.3-d, respectively.
3-¢c LX 3-d IFLEHFDIEAFEZ RMSHT/RLIZEDTH %,

In the control phase 3, the light path must be input within the predetermined movable scope of the
TTM to be able to use the fine pointing controls of the TTM.

BERBEHIEETIX, TTM 24l - 7S FRmiE 217 5 278, 5 ERFEHIE T TTM OERHH]
FHPNIC AR L T2 EDND 5,

The frequency is shown in Table 2.
The azimuth ratio is 45.5% and the elevation ratio is 21.7%.
TOMERR2ICEED S,
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As shown in Fig.3, no significant difference was observed between the case with and without the distur-
bance. That is, it is identified that the attitude fluctuations of the gondola were sufficiently compensated.
FNIAICB L TIEANELOB I TIZIEEDN T, DXD, TV FIOZRBALHIIHIEICE > T
TRICHEEIN TS T o T,

Besides, there were constant vibrations every 3~4 seconds.

XemEAHIINELOF IS MO 5T, 3 ~4s D—EDIRENDH %,

In the development of FUJIN-2, we introduced the 3 dimensions gondola controls to remove the pen-
dulum movement.
FUJIN-2 DBHFETIE, 3HhfilENICT % T & TR FiEF 2752 < I38EHC R > TV a,

When the development of FUJIN-1 was completed, it was established that FUJIN-1 could attain a
pointing accuracy of approximately 0.4”,

FUJIN-1 SZBRIC VT, 55 1 ERFE~50 3 ERFEHITE TIX 04" FREDIRAENHFTES L
MERE T ET2728, FUJIN-1 DFIFIIHK T Lz,

O FUJIN-2 %%

222

FUJIN-2 is a Schmidt Cassegrain Telescope with a Nasmyth focus and has a mirror that has an effec-
tive aperture of 406mm.
FUJIN-2 (3B #)EE 400mm OF AI AR 2 Iy AT L U XEEETH %,

Table.2 shows the specifics of FUJIN-2 and Fig.3 shows the light path in the FUJIN-2.
FUJIN-2 DRHEZR LTc b D2 212, FUJIN-2 DYEESRZ /R LTt D2K 3 1SR,

The original focal point distance of FUJIN-2 was 3000mm but this distance was extended up to
6000mm using a double sized Barlow lens.

FUJIN-2 DASR O SRR K 3000mm 7273, 2450/ \a— LV X%zi@d T & T, FEriiEat
72K 6000mm X TIEEL TV 5,

The end points of the FUJIN-2 light path are separated into two light path through the half mirror.
MHERDRLIIN—T 2T —"T 2 DORERIC T T B,
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FUIJIN-2 can provide multi-wavelength observations using the filter turret in front of a CCD camera.

CCD DERCT 4 )V Z—Z—Lw M 2iB9 T LT, ZWREBNZHRETE TV,

The light into the PMT is used by the attitude control in phase 3 (accurate directivity control).

PMT Il AG9 2 EId 55 —ERBsHIE CRsfamflED THvwbNns,

A signal period from PMT to TTM is approximately 1 kHz (FUJIN-1). Tab.3 shows the target wave-
lengths of FUJIN-2.
PMT-TTM D15 5 AHIX 1kHz FEETH S, % 31 FUIIN-2 TBIlZZ FEL TV BIHETH S,

ORI

+ The Rossby wave existing in the Jupiter atmosphere is important for understanding the atmosphere
dynamics.
c RERKUCHFET 20 A=K, RERGEAF IV AZMEST 25 XA TEETH %,

+ The white edge in the polar region of Jupiter in Fig.4 shows the Rossby wave with a wave number
of 12 as shown in Fig.2.

X1 DOAREMETH RASMWEDSHIIEMEEZ LT, X2 X012 FEED
OAE—HERBEENS,

+ Cumulonimbus clouds transport heat vertically in the Jupiter atmosphere and are interactive with the
planetary scale zones and belts. There is a hypothesis that these structures were produced via Cumu-
lonimbus cloud activities.

- KENES CEAZ SREfik § 2% E 2R DRELE L, V—2%N)b b 7a EDORKIEREIEHE
HEHLTHED, BEEICKD INSORMEDERENTZHEFEET %,

For understanding the Jupiter atmosphere structure, we will obtain the following information .
RERZDREAF I A MRS 272D, LINOERZEIFT %,

* Time fluctuations and velocity of the haze wave structures in the polar region of Jupiter for several

days.
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* REMIHDNA PG OEH HAL T ORFRZE T N R BIEE,

* The partial distribution of the clouds and the correlation of background wind speeds and time course
of these correlation at the troposphere altitude in Jupiter.
« RS = S C DREELE D ZE R /1 & i s EUHE O AHBE & 2 D2 b,

The earliest year that the FUJIN-2 can be in operation will be 2017.
%0 FUJIN-2 DIEZE, FUINIC K B8R E 7 <ATA SKHIE 2017 £ TH %,

We are considering 2 operational plans in parallel.
BE 2 DOFHEZ 1T L TRET L T 5,

One of the plans is that FUJIN-2 will be released from Kiruna, Sweden in the summer in 2017, and
observe Venus.

—DIF 2017 FEFICAY 2 —T  « F)ILFNSHEKL, ©EZHENT 251HTH 5, Kb
HziEs 1 EAREED T 54 FO%k, hF X7 S5 ATy RT3 Z2EIT %,

The other plan is that Jupiter will be observed from Australia in April of 2017.
£95—Dl, 2017 F 4 HICA—A ST TREZBNT 251HTH %,

This plan is for a 24 hour flight: FUJIN-2 will be released in the morning, and observe the planets in
the night. FUJIN-2 will be shipped by August 2016 after the integration of the subsystems.

CHEHIE 24 FHBEDT I A4 M T, WICHERL, ®WE TR > TRENCENZ3MS %,
2016 FFD I A X TILLTDOY TV AT LOMGZ A, EEGHT NG THHId %,




4—3 RAE—*>4J (Speaking) @Y

4-3 RE—F %7 (Speaking) @1

1. BBAERXLKTL—RXZUVELEFYICLTEAS.
What do you think ?, | agree with you., You are right...,Let me see..., I'm glad to be here today..., 7% &
DT L—RIEFHDPFAZHEA B XIIMELFHEE LT, ULMEEDICLTEATLES L

(EZUNGC

3.
JIELX X 72D T, | think it's true because... DX 91, FEimhHMRLICE I L9

2 ﬁmb‘b:’ﬁ:

HIGE & HAREDG
IZ9 %, FEETHHME VWV E XIS, HAEDRIICHEISTENMATLE S A, £9, HA
B gEEO S (FFR) +V GhER) +0 (HWEE) DIEFETE->THXL LS.

ntﬂ

3. MSHEVWEEEER, MoTWBHHEEESTHALHIRRTHIXRET S.

Bz, THEIEOETIE, EDL50VWOIHME, #EHE 7’3\36%)0)“6'9‘75\% (FEE Tl &
SARXVVTLEIIN?B L, [EHEHE) EVOHTEHENH T Ao 285G, HREETY
I XD BREHHEEIEHEZH > TE S RHETNEIOVWTLEIN?
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4-4 {REBMGET o AHva> (Discussion)
ZLTHES

MR T, TR LERIENTH S EANEETT,

CHPOERZES I TERL, BEZIEZZ20MEVH8H, ZLTTENITHAD
KBz &, BRGNS 2 &, KOS HIMNET L BNET,

¥z, EEBMICGETCTEEEETT, BIZIE T~ LEz] EE5-oTHEDI LWL
DO D FE Ao T~M20%EMLTz) EBFEZ ANTERMICHNS Z &T, Kb EMAE
MNEED XTI,

TIW D, HREDOHRZST, FFETHI FFEFREEANC (logically) M DEEMIC (quantita-
tively) FEd T EZOMITEL XD,
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I Discussion® A FEH]

1.

2.

Introducing your opinion
| think .......

| think it's necessary to/that....

| think it is important that.......

In my opinion,...................

It seems to me that........

Involving other people

What do you think about............ ?

What are your thoughts on this ?

Do you have any ideas about........

Would you agree with...........7?

Do you see what | mean ?

Offering different opinions

Yes, | understand your point but....

| see your point, but....................

That's good point, but on the other hand................

OK,.....well I'm not sure, but.........

Other expressions

The reasonisthat......................

For example,...........ccoceeeennnns

This is the reason (why) I think......

Let me make sure I've got it right. Bl TE TV AN E I DRI ETIRI W,

regarding ~, concerning ~, intermsof ~ ~ICBIL TiZ

because of ~ , due to ~
In the case of ~

from the viewpoint of ~

~DizDHIC, ~IcE->T
~DE

~DEFNSIX

from the viewpoint of environment, from the viewpoint of technology,

227




Chapter4 | Speaking

What is subcritical water?

When the temperature and the pressure of
water are raised to 374 °C and 22 Mpa (220

7 7 Low Critical
Liquid temperature pointt [——
hot water gasification 374°C
[ I
1 1

Hydrothermal
liquefactionand
carbonisation
20 EEEEE TEE I. \‘5. L ]

tion is called the critical point. Above this 15iJ|'=J|¥ﬂ;°l hS'S =
uidizi 7
illlllllllf‘. ...‘f Saturatedvapcr

: 4‘_ Pressurecurve

w
o

(2]
o
I

atmospheres), it becomes an uniform fluid

that is neither steam nor water. This condi-

Pressure [MPa]
[
(<))

High temperature ‘
steam

point, water is called super critical water. 10

Hot water

extraction # -‘ S —
‘ j Take advantage of

0 100 200 300 the reaction area .
is called subcritical water, and the reaction Temperature [°C] | (About200°C. 2MPa)

Moreover the hot water where temperature

and pressure are lower than the critical point

from this water is called a hydrothermal re-

action. Through this reaction the organic molecules such as starch and protein are decomposed into glu-
cose and amino acid as well as being changed into a liquid form from solids. In conclusion this reaction
is very safe, good for environment, and obtains valuable resource such as proteins from food waste by a
quick and easy process.

To use this subcritical hydrolysis reaction makes recycling of waste easy and gentle on

the environment.

What is M RECYCLING MACHINE [MRM] ?

, - : The MRM is a future type of subcritical wa-
ter reactor that processes flammable waste
by using high pressure and high temperature
in a pressurized vessel.

There is no incineration process; therefore
MRM doesn’t generate carbon dioxide, di-
oxin, or nitrous oxide. Odors are not gener-

ated because of the sealed process.

This is very good for the prevention of the
global warming gases and the protection of the environment. The resulting processed products are in a
germ-free condition, with the residual dioxin and heavy metals below government safety standards.
The dimensions of MRM 1T is 4.5 m in height, 8 m in length, and 2.5 m in width. Processing 2 m of
waste takes about an hour. To operate MRM 1I requires 2 to 3 people. The cost to process 2 mi waste is

about 3,000 yen including fuel and electricity.
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It is able to recycle organic waste such as raw garbage, architectural scrap wood,
organic sludge, polystyrene, shredder dust, agricultural vinyl, incineration ash, and any

other flammable waste.

Reference:

G-8 INTERNATIONAL TRADING Co., Ltd.

M Miyashiro building 2F,9-26 Daikan-cho,Hiratsuka,Kanagawa,254-0807 OF>40|
TEL 0463-25-0969 FAX 0463-24-2470 Email:info@g8inter.co.jp Ey ]
http://www.g8inter.co.jp/ =
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[Viewpoint of Discussion]

1. What are the advantages and disadvantages of the M recycle machine ?

Advantages:

Disadvantages:
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2. Do you think the M recycle machine business will be expanded throughout the
world ? Why ? Why not ?

Use specific reasons and examples to support your opinion.

Opinion — Reasons — Examples

1. I think the M recycle machine business will be expanded throughout the world.

The reason is that.....

For example,......

2 . I don’t think the M recycle machine business will be expanded throughout the world.

The reason is that.....
The M recycle machine is bought not by an individual person but by a large group such
as government or public group due to its high cost.

For example,......

The fertilizer generated from the M recycle machine needs to have agricultural lands for
it to be used.

For example,......
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Dawn of the Dream Toilet —-Kenya—

MMLEZZZCEICEST, WERZPNRETSIETTERLS, HHEOIERMEIC XD /EY OUHE
TP USSR L TEREOBRERIZHIE WD NGO OHOFHADEE. (NHK World TV £9)

https://www.youtube.com/watch?v=IrbX7txHXLY

The African nation of Kenya is developing rapidly, but many farmers there continue to subsist below the
poverty line on less than US $1.25 per day. Against this backdrop, one Japanese NGO is seeking to pro-
mote self-sufficiency in rural communities via a surprising method: the construction of toilets. As well as
improving sanitation, organic fertilizers generated by these amazing latrines can dramatically boost crop

yields and absolve farmers of the need to buy expensive chemical fertilizers.

Vocabulary

1. B

subsist HEETw, 1T 5
income A

habitant (EUN

Sewage system TIHKEY AT A

pit toilet EX TV N
overflow H5EN5H

swarm of flies INT.DHREN
infectious disease (P22

2. NGOEEMr.SendohBIgT 25—

chamber fE s

designate fBRd 5, RY

solid waste EZHRI (OKAE)
liquid waste AR (/)ViE)

in terms of~ ~DOENPH ~IZEALT
hygiene e

dehydrate WK%, T 5
alkalinity TN
eliminate [N B

insect H

detoxify BET 5, BELTS
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intersperse

TEWHT, BHE5ED,

alkaline compound

TV ) AL E Y

cell membrane L
eradicate i e
harmful EDH D
bacteria AR

sanitize BHAIZT 5
3. IOV M LicKYVFEROUELHETNEZ Y —2
hygienic B 72
elementary school INFERR
foster HTh
patient iy

cholera a7
diarrhea T
introduction BA
diagnosis ZWr

4. 1YY M LICEYVIE> RERIBHORE@MA SN EETRTV—V
related to~ ~IZBRL T
harvest IHEY)
irrigation EM (NLHICHAKZRIC)
boost HWRT %
crop W)

yield U
chemical fertilizer sikr s
organic fertilizer oR: dilsr e
utilize fEH9 %
degradation %A1k, BAt
fertile NEIK 72
solution AR

human feces N3

dietary fiber Bt
magnesium S AV
mineral ATV
manure REEL R L
rural village AR
affordable way FTALNE

5. TDEREEHTEIF—%ZFHI—Y

skeptical

TREEN 72

be reluctant to~

~95 2 EIZENHET v

benefit

) 1
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cooperation fih 71

tackle Y NVvT D, FIHH5
6. Roset AICEERIGNLTESS5V—2

Ecosan (Ecological Sanitation) | Bz3% | ZlithE L 7254k
Ecosan manure T a4 v B#=0rganic fertilizer
feed 525, TH%x5
stability T

hang around all day —HHFfE- X5 > TWw A
patch — X |

be blown over mEEISNS

cob FYET Y DE
degrade i3 %

soil +3g

nutrient balance RIEEINT VA

acidic MR

productivity HRENE

In contrast & oyle

massive RKEw, Ra{TEoLY LT
kernel K%, #hL

plot INESL

7. Prof.MatsuibBB59 35—

principle B

engage in~ ~IIEFET S
protection Prite

cultivation VE O, LHOFHE
dilute HRT 5

urine FR

nitrogen S

phosphate 1) PRI

dilution RN

liquid fertilizer il

involve Iy Aate, BEXAL
pollution S

contaminate H9Y %

discharge PEHIS 5

water quality IK'E

conduct R

available FIH

sustain FEES %

modern era UK AV
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extermination T
hallmark e
refine VERR S %
ZDfth

hygienically I
hygiene control fEr A=
defecate P9 %
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Dawn of the Dream Toilet -Kenya- (E7#) DHIE

1. B8
=7 TR, #Eh (urban area) IEHTEFLLFHEELTWS ST, —HOINAD—A
W720 1.25 RILEDIEY, JEFICE LW (1% © Bushiangala) H3%%. T Tl RAKEY
AT L (sewage system) &752<, MU\ ZH T2 OHEEOX ML (pittoilet) Z{H->T
W5, KITHiN% (overflow) T&EHD, BEYYE (Infectious diseases) D RICEZ>TW
THIAEMIC (hygienically) E<L7&W. ZTT, 2014 K9 NICCO £ 95 NGO ALK L,

T (EcoSan=Ecological Sanitation) k1L D%EE (construction) 2175 T 5.

2. NGO B& Mr.Sendo h'Ei5d 2V —

K (liquid waste, urine) & {# (solid waste, feces) 73 #Ed™ 2 T4 > b+ L D EE% (construction)
g (designate) LTV 5. {HIZHEM (excrete) L7z#ICIK (ash) ZF < (intersperse) T
sk, {# (solid waste) ZfH{/KL (dehydrate) &7 )L AVEICT D (alkalize) T&THRER

(disease-carrying insects) 2L (detoxify), JEAL (fertilizer) &UTEZ 2 KSICHAMIC
9% (sanitize) .

3. TaHY Y rM4L (EcoSanToilet) Ic&kV, HEMDBAELEETNZ—V
IO A LR/INERSD N IR L, IR T, b LY, KEZE Wik
IC T2 9k 5 %18 (hand washing habits) ZHF CTW\W5. TaY 2 hA L7ZE AT % (introduce)
c &, alo (cholera) *® N (diarrhea) DEEF (patient) M- 7z EEENEFS.

4. TV b LIRKYE>cBRIBHORE@BIIWVI L ETTV—V
B2 (chemical fertilizer) Z{H Wi TWWaE, +1 (soil) H4{k (degradation) L
TEYIIORTLES. ZOfERE (solution) £ UT, A (human feces) hHAIE-7zA ALK
(organic fertilizer) (&, BYIHlHE (dietary fiber) *°~7 %L (magnesium), ZODAHDIF
Z)U (mineral) Z&ATWS. EAES (rural village) T, XA (income) LEWVODT, X
oo, TaY ARkl (human waste as manure) Z1{#5 (utilize) 92 DHEZEE (agricul-
tural productivity) %49 (boost) 728D F-T A5k (affordable way) & Mr. Sendo 7V S 9.
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5. WTOEREEHTEIF—%2[AI—V
IOV LEZLZDRICKRELTEEEHE, HuTOERPEDTEIF—ZHWZAA
# (human waste) D S/ES T2 ERLE BV T I EEER (skeptical). A& SE4YE (infectious
disease) MILMNBTELEDTHLLIEWVDT, FRELTHD (detoxified) ZLIZEFHIHLTE,
FRIZ T I3V IERCIE D 725 750 (reluctant to touch). TOIRITZFTHE 9 % (tackle) 113,
ot ER (local farmer) 1177/7 (cooperation) 7215 THREICHERL, ZDx)HE (effectiveness)
ZiHid % (evaluate) LTHBLMAEWVE. MrSendo (3% Z 7.

6. Rose TAICERBALTHEES5Y—>
Rose T A b WO D 1E 25T, iz LTHSB. Rose & ADMICT,
@ AEAEE L (No added fertilizer)
@ (LA NERZ fEHE (Chemical fertilizer)
@ oy VACEZHEE (EcoSan manure, Manure from toilet, organic fertilizer)
D 3 DD (plot) I T, £5BAT LEHEEL, TNZTNOXETENTZIEY)
(yield) Z[ti#gd 5.

KREER  NEhDES

@ 5.5kg

@ 10kg

® 91kg

Lz, TaYUAEROREMA EY (rich in nutrient) T & AVRE N7z,

7. Prof.Matsui B 8IFT 25—

RIKMLEE (sewage treatment) , H#E23% (organic farming) OHEIRKTH O, T OHHBED
T 4 L7 Z— (director) T % Matsui BIZH T OHIZHE UICKS. Matsui ZdZIE T a4
VM LOFE-ANETHO, HRATZaY Y A LEHEEL TE /2. /INEROREE (school
garden) Ti&, FH7=BM, JR (urine) Z7AML (dilute) , #&AE (liquid fertilizer) 1< L CfE
YN HEACS % (fertilize) % (training, practicing) L T\ 5%. FHi=B &R SMES T2k
AEDFHFITEENT WS, Matsui BUdZIZE 7 BV 7i#D1EL: (pollution) O—[KIZRIRTH B
EES. HAOEEMONKYG (water quality) 1ICE 3 > &b > TE 7z, RIRIZ/KEREICHE
HE I EZEF 9 XZ  (Excrement should be discharged not into water environment but back
onto fields for agriculture.) HADIE GLAKHAL) G ANRIDORRZALE E UTHEMFIHAL T
WK (hallmark) DD, ZNZ27 7V HICESFETHAITANEEEFS.
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[Viewpoint of Discussion]
Do you think the Ecosan toilets should be used in Japan ?
Why? Why not ?

Use specific reasons and examples to support your opinion.

Opinion — Reasons — Examples

1. I think the Ecosan toilets should be used in Japan.
The reason is that....
We have a problem of shortage of phosphate which is contained in excrements and one of
the elements required for crops.

For example,......

From the viewpoint of environment, | think excrements should be discharged not into the
water environment but back onto fields for agriculture.

For example,......

2 . I don’t think the Ecosan toilets should be used in Japan.
The reason is that.......
Sewerage systems are already installed in urban areas in Japan.

For example,......

Japanese people are too busy to deal with Ecosan toilets properly.

For example,......

From a hygienic viewpoint, Ecosan toilets might not be suitable for Japan.

For example,......
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Let’s discuss about toilets !

Vocabulary

flushing toilet KE AL
urine(liquid waste) /ME, IR
f(a)eces (solid waste) KAE

require RS D
septic tank i ]

sewage system TKEY AT A
advantage Rt
disadvantage T
comfortable ISR IS
hygienic BN
sewage disposal 57K LB
excrement PR IR
household environment ETREE

waste pipe TKRE
contaminated wastewater  |{54: S 4172 T K

downstream infrastructure

THRDOA 7T (FREYATLLE)

untreated wastewater

AL 7K

outflow Y
groundwater Rk
treatment LFR
irrigating crops FEEED
developed countries S AEE
developing countries FE R L E
urban area HB T
rural area yL, HE
sustainable FEERy 72
disaster KE
earthquake =
electricity C
water works VS EE]

SRIBEYR T« AHwv a3 (Discussion) #LTHED
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Let’s discuss about toilets !

Over the years the toilet has developed into its present form, the flushing toilet. It has a
flushing mechanism to wash the urine, faeces and toilet paper away with water. This type of
toilet requires a constant and sufficient (enough) water supply. The force of the water from
the flushing mechanism washes the urine, faeces and toilet paper out into a septic tank or

sewage system.

Advantages and disadvantages of the flushing toilet.

Advantages:The flushing toilet that is highly popular provides a comfortable, safe and
hygienic method of sewage disposal. They are easy to use and keep clean and they remove
excrement from the household environment. The water seal prevents flies and smells from

entering the house through the waste pipe.

Disadvantages: The flushing toilet can produce substantial quantities of heavily contaminated
wastewater which then requires downstream infrastructure to avoid environmental and
public health problems. Untreated wastewater can pose risks to health if the outflow may

pollute groundwater, or even more critically, is used without treatment for irrigating crops.
Viewpoint of Discussion

Do you think flushing toilets should be replaced with other toilets in Japan?

Use specific reasons and examples to support your opinion.
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LHR— FERE

Please summarize your opinions regarding the discussion topic.

Your opinion needs to be supported with logical reasoning.

Student number

Name

e.g.
In my opinion, for the following reasons.

Firstly,

For example,

Secondly,

For example,

Therefore, | think.

ELTHLZDO MFBE—HRUNICE LD TLIEZEEV. Tz, HEO FICHAERLEWVWTLE
A
TDT 7 AIVIZEIH £ Tic, Blackboard ic7 v 77— RLTLEEW.
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