critical water is said to be 620K although its
pressure is about 22 MPa.

After breakage of hydrogen bonds, the wa-
ter was analyzed by means of an NMR spec-
trometer as shown in Figure 1 and some
results of NMR in Figure 2 being followed
by terahertz spectrometer (Figure 3), and
FTIR spectrometer (Figure 4).

We can know that T2 is larger for the pres-
surized water, meanwhile FID is smaller
for the processed water. Figure 2 shows the
results of NMR data of the water as com-
pared with other water such as deionized
water and pet bottle water sold at a shop
as control. Remarkably we can know larger
T2 and smaller FID for the processed water

(Tsuk 171211 and 1702).

Furthermore, it is shown that the water has
not changed with the elapsed time in the
lower part of Figure 2.

Figure 3 indicated the NMR results of T2
and FID as well as smallness of the water vs
pressure.

From the view of electromagnetic wave,
FTIR spectroscopies are introduced focus-
ing on the lowest energy of infrared spec-
troscopy in Figure 5 as well.

THz wave is generally absorbed by water,
but the processed water indicates a little
more transmittance. Furthermore, we ana-
lyzed an isotope of heavy hydrogen (2H) in

1.2
Figure 3.
1 I I Estimation for
smallness of water
0.8 I I as well as NMR
data (T2 and FID)
I I against each pressure,
2 0.6 presenting smallness
§ of the water which
R | B | B is defined in the
......................... equation FID/T2.
0.2 I ......... I .i ......... I JRE..... I ........ II
0
Tap water V-water 4MPa 2MPa 113MPa 147MPa
pressure vs NMR data [l T2 FID ratio for "smallness"

Figure 4. The spectroscopy in

THz region. Abscissa shows THz
frequencies, and vertical axis shows
transmittance. Sample (green); SIGN
water, Control (red); tap water.
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water. The ratio between 2H and 'H given by the equation:
SZH = {(2H / IH) sample/ (2H / 1H ) standard —I}XIOO

d is defined by this formula as the ratio of heavy hydrogen (containing a neutron) and
hydrogen in the sample compared with that in the standard (control). As the results, the
values of 82H was -58.72 and -65.20 for tap water and the processed water, respectively.

We also confirmed via NMR spectrometry that these particles exist stably over time. Fur-
thermore, in terms of an energy, i.e. the configuration has not necessarily been fixed ar-
bitrarily, and the number of O—H atom configurations in ice is defined as the term W
corresponding to redundant entropy which appears when the structure of water is not
always formed in the fixed atomic configuration. Thus, we have the redundant entropy
of ice, k In W = 0.806 kcal/mol (Pauling, 1960), which is equivalent to 0.035 eV (8.5

A. 100 B. ‘."':':.
Tap water ol 3 MPa water ‘
T : ‘ |
1 In‘ |
1000,
C. I Figure 5. FTIR spectroscopies for arbitrary
sol- 100 MPa water intensity of transmittance of THz region
I (0.6~22 THz) to water: A) tap water,
- B) 3 MPa water, C) 100 MPa.
400 I
. | |
22 4844 ;:.. [Iu 0 6895
Frequency [THz]
Z y
.a/, L CS y
| \ | . 3|2rr—Ly(r) /
\ K(p) = lim—
\ ®) r-0 7T r3 : Sl ¢
¥
. .-467 L - K(p); Gaussian curvature, Lp (1); length of geodesic, r; distance

/:.‘?‘ between Cs nucleus and <H*~e >.

Figure 6. Idea of the potential field between Cs nucleus and particle, showing Gaussian curvature defined

as a pommel-shaped potential curve on the coordinates (x, y, z), where Cs nucleus exists higher potential
and <H*~e> in lower.
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THz), where entropy, S = kIn W + U/T (k:
Boltzmann constant, W; the number of the
state, U; internal energy, which is a func-
tion of probability of changing from the
states A to B, and the first term corresponds
to redundant entropy which appears as the
structure of water is not always formed in
the fixed atomic configuration.

Applications of the Water
to Cs Nucleus

For application to our processed water sys-
tem, with a configuration possibility of one
hydrogen atom in two water molecules, W
is calculated to be 1.5 as abovementioned,
where k denoting the Boltzmann constant,
and K(p) is Gaussian curvature and p is mo-
mentum.

Figure 6 illustrates the potential field
formed by the Cs nucleus and the particle
<H*~e~> is going upward while Cs moves
downward.

The extended particle may possess a larger
geometrical cross section of the reaction as
compared with the ordinary water molecule
as shown in Figure 7 and detail discussion
is later. The hydrogen bond in two cases is

cited at approximately 100 pm from the nu-
cleus, and the two sets of dipoles function
as a quadruple state. The angles are geo-
metrically calculated in the cesium crystal.
Thus, the particles traverse the field at a
distance on the order of picometers to ab-
sorb a certain amount of the y-ray photon
energies from Cs-137 (662 keV) and Cs-134
(563—1365 keV, as listed previously) in the
electromagnetic field and gauge field. Fur-
thermore, the particle can experience accel-
eration upon approaching the Cs atom, as
elucidated in the Discussion section. When
two extended particles approach Cs, they
may generate a quadruple state leading
to spin—spin interactions among smaller
particles of the form <H*~e—>, when com-
pared with the ordinary water molecule.
Finally, the particle may reach the Cs atom
at 10-15% of the speed of light, correspond-
ing to an energy of 9.2 MeV that is slightly
higher than the nuclear binding energy of
Cs-137 (approximately 8.5 MeV). There-
fore, the particle can enter the Cs nucleus,
which comprises stage II. Once the ex-
tended particles enter the cesium nucleus,
a nuclear reaction occurs. This corresponds
to the experimental finding of certain stable

a=307,b=449 pm

1
g
. A

@)
6, i
&=

°%

20-0
O

|

Figure 7. Estimation of geometrical cross section* in the cases of the extended particle (left) and ordinary
water molecule (right) approaching Cs nucleus along the direction indicated by the solid arrow.

* Cs crystal and extended particle
tan 0 = b/a = 224.5/307 = 0.731
0 =136.2 (sin20 = 0.349)

Cs crystal and water molecule
tan 6 = b/a = 224.5/897 = 0.250
0=14.5 (sin20=0.063)
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elements (as indicated by the spontaneous
disintegration mentioned in a later section)
in the soil processed with the water, there-
by leading to a drastic reduction in radio-
activity.

In this study, we determined the energy
conservation during the nuclear reaction
and material balances via calculations (the
details are provided in the Discussion sec-
tion). The calculations indicated that basic
p-disintegration reactions, such as, n»>p-+e
+v and p—n+e*+v are closely related to the

interaction with the extended particle(s).

One of the interesting features observed
was that the mass of the particle was closer
to that of a neutron than that of a proton,
and these particles might be considered
to function as both fermions and bosons.
There are two quantum numbers, such as,
total momentum and spin. The spin of pro-
ton and neutron in Cs nucleus are 1/2, re-
spectively.

The spontaneous decay of cesium 134 and

+00000
300000 REEE
200000 =
100000 f'_-l I I
) i
N R DR D
B Cs 134, [ Cs 137, Bgkg

(atomic mass 137, proton 55)
1?5;(,‘5 Half life ; 30 years

Example: Cs 137

betaray
meta stable (26 min)

4‘_13?53‘28&
gammaray

137
568&,

non-radioactive

13%pq

Figure 8. Left; the spontaneous decay of Cs-134 and Cs-137. (1) corresponds to 2011/6/29 and followed
by (7) corresponding to 2014/6/10 in 3 years according to Figure 8. Right; changes to Ba from Cs-137in a

spontaneous decay.

Figure 9.
800,000 Changes over five years
following residual radionuclides.
AN r The results were tracked
600,000 during the five years after the
500,000 Fukushima nuclear power plant
’ accident.
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137 is depicted in Figure 8. We also experi-
mentally determined the changes in the
radioactivity of the contaminated soil from
the Fukushima nuclear accident (radioac-
tivity values listed for five years after the
accident as shown in Figure 9.

According to Figure 8 (right), only half of
Cs-137 has changed to non-radioactive Ba
after 30 years, and a half of Cs-134 changed
to non-radioactive Ba-135 after 2 years
spontaneously as shown in the Figure 8,
left (4) which corresponds to the date of
2013/6/12.

Now, we calculated the amount of Ba atoms
generated from radioactive Cs qualitative-
ly. The upper graph of Figure 10 indicates
the number of atoms of Cs-134 and Cs-137

calculated from Bq/kg of actual measured
values along with the elapsed time for one
year.

Note:

1) The usual chemical analysis (ICP-MS) of
Ba is reported for Ba-137, although stable
Ba-135 is generated from Cs-134 and stable
Ba-138 from Cs-137.

2) The values obtained in May 2011 were
obtained just after sampling of the contam-
inated soils, and subsequently, decontami-
nation was carried out with the water.

Figure 10 shows the decreasing radioac-
tivity of the contaminated soils with SIGN
water (processed water) increasing of the
amount of Ba atoms.

9
o
= 1.5 I

2

ko 1

=}
= 0.5
S 0 -

% 05 2011 y August October 2012 March

e I .

g :

= ar
- 1.5

3 -2
=l
g -2.5 1 -
< 3
Bcs 134, [Cs137 Figure 10. Upper; number
’ of atoms of Cs-134 and Cs-137
calculated from Bq/kg along with
the elapsed time, Lower; number

= of Ba atoms generated from Cs
% 3 nuclides by reaction with the

3 ) processed water.

b 25

s

= 2

=

= 1.5

X

] 1

5

] 0.5

ey

5 0

ifé 2011 May August October 2012

5 March

z

WATER 10, 82-98, December 17,2018 91

WATER



Discussion
Basic Natures of the Processed Water

The processed water can be identified as
special water from the viewpoints of elec-
tromagnetic wave and the particle. Firstly,
we introduced the water after hydrogen
bond breaking for which we have proposed
to evaluate the status with NMR, THz and
FTIR spectroscopies as shown in Figures 1,
2, 3, 4 and 5, respectively. And we may thus
conclude that we have obtained smaller
water when T2 is larger and FID is small-
er, and we may get SIGN water having the
information generated with the particle af-
ter breaking hydrogen bonds. We also em-
ployed FTIR in THz region (Figure 5) and
we can judge that the water transmits THz
waves more efficiently than normal water.
The water containing the extended parti-
cles possesses unique properties. First, the
particle emits long-wavelength electromag-
netic waves due to vibration and spinning,
which we may suppose acts like a plasma-
like state from the dielectric constant in the
equation of plasma oscillation, «?= "m—e: =
5THz, where n of water molecule = 2.7 x
1025/m3, e; constant=1.6 x 10 C, m; H*+
e~ =1.67 x 107 kg, e=x80 (Malmberg, et.,al.
1956).

We can consider the water to be the par-
ticle leading to an element change. As an-
alyzed in the values of 82H, SIGN water
had a larger 62H (-65.20) than tap water
(-58.72). It may not necessarily mean in-
crement of heavy hydrogen; the isotope
analysis is based on the mass of heavy hy-
drogen which involves a neutron, then the
mass (H*+ neutron) increases. However,
the mass of the extended particle <H*~e~>
in the processed water closes to neutron
(difference is only 0.08%). Therefore, 6°H
becomes larger, measured as increase of
heavy hydrogen in the water. In addition to
mass of the particle (nearly equal to that of
a neutron), quantum number of spin which
can be expressed in two states, such as fer-
mion 1/2, and boson with spin 1 (1/2+1/2)

or 0 (1/2—1/2) corresponds to the distance
between the proton and the electron in the
extended particle. Once the particle gets
into the Cs nucleus, the particle behaves as
a neutron with spin 1/2. There is the case
that the electron (spin, 1/2) is caught by an
outer orbital of Cs, therefore valence will
change after nuclear reaction resulting in
138pg from '2ICs. Thus, the nuclear spin
value, Al = 0 or Al = 1, may satisfy the cri-
terion for the selection rules in the water
before the reaction due to the particle’s
physical state that is neither atom nor ion.
Now, the spin of the particle <H+~e~> is
considered to have two values, such as, Al
=0 (1/2 —1/2) or AI = 1(1/2 + 1/2), char-
acterized by the state being not only H* and
not only electron controlled by the momen-
tum and the coordinate. In the transition of
B-disintegration, the parameters controlled
by the selection rules are total angular mo-
mentum and parity. I presumed in the wa-
ter, AI = 0o when H* and e are close and Al
= 1 when they are far.

The mathematical development like
Heisenberg representations should be dis-
cussed in order to elucidate the selection
rules, but it does not seem to fall within the
scope of our current discussion.

Interaction of the Processed Water
with Cs

In the system of radioactive Cs and the
water, the presence of a pommel-shaped
potential relating to Gaussian curvature
(Figure 6) appears to aid the nuclear reac-
tion between the particle and the Cs atom,
wherein the particle can access and enter
into the nucleus as shown in Figure 7. The
required energy for overcoming the Cou-
lomb barrier can be evaluated as follows:
The particle (electrical charge: e, mass: m)
emits energy (E)—information—per unit
time over a solid angle dQ generated by ac-
celeration (a), angle (0) (defined in Figure
7) and c for speed of light as indicated in the
following equation:
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2 (1)
E =Y gin2g 22
c 41

Energy E increases with 6 being vertical with respect to the x-axis; the axes of the x—y
plane form 6 or the axes of the y—z plane form 0 in the case of spatial separation corre-
sponding to stage I (between cesium and the extended particle), thereby indicating that
the curvature of the potential becomes larger toward the cesium atom, and the particles
can also obtain energy from Cs nucleus. The extended particles or water molecules ap-
proach the Cs crystal with a geometrical cross section as described in Figure 7. As a result,
a nuclear reaction may occur at room temperature without the need for large amounts of
external energy.

Next, we discuss the aspects of energy conservation and material balances. Once the ex-
tended particles enter the Cs nucleus, nuclear reactions may occur between them. As men-
tioned previously, a drastic reduction in the radioactivity (in the soil from the Fukushima
accident) was observed, and thereafter, certain stable elements were experimentally ob-
served in the soil processed with the water. The calculation of the energy conservation
is as follows for the reaction of electron emission: n—p+e+v (neutron transforms into
proton, electron, and anti-neutrino). The masses of the neutron, proton, electron, and the
extended particle can be calculated as m, (1.00898 u), m, (1.00759 u), m, (0.000548 u),
and m,, (1.008138 u = 1.00759 u + 0.000548 u), respectively. The reason as to why the
extended particle <H*~e~> is assigned mass m,, (1.008138 u) instead of the neutron mass
can be explained as follows; the mass relation, m, (1.00898 u) > m, (1.00759 u), which
corresponds to a mass difference of 0.14%. In considering the mass of the extended par-
ticle <H*~e~> instead of that of the neutron, the particle will possess mass m,, (1.008138
u) closer to that of the neutron (m, = 1.00898 u, a difference of only 0.08%) as shown
previously, and its spin is similar to that of the neutron as well. When the neutron trans-
forms into a proton and certain other elementary particle in the electron emission during
p-disintegration, the extended particle takes the place of the neutron as shown above. The
mass increases, adding to that of a proton existing already in the right-hand side due to
the presence of H* in the extended particle <H*~e~> on the left-hand side. Therefore, the
system mass increases, leading to a change in A+1, corresponding to an element, such as
138Ba; %A and 411Ap, indicate the cesium atom and barium, respectively:

n—p+e+v ( pte = A<ex> + ACS = A<ex> + ABa )
B37Cs+ <H*~e™> (zn)—>3¥Ba+e + v

The following equations show positron emission during p-disintegration. The <H*~e=>
takes the place of the neutron in the right-hand side, and thus the mass does not change
as following; A., indicates the atom of the extended particle, Ag,, barium, and so on.

p—n+e’+v (A<ex> + ACs = A<ex> + ABa )
B7Cs +<H*~e > - n (~zH*~e > ) + ¥Ba + e* + 1.

Next, the energy balances are calculated as follows: Let us consider the energy conserva-
tion of the reaction in the electron emission using the following equation (Halliday 1955).

E1+ E2=MV? (2)

Two reactions are considered as follows: E, and E, represent the total energies of two of
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the elementary particles (m, and m,, m., and m,, etc.) First, we calculate the total energy
(E, + E,) for m, (=1.00898 u), m, (=100759 u), and m, (=0.000548 u) using Equation
(2). Here, V represents the speed of the extended particle in the water, which we set as
10—15% of the speed of light in vacuum to be conservative. Only 5% the speed of light is
needed to achieve 1.18 MeV of kinetic energy of the particle although this has not been
justified experimentally and is discussed more later. A similar calculation can be applied
to the case of positron emission as following,

m,V*—(E, + E,) =0 (3)

Upon replacing the neutron with the extended particle, we note from the calculation of en-
ergy conservation for electron emission that there is no energy difference in the reaction,
i.e., m.,\V? — (E1 + E2) = 0; on the other hand, the energy difference in the case of positron
emission is 1.35 keV. Thus, the extended particle in the electron emission appears to eas-
ily react with the nucleus of cesium in comparison with the case of positron emission. The
results of this evaluation were in agreement with the theoretical analysis in which Ba-138
(69%) is formed to a greater extent than Ba-137 (31%) (Sugihara, 2013). Next, we examine
the detailed energy calculations below. First, the energy balance is calculated for electron
emission: n—p+e+v (neutron transforms into proton, electron, and anti-neutrino). The
masses of the neutron, proton, electron, and the extended particle are set as m, (1.00898
u), m, (100759 u), me (0.000548 u), and m,, (1.008138 u = 1.00759 u + 0.000548 u),
respectively. The reasons as to why the extended particle <H*~e~> is considered instead
of the neutron have been discussed previously. Thus, we have

E _(mex?+m3-m3 )v? _ (1008147 +1.00759 ~0.000548% )(2.9979%10°x0.75)% _ 5.093787x 1016
1 2 Mex 2x1.00814 '
(mex?+m2-m2 W2 _ (1008142 +0.0005482 —1.007592 )(2.9979x10°%0.75)"
E, = (eltmemp V2 _ ( .. L = —0.002778x10%

2 Mex 2x1.00814

and E1 + E2 = 5.09657 x 10*°, while m,,V*? on the right-hand side is calculated to be
1.00814 x (2.9979 x 108x0.75)?>= 5.09657 % 10%, i.e.,

AE=m,V2-(E1+E2)=0 4)

Now, the extended particle <H+~e > follows the positron emission process described
below: p—n+e*+v (proton transforms into neutron, positron, and neutrino). Thus, we
have

2 2 2 2
(mp?+mZy—mZ )V 1.007592 +1.00814% —0.0005482 )(2.9979x108x0.75)2
Bl o 24 . { i ) = 2.26673x1016
2my 2%1.00759
24002 .02 Y172 2 2 2 8 2
(mp2+mZ-mZ,)v (1.00759% +0.000548% —1.008142 )(2.9979x108x0.75)
E, =L = = —0.00124x10%°

2my 2x1.00759

and E1 + E2 = 2.26549 x 10, while m,v2 on the right-hand side is calculated to be
1.00759%(2.9979 x 108 x 0.75)3, i.e.,

AE = m,V* — (E1 + E2) = 1 x 10 (corresponding to 1.35 keV) (5)
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Therefore, electron emission is easier than
positron emission, because the energy dif-
ferences before and after the reaction are o
keV for electron emission and 1.35 keV for
positron emission according to Equations
(4) and (5), respectively.

Furthermore, we analytically found the
stable elements formed by the reaction of
radioactive cesium with the water. Here, we
mention that other stable elements, such
as, lanthanum and cerium were also found
in concentrations greater than those usu-
ally found in soil.

Next, we discuss the formation of stable el-
ements via the abovementioned reactions
according to the lower part of Figure 10.
We can compare with the amount of Ba-137
normally observed in the ground, which is
2.2 x 10'%5'%/mol which is the larger amount
of Ba generated from Cs in our system, 4.9
x 10®/mol. Ba was reduced to 31.9 (Octo-
ber 2011) from 128.9 x 104 Bq/kg (May
2011), which was a reduction of more than
75% over 5 months. As discussed previous-
ly, the corresponding reaction was posited
as 31Cs + <H*~e—> — 138Ba . The concen-
trations of Ba, La, and Ce were found to be
Ba = 63.3%, La = 21.3%, and Ce = 15.4%,
which were close to the corresponding the-
oretically obtained values of Ba = 52%, La
= 32%, and Ce = 16% from the application
of group theory to the cesium/extended-
particle system. One of the reasons for this
drastic reduction in radioactivity (Figure 9)
was the rapid change of Cs-134 and Cs-137
into Ba, La, and Ce when using the water.

Conclusions

From the findings of our study on the ap-
plication of the processed water to radio-
nuclide reduction, we draw the following
conclusions:

1) Processed water (resulting from only the
dissociation of hydrogen bonds), named
SIGN water, was introduced as a novel ma-
terial to generate stable elements such as

barium, lanthanum, and cerium from treat-
ed radionuclide-contaminated soil.

2) A drastic reduction in radioactivity
was observed, and this reduction mecha-
nism was discussed from the theoretical
and experimental points of view based on
B-disintegration of weak energy.

3) This method can be applied to reduce
large volumes of radioactive substances,
and it is inexpensive, simple, and fast, ex-
cept in the cases of heavier nuclei such as
uranium and plutonium. However, any size
of our advanced technology system can be
installed corresponding to the scale of the
facility with the existing engineering infra-
structure relating to nuclear materials and/
or waste.

4) We are continuing our research into
quantum mechanical behavior of element
changes by the water, after breaking H-
bonds.

Discussion with Reviewers

Reviewer: It is difficult to deactivate
heavier nuclei such as uranium and plu-
tonium using the method proposed in this
study because these elements undergo nu-
clear fission for transmutation, and they
must be treated with high energy before
deactivation. Why? This is a very interest-
ing point, please elaborate, explain and cite

properly.

Author: Basically, heavier nuclei (radioac-
tive ones) decay spontaneously into certain
stable elements by nuclear fission, emit-
ting radioactive radiation such as a-ray
(4He)He particle) to decrease it’s mass for
stable state, which is called a spontaneous

decay. For example, 235Ra — a decay —

222Rn (radon) +y, and 227Ra, 2%5Ra ,23%Ra .
However, lighter elements like Cs emit -ray
(electron ) and y-ray (photon) for increasing
stability. According to author’s experience,

the elements under 88 atomic number may
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become stable elements by nuclear fusion
(not nuclear fission) although this has not
been established evidently.

Reviewer: Please give the exact pressure,
time and (average) composition of the tap
water used (even if the chemical composi-
tion is less relevant as the author later ex-
plains).

Author: The tap water was kept at 10 min.
to 113 MPa in the process lasting 90 min.
The chemical analysis data (ppm) of the tap
water, Na: 1100, Mg: 26000, Ca: 18000, Sr:
1100, S: 630, Al: 56, Si: 22, K: 20, Cr: 38,
Mn: 23, Fe: 22, Co: 11, Zn: 34, Y: 13, Cd: 10,
Cs: 15, Ba: 24 and less than 10 ppm: Li, B,
P, Ti, Ni, Cu, As, Zr, Nb, Mo, Rh, Pd, Ag, La,
Ce, W and Pb (by ICP-AES instrument). By
the way, Cs isotope in this analysis was the
stable one: '23Cs.

Reviewer: The author states that the
speed of the particle <H*~e~> is assumed
to be about 10-15% of the speed of light.
How is this important assumption justi-
fied? This is a crucial point to overcome the
Coulomb barrier.

Author: I assumed that “about 10-15% of
the light speed” is just conservative. Even
just 5% of light speed is 1.18 MeV kinetic
energy of the particle, although, unfortu-
nately, this is not justified. However, simi-
lar parameters, like mass, are near to a
neutron compared with proton (discussed
in the manuscript), and Cs 137 decay mode
B-(1.177 MeV) y is almost the same as the
kinetic energy of the particle at 5% light
speed. Furthermore, the particles obtain-
ing the energy from Cs leads to higher mo-
mentum (P=mv; m, mass and v, velocity)
so that they may overcome the Coulomb
barrier.

Reviewer: Due to the crucial role of the
high pressure processed water, the author
should further discuss the water state so
obtained.

Author: In the article, the author added

a sentence for elucidating the basic nature
of water regarding electromagnetic waves.
Namely, the changing of the angle in H-O-
H is said to exist around a far-infrared re-
gion, although SIGN water may also emit
far IR, close to the frequency of THz (3~10
eV). Therefore, the processed water pos-
sesses an altered angle due to the particle
<H*~e~> and the THz wave vibrates per-
pendicularly, going with progressing direc-
tion, which results in higher transmittance.
Meanwhile, <H*~e~> may get into the Cs
nucleus as a particle. The author added
the data including NMR spectroscopy that
somewhat corroborate this assumption.

Reviewer: The author states that hypo-
thetical extended particles <H*~e=> are
formed, and they are neither ions nor at-
oms and cannot be directly observed in wa-
ter having small dimensions, and behave as
a stable plasma-like state with oscillation
frequency ranging from 3-10 THz. How
does the author know all this? He says the
water dielectric constant is affected by the
presence of these particles in water. Which
ones are the quantitative changes of the
water dielectric constant? “The water con-
taining the particle appears to have a ten-
dency to transmit such radiation although
terahertz waves are usually absorbed by
water.” Please, explain this point. How is it
possible?

Author: I put down a precise calculation
in the following:

The particle emits long-wavelength electro-
magnetic waves due to vibration and spin-
ning, which we may suppose plasma-like
state from dielectric constant in the equa-
tion of plasma oscillation,
2

w? = % = 5THz, where n of water mole-
cule=2.7 x 10%5/m3, e; constant=1.6x 10C,
m; H*+ e~ = 1.67x 107 kg, £~80. ¥)

*Malmberg, C. G. et al., Journal of Re-
search of the National Bureau of Stan-
dards Vol. 56, No. I, January 1956.
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Appendix Figure 1: THz spectroscopy of

water (measured at Tohoku Univ. Sendai, 2007).
Appendix Figure 1 shows the evidence connecting
the THz region with SIGN water. Water generally
adsorbs THz waves, but SIGN water indicates a
little more transmittance.

control: tap water, sample: SIGN water.

Characteristics of THz wave , Wave

Vibration is
same direction

Usual large water
molecules absorb
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THz wave can transmit through paper, plastics,
rubber, tooth, bone, dry foods.
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Appendix Figure 2: Characteristics of THz wave
(top) and to dissociate hydrogen bonds (bottom).

Considering the effect on dielectric con-
stant of the presence of the particles, only
date was published in Water Vol. 1 pp. 92-
99 (Sugihara, 2009) when the constant was
measured at less than 1 THz resulting in a
difference of ex4.

Now, considering this point, “have a ten-
dency to transmit such radiation although
terahertz waves are usually absorbed by
water,” see Appendix Fig. 1.

A small water molecule may change bond
angles as shown in Appendix Fig. 2.

Reviewer: Microorganisms may be acti-
vated by the activated water, and they may
enhance the transmutation of radioactive
elements. No consideration of this possibil-
ity is found in the manuscript.

Author: Yes, I agree about the possibil-
ity of the existing microorganisms and that
they may have an effect on the reduction of
radioactivity. I came to this idea through
an experiment after the submission of this
manuscript to WATER Journal. So, I will
discuss the quantum mechanical behavior
of elements’ transmutation connected to
microorganisms in the future.

Acknowledgments

I thank the senator/farmer of Nihonmatsu
city, Mr. G. Satoh, for providing a ware-
house and rice field for large-scale test-
ing, and also Mr. Y. Nagasaka (Brighten
Inc.) and Mr. N. Iwamoto (T.I.C. Inc.) for
sampling and measurements. I express my
gratitude to Dr. Murata (Coallite Inc.) for
discussions and testing of the reduction in
radioactivity in the contaminated soil in
Fukushima.

WATER 10, 82-98, December 17,2018 97

WATER



References

Iwamura, Y.; Sakano, M.; Itoh, T. Elemental Analysis
of Pd Complexes: Effects of D2 Gas Permeation.

Jpn. J. Appl. Phys. 2002, 41, 4642—4650.

Kitamura, A.; Nohmia, T.; Sasaki, Y.; Taniike, A.;
Takahashi, A.; Seto, R.; Fujita, Y. Anomalous Effects
in Charging of Pd Powders with High Density

Hydrogen Isotopes. Phys. Lett. A 2009, 373, 3109—
3112.

Ohtsuki, T.; Yuki, H.; Muto, M.; Kasagi, J.; Ohno,
K. Enhanced Electron-Capture Decay Rate of 7Be
Encapsulated in C60 Cages. Phys. Rev. Lett. 2004,
93, 112501-1-112501-4.

Yukawa, H. Quantum Theory of Non-Local Fields
Part I. Phys. Rev. 1950, 77, 219—226.

Malmberg, C. G. et., al. Journal of Research of the
National Bureau of Standards Vol. 56, No. I, January

1956.

Sugihara, S. Deactivation of Radiation from
Radioactive Materials Contaminated in a Nuclear
Power Plant Accident. Water 2013, 5, 69—85.

Sugihara, S. Faster Disintegration of Radioactive
Substances using Energy of Specially-Processed
Water and Theoretical Prediction of a Half-Life of
Radionuclide. Int. J. of Curr. Res. Aca. Rev. 2015,
3,196—207.

Liu, L.; Huh, C. Effect of Pressure on the Decay Rate
of 7Be. Earth Planet. Sci. Lett. 2000,180, 163—167.

Sugihara, S.; Hatanaka, K. Photochemical Removal
of Pollutants from Air or Automobile Exhaust by
Minimal Catalyst Water. Water 20009, 1, 92—9q.

Kawase, K.; Sato, M.; Tanniuchi, T.; Ito, H. Coherent
Tunable THz-wave Generation from LiNbO3 with
Monolithic Granting Coupler. Appl. Phys. Lett.

1996, 68, 2483—2485.

Kozono, D. etal, The Journal of Clinical
Investigation, Vol.109, No.11, 2002.

Yasui, M. Clinical Neuroscience, Vol.26, 2008.

Fermi, E. Nuclear Physics; Univ. of Chicago Press:
Chicago, Illinois, U.S.A., 1953 (translated into
Japanese, pp. 91—116 for p-decay, pp. 37—72 for
interaction between Radiation and Substances, pp.
184—232 for nuclear interaction).

Pauling, L. The Nature of Chemical Bond, 3rd
edition; in Japanese, Tokyo, p. 423, 1960, (translated
by Koizumi, M.).

Halliday, D. Introductory Nuclear Physics (Chapter
6, beta decay), 2nd edition; John Wiley & Sons, Inc.:
New York, 1955.

WATER 10, 82-98, December 17,2018 98

WATER


https://doi.org/10.1143/JJAP.41.4642
https://doi.org/10.1016/j.physleta.2009.06.061
https://doi.org/10.1016/j.physleta.2009.06.061
https://doi.org/10.1103/PhysRevLett.93.112501
https://doi.org/10.1103/PhysRevLett.93.112501
https://doi.org/10.1103/physrev.77.219
http://dx.doi.org/10.14294/WATER.2013.8
https://doi.org/10.1016/S0012-821X%2800%2900153-9
http://dx.doi.org/10.14294/WATER.2009.7
https://doi.org/10.1063/1.115828
https://doi.org/10.1063/1.115828
https://doi.org/10.1172/jci200215851
https://doi.org/10.1172/jci200215851

