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The 2009 International Forum on FFC Technology
Scientific Program

August 24 FFC and Global Health

12:30 ~ Official Forum Opening Akatsuka Garden Co., Ltd. Executive Managing Director
12:35 Koichi Akatsuka
12:35 ~ Opening Address by the Organizer of Forum Akatsuka Group, President
13:00 Mitsuo Akatsuka
13:00 ~ Special Lecture “FFC, Pairogen, and the Global Water Supply”
13:30 Harvard Asia Center
Jon. Mills
13:30 ~ “Decontamination of Lake Bottom Sludge
14:05 by FFC Ace/Ceramics”’ Ube Natl. Coll. Technol.
Yoichi Nakano/Shiro Kubuki
14:05 ~ “FFC Ceramic Water and Plant Health” ,
14:40 Grad. Sch. Nat. Sci. Technol., Okayama U.
Tomonori Shiraishi/Kazuhiro Toyoda
14:40 ~ < Break >
15:10 ~ “Effects of FFC Ceramic Water on Corrosion Behavior of Iron”
15:45 Grad. Sch. Nat. Sci. & Technol., Okayama U.
Jun Takada/Tatsuo Fujii
15:45 ~ “Difference of Freezing Characteristics
' between FFC Ceramic Water and Normal Water”
16:20 Grad. Sch. Nat. Sci. & Technol., Okayama U.
Akihiko Horibe
16:20 ~ < Break >
16:50 ~ “Different Influences of Pairogen/FFC Ceramic Water
17:25 on Bacteria and Molds/Yeasts” Grad. Sch. Medicine, Yamaguchi U.

Hidehiro Tsuneoka
Inst. Biol. Process Res., Akatsuka Garden Co. Ltd.

Tomio Nishimura/Sachiko Hasegawa/Jumpei Ueda

17:25 ~ “The Economic Effects and Efficiencies of FFC
18:00 in Livestock Farm and Food Industries”

Grad. Sch. Environ. Sci. & Technol., Okayama U.
Isao Yokomizo
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“FFC Inhibits Microbial Attachment” Harvard Sch. Engin. Appl. Sci.
Ralph Mitchell
“How Does FFC Water Keep Germs Away?
—A Surface Scientist’s Perspective” Harvard Sch. Engin. Appl. Sci.
Scot Martin
< Lunch >
“FFC Enhances Plant Growth” Harvard Sch. Engin. Appl. Sci.

Ralph Mitchell/ Nick Konkol

“FFC Ceramic Water and Pairogen Stimulate Skin Cell Function”

Natl. Inst. Radiol. Sci./Grad. Sch. Sci., Chiba U.
Tomohisa Hirobe

< Break >

“The Effects of Akatsuka FFC Ceramics
on the Health of Water Environments” Harvard Sch. Pub. Health

James Shine

“FFC bead Properties, Treating Iron Deficiency Anemia,
and Characterizing FFC Aerosols” Harvard Sch. Pub. Health

Joseph. Brain

CIOSing Address Akatsuka Group, President
Mitsuo Akatsuka



FFC, Pairogen, and the Global Water Supply
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It is always a great pleasure and an honor to be
able to speak to the members of the Akatsuka
Group and the FFC Fukyukai. My colleagues
and I from Harvard University want to thank,
President Mitsuo Akatsuka, the other executives
and staff of the Akatsuka Group, the organizers
of this FFC Forum, the scholars and researchers
from universities and institutes around Japan, and
the FFC Fukyukai members gathered here today
for this opportunity to discuss the wonderfully
beneficial and healthy aspects and mechanisms
of FFC Technology. How fortunate we are
that the Akatsuka Group has developed FFC
water treatment technology, Pairogen, and FFC
consumer-use products, and that the members of
the FFC Fukyukai distribute them to the public for
home and business applications.

As you know, there are a variety of ways in which
FFC Technology and Pairogen can improve health
and productivity while diminishing the harmful
effects of pollutants and stresses. As part of this
2009 FFC Forum program, some of my colleagues
from Harvard University will present scientific
evidence for the helpful effects of FFC Technology
and Pairogen. Their research shows that FFC
Technology increases agricultural productivity
while reducing the amount of water needed for
plant growth. Their research will also show that
FFC Technology helps to prevent bacteria and
pathogens from attaching to surfaces. As a result
of the application of FFC Technology, living and
non-living materials last longer, are healthier, and
decay is decreased significantly.

For my talk today, I would like to take just a few
minutes to relate the beneficial effects of FFC
Technology and Pairogen to the large and broad
issue of the global water supply. Water covers
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nearly two thirds of the surface of the earth and
it can be found in oceans, lakes, rivers, swamps,
glaciers, polar ice caps, the atmosphere, and
inside the earth. The total amount water on
the earth and in the atmosphere is constant.
It neither increases nor decreases. However,
according to the U.S. Geological Survey, about
97% of the earth’s water is found in the oceans,
is salty, and is unfit for human consumption.
Of the remaining 3%, which is fresh water,
most is found in polar ice caps, glaciers, and
in the ground. Therefore, only about 1% of all
fresh water, which is less than one tenth of 1%
of all the water on the earth, is fit for human
consumption. Moreover, we waste a great deal of
what we use through inefficiency and pollution.
We will need to develop more efficient water
management strategies and avoid practices that
pollute as the world’'s population grows and our
lifestyles require more of this vital resource.
When thinking on a global scale, FFC Technology
and Pairogen have the potential to be among the
many strategies employed both for current and
future problems related to water conservation
and treatment.

Two areas of human activity that have a large
impact on the amount of water that we currently
use are agriculture and industry. Agriculture
accounts for more than 70% of worldwide water
usage; industry uses less than 20%; and, local/
individual usage is about 10%. In addition,
about 75% of water used in agriculture is lost
to evaporation and the 20% used for industry
is polluted to varying degrees depending upon
the processes and materials involved. FFC
Technology can help decrease the amount of
water we depend upon for agriculture and can
help clean the water that is fouled by other uses.

Another area of human need and productivity
greatly affected by water usage is diet. As
countries around the world continue to develop,
especially those that are late to develop, the
demand for meat in the diet increases. The
increased demand for meat means increased
demands on water supplies. For example, it
requires approximately 15,000 kilograms of
water to produce 1 kilogram of meat. The

FFC and Global Health / fERZIEKDENEZEE L T 7
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comparable numbers for 1 kilogram of grain and 1
kilogram of vegetables are about 2,000 kilograms
and 1,000 kilograms of water respectively.
Therefore, the ratio of water usage for producing
meat, grain, and vegetables is about 15 to 2 to

1. The typical Western diet, which is heavy in
meats, requires about 2.5 times as much water to
produce as the Asian diet, which has more grains
and vegetables. FFC Technology can reduce the
amount of water needed to produce all of these
food products-- meat, grains, and vegetables-- and
thus provide us with more clean water for other
purposes.

Different yet important factors in global water
usages are location and size of population. Urban
dwellers consume more water than those in rural
areas, and beginning in 2007, for the first time in
history, more than half of the world’s population
is located in cities. This urbanization trend is
expected to continue in the coming decades. At
the same time, it is projected that the world’s
population may grow as much as 50% in the next
fifty years. Both the urbanization and population
growth trends will increase demands on existing
water supplies, while current practices, if not
adjusted, will further exacerbate waste and
pollution. FFC Technology can help reduce the
quantity of water needed for agriculture and it can
help reduce the amount of pollution in water.

We are very fortunate that the Akatsuka Group
Institute for Biological Process Research (Seibutsu
Kinou Kaihatsu Kenkyujo), the Japanese scientists
and specialists whom you will also hear from
today and tomorrow at this FFC Forum, and my
colleagues at Harvard University are conducting
basic scientific research to explain the basis,
mechanisms, and effects of FFC Technology and
Pairogen. These are micro-level phenomena.
However, these phenomena imply broad and
deep benefits across societies, environments,
populations, and time. FFC Technology and
Pairogen can lead to a virtuous cycle of sustainable
development. The spread of FFC Technology and
Pairogen, which is the work of the FFC Fukyukai,
can promote a more efficient usage of water and
help promote global health. Thank you for your
sustained, meaningful, and beneficial efforts.
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Decontamination of Lake Bottom Sludge by FFC Ace/Ceramics
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Department of Chemical and Biological Engineering,

Ube National College of Technology

Yoichi Nakano and Shiro Kubuki

Yoichi Nakano
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Shiro Kubuki

1. Introduction

FFC Ace, Ferrous Ferric Chloride, is reported to
have effects of improving farmland soil and of
purifying polluted sea or river bottom sediments.
However, the effects of Fe?* and Fe® contained
in FFC Ace on polluted materials have not been
revealed.
In order to investigate the purifying mechanism
of FFC Ace on the polluted materials, Oxidation-
Reduction Potential (ORP) and H,S concentration
were respectively measured for sediments of Lake
sediment and River sediment.
The structural change of FFC Ace occurred by
mixing with the sediments was investigated
by °’Fe-Méssbauer Spectroscopy and X-ray
diffractography (XRD).

2. Experimental

1) ORP and H,S concentration measurements of
Lake and River sediments after adding FFC Ace
One hundred litter sediment taken from Lake
was poured into a water bath. After FFC ace (7L
per bath) was added into the sediment, ORP was
measured in depth direction. In the case of H,S
concentration measurement, River sediment and
sea water were installed into a 500 ml planter.
H,S concentration of interstitial water was
measured in order to investigate the mechanism of

ORP increasing effect.

2) Chemical Environment of Fe* and Fe® in FFC
Ace revealed by *"Fe-Mossbauer Spectroscopy and
X-ray diffractography(XRD)

FFC and Global Health / fERZIEKDENEZEE L T 9
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Fig. 1. The ORP profile of varied depths of lake
sediment before and after adding FFC Ace.

The structural change of FFC Ace after adding
it into the polluted sediments was evaluated by
*"Fe-Mossbauer spectra and XRD patterns. °"Fe-
Méssbauer spectra were measured by a constant
acceleration method. °’Co(Rh) was used as
the Mossbauer source, and an a-Fe foil as a
reference of the isomer shift. The XRD pattern
was recorded from 26 = 10 to 90° at a scanning
rate of 6 degree min', using the Cu-Ka X-rays
generated by setting the tube voltage and the
current to 40 kV and 40 mA, respectively.

3. Results and Discussion

When FFC Ace was mixed with the sediment
of Lake, ORP value increased from -300 mV
to O mV after 7 days. The reproducibility was
confirmed for the same system. From the result
of qualitative analysis, both Fe*" and Fe®" were
contained in original FFC Ace. However, only
Fe® was detected when it was mixed with the
sediment. These results show that the Fe*" in
FFC Ace was reacted with the H,S in the polluted
water.

H.,S concentration was decreased from 58 mg/
1 to 5 mg/l in 30 min when 3 g of FFC Ace was
mixed with 20 ml of interstitial water prepared
by River sediment and Sea water. It can be
considered that FFC Ace declines the toxicity of

organisms by decreasing the H,S concentration.

2. FFC Z—AHAHIR D HRRKH
WL KRIRE DOt 2L

Fig. 2. The concentration change of H2S in interstitial
water of sediment before and after adding FFC Ace.
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ORIFZA LR (VAR EBRTE 10 HHO®
DR )o ZAFKTOIEHEERTIE. pH & 6.60
— 7.98,0RP(Z427mV — 289mV &/ - 7z, 1z,
ZTNFNOBEHBRIIRD X 512k -7 (EiX 10 H
HO® D%/ ), Na' (mg/l) = 1.86, Ca”™ (mg/l)
=23.0.Fe 74> AP EHICIAH L TWiah - 1z,
KICIRIET % T & T FFC T— A O Fe ARG 2L
ZEILTWAZ ML, A3 2DOEHTIERL,
FFCT—AHADKIEL TV S AR EVE D
LEbNS,

4. &8

FFC T—RF e i 2 E E 8. ks
ZRETZAHTENHLEMNICE ST, TDT LXK
D, EEOEERZWETEANRNOOEEIC DK
Wb EEZBNS, ZTORINME FFC Z—AHITl7
bnTWsELEZILGNS,

From the Mdéssbauer spectrum of the Lake
sediment mixed with FFC Ace, only Fe® was
detected. A slight larger isomer shift value of
0.34 mm s’ was observed as compared with that
obtained for the original FFC Ace (0.32 mm s).
Although Fe®” was not detected as a form of FeS$ in
the treated water, this result shows that the FFC
Ace stimulated Fe ion dissolving into the water.

It can be concluded from a series of the
experimental results that FFC Ace changes ORP
values into healthier by dissolving Fe’" into the

polluted waters.

pH
440

days
3. BIKICIRE 722 X0 pH & ORP
DRIFZE (@ :pH, A :ORP)

Fig. 3. The time courses of pH and ORP changes in
distilled water added with FFC Ace
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QIEADIELR)|

FFC® 5 3w 7KiE, @Yoz s ZHD
HBHRREICKVWKE LTSN TED ., il
Tl WM OHE . TEYIO4 B (et & ILH
BGHTHWONTVES, M. fiizbot
MMEEE L ZTVD T EREMOERT, (2
TS LTI b DEEIEF—HEE AR D
BER A, T T, FATeBid. ¥ EAED I
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WTHTLE Uiz, LR, FFCK &, —ERD
FFCt o Iv /A z—ERmDKIIREL THEL
7oK mEMUE T,
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1. WYIOAEFICHT % FFC/KDIEM

KK, FFC® &5 3w 7 XA THULBE L 7z K38 7K
(FFC/K). &2 WEHIOTHlRDOET v 7 AT
BUKEK (5 2y 7K OREYIOEEIC K
FEIEHZANE Uiz, ZORRE. FFCkZ 5 %
TETCkax Y, ¥ 3y 7kRKkiEkzE

FFC water Ceramic water Tap water
1. FFC/KDaA<YFOEBICKIEIIER .

FErEfR 3RO FEOF R (F) LERE () .

Dry weight(g)

LA AR B AR SRR
Bf &, S M5k

Kazuhiro Toyoda

[Object]

FFC is recognized recently as available for
environmental conditioning and cultivation of
crops. For example, FFC is used for cleaning-up
of a river or the sea and for promotion of growth
or disease tolerance of crops. Based on previous
data, in this study, we studied the direct effect of
FFC water on plant growth and a plant enzyme to
clarify its mechanisms. Furthermore we examined
its action on a disease of pea plants. In this
paper, “FFC water” implies the water prepared
by dipping a certain amount of FFC ceramics in a

certain volume of water for designated hours.

[Summary of results]

1. Action of FFC water on plant growth

Action of tap water, FFC water or ceramic
(commercially available)-treated water (“ceramic
water”, below) on plant growth was examined.

Application of FFC-water stimulated significantly

FFC water Ceramic water Tap water

Application

Fig. 1. Effect of FFC water on the growth of Komatsuna plant. (Observed 3 weeks after sowing.)
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AT G LR T, i B oEEOEINMNAE L
PEE R EISEERAMBIREINE L. (K1), —
Ji. BETIVEYIO YT A XF XF HEE) T,
FFC/KIEWICAEE Z MM L. EDORREIEKIC &
ENIETTENHODE L, ThE T, B¥E
M FFC T—A% 52 Je A A+ LF BT, KX
BEXTOAKE AR HX K0 &<, 20
BHLHMTEZTENHSMIENTED, IFEL
WAERAEL R ERZ 5 2 TW0W5 T EDVRME
Nnx L,

2. FFC/KDANR T+ (B3R 1Sxd 21EH

FTebD I NE TOMHINE. HEYOMATEEC AT
HT21DODOMERTEL—X (ATP & & Z ik
DT BEER) D OREEOY TPV A
FHILHR, MRV EY R EDOANNDEREIINTIC
BT BT EMNHISNTWVWET (Kawahara et al.
2004, Takahashi et al. 2006), F 7z, &1t L
7L —RIC K> THEL MY Vg, B
BIETFORBEZFE L, TOME. W5
T BMMEZESE TS EEHLMILEL
(Kawahara et al. 2006), % Z T, {F¥INDOIEH D
JRIRZ B 5 I I RS2 e LT, Mo
7YYL —AEMWICH T BIEHZ R E Uiz, fiit
OFER, FFC/KZ 7 ¥ L—AZEEEMILL, Z
DRNRIE FFCIKDOIRMEIC BT 2 T E DS
e L, —7. TOXSEEHE bt S
S IIKTEBIREINET, 22T, IEMHEDOH
K7ZBHSMICT B 7dic, FEC/KA DR A >
DR EZ EDX (T3 )LF— 78U X i 28)
ZRAWTHNRE Lz, TOREHE, FFCKHITIE,
Ca, SHHIMNZEZTENTVAZ EMNHHL X
Lizo 2T T, 7¥L—XIC CaSO, *® CaCl, iz &
IV LGB 5 2T A TEL—XiE
PEFIRERAFINIC LR T BH T EMNHLMCARD X
Utzo W, FFCIKD S Ca A AV 2lZES T8
ICFL— MAI EGTA ZdimL7c & TAT7EL—X
IEPEG BT T UE Uiz, ML RO RIE. FEC
KICKB 7 EL—ADMEMHIkICIE, FFCIKHD A
W LAFVYOERAPREVEDEEZONE
9, LML, FFCKN S, B TF5B VAT LICK
5T Ca” ZfRWiz (R L 7)) KicB0 T, &,
7 EL—ADEHETER K> T3 2 NS

the growth of Komatsuna (a member of crucifer
plants) compared to treatments with ceramic
water or tap water (Fig. 1). On the other hand, the
application of FFC-water decreased the growth
(leaf expansion) of Arabidopsis thaliana, indicating
negative effects on a model weed plant. In this
connection, it was suggested that the barley
growth and yield were enhanced significantly
by the application of an agricultural material,
FFC-Ace. It was shown that photosynthesis and
transpiration of barley under a low light quantity
were promoted by this application. However, since
the detailed action has been still obscure, further
physiological and biochemical studies on the FFC

effect are needed.

2. Direct action of FFC water on a cell wall-bound
enzyme “ apyrase”

In our previous reports, it was presented that
plant extracellular apyrase (NTP/NDPase) is
able to recognize and respond to internal and
external stimuli such as MAMPs, heavy metal
elements, plant hormones (Takahashi et al. 2006,
Kawahara et al. 2004, Kiba et al. 2006). We also
demonstrated that inorganic phosphate, generated
by the activated apyrase, is able to induce defense
response accompanied with the activation of
defense-related genes. Based on these reports, the
effect of FFC-water on apyrase was examined. FFC
water activated apyrase directly and significantly
as compared to treatment with deionized water.
A further study indicated that a part of such an
effect is dependent on Ca* ion in the FFC-water.
However, an FFC water from which Ca®* ion or
divalent cations were excluded by GFC was also
able to enhance the apyrase activity. This result
suggested that another yet-unidentified factor
in FFC water also activates apyrase as well as a
Ca” ion. Further studies, therefore, are crucial to
understand detailed mechanisms of the FFC water

on plant metabolisms.
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hekkbFEF Lz, 2D &id FFC/KkH D Ca 14
VP E T EL— ATERZ R E B 2 RO ER
NHZAHEMERLTVET, TO/RBESEES
ICHH AT BT,

3. JRIEEDOERICKT B FFCKDORH

RPN DEESRD 80 % IERIKE (1 E) MFK & 7%
S>THIERENET, £C T, FFC/kEE 2 124
BOWREROERITE ZBIRLE LI, TV Ry
EZOWRREE W THNTRER, 1/2~1/6 8
ML)V FFCK T L 72X Tl Y LA
DHERBNFEZICHFEINE L (K2), HMSIT
B UTAS R, FFC/KTIE, WEE ORI L
WKHZAENTVWART EMHIHLE Lz, e, |
BRERRIE. ZIMEDRRIEE T H 5 IKED THEIH
THEONOMEYNCEMLUIZEEICE, Bdbnb T
ENS, REEEYIRICER TH B T ENTHE
NEd, Ak X 51, FFCKAHICTIE Ca s S W
BN Z < ZENTVET DT, CaSO, D EIFIK
ERHOWIERBRZITOE Lz, TORE, CaSO, D
1/2 iRz 52 % . MWENMIAETESEL
BAHEDDRFIIET AT ENHLMTEDEL
Tzo TORERIZ. FFCIKDIEHD—EBIE CaSO, M
HoTW2 DD, CaSO, BIRIKIC IV % VEH WM E
f£952ZRLTEHED, BEDOHERICTDOWVTIE,
T HICREMAR TR E L EZ BbNE T,

4. INXTOWHEDOT LD

DED&Sic, chEFTOERNS, FFCKIIIE
Pt U CTENTERZ R L. 2 OYITER I,
WMYIOBERENTEHEBHBILE L, 1z,
JRIEEZHIET 5 C & TR ZRET ZIERE A
THTEHHSMERDE L, TNHDIERD
— i, CaSO, Wi -> T3 & HEE S NX T A,
COWDIEFRIET CRIAIATERVWHERLIEZ S
TEMTEE Ui, 5. & DICHIZR T
FNsETATY,

3. Effects of FFC water on infection by a fungal
pathogen

Vast majority of infectious agents of plants are
fungal pathogens, Then, we investigated the
effects of FFC water on the infection establishment
and disease development by a fungal pathogen,
Mycosphaerella pinodes, of pea plant. FFC water
prevented markedly infection and lesion
formation by the pathogen at the 1/2~1/6
saturated solution as shown in Fig. 2. Microscopic
observation showed that 1/2-saturated solution of
FFC water blocked perfectly the spore germination
of M. pinodes. As relatively high amounts of Ca and
S elements were contained in FFC water, then, the
effect of CaSO, solution was examined. However,
the solution did not block the germination, while it
blocked infection and lesion formation. This result
also indicated that all of the FFC effects were not
dependent upon CaSO,. In other words, another
yet-unidentified factor in FFC water is crucial for
the total effects of FFC, as described above.

K 2. FFC/KMTY RUIREEOHIRICE X
BIER (Efftk 48 RERIED .

FIZ FFC/K, Ndto I v 7K, ClaHA 4 > KICH
FEREFZRE LU TCODERMICHERE Lz BFIEmm

s
RS

FFCIKIZ 20 5T E . WHEDE MR Z M T E 72 .

Fig. 2. Effect of FFC water (F) and a ceramic water (N)

on lesion formation by a pea pathogen.

Lesion formation was observed 48 h after inoculation.
Respective numbers present dilution fold of respective

solutions. C, deionized water.
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Effects of FFC Ceramic Water on Corrosion Behavior of Iron
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L IZCHIC

KR EEOUEZ HNIC FFCE2Z X v 7 AU,
JEIENKHERE, BMEREZREDZ S DFEFRTET
INATERAENTHED, EYIOKAERTEEZ m D,
AL B2 IR 2EHMH 2 L ME TN TV
%o MATFFCYT I v 7/KZEH ML T
WA REREYIFEORER T, $kEoRmNRD
ICAHREILL TH D, ST T OETHIIHRIE NI
XIICHZ B, TxbB FFCt T I v 7 /KIS HEHE
YIth sk LTEEE L. TabbRBIERMK
ZHHIT 2R 2 KD REEN D B, £ T TAWE
7Tk, FFCt T 2w 7K O#kET O B2 8%
IGEIRPZERIK & LR U, 2 OFHE 2 L2 I iR
B9 % C & Ziddr Tz,

2. FBR

FEMME Lz FFC Y5 2w Z7/Ki&. FRIENY)
EOTNEEICHE, ZREKE FI3/KEK 1L IS L
T20g D FFCt T 2w 7 R—VERELEEDT
HB. LTEHDOIS, ZAHKDPSHME L 7z FFC
Y5 2w Uik FFCZERIK, KBRS L 7z
t D% FFC/KEK LRl T, BRETORERREERIE. 7%
K, JKiEsk, FFCZERIK, FFCKiE/KD 4 FEfH
OifBKICH LFEML, E—h—Ic Anbhz%&
FER7K 200ml 1S3 L#kALE] (38 mm) ZZNZF N 2
ARIODRAL., ZOREREH 2K LT, HEKE
BTk, 9. SEIM Ao 4O —h—Ic
DT, — 7 HEOBEBHIC X 2 IRERIR 2150,
S OTAEEEZ ICP B kic K b oML
Teo ZLT—r ARG, RE—H—DEICHER
Ltttz 77> 57— a I &K D EY
L. HAWROR., TP RRE S SIS G
7 BT EME (SEM) 8%, Xt (XRD) £ &
G ARANT T =5 GEIC K O HE LTz,

. Tatsuo Fujii
1.Introduction /

FFC ceramics are widely utilized by agriculture,
fishery, and food industry, because the creatures
seem to improve their function and activity
to restrain oxidation and corruption process.
Moreover, steel frames of greenhouses in Akatsuka
botanical garden, where the FFC ceramic water
is scattered everyday, have the passive surface in
black spontaneously, and iron rusting seems to be
restrained. In other words the FFC ceramic water
may have an effect to control the oxidation and
corruption of the inorganic materials as well. In
this study, we investigate the corrosion behavior
of an iron nails soaking in the FFC ceramic water,
compared with those in tap water and distilled

water.

2.Experimental

The FFC ceramic water was prepared to put
20g of FFC ceramic balls in 1 L of distilled water
(DSW) or tap water (TPW) following the Akatsuka
standard procedure. The FFC ceramic water made
of distilled water and tap water are abbreviated
here to FFC-DSW and FFC-TPW, respectively. For
the corrosion experiment two pieces of iron nails
(38mm) were dropped into the glass beakers
containing 200ml of four sample waters; DSW,
TAP, FFC-DSW, and FFC-TPW. The progress of
the iron rust in each beaker was observed for one
month and brown precipitations formed in beakers
were collected by decantation. The chemical
analysis of impurity elements in solutions was
performed by ICP method. Microstructures and
chemical states of naturally dried precipitants were
analyzed by electron microscopy (SEM), X-ray
diffraction (XRD) and Mossbauer spectroscopy.
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1 — MRS OKET Oy e b ZKRUK, 72 F KK, 45 F FFC Z&RK, 4371 : FFC /KiE7K)
Fig.1. Corroded nails in four sample waters after 1 week soaking.

3 ERBLUELR
PRETZKHPICHRAT B &, RTOE—A—ICE
WCEETOFE NS/ B ED am A4 RIROILEA 7=
EHICHE L, ZORERIME &Il 7z,
ZO—flE LT, K1Iic—HEER%OY —h—
DHEHEZRY, TNHAREEOMRIC, S Eo
HEZIZEAERSNT, BRETDOR I AFRE(L
LIBOOmBEHIHET S idhhol, TD
BB LT, SRORBTRIE—H—ICEELT
B53, SEOETICH IO KKFL S0k E
DEZENMUERRETHh > e lcd e EZA BN S, X
TSR DTCHE T ORGR, IKEKOIEZRIEEE 7.2
ppm THH., —J. FFCtZF I v 7 ZAh51d FFC
ZBK, FRCIKiE/K & &I @R (>1000 ppm) i<
MgV LINEH LT a T EAVHIAL 7z,

3.Results and discussion

Immediately after dropping the nails in beakers,
colloidal deposition of reddish-brown precipitates
appeared in all beakers, and their density
increased with increasing the time. The typical
view of corroded nails after 1 week soaking
is shown in Fig. 1. There was no difference in
appearance of reddish-brown precipitates formed
in four beakers. The black deposition of passive
iron oxides did not occur on the nail surfaces.
This is probably because that the sample beakers
were not sealed against air and sufficient oxygen
required to corrode the nails was easily supplied
from atmosphere. According to the chemical
analysis, the TPW contained 7.2 ppm of chlorine
and FFC ceramics waters contained a large amount

(>1000 ppm) of calcium sulfate minerals.
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(DSW)

(FFC-DSW)

(TPW)

(FFC-TPW)

X 2. Ve XRD /8% — > L [ElE E Nz b &Y

Fig.2. XRD patterns of dried precipitates formed in four sample waters.

R, #FC—H—THER ULz,
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FERZK 21CRT, WTFNOEKICBNTE,
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G — RN IR % K gL 2% T &% % y-FeOOH
HTH-o7zo UL, B _MELT, BKBX
U FFC ZE-/Kkh S5 U T2 IR 13 koD B &
LTHISNS Fe,0, IR EEN TV IzDITH L.
—J7. HGEIKD SR U BN i&, 8k ks
DHTERA & 7% % a-FeOOH M KEICEHEN TV
Teo TR, KEKPICEENDEEALF .
PROMREEDHESTRAEEZ D L VI HEROHR &

—HLTW3, ULHL, FFC/KEKDEEZ. &
THIE LT, IS Fe,0, HHE a-FeOOH AHD
WAMWMHBILTH O, KEKPICEENZEEA
F 2 OME N, FFCEZ Iy 7 AL §HH 5
Nz b s, i, AANT T =00k
X OB O IR Z i@t LTz & T AL JKIEK
MH A U iEYE 4T Fe® OIRETH > =DIc
Wt L. 7&K, FFCZ&8/Kk¥ X U FFC/KJE/KD B
FAE U T2l Fe,O FHDE LAY XRD HIE T
RN e ENG K51, Fe* oIk
REICHNZ T Fe® DIRREICETTEI N TV B 8kA 4 >~
DEFENERI NIz, Thbb, /KEKkDE DM
{t117% FFCt o 2 v 7 ZXMKRT 28R E2HD T
EMHLMN LIRS T,

Fig.2 shows the XRD patterns of dried precipitates
formed in four sample waters. The XRD patterns
clearly indicated that the all precipitates were
mainly composed of y-FeOOH, which was a
common phase of iron hydroxides formed by iron
corrosion in water. However the second phase of
precipitates in DSW and FFC-DSW was assigned
to Fe;0,, which was well-known as black rust of
iron. While the one formed in TAP was identified
with a-FeOOH, precursor to red rust of iron. The
chlorine ions in TPW accelerated the corrosion
process of iron. But the precipitate in FFC-TPW
contained Fe;0, as well as a-FeOOH. FFC ceramics
seemed to reduce the oxidant nature of TPW.
Moreover, Mossbauer analysis clearly confirmed
that the valence states of iron ions in TPW rust
were fully oxidized to Fe*". But those in DSW, FFC-
DSW, and FFC-TPW were mixture of Fe*" and Fe*
ions as expected from the formation of Fe;O,. The
FFC ceramic water restrained the oxidation of the

iron nails than the tap water.
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Difference of Freezing Characteristic between
FFC Ceramic Water and Normal Water
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1. Introduction

The water to which FFC ceramic beads are soaked
(FFC ceramic water) has been researched about
the effects on the crops promotion and so on. It
seems that the components of FFC ceramic beads
influence the effects, but the mechanism is being
investigated now. In this study, the freezing behavior
of FFC ceramic water has been studied to clarify the
difference between FFC ceramic water and normal
water. This approaches the characteristics of FFC
ceramic water from the freezing phenomenon. In
this research, FFC ceramic water is assumed to be a
heat transfer medium in the ice storage system for

industrial use.

2. Sample water

Sample water was made up with the standard water
(initial electric conductivity: 10uS/cm) to which
FFC ceramic beads is soaked for 24 hours. We call
it “FFC1 water” in case of the amount of the beads
20g/L, and “FFC4 water” in case of 500g/L. Tap
water and distilled water ware used as the reference

water.

3. Observation of ice crystal using a polarization
microscope

Generally, the crystal of ice is influenced by the
difference of the water quality. The ice crystal
of the freeze droplet of water was observed by
a polarization microscope. In this experiment,
the water droplet of about 2mm in the diameter
was dropped on the slide glass in the freezer of
about -20 C , and the ice grain was made. The ice
was cut down up to 0.2mm in thickness, and the

slice of ice was observed. Fig. 1 (a) ~ (d) show the
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HUKOIKG R Z e d % &,  FFCA/KDIKAS i
DORENEO/NELZ>TWB. AT LA
F R EOYEZZTA TS LR FEE LR
9L, XKOZBLDKEMNEHBRENRE S.

Z LT, MmREIEY, KRS OYEN»

(a) FFC1 water

(c) 7KitEi7K Tap water
1.

photomicrographs of ice crystal of FFC1 water, FFC4
water, tap water, and distilled water, respectively.
When the FFC water is compared with distilled water,
the grain diameter of the ice crystal of the FFC4 water

is smaller. As the contents such as the calcium ions

(b) FFC4 water

(d) 72887k Distilled water

BRI K D IKHE

Fig.1. Ice crystal of sample water

K& O PRI E N, KiskSUC R L TW
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B ICEURIK ZZ 80ml AN, FlRIKIRE Z R4
I N -1°CICLE LTz & T A THIE & DIKEZE
AL CEmHIZE L, &S wD5KOH
HRE TS, B85 LTFFC4 kD 120 #
BOMBEREZK 21RT. Skl oz
B9 % T2 DI 3SR RIRCIRER 7 DR EHI &
R (R=a/b, a: thshOHRSICIBT 25557
KRE, b B TOEZEDEILRE) %J:[:

are contained in a water, the ice nucleus is generated
easily, and the many crystal growth starts from the ice
nucleus. On the other hand, Contents other than water
are segregated from the ice crystal with the crystal
growth, and gather in the crystal grain boundary. As a
result, it can be considered that the grain diameter of

the ice crystal of the FFC water becomes smaller.

4. Free growth of ice crystal in the sample water

The difference of the free growth of the ice crystal in
the sample water was observed. In the experiment, the
water sample of 80 mL in the test tube was gradually
cooled up to -1°C. After ice nucleus was dropped
through a narrow tube, free growth of the ice crystal

started. Fig. 2 indicates the photograph of the free
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2. FFC4 /KD H K &

Fig. 2. Free growth of ice crystal of FFC4 water

crystal of FFC4 water after 120 seconds. Dimension
of dendrite crystal is compared by using rate R (R = a/
b, a: width of branch part of midway point, b: Width
of leaf of ice crystal shown in Fig. 3). As shown Fig. 4,
R of tap water is larger than that of other water and R
of FFC4 water is smallest. It seems that ions contained
in the water are related to this phenomenon. The ions
contained in the FFC water helps the ice nucleation.
However, it is thought that the ion obstructs growth

oppositely, and the growth is delayed.

5. Conclusion

The differences of ice crystal mentioned above
originate in the difference between FFC ceramic water
and other water. It is thought that this leads to the
reduction of the problem such as the pipe blockage
in the ice storage system etc. for instance as an
industrial use.
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Different Influences of Pairogen/FFC Ceramic Water
on Bacteria and Molds/Yeasts
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FFC is thought to improve the quality of water
and soil, allowing plants to grow vividly. Thus, it
has many applications in the agriculture, fishery
and livestock industries. Pairogen is made of FFC
water with apple-, persimmon-, plum- and rice-
vinegars as well as plum extract, citric and malic
acids, and vitamins. It is a popular health drink in
this country. We often hear that FFC and Pairogen
have anti-microbial activity and that FFC-treated
foods never spoil. However, we are not sure if
this is true for a variety of microbes, because the
terms “microorganism” or “microbe” often imply
a broad range of organisms that include bacteria,
filamentous fungi, yeasts and occasionally lichen.
To confirm this hypothesis, we studied the
effects of FFC ceramic water (abbreviated as “FFC
water” below) and Pairogen (Regular type) on
multiplication of microorganisms such as bacteria
and fungi (molds/yeasts).

We used six bacterial strains isolated from
patients as human pathogens (MRSA, S.
epidermidis, Enterococcus faecalis, Escherichia coli,
Salmonella Enteritidis, Pseudomonas aeruginosa)
and fungi [Candida albicans (yeast), Aspergillus
sp., Penicilium sp (molds)]. These microbes were
incubated on the following media to test the effects
of FFC water and Pairogen on their survival: i) on
solid culture media or filter paper discs containing
FFC water or Pairogen, ii) on cloths previously
soaked in FFC water or Pairogen, followed by air-
drying, iii) in liquid media containing FFC water or
Pairogen, iv) in Pairogen whose pH was adjusted

to neutral. In addition to these microbes, we used
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Figure 1. Growth of E.coli on
FFC water/Pairogen media

soil-borne bacteria and air-borne saprophytic fungi
to confirm the results obtained above with human
pathogens. These additional experiments are also
outlined in this summary.

FFC water did not show any antibacterial effects
in the experiments of i) and ii). By contrast,
MRSA and E. coli and C. albicans increased in
their number 10' to 10° times within 6 days. A
variety of inorganic elements released from the
ceramic into FFC water are considered beneficial
to survival and growth of these microbes.

On the other hand, as shown in Tab. 1, and Figs .1
and 2, Pairogen affected bacteria and fungi in
different manners. Pairogen showed antibacterial
effects on test bacteria in a concentration-

dependent manner. E.coli was killed by the

#£1 FFCESIwv kB SMay yaaEttos

MR - FERFOFEF R

Figure 2. Growth of C.albicans on media
with varied concentrations of Pairogen

29 FFC and Global Health / RERZIMBKDEISEZEHE L T



MBS/ D2 (BERERER) ORED 6 HIH
DOEFEHRIHIC 10" f5~ 10° fFITEm L T iz,
I Iy IKCEENSZ L OEEIEN N
SMEMOELE - BSHICHFNCIER Ul & #Ege
ENd, —F. MEEEFEICNT 58717 Y
OFBEIIRELE T ->TVE (LK 1.X2),
Tixbb, AT ISR E b H AT I
UCHIEMNICBE, ZOEMZSAMay ok
JEEBAfR UTze 7310 0% o JE TR 3 LIS
DM IR 1 ~ 3T L. KEE S
1 HRICWEED bNx ko, £z, 10% A
FOSA 07 Vil TR 3 HEE TICIER L
Femi, M 1 HRANICEER LTz, S it
LT, B (BE - BERD 331 us VTt
AT, Wk ar oS ERELE LT
gl U7 W SR b Nz, R >V RI3R
WTERLUTIHEWT ST &3, 2 HH
FTIRIZIEMIIOTH > 2RI 3 HHLBRIC
BEIMCHE Clee 10% M SA 17 2k Cld Hetd
%1IHE»SHEML, 2 HHTY TIC 10° 524
FoEBEmNRS Nz, £, A Y
GEAEREM Fcidano—Rk o K& Ao
(K2, UEkoksic, Ssay i Eidd
M IEPUAINCER L7z, BEEICiZE LA
W RS DR R LTz 784 17 VI8
st (pH=2.5) THACT &, £z, Frlch> Y
Rz & OFERIEEE L 7 R BRE > A% &
—EHIEE & O & pH #EHIEN RN &L Z2EET
L, INHORRIIFERFEAE LI1TE RIS W,
THIC, 10%/81ary rEfaik (pH=3.1) ®
pH % 7.0 ICFE L CTHEkiF B K U RG22
Licelh, WITNOEMEIERE S, HICH
BEAMBH S MITREET NIz, L > T, 2311
7 OHIEER G pH( M ) IRAF T % H3R
MREVEHREI N,

t b OIFFREICHT % T NS REES Mt
MEICE D TTE 2D ZMHFET 272D, UFER
gt OMEO—R (7Y 7 aNy )V AE)
ZHWTHBRLZEZA, 5% 107 VEH

undiluted Pairogen within 1 day but all other
bacteria as early as 1 to 3 hr. However, longer
times were required to kill them when 10% diluted
Pairogen was used: 3 days for E. cofi, but 1 day for
other bacteria. By contrast, Pairogen didn’'t show
any antifungal action against fungi (molds/yeasts).
It rather enhanced their growth. The constituents
of Pairogen probably work as the nutrition-
source for the fungi, especially C. albicans. C.
albicansnever died in the undiluted Pairogen and
started to increase in number on the third day.
In addition, the 10 % diluted Pairogen enhanced
its growth within 1 day after incubation so that
its population increased by 10° times on the
second day. C. albicans colonies were significantly
larger in Pairogen medium than controls (Figure
2). These results suggest that Pairogen had
antibacterial effects on test bacteria, but not
fungi. Considering that the pH of Pairogen is 2.5
(acidic) and that fungi, especially yeasts such as
C. albicans, are generally more resistant to lower
pH compared to bacteria such as MRSA and E.
coli, these results are quite persuasive. To examine
such an interpretation, we tested the effect of 10%
diluted Pairogen (originally pH 3.1) whose pH
was adjusted to 7.0 on survival of E. faecalis and
E. coli. We found that both of these bacteria, that
had died in 10% Pairogen (pH 3.1), grew actively
in pH-adjusted Pairogen. These results apparently
show that the high acidity (low pH) could, in part,
account for the antibacterial effects of Pairogen.

To examine whether similar conclusions are
applicable to other microbes, an acidophilic
bacterium (Alicyclobacillus sp.) was incubated in
a liquid medium containing 5% diluted Pairogen.
The lower pH (3.5) of diluted Pairogen did not
disturb multiplication of this bacterium. The
additional experiment using the suspension of a
commercial compost in diluted Pairogen revealed
that a number of acid-resistant bacteria that dwell

in compost soil can grow in the diluted Pairogen.
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We could learn from the further experiments
that air-borne saprophytic fungi (Aspergillus sp.,
Penicillium sp. and Cladosporium sp.) did not grow
in the original Pairogen but yeasts started to
multiply within 1 day. Moreover, growth of the
latter two fungi was suppressed by 0.1% diluted
Pairogen for the 7 day incubation period, while
Asp. sp and yeast were not.

As described above, Pairogen showed
antibacterial effects on some bacteria in a
concentration-dependent manner, but not on
some other soil-borne and acidophilic bacteria. We
assume that Pairogen could not be antibacterial
to the acidophilic bacteria (e.g.: Lactobacillus sp.,
Acidobacter sp.) around us which are known to
be resistant to lower pH. In addition, FFC water
has no direct antimicrobial activity as far as we
tested. We conclude that it is not appropriate to
say that “FFC” including Pairogen and FFC water
shows “anti-microbial activity” to all microbes.
We must be very careful when using the term
“antimicrobial”, because it is often confused with

the terms “germicidal” or “disinfectant”.
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The Economic Effects and Efficiencies of FFC
in Livestock Farms and Food Industries
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1 Preface

This paper takes up 3 cases of stockbreeding and 2
cases of food industries. The kinds of the former are
dairy farming, pig farming and layer farming. The kinds
of the latter are fermented soybeans production and
tofu production. Firstly, I examined the history of each
management and clarified the process that came to use
FFC technology. To the second, I obtained the technical
information that is peculiar to each management and
the financing information, and I clarified how there
was a change on technical aspect / management
side quantitatively, before and after introduction
of FFC technology. To the third, I clarified, whether
each management was able to embark upon new
management, or how it influenced each management at
the opportunity of introduction of FFC technology.

2 History of management
Managers of our case studies are superior in risk
management -crisis control. In other words, if even a
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little they perceived the outbreak of problems, they
investigated the cause quickly. They encountered
and evaluated FFC technology, while they grope for
problem solving.

3 Introduction effect of FFC

1)Tom Milk Farm corp.

The somatic cells consist of cells and white blood
corpuscles which came off the mammary gland,
but the latter is related with the health of milking
cow. Therefore, it leads to increase of the number of
somatic cells when the health of milking cow turns
worse. Tom Milk Farm corp. succeeded in reducing

/ FFCEA (2002.7) Introduction time of FFC (2007.7)

Fig.1 Number of Somatic Cells in Fresh Milk(per ml),Tom Milk Farm Corp.
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Fig.2 Number of sipped fattening pigs per a female
pig for breedli)ng beside advanced farms

Onishi Livestock corp
Advanced Farms
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fiscal year
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Advanced farms:Japan Livestock Industry Association "Performance
Index of Advanced Farms" Farms of 70 head and over of female pigs
for breeding

the veterinary and medicine cost per head beside
advanced farms, therefore breeding healthy
milking cows. This becomes not only the reduction
effect of costs in the management but also the
supply of safe and reliable fresh milk.

2)Onishi Livestock corp.

The number of sipped fattening pigs per a female
pig for breeding is the most important technical
index of pig farms in various technical indexes.
Onishi Livestock corp. has been surpassing
advanced farms after 2004 to be shown in Fig. 2.
But it depends on porcine circovirus infection, and
porcine reproductive and respiratory syndrome
that the performance of Onishi fell in 2007 in
comparison with 2006. Under such an external
environment, they enjoyed results to exceed
advanced farms.
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3)Tsuguchi Farm corp.

The ratio of production of hen eggs is the most
important index of poultry farms in various
technical indexes.

We understand that Tsuguchi Farm corp. has been
improving the ratio year by year to be shown in
Fig. 3.

As the number of adult hens and chicks of
Tsuguchi is big, the improvement of the ratio 1% is
equivalent to about 850,000 eggs. Therefore, they
can ship about 850,000 eggs additionally, if the
ratio is improved 1% with the same cost.

4)Okuno Food Co., Ltd.

Because not only the institution but also the
valuable documents and data were destroyed by
fire of April, 2007, it is difficult to demonstrate
technical effects by FFC technology. However,
with a management crisis of autumn, 1993,
Okuno Food Co., Ltd. introduced FFC technology
in 1995. After trial and error, they clarified
that the fermented soybeans which they used
FFC technology were superior to the fermented
soybeans which they did not use, about the
Sensory Testing of Palatability. They succeed in
the brand of the fermented soybeans which they
used FFC technology and, in 1997, achieved the
rebuilding of the management and changed raw
materials into domestic soy bean. By a fire of April,
2007, the management was stopped, but has been
continuing the fermented soybeans production
with FFC technology.

5)Obata Store corp.

With the withdrawal of the major General
Merchandise Store where Obata corp. delivered
tofu to in July, 2002, it planed a change for
the high value-added management so that they
used domestic soy bean 100%. It may be said
that switch from large-scale tofu manufacturing
industry to household industry would be a wise
decision. By FFC technology, they enjoy the
following effect now.

@ Superior Sensory Testing of Palatability
(@ Exchange of the coolant (4.5t) : 1.5 months —
more than two years
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® Complete change of the wall surface / the
ceiling * once in four or five years

— no change for 14 years
@ Exchange of the frying oil : One month — four
months

Particularly the number of general bacteria in
the coolant - @ - as follows;
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4 New management development

Tom Milk Farm corp. practices the exchange
between urban people and countryside through
the ranch festival. To keep healthy milk cow in
splendid scenery, and to produce ice cream and
sell it are very important factors concerning their
management development.

Onishi Livestock corp. set up the meat section
in their ranch and has been increasing the ratio
of the direct sale of the pork which became a
brand. In addition, about the pork of the direct
sale, a consumer can know the production history
information such as kind / feed name / prevention
program from their homepage.

Tsuguchi Farm corp. is a large-scale layer farm,
but they have been raising the ratio of the brand
eggs year by year.

Okuno Food Co., Ltd. had a direct sale section,
a Food-Service section, and a school section for
handmade experience of fermented soybeans, and
then they send the food culture at the same time.

Obata Store corp. has been raising a ratio

of the school meal and delivering tofu to the
shop of Japanese food, and then will be a new
development.
By keeping healthy livestock in stockbreeding,
and by realizing the superior Sensory Testing of
Palatability in food manufacturing industries, they
enable the establishment of pluralistic distribution
channels as above. This leads to management
stability, and it may be a further innovation.
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FFC Inhibits Microbial Attachment
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Microorganisms are found living attached to many

surfaces. These attached cells are called biofilms
and are made of complex microbial communities.
These biofilms are a significant problem because
they are capable of clogging pipelines, fouling
food and biotechnology processing equipment,
corroding metals, promoting tooth decay, and
infecting patients with implanted medical devices.
These biofilms are difficult to remove because they
are very resistant to disinfectants and antibiotics.
Inhibition of microbial attachment can prevent
these problems from occurring by disrupting
biofilm formation.

We are trying to determine the extent to which
FFC can prevent the attachment of microorganisms
to surfaces by performing detailed studies of the
effects of FFC of biofilm formation. We have also
begun to investigate the properties of FFC mist and
the role it plays in preventing microbial attachment
to surfaces.
FFC appears to inhibit bacterial attachment to a
number of different materials including titanium,
plastic, steel, and aluminum. The largest effect was
observed on titanium, which is significant because
of the widespread use of this metal in industrial
and medical applications.

Our initial investigation of the beneficial effects
of FFC mist have shown that FFC mist appears to
remove bacterial and fungal particles from the
air we breathe, and when dried onto a surface,
inhibits the attachment of fungi to surfaces. These
experiments could promote the cleanliness of
indoor air and the surfaces we come into contact
with in our daily lives.

In summary, FFC appears to significantly reduce
microbial attachment to many types of material
surfaces. FFC mist also seems to inhibit microbial
attachment to surfaces and remove potentially
harmful microbial particles from the air.
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How Does FFC Water Keep Germs Away?

- A Surface Scientist’s Perspective
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Professor Martin's research group is studying the
processes in which FFC water prevents microbes
from attaching to surfaces. The research group
has shown that chemical elements in the FFC
water control the attachment of the bacteria to the
surface of materials. These inorganic chemicals
prevent polymers produced by the bacteria from
forming bridges between the bacteria and the
surface of the material. The current research
aimed at explaining the ability of FFC to prevent
bacterial attachment is focused on the ability of
FFC to control chemical signals produced by the
bacterial cells. These signals tell the cell when
and how to stick to a surface. We are planning to
investigate how FFC interferes with these chemical
signals, as a means of preventing attachment of
microbes to surfaces, and the formation of harmful

biofilms.
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FFC Enhances Plant Growth
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Modern agricultural practices can deplete the soil

of essential nutrients, and requires vast amounts
of fresh water that are not available in many parts
of the world. Climate change is causing shifts in
precipitation patterns that increase water shortages
and subsequent failed harvest in some areas. In
addition, the shortage of farmable land, particularly
in Japan, makes it imperative that agricultural
productivity be significantly be increased.
We are investigating the possibility that FFC treated
water can increase crop productivity and decrease
land use by replenishing micronutrients in soil. We
are also investigating the application of FFC treated
water to reduce water use in agriculture.

In our studies at Harvard we grew plants in soil
watered with normal water or FFC-treated water.
Radish, shirona, and soybean plants treated with
FFC water grew larger than plants irrigated with
normal water. Further investigations revealed
that plants appear to respond to FFC because it
supplies them with many of the micronutrients
that are required for plant nutrition. We have
begun to utilize hydroponics methods that allow
us to carefully monitor plant growth in response
micronutrient deficiencies in order to decipher
which micronutrients FFC water provides.

We have also grown radish, shirona and soybean
plants under a range of reduced water conditions.
In all cases we could reduce water use by treating
the water with FFC. The plants responded well to
reduced water when the water was treated with
FEC.

In summary, we have found that FFC treated water
both increases plant productivity and reduces
the need for water. FFC has the potential to both
reduce land use and to reduce water use.
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FFC Ceramic Water and Pairogen Stimulate Skin Cell Function
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Ferrous Ferric Chloride (FFC®, Akatsuka Co., Tsu,
Japan) is a distinct form of aqueous iron made up
of a complex of ferrous chloride and ferric chloride
that participates in both oxidation and reduction
reactions. In this study, the mechanism of the
action of FFC on mammalian cells was investigated
using skin cells. FFC ceramic water stimulated the
proliferation of cultured epidermal keratinocytes,
melanoblasts/melanocytes and dermal fibroblasts
derived from newborn mice. FFC also stimulated
the differentiation of mouse keratinocytes and
melanocytes. Pairogen® (Akatsuka) is a drink
comprising FFC, vinegars, and vitamins, Pairogen
Gold® (Akatsuka) contains herbal medicines in
addition to FFC, vinegars, and vitamins, while Non-
calorie Pairogen® (Akatsuka) contains low molecular
weight collagen and hyaluronic acid in addition to
FFC, vinegars, and vitamins. To clarify whether FFC
in addition to the natural factors included in these
drinks stimulates the proliferation of human skin
cells, FFC and these different drinks were added
to culture media and tested for their proliferation-
stimulating activity on skin cells. FFC, Pairogen, and
Pairogen Gold equally doubled the growth rate of
cultured human keratinocytes, melanocytes, and
fibroblasts. Although Non-calorie Pairogen only
doubled the growth rate of human keratinocytes
and melanocytes, Non-calorie Pairogen tripled the
growth rate of human fibroblasts. FFC plus low
molecular weight collagen tripled the growth rate of

human fibroblasts, whereas FFC plus low molecular
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weight hyaluronic acid only doubled the growth rate
of human fibroblasts. Low molecular weight collagen,
with or without hyaluronic acid failed to stimulate
the proliferation of fibroblasts. These results suggest
that FFC stimulates the proliferation of human skin
keratinocytes and melanocytes. Moreover, FFC
markedly stimulates the proliferation of human skin
fibroblasts synergistically with low molecular weight
collagen. Finally, FFC-containing skin lotions (FFC
Super Essence Plain® and Moisture® Type, Akatsuka)
were painted on the dorsal skin of newborn mice

and tested for their proliferation- and differentiation-
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The Effects of Akatsuka FFC Ceramics on the Health
of Water Environments
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Research in our laboratory has focused on the
beneficial effects of Akatsuka FFC technology as
a tool to improve the health of natural bodies of
water such as lakes, rivers, and coastal marine
environments. As humans, we rely on water
for many reasons: for drinking and cooking,
agricultural irrigation, as a source of seafood, for
transportation, recreation, and as a receptacle for
human and industrial wastes. It is often difficult
to balance the competing demands placed upon
fragile aquatic ecosystems. What we need moving
forward is a combination of wisdom and tools that
will allow us to benefit from clean water for many
generations.

Evidence from Akatsuka researchers indicated
that the direct application of FFC ceramics to the
environment can improve the health of water
ecosystems. Dr. Shine’s group has been exploring
the underlying mechanisms through a series of
related experiments. These experiments create
model ecosystems to examine the effects FFC
on ecological processes that affect the overall
health of a lake, river, or ocean environment.
One set of experiments demonstrated that FFC
can alter nutrient cycles in ways beneficial to
the environment and can improve water clarity.
Other experiments have shown how water treated
with FFC can inactivate poisonous substances
such as heavy metals and potentially make them
less poisonous to fish. Current experiments are
examining the ability of FFC to improve the ability
of contaminated sediments to support biological

growth and productivity.
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The body of work produced by our group is
consistent with observations made by the Akatsuka
group in Japan. Specifically, FFC technology can
positively affect the health of water environments.
The mechanisms are subtle, involving slight
alterations in the behavior of poisonous
substances or nutrients in ways that ultimately
can improve the energy in the system as a whole.
Working together, we can clearly demonstrate the
potential value of FFC technologies on the overall

health of water environments.
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FFC Bead Properties, Treating Iron Deficiency Anemia,
and Characterizing FFC Aerosols
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We have studied the ability of FFC beads to
release micronutrients and to bind toxic metals.
The following properties of unused as well as
commercially used FFC beads were examined:

1) elemental composition of beads, 2) spatial
distribution of iron and other metals within the
beads using scanning electron microscopy and
energy dispersive X-ray analysis, 3) change in
mass of FFC beads over time of use, 4) kinetics of
release of iron from FFC beads, and 5) kinetics of

absorption and release of metals by FFC beads.

FFC beads components were made radioactive
by neutron activation. We found that significant
amounts of iron and zinc were released into water
during incubation of the beads in tap water at
room temperature. We also found that FFC beads
incubated in water containing *°Fe, '°°Cd, *°Zn,
®As, **Mn absorbed these metals in a dose- and
time-dependent manner. Even used FFC beads
were capable of removing these radioactive metals
from the incubation medium. We have learned a
great deal about the composition of FFC water and
about the ability of FFC beads to remove metals

from water.

We also explored FFC aerosols. We have
measured their particle size distribution and mass
concentrations. The particles were small in size
and well suited for deposition in the lungs. Future
studies will characterize the biologic effects of FFC
aerosols. For example, what are the effects of FFC
aerosols on attachment of pathogens to biologic

tissues.
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