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Table 1. Ingredients of special-glaze-applied ceramic pieces

Elements X-ray spector X_r?;(l:;s)n sity C(()r%t;nt
Na,O Na-KA 0.3644 0.3086
MgO Mg-KA 0.6878 0.2197
ALO3 Al-KA 34.9043 12.6799
Si0O, Si-KA 176.3744 74.9525
P,0s P-AK 0.7227 0.2232
SO, S-KA 2.0788 0.6499
Cl Cl-KA 0.1593 0.0179
K,O K-KA 25.2004 0.8147
CaO Ca-KA 28.6999 0.6090
TiO, Ti-KA 19.9868 0.8691
Cry03 Cr-KA 0.0298 0.0205
MnO Mn-KA 0.0616 0.0216
Fe,03 Fe-KA 109.5847 8.5001
CuO Cu-KA 0.8446 0.0284
ZnO Zn-KA 0.3205 0.0081
Br Br-KA 0.4786 0.0049
SrO Sr-KA 1.6997 0.0166
ZrO, Zr-KB1 0.7069 0.0230
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Fig. 1. Odor decomposition of ceramic-treated water: An excreta disposal treatment plant (Kashiwara, Osaka,

Japan)

Results are shown in mean + standard deviation. Before: before spraying. After: ten minutes after spraying. Measurement
date: June the 10th, 2014 at 13:00. Method: ceramic-treated water was sprayed on the waste receptacle and disposal sites in
the disposal treatment plant. Odor measurement device: XP-329IIIR. Measurement sites: Kashiwara City Aqua Center (A)
Excrement receiving entrance, (B, C, D, and E) Four sites of excrement injection rooms, (F) Operational vehicle washing room.
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Fig.2. Odor decomposition of ceramic-treated water: A sewage disposal plant (Aso, Kumamoto, Japan)

a) In front of the plant. b) Inside the plant. ¢) Alternation in odor levels. Results are shown in mean + standard deviation.
Ceramic-treated water spraying was performed at three waste holding sites at the sewage disposal plant, sites A, B, and C.
Measurement date: August the 3rd, 2015 at 12:50. Measurement device: XP-3291IIR. Measurement site: Sosui-kan, Oaso
environment center. (Aso integrated administration of a large region office work association).
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Fig.3. Odor decomposition of ceramic-treated water: A hog farm (Ubuyama Village, Kumamoto, Japan)

a) A full view of the farm. b) The hog farm. ¢) Alternation in odor levels. Results are shown in mean + standard deviation.
Pictures show: A: cattle dung accumulation site. B: the entrance of the hog farm. C: the side of the farm. Measurement date:
August the 23rd, 2015 at 11:00-16:30. Measurement site: Sakaguchi hog farm.
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Fig.4. Odor decomposition of ceramic-treated water: A hog farm (Hitoyoshi, Kumamoto, Japan)

a) A full view of the farm. b) The hog farm back door. ¢) Alternation in odor levels. Results are shown in mean + standard deviation. This
institute had been already equipped with a filtration apparatus of a ceramic-pieces-filled tube and indicated a significantly lower odor level.
Measurement date: August the 23rd, 2015 at 11:00-16:30. Measurement device: XP-329IIIR. Measurement site: Kamata livestock hog farm.
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Fig.5. Odor decomposition of ceramic-treated water: A cattle farm (Ubuyama Village, Kumamoto, Japan)

a) Inside the cattle farm. b) Spraying operation. ¢) Alternation in odor levels. Results are shown in mean + standard deviation. A: the
entrance of the cattle farm. B: inside the farm. C: around the entrance of the farm. Measurement date: August the 23,2015 at 11:00—
16:30. Measurement site: Morimoto cattle farm.
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Fig.6. Odor decomposition of ceramic-treated water: An animal barn (Kyoto, Japan)

Results are shown in mean + standard deviation. Measurement date: August the 4th, 2014. Odor measurement device:
XP-3291IIIR. Measurement site: Louis Pasteur Center for Medical Research, Animal Center.
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Fig.7. Odor decomposition of ceramic-treated water: A food processing plant (Ubuyama Village,
Kumamoto, Japan)

a) A full view of the plant. b) In front of the plant. ¢) Alternation in odor levels. Results are shown in mean + standard
deviation. Measurement date: August the 23rd, 2015 at 11:00—16:30. Measurement device: XP-329I1IR. Measurement

site: Food processing plant of Ubuyama Farm,
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Fig.8. Water quality purification effects: A river (Tarumizu, Kagoshima, Japan)

a) A full view of the river. b) Immediately after the installation of ceramic pieces. ¢) Thirty minutes after the installation. Installation site:
Honjo River, Igawa drainage system.

¢)

Fig.9. Water quality purification effects: A river (Saitama, Japan)

a) Installation of ten kg of ceramic pieces over the weir and another ten kg on the waterfall basin. b) One hour later, black sludge turned
into gray and the sludge was washed away. ¢) Two hours later, the color was changed to beige and offensive smell was mitigated over the
installation site and 100 m downstream. River water purification was confirmed. Installation site: the Midori River in Saitama Prefecture.
Installation personnel: Environment safeguard section of Saitama City Office. Installation date: March the 10th, 1999.

Fig.10. Water quality purification effects: A sewage line (Wakaba-cho, Nagasaki, Japan)

a) Installation of a net filled with five kg of ceramic pieces at an exit of a sewer pipe. Limestone was placed as a base. b) Installation of five
kg of ceramic pieces at a drainage canal. ¢) Installation of a net filled with five kg of ceramic pieces at a sewage exit. Measurement date:
April the 6th, 2006. Installation personnel: Road maintenance division of Nagasaki City Office. Inspection institute: Nagasaki Food Hygiene
Association. (registered number, # 77).

(8)
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Fig.11. Water quality purification effects: A swage line (Watari-cho, Miyagi, Japan)

a) A filtration apparatus of a ceramic-pieces-filled tube was equipped to a water supply pipe of a sushi restaurant (Hamazushi). b) Water
supply system with the installation. ¢) Investigation of water after the installation. Measurement date: December the 14th, 2004. Installation
personnel: Hamazushi. Inspection institution: foundational juridical person, Miyagi pollution and sanitation inspection center.

Table 2. Water purification effects: Sewage at Wakaba-cho, Table 3. Water purification effects: Sushi restaurant at
Nagasaki, Japan Watari-cho, Miyagi, Japan.

Items Before After % Change Items Before 1 month after

pH 7.4 7.6 + pH 5.8 6.3

BOD (mg/L) 200 100 -50% BOD (mg/L) 600 170

COD (mg/L) 240 120 -50% COD (mg/L) 320 76

SS  (mg/L) 170 70 -58% SS  (mg/L) 2800 58

Nitrogen  (mg/L) 21 12 -42% Hexane extracts (mg/L) 28 14

Phosphorus (mg/L) 1.39 0.69 -31% BOD, biochemical oxygen demand; COD, chemical oxygen demand;

BOD, biochemical oxygen demand; COD, chemical oxygen demand; SS, suspended solid.

SS, suspended solid.

Table4. Bactericidal activities

The number of bacteria per mL

Putrefactive bacteria Sample water p s
10” dilution 10” dilution

) Ceramic-treated water unmeasurable 2.6 x10°
Meat-derived

Tap water unmeasurable 1.0 x 10°

. . Ceramic-treated water unmeasurable 1.8 x 10°
Fish-derived

Tap water unmeasurable 4.8 x10°

(9)
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Fig.12. Bactericidal activities: A waterway in a park (Nagasaki, Japan)

a) Seseragi Waterway with proliferated Legionella pneumophila. Installation of a hem sack filled with ceramic pieces at a fountain.
b) Drainage. c¢) Algae attached to grating. d) Five days after the installation, the algae were detached and odor was improved.
Measurement date: September the 13th, 2005. Installation personnel: Rivers Division of Nagasaki City Office. Measurement
institution of the number of Legionellae pneumophila: Healthcare center of Nagasaki City Office.
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Fig.13. Application to agricultural products: Increase in agricultural harvest (Mimata-cho, Miyazaki, Japan)

a) A signboard of the agricultural experimental station. b) A full view of the station. ¢) Experimental rice pad filled with
ceramic-treated water (land area: 1 chobu = 9,917 m?). An adjacent rice pad filled with ordinary water (land area: 1 chobu). Other
conditions were equal in both pads. Experiment date: June—September 2010. Experiment site: Mimata-cho, Miyazaki Prefecture.
Grower: Agricultural judicial person Imashin.

(10)
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Fig.14. Application to agricultural products: Improvement of quality (Higashine, Yamagata, Japan)

Fruits grown without ceramic-treated water were medium size; a) Flesh is soggy, b)Kept for a short time. Fruits sprayed at the part near the
root with ceramic-treated water at 20-folded dilution three times a week for two months; ¢) Larger size of peach by 100 g on average, d)
Kept for a long time. Experiment site: Zao Fruits. Measurement personnel: Saito Orchad.

Fig.15. Pest control for agricultural products via ceramic-treated water (Miyazaki, Japan)

a) Spraying ceramic-treated water at 20-folded dilution on the entirety of the fruit trees every day. b) Many harmful insects were observed
before spraying. ¢) Three hours after spraying, insects moved away and kept away from trees. Experiment site: Orange grove.
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Fig.16. Inhibitory effects on hyperglycemia due to ceramic-treated water

Results are shown in mean + standard deviation. 4 Control group: Ingestion of tap water (n = 5), Bl Test group: Ingestion
of ceramic-treated water (n = 5), *p < 0.05, Students t-test. Animal model: C57BLKS/J Iar -+Leprd® /+Leprd® mice.
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K EH®EIL36.6% TH -7z M WLELKZ A L 724
FTEREDPRAL Lotz T4 T TIEIHFE L) KREVE
7,

* BEHEMEDRRE

FALRFE SN I ST RS X 0 B B
WERZTCRE RBRSEE) 12805 BHK

a) f
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AT O % BGE L 72 (Fig. 18) o B F+ o Hegti s %
ER. WRFAL L 2B 2 8 L. 2 D% ORI
ME Ge B gs 2 W T v AR MV EHlE
L7 SRERBAMGETO TIEIZ4,028 v 4 70> —~N)L b
R L72DS, HAiRlE 1,276 <4 7Oy — )bk BEICHT
SR IZER L 720 HUR L S 7 A 8138 100 50 112
A>L7z (Table 5).

Table 5. Decreased radioactive substances via fine ceramic

pieces powder
Soil before Soil after
Radioactive isotope treatment treatment
(Bg/kg) (Bg/kg)
Todine-131 undetectable undetectable
Cesium- 134 1.11 x 102 11.6
Cesium- 137 1.45 x 10° 11.4

Fig.17. Remediation of soil contamination caused by the Great East Japan Earthquake: Amelioration of saline soil of

farmland (Watari-cho, Miyagi, Japan)

a) A strawberry farm after tsunami (land area: three ran = 2,975 m2). b) Strawberries grown with conventional farming methods. ¢)
Strawberries watered with ceramic-treated water. d) Young leaves were green and glossy. Measurement date: October 2011. Measurement

institution: Azumi farm.

a)

Fig.18.Remediation of soil contamination caused by the Great East Japan Earthquake: Treatment of radioactive

contaminated soil (Toyano, Fukushima, Japan)

a) Sampling playground. b) After measuring the contaminated soil level of the playground, fine ceramic powder was disseminated. One hour
later, the soil was measured a second time. Measurement date: September the Ist, 2011 at 11:28-13:30. Measurement site: A kindergarten
playground. Measurement device: High-purity germanium (Ge) semiconductor detector (gamma-ray spectrum measurement).
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Fig.19. Mechanisms of ceramic pieces and ceramic-treated water

NSO ORER, KERLIEOUEFN ., HE - L
SRR, BROFE LA R, R I R A5
HEINDEHIL T2,

P P LB SIS IR R IR R <L 7 /Ny 7 T LA
DOERFELR (F] BRI EER) 12 SRS 2 RS 4.
B v JE R U2 505 2 TS D\ TR A R R 2 EET A4
BChbo Tz, BWERICEBIT 2 M LEKBIIZ L 2
IMAEAE_EAIPEIZD ROV TE, TEREFE AT %,
AR RIIHELA N L A DK D 7 A3 % BRI W FRE T
Hbo

B - LB K - R i

1,000 EELL L Dl CALEE L 7= Fafsseiid, KA ICI3iE T
W EEZ LN TV DA, FEBI IR SR O i O )51
DO—JF 6 Z@AIKPISET AR, I A7 VEIIME (8
B ER TR W) THhEDNEHEITNTWh,
FOEAIZ02~03mmTHY., FTOEZILH 1078
cm BEETH L, 1HIZH2~3x 10 8 ecm NE T A &
TLERET L E, &THEIFHTICE

3x102,/73x107°% =10°H = 1,000,000 H

= 1,000,000 365 4 = 2,740 4

MR K Z HH S5 L. M@ MmeEcHiia
AR 2L EDE 2 5D F R ALBLK o T Tl
AETHETHT O, 1,370 FFOEADPLIEICR Y . Hi
OFEEIZEDL ST, A AHKOHFMITTELEE KD,
PR AN LT e oL PHIND, R LKD) E L,
COMGMEDO RN RE LIRSS 2 2 0 E
L5,

(15)

/acydn

MR B L OF R BRI & TN D ME R TR FE R
THEUTOMETH 5720, Ty, ZhFT25
FLLEOMEAERD S %55, BTEE T 2 % BIVE R <k
EDFEDFD LN TRV, ZeticonTid 4123
RENTFEMTHLEFTZ 5. WIEIZE ) ER SN
EILFEORDFOERIEILI Rz B 72, ABEE A
EVo bk A BERIER AR T LHEI S b,

Bbobic

SRS LB 2 A1, FEaavR  (BEEDE).
FHHD RSN AREEAER KRS LIER. 1521
M. BEERHZ &% ORABEIREN TS, BHEET
W 72 ZEMERREEOREDFEOTEL T, BHE,
REBH. BAOEOM LR S N2 ZOIEHERE
RETH 70 L L IO, R %% L 7zkb et
HIZY T /N7 7)) T OISR SN2 &b, Fia
BB EEREANHS L. BE. HRETH L HeE
PRI & 7o o 720 BA B & OB - ILE K IS s, IR
PRI H e & OB, QOLMERICHERITH Y, 0N
BIIAMERGENEICERTE S LW TE 2, 5121
TEIEAT A 2L BOEH (138) dR, HERNO
B ER A TE O MR S 50 FIFI2IZ 2 DR RS % 7
BRDH Y. WK & o TERBEUEER RIEYOREE L v o
MFHEOERZEZ L 5T L0 L ifF s b, B
ETAYT /NG T T OFTERERRIEF M L LD



EREEMFEEDATH bo GHEDIIEIZ L > TLOERD
HENZT BLEDPD L,

A

RWEFEIE. BWKEL 7T v b7+ — 240 [5] O%EHH
EiEH (https://www.knowledge . maff.go.jp/platform.
html) @ [KEZUET ST & THHE(LWE O & FEMIN
T HAR L 72 BR Ik Ve O R8s & IR ERBISRES 57 D 78 5
%77 v 7+ —24] (http://www.yonei-labo.com/pdf/
liaison_doc.pdf) 2°&6 % 2T 72,

M REBS

ARWFZEIZ DWW TR A4 3 5 FHIHEIT 2 s

SE 3R

1) ARFAEG. R - SRBBE T CONA A IA T ) E—Tark
Bk YR 3E . Biol Sci Space. 2000; 14: 363-371.

2) EHIET. 27 /Ny 7)) 7 ORI & IR MG, bA
BEgE. 2009;19: 75-80.

3) Watanabe M, Semchonok DA, Webber-Birungi MT, et al.
Attachment of phycobilisomes in an antenna-photosystem
I supercomplex of cyanobacteria. Proc Natl Acad Sci USA.
2014; 111: 2512-2517.

4) Ueno Y, Aikawa S, Niwa K, et al. Variety in excitation
energy transfer processes from phycobilisomes to
photosystems I and II. Photosynth Res. 2017; 133: 235-
243.

5) fEREEL. BRI R L 2 ORIk, KB E SR A
WFzep sty . 1997; 10: 36-45.
http://tri-osaka.jp/c/content/files/archives/Sato1.pdf

6) HE B, WIRIGHEIES- T I/ LT Yk (ALA) 12X 5
TyFIAT Y TEHOWRME. HRY A - A7) ==V JiE
4358, 2019; 29: 9-20.

7) Sasaki K, Hosokawa Y, Takeno K, et al. Removal of
sodium from seawater medium using photosynthetic
bacteria. Journal of Agricultural Chemistry and
Environment, 2017; 6: 133-143.

Q) HEMHE. BHEEM bT 7 ¥ I12 X 52 TH1 ) HUY VEZEHAR.
HA L3RRS . 2014, 85: 125-128.

9) BN, MERHEC & 2B T 295 BRI O Br el
HA TR RS, 2014, 85: 129-131.

10) BB HIZ . KIS X 2 IR - B BARIENUR RS .
2014; 85: 132-135.

IDEREEN. 774 ML AT Z—Ya VIC L UL v 4
IR ROMGEE . HATIEALE RS . 2014, 85: 136-137.

12) Jititig . BRAeHalr oS © oy A ORI EE: BRI
BCHR SN TEDP S OBMMIZ L 212y AkE. HAT
BB AHERS . 2014, 85: 138-140.

13) KH . ARFRO RS > 7 ZAWIEIHIR 8. H AR T ip e
MERE. 20145 85: 90-93.

(16)

Glycative Stress Research

14) Sasaki K, Morikawa H, Kishibe T, et al. Practical removal
of radioactivity from sediment mud in a swimming pool in
Fukushima, Japan by immobilized photosynthetic bacteria.
Biosci Biotechnol Biochem. 2012; 76: 859-862.

15) Sasaki K, Morikawa H, Kishibe T, et al. Practical removal
of radioactivity from soil in Fukushima using immobilized
photosynthetic bacteria combined with anaerobic digestion
and lactic acid fermentation as pre-treatment. Biosci
Biotechnol Biochem. 2012;76:1809-1814.

16) /e 4 A, PrEFRRER . e B G L2 & 2 e gD FH
HIBRG: & RSEANOEITTH . EY T, 2014; 92: 281-283.

17) Sasaki K, Hara C, Takeno T, et al. Metals related
to radionuclides and heavy metals removal using
photosynthetic bacteria immobilized recovery type porous
ceramic. Japanese Journal of Water Treatment Biology.
2010; 46: 119-127.

18) Okuhata H, Miyasaka H, Miura T, et al. Chemical oxygen
demand reduction using lactic-acid forming bacteria to
treat river mouth sediment. Japanese Journal of Water
Treatment Biology. 2012; 48: 73-79.

19) Hotta Y, Tanaka T, Takaoka H, et al. New physiological
effects of 5-aminolevulinic acid in plants: The increase
of photosynthesis, chlorophyll content, and plant growth.
Biosci Biotechnol Biochem. 1997; 61: 2025-2028.

20)Niu K, Ma X, Liang G, et al. 5-Aminolevulinic acid
modulates antioxidant defense systems and mitigates
drought-induced damage in Kentucky bluegrass seedlings.
Protoplasma. 2017; 254: 2083-2094.



