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Continent Irrigation Industry Domestic

Africa 88 5 7
Asia 85 9 6
Europe 31 55 14
North America 49 42 9
South America 59 23 18
Total 70 23 7
Japan 66 18 16

(Tilzer (2006))
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Samples T]-po of Exchangeable cation (mmeol/g) Cation QKC"O“S@ capacity
P zeolite Na® K* Mg’ Ca® (mmol/g)
lizaka Mordenite 0.56 0.21 0.03 0.44 167
Tenkawachi Mordenite 0.70 0.11 0,06 0.24 1.27
Koriyama  Clinoptilolite 0.58 0.28 0.02 0.40 1.51
Futatsui  Clinoptilolite 0.84 071 0.02 0.07 1.67
Niki Clinoptilolite 0.88 0.20 0.02 0.23 1.27

M2 RKREAZA FOEBGI LR (Wajima: Anal. Sci. (2013))

F 2 OWEKEWLEEAKOFEFRL & pH
Chemical compaositions (mg/L)

Samples Na~ K* Mg™™ | Ca™" cr Br 50.° P
Seawater 10437 379 1296 £17 18399 67 2661 797
lizaka 2736 175 1164 G020 16626 57 1841 5.90
Tenkawachi 5518 153 1257 1984 13577 52 1825 Lag
K.ariyama 3816 26 Galh £481 13613 L8 1806 7.33
Futatsui TTLE 327 746 1054 14854 55 1841 6.81
Miki 6115 61 700 2365 13896 51 1969 B.22

(Wajima: Anal. Sci. (2013))
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WCFEBEOBIETHE I Y, ZOHREL 4 [\
DIRL CHIEZIT > T, WEKE T T LMK
DAL FF R, WORE, pHER 4 IZRT, BT
LD N 2 DI2O3 T Ca? g D B
wimL, oo+ N5 LT, K
IR X 2 I Uiz, pHIX 6.5 £ T— &
X N /AT AW g W e

KB, WEAK, Ca EHA AT AT 1 BILEE L
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LCHLER U 7ok TUIER MR S 4. 1 BB
@ Solution-1 & ¥ 4 [A[4LEE D Solution-2 @ 5 A L
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g3ne (K3),

PLEDRER LY, RREATA FEHWTHE

# 3 K& ALEE K DAL AL
Chemical compositions {mmaol/L)

Samples - . .

Na™ NH,™ K+ Mg Ca~" cr 50,7

Seawsaler 475 10.3 56 11.7 55 27.8

Na™-type a77 0.3 512 6.8 541 28.0

NH,"-type a0z 66.5 0.9 519 9.3 562 27.6

K= -type 415 59.8 52.4 10.1 548 27.5

Mg ~-type 450 5.7 737 10.4 507 271.2

Ca™-type 406 31 57.3 51.1 506 27.1

(Wajima: Int. ]. GEOMATE (2019))
K4 MWKED T LWEM KO, HWRE., pH
Concentration (mg/L)
Salinity (%) pH
Ma K Mg Ca Cl S0y

Seawater | 12191 682 1360 £03 21891 2724 3.£0 7.79
I-times 5027 140 592 2330 12409 1520 2.15 7.L8
2-times 2501 7e 330 3132 B6L3 1136 1.2 6.85
Ftimes B5Y 1 264as 6036 BeY 0.95 £.55
&-times 205 0 70 24686 L5955 b4 0.66 6.7

(Wajima: Int. J. GEOMATE (2019))
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(Wajima: Int. J. GEOMATE (2019))
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* M. M. Tilzer: Renewable, but not inexhaustible:
The fresh water supply for a growing human
population, & [ A— ~ 7 F T A4 F— R
VU LHHEE RS, 4-15 (2006).
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B DMIERE & € ORI R E KT
7. 17-22 (2006)

- HBEMG, MIEREES - WAKP2L O Y F U AE
W Bl oo B & Bh ) | AL B AL 12, 14-18 (2007)

+ T. Wajima: Phosphate adsorption on zirconium-
loaded activated carbon, and its application for
phosphate recovery from deep-seawater, Int. J.
Chem. Eng. Appl., 7, 388-393 (2016)

CFIMGFE R 20 BTEM LRI E R R E
M OBRFE . H AWK F 275, 72.218-224 (2018)

+ T. Wajima: Synthesis of hydrotalcite from bittern,
and its removal abilities of phosphate and nitrate,
Int. J. Chem. Eng. Appl., 6,228-231 (2015)

+ T. Wajima: Removal behavior of nitrate using Fe-

layered double hydroxide derived from bittern, J.
lon Exch., 29, 147-152 (2018)

+ T. Wajima: Ion exchange properties of Japanese

natural zeolites in seawater, Anal. Sci., 29, 139-

141 (2013)

+ T. Wajima: Selective Removal of Cl- and SO42-

from seawater using Ag- and Pb-exchanged
natural clinoptilolite zeolites, Bull. Soc. Sea

Water Sci. Jpn., 72, 332-333 (2018)

+ T. Wajima et al.: Removal of NaCl from seawater

using natural zeolite, Toxicol. Environ. Chem., 91,

21-26 (2010)

+ T. Wajima: Desalination of Seawater using Ca-A

Zeolite for Agricultural Utilization, Bull. Soc.
Sea Water Sci. Jpn., 72, 325-328 (2018)

+ T. Wajima: Desalination of seawater using natural

zeolite for agricultural utilization, Int. J.

GEOMATE, 16, 21-26 (2019)
T. Wajima: Simple desalination process for
making agricultural cultivation solution from
seawater using natural zeolite and activated

alumina, Int. J. Sci. Technol., 5, 159-166 (2019)

© FOUGFE B A vEK 5 OREE K RLE & B R

L7 RIREA T4 MIT L BES E Iz
B3 2 RN 9E . FH WM FHGE. 22, 18-
22 (2009)

+ T. Wajima et al.: Simple two-step process for

making agricultural cultivation solution from
seawater using calcined hydrotalcite and natural

zeolite, Clay Sci., 14, 7-12 (2008)

* D. Tsutsui, T. Wajima: Desalination of seawater

using calcined hydrotalcite with different Mg/Al
ratio, ESTEEM Acad. J., 13, 195-204 (2017)

* D. Tsutsui, T. Wajima: Desalination property of

various calcined layered double hydroxides from
seawater, Int. J. Environ. Agric. Res., 4, 15-21
(2018)

+ T. Wajima: Desalination behavior of calcined

hydrotalcite from seawater for preparing

agricultural cultivation solution using natural
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zeolite, Energy Environ. Res., 4, 3-10 (2014)
+ T. Wajima: Phosphorous removal ability of
hydrotalcite reconstructed in seawater, Bull. Soc.

Sea Water Sci. Jpn., 73, 339-342 (2019)
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