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11A2H ()
November 2nd (Sat.)

I #—7F=>% (Opening Ceremony)
9:00 — 9:05 &R
BERBAKFMAFERER
@i EE  GREKRFLEHR - @MKFLEHR)
President of Deep Ocean Water Applications Society
Masayuki Takahashi
(Emeritus professor of the University of Tokyo and Kochi University)
9:05 — 9:10 BERFMIERRBE
/M 3E
Director General of Industrial Development Bureau, MOEA, Taiwan
Jong-Chin Shen
9:10 — 9:15 MHEIEN At - BIREXMAERRB Y ¥ —EFER
R ES
President of Stone and Resource Industry R&D Center
Fu-Jong Hsu
9:15 — 9:35 KE OHLEE
9:15 — 9:20 fEERRE
& IRE
Governor of Hualien County
Kun-Chi Fu
9:20 — 9:25 MiEER
£ &7
Member of The Legislative Yuan, Taiwan
Ting-Son Wang
9:25 — 9:30 BERBEKERGSEER
o BEEA
President of Taiwan Deep Sea Water Development Association
Ching-Ming Lin
9:30 — 9:35 ENHREREZE
2 KR
President of National Dong Hwa University
Maw-Kuen Wu
9:35 — 9:40 K% (Break time)

oI %A 2RI L (Special Symposium Session) 59 (1)
9:45 — 9:50 SES



9:50 — 10:20
10 : 20 10 : 50
10:50 — 11:20
11:20 — 11:50
11:50 — 12:20
12:20 — 13:30

— R 1 (BF KHEEE &Y - KEEE1)
Session 1: Water Quality, Biology and Fisheries 1

KN —2
(RRRFRFEEH RSB F FAF2ER - FEMFZER)
Chairman
Kazuyuki Ouchi
( Graduate School of Frontier Sciences, The University of Tokyo,

Project Researcher)
S1. MEIF LB : ARG Y R B 60 (2)
" EE(PERBERER Z8)

S1. Ocean Country: The Development and Vision of Taiwanese Marine

Industries 61(3)
Huang-Hsiung Huang (Member of Control Yuan, Taiwan)
S2. MBIFIRBKEIRN X 2 % 21 fcotts 62 (4)

@i IEfE
(BEFEREAFIAZEEER. RRKE - BHRFLEHR)

S2. Supporting the 21st human society by deep ocean water resources 63 (5)
Masayuki Takahashi
(President of the Deep Ocean Water Applications Society, Emeritus
Professor of the University of Tokyo and Kochi University)

S3. M TRIE K E FE DR M 64 (6)
®EIN RIE
(= V= FHEREHE REBFELR)

S3. Future prospect of deep ocean water industry 65 (7)

Yoshizumi Asakawa
(President of Marine Gold Corporation Ltd.)
S4. R LIEBMEERXZNBIFEBHENEER
BIREEBAERE KSR R 66 (8)
F HE (BBEEEBERAFEER)
S4. A Transition From a Soil Minerals Expert to Ocean Minerals
Expert: The Vision of Taiwan Fertilizer Co., Ltd. for Deep Sea Water
Development 67(9)
Fu-Hsing Lee
(Chairman of Taiwan Fertilizer Co. Ltd.)
BEEDE
(Question-and-answer session)
& KN —Z/ISEE  #EES
B& (Lunch time)

69 (11)

R AE T
CRAUBIERS KEB MR SRR %i%)

Chairman: Chiaki Imada



13:30 — 13:50

13:50 — 14:10

14:10 — 14:30

14:30 — 14:50

14:50 — 15:10

15:10 — 15:20

(Graduate School of Marine Science and Technology,

Tokyo University of Marine Science and Technology, Professor)

1. BRI KR HKE BRI 70(12)
CRIEIE - MR - BRETF - ERX (AMEREL 2 —)

1. Study of long-term water quality monitoring of deep sea water in

eastern Taiwan 71(13)
©Zhi-Heng Liu, Ya-Ling Hsu, Jian-Yu Chen and Ping-Yi Huang
(Stone and Resources Industry R&D Center, Taiwan)

2. NILiEILARDIRK & 3R 72(14)
O AEME (XSt ATV LARAFZERT)

2. Present status and tasks for artificial under-seamount 73 (15)
OTatsuo Suzuki (Artificial Sea-mount Institute)

3. PRATIRIE g K B i LR A B B B S B% & TR AR B AE R R DD R 9

APl S 74(16)
OUFIE, F=RFE BELERKE)

3. Effects of Deep Seawater on the Mycelia Growth and Functional

Ingredients Formation of Cordyceps militaris under Submerged and

Solid Fermentation 15017)
OYu-Ping Hung and Chun-Lin Lee
(Department of Life Science, National Taitung University, Taiwan)

4 BRERY 7Y IR DERRE OB T T s N AR

% 76 (18)
Ot & CRREERFER FREER # B 72 ED)

4. Zooplankton study of Sagami Sea deep-water via quantitative stratified
sampling 717(19)
OYuji Tanaka(Tokyo University of Marine Science and Technology)

5. BRIBVE/KES B & IMAR R E AT 18 (20)
Ot HR., & BB (EMEEIEERE)

5. Analysis of Microalgae Lipid Cultured in Deep Sea Water 79(21)
OCherng-Yuan Lin, Suz-Hsien Wu
(Department of Marine Engineering, National Taiwan Ocean
University )

{KE8 (Break time)

NV —fEE2 (BF KEME &Y KERE2) 81(23)
Session 2: Water Quality, Biology and Fisheries 2

R B =B

(ELBEBRFRFERENRT  BIRFRTR)

Chairman: Hong-Nong Chou

(Institute of Fisheries Science, National Taiwan University,

Professor and Director)



15:20 — 15:40
15:40 — 16:00
16:00 — 16:20
16 :20 — 16:40
16 : 40 — 17 :00

6. DGGE i:IC & A ERIMEHERB /KT OMEMRERERT  82(24)
OlmBEA FFR A AR IHERE
A HETEK? (WRDHC, 2 BRFUEIFERF)

6. Microbial community structures of deep seawater in Izu-Akazawa as

revealed by DGGE analysis 83(25)

OKatsuhisa Yamad', Takeshi Teraharaz, Takahiro Yamaguchiz,
Takeshi Kobayashi® and Chiaki Imada®
('DHC Corporation, “Tokyo University of Marine Science and
Technology)
7. LIRBK SR IR A LIME Chlorella sorokiniana CYI
ZAERBREMES B
OFRIRIE ', sREH ' BmE' KEE' HARK®
(‘BISZRThRZ:, 2 A& Hu)

7. Enhancing microalgal oil/lipids production from Chlorella sorokiniana

84(26)

85(27)

CY1 using deep-seawater as the cultivation medium
OChun-Yen Chen' Hsin-Yueh Chang',Pin-Chen Liao® Ping-Yi
Huang® and J o-ShuChangl'z'3
(‘University Center for Bioscience and Biotechnology, National
Cheng Kung University, Taiwan, *Department of Chemical
Engineering, National Cheng Kung University, Taiwan, *Research
Center for Energy Technology and Strategy, National Cheng Kung
University, Taiwan, *Water Resources Division, Stone & Resource
Industry R&D Center, Taiwan)

8. MEIFIRIB K h DAY D REEM AT & A AMAEM O 5B
OAMTEK . WEBEAZ, HEE' FR O]

(" B FER S, 2#IDHC)

8. Analysis of Microbial Community Structure and Isolation of

86 (28)

Beneficial Microorganisms from Deep-sea Water 87(29)
OChiaki Imada', Katsuhisa Yamadaz, Takeshi Kobayashil, Takeshi
Terahara'

('Tokyo University of Marine Science and Technology,
’DHC Corporation)

9. RAHEEKH BRERER K ERZBICZE
Otai ', AT ' MR &HRE' BALER®
(CaMERE L Z—, B AERE)

9. Effects of deep seawater on algal growth and algal toxins release
OYi-Ruu Lin', Jui-Che Chen1, Shi-Yung Chien', Ping-Yi Huang'
and Hong-Nong Chou®

88 (30)

89(31)

(l Stone & Resource Industry R&D Center, Hualien, Taiwan,
? Institute of Fisheries Science, National Taiwan University, Taiwan)

10. AAREIZBT D in/Fif3E O REMFR O 72D OMFRE KD

FIH 90 (32)
OlnNEH, RiFEE A&tz a=72)



10. Utilization of deep-ocean water for the solution of coastal fishery

problems in Japan 91(33)
OShigeki Yamaguchi, Hiroyuki Tsutsui (ECONIXE Co. Ltd.)
17:00 — 17:20 11. FI AR WK B RIFEE Y 2 Al RetE 92 (34)

OFFHLER, EFRE (AEPL)

11. Prospects for producing clean food organisms for aquaculture using

deep sea-water 93(35)
OHung-Yu Hsu and Ping-Yi Huang
(Stone and Resource Industry R&D Center, Taiwan)

vV BE%
18:00 — (21:00) N SR KBRS 2 BEE S R — L
(T IEERFEEFF LS 18 5 EEE : +886-3-8123-999
http://www. farglory-hotel. com. tw/
11A38 (B)

November 3™ (Sun)

VI —#8E3 (B BEME/ BER- EREE) 95(37)
Session 3: Agriculture, Animal husbandry, Health and Medical cares
FEfR - 85 Rl
(ESLaEERY AMBEER FEHER)
Chairman: Chiang-Ting Chien
(Department of Life Science, National Taiwan Normal University ,

Distinguished Professor)

8:30 — 8:50 12. BRATRE KRS B A R R B TR ue 28 96 (38)
CHEPM, FRE BELZRKES)
12. Effects of deep sea water on the growth and ion absorption of Antrodia
camphorate 97(39)
©Chun-Ting Huang and Chun-Lin Lee
(Department of Life Science, National Taitung University, Taiwan)

8:50 — 9:10 13. FERIREBIERBRKO O DBE L I-BE R OB L A b L R
(B89 B HFSE 98 (40)

CHRATERE N IWABA L SETK S IMRE > FHOE?
('(WDHC. 2RI KF)
13. Investigation of the oxidant stress tolerance of the yeast isolated from
deep seawater in Izu-Akazawa 99 (41)
OM. Nomural, K. Yamada', C. Imada?, T. Kobayashi’ and
T. Terahara2
('DHC Corporation 2Tokyo University of Marine Science and
Technology)



0 10

9:30

9:50

10 :

10

9:30

9:50

10 : 10

10 : 30

14. K RVRBIE K EBEE S 2 KB+ BiEE =2 & BT
A 2 UL BGTR iR 100 (42)
CERBIIE . BB EFRES BEF!
(e RS, *H KRB, *AMBERP.L. (BHRE)
14. Deep-seawater Intake Improves Acetic Acid-induced Duodenal Ulcer
via Selenium’s Antioxidant and Anti-apoptotic Action in Rats 101(43)
OChiang-Ting Chien®, Jyh-Chin Yang', Ping-Yi Huang2 and
Chih-Chin Yang’
('Department of Internal Medicine, National Taiwan University
Hospital, Taiwan, 2Water Resource Group, Stone and Resource
Industry R&D Center, Taiwan, 3Department of Internal Medicine,
National Yang-Ming University, Taiwan, ‘Department of Life Science,
National Taiwan Normal University, Taiwan)
15. IR EBRIERICRIT 2R A - MERiHI 2 EBRICL D
R EE RN R ORET 102 (44)
OFAER. B &K L LEST
FAKREIR 2 VEKEGE ° SCERIE S, SR B
FHHENS, EHRER®
'EILRGEAENER. P BILRFRFIRE FEFIEKL
FERE, PR - RIEES, P BILRFEEMIE, “WAVE #8)11,
® B ILIPE AR SR HEEE AE S FT)
15. Studies of Health Effects Using Long-Term and Continuous Exercise
Bathing in DSW Plant 103(45)
OTetsuo Shimmural, Jun Kanaki', Tomoko Tanakal, Takako
Yamakoshi®, Kenji Matsunagaz, Tadamichi Shimizu®, Takashi
Tatsuse3, Masaru Tachinami4, Akito Masukawa® and Sadanobu
Kagamimori6
(‘Toyama Institute of Health, “Dept. of Dermatology, *Dept. of
Welfare Promotion and Epidemiology, Graduate School of Medicine
and Pharmaceutical Science, University of Toyama, “Faculty of Art
and Design, University of Toyama, *Corp. Wave Namerikawa,
5Toyama Occupational Health Liaison Office)
16. TRIE KM OAEFRIEMIL G & £ OFIRIZ AT - ER 104 (46)
OEAE— (GHMILHKRY RERLYH)
16. Bioactive compounds of bacteria isolated from deep ocean water and
the recent progress for their utilization 105(47)
OKeiichi Enomoto (Kochi University of Technology)
17. M FRBEKEANC K 2 IS G 0 R OB 5 R A% 106 (48)
OMERAER . DT M ERA MTNEER 2 TR 2
( RS, 2 @ERE ES)
17. Elucidation of proteins involved in tumor growth suppression induced
by drinking Refined Deep-Seawater 107(49)
OYoshihiro Hataguchi',Kouji Nagawa', Yoshinari Ikegami',



Hiroaki Takeuchi?, Tetsuro Sugiura2
(lAko Kasei Co., Ltd.,zKochi Medical School)

10:30 — 10:40 k%8 (Break time)
VI —fE4 (FIFERRTLEEM) 109 (51)
Session 4: Resource Applications 1
FER c liE BB

(RSt 74— A4 F o — BEFERBKFER k.
(R T) RRBFERFLERMER)
Chairman: Katsuhisa Yamada
(Director of Department of research in the deep seawater, DHC
corporation, Ph. D., Joint research member in Tokyo University

of Marine Science and Technology)

1
i

10:40 — 11:00 18. B ARDMBERB/KDFEMRET —~ DEE L FIIERORE 110(52)
ORE B! FEE BN KT AE?
(" (=) £RREEERBS. 2KET KRR
18. Changing research themes and future applications of deep sea water 111 (53)
OAkira Nagano',Toshiro Ito2,Hisae Takesita’
("All Japan Fishing Port Construction ~Association, *Fishery

|

Agency, Ministry of Agriculture, Forestry and Fisheries)
11:00 — 11:20 19. B IWERBKZER L EaMHEORFIR T 5 FEH 112 (54)
CEEEMEIR . dk R RE— K OER®
(BILRREAK BRSBE, BREENEIT D)
19. New Goods Produced by Using Deep Sea Water in Toyama Bay 113 (55)
OYoshida Ryuji', T. Furumai', S. Nakaso” and T. Shiba®
('Advisor, Deep Sea Water Association in Toyama Prefecture and
2 Shinminato Kamaboco Co., Ltd., Japan)
11:20 — 11:40 20. ERRERBIKEXEZAIFEBIRE 114.(56)
OFlmER . Bl BN BIUE' BMES' BT
CLOERTE WERM!. BMEE BEE REH
EES BRERE(BERKE, *EREREK, ERKH
HYENT])
20. Prospects for University-Industry Collaborations Between the Deep
Sea Water Industry and National Taitung University 115 (57)
OChiung-His Liu',Wen-Ching Wang? Jin-Yuan Liu', Shiang-Kueen
Hsu® Hsiao-Chi Chen',Wen-Hung Twan', Yun-Fang Chen' Chien-
Chih Feng', Chun-Lin Lee', Chen-Yu Chang’, Chiy-Rong Chen',
Meng-Chu Chen',Chun-Kuei Yangl,
('National Taitung University, “Neng-Gao Entertainment Corporation,
*National Taitung College)
11:40 — 12:00 21. FI| A Z= i R e S A = 855 L Bl o o2 TR S Vg K R A iR 116 (58)
OXFEM. BRER. ERM. EFE (AMERTPL)



21. Removing sulfate ions from deep seawater through a multi-step
membrane filtration process 117(59)
©Yu-Fong Huang , Cheng-Shing Lo, Chang-Hao Cheng and
Ping-Yi Huang
(Stone and Resource Industry R&D Center, Taiwan)
12:00 — 12:05 K% (Break time)

I —HEERS (FIERALRTLBEM2) 119.(61)
Session 5: Resource Applications 2
JEf - 2R
(LEEELATIIZERE el i)
Chairman: Shih-Chi Lee

(Industrial Technology Research Institute, Center Executive
Assistant)

12: 05 — 12:20 22. Hardness Water Production From Deep Seawater By RO/NF/ED
Linking Process 120(62)
°Deok-Soo Moon, Kwang Soo Kim, Ho Ji, Mi Yeon Choi, Hyun
Ji Jung and Hyeon-Ju Kim
(Deep Ocean Water Application Center, Korea Institute of Ocean
Science & Technology)
12:20 — 12:35 23. Design and experiment of 20kW Ocean Thermal Energy Conversion
pilot plant 121(63)
°Ho-Saeng Lee, Sang-Wong Cha, Young-Seok Kim, Ji-Hoon Son,
Hyeon-Ju Kim
(Deep Ocean Water Application Center, Korea Institute of Ocean
Science & Technology)
12:35 — 12:50 24. Establishment of Blue Infrastructure using Seawater Resource in
Coastal areas 122 (64)
“Hyeon-Ju Kim, Ho-Saeng Lee, Deok-Su Moon and Wee-Yeong Oh
(Deep Ocean Water Application Center, Korea Institute of Ocean
Science & Technology, ,Goseong-gun, Korea)
12:50 — 13:05 25. The effect of feed temperature on permeate flux during membrane
separation 123(65)
°K. S. Kim, D. S. Moon, H. J. Kim, S. W. Lee, H. Ji, H. J. Jung,
H. J. Won
(Deep Ocean Water Application Center, Korea Institute of Ocean
Science & Technology)

IX PA&##(Closing Remarks)
13:05 — 13:10 BHERBEKFAFREISERE
WA At (ESLRFEASHKRE HE)
Vice-president of the Deep Ocean Water Applications Society



Kimio Fukami (Director and Vice-president of Kochi University)

13:10 — 14:00 BA (Lunchtime)

B RF£(Excursion tour)
14:00 — 17:20
14 : 00 — RERBEATIE
14 :50 — 16: 00 BB IR R F
16 : 00 — 17 : 20 BEh - CEAREERR T

17 : 20 — TEHEBR - EEAR T L5
11848 (R)
November 4" (Mon)

B RZFZ(Excursion tour)

8:00 — 17:00
08 : 00 — BHRT VXV NEREF
10:00 — 10:15 &RFIREA
12:00 — 13:30 AFE

13:30 — 15:10 T8 - BRFEHAKFNEHZ L F
15:10 — 16:30 ®#) - KERBR R RF
16 :50 — BHRER - A ERERZEHED



<Poster presentations> 125(67)
P1. Distribution of water masses and variation of nutrients in the coastal areas of Gangwon Province
of the Korean East Sea from 2008 to 2012 126 (68)
°Mi-Yun Choi, Deok-Su Moon, Hyeon-Ji Jung, Young-Suk Kim and Hyeon-Ju
Kim
(Deep Ocean Water Application Center, Korea Institute of Ocean Science &
Technology)
P2. EFMESIEIC L 2TEBK= v TEEOEEN 127 (69)
OSERMHFER ', e M2 (mEmKE, T AREREAN O ZK)
P2. Kombu (Saccharina japonica) commercial production using deep seawater and germling
cluster method 128 (70)
°Masanori Hiraoka', Jun Hachiya2 ("Kochi University, *General Incorporated
Association Umiji)
P3. [t R MBI A W e P B K AR IR BA 35 22 R AL A 129 (71)
OpfifteE . W REBER THR' BILH MK RES
"B EM RS2 R TREMEER, 5
PHEBRENBTRER, PE
SEMRE(EEL TAK (2T RERA(TRER, 1B
P3. Exploring characteristics of land-based and marine microbes for sustainable energy
Applications 130(72)
OBor-Yann Chen',Junming Hongz, 1-Son Ng®, Yu-Min Wang', Shi-Qi Liu',
Bing Lin’, Chao Ni3,Bin Xud, Lian-Jie Qin4
(lDepartment of Chemical and Materials Engineering, National I-Lan
University, ROC, *College of Chemical Engineering, Huagiao University,
PR China, *Department of Chemical and Biochemical Engineering, College
of Chemistry and Chemical Engineering, Xiamen University,PR China,

“Department of Environmental and Materials Engineering, Yantai University,

PR China)
PA. RN IR IR B /K A M B FEAEL AR 2 BHRTIR L B8 (Fusarium oxysporum) EAMHIVEMR 2 &
R 131(73)

ORBER ', REZ2. MR, #HFR® #HIOR!
(B BRE, 2o RAfZEle. A EIR L, B ERE)
P4. Profile of a Deep Sea Water Microbial Community and Screening o f Bacterial Strain Showing
Antagonistic Activity Against the Plant Pathogen, Fusarium oxysporum 132(74)
OJia-Cih Yang',. Chieh Chen Huang', Jui-Jen Chang?®, Yi-Ruu Lin’, Ping-Yi
Huang3
('Department of Life Sciences, National Chung Hsing University, Taiwan,
Genomics Research Center, Academia Sinica, Taiwan.
*Water Resources Division, Stone & Resource Industry R&D Center, Taiwan)
P5. Bt — B BN A KR LR K 2R MR EHEREERRK 133 (75)
ORRFRIE'. SREA ' LEHK 1. EFRE. KEE 23
(' BISZEC YR B2 AP, BRSO RBICRTRER, BN K
SRIFR SR e L. M EE NG TREEM R RS OKERE)



PS. Enhancing microalgae-based lutein production with Scenedesmus obliqguus CY 10 using deep
seawater as the cultivation medium 134 (76)
OChun-Yen Chen', Hsin-Yueh Chang', Yu-Mei Shen',Ping-Yi Huang’ and
Jo-Shu Chang '**
(' University Center for Bioscience and Biotechnology, National Cheng Kung
University, Taiwan, “Department of Chemical Engineering, National Cheng Kung
University, Taiwan,’Research Center for Energy Technology and StraAtegy, National
Cheng Kung University, Taiwan, *Water Resources Division, Stone & Resource
Industry R&D Center, Taiwan)

P6. Fi) R B 7K 5 58 f= B % ok o 1 HLEE ) 2 S 0% R RS M) B2 135 (77)
OLFHEH, EFRE(GHERT L)
P6. Effects of deep seawater on the immunocyte activity of Caulerpa lentillifera extract 136 (78)

CHsiu-Ling Ku and Ping-Yi Huang
(Stone and Resource Industry R&D Center, Taiwan)

P7. RIRLIR R H 13 2 B AR AR BT A LRI 72 137(79)
ORI BREIE . BRF . BRECS . EEE BURR . MIREE
HEEHR?

( TEEMF TR o, BT R E XA IRAE])
P7. Amino acids content and antioxidant capacity of “wasabi” grown under below-room-temperature
greenhouses 138(80)
°Ching-Hui Chang', Ming-Hui Chen', Yeu-Ching Shi',Wen-Yin Chen', Yi-Wen Wang',
Pon-Yean Tail, Hsiao-hsuan Liu',Chung-Liang Tsai’
('ITRI Southern Region Campus, Tainan, Taiwan,”Ching Chi Wasabi Industrial Co.,
Ltd.)
P8. VR 1 S THI i K B AR 2 e 139.81)
OpfZmh ', CBIZ' | skiigh? ZMBEK' FMiE’
(ERKZE *EREBELRS)
P8. The Application of Deep Sea Water for Hydroponically Cultivated Chrysanthemum coronarium 140 (82)
°Chiy-Rong Chen’, °Wen-Hung Twan?, J i-Chung Chang', Jyun-Yi Li* and Pei-chuang
Li’
(' Taitung District Agricultural Research and Extension Station Council of Agriculture,
Taiwan, > Department of Life Science, National Taitung University, Taiwan)
PO. RE KBTS E R IEMEE 141(83)
Oppxraz !, ORGSR ', RMED 2 MEp ', WM&
(ERKRE TERBEREXURE)
P9. Positive Effects of Deep Sea Water on the Growth of Alfalfa (Medicago sativa) 142 (84)
°Wen-Hung Twan,°Chiy-Rong Chen?, Ji-Chung Chang', Yen-Wen Lin®, Jin Ho®
(' Taitung District Agricultural Research and Extension Station Council of Agriculture,

Taiwan > Department of Life Science, National Taitung University, Taiwan)

P10. VR /K ¥ REIE A AT RS B B BA % 143 (85)
OREBIS, BAR, WIS, BRE. RRE (THbE)
P10. Application of cold energy from deep sea water for the cultivation of bamboo fungus 144 (86)

°Wen-Yin Chen, Pon-Yean Tai, Hsiao-Hsuan Liu, Yeu-Ching Shi and Ching-Hui



Chang
(Green Energy & Eco-technology System Center, ITRI Southern Region Campus,
Taiwan)

PIL. FIAAZJRf (RGB) 4 iLIIE R A A MERS T LUIRE B K S 3 2 BEik#E Spirulina

platensis IRER G E
OffifRiE ', BREE . &Xam . EEE23

(BASZRCHRBAMB L, PBISLA R IR TRER, B KE
RETR B B BRI AP ZE 0, ABEE N A B B IRE RN IE 3R T LK ETRAR)
P11. Rapid estimation of C-phycocyanin production of Spirulina platensis by RGB analysis in a plate-

type photobioreactor
°Chun-Yen Chen' Jing-Fu Liao®, Ping-Yi Huang" and Jo-Shu Chang'**
('University Center for Bioscience and Biotechnology, National Cheng Kung

University, Taiwan, 2Department of Chemical Engineering, National Cheng Kung

University, Taiwan, *Research Center for Energy Technology and Strategy, National

Cheng Kung University, Taiwan, *Water Resources Division, Stone & Resource
Industry R&D Center, Taiwan)

P12. Effects of aquatic body walking using deep ocean water on stress and blood Pressure
°Shikyung Lee, Jesun Uh, Youngbae Woo, Yougill Choi
(Kyungdong University, Department of Health Management & Education,
Department of Deep Ocean Water)

P13. LSRG g 5 B B S B2 0t 88 7 v 5 A 221 1A T
OFRAAEE. RERTE. SRAME (LHHT)

P13. Identification of Bacterial Pathogen in Seahorse by PCR
°Ming-Hui Chen, Yeu-Ching Shi and Ching-Hui Chang
(Green Energy & Eco-Technology System Center, ITRI Southern Region Campus,
Taiwan)

P14. Application of desalination of seawater with saturated vapor pressure
°H.Ji, S.Y.Yun, S.W.Lee, D.S.Moon, H.J. Kim
(Deep Ocean Water Application Center, Korea Institute of Ocean Science

& Technology)

P15. SUALER A G B B 45 A BLRFE Vg /K R e VR R R B B B A A OK & S B P e

OfREM Ok EHITERT)

P15. Packaged drinking water conductivity analysis and reversed osmosis improvement of drinking

water quality by deep sea water concentrate
°Chih-Cheng Sun
(Department of Biological Technology, Yung Ta Institute of Technology and
Commerce)
P16. TRIG VKR .2 BB R AT IR
OfREA . TR FHEFR' EER?
CAEFL. P BALEE AT 2T)
P16. Studies on sensory attributes in deep sea-water beer
°Ying-Bei Chen’, Hsueh-Liang Lin', Ping-Yi Huang? and Hsiao-Chin Jen'

('Taipei College of Maritime Technology, Taiwan,”Stone and Resource Industry

145 (87)

146 (88)

147 (89)

148 (90)

149(91)

150(92)

151(93)

1562 (94)

1563 (95)

154 (96)



R&D Center, Taiwan)

P17. GREHE K R B IR IR 2 SRR HRAY 155(97)
OBt 2Rk, ZEHK. FHEM. BRE. HFXEG@EHL)
P17. Producing mineral concentrates from deep sea water 156 (98)

°Cheng-Shing Lo, Yu-Fong Huang, Chang-Hao Chan and Ping-Yi Huang

(Water Resource Group, Stone and Resource Industry R&D Center, Taiwan)
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BRI R L

(Special Symposium Session)

AE KA —2
(RERRZRERFEGRIREZHARE - HEHARR)

Chairman: Kazuyuki Ouchi

( Graduate School of Frontier Sciences, The University of Tokyo, Project Researcher)
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S1. Ocean Country: The Development and Vision of Taiwanese Marine Industries

°Huang-Hsiung Huang (Member of Control Yuan, Taiwan)

I. Introduction
Historical, world, and oceanic perspectives

II. Preparing to become an ocean country
(I) Trends in international marine development
(Appendix 1)
(2) Journey toward becoming an ocean country
(Appendix 2)
(3)
I1I. Ocean Taiwan and the public
(1) The first Ocean and Taiwan Academic
Symposium (September 2002)
— Issued the  Kaohsiung
Declaration
— Published four Ocean and Taiwan book
series
(2) The second Ocean and Taiwan Academic
Symposium (April 2009)
— Issued the Taipei Marine Declaration
— Published three Ocean Taiwan book
series
(3) Comprehensive Examination of Topics
Related to Oceans and Taiwan (September
2002—-April 2004)
— The study lasted for 18 months and
published more than 200,000 words
— Proposed six revisions and 33 survey

Marine

comments

Including: Although domestic strategic
industries have been promoted for
numerous years, current fields in

strategic marine industries are lacking.
This has caused poor performance in the
development of marine resources and
severely affected the promotion of
strategic marine industries, indicating
development neglect and failure.

IV. From exploration to implementation

(4) Exploration of marine industries: cobia and
deep seawater

(5) Industry implementation related to deep

seawater in Eastern Taiwan

Deep Seawater Resource Usage and

Industry Development Policy Framework

(Executive Yuan, April 2005 )

Deep Seawater Resource Usage and

Industry Development Implementation Plan

(Ministry of Economic Affairs, January

(6)

(7)

(3)

2006)

(8) Outline for Sustainable Development of
Eastern Taiwan (Executive Yuan, March
2007)

V. Current conditions

(1) First phase of the implementation plan

(2006-2009, extended to 2011) combined

with the Outline for the Sustainable

Development of Eastern Taiwan

Taitung County: Establishment of a

development park for the deep seawater

industry

—Including low-temperature usage of deep
seawater and multi-objective R&D
model plants (Ministry of Economic
Affairs)

—National Aquatic Species Bank — Taitung
Branch Bank (Council of Agriculture)
Hualien County: First operated by three

private deep seawater industry operators
Yilan County: Plans are under discussion
buthave not been implemented

(%)

VI. Review

(1) Insufficient basic research

(2) Insufficient basic technology

(3) Lack of specialized personnel

(4) Inappropriate establishment of government
departments

Failure of oversight functions

Lack of integration mechanisms

(2)

(3)
4

(5)
(6)
(7)
VIIL.
(1)

Outlook

Government policy has not improved: The

necessity of moving to the second phase of

the plan

Public awareness and demand in Eastern

Taiwan are growing: Active participation by

National Taitung University

Vertical and horizontal integration

— Integration between central ministries:
Forming an administrative supervisory
committee may be necessary

— Integration between local governments

(2)

(3)

VIII. Conclusion
(1) Test of will and determination
(2) Test of ability and execution
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S2. Supporting the 21° human society by deep ocean water resources
“Masayuki Takahashi

(President of the Deep Ocean Water Applications Society, Emeritus professor of the University of Tokyo and

Kochi University)

1. Introduction

Material richness of individual person
in human history has remarkably increased
due to probable active applications of
underground resources supported by the
science and technology development. But
two serious problems have been arisen, (1)
of
resources and (2) environmental pollution

possible  exhaustion underground
caused by waste disposal. It is then critical
to change from un-renewable underground
resources to renewable ones.

Deep ocean water (DOW) below a
depth of ca.200m where no enough light
future

contains

candidate for
which

necessary essential resources such as energy,

penetrates is a

renewable  resource,
fertilizers, metals, water, and minerals as a
single material. Furthermore DOW is aged,
highly stable
concentration formed under cold and dark

clean, and resource
condition over several 10 to 1,000 years.
Here resource utilizations of DOW being

developed will be introduced.

2. Resource utilization of DOW
DOW has been applied for various

commercial goods including foods and
drinks, cosmetics, bathing goods and
supplements for medical treatments. It

seems there have been up to 10,000 kinds of
DOW commercial goods in the world. Foods
and drinks, bittern, salts, bathing goods and
cosmetics are applied minerals and salts as
well as cleanliness of DOW. Drinks and

(%)

some cosmetics use desalinated DOW and
minerals of clean DOW. Some organic
matter of DOW and materials extracted from
micro-organism in DOW have now been
applied for medical treatments.

Seaweeds are cultured using the
fertilizers in DOW. Fish and shellfish have
now been held and cultured using cold and
clean DOW.

Cold DOW can be applied for
building air conditioning at more than 70%
savings of energy. Ocean thermal energy
conversion (OTEC) is now in the stage for
Metals
lithium in DOW will be commercially
extracted from DOW in the near future.

commercial operation. including

3. DOW as the major resource for the
21° human society

DOW regenerates within several 10 to
1,000 years and is huge its resource as well
as containing energy and materials essential
for human being. DOW is probably a primay
resource to support the 21% human society in
of
resources.

place un-renewable  underground

In DOW resource applications, DOW
has to be returned to the sea after removal of
resources in order to avoid environmental
perturbation. This will be solved by applying
resource utilization in series such as cascade

or multi-steps.
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S3.Future prospect of deep ocean water industry

Yoshizumi Asakawa
(Marine Gold Co. Ltd.)

1. Introduction

I would like to speak on the deep ocean
water (DOW) industry from the standpoint of a
company manager. When my company produced
mineral water from DOW, people backbit such
as “No people will buy such water by simply
extracting salts from seawater”. However, don’t
you think it is romantic to drink water from the
ocean? Due to publicity of the original idea of
drinking water from the ocean by the mass
media, the sales picked up at the start. I was
further challenged to find out possible effects of
DOW on human health together with some
With the cooperative
of Kochi

University, we succeeded in separating organic

university specialists.

research of the medical school
and inorganic substances in DOW, and found
that small persistent organic molecular materials
had anti-hardening effects on the arteries. The
findings were presented at an international
symposium. Unfortunately, further research was
extremely difficult because of fairly complex

composition of the persistent organic matters.

2. Development of a new product

Although it is not so difficult to develop
new products, it is hard to maintain the
popularity of a product. It is also hard to sustain
the sales of a popular product in the market,
because people tend to get tired and to forget
easily. It is therefore important to constantly
remind the people through the mass media that
the product is good for human health. One day, a
TV producer suggested to me that a product
should ideally have a romantic story of more

than 3 minutes for TV. It is also essential for

(N

makers to comply with legal regulations such as
the Drugs, Cosmetics and Medical Instruments
Act. It also helps such compliance by publishing
research papers on the positive effects by
research specialists such as university staffs and
being played up by mass media. The most
important for developing a new product is to
show the evidence and its logical interpretation
Without

efforts such as those mentioned above, someone

and application. spending enough
publicizing any positive health effects will be
branded immediately as trickery. Such a bad

reputation is extremely difficult to correct.

3. Decline of the DOW industry and its
recovery

Sales of DOW products have decreased
year after year in Japan. The most important
consideration for company managers in
developing new products is to make profits in
sales. What we should do for the future of the
DOW industry?

DOW resource applications have been reported

Although many researches on

annually through the DOWAS, they are only
popular and known within a limited group of
people. This is quite unfortunate. My desire is
DOW

applications and attracting the mass media. It is

encouraging more researches on
also necessary to firmly stop or forbid any
advertisement of products whose effects have
not been proven with basic research and actual

experiments.
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S4. A Transition From a Soil Minerals Expert to Ocean Minerals Expert:

The Vision of Taiwan Fertilizer Co., Ltd. for Deep Sea Water Development

Fu-Hsing Lee (Chariman of Taiwan Fertilizer Co. Ltd.)

I. From Soil to Ocean

In 1946, Taiwan Fertilizer Co., Ltd. (TFC)
was established as a state-owned enterprise
according to the agricultural policy implemented
by the Ministry of Economic Affairs. TFC has
primarily focused on producing agricultural
fertilizers. As the largest national business entity in
fertilizer production, TFC currently produces more
than 800,000 tons of agricultural fertilizers
annually for domestic industries. The company
imports and sells chemical products (e.g., urea,
potassium chloride, and calcium ammonium nitrate)
to satisfy demand in the domestic market. TFC is
also involved with the production, development,
and importation of chemical products, electronic
chemicals, and biotechnology products to supply
the needs of both international and domestic
markets. In response to the privatization policy
regarding public enterprises enacted by the
government in 1999, TFC officially became a
private enterprise and was listed on the Taiwan
Stock Exchange. On the company’s 60th
anniversary in 2006, TFC promoted its
transformed status by investing in a plant in
Hualien to establish the deep sea water (DSW)
company, Taiwan Yes, which became TFC’s
sole-owner subsidiary company in 2012. Hoping to
develop within a new industry, TFC has
transitioned from being only a soil and agricultural
company to an ocean business entity.

I1. The Beginning of the DSW Business

DSW is a water resource that has attracted
attention recently, and is famous for purity and
balanced mineral content. However, because of
geographical limitations, DSW is restricted for
industrial use to only four countries: the United
States (Hawaii), Japan, South Korea, and Taiwan.
Because Taiwan is situated in a warm tropical and
subtropical zone, DSW is widely used in the food
and beverages industry, agricultural industry, and
aquatic products. Specifically, the commercial
application of DSW in cold energy systems has
received substantial global attention. In 2004, the
proposal to investing in DSW in Hualien was
approved at a board of directors meeting.
Subsequently, TFC established the DSW plant and
park (Taifer DSW Park, TDP) in Hualien, which
faces the Pacific Ocean. This park, with an area of
46 ha, is located at the southernmost end of the
Qixintan Area in Central Hualien and is near to the

€

Hualien Harbor. The park is under development
and will entail numerous facilities, including those
intended for water treatment, drinking-water
packaging, beverage production, and an exhibition
area and holiday resort. The DSW abstraction
facility was completed in 2007, extracting DSW
for land use by employing a high-density
polyethylene (HDPE) pipe that is 4,950 m in
length and 20 cm in diameter. This pipe was
installed at a depth of 662 m in the ocean near
Qixintan. TDP is currently being developed based
on the following three-stage goal:

1. Complete the establishment of a production line
and exhibition center for tourists by (a)
constructing a DSW  abstraction facility,
water-treatment facility, and production line, (b)
developing and manufacturing products that can be
sold on the market, and (c) converting the plant
park into a tourist attraction and educational
facility. At the initial stage of park development,
TDP has been actively cooperating with domestic
university research institutions in conducting basic
research regarding DOW products and commercial
development based on the findings.

2. Construct a leisure facility: This stage marks the
first step to converting TFC from a manufacturing
industry into a service industry. The park will serve
as a tourist attraction area by incorporating exotic
restaurants, stores that sell regional products, and a
DOW spa treatment facility that will serve as an
industrial application demonstration center.

3. Establish a large-scale six-star holiday resort
hotel that will be integrated with local and DSW
elements and provide 250 ocean-view hotel rooms
and DSW spa services. By further expanding DSW
business, this goal is expected to be completed by
the end of 2017.

II1. Future Vision

In addition to being an expert in enriching soil
by using mineral fertilizers, TFC is now a
company that vitalizes human health using DSW.
As a DSW business unit, TFC is not only
consolidating relevant DSW research to further
transform Taiwan into the global leader of DSW
research, but is also employing DSW to create a
world-class health resort that will also serve as a
demonstration center to inspire the global
development of the DSW industry and promote the
use of DSW in other industries.
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1. Study of long-term water quality monitoring of deep sea water in eastern Taiwan

°Zhi-Heng Liu, Ya-Ling Hsu, Jian-Yu Chen and Ping-Yi Huang
(Stone and Resources Industry R&D Center, Taiwan)

I. Introduction

Deep sea water (DSW) has a wide range of
applications today. Many companies have already
started developing relevant products in Taiwan.
The Stone and Resource Industry R&D Center
(SRDC) has been conducting long-term DSW
quality monitoring since 2008 to establish a
guideline of water safety and to create the
consumer’s support that is required for business
development. All results were submitted to a
comprehensive water quality database in Taiwan.
This report presents the database results for the
past 5 years.

I1. Methods:

Currently, 4 intake facilities, located in
Hualien County and Taitung County, provide
reliable sources for DSW samples in Taiwan (Table
1). These facilities have periodically conducted
DSW sampling since 2008, and the DSW
Laboratory of the SRDC immediately analyzed the
samples. The indicators for water quality analysis
are presented in Table 2. Six categories, including
general indicators, nutrients, major elements, trace
elements, and harmful materials are analyzed using
National Institute of Environment Analysis (NIEA)
and National Standards of Republic of China (CNS)
standard methods. The results are presented on the
DSW Knowledge Service Platform
(http://www.dow.org.tw/water.php).

I11. Results and Discussion

The average water temperatures were 10.6 °C
at HN, 13.1 °C at HM, 10.0 °C at HS, and 10.4 °C
at TN. Seasonal changes were as low as + 0.5 °C
for temperature, £ 0.2 for pH, and £ 0.4 psu for
salinity. The results for the nutrient indicators, a
concentration of nitrate and silicate, were
approximately 2.4 pM and 75.0 pM, respectively.
DSW samples taken from Eastern Taiwan had
richer nutrients compared with surface sea water
and had characteristics similar to those of samples
from facilities in other countries where the intake
depth was comparable. No coliforms or total
bacterial count were detected, and chlorophyll a
was below the detection limit (< 0.03 pg/L). The
results for major elements are presented as follows:
Na, 11,600 mg/L; K and Ca, 420 mg/L; Mg,
1,380 mg/L; Br, 69.5 mg/L; B, 4.2 mg/L; Cl, 0.9

(13)

mg/L; and S04, 2,610 mg/L. Harmful materials,
such as pesticides and heavy metals, were not
detected. Radionuclides were within the legal
standard, which was set after the Fukushima
nuclear disaster in May 2011.

Based on the results of this study, DSW in
Eastern Taiwan is cold, stable, nutrient-rich,
balanced in minerals, and clean, similar to that in
other countries. DSW is a resource that has diverse
applications. Moreover, Taiwan's tropical and
subtropical location provides a major advantage in
low-temperature energy use, an application that
should be further developed.

Table 1 Deep sea water sampling location and

depth
Sampling . Intake
Station Location depth (m)
HN Nort.hem C.1—Smg—Tan 710
bay in Hualien
HM Cent.ral C.1-Smg-Tan 618
bay in Hualien
HS Sout.hem Q-Smg-Tan 662
bay in Hualien
TN Nonherp . Chiben 637
Stream in Taitung

Table 2 Indicators of water quality analysis

Temperature, pH, Salinity,

General indicators Total Organic Carbon

Nutrient NO;, PO4, SiOZ, NOz, NH4

Na, K, Ca, Mg, Cl, Br, Sr,

Major Elements B.F, SO,

Fe, Zn, Cu, Pb, Mn, Ne,

Trace Elements Ag,Mo, V, Sb, As

Coliforms, Total Bacterial

Microorganisms Count, Chlorophyll a

Organochlorine Pesticides,
Organophosphorus
Pesticides, Carbamate
Pesticides, Heavy metals,
Radionuclides

Harmful materials

*Testing is done in accordance with CNS of BSMI
and NIEA of EPA.
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(14)
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2. Present status and tasks for artificial under-seamount

OTatsuo SUZUKI

1. Introduction

Artificial under-seamounts were built as a
public enterprise for increasing fisheries resources
by enhancing primary productivity. This is due to
mixing of rich nutrients in the bottom water to the
euphotic zone and helped by tidal current. This
challenge followed Ryther’s classic paper (1969)
suggesting that 50% of world fish is produced in the
upwelling area occupying only 0.1% of the world
ocean.

After

enterprise constructing an under-seamount was

long term preparations, a public
undertaken in 1995. The under-seamount enhanced
primary productivity, increased the satellite detected
surface chlorophyll @ 1.5 times in the area, and
increased fish catch 6 times. Ocean fertilization is
an important subject because 60% of total protein is

supplied from fisheries products in Japan.

2. Present status of under-seamount

According to the successful results mentioned
above, the Japanese government has subsidized
prefectural governments to construct artificial
under-seamount since 2002, and constructions were
carried out in 11 different sea areas with successful
results. Then, the Fisheries Agency of Japan started
construction of under-seamounts in the exclusive

economic zone under their direct control after 2010.

3. Future tasks and prospects
Since there are natural fluctuations in various
the highly

measurements are required for detecting possible

parameters  in ocean, sensitive

effects of a relatively small man-made structure.

(15)

(Artificial Sea-mount Institute)

In ocean monitoring, flow direction, flow
speed, density and quality of water mass are
essential in detail measurements. It is also
important to find out possible vertical mixing of
water associated with internal waves created by
Chlorophyll

satellite is also important for further improvement.

under-seamount. determination by

In flow analysis, a precise model concerning
buoyancy is necessary for describing vertical
mixing of water under density stratified water
column, and turbulent flow model is also requested
for analyzing irregular motion of large vortices
formed behind the under-seamount. Furthermore a
procedure for predicting nutrients supplied to the
euphotic zone is necessary using a suitable flow
dynamic model and ocean monitoring data.

For construction technology, efficient
technology development is required in greater
The of

under-seamount is essential for both upwelling and

depths. small number artificial
fish attracting effects. For minimizing dispersal of
concrete blocks, several blocks loosely connected

together was developed for dumping.
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CHTFE, FEKR (BNERKES)

QL.

1. AIE :
FEEREF LS, WHaaE (Cordyceps
militarys) {56 & BEWML, AR
ERCEEEE, BEFLZHEREL C
militaris ERERIL. MBRERERESES
DY, mHIEMER S T E MR (adenosine),
B-1,3- 7 & fE  (B-1,3-glucan) . & B &
(cordycepin) %,

R /K (Deep sea water, DSW) &
AU ENESEEEMEBTE, 85 Mg,
Ca™ B K™ %, Rigi@EMICEEHE, DSW 7]
R EAL I 4 & K B3 A5y monascin B
ankaflavin 4 pf, TEAEZ KRB EEBE ),
DSW IR 7] 1 i & # B2 £ L,
triterpenoids E polysaccharide & &,

BRS80S R B & ou 3R HoAEfR
EEEA R R RRHIRRE, RAUFEF
A DSW 1T C. militaris #RAEHERBEEE,
i — 5T DSW K& HBfE 7 Hhapk &
AR
2. BRFE

A M FE LN i ak B KK Cordyceps
militaris BCRC 32219 2 B HE K

C. militaris Y58 YM FAREEERE £
24°C TH5E 10 K, WHEEREESELTD,
LL 24°C, 120 rpm #RERGER 5 RBEETIR
REBL[ERERE &,

RS R RN C. militaris TEFERRRIF
REZ DSW (0X. 5X. 10X, 15X % 20X)
IRREEE R P, 1E 24°C, 120 rpm TiR%EH:
& BERBEEERN C militaris BERENRER

i

' =

(16)

E2 DSW (0X, 10X, 20X & 30X) [EREE
B GIandiE s MK RAERRES WATE 24°C
T,

% TREBETTE C. militaris 3B @RET
FrinERIA R, HRIRINE 10X DSW [FE
EEZ Mg™, Na', K. Ca*", Se®. Fe*" % 6
TR Tk B E R E T,

3. fERERNR

fEREAN, TERABEEREENSy, DSW #E
1RYE C. militaris BHHISAER, I LEH &R
M, LL 20X DSW 5% C. militaris (0.765g)
HEBRERE &R LEMAK (Ultra-pure
water, UPW) 582 C. militaris (0.692g). TE
FEREEEBE S I, C. militaris 3502 RERASH
adenosine, cordycepin & EJEAZE &7 HAh
G, S cordyceoin ZAERKFER DSW
R mig NN, 30X DSW A[#2& cordycepin
& EiEF 1679 mg/g, BAEREN UPW #i,
XM, DSW 89 Mg?*, Ca** fn Fe®* ml4E
BIERL C. militaris 33BEREHZST adenosine
Bl cordycepin & EfeFtZ EEEE T,



3. Effects of Deep Seawater on the Mycelia Growth and Functional Ingredients Formation
of Cordyceps militaris under Submerged and Solid Fermentation

°Yu-Ping Hung and Chun-Lin Lee

(Department of Life Science, National Taitung University, Taitung, Taiwan)

I. Introduction

In traditional Chinese medicine, Cordyceps
militaris occupies a very important position for both
medical and edible purposes. Many previous studies
indicated that C. militaris has antioxidative,
anti-inflammatory, anti-tumor, and other properties
due to active ingredients such as adenosine,
B-1,3-glucan, and cordycepin.

The deep seawater (DSW) contains rich metals
and trace elements including magnesium (Mg),
calcium (Ca), potassium (K), etc. According to
previous studies, DSW was proven to promote
Monascus purpureus growth and functional
compounds monascin and ankaflavin formation. In
submerged fermentation of Antrodia camphorata,
DSW also promoted mycelia growth and raised
triterpenoid and polysaccharide levels.

With the rich metals and trace elements able to
stimulate the growth or metabolite production of
fungi, this study used DSW to submerged and solid
culture of C. militaris, and further investigated the
effect of DSW and its ions on the functional
ingredients formation.

I1. Materials and Methods

Cordyceps militaris BCRC 32219 was used as
the experimental strain in this study.

C. militaris was cultured in YM medium plate
at 24°C for 10 d and then cultured in the seed
culture medium at 24°C with 120 rpm for 5 d before

submerged and solid culture.

(17)

In the submerged culture, C. militaris was
cultured in different concentration of DSW (0X, 5X,
10X, 15X, and 20X) at 24°C with 120 rpm. In the
solid culture, C. militaris was cultured in solid
substrate such as red pearl barley, brown rice, and
oats including different concentration of DSW (0X,
10X, 20X, and 30X) at 24°C.

The ion solution of magnesium (Mg), sodium
(Na), potassium (K), calcium (Ca), selenium (Se),
and iron (Fe) was respectively added in to the solid
substrate with equal concentration to 10X DSW in
order to understand the role of ion on the
fermentation of C. militaris.

III. Results and Discussion

The result showed that in submerged

fermentation, DSW promoted the mycelia growth of
C. militaris with dose- dependent response. The
biomass of C. militaris cultured in 20X DSW (0.765
cultured in

solid

significantly higher that
(UPW) (0.692 g). In

fermentation, C. militaris produced more adenosine

g) was

ultra-pure water

and cordycepin contents in oats than other substrates.

Furthermore, cordycepin formation was increased
with rising DSW concentration. Thirty-folds of
DSW up-regulated cordycepin produced on to 16.79
mg/g, and which was significantly higher than UPW
group. However, Mg, Ca, Fe may be the functional
in DSW for

ions enhancing adenosine and

cordycepin levels of C. militaris-fermented oats.

75



76

4 RBAEREBH T VIIZLPEERRERBROSM TS ) FOWR
Ot #hiE GERMEIE KRS K ERIBER SRR

1. [FLHIC

TARAEEE) 12, BAROARM PRI DA
BILOFMBEORFICAE L, HREO A
PEH FEEE. FERKERIO=ZHEED
B CHEN LKA ET, WMEMEILXK 1
AT DI, M N T T RFRE - DR
BIHE S DT 5 K ) (RO THEE R EE )
SHEEIZENT TAYIAR, BREFRL TV,
B ARKBEIL 1500 m L EE 2o TS, R
FERFZEEMFHRETIL, Z DIBEOKIE
1500 m DERIZBWTCEMTT 7 DB
BIEBREZITV., BEFEMEE L AMnm L0l
RERRITCND, KBRTIIZOR/RREO—H%
BT L. RBAMEICE T 2 FENEHEOE R
EEF L 72\,
2. MELAE

FRFEEED E A S3 (35° 00° N, 135° 20" E)
(K1) 2B\ T, HRBERFONICHEE M
[EEH] (167 ton) 2LV, BT T L7 K
VORBRIEEY T IR ThRTWA, Y
AV T, IIENTIIMTD 2 v b (Motoda,
1971) . FEETIL IONESS (EL#TiEn, 2001)
DANWSNTWS, MTD TiXiEmEH S FE 1000
m % T, IONESS TIIIRE 1400 m £ COHEHK/E
T, KERENMThNz, v NOHBEIEIZ0. 33
mm HAVME 0.2 mm THb, —EDOY LT
JOFMEIZIZ. CTD (ZFawa 7 4 La8EEh &
RBIREFHTE) (L METn 7 7 A VDR
2T Td, 6|2 TONESS 1%, #8101
Y fF1F &417= CTD T, B8 & 11T L TKE (&
), KEBIOHESEZEHL WD,
3. HEROHl, BLUSEDER
CIOEATIE, BENOGE T ETIIEHET
BESORREK, FZH5 200-300 m F TIEE
BHORMERRE THIRKNRBOOND, b
\CHF S 2 & L TR K RO R
WAERRE T HIKIE - KES ORI, BRE
400-600 m ICEALTWA, @877 27 b
DOEEDAAIL, Z DX 5 KON EEE & Xt
JEL7ZME2 L TW5, 8 eE e LT,
R FEFEREFBERCESTIREOIAT
A Neocalanus B71S. FREDIKIR - K 57K
VAR L E BVWEETHEL WA, @H
WIZ I EIT, BRI AAEEOTBIZZ D
Neocalanus BB HAT A EEL T THELEY
FEMNFER (Omori, 1967) L. WEEEED
RO B ADFENHER S, %ICIBEYERY
EDILE>TZOBABEND BNT-DTE -
7=,
EMOREIL, BRINES TIEe, &5

(18)

SHTZE RKied H LR E2 BT 5720, REZER

HUCBER 727 — 2 L bV o 8 EE

THbH, Lol LRROFIDRT X DI, i,

F B ORI Nbh THRE/RLE S THD

HZEICEOEREZERREE INDELITH

5, Z 2T, FEOFROBEEMESD TR

End, LT, TE B+ T RVAEYT

BE0HE b, BEMb, BEERIBEO—>2ThH

BB,

4. SIFAXHEK

ELATRR Bt - R LR e - BFB- I
HIERT (2001) FREEISAAARSE: ZEBARA
A% >~ b IONESS (Intelligent Operative
Net Sampling System) DIXE. HIE/KEK
FIEFAARE, 10, 149-158.

Motoda, S. (1971) Devices of simple plankton
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4. Zooplankton study of Sagami Sea deep-water via quantitative stratified sampling
OYuji Tanaka
(Graduate School of Marine Science and Technology, Tokyo University of Marine Science and Technology)

1. Introduction

“Sagami Sea” is located off Kanagawa and
Shizuoka Prefectures at the central part of the
Pacific coast of Honshu, Japan. This area is
delimited by the southernmost end of Izu Peninsula,
Izu-Oshima Is. and Miura Peninsula (“‘Sagami Bay”
in a narrow sense is included in this “Sagami Sea”).
The bottom topography is complicated (Fig. 1).
Sagami Trough, branching from Izu-Ogasawara
Trench extends from SE towards the central part of
Sagami Sea, forming a valley. The maximum depth
exceeds 1500 m. From the observation station at a
depth of 1500 m, the Plankton Lab of Tokyo
University of Marine Science and Technology
(TUMSAT) is looking into the relation between the
oceanographic structure and the distribution of
marine organisms via quantitative stratified
samplings. Here, a part of the observation results
will be shown to stress the importance of
interdisciplinary study in the deep-water science.

2. Materials and method

At Station S3 (35°00°N, 135°20’E, 1500 m-deep)
in Sagami Sea (Fig. 1), depth stratified zooplankton
samplings have been done via Research and
Training Vessel Seiyo Maru of TUMSAT, by use of
MTD net (Motoda, 1971) or IONESS (Kitamura et
al., 2001). MTD and IONESS were horizontally
towed at several layers from 0 to 1000 m and 0 to
1400 m, respectively. Plankton nets with mesh
opening of 0.33 mm or 02 mm were used. To
observe the vertical structure of the water column, a
CTD with a chlorophyll-fluorometer and a
transmissometer was deployed before or after a set
of samplings. IONESS is also equipped with a CTD
at the mouth-frame of the net.

3. Results, and future issue

In this station, the surface layer is occupied by
warm and less-saline coastal water from the surface
down to a few tens of meters, followed by warm
and saline water originating from the Kuroshio. As
a typical structure, cold and less saline water from
the subarctic zone penetrates into a layer at 400-600
m. It seems that the wvertical distribution of
zooplankton here corresponds to the layered
structure of the water column. A representative
example is seen in large copepods (Neocalanus)
appearing abundantly in the 400-600 m layer when
the mid-water intrusion is clearly seen. Historically,
it was a biological oceanographer (Omori, 1967)
who first found the existence of Neocalanus in the
mid-layer of Sagami Sea and assumed that in
Sagami Sea there must be subarctic water intrusion.
This assumption was later confirmed by physical
oceanographers.

(19)

As to biological oceanographic investigations,
because observing or capturing organisms in the
field is not easy in the first place, later analyses
require some labor and time. This has been limiting
the biological oceanographic data set to be fairly
discontinuous both spatially and temporally.
Nevertheless, as is exemplified here, it seems we
can uncover the ocean by tackling holistically. In
this context, the importance of interdisciplinary
studies can be stressed. One thing we need to focus
may be to establish the means to save labor in
biological oceanographic survey by automatizing
and speeding.

4. References

Kitamura, M., Y. Tanaka, T. Ishimaru, Y. Mine, A.
Noda and H. Hamada (2001) Sagami Bay
research report: Improvement of multiple
opening/closing net, IONESS (Intelligent
Operative Net Sampling System). J. Tokyo
Univ. Fish., 10, 149-158 (in Japanese).

Motoda, S. (1971) Devices of simple plankton
apparatus, V. Bull. Fac. Fish. Hokkaido Univ.,
22, 101-106.

Omori, M. (1967) Calanus cristatus and
submergence of the Oyashio water. Deep-Sea
Res., 14(5), 525-532.
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Figure 1. Study area (Sagami Sea). The 1500 m
isobaths are drawn with a thick line.
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5. Analysis of Microalgae Lipid Cultured in Deep Sea Water

°Chemng-Yuan Lin and Suz-Hsien Wu
(Department of Marine Engineering, National Taiwan Ocean University, Keelung 202, Taiwan, ROC)

I. Introduction

Deep seawater (DSW) which generally refers to
seawater below 200 m of sea level contains rich
inorganic minerals and nutrients, and has excellent
characteristics of low temperature, poor bacteria,
and stable water properties. DSW has been widely
applied in pharmaceutics, cosmetics, aquaculture,
energy, and air conditioning, etc.

Microalgae can be grown in deserts, lakes, or
oceans. Carbon dioxide emitted from fossil
fuel-fired power plants can be absorbed and fixed by
microalgae during photosynthesis facilitating lipid
growth. DSW is considered in this study for
culturing microalgae in order to investigate its effect
on the growth rate, biomass quantity, lipid content,
and biodiesel characteristics of microalgae. The
potential of using DSW for microalgae biodiesel

production is evaluated as well.

II. Experimental Details

DSW used in this study was provided by the
Hua-Lien Factory of Taiwan Fertilizer Co. Ltd. The
surface seawater (SSW) was taken from outside the
National Taiwan Ocean University in Keelung,
Taiwan. The cultured microalgae strain Chaetoceros
muelleri was supplied from Tungkang Marine
Laboratory. Walne’s medium was added
into culture vials of the microalgae for
supplementing its growth nutrient. The
microalgae culture environment was
maintained at 25-26°C and illuminated with
fluorescent lamp of 12000 Lux. Air was
pumped into the vial to stir water so that

fluorescent light and carbon source can be

easily absorbed by microalgae for
photosynthesis.

A spectrophotometer was used to
determine the light absorption

characteristics and the optical density (OD)

21

of the microalgae in order to obtain the
correlation with the algal biomass. The
crude lipid extracted from microalgae was
transesterified to produce fatty acids methyl
(FAME). Gas-liquid
chromatography was used to analyze the
composition of the microalgal biodiesel.

esters

II. Results and Discussion

A correlation equation between the dry weight of
microalgae biomass and OD value of the culture
water was established. Figure 1 shows the biomass
of Chaetoceros muelleri cultured in DSW reached
292 mg/L, which is significantly larger than 178
mg/L of the microalgae cultured in SSW on the

same 11"

culture day. This is attributed to the rich
nitrate, silicate and phosphate contained in DSW
facilitating microalgal growth. The microalgae
cultured in DSW also showed higher quantities of

both crude lipid and FAME.

300

W
=
=]

Biomass (mg/L)

50

B SSW

¢ DSW

0 1 2 3 4 5 6 7 8 9 10 11
Time (days)

Figure 1. Biomass variation with culture time in
DSW and SSW for Chaetoceros muelleri
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6. Microbial community structures of deep seawater in Izu-Akazawa as revealed
by DGGE analysis
‘K. YAMADA', T. TERAHARA?, T. YAMAGUCHT’, T. KOBAYASHI’ and C. IMADA®
('"DHC Corporation, “Tokyo University of Marine Science and Technology)

Introduction

Although there are prospects for discovering new
and useful microorganisms in the ocean, marine
sediments and marine organisms were not seriously
considered in the search for such microorganisms
until now. As a result, limited basic knowledge of
microorganisms from seawater and deep seawater
(DSW) is available. This research was aimed at
describing microbial community structures in DSW
the of
microorganisms that were previously characterized

before isolation new component

phenotypically.

Method

Sampling of deep seawater

DSW samples were collected from DHC

Corporation’s Izu-Akazawa DSW pumping station
in Shizuoka Prefecture every month from January
to December, 2012.
Extraction and purification of microbial DNA from
DSW samples

After 2 L of DSW samples were filtered with a
Nuclepore filter (pore size, 3 um) to separate
attached microbes, the filtrate was also treated with
a Nuclepore filter (pore size, 0.2 um) to separate
free-living microbes. Bacterial DNA on these filters
were extracted and collected by the C-TAB method.
The purified DNA was kept at -20°C after the
collected DNA was purified with 3M sodium
acetate, isopropyl alcohol and 70% ethanol. In
addition, surface seawater samples from
[zu-Akazawa were treated similarly as samples for
comparison.
PCR and DGGE analysis

The primers GC341F and 907R were used for
amplifying universal DNA fragments of the
16S rRNA gene fragments (rDNA).
Nested-PCR was used for lactic acid bacteria. The
primers WLAB and 1492R were used in first PCR

for amplifying lactic acid bacteria specific-DNA

bacterial

(25)

fragments. The amplified DNA was diluted by a
factor 100 and used as the template for the second
PCR amplification with the primers WLABI and
GCWLAB2. The primers GCNL1 and LS2 were
used for amplifying universal DNA fragments of
fungal 26S rDNA. The PCR product from each
sample was analyzed by denaturing gradient gel
electrophoresis (DGGE).

Result and discussion

From the microbial community structures of
bacteria, lactic acid bacteria and fungi analyzed by
DGGE, it was suggested that various microbial
DSW. The
multi-dimensional scaling (MDS) map generated
from DGGE profiles showed that community

community structures exist in

structures are different for every microbe. Samples
of individual bands excised from the gel were
examined to identify a species. However, it was
suggested that there were a lot of uncultured
microbes because there were also many unknown
bands
identified to lactic acid bacterium, although there

bacterial clones. Four dominant were
were also a lot of uncultured microbes. On the other
hand, nine dominant bands were identified as
fungus, even though the homogeny with relative
species was only 85 to 94%. Therefore, the
possibility that they were novel fungi exists.

Thus, there were various microbial community
structures of the standard bacteria, lactic acid
bacteria and a fungus in DSW samples, and it was
suggested that many uncultured microbes also
existed. However, it seemed that it is necessary to
research further in the future to follow on this
result.

It seems that DSW with its peculiar environment is
a useful starting point for the isolation of microbes
useful in industrial microbiology, because it is
expected that there are unique microbes with

distinct phenotypic characterization.
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7. Enhancing microalgal oil/lipids production from Chlorella sorokiniana CY1 using deep-seawater

as the cultivation medium

°!'Chun-Yen Chen, 'Hsin-Yueh Chang , *Pin-Chen Liao, *Ping-Yi Huang and '**Jo-ShuChang
(' University Center for Bioscience and Biotechnology, National Cheng Kung University, Tainan 701, Taiwan,
? Department of Chemical Engineering, National Cheng Kung University, Tainan 701, Taiwan,
*Research Center for Energy Technology and Strategy, National Cheng Kung University, Tainan 701, Taiwan,
*Water Resources Division, Stone & Resource Industry R&D Center, Hualien 970, Taiwan)

I. Introduction

Today about 80% of global energy demand is
produced from fossil fuels. However, extensive
utilization of fossil fuels has led to global climate
change, environmental pollution, and health problems
(Hallenbeck and Benemann, 2002). Many countries
are thus turning their attention to the development of
new, clean, and sustainable energy sources. Among
the various potential sources of renewable energy,
biofuels are of most interest and are expected to play a
crucial role in the global energy infrastructure in the
future. Consequently, microalgae that can grow
rapidly and convert solar energy to chemical energy
via CO, fixation are now being considered a
promising oil source for making biodiesel (Mata et al.,
2010).

Microalgal lipids have attracted much attention
as future raw materials for biodiesel synthesis due to
the potential of attaining much higher lipid
productivity over other lipid based energy crops
(Chisti, 2007; Haag, 2007). Several strategies have
been applied to improve microalgae growth and lipid
content. These include optimization of the medium
compositions (e.g., type of carbon source, vitamins,
salts and nutrients), physical parameters (e.g., pH,

temperature and light intensity), and type of
metabolism  (e.g., phototrophic, heterotrophic,
mixotrophic  and  photoheterotrophic ~ growth)

(Chojnacka and Noworyta, 2004; Yeh et al., 2012). In
particular, the type of cultivation method, using
different energy sources (light or organic) and carbon
sources (inorganic or organic), is always recognized as
a key factor that significantly influences the growth
and lipid accumulation of microalgae (Chen et al.,
2011; Chen et al., 2010a; Chen et al., 2010b).

Deep seawater generally refers to seawater
from a depth of more than 200 m. Deep-seawater is
known to contain some specific trace elements and
nutrients that could be beneficial for the growth of
microalgae or for stimulating the production of
specific components in the microalgae.

I1. Materials and Methods
Isolation of microalgae

The microalgal strain Chlorella sorokiniana CY1
used in this work was isolated from freshwater located
in southern Taiwan.
The microalgae culture

(27)

C. sorokiniana CY1 strain was grown under a
light intensity of approximately 150 umol/m®/s
(illuminated by TLS), 2% CO,. The OD680 values
were converted to biomass concentration via proper
calibration between OD680 and dry cell weight (i.e.,
1.0 OD680 approximately equals 300 mg DCW/1).

III. Results and Discussion

Microalgae are considered as one of the most
promising renewable feedstock for use in biofuel
production due to their advantages of fast growing,
higher carbon dioxide fixation efficiency, and
potentially containing high contents of oil/lipids. In
this study, the autotrophic growth and oil
accumulation of an oil-rich indigenous microalga
Chlorella sorokiniana CY1 was promoted by applying
engineering strategies using deep sewater as the
medium. First, the microalga was cultivated using
LED as the immersed light source to stimulate the
production of microalgal biomass and oil/lipid. The
results show that the immersed LED could effectively
enhance the oil/lipid production, leading to an oil/lipid
content and algae biomass concentration of 53.8% and
2.6 g/l, respectively. Next, the semi-batch operation of
PBR was shown to improve the performance of
oil/lipid  content and  microalgae  biomass
concentration over the performance of batch and
CSTR cultures under similar operation conditions.
Finally, different replacement ratios (25%, 50% and
75%) in semi-batch cultivation using deep seawater
were also investigated. These results indicated that a
replacement ratio of 50% could markedly enhance the
oil/lipid content and  microalgae  biomass
concentration to 61.5% and 2.7 g/, respectively.
Analysis of fatty acid composition showed that the
main fatty acids in the microalgal lipid were palmitic
acid (C16:0), stearic acid (C18:0), oleic acid (C18:1),
linoleic acid (C18:2) and eicosenoic acid (C20:1).
This lipid quality is suitable for biodiesel production.
The knowledge obtained from this study is useful for
assessing the feasibility of using deep-sea water to
cultivate microalgae for biodiesel production.
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8. Analysis of Microbial Community Structure and Isolation of Beneficial Microorganisms

from Deep-sea Water
“Chiaki Imada', Katsuhisa Yamada®, Takeshi Kobayashi', Takeshi Terahara'
('Tokyo University of Marine Science and Technology,’DHC Corporation)

1. Introduction

Deep-sea water (DSW) collected from extreme
environments with low water temperature and high
hydrostatic pressure is a promising resource from the
applied microbiological point of view. However,
research regarding microorganisms living in DSW s still
very limited. Therefore, in the present study, microbial
population analysis of DSW and surface seawater (SSW)
was performed by denaturing gradient gel
electrophoresis (DGGE). In addition, useful
microorganisms such as lactic acid bacteria and yeasts
were isolated from  lzu-Akazawa DSW  and
characterized.

2. Materials and methods

DSW and SSW were collected from 8 pumping stations
in Japan such as Hokkaido Rausu, Iwanai, Sado,
Izu-Oshima, lzu-Akazawa, Suruga, Kochi-Muroto,
Okinawa-Kumejima from March 2009 to January 2010.
Collected DSW and SSW were filtered using 3.0 m
pore size filter. Then filtrates were further filtered using
0.2 m pore size filter. The microbial DNA was
extracted from the suspended solid trapped by the 0.2

m pore size filter and amplified by PCR using
universal bacterial primers. The PCR products were
analyzed by DGGE.

3. Results and Discussion

Fig. 1 shows the result of the analysis of microbial
population of DSW and SSW in 8 pumping stations in
Japan. The structures of DSW were different from those
of SSW in all the stations. Horizontal variations of the
structures from northern (Hokkaido) to southern part
(Okinawa) of Japan were also observed. Fig. 2 shows the
result of the analysis of microbial population of DSW
and SSW in Izu-Akazawa. The actinomycete community
structures in SSW varied seasonally, whereas those in
DSW were stable throughout the year. Notably, a unique
population was observed in DSW.

Various useful microorganisms such as lactic acid
bacteria and yeasts werc isolated from DSW in
[zu-Akazawa. The bag type filter, which was used for the
removal of the suspended solid from approximately
30,000 tons of DSW, was used for the isolation of DSW
microorganisms. Thirty-eight lactic acid bacterial strains
were isolated by MRS medium containing DSW and
identified. Thirty-five strains were identified as
Lactobacillus plantarum whereas three strains were
identified as Pediococcus pentosaceus by 16S rDNA
analysis. These strains are well-known as terrestrial plant
lactic acid bacteria. However, our isolates failed to
grow in higher temperature like the type strain,
suggesting that they have adapted to deep sea
environment although they were of terrestrial origin.
Culture supernatant of one of our isolates named as L

(29)

plantarum strain BF-13 had inhibitory activity against
tyrosinase from B16 melanoma cells. The activity is
higher than those of kojic acid and arbutin which are
often used in skin whiteners in the cosmetic industry. It
also stimulated collagen synthesis.

Eighty yeast strains were also isolated by YPD medium
containing DSW from the filter. Sixteen genera of 23
species were identified by 23 rDNA analysis. Among
them, three Saccharomyces cerevisiae strains were
selected and used for further study. They grew in the
low temperature, and had tolerance of hydrostatic
pressure, and high NaCl tolerance, suggesting that they
have also adapted to the deep sea environment. One
strain named as strain No. 51, had anti-oxidative activity
The isolation of active substances from the strains is now
underway.

Kume Muroto Suruga Akazawa Oshima .
il
S D SD SD SD S D SDSDSD

Iwanai Rausu

Fig 1. The bacterial community structures of SSW(S) and
DSW(D) collected from 8 pumping stations by DGGE

SSwW DSW
Month

3578 91011121

Month
3 4 5 7 8 9101112 1

Fig 2. The seasonal variations of lactic acid bacteria from SSW
and DSW at 1zu-Akazawa by DGGE (March, 2009~ Jan. 2010)
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9. Effects of deep seawater on algal growth and algal toxins release
°'Yi-Ruu Lin, 'Jui-Che Chen, 'Shi-Yung Chien, 'Ping-Yi Huang and “Hong-Nong Chou?
(' Stone & Resource Industry R&D Center, Hualien, Taiwan,

? Institute of Fisheries Science, National Taiwan University, Taipei, Taiwan)

I. Introduction

Deep seawater (DSW) has a relatively
constant temperature and abundant nutrients,
such as nitrate and phosphate, which are
suitable for use in algal culture. DSW possesses
clean properties, posing no risk of toxic
pollutants; it can also be used as a microalgal
fertilizer. Thus, the properties of DSW facilitate
economically  valuable

farming algae.

Microcystis  aeruginosa is a  principal
bloom-forming cyanobacteria which is present
in a wide range of freshwater ecosystems. M.
aeruginosa produces microcystin that can
induce hepatotoxicity, harming humans and
Harmful (HABs)

severely affect the economy and public health,

animals. algal blooms
because phycotoxins travel along the food
shellfish and

causing toxic incidents. Prorocentrum lima

chain, contaminating edible
plays a major role in HABs, producing okadaic
acid, as well as inducing diarrhetic shellfish
poisoning in humans.

This study involved using DSW, surface
seawater, and brine made from DSW (nigari) to
cultivate P lima and M. aeruginosa. We
observed the growth rates and concentration
levels of algal toxins and investigated the
feasibility of using DSW to cultivate P. lima

and M. aeruginosa.

I1. Materials and Methods
P. lima and M. aeruginosa were obtained
from the Institute of Fisheries Science, National

Taiwan University and cultivated in F/2 and

(31

BG-11 media. The cell densities of the cultures
were spectrophotometrically monitored at 680
nm (OD680). The algal toxins were analyzed
using HPLC.

Reactor ability test:

We compared how using bubbling and an
air-lift photo-bioreactor affected the algal cell
density.

Deep seawater efficiency test:

P. lima was cultivated to a stable phase in
F/2 medium. Subsequently, the effects of DSW
and surface seawater were compared by
measuring algal cell density and algal toxin
M.

cultivated to a stable phase, subsequently

production levels. aeruginosa  was
displaced in BG-11 medium, and combined
with nigari (hardness 0-3000 ppm) or DSW
(0%—-1%). We examined how DSW affected
algal cell density and algal toxin production
levels by using spectrophotometric monitoring

and HPLC.

I11. Results and Discussion

An air-lift photo-bioreactor increased the
growth rates of both P. /ima and M. aeruginosa.
The P lima growth rate was enhanced to
approximately 60% in DSW; however, using
DSW did not influence the release of algal
toxins. Neither nigari nor DSW affected the
growth rates or algal toxin release levels of M.

aeruginosa.
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10. Utilization of deep-ocean water for the solution of coastal fishery problems in Japan
°Shigeki YAMAUCHLI, Hiroyuki TSUTSUI (ECONIXE Co. Ltd.)

1 Introduction

There has been no substantial change in the coastal fishing
production of Japan since 1960. However, during this time the
number of coastal fisherman has decreased remarkably. The
number of primary workers (under age 65 or under age in pre
1968 date) in 2008 was only 21% of the 1963 number.
However, there has been no substantial change in the number
of elderly fishermen .Their number in 2008 was 90% of the
1963 number. Constant levels of production combined with a
decrease in the number of primary workers suggest an increase
in per capita productivity. Further, this increase in productivity
almost exactly follows the rate of economic growth in Japan.
This fact shows that Japan’s coastal fishing regions are
experiencing a decrease in manpower due to economic growth
and increased productivity in contrast with constant production
levels. That is, the decline of the region is happening because
there has been no increase in production to match manpower
and improvements in productivity. To solve the problems
caused by this basic structure, we propose directions and
techniques for the use of seawater, including deep ocean water.

2 Solutions for regional issues and the use of seawater

The reason why regional coastal fishing has stagnated is that
resources that depend on sea surface area are limited.
Maintenance of the region’s continued expansion of production
in line with domestic economic growth is needed. For
continued expansion, resources that can expand their supply,
and technology that can economically exploit those resources
are both necessary. The appropriate object of production for
coastal regions is marine products. Seawater, including deep
ocean water, is a renewable resource with a huge circulation.
Moreover, eggs and hatchlings of abalone and sea urchin,
(which live in coastal waters) could possibly support expanded
corporate production.

3 Technology for breeding capacity and the utilization of
deep seawater

Cost-effective technology is needed in order to economize

resources with potential for supply expansion. There is a cost to

supply deep seawater. Thus, the technology should expand
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Fig.1 GDP of Japan and amount of production
of coastal fishing and main working fisherman
(Correct it by the deflator).

(33)

production per unit of water as much as possible. In the
production of living things, it is necessary to increase breeding.
Production for each on it (time, density, and flow quantity) G
can be shown as the individual g times the number of
individuals n. The individual weight is difficult to greatly
increase, though some improvements might be made through
the mixing of deep seawater and surface seawater. The number
of individuals is a physical value, and its expansion should be
comparatively easy through the development of capacity
techniques. We will introduce two examples of techniques to
increase capacity in this report.

1) Increase in containment density through flow

It is known that increasing flow velocity improves breeding
density. (Uki et. al.). The concept of breeding that uses flow is
shown in figure 3. The water tank used is a flowing water tank
(patent N0.3493357). It is possible to breed abalone in about
2.5 cm of water in this system. (Hoshikawa and Yamauchi et al.
2012)

2) Increase in containment density by space use

Breeding of the sea urchin needs the adsorption side. The
adsorption side of the sea urchin is usually a plane. However,
the adhesion to the vertical in Figure 4 increases the amount of
breeding for the unit area and for each space (volume of water).
The accommodation of 500 sea urchins/m” is possible in this
case (Takahashi ez al. 1994).

4 Conclusion

. Breeding of sea urchins requires adsorption space. The space
for adsorption for sea urchins is usually a horizontal plane.
However, adhesion to a vertical plane as in figure 4 increases
the amount of breeding per unit area and for each apace
(volume of water). 500 sea urchins per square meter can be
accommodated in this system (Takahashi et al.1994).

Fig.2 Conceptual diagram of horizontal
breeding set-up using flow
Water supply

Vertical
adsorption
board

Water
level

Drain

Fig.3 Conceptual diagram of sea urchin breeding
set-up using vertical adhesion board
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11. Prospects for producing clean food organisms for aquaculture using deep sea-water

“Hung-Yu Hsu and Ping-Yi Huang (Stone and Resource Industry R&D Center, Taiwan)

I. Introduction

Deep sea-water (DSW) refers to seawater
below the euphotic zone. Compared to surface
seawater (SSW), DSW has almost no biological or
chemical contaminants such as microorganisms,
pathogens and persistent organic pollutants (POPs).
In addition, DSW is extremely clean and nutrient
rich. Consequently, DSW is ideal for producing
clean and high quality food organisms for the
aquaculture industry.

This study used DSW to conduct food
organisms of zooplankton (Rotifera, brine shrimp,
and  Acanthocyclops) and phytoplankton
(Tetraselmis chui, Chaetoceros muelleri, Isochrysis
galbana, and Nannochloropsis oculata) cultivation
tests. With the introduction of DSW, the researchers
aimed to establish a technique for producing highly
nutritional and economical food organisms used for
aquaculture, without infection from specific
pathogens. This reduces the risk of viral infection
and is beneficial for resolving current aquaculture

difficulties in Taiwan.

II. Experimental Method

For this study, 2 species of each zooplankton
and phytoplankton group commonly used in
aquaculture in Taiwan were selected. Phytoplankton
of Nannochloropsis oculata and Isochrysis galbana
were selected and cultured. PG medium which is
modified from recipes of Provasoli (1957), and
Guillard and Ryther (1962) (Chen, 2000). The
culture conditions employed were as follows: light
intensity 10,000 Lux + 20%, photoperiod 10h: 14h
(light: dark), salinity 34%., pH 7.8 + 20%, dissolved
oxygen (DO) 6.5 mg/L + 20%, and temperature 25
+2°C.

The zooplankton selected for this study were
Rotifera shrimp
DSW-cultured N. oculata were used as their food.

and brine (Artemia), and
The culture conditions adopted were as follows:
light intensity 7,000 Lux + 20%, photoperiod 8h:
16h (light: dark), salinity 34%., pH 7.8 + 20%, DO

6 mg/L £+ 20%, and temperature 25 £ 2 °C. Both the

(35)

zooplankton and phytoplankton were cultured with
SSW and DSW to the 10" generation and then
harvested. After harvest, their DNA was extracted.
This study used gene sequences from 2 viruses
commonly found in aquaculture farms in Taiwan,
namely, the grouper iridovirus (GIV) and nervous
necrosis virus (NNV), to design the primer as a
target. The zooplankton and phytoplankton DNA
were extracted as polymerase chain reaction
templates. After the reaction, DNA segments were
sequenced and quantitatively analyzed. Viral
sequences were compared using the National
Center for Biotechnology Information database.

I11. Results and Discussion

The results showed that cultivation in DSW
yielded a zooplankton with a hatching rate of 95%
and a survival rate of 90%. By comparison,
cultivation in SSW yielded a hatching rate of 90%
and of 80%. addition,
phytoplankton cultured in DSW possessed a cell
density exceeding 3.6 x 10°cells/ml, whereas the

survival rate In

density achieved in SSW reached only 2.8 x
10°ells/ml. This proved that using DSW for
phytoplankton culture can improve their growth
yield.

After culture for a defined time period,
molecular biology techniques were employed to
conduct viral tests. Viruses were detected in every
generation of zooplankton and phytoplankton
cultured in SSW. However, no viral response was
detected in each species cultivated with DSW.
These results highlight the substantial potential of
using clean DSW to produce high-quality clean
food organisms for Successful
expansion of the process scale can benefit the
development of the aquaculture industry.

aquaculture.
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f&.2 (Antrodia camphorata) BB HUE.
(RAT. BROLEE, fUdEsk. MUBLFEDIR, oh
ALy A& = w558 (triterpenoids) . AR £
(adenosine), Zff# (polysaccharide) EL B-1,3-
HEEE (B-1,3-glucan) %, E/EIE/K (Deep
sea water, DSW) ZNLAVEEHE 200 AR LA
T, EREEWHEYERMEITR, FTREM
#RRMEREA T, REREYAE RS
IMRHED, ATAMIEEE DSW AELER
REGEBEME C BB AERK, 1M s RS
a8, [BBEEMFERIRTT DSW HiRE EE
BB TR B, RILARFREUAR
IREE DSW ZKM3aR, EITiRHE & FREEE
B%, PRFT DSW &2 AR KBz %

AR
=,

1.

i

2. MBLHE -

KT ZREEHRR Antrodia camphorata
BCRC 35396 A#BaEtk DSW RMEIR (&
43400 mg/L Mg>") 3 B BIBVEEELERE K7
BRRAT (b, A#), AFENE LRRE
BHIEE Mg BEZ 2065 mg/L 5 1
& DSW ZE % ki ik 1Al DSW R
M TE4 5. 10 B 15 % DSW, #5lE
103.25, 206.5 Bi 309.75 mg/L Mg*, W1E%

[EIRE B RE A W 2K 5, TEEIER 28°C.

S Lapy

100 rpm REZEEE 7 K, WRABESBER 15 L
PDB IZEETEAE 10% FfEEE, LL28°C, @
RE 1 vivim 555 18 K, [FEREEERE D) AkE
K., REMEES, ALECELERAE 4 fEEE, 30
g EEPEMRE 10% EE, R 28°C &,
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AREFEL B-1,3-7 REE A 1E.E DRk Ay, TRE
VL HPLC 734, B-1,3-#%EELL aniline blue
5387, ALL xylidyl blue B2 o-cresolphthalein
SRR Mg™ B Ca™ BEFiRE
VIGHEBE T &,

3. fEREAR

[E] 78 3% B P oRE RS Gk AR R TR A LA S
E, M 15 fEREZ DSW &t — Sk
TEEEENAER, NREERE RER,
DSW FIEEEERBA R, 12& T8 n iR £
faN B-13-BREES &, LBORIEEE HEEEE
% DSW s Mg® HL Ca™'Mf 7R,
Mg™" BL Ca’ Hft THEH DSW BE 7%
WeEREZ BT 2RI DSW IREREE 15 1%
Bf Ca™" BETWRIKEMIE, RPABESARERK
AR & ERZ BRI BE T2, I
4% DSW R W iz B 1 4R 2% R R R TR
%, FIRER 2 AT ARSI -



12. Effects of deep sea water on the growth and ion absorption of Antrodia camphorata

°Chun-Ting Huang and Chun-Lin Lee

(Department of Life Science, National Taitung University, Taitung, Taiwan)

1. Introduction:
Antrodia (AC)

anticancer, anti-hepatotoxic, anti- hypertensive,

camphorata possesses
anti-inflammatory, and anti- oxidative effects due
to triterpenoids, adenosine, polysaccharides, and
B-1.3- glucan. Deep sea water (DSW) located 200
m or more below sea level contains rich inorganic
nutrients and minerals which can be used as
cofactors for key enzymes to promote microbial
growth or increase the biosynthesis of metabolites.
DSW was proven to increase AC biomass and
functional components production of triterpenoids
and polysaccharide in submerged culture in our
previous study. The ions bio-absorption of AC
from DSW in submerged culture and the effect of
DSW on the growth of AC in solid culture are
unclear. This study investigated the effect of DSW

on the growth and ion bio-absorption of AC.

2. Materials and Methods:

Antrodia camphorata BCRC 35396 was used
as the fermentation strain. Concentrated DSW
(including 43400 mg/L Mg*") was purchased from
Taiwan Yes Company (Hualien, Taiwan). In this
study, the concentrated DSW was diluted to the
solution including 20.65 mg/L Mg** and which
was defined as 1-fold DSW. According to the
above method, the concentrated DSW was diluted
to 5, 10, and 15-fold DSW, including 103.25,
206.50, and 309.75 mg/L Mg®", respectively, and
further used as the culture water in solid culture
and submerged culture. The seed culture was
incubated at 28°C with 100 rpm for 7 d. After that,

10% seed culture broth was transferred to 1.5 L

(39)

PDB medium and incubated at 28°C with 1 v/v/m
aeration for 18 d. In solid culture, 10% seed culture
broth was transferred to 30 g solid substrate
(brown rice, oat, red pearl barley, and corn cob)
28°C.

B-1,3-glucan were measured by HPLC and aniline

and incubated at Adenosine  and
blue method, respectively. Mg** and Ca*
concentrations in unfermented and fermented
medium were detected by xylidyl blue and
o-cresolphthalein, respectively, and calculated the

bio-absorption of ions.

3. Results and Discussion:

In the solid culture, AC mycelium growth in
red pearl barley was faster than that in the other
substrates, and 15-fold DSW further stimulated the
growth of AC mycelium in red pearl barley. In the
submerged culture, DSW promoted AC mycelium
increased the adenosine and

growth and

intracellular B-1,3-glucan contents. Comparing
Mg®* and Ca® concentrations between the
unfermented and the fermented DSW media, Mgz)r
and Ca** bio-absorption increased with increasing
DSW concentration. However, when the DSW
15-fold, the Ca®

bio-absorption did not increase, indicating that the

concentration  reached
growth and functional components levels of AC
were possibly affected by the absorbed ion.
Additionally, the absorbed DSW ions were
transformed to organic ions, which could be

beneficial for ion absorption in human.
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13. FEFRRBFERBKO O L-BBORIER FLRATEICET SHR

ORFATIERE

1 B#Y
BEREKITIRIENE, HEMER E DR
Mo, EEEPFEFITDLVZ ERMbN
TW5., B2 3o FAEWFNFEL vz
BRI L FERIRVEERREK (LLT, DSW)
HiZidEmE S L nb oo, MAe
MEtEMSE L LTIRAT5A, ELokm
MK CIXBREICFET A Z &5, DSW
DA RMAEMOR 17 58ERE LTHEET
HDHZEERALMNILTEE.
%@AAlfﬁiLt&kD DSW th >
IZFEB LT, EELFICERL
Sacc/?aromyces cerevisiae 3tR&ETBEL,
INODOFEMEIRERASLNT L=, 7235 DSW
ﬁ:}%ﬁ L7= S cerevisiae (LLF, 4y
) 13, EELdhkoRE (LLT, EUERR)
&J:t? L’Cﬁ'ﬁﬁ;mfﬂi HETEIRE, REFFEA,
Befb 2 b U A7 EOMER R D Z L

ZEEICHAS L TWS, £ T, AR
TIXEE L X b U AMHEE O B2 B RRET
EiToT-DOTHET 5.

2 Ak

STBERE & EEERR A, RBEERUK (LU, DW)
FBLODSW TRARLL 7= YPD HEHuIZHERE L,

IO DOWEHENERIZET HET (48 Ff
M) B L7, 558%, AERZEIXL, JH
B DW TUER%, FIREICFREE L /- @A bk
FARKEBRMLUTE(LR N L RAATREIT- T
(30°C, 1RffE). =%, WE{bKFEKE
PRET 27 DIZE R ZIE DV THRE L,
BEABRREKIIBERE L. Zhb0BRE

i 10 L % YPD ZEREEHICHERE L7215,
2T CTEEE R {THT-. 2%, YPD EREE

H L OFEREOEFEME S, BR{EA b L AT
P2 b L7z,

S BREIUVUBEER

DW £2Hh T2 LT-3BA, BRI

WHEBA . AT IRRE 2

Table Influence of various concentrations of hydrogen peroxide

HE fF2 (HRDHC, ? BUIBERSE)

2, 240mM

DB KROIE THHEER R OGN &
b, EYERR (280mM i) X 0 EEEFIC
BV LA N L RMEE R L2, —J5, DSW
EEHLTHEER LT2IG6, EEROB(EA ML
ZMHPEDS 280mM 7> 5 2, 240mM ~ &, FEIEA
\ZM E L7 (Table). Z D Z &h35 DSWiX
S cerevisiae DEE{L. A b L Atk Dm

WA SO EBLE RITL TWD Z L AR
iz,

Lt% S cerevisiae DEE{L. A N L X[
Z M\ kXI5 DSW ORI DUV TEEMIZFA
NP E, REWERKONTIEBKE -5
ERBREITOTETHD. BB S
cerevjsjae IZ2OWT, NAMZRBEFEE

WLV RIEFEMEILER S ED EBEX ML
AMtE bR ET 5 2 ERHEINTND D
EB P, DSWAS S, cerevisiae DFRMEFH
CRIFT B IOV T LRI LW EE
ZTW5., a6, BEREFRLEZAEYT
HHE FOMMEOBEEA N L AMMEIC RIX
T DSW DEZBIZHOVWTHLRFTEIT) TET
5.

on the growth of S. cerevisiae cultured in DW or DSW.

(40)

Concentration of hydrogen peroxide (mM)
280 560 1, 120 1, 680 2 240

Medium S. cerevisiae

[solated strain + + + + +
Type strain + + - —
DSW [solated strain ~ + + + + + +
Type strain + + + + + +
+ :Good growth, = :Poor growth, — :No growth
(1) B EETRIERASE, 13 (2), pp. 98, 2012.

(2) Biosci. Biotechnol.
Biochem. ,73(12), 2787-2789,
2009.
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13. Investigation of the oxidant stress tolerance of the yeast isolated from deep seawater

in Izu-Akazawa
°M. Nomura', K. Yamada', C. Imadaz, T. Kobayashi2 and T. Terahara®

('DHC Corporation, *Tokyo University of Marine Science and Technology)

Introduction

It is known that there are few microbes from deep
seawater (DSW) in Izu-Akazawa because of special
environmental features such as low temperature and
cleanliness. We showed that DSW is an important source
for the isolation of useful microbes because they have
different microbial community structures compared to
surface seawater, although there are fewer organisms. As
reported previously”, three strains of Saccharomyces
cerevisiae, which are useful especially in the industry,
were isolated and investigated for their phenotypic
characterization and were shown to be different
compared to the Type strain from the terrestrial
environment, such as salt tolerance, cultivating
temperature, chronological lifespan and the ability for
anti-oxidative stress. In this research, we reported the
ability of these strains to produce anti-oxidative stress,

which will be investigated further.

Method

 After isolated strains and the Type strain were
inoculated into YPD culture medium, which was
prepared either with purified water (DW) or DSW, they
were cultivated until the stationary phase (48 h). After
cultivation, each yeast cell was collected and washed
with sterilized DW. They were treated with various
concentrations of oxygenated water to create oxidative
stress (30°C, 1 h). Afterwards, they were washed with
sterilized DW to remove oxygenated water and then
suspended in sterilized physiological saline. After 10 pL
of these suspensions were inoculated on a YPD agar
medium, there were cultivated at 27°C. After cultivation,

the ability to induce anti-oxidative stress was compared

with each strain of yeast based on their growth on the

(41)

YPD agar medium.

Result and Discussion

Isolated  strains  showed  remarkably  higher
anti-oxidative stress levels than in the Type strain in DW
medium. On the other hand, the anti-oxidative stress of
the Type culture improved remarkably from 280 mM to
2,240 mM when cultivated in DSW. Clearly, DSW had
some influence on improving the ability of S. cerevisiae
to create anti-oxidative stress. In order to investigate
more closely the mechanism to improve on this ability of
S. cerevisiae, plans have been made to examine
cultivation using surface seawater and artificial seawater.
In the case of artificially extending the chronological
lifespan of yeast, since it was reported that the yeast's
ability to produce anti-oxidative stress has improved as
well ?, we are considering investigating the influence of
DSW on the chronological lifespan. Furthermore, plans
have been made to examine the influence of DSW on the
ability towards creating anti-oxidative stress in a human
cell, which is a eukaryotic cell that is similar to yeast.
(1)Deep Ocean Wat. Res., 13(2), 30, 2012.

(2) Biosci. Biotechnol.Biochem.,73(12),2787-2789,

2009.
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2Water Resource Group, Stone and Resource Industry R&D Center, Hualien, Taiwan,
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I. Introduction

Deep sea water (DSW) is characterized by high
purity, low temperature, high nutrients and minerals
and is obtained from the water flows 200 m under the
surface of the sea. Seawater has been identified for
containing higher levels of magnesium (Mg™),
calcium (Ca®"), and potassium (K) and selenium.
DSW being highly clean compared with surface and
mid-sea water is superior for biomedical applications
for humans as well as for foods and drinks. The
biomedical application of DSW in reducing lipid
profile and improvement of atherosclerosis,
dermatitis syndrome and allergic skin responses has
been demonstrated. DSW intake delays cataract
development and prevents atherosclerosis. High
concentration of Mg®* has been reported to affect
Helicobacter pylori infection, gastric ulcer and
ameliorates gastro-oesophageal reflux disease. It is a
fact that diets low in antioxidant vitamins and other
micronutrients such as selenium can modulate the
conversion of H. pylori-associated active chronic
gastritis from its early stages to chronic atrophic
gastritis. Based on these results, DSW with specific
components may have the protective potential against
oxidative stress and inflammation. However, data
regarding the possible mechanism of the intestinal
protective effects of DSW drinking on acetic
acid-induced duodenal ulcer have not been reported.
In the present study, we have evaluated the
ingredients, antioxidant H,O, and HOCI activity,
oxidative redox potential (ORP) and pH value in vitro
in different hardness adjusted by the bittern extracted
from DSW. We determined the responses of intestinal
hemodynamics, partial pressure of oxygen
concentration, temperature and oxidative stress and
apoptosis genes profiles to water restriction, TW (tap
water), and DSW drinking. We hypothesize
inflammation and oxidative stress may enhance
apoptotic cell death formation in the duodenal ulcer.
After one-week of TW or DSW drinking, we
evaluated the intestinal protective effect of DSW
drinking in the rat subjected to acetic acid-induced

duodenal ulcer by pathologic scoring and western
blot. We also compared the effect of waters
containing MgCl, or selenium on acetic acid-induced
duodenal ulcer. We suggest that DSW drinking may
attenuate reactive oxygen species (ROS)-triggered
apoptosis in the duodenal ulcer via its specific
components.

II. Materials and Methods

We characterized the pH, ORP value, antioxidant
activity, hardness, and concentrations of minerals or
micronutrients selenium in the DSW. We explored
the responses of pH and ORP value in the stomach or
duodenum, the duodenal pressure, oxygenation, and
microvascular blood flow by OxyLite 2000E plus
OxyFlo systems and analyzed the oxidative stress and
apoptosis gene expressions by RNA purification
microarrays in the duodenal epithelium in response to
tap water (TW, hardness: 2.48 ppm), DSW600
(hardness: 600 ppm) and DSW1200 (hardness: 1200
ppm) infusion in male Wistar rats. We evaluated the
effect of DSW, MgCl, and selenium water drinking

on duodenal ulcer by pathologic scoring,
immunohistochemical and  western  blotting
techniques.

II1.Results and Discussion

DSW is characterized by higher pH value, lower ORP
value, higher minerals such as Na®, K*, Ca®*, Mg**
and higher micronutrients like selenium. DSW
displayed a higher antioxidant H,O, and HOCI
activity when compared to TW samples. DSW600 or
DSWI1200 significantly (P<0.05) up-regulated
antioxidant and  anti-apoptotic  genes  and
down-regulated proapoptotic genes expression vs.
TW-treated group. Water infusion significantly (P <
0.05) increased intestinal pressure, O, and
microvascular blood flow to a similar degree in both
groups. Drinking DSW600, DSW1200 and selenium
water but not Mg?* water significantly attenuated the
ulcer area and apoptosis formation in the acetic
acid-induced duodenal ulcer.

In conclusion, DSW containing selenium provides
intestinal ~ protection  via  antioxidant  and
anti-apoptotic mechanisms.

(43)
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('Toyama Institute of Health, “Dept. of Dermatology, *Dept. of Welfare Promotion and Epidemiology, Graduate

School of Medicine and Pharmaceutical Science, University of Toyama, ‘Faculty of Art and Design, University of

Toyama, *Corp. Wave Namerikawa, “Toyama Occupational Health Liaison Office)

Objective

The aim of this paper was to report our studies of
health effects on preventive measures against
metabolic syndrome, health related quality of life
(QOL) and skin condition using long-term and
continuous exercise bathing in deep sea water (DSW)
plant.
Subjects and Methods

120 women aged from 40 to 69 years (73 fat women
with waist circumference (=90cm) or body mass
index (= 25) and 47 non-fat women) were recruited 3
times separately. The subjects had exercise bathing
mainly walking in DSW of 34 “C more than once a
week for 3 months. Before and after the 3 months’
exercise bathing, body measurement, biochemical
blood test, QOL of SF36v2™ questionnaire and skin
condition were examined. To estimate for seasonal
influence on skin, additional examinations of skin
condition were conducted when not in DSW bathing
in 2" and 3™ term groups. These studies were done
with the approval of the Ethical Review Board of the
Toyama Institute of Health.
Results and Discussion

63 fat and 42 non-fat women (total 105 persons, 88%
of subjects) who participated in end investigation were
examined. The frequency of exercise bathing for 3
months had the average of 30 times. After the 3
months® exercise bathing, weight and waist
circumference decreased significantly in fat women,
and waist circumference decreased significantly in

non-fat women. Moreover, HDL-cholesterol in serum

(45)

increased  significantly, and HbAlc reduced

significantly in both fat women and non-fat women. It
was suggested that the 3 months’ exercise bathing in
DSW is effective against metabolic syndrome.

After the 3 months’ exercise bathing, VT (vitality)
and GH (general health) of QOL health subscales in
participants increased most, then BP (bodily pain), PF
(physical functioning), RP (role physical) and MH
(mental health) increased, and MCS (mental summary
score) and PCS (physical summary score) also
increased. Although fat women had low scores of PF,
GH, VT, MH and MCS compared with non-fat women
at the starting time, no differences were seen at the
end time except GH and PCS.

There were many replies of "it became good" such as
"it carried out gently" and "not carrying out restfully"
105 participants in

from 49 persons among

questionnaires of skin condition after the 3 months’
exercise, but the measured index of skin condition
(such as transepidermal water loss, stratum corneum
moisture and skin surface pH at forearm and abdomen)
were thought to be aggravated during examination
period from September to December and to be
influenced by season. About the index of skin
condition, no significant interaction was seen between
exercise bathing and the measurement time. A
further study for skin condition by DSW bathing is

needed.
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16.Bioactive compounds of bacteria isolated from deep ocean water

and the recent progress for their utilization

°Keiichi Enomoto

(School of Environmental Science and Engineering, Kochi University of Technology)

1. Introduction

Deep ocean water has been used as energy
resources, marine resources, food materials,
and cosmetic materials. It has been also tried to
use enzymes and bioactive compounds
produced by microbes isolated from deep ocean
water. However, it is essentially important for
practical use of microbial products to ensure
the supply and reduce the cost by improving
productivity and purification methods. We
report here our study toward the utilization of
violacein, a bioactive pigment produced by
bacteria isolated from deep ocean water.

2. Methods
Water sampling of deep ocean water was
conducted at the Kochi prefectural deep

seawater laboratory. The chemical structure of

the pigment was analyzed by mass
spectrometry and NMR.
3. Results

Pseudoalteromonas sp. strain 520P1, the
bacterium isolated from deep ocean water,
produced a blue-purple pigment. This pigment
was identified as violacein, using mass
spectrometry and NMR. Violacein is an
antibacterial pigment produced by terrestrial
bacteria including Chromobacterium violaceum
and Janthinobacterium lividum and marine

bacteria belonging to genus Pseudoalteromonas.

In addition to the antibiotic activity, we found
that this pigment showed cytotoxicity to
leukemia cell lines HL60 and U937. Thus,
violacein was considered to be useful as a
physiologically active compound.

Violacein production however required
complicated culture conditions because
violacein biosynthesis by strain 520P1 was
under the control of Quorum Sensing (QS), the
regulatory mechanism of gene expression in

(47)

bacteria. Strain 520P1 therefore seemed
unsuitable for industrial violacein production.

In order to avoid control by QS, an enzyme
gene cluster responsible for violacein synthesis
was isolated from the genomic DNA library of
520P. Then the gene cluster was inserted into
pET vector, and expressed successfully in E.
coli. On the other hand, we isolated a variant
strain of 520P1 that is considered to have a
mutation in QS mechanism. This variant
produced violacein easily by conventional
shaking-culture methods. Using recombinant E.
coli and the variant, culture time was shortened
to 1-2 d from 7-10 d when strain 520P1 was
used. The yield of violacein was also improved
by about 3-folds. Moreover, large-scale
purification of violacein was achieved by a
simpler method.

4. Discussion

Even if a useful compound was found in
microbes, it does not result in utilization in
many cases because of insufficient quantity and
the high cost of production. In this research, we
were able to overcome most of these problems
and are supplying violacein samples to
industries and research institutes. However, to
introduce compounds including violacein into
the market, the participation of companies that
produce compounds and use them for industrial
products is indispensable as important
stakeholders.
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1. Introduction
We reported earlier the potential effects of
refined deep-seawater (RDSW), a kind of

high-mineral drinking water, on human health.

Drinking RDSW improved cardiovascular
disease and suppressed the colonization of H.
pylori in the stomach and tumor growth in
vitro and in vivo. The final goal of this study

1s to elucidate the mechanism in which

drinking RDSW suppresses the tumor growth.

Now we are identifying the proteins involved
in tumor growth suppression induced by
drinking RDSW and progress is reported
herein.
2. Materials and Methods

RDSW was prepared from deep-seawater
off Muroto in Kochi. The deep-seawater was
conditioned to give 5 types of magnesium/
calcium (mg/L) ratios of A : 100/200, B :
150/150, C : 200/70, D : 240/0 and E : 0/350.
The RDSW and distilled water were used as
test and control waters, respectively.

Nude
allowed free access to RDSW or control

mice (male, 4-week-old) were
water for 2 weeks. Then, 1x107 of each tumor
cell (Human gastric cancer cell: MKN-45 or
Hela)

injected in the subcutaneous part of the

Human uterine cancer cell: was
posterior cervical region. The injected mice
continuously accessed RDSW and control
waters. Two weeks later, the animals were
sacrificed and tumors and sera were obtained.

All tumors homogenized by ultrasonic

device and sera were subjected to western

blotting (two dimensional electrophoresis) to
evaluate the immuno-reactivity and the
antibody profile was compared between
RDSW and control groups. The protocols are
below.

1*' step, based on the antibody profiling,
the proteins whose profile differed between
two groups were subjected to LC-MS/MS
analysis.

2" step, cDNAs of candidate genes from
LC-MS/MS analysis were prepared based on
mRNAs and used to make a plasmid which
constructs each gene-His fusion protein. All
fusion proteins expressed in E. coli were
subjected to western blotting to evaluate
immuno-reactivity according to 1% step.

3 step, cDNAs of candidate genes from
ond step were used to make a plasmid which
constructs each gene-FLAG fusion protein.
We evaluate the cell viability of tumor cells
transfected with each plasmid.

3. Results

Tumors (MKN-45 and Hela) grown in mice
were significantly smaller in RDSW group
compared to control group. Antibody profile
showed that ca. 50 kDa (MKN-45 and Hela)
and ca. 30 kDa (Hela) proteins were found in
only RDSW group. At 1% step, 44 (MKN-45)
and 22 (Hela) genes were candidates and
could be narrowed down to 9 and 5 after 2™
step. Now we are making the transfectants
based on MKN-45 and Hela cells to identify

the proteins involved in tumor growth

suppression induced by drinking RDSW.

(49)
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18. Changing research themes and future applications of deep sea water

©Akira Nagano' Toshiro Ito®,Hisae Takesita’

1. Introduction

There are 16 deep seawater (DSW) intake
facilities in Japan that benefit the fishery
industries. It has been 15 years since subsidies
system were established with the Fishery
Ministry of Agriculture,
(MAFF). DSW

Agency of the
Forestry and Fisheries
research has depended on social and industrial
needs. An overview about intake facilities
and traditional research theme and recent
changes are presented in this paper.
2. The DSW facility and its utilization in
Japan

The extraction of functional materials,
drinking water and thalassotherapy from DSW
occurs in small amounts. The wash water of
fish wholesale market, fresh fish and fish
processing facilities use a lot of DSW. Intake
facilities for fishery purposes are assisted by
the Fishery Agency. Nine intake facilities
producing over 1,000ton per day were added by
the Agency. Therefore the fishery usage is
about half, while the rest is not limited. For this

reason, DSW has a variety of applications,

hence it is promoted in Japan.

50

40

Wintake facility M system of multi utilization B healthcare  biological engmeering B ag icultural and livestock M oceanfishery B water quality

(53)

('All Japan Fishing Port Construction Association,’Fishery Agency, Ministry of Agriculture, Forestry and Fisheries)

3 . Tradition of research theme of deep
seawater

The DSW research theme presented annually
in the conference of the Deep Ocean Water
Application Society are classified to 6 items
such as water quality, ocean fishery,
agricultural and livestock, health care, system
of multi utilization and intake facilities (Fig-1).
At the start, there were many works about
intake facility, water quality and ocean fishery,
and a little on agricultural and livestock and
health care. In recent years, work on thermal
energy, economic efficiency, fishery production
system and biological engineering became the
fundamental study of DSW.
4 . Challenges in the use of DSW

DSW has three advantageous points namely,
cleanliness, low temperature and plenty of
inorganic nutrient salts. These features of DSW
should be exploited in fishery processing and
development of fish culture. Fishery officials
are not directly interested in DSW. However,

fishery agency, local govermments, research

institutions, private sector and graduate
institutes  should  conduct  collaborative
research.

No Theme
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New Goods Produced by Using Deep Sea Water in Toyama Bay

——An Example of University Laboratory——
°Yoshida Ryuji', T. Furumai', S. Nakaso” and T. Shiba’

(‘Advisor, Deep Sea Water Association in Toyama Prefecture and

? Shinminato Kamaboco Co., Ltd., Japan)

1.

In

Introduction
1997,

involving the effective use of deep sea water in

the non-fishery field project

Toyama bay was started. At the present time,
new goods produced by Toyama Prefectural
University (especially in Drs. Furumai and
Yoshida laboratories) were more than 60 items.
Our interests were focused on agricultural
products use for quality and quantity
improvement, foods, alcoholic beverages and
cosmetics. We should be noted here that the
concept for the good development is one item
per company and first come, first service. In the
present paper, we would like to introduce about
the kamaboco-chips produced from fish meat
paste, beer and cosmetics. All goods were
supported by the additive effect of deep sea

water.

2. Kamaboco-chips

The traditional Kamaboko (boiled fish paste)
is composed of fish meat, potato starch, and
salt. However, western-style-izing of eating
habits in Japanese causes a decrease of personal
consumption of Kamaboco, especially in young
This

proposed that an increase of consumption is

generation. social phenomenon is
necessary to develop a new-type Kamaboco.
Therefore, breakthrough has been made by the
combination of fish meat, deep sea water, rice
powder, tapioca powder and monosodium
glutamate. The chips (1~1.5mm thickness)

were completed according to deep fry or roast.

(35)

Now, 5 items are on sale.

3. Alcohol beverages

In the case of beer and shochu (Japanese
spirits) production, the acceleration of yeast
growth was the most important factor for the
alcohol fermentation. In this project, the
alcohol content in barley malt liquid or shochu
malt liquid was accelerated by the presence of
deep sea water. Additional rate of deep sea
water was 0.4% to 0.8 %. On the other hand,
the ripeness of shochu was stimulated by using

the supersonic wave (40 KHz,12 mW).

4. Cosmetics

One of mineral matter for cosmetics is quartz
porphyry. This objective was to develop the
new functional cosmetics by using the super
powder of quartz porphyry. As a result, the gel
compound (named Fun-A-Ore) with deep sea
water and the soap containing its gel compound
gave evidence for the positive effect to Rat
skin-heat injury test. The soap (Fun'Prese moist
soap) also has the removing effect from guinea
pig skin of active oxygen. Thus, the gel
compound of quartz porphyry with deep sea
water acts as an anti-oxidant.

From results obtained here, we would like to
conclude that the deep sea water in Toyama bay
was very useful to develop foods, alcohol
beverages and cosmetics for new style.
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20. Prospects for University-Industry Collaborations Between the Deep Sea Water Industry
and National Taitung University
01Chiung-His Liu, 2Wen-Ching Wang, !Jin-Yuan Liu, 2Shiang-Kueen Hsu, 'Hsiao-Chi Chen, lWen-Hung Twan,
'"Yun-Fang Chen, 'Chien-Chih Feng, 'Chun-Lin Lee, *Chen-Yu Chang, 'Chiy-Rong Chen, 'Meng-Chu Chen,
'Chun-Kuei Yang
('National Taitung University, “Neng-Gao Entertainment Corporation, *National Taitung College)

I. Introduction

The Deep Sea Water (DSW) industry in Japan
started in Kochi in the 1990°’s. In Taiwan, water
pumping systems were installed in Hualien by private
enterprises and DSW products were produced in 2005.
The Ministry of Economic Affairs (MOEA) in Taiwan
decided to construct a low temperature sea water and
multipurpose technical R&D model plant in Taitung in
2007. Taitung has now become one of the significant
centers of the DSW industry. Supported by the
National Science Council since 2008, Prof. Lee of the
National Taitung University (NTTU) found that DSW
accelerated the growth of Monascus sp. and Antrodia
the
metabolites. DSW also accelerated hypolipidemic

camphorota and formation of functional
effect of Monascus sp. and the liver protection effect
of A. camphorota. These two papers have been
published in two SCI journals, Journal of Agricultural
and Food Chemistry, and Applied Microbiology and

Biotechnology.

I1. Development Status

After NTTU established the DSW R&D Center
in May 2010, Neng-Gao Entertain- ment Corp. started
the cooperation with NTTU
establishing the green technology industry master
program in Aug, 2011. T.Y. Lin, Z.Y. Lin, Y.S. Cheng,
C.Y. Lee, and FW. Gu studying foreign tourists,

and assisted in

thermal energy utilization, Agaricus blazei, coastal
recreational activities, and indigenous people’s issues,
respectively, finished their master's theses and will
work in the Neng-Gao Entertainment Corp. in Sept.
2013. In addition, five master’s theses relating to
DSW will be presented in 2014.

Since June 2013, NTTU has cooperated with the
National Taitung College, and signed letters of
intention with DSW Production Co. Ltd., Neng-Gao

Entertainment Corp., Rich Gate International Ltd.,

(57)

Basket Co. Ltd,
Co., Ltd.
Technology Development Program for Academia of
the MOEA, NTTU has made an effort under the
3-year-research project on key technologies of DSW

National and Chin-Ang

Pharmaceutical Supported by the

in Taitung and has acquired the abilities for research
and development including project office, website,
database, patent and technology transfer service,
industrial counsel, planning abilities and information
platform for industry,

exchange government,

universities, and research organizations. Besides,
President J.Y. Liu held a conference and invited local
and international experts to discuss water pumping
technology. The following are ongoing DSW projects-
“Using DSW and its ion develop lactic acid bacteria
fermented products that reduces body fat” by Dr. C.-L.
Lee, “Technology for producing natural antioxidants
from microalgae cultured in DSW” by Dr. W.-H.
Twan, ‘“Manufacturing process study and functional
ingredients analysis of DSW plum-wine” by Dr. C.-R.
Chen, “Cold energy utilization in air conditioning” by
Dr. M.-C. Chen and “Research on using DSW in
vegetables, meat, and fishery preservation” by Dr.
C.-Y..Chang. Based on the above-mentioned projects,
the NTTU Innovation & Incubator Center made a

DSW industry investment brochure.

I11. Prospect

NTTU will keep expanding the collaboration
with enterprises for developing talents on the basis of
research effort and market demand, and keep offering
DSW industry courses. NTTU will start on the DSW
industry master program in 2014 to train management
and research talents for the Taitung DSW industry. It
is expected that NTTU could become the center to
generate knowledge and to exchange information and
technologies within the Taitung DSW industry.



116

Q. FARBRAKUBEFBRLRARRZRBBKEN E R
EEWR, B2, ERE, BARE(GEDL)

k

A Y

a

GREmKERRKIR, S2WME. KE
RiF, RERLEZRME, HREREKP
HEEENHEYES 2, AEBEENRER
RS 8 NS E0OMBEREE T, WREEREE
TR B AR 7T AR AR S5 TR, 1EARE A
B ESEE -5 B0 T R LR R #R R 00 R
B, K, anfaa s RiRB g K PR
REEXER EEEOMERE, BaiE}d
T HE BB KR R R iR A BB T IL
i, AR A IEE LR/ MRS TR E,
BRVE R AR 5 LU T B VR &L B 0 BRI & p A
ZHESA, A T AR ERIERAR, ITFEHKE
B Er S SeH FVERE Sy B 5 1R B RRIBAK R Y
FiBE R 7, SR, BESKGE FVERE 0 B 51k
Al R R BRATEEAR B T I B K HRERAR, (R
EGFEE AR B TERR A (R RF IR & & Ak
VRIEE K F B R 5 Ol s, TEBLELRRE T,
A ERE Y —EL BB KERIER
e, N FE R FRIEE IR R IR U R BB 5
Rk A 3 2 R B Ve /K P A BR AR B 1 I (R B
R NS A SRR Y,

5]

&

—. EBRTERPR

AT 1) R SRS 5B B0 1R & v 7K Bl A
SRR E 2 AT AR 5y K ER R E A T i At
B, WO IER G S G AL RELRE T BT
RIAEEYBRIFKZ 85, FFiRERMERS
R,

HOBTRRAE 7 2 PSB85 —PEEE(NF1)
FSEITIRE KRB LA R, BlE—
W B FITAE 7E 2 SR 7K B KR 2 38 P B (NF2)
ZAHERLK, 7 s A AR AR R I R AR T
EW 8, SERET IR R EAIREE 7 2 B

(58)

BRI, LUESRELCIBIERE, EESK
FLIBTERE I 1R, ATl — RS B
FIBIE R B ERE S, AT ETEUR S 2
85, SEBET-IRED R R TBLIREE T RBRE, LU
R RIELZ WEEAREE T BBRUU R 85, X5
TR B BRAEIR I,
=, EREFR

AHFFERR Th A 2 B N R e R A 2K
1 2 BRI BV 7K R <2 Rk B AR B 7 317 [R] AR ¢
B K NGB IS5, SRt 7S 0EY)
E, HERERAH, BIEKEEBIEEN
FREMEEY 28, SEBE T IRE R EAEE
R ERRE, & ABREEUR+HRRP+C) B
EATIRIERE TR, PTERED Z MBEIREET
EERE (62.2%) RAREKN A —BEEKERE
BAEUE(C + P)FTESEY (98.8%), HIt
AL, BRAE P+C BANE A AR ERRIEEE K
PHORTERIREE T, TEHIRET, ABFFEFA
PRI C + P R EERIEBE K PRI EEAR BE T
A 1 — 45 135 18 38 N 2318 I8 R AT B EE /) 5
KR FAEDANZ ., FRETIRE,

BEEMERATH & NFI R H NF2 %
TR HRAERE 1) B R 150 psi B FRERARA
N §5 BT BLEEBE T AR B B W] 45 Bl R
72.5%%0 34%, A, HRBEERERAEH, £
MR RATRER % AW, HPH/EERE T L)
A[3E 0.6:1, JNRTRBIEKIFEKZ 0.3:1 25,
RN R 5E A 1T Y P E58E L FIRIRE ST,
M IERAE T — (B H @ IE R LR R
fF, AT EBRIEE MEK P RO EE AR BT
WHEFFEE IR E S &, 7 AL EYHHR AT
Z S PR 2 BE - K



117

21. Removing sulfate ions from deep seawater through a multi-step membrane filtration process

“Yu-Fong Huang , Cheng-Shing Lo, Chang-Hao Cheng and Ping-Yi Huang

(Stone and Resource Industry R&D Center, Taiwan)

I. Introduction

Deep seawater (DSW) has attracted

substantial attention because of its low temperature,
cleanliness, contents, and potential applications in
food,

Researchers have recently focused on separating

agriculture, and renewable energy.

and concentrating mineral contents from DSW to

extend its applications; however, sulfate ion

removal must be considered prior to the
concentration process. The failure to address sulfate
ions reduces volumetric capacity and causes
premature equipment failure; precipitate formation
(e.g., calcium sulfate) also decreases the mineral
content of water. This study involved developing an
efficient nanofiltration (NF) process to remove
sulfate ions and preserve desirable minerals in

DSW.

11. Experimental

The proposed system comprised 2 NF units.
The first NF unit, NF1, contained a DSW tank, a
pre-treatment filter to remove particles from DSW,
a high pressure plunger pump, a NF tubular
membrane module, and a buffer tank. A stream

(concentrate or permeate) was selected as the

feeding source for the second NF process (Figure 1).

The second NF unit, NF2, contained a buffer tank,
high pressure pump, and an NF tubular membrane
module. ICP-OES (Optima 2,100 DV, PerkinElmer
Instruments, Columbia, MD, USA) was conducted

to determine the mineral concentrations in waters.

11I. Results and Discussion

Filtration route and operational pressure

(59)

played critical roles in mineral contents in the
product. The analyses indicated that the C + P
filtration route attained a higher (98.8%) sulfate ion
rejection rate than that in the P + C route (62.2%),
indicating that P + C route is unsuitable for DSW
sulfate removal. Thus, the P + C filtration route was
applied for DSW in this study. Subsequently, the
operation pressure was increased to promote
mineral retention in products. Notably, when the
operational pressure increased to 150 psi, retention
of calcium and magnesium ions reached 72.5% and
34%, respectively. Moreover, the sulfate ion
rejection remained approximately at 97%. These
findings indicate there is an effective filtration
process that rejects sulfate ions from DSW and

retains the minerals in the products.

{onientrate
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Figure 1. Schematic diagram of NF filtration

processes.
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22. Hardness Water Production From Deep Seawater By RO/NF/ED Linking Process

°Deok-Soo Moon, Kwang Soo Kim, Ho Ji, Mi Yeon Choi, Hyun Ji Jung and Hyeon-Ju Kim

(Deep Ocean Water Application Center, Korea Institute of Ocean Science & Technology)

Reverse osmosis (RO) membranes can
separate dissolved materials and freshwater
from seawater (deep seawater). The desalinated
the second RO

membrane was completely removed of its

water passing through
dissolved substances of more than 99.9%,
resulting to its hardness concentration being 1
mg/L or less, and its chloride concentration 2.3
mg/L. Since the nano-filtration (NF) membrane
pore size is 10° m, 50% of magnesium and
calcium ions cannot pass through the NF
membrane, while more than 95% of sodium
and chloride ions can pass through the NF
membrane. NF membrane could separate salt
components like sodium and chloride ions from
hardness ingredients like magnesium and
calcium ions, but their separation was not
absolute. Electric dialysis (ED) membrane
system can separate single charged ions (like
sodium and chloride ions) and double charged
ions (like magnesium and calcium ions)
independently depending on their electrical
conductivity. At the electrical conductivity of
more than 20mS/cm, hardness components
(like magnesium and calcium ions) were not
removed. On the other hand salt ingredients
like sodium and chloride ions were removed
continuously.

Thus, we were able to concentrate hardness

components (like magnesium and calcium ions)

using the NF membrane which also could

(62)

separate salts ingredients from the hardness
concentration water using ED membrane
system. Finally, we were able to produce a
highly concentrated mineral water with its
chloride ions removed with hardness
concentration of 12,600 mg/L and chloride
concentration of 2,446 mg/L. By diluting 10
times with the secondary desalinated water
obtained by RO, this highly concentrated
mineral water could produce high mineral
water suitable for drinking water standards with
chloride concentration of 244 mg/L and
hardness concentration of 1,260 mg/L.

Using the linked process with RO/NF/ED,
hardness components like magnesium and
calcium ions could be concentrated, while at
the same time removing salt ingredients like
chloride and sodium ions without heating. Thus,
using only RO, NF and ED membranes without
heating seawater can possibly produce drinking
water containing high hardness suitable for
drinking water standards, while reducing the

energy required for evaporation.



23. Design and experiment of 20kW Ocean Thermal Energy Conversion pilot plant

“Ho-Saeng Lee, Sang-Wong Cha, Young-Seok Kim, Ji-Hoon Son, Hyeon-Ju Kim

(Deep Ocean Water Application Center, Korea Institute of Ocean Science & Technology)

The potential capacity of ocean thermal
energy conversion is known to be 1.1 trillion
kW or 100 times bigger than the total energy
demand of the world as of 2000. The

appropriate  locations for a large-scale
commercial plant are on the ocean along the
equator and in the subtropical regions between
the 20° north and south latitudes, where a
higher energy density can be obtained from the
ocean temperature difference. If the application
of various unused energy sources (such as solar,
ground, wastewater, thermal, and ocean thermal
energy) in higher-latitude regions is diversified,
the commercialization of such energy sources is
and

considered possible, to cover small-

medium-sized demands for power. Ocean
thermal energy conversion (OTEC) is regarded
as a less variable and sustainable new energy
source, but its commercialization requires
phased demonstrations and efforts to reduce the
power generation cost through a business
strategy. In this regard, countries such as the
U.S. and Japan have been promoting various
developments and researches in this field, and
its feasibility has been presented in analytical
studies on the initial investment required and
the power generation cost. To experiment with
20kW OTEC, the closed-cycle type of OTEC
was designed and manufactured. R32

(Difluoromethane, CH,F,) was used as the

working fluid and the temperatures of heat

(63)

source and heat sink were 26°C and 5°C,

respectively. A semi-welded heat

type
exchanger was applied for the evaporator and
condenser and the cycle was designed for the
gross power of 20kW. The semi-welded type
heat exchanger has strong points such as easy
maintenance of the gasket type heat exchanger
and infrequent leakage of welded type heat
exchanger. In the plate arrangement of the
semi-welded type heat exchanger, one channel
for working fluid is welded, and another
channel is gasketed.

various

In this performance

paper,
evaluation and experiment were carried out in
constructing subminiature pilot plant of the
OTEC and compared with the results of cycle

analysis.
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24. Establishment of Blue Infrastructure using Seawater Resource in Coastal Areas
Hyeon-Ju Kim, Ho-Saeng Lee, Deok-Su Moon and Wee-Yeong Oh

(Deep Ocean Water Application Center, Korea Institute of Ocean Science & Technology,
Goseong-gun, Korea)

For most resident population and industrial
complexes in coastal areas, the demand for food,
energy, and water is growing fast. In Korea, the
total domestic energy consumption is 271.4Mtoe,
out of which 35% of the total consumption,
96.3Mtoe,

is estimated to be spent for air

conditioning and heating in coastal areas.

Desalination for agriculture and industrial
factories needs plenty of energy, therefore, water
shortage often directly relates to energy issue. The
ocean water, 97% of the entire water supply in
the world, has enormous dissolved substances and
energy as potential heat source. Thus, people in
the coasts can get resource and energy from the
ocean that can easily be a way to overcome
fossil fuel dependence. Twenty-seven percent of
the Korean population lives in cities along the
coast, and 71% of industrial complexes are near
the coasts. About 10% of the population is

estimated to live within 4 km from the coasts who

can use ocean thermal energy for air conditioning.

In addition to this resident population, there are
only eight deep ocean water intake facilities, but
power plants, industrial factories, fisheries
experiment stations, and onshore fish farms
require at least 160 million tons of deep ocean
water (DOW) a day. Intake and discharge of
DOW for these facilities can be a great source
for ocean thermal energy conversion (OTEC). For
instance, with a thousand of 1000RT ocean water
source heat pumps, the national renewable energy
goal can be accomplished by supplying 900,000
toe from ocean energy. Electricity required for

operating the system, 300,000 toe, could be

(64)

obtained from multi-heat OTEC systems that can
be a start of clean production and life in a non-oil
fuel

economy with no fossil consumption.

Therefore, green infrastructure using blue
resource can complete “Blue Infra” for the future.
A national project to supply test beds, step by
step ways for thermal energy utilization is in the
process. For the first step, 250 sets of IOOQ RT
heat pumps, and for the second step, an
additional 1000 sets of 1000 RT heat pumps
would be distributed. With this project, 222,500
toe of renewable energy production and 454,500
ton of carbon dioxide reduction can be
accomplished in the first step, then 890,000 toe of
renewable energy production and 1,818,000 ton
of carbon dioxide reduction will be accomplished

in the second step.
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25. The effect of feed temperature on permeate flux during membrane separation

°K. S. Kim, D. S. Moon, H. J. Kim, S. W. Lee, H. Ji, H. J. Jung, H. J. Won

(Deep Ocean Water Application Center, Korea Institute of Ocean Science & Technology)

Feed temperature has an effect on the
desalination performance of seawater by
membrane  separation. When  the
permeate flux tends to increase using the
waste heat, it is necessary to precisely
analyze the effect of feed temperature on
membrane performance. The experiments
were carried out to investigate the
performance of membranes by varying
the seawater temperature from 10°C to
60°C. The increase of permeate flux with
increase of feed

temperature  was

interpreted as the change of water
viscosity and the membrane itself. While
the increase of permeate flux could be
predicted by the viscosity change in case
of nano-filtration membrane, there exists
a 30% the

difference  between

experimental data and the prediction by

(65)

the viscosity change in the case of reverse
osmosis (RO) membrane, which seems to

be due to an 8% decrease of the pore size

in 60°C caused by the contraction of

membrane with the increase of

temperature. Therefore, the desalination
of seawater should be carried out within
the range that the elevation of
temperature does not cause the alteration

of the membrane itself even for the

purpose of increasing the permeate flux.
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P1. Distribution of water masses and variation of nutrients in the coastal areas

of Gangwon Province of the Korean East Sea from 2008 to 2012

°Mi-Yun Choi, Deok-Su Moon, Hyeon-Ji Jung, Young-Suk Kim and Hyeon-Ju Kim
(Deep Ocean Water Application Center, Korea Institute of Ocean Science & Technology)

The distribution of water masses and variation of
nutrients according to the change of seasons and
locations were investigated 4 times per year in the
coastal areas of Gangwon province of the Korean East
Sea from 2008 to 2012. The surveys of the
physico-chemical parameters (temperature and salinity)
and nutrients (NO5,-N, NOs-N, NH;-N, PO,;-P, and
SiO,-Si) were carried out at 6 locations (Goseong,
Sokcho, Yangyang, Gangneung, Donghae and
Samcheok). The water masses included in the study area
were divided into 4 groups; 1) Tsushima Surface Water
(TSW), 2) Tsushima Middle Water (TMW), 3) North
Korean Cold Water (NKCW), and 4) East Sea Proper
Water (ESPW). The distribution of water masses was
affected by the change of season. In February, surface
water was derived from the TMW. The TSW was not
observed in May, but only observed in August. In
November, as the influence of the TSW weakened, that
of the NKCW strengthened. The average concentration
of nitrate for 4 years at the surface was 12.322 uM and at

the bottom was 15.700 uM. The average concentration of

phosphate for 4 years at the surface was 1.086 uM, and

(68)

at the bottom was 1.331 pM. Silicate for 4 years at the
surface was 20.706 uM, and at the bottom was 1.331 pM.
The annual average concentration of nutrients at the
surface showed the highest concentration in 2009. The
annual average concentration of nutrients at the bottom
increased sharply starting in 2010, and showed the
highest concentration in 2011. The seasonal average
concentration of nutrients at the surface showed the
highest concentration in February, and gradually
decreased thereafter. On the other hand, the seasonal
average concentration of nutrients at the bottom
increased starting in February, and showed the highest
concentration in August. The average surface
concentrations of nutrients at various locations showed a

similar concentration, but showed the lowest values at

Samcheok.
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P2. Kombu (Saccharina japonica) commercial production using deep seawater

and germling cluster method

Masanori Hiraoka', Jun Hachiya® ('Kochi University, *General Incorporated Association Umiji)

1. Introduction

A commercial-scale plant for the production of edible
green laver, Ulva prolifera using deep seawater (DSW)
was established in Muroto, Kochi Prefecture, Japan in
2004. The plant produces more than 2t-dry weight per
year and has been operating with a positive balanced
budget financing since 2009. Actual laver production
in 2012 reached approximately 3t-dry weight that is
the maximum target for the plant. To realize intensive
biomass production, this plant uses a new “germling
cluster method” from our invention (Japan patent
number 3828359) for intensive tank culture of
seaweeds in a free-floating form and multistep tank
series for saving energy input into the system. These
methods can be applied to a wide range of seaweed
species reproducing by means of spores. As the
commercial production of U. prolifera has worked
successfully, we selected kelp, Saccharina japonica
(called “kombu” in Japan) for the next commercial-
scale production. Generally, the food products
processed from well-developed adult plants several
meters long are sold in the market. However, using
our culture technique, juvenile kombu clusters of less
than 10-20 cm in length (Figure 1) can be produced in
large quantities as the new products. We carrie

test examination for the commercial-scale production
of the juvenile kombu plants.

Figure 1. Juvenile kombu clusters

2. Material and Methods

Mature kombu was collected in Miyagi Prefecture,
Japan. Swimming spores were isolated and cultured to
establish male and female micro-gametophytes as
unialgal strains. The formation of sperm and eggs was
induced on the male and female gametophytes and
fertilized in the laboratory. By culturing fertilized eggs
at a high density in a glass dish, the dense germinating
bodies spontaneously connected with each other and

(70)

formed clusters. The clusters composed of several
germlings were removed from the bottom of the dish
and cultured in a glass flask with aeration as
free-floating forms until the length of the germlings
became more than 2-3 mm. The developed germling
clusters were transplanted to a It outdoor cylindrical
tank continuously supplied with DSW pumped up in
Muroto and the fresh mass of the clusters was
measured every 2 d. The culture experiments were
repeatedly conducted from Angust, 2012 to February,
2013.

3. Results and Discussion

Daily growth rate of kombu in the initial stage of the
exponential growth in the outdoor tank fluctuated
from 18% to 39% and was 28+7.4% on the average
(+standard deviation, n=7). In addition, the growth
rate decreased when the biomass in the tank surpassed
1/1000 of the tank volume. From these results, we
assumed a multistep tank series on the presumption
that a kombu biomass of 0.25 kg can grow up to 1 kg
after 3 d. In a tank series consisting of five steps of
0.04t, 0.16t, 0.6t, 2.5t and 10t, 10 kg of kombu
biomass is calculated to be harvested every 6 d
(Figure 2)

10t

. ‘l, 10kg/6da

Figure 2. A multistep tank series for kombu
production
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P3. Exploring characteristics of land-based and marine microbes for sustainable energy
applications
°'Bor-Yann CHEN, 2Junming HONG, *I-Son NG, 'Yu-Min WANG, 'Shi-Qi LIU, *Bing LIN, *Chao NI, “Bin XU,
Lian-Jie QIN
(lNational I-Lan University, Taiwan, ROC; 2Huaqiao University, PR China; *Xiamen University, PR China;
*Yantai University, PR China)

I. Introduction

Regarding simultaneous bioelectricity generation
and reductive decolorization (SBG&RD) using
land-based and marine microbial fuel cells (MFCs), Sun
et al., Li et al., Cao et al. and Chen et al. reported
pioneer findings to demonstrate a promising feasibility of
dye decolorization (ca. >95% decolorization) coupled
with bioelectricit;y generation (ca. max. power density~
500-600 mW m™) using mixed or pure culture-bearing
MFC systems. In addition, marine biofilms used for
electron transfer in seawater revealed promising
practicability for bioelectricity generation in salty media.
However, the feasibility of SBG&RD in salty
environments was less clear and possible applications are
still being explored. ~ As prior studies explored
microbial characteristics of SBG&RD using pure
biodecolorizers (e.g., Proteus hauseri, Klebsiella
prneumoniae), this pioneering study systematically
indicated that simultaneous reductive decolorization and
power generation of salt-tolerant microbes in salty media
was technically-feasible and electrochemically-active

after serial acclimatization for long-term stable operation.

This study suggested that ecological evolution of marine
microbial population in MFCs should be investigated
prior to possible sustainable energy applications.

I1. Materials and Methods

Membrane-free air cathode single-chambers for
schematic setup of MFC were constructed in cylindrical
tubes made by polymethyl methacrylate (PMMA) (cell
sizing ID=54 mm, L=95 mm) with the operating volume
of 220 mL. Porous carbon cloth (CeTech™) (without
waterproofing or catal;rst) with a projected area of ca.
229 em® (e, m x 2.7 ) on one side was used as anode
electrodes. The air cathode was almost identical to the
anode in size and consisted of a polytetrafluorethylene
(PTFE) diffusion layer (CeTech'™) on the air-facing
side.

The marine microbe- Exiguobacterium acetylicum
NIU-K2 primarily isolated from Langyang River Basin
near Pacific-Ocean coast in I-Lan, Taiwan through serial
acclimatization in progressively salty LB broth cultures
and identified via 16S rRNA phylogenetic tree analysis
was used for study. Bacterial cultures were carried out
as described elsewhere. Culture media in MFCs used in
this study (unit: g L) were LB broth medium (tryptone
10, yeast extract 5, sodium chloride 10), 0.5 x LB
(tryptone 5.0, yeast extract 2.5, sodium chloride 10).
To acclimatize salty MFCs for study, the salty LB
medium in MFC (simply denoted as salty MFC) as stated
afterwards contained tryptone 10.0, yeast extract 5.0 and
sodium chloride 60.0 g L™". A loopful of strain seed
taken from an isolated colony on a LB-streak plate (i.e.,
LB medium supplemented with Bacto agar 20 g L") was
precultured in 50 mL LB broth laden with 200 mg L™
reactive blue 160 (RBul60) using 250 mL Erlenmeyer
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flask for overnight (O/N) at 30°C, 125 rpm. Once
residual dye concentration of the O/N culture was
completely decolorized (ca. < 5%), cultured cells were
then harvested and collected after centrifugation at 2400
X g for 10 min. After cell-free supernatant was
discarded, the biomass was rinsed and mixed with
DI/DD (deionized/distilled) water. Rinse-and-mix
procedures were repeated twice to harvest residue-free
2x rinsed biomass and then 2x rinsed biomass was
concentrated with DI/DD water in 5 mL for inoculation
to MFC.

I11. Results and Discussion

After stable power production in salty MFC had been
achieved 340 d after inoculation, repeated tests of
SBG&RD were conducted. According to Chen et al.,
cell population immobilized onto anodic biofilm could
be stabilized at ca. 30 d after repeated acclimatization.
In addition, prior study also revealed that nearly
time-invariant suspended cell concentration could be
stably achieved at ca. 200-400 h (ca. 9-18 d) after serial
acclimatization, since adsorbed and desorbed cell
concentration was in equilibrium even under a selection
pressure of washout present in continuous cultures.
Thus, stable cell population in MFC stated herein could
be postulated to be in equilibrium after 340 d of
operation. However, after ca. 1 year long-term MFC
operation the species profiles in this NIU-K4 seeded
MFC might have gradually evolved to another steady
and stable ecology in equilibrium. To reveal the
mysteries behind the ecological changes, denaturing
gradient gel electrophoresis (DGGE) profiles were
analyzed. As shown in DGGE profiles, some
salt-tolerant species were apparently evolved in MFC
after ca. 1 year long-term acclimatization (e.g.,
Vagococcus lutrae, Rhizobium rosettiformans,
Sporanaerobacter acetigenes, Pseudomonas
plecoglossicida). However, how and why population
dynamics with combined interactions among the strain
NIU-K4 and other introduced foreign species evolved to
a steady state in MFC still remained to be investigated
for further studies.
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I. Introduction

Taiwan is surrounded by seas on all sides.
The development of a marine resources
industry becomes an important issue. Marine
bacteria growing in high salinity, high-pressure,
low temperature and dilute nutrients may cause
the evolution of special biochemical and
enzymes functions different from those of
terrestrial origins. According to scientific
reports, 273 different chemical structures have
been found in marine bacteria and many
different bacterial strains can suppress fungal
growth or drug-resistance.

This study isolated bacteria from fsochiysis
galbana cultured in deep sea water (DSW)
medium and DSW filtration membranes and
tested for antagonistic activity against plant
pathogen. Fusarium oxysporum can induce the
nursery stock, vegetables, fruits, flowers
withering, like the banana, malabar chestnut,
watermelon, pepper, lily. Some marine bacteria
can suppress specific fungi and their high
salinity tolerance is a good resource for
exploring bio-pesticides.

I1. Materials and Methods

This study simulated a high salinity
environment, where 2% NaCl was added as
well as the other trace elements such as FeCls,
MgCl,, CaCl,, KCl, NaHCOs3, H3BO3, Na»0OsSi,
NH4NO3, Na>lHPO,4 and 0.1% of yeast extract,
0.5% in 28 €

of peptone placed

(74)

Amplification for

of 16s rDNA gene
sequencing was done after extracting the DNA
of isolated strains. For fungus antagonistic
activity, 50 ul of cultured isolate and drilled
diameter 0.5 cm pre-cultured for 7 d. £
oxysporum was placed in PDA (Potato dextrose
agar) medium in 25 “C and incubated for 7 d.d
IT1.Results and Discussion

The DSW filtration

membranes showed Lysinibacillus fusiformis.

isolate strand form

Bacillus cereus . Bacillus subtilis .  Bacillus

aquimaris . Bacillus amyloliquefaciens .  and
Bacillus aerophilus. Isochrysis galbana grown
DSW

Alteromonas sp.. Vibrio sp.. Halomonas sp. .

in culture  medium  contained
Bacillus sp. and Jeotgalibacillus sp.. The result
of isolated Bacillus amyloliquefaciens HI1
showed a good effect for suppressing F.

oxysporum.

Bacillus Fusarium oxysporum

amyloliquef

aciens

Figure 1. Bacillus amyloliquef-aciens H11
antagonistic activity against

Fusarium oxysporum
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seawater as the cultivation medium
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(' University Center for Bioscience and Biotechnology, National Cheng Kung University, Tainan 701, Taiwan,
Department of Chemical Engineering, National Cheng Kung University, Tainan 701, Taiwan,
*Research Center for Energy Technology and StraAtegy, National Cheng Kung University, Tainan 701, Taiwan,
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I. Introduction

Lutein is one of the xanthophyllic families
containing hydroxyl or carbonyl groups that enhance
their solubility in animal tissues. Due to its ability to
prevent or ameliorate cardiovascular diseases, some
types of cancer, and degenerative human diseases,
lutein is frequently used as a food additive.

At present, marigold petals are used for
commercial production of lutein. However, this source
presents some disadvantages, like the possibility of
heavy-metal pollution, labor-intensive extraction
process, long growth period, and the extremely low
lutein content of the plants (as low as 0.03%). In
recent years, microalgae have been attracting attention
as a promising alternative to produce lutein. The
advantages of using microalgae as the lutein source
include: (a) excluding the need to remove petals from
plants the whole biomass of the microalgae can be
processed, (b) producing microalgae at a high growth
rate thereby giving a high lutein productivity and (c)
yielding relatively high lutein content at high biomass
productivity compared to marigold and other
terrestrial plants.

Deep seawater (DSW) generally refers to
seawater from a depth of more than 200 m. It is
known to contain some specific trace elements and
nutrients that could be beneficial for the growth of
microalgae or for stimulating the production of

specific components in the microalgae.

I1. Materials and Methods
Isolation of microalgae
The this

Scenedesmus obliquus CY 10, isolated from freshwater

microalga wused in study was

located in southern Taiwan.
Microalgal culture

(76)

The S. obliquus CY10 strain was grown under a
light intensity of approximately 150 umol/mz/s
(illuminated by TLS). The I1-liter photo-bioreactor
(PBR) was operated at 28 C, pH 6.0, and an agitation
rate of 300 rpm. Serving as the sole carbon source,
2.5% CO, was fed into the culture continuously. The
OD680

concentration via proper calibration between OD680

values were converted to biomass
and dry cell weight (i.e., 1.0 OD680 approximately
equals 300 mg DCW/I).

III. Results and Discussion

In the present study, microalgae have emerged as
a promising source for lutein production. In this study,
an indigenous microalga S. obliqguus CY10 isolated
from southern Taiwan has a high lutein content, and
was thus examined for its potential as a commercially
viable lutein source.. When S. obliguus CY10 was
cultivated in medium amended with 10-20% DSW, its
lutein content could reach nearly 3.5 mg/g DCW. Next,
the microalgal cultivation system was successfully
scaled-up to 50 liter PBR with the addition of 10-20%
DSW. The results showed that the lutein content is
still maintained at 4.06 mg/g DCW. The optimal
conditions for lutein extraction and isolation were also
established. This work showed that addition of an
appropriate amount of DSW into culture medium
could significantly enhance the microalgal growth and

lutein production.
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P6. Effects of deep seawater on the immunocyte activity of Caulerpa lentillifera extract

°Hsiu-Ling Ku and Ping-Yi Huang (Stone and Resource Industry R&D Center, Taiwan)

L. Introduction

Deep seawater (from a depth below 200 m) has
high
cleanliness, and is both pathogen-free and stable; thus,

a low temperature, abundant nutrients,

it can be applied to the foods, agriculture, and

aquaculture industries. Previous studies have

demonstrated that deep seawater not only promotes

algal growth rates but also enhances algal

polysaccharide content. Polysaccharides are high
molecular weight (MW = 6,000~100,000) polymers of
monosaccharides. Polysaccharides containing all the
same monosaccharides are homopolysaccharides,
types of

monomers are heteropolysaccharides. In recent years,

whereas those that contain multiple
researchers have focused on isolating novel bioactive
compounds from marine sources, examining potential
benefits to human health. Marine algae are valuable
sources of structurally diverse bioactive compounds.
Polysaccharides are widespread in marine algae,
exhibiting potential antioxidant, antiviral, anticancer
and immunomodulating activities in vitro and in vivo.
In this study, we examined how polysaccharides
affected the activity levels of immunocytes, which
were extracted from Caulerpa lentillifera by using a

deep seawater culture.

I1. Materials and Methods

C. lentillifera was cultivated in deep seawater

for 3 months, washed using tap water, and freeze dried.

To prepare defatted algal powder, the freeze dried
algae were subsequently powdered using an abrader,
in ddH20, and extracted at various
temperatures (75°C, 100°C, 121°C) and volumes of

dissolved

water (x20, x30 (algae powder/water; g/v)) for 20 min.

The polysaccharide was precipitated using ethanol and
dried in an oven at 40 °C.

The polysaccharide yield was calculated using
(dried
polysaccharide/g algae powder)*100. The macrophage

the following formula: extraction rate %

(78)

tested
3-(4,5-di-methylthiazol-2-yl)-2,5-diphenyltetrazolium
(MTT)
initially
(LPS)

polysaccharide; the immune activity levels were tested

survival rate was using an

bromide, yellow tetrazole assay. The

macrophages  were treated  using

lipopolysaccharide and co-treated using
by assessing nitric oxide (NO) production and the

appearance of cell pseudopodia.

III. Results and Discussion
The  highest of C.
polysaccharides was extracted at 100°C, x30 (algal

yield lentillifera

powder (g)/water (v)) at 20 min. The extraction rate
20%. The MTT that

polysaccharides treatments of approximately 50-150

was assay showed
mg/mL enhanced macrophage growth depending on
the concentration and decreased macrophage growth
when greater than 200 mg/mL was used. When the
macrophages were exposed to LPS, NO release and
pseudopodia were observed. The results also showed
that
expression and NO release in macrophages at
50-150 g/mL;

polysaccharides increased pseudopodia expression

polysaccharides  decreased  pseudopodia

however,

approximately

and NO release in macrophages at levels greater than

200 g/mL.
The results show that C. lentillifera
polysaccharides (50-150 mg/mL) yield

anti-inflammatory effects in macrophages. At high
(> 200 mg/mL),

inhibit the growth of macrophages and promote

concentrations polysaccharides

inflammation. These results are critical for future

applications of C. lentillifera polysaccharides.
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P7. Amino acids content and antioxidant capacity of “wasabi” grown under below-room-temperature

greenhouses

OlChing-Hui Chang, 'Ming-Hui Chen, 'Yeu-Ching Shi, 'Wen-Yin Chen, 'Yi-Wen Wang, 'Pon-Yean Tai',

'Hsiao-hsuan Liu, *Chung-Liang Tsai

(‘'ITRI Southern Region Campus, Tainan, Taiwan, *Ching Chi Wasabi Industrial Co., Ltd.)

L. Introduction

“Wasabi” (Wasabia japonica) is one of cruciferous
plants and of high economic value. It is also known as
a green gold in Japan. It was introduced into Taiwan
several decades ago. It has been grown in the Ali

Mountain and it has adversely affected the
environment thereof. New cultivation technology
(including the use of below-room-temperature

greenhouses and the selection of the “wasabi” that can
ensure room temperatures) has allowed “wasabi” to
grow on sea-level plains to raise profit levels and to
the impacts the
environment. However, energy is needed to maintain
chill greenhouses to below the room temperature. In
this study, the amino acids content and antioxidant
of under
below-room-temperature greenhouses chilled by the
use of the deep seawater were tested. This study will
be used as a reference for the future development of
the deep seawater application technology.

eliminate adverse on forest

capacity “wasabi” grown

II. Materials and methods

“Wasabi” is grown under below-room-temperature
(18 to 25 °C) greenhouses which are chilled by the use
of the deep seawater. First, quantitative analysis
through ion exchange chromatography was used on
stem portions of “wasabi” that has been grown for
more than one year to determine its amino acids
content. Also, hot water at 100 °C, 40 °C water
extraction method and 95% alcohol extraction method
are used to obtain extracts so as to analyze its
capacity, which includes DPPH
(1,1-diphenyl-2-picrylhydrazyl) free radical removal
capacity and ferrous ion chelating ability.

antioxidant

II1. Results and Discussion

According to our lab tests, “wasabi” grown under
a below-room-temperature greenhouse contains 27
types of free amino acids, 8 of which are needed by
human body. In addition, extract obtained by the 95%
alcohol extraction has the highest level of antioxidant

(80)

capacity (ECso was 11.9 mg/ml). Regarding ferrous
ion chelating ability, extract obtained by the water
extraction has a high level of antioxidant capacity.
Therefore, extract obtained by the 95% alcohol
extraction and the extract obtained by the water
different of antioxidant

extraction have levels

capacity.

DPPHTest Wasabiajgponica

" 155
. l )
HXE “E ¥E

Treatment

EC 50 (mgtmL)

Fig 1. DPPH free radical scavenging activity assay

of Wasabia japonica

Ferrous Ions Chelating E flects
- Wasabiajaponica
= E0A
£ 2001
z x
; Yoo
= .r _ . 4 :
L0
HOED WE £33
Treament

Fig 2. Ferrous ions chelating effects of Wasabia

Japonica
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P8. The Application of Deep Sea Water for Hydroponically Cultivated Chrysanthemum coronarium

! Ji-Chung Chang, *Jyun-Yi Li, *Pei-chuang Li, “*Chiy-Rong Chen and “*Wen-Hung Twan

('Taitung District Agricultural Research and Extension Station Council of Agriculture, Taitung, Taiwan,

*Department of Life Science, National Taitung University, Taitung, Taiwan)

I. Introduction
In recent years, deep sea water (DSW) has
been applied not only in medicine but also in
agriculture. Literature research showed that the
extract of Spirulina maxima cultured in DSW
effectively inhibited various human cancer cells
with concentration dependency. In Japan, DSW
has been applied to product high quality vegetable
and crop for agriculture.

The garland chrysanthemum (Chrysanthemum
is native the

coronarium) to

Mediterranean and East Asia. The garland is used
as a leaf vegetable, and it grows well in mild or
slightly cold climates. In Taiwan, the garland is
abundant in winter and is often added in hot pot
dishes. In this study, hydroponically
cultivated garland with DSW was investigated on
the basis of the growth rates of the root, stem and

leaf.

II. Materials and Methods

The desalted concentrated DSW (DS-DSW)
was purchased from Taiwan Deep Ocean Water
Co., Ltd. The germinated garlands were supplied
in hydroponically cultivated solution (HCS)
with/without DSW, and they were placed in an

incubator maintained at 25 + 0.5°C and 12/12 hr

photoperiod for 60 d. The garlands were divided

into 5 groups with different cultured solutions,
with control group cultured only using HCS, while
10* DSW, 10 DSW, 10° DSW and 10”7 DSW
groups were cultured with DS-DSW diluted 1:10°,

1:10°, 1:10° and 1:10 in HCS, respectively.

II1. Results

Results in Table 1 showed the effect of DSW
application on vegetative growth of the garlands.
The data indicated that DSW of high concentration
resulted to significant inhibitions on vegetative
growths of root and leaf, but DSW of suitable
concentration did not. The 107 DSW group had
significant effects on vegetative growths of leaf

number than that of the control group (about 17%).

Table 1. Growth of garland in HCS with/without

DSW after 60 d
Group Root (cm) Stem (cm) Leaf number
control 135£63 1.7+0.5 11.6+1.7
10°DSW  4.1+38 22405 6.8£1.0
10°DSW  9.6+23 1.8+ 0.6 97+1.7
10°DSW  8.8+3.8 1.8+0.7 113+26
107DSW 12154 1.8+04 13.6 3.0

(82)
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P9. Positive Effects of Deep Sea Water on the Growth of Alfalfa (Medicago sativa)
'Ji-Chung Chang, *Yen-Wen Lin, *Jin Ho, *Wen-Hung Twan, “’Chiy-Rong Chen

(* Taitung District Agricultural Research and Extension Station Council of Agriculture, Taitung, Taiwan,

2 Department of Life Science, National Taitung University, Taitung, Taiwan)

I. Introduction

Deep sea water (DSW) is characterized by its
clarity, low temperature, abundant nutrients and
stable water quality. Thus, DSW would be a good
substrate for vegetable growth since it contains
Alfalfa

sandwiches, burritos and salads. Alfalfa contains a

various nutrients. 1s often used in
wide array of vitamins and minerals, including

vitamin A, vitamin B, vitamin C, vitamin K,

calcium, magnesium, potassium, iron and
phosphorus. Eating alfalfa can reduce fatigue and
cholesterol, and maintain blood sugar levels.

Furthermore, some reports showed that DSW not
only accelerates recovery from physical fatigue, but
also increases the growth of plant as well as
In

in different

enhances the bioactivity of medicinal plants.
this study, alfalfa was cultured
concentrations of DSW, and their length and weight
were recorded every day.
II. Materials and Methods

The desalted concentrated (DS) DSW was
purchased from Taiwan Yes Deep Ocean Water Co.,
Ltd. Experimental alfalfa was divided into 5
groups treated with different concentrations of
DSW. The control group was grown only with
reversed osmosis water (RO), and DSW groups
were grown using RO with DSW. Groups of 107
DSW, 10*DSW, 10° DSW and 10°DSW indicated
that alfalfa was cultured with DS-DSW diluted
1:10%, 1:10% 1:10° and 1:10° in RO, respectively.
All groups were placed in an incubator maintained
at 25 + 0.5°Cin the dark.
I11. Results

Table 1 shows that DSW had a significant effect

(84)

on alfalfa growths. On the sixth day, the average
lengths of 10~ and 10* DSW groups were 6.4 £ 0.1
cm, exhibiting 8% better length than that of control
Although alfalfa of 107

DSW group had better length than the control, both

group (5.9 = 0.1 cm).
weights were almost the same. Furthermore, 10*
DSW group showed that the weight was 17% more
than control group on the sixth day. The result
indicated a positive effect of suitable concentration

of DSW on growth and quality of alfalfa.

Table 1. Length of alfalfa cultured in different
DSW solutions

group 2th day 4th day 6th day
(cm) (cm) (cm)

RO 1.6+0.06 3.9+0.08 5.9+0.10

10°DSW  1.9+0.15 474005 6.4+0.10

10°DSW 2.0+0.13 4.6+012 6.4+0.10

10°DSW 1.9+0.10 3.9+0.10 59+0.05

10°DSW  1.6+0.05 3.0+£0.06 5.9+0.10
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P10. Application of cold energy from deep sea water for the cultivation of bamboo fungus

“Wen-Yin Chen, Pon-Yean Tai, Hsiao-Hsuan Liu, Yeu-Ching Shi and Ching-Hui Chang

(Green Energy & Eco-technology System Center, ITRI Southern Region Campus, ITRI, Taiwan)

1. introduction

The bamboo fungus (Dictyophora echinovolvata)
is a nutrient-rich food, including protein ~20%,
carbohydrates, amino acids (8 kinds of essential
amino acids) and vitamins. They are widely
distributed in Japan, China and North America. A
small amount of wild bamboo fungus has been
observed in Taiwan’s bamboo areas. Daily supply is
totally dependent on imports from China.

The growth of the mycelium of the bamboo
fungus needs a constant temperature environment
(~25°C), while in the fruiting body cultivation stage,
day and night temperature difference (AT=6-8°C) was
needed to stimulate the growth of the fruiting bodies.
Therefore, the wild bamboo fungus mostly grows in
the mountainous areas of Taiwan. In this study the
cold energy of deep sea water (DSW) passing through
the cold-heat exchanger was applied to control the
temperature and humidity of the indoor cultivation
environment. This energy-saving indoor cultivation
process was used for high-value mushrooms to avoid
the waste of cold energy.

II. Materials and Methods

Water chiller and temperature control systems
were used to simulate low temperature properties of
the DSW. (1) For mycelium cultivation stage:
temperature was set at 25 °C, humidity was controlled
to 60%. (2) for fruiting body cultivation stage:
day-time temperature was set at 26-29°C, night-time
temperature was set at 20-22°C.

I11. Results and discussion

The detailed steps for bamboo fungus cultivation

are shown in Fig. 1. During mycelium culture,

(36)

mycelial growth rate was related to the stability of
indoor temperature. Mycelial growth rate was 3.5-6
cm/week at 25+1°C. However, at 24+3°C, growth rate
was 2.5cm /week.

April-May period was suitable for fruiting body
outdoor cultivation in Taiwan southermm region.
However, the temperature difference between day and
night is about 2-3°C in our indoor cultivation room
due to insulation effect. Therefore, programmable
temperature control with liquid-gas heat exchange
module was used to improve the situation. This
simulation of natural conditions was expected to

produce a harvest 3 times a year.

Fig. 1 ~ Bamboo fungus cultivation ° (A) fungus
cultivation (2W) ~ (B) mycelium cultivation (4-6W) ~
(C) fruiting body cultivation process for 4W and
eggs-like stage of bamboo fungus (D), (E) after

around 3W, fruiting bodies could be observed.
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P11. Rapid estimation of C-phycocyanin production of Spirulina platensis by RGB analysis

in a plate-type photobioreactor
°'Chun-Yen Chen, “Jing-Fu Liao, “Ping-Yi Huang and '**Jo-Shu Chang

(‘University Center for Bioscience and Biotechnology, National Cheng Kung University, Tainan 701, Taiwan.

’Department of Chemical Engineering, National Cheng Kung University, Tainan 701, Taiwan,

*Research Center for Energy Technology and Strategy, National Cheng Kung University, Tainan 701, Taiwan,

*Water Resources Division, Stone & Resource Industry R&D Center, Hualien 970, Taiwan)

Introduction

Biofixation of CO, achieved by microalgae and
cyanobacteria has gradually raised attention around
the world owing to its efficient CO, removal rate;
beside, the microalgae biomass could be applied to
downstream like biofuel,

various applications

carbohydrate, pigments, proteins production, etc.
Spirulina is considered a good candidate for CO,
biofixation in a culturing system; besides, Spirulina is
rich in C-phycocyanin (C-PC), which could be
utilized in colorants, diagnosis reagent, nutritious
supplements, and pharmaceuticals. Therefore, using
Spirulina platensis to assimilate CO, as the carbon

source with simultaneous production of valuable C-

phycocyanin products gives great benefits.

Materials and Methods

The microalgal strain (i.e., Spirulina platensis)
used in this work was isolated from a freshwater area
located in southern Taiwan. The modified Zarrouk
medium was used to cultivate the alga. S. platensis
culture was grown at 32°C under a one side light
intensity of 700 pmol/m?/s (illuminated by TL5) in the

flat type photobioreactor

Results and Discussion

In this study, a colorimetric analysis method was
developed to rapidly determine the C-phycocyanin
content of microalgae. Spirulina platensis, which is

a common producer of C-phycocyanin, was chosen as

(88)

the model organism, since it is well known to

accumulate high levels of intracellular protein

C-phycocyanin in deep seawater supplemented
medium in a plate-type photobioreactor. The color
variation of microalgae during the period of
cultivation evaluated by the response of the three
primary colors (red, green, and blue) was modeled
with a linear correlation function (RGB model), which
can be used to accurately estimate the microalgal
C-phycocyanin content with a R? value of 0.995. It is
also crucial to justify whether the RGB analysis can
be used in determining the C-phycocyanin content of
real microalgae samples during the cultivation. It was
found that the deviation between the predicted values
and experimental results was around 2.1-5.2%, which
is acceptable from practical aspects. Therefore, this
work seems to demonstrate the feasibility of using
RGB for determination  of

analysis rapid

C-phycocyanin content of Spirulina platensis.

KEYWORDS: Spirulina platensis; C-phycocyanin;

RGB analysis; plate-type photobioreactor
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P12. Effects of aquatic body walking using deep ocean water on stress
and blood pressure
Shikyung Lee, Jesun Uh, Youngbae Woo, Yougill Choi

(Kyungdong University, Department of Health Management & Education, Department

of Deep Ocean Water)

I . Introduction

This study aims to give a therapeutic model
to manage stress and present concrete data to
support the feasibility of the model. To this end
we analysed and compared the stress and blood
pressure changes resulting from water walking
using deep sea water.

II. Experimental Design

As subjects of this study, 20 female college
students in Sokcho city, Korea took part in the
exercise for two weeks. The duration of the
exercise was from the 3™ of December, 2011 to
the 14™ of December excluding weekends, with
10 total exercises performed. We applied
Salivette® (Sarstedt, Germany) which is handy
and lessens inducing stress and analysed with
Enzyme-linked immunoassay (EIA). SANKEI
meta blood pressure meter (SANKEI Co, Japan)
was used to measure the diastolic and the
systolic blood pressure.

IT. Results & Discussion

In this study we quantified and analysed
saliva cortisol and blood pressure to find any
possible interrelationships between aquatic
body walking and stress reduction as well as
blood pressure of the human body. What counts
in stress is not the source of tension but how to
handle the stress level in an appropriate manner.
In that vein, Watsu, a soothing type of massage
that takes place in warm, waist-deep water,
with the purpose of soothing stress and
relieving nervousness led to the reduction in
saliva cortisol. Systolic blood pressure was
shown to decrease with the reduction of cortisol,

(89)

which is identical to the results of previous
researches. An experiment involving secondary
school students reported that the reduction in
stress level affected the noticeable decrease in
systolic blood pressure. So the relief and
relaxation in the body and the mind due to the
reduction of stress level are certain to affectthe
decrease in systolic blood pressure. In this
respect Watsu in deep ocean water can be an
effective remedial solution to reduce tension
and relieve nervousness.

IV. Conclusion

From this study we applied Watsu program
to the subjects of our experiment to shed light
on the correlations between aquatic body
walking exercise and the reduction of stress
hormone, the salivary cortisol and blood
pressure change. The results of the experiment
found positive effects of Watsu in stress
reduction and blood pressure management. So
Watsu is considered to be an effective way to
reduce stress and the therapeutic effect of
Watsu can ultimately contribute to a well
balanced body. Additionally Watsu is easy to
utilize and practice without any special
equipment or tools so this economic approach
will work for patients wanting relief in their
mind and body with the help of the therapist as
well as ordinary people who suffer from

stressful environments.
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P13. Identification of Bacterial Pathogen in Seahorse by PCR
“Ming-Hui Chen, Yeu-Ching Shiand Ching-Hui Chang

(Green Energy & Eco-Technology System Center, ITRI Southern Region Campus, Tainan, Taiwan)

I. Introduction

The seahorse 1is a highly economically

valuable fish for Chinese traditional medicine.
According to the Convention on International Trade
in Endangered Species of Wild Fauna and Flora
(CITES), all

Appendix II, and the origin certificate of seahorses

kinds of seahorses are listed on
should be provided before importing and exporting
of seahorses. Thus, the technology of seahorse
aquaculture is proactively developing in Taiwan. In
addition, the water quality of the aquaculture
environment is important to seahorse growth. The
cleanliness of deep sea water (DSW) provides an
excellent condition for seahorse growth. However,
the production of seahorse may be affected by
aquatic diseases. Therefore, it is necessary to
identify and detect the pathogens of seahorses.
Vibrio harvevi is the most common pathogen
seahorses. Traditional methods for

of

time-consuming, thus, it is important to develop an

found in

identification marine  pathogens  are
effective and rapid detection method. The PCR

method was carried out in this study.

II. Materials and Methods

Bacterial strain V. harvevi BCRC 12907 was
used in this study. Total genomic DNA of V. harveyi
was prepared according to the instructions of
PureLink™ Genomic DNA Mini
Kit (Invitrogen, UK).

The PCR reaction mixtures contained 10 pmol
of vhtoxR-F1/ vhtoxR-R1 primers, 200 uM each of
deoxyribonucleoside triphosphate, 10 mM Tris—HCI

(pH 8.8), 1.5 mM MgCl,, 50 mM KCI, 0.1% Triton

o1

X-100, 0.4 U of thermostable DNA polymerase,
and 1 pl of the cell-free DNA, in a final volume of
20 pl. The PCR mixtures were then subjected to
94°C for 5 min followed by 30 cycles of 94°C for
30 sec, 40°C for 30 sec and 72°C for 1 min, and
after amplification an extended step of 10 min at
72°C. The PCR products were confirmed by 2%

agarose gel electrophoresis.

IT1. Results and Discussion

Figure 1 showed that the primer set generated
PCR products with expected molecular size of 382
bp. By using the vhtoxR-F1/ vhtoxR-RI primers,
only DNA from V. harveyi generated the expected
PCR products. Our results demonstrated that the

PCR allowed the rapid detection of V. harveyi.

Lane: 1 2 3
Figure 1. PCR results for V.
harveyi identification
100
: PC
edf ..
129

F

2pr

. ~imer
set
Lane 3: blank control without

cells
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P14. Application of desalination of seawater with saturated vapor pressure

°H.Ji, S.Y.Yun, S.W.Lee, D.S.Moon, H.J.Kim

(Deep Ocean Water Application Center, Korea Institute of Ocean Science & Technology)

Reduced pressure evaporation is the

principle of lowering the boiling point of water

by reducing the pressure. It makes use of the

relationship between temperature and pressure

to reduce energy consumption needed for

elevating temperature. As the result, the highest

evaporation was observed at 80 C  and

-40cmHg after applying vapor pressure

depending on different seawater temperatures.
It was found that the higher concentration in
the factor test

experiment depending on

seawater concentration induced higher

evaporation. Also, in the factor test experiment,

(92)

the amount of evaporation increased as the
pressure decreased. It is concluded that the
most important factor of evaporation was
concentration, followed by temperature, and the
least important factor was pressure. Through
this experiment, optimized conditions of

desalination with reduced pressure evaporation

device were verified.
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P1S. Packaged drinking water conductivity analysis and reversed osmosis improvement of drinking
water quality by deep sea water concentrate
°Chih-Cheng Sun (Department of Biological Technology, Yung Ta Institute of Technology and Commerce)

1. Introduction

Drinking water treatment technology is developed to
obtain high-quality and safe drinking water for humans.
Drinking water for humans is very important. Therefore,
the ancients had a saying "Water is king of drugs."

Drinking water treatment technology was developed
from the early traditional physical filtration process to
the precision filtration of polymer film  filtering
procedure. With the industrial development and the
increase of population density in metropolitan areas, raw
water quality is deteriorating rapidly with industrial
and livestock pollution. Although tap water companies
provided water according to the drinking water standards,
there are still many problems cannot be solved. People
are still seeking various high-tech procedures to ensure
the safety of their drinking water. Buying packaged
drinking water and the set up of reversed osmosis (RO)
purification equipment are the most common way of
drinking water supply inrecent years.

The advantages of packaged drinking water are the
convenience of purchase and the security assurance of
drinking water providers.The disadvantage of drinking
packaging water is heavier burden on people's economy.
Most people choose to believe the manufacturers, or
based on price. There are few literature about the
evaluation of packaged drinking water,hence, this study.

The packaged drinking water are named mineral water,
pure water, ocean generated water, deep sea water; or
distilled water. The conductivity, which is the easiest way
to indicate the mimeral content. was not included in this
study as we measured the conductivity of packaged
drinking water using a conductivity meter.

2. Experimental methods
2-1. Measurement of conductivity and pH

Each 5 ml samples were placed into 30 ml sample
containers. Put the electode of conductivity meter and pH
meter into the content, respectively, to measure the value.
2-2. Effect of activated carbon and medical stone addition
on the RO pure water conductivity.

The fine scale of activated carbon or medical stone
was put into the beaker of 100 ml RO water and then
placed on the magnetic stirrer.The conductivity values
were measured during fixed time interval.

2-3. Effect of deep sea water concentrate addition on the
RO pure water conductivity.

Successive deep sea water concentrate was added into a
beaker with 500 ml pure RO and conductivity was
measured.

3. Experimetal material.

Ocean-generated water (Taiyen Company), healthy pure
water (standard beverage company), LOHAS advocate
(Coca-Cola), yes (Young Energy Source Co., Ltd.(YES)),
Alkaline ion water (Taiyen Company)

(94)

4. Results and Discussion
4-1. Comparsion of conductivity of packaged drinking
water, RO pure water and distilled water.

Conductivity(pus/cm) PH

(1)Distilled 143 6.56
water

(2RO pure 6.33 6.23
water

(3) Atlantic 1.86 782
water

(4) 100 years 4.07 6.27
good water

(5) Healthy pure 10.27 871
water

(6) LOHAS 25.7 7.53
advocate

(7) Yes 38 7.49
(8)

Ocean-generated 422 8.48
water

(9) Boer mineral 153.8 743
water

(10)Drinking 247 71

more water

(11) Charcoal 266 746
water

(12) Deep 336 6.12
vitality

4-2. Effect of activated carbon and medical stone addition
on the RO pure water conductivity.

RO water retention in the activated carbon can
effectively improve the RO water conductivity values. RO
water retention in the medical stone showed almost no
effect and the value of the conductivity was very limited.
4-3.Effect of deep sea water concentrate addition on the
RO pure water conductivity.

When the deep sea water concentrate was added to 500
ml RO water, only 0.05 ml (1 drop) improved the
conductivity of RO pure water from 10 to 120 ps/cm, and
the conductivity of the RO pure water improved. This
improvement also overcome the problem since RO pure
water cannot combine with electrolysis water machine to
manifacture ionized water.

5. Conclusion

Conductivity measurement of packaged drinking water on
a variety of well-known bottled water brands should be RO
unit for drinking water pretreatment process. Therefore RO
drinking water treatment device is still the main stream.
Activated carbon addition can enhance the conductivity of
water. Deep sea water concentrate additions can effectively
enhance the conductivity of RO pure water.
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P16. Studies on sensory attributes in deep sea-water beer
'Hsueh-Liang Lin', ®*Ying-Bei Chen, *Ping-Yi Huang and 'Hsiao-Chin Jen'
(‘Taipei College of Maritime Technology, Taiwan,
2Stone and Resource Industry R&D Center, Taiwan)

1. Introduction

Deep sea-water (DSW) near Taiwan is
pumped up from 600 m below sea level in the
Pacific Ocean. This water is free of pollutants, such
as harmful substances on the earth surface,
pathogenic bacteria, and persistent organic
pollutants. In addition, because DSW is under high
pressure in a low-temperature environment for a
prolonged period, the seawater possesses clean and
stable water quality. Furthermore, the water
contains various nutrient salts and trace elements,
whose mineral compositions are similar to that of
human cells. Consequently, this seawater is
considered a valuable resource that is found
exclusively in Eastern Taiwan.

We added DSW, obtained off the coast of
Hualien, Taiwan to the beer-brewing process. The
objective was to use the multi-mineral
characteristics of DSW to explore the changes
induced during various stages of the beer-brewing
process to determine optimal beer-brewing
conditions and develop alcoholic products that are
unique to Taiwan.

2. Materials and Methods

Barley and Spirulina beers brewed using
varying DSW concentrations were set as the
experimental group and beer without DSW was set
as the control group. Sensory-evaluation tests and

composition analyses were combined using
multivariate statistics to evaluate the product
ingredients, characteristics, and consumer
preferences.

2.1 Deep Sea-water beer sensory-evaluation
methods '

Overall, 80 consumers were recruited to serve
as the sensory-evaluation subjects for conducting an
acceptance test (using a 9-point hedonic scale) and
preference test (by ranking) on barley and Spirulina
beers in Jiaoxi, Yilan. Analyses were performed
after the sensory evaluations were completed.
Overall, 7 experimental groups comprising the
subjects were instructed to perform the sensory
evaluation test. The consumers of study were all
over 18 years of age and had provided their consent
to participate in the test. The results were
subsequently analyzed using analysis of variance
(ANOVA) and multivariate statistics.

(96)

2.2 Deep sea-water beer composition analysis

Solutions of concentrated liquid minerals
obtained from DSW were added to alter the
hardness of the water (100 or 300 ppm) used for
brewing beer. The beer pH value, sugar content (in
degrees  Plato), alcohol, titratable acidity,
chromaticity, bitterness, and sulfur dioxide were
analyzed to determine the influences on the beer
quality.

3. Results and Discussion

The results showed that after adding the
concentrated liquid minerals, the pH value of barley
and Spirulina beers was between 4.63 and 5.0, the
sugar content was between 4.20 and 4.73°P, and 5%
(V/V) ethanol was produced. It showed that when
the higher concentration of liquid minerals was
added, the chromaticity of the barley beer decreased.
However, the green hue in chromaticity increased in
Spirulina beer,. It also showed that when a higher
concentration of liquid minerals was added, the less
bitterness of beers was observed. Sulfur dioxide
was not detected in any of the groups. The results
presented the differences of the basic components
between barley and Spirulina beers. The subject
sensory-evaluation results indicated that, although
the barley beer contained a water hardness of 100
ppm, no significant differences were exhibited
compared with the control group regarding taste,
mouth-feel, and overall flavor preference. However,
the mean sensory-evaluation scores were all higher
than those of the control group. This indicated that
the quality of barley beer is enhanced by adding
sufficient amounts of concentrated liquid minerals,
which warrants further study. The Spirulina
beer-test results showed that beer containing
300-ppm water hardness demonstrated a significant
difference from beer containing 100-ppm hardness
in appearance and aroma, signifying that adding
DSW-concentrated liquid minerals improves the
appearance and aroma of Spirulina beer. This can
enhance product competitiveness.

It is concluded that adding DSW concentrated
liquid minerals enhances beer-brewing quality. It is
feasible to use DSW when brewing beer.
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P17. Producing mineral concentrates from deep sea water

°Cheng-Shing Lo, Yu-Fong Huang, Chang-Hao Chan and Ping-Yi Huang

Water Resource Group, Stone and Resource Industry R&D Center, Hualien, Taiwan

1. Introduction:

The deep sea water (DSW) industry can be
roughly divided into the following branches: (1)
mineral concentration; (2) farming; and (3) cold
energy use. Mineral concentration technology is
used to reduce the concentrations of unwanted
substances, such as sodium, sulfate, and chloride
of useful
substances such as calcium and magnesium ions. In

ions, and maintain the quantities

advanced countries including Japan, electric
dialysis (ED) is used to remove sulfate and sodium
ions. In Taiwan, because of high equipment and
operating costs, the vacuum distillation process has
typically been used to produce mineral concentrates
of raw materials. However, such raw materials have
few specifications, indirectly limiting the variety of
final products. Accordingly, the Stone and Resource
Industry R&D Center (SRDC) the
nanofiltration (NF) collocation vacuum distillation
concentrates and

concentrate

uses

process to produce mineral

investigate  mineral production
technologies comparable to the ED specification. In
this study, we explored the operating conditions
used in the NF collocation vacuum distillation
process, determining how these conditions affect

the specifications of mineral concentrates.

2. Materials and Methods

The mineral concentrate production system
comprised two sets of NF, one set of reversed
osmosis (RO), and vacuum distillation equipment
(Lucky Seven Industrial). The NF1 was used to
concentrate Ca’* and Mg®* ions and the NF2 was
used to reduce the Ca** and, Mg®* ions. DSW was
fed at 50 ton/batch and 100 ton/batch. The feed
used in the vacuum distillation process was 2.4
ton/d. The DSW was sourced from the ocean
located at Taimali Township, Taitung, Taiwan. The
DSW was treated using NF1 and NF2 to obtain
the
operational parameters were set to various testing

primary mineral concentrates. Moreover,

(98)

conditions.
3. Results and Discussion

After the NF1 and NF2 treatments, the
primary mineral ion concentrations of the effluent
were Ca>" (220 mg/L), Mg** (380 mg/L), Na* (6620
mg/L), and SO,* (120 mg/L) . The ratio of Ca/Mg
was 0.6 and the hardness was 2108 mg/L. Moreover,
the effluent was fed to the RO for concentration and
then fed to the vacuum distillation equipment. The

hardness of the intermedium was gradually
increased during the distillation process. The
intermedium was sampled to analyze the

composition at various heating times. The hardness
and salinity variations were positively correlated.
When the salinity was below 30%, the hardness
slope was gentle; however, the hardness slope
exponentially increased when salinity exceeded
30%. The sodium ion concentration increased as the
hardness increased when the hardness was below
20000 mg/L, reaching a maximal value (= 110000
mg/L), then decreasing as the hardness increased
when the hardness surpassed 20000 mg/L. The
magnesium, and chloride
increased as hardness increased. The sulfate ion

calcium, ion levels
concentration increased as hardness increased when
the hardness was below 60000 mg/L, reaching a
maximal value, then decreasing as hardness
increased when the hardness exceeded 60 000mg/L.
At this time, the multiplication of [Ca*"] [SO4](=
1.74x107) was larger than was that of the k(=5 x
107 ). Therefore, the CaSO, crystallized, causing the
sulfate ions to decrease as the hardness increased.
During the vacuum distillation process, sudden
boiling occurred when the degree of the vacuum
was equal to the vapor saturate pressure of the
temperature condition. Therefore, part of the
mineral concentrate was extracted using the vacuum
pump, reducing the mineral yield. Therefore,
carefully controlling the distillation temperature

improves the product quantity and yield.
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