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Effects of Graded Immersion Using Kume Island Deep Ocean Water
on Human Muscule Circulation

Ak BRIE - Al B -mE2 A=ZP-¥R gFEekE # /AR B
Akiharu Supo, Naoya Tsunopa, Kyuzo TAKASATO, Choko TAIRA, Atsushi OMICHI
and Yoshinori YAGI

Abstract

Kume Island deep ocean water has a higher specific gravity than tap water or surface
ocean water and therefore is expected to produce possible effects by higher water pressure.
In this study we observed the circulation of the rigtht vastus medialis muscle with a laser tis-
sue blood-oxygen moniter and measured blood pressure when subjects were immersed to the
xiphoid process in the Kume Island deep ocean water at 34 C. Ten males and 5 females
served as subjects. Measurements were made with the subjects in each of 5 conditions, that
isin a standing, sitting, and lying supine on the ground, in standing position in tap water and
in the Kume Island deep ocean water. The specific gravity of tap water and Kume Island
deep ocean water were 1.00 g/cm?® and 1.03 g/cm?®, respectively when measured using a gra-
vimeter (YAGAMI) when measured.

An equilibration period was allowed for each subject, and measurements were taken only
after heart rate stabilized (£ 1) for 30 sec. Blood pressure standing in the Kume Island deep
ocean water (SBP; 113.54+13.45/DBP; 65.31£12.65 mmHg) was significantly lower than
that sitting on the ground (127.23+12.85/81.38-10.44 mmHg). The total hemoglobin (HbT)
levels in the vastus medialis muscle at right might reflect the variation in venous return with
water pressure or posture. Since no significant difference was found between the blood pres-
sure in lying supine on the ground and in standing in the Kume Island deep ocean water, and
the muscule circulations were also similar, the water pressure was likely to lie within safety
range.

Key Words: Kume Island deep ocean water, immersion, muscle circulation, blood pressure
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%Fat (%) 15.6+ 24 231+ 2.7 18.3+ 44

(Values are means*S.D.)
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Analysis of Bacterial Species in the Muroto Deep Seawater

KHE B K5 M BEA B

Shuichi Yabpa, Masayuki OuBa and Keiichi ENoMoTO

Abstract

Eighty-five strains of marine bacteria were isolated from the Muroto deep seawater at a
depth of 320 m off the coast of Cape Muroto, Kochi Prefecture, Japan. The bacteria were
analyzed based on the sequences of the 16S rRNA gene. Seventy-five strains were identified
as 12 genera; 29 strains to the genus of Vibrio, 16 to Pseudoalteromonas, 9 to Shewanella, 6 to
Alteromonas, 4 to Marinobacter, 3 to Erythrobacter, 2 to Tenacibaculum, 2 to Dietzia and 1
strain each to the genera of Bacillus, Halomonas, Idiomarina and Photobacterium. Some of
these strains were closely related to known bacteria including psychrotrophs, barophilic bac-
teria and bacteria which decompose hydrocarbons. Some other strains produced pigments
reported to have physiological activities. On the other hand, the remaining 10 unidentified
strains contained novel bacteria whose DNA sequences showed low homology with those of
the already identified bacteria. Thus, the Muroto deep seawater has been demonstrated to
be an important source for investigations of unknown, yet potentially useful, bacteria.

Key Words: deep seawater, bacterial species, 16S rRNA gene
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LIt (hE, 2002). —F, HARED
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PARICBVLCTEERKL 2. ERBKOKIEREIZ
11.6 ~136°C ((F¥H125°C) TH - 1. Hklig
K, RS LB SHEL, XE0ICHES BRI
2iT- 1z, MIEOSEEE, EE/K%E PPES-II EAR
TR (Taga, 1968) ICEHERGT 55, EE
KEBBLIA v TLYy 7005 — (3 YRT, 1L
% 0.45 um) EPRIEHICEEZ S &, 20 CTEE
TBIEICL->TIT- . 0= —HIIEBEMIER
5~6 HHTHRAICELL, BiELIzoo0=—%24%
HU, #ricia o EoEfiigE L, Sonci
—Dao=—%2HEIcAHVE. £, FAFNOMHM
HE# 3 —80 CTIREL 2.

2.2 16S rRNA RIZFOIEREIIRTE
RIEK D o 8 L - M & 0 4/ & DNA %3

o AFRIL, 16S rRNA #zFliimflEoEER
FNCHBHE 7514 < —%2BHWVT, 16S rRNA &
fzF% PCRICKDHEIEL.. AWTF 514 <-4,
Escherichia coli 16S rRNA Bz FORY v 3 v
8~27 YT E74+7—-F7514<— (5-agag
tttgatcctggctcag-3) & £ Y ¥ 3 v 1542 ~ 1522
WK%Y 3 ) N— 2754 <v— (5-aaggaggtgatc
cagcegea-3) TH B (Ff, 2001). Fi, XK
123 TaKaRa Ex Taq (# 7 5354 &) 2RV,

IRRETIRED 12 DRIGIE, E. coli 16S rRNA
BIFOXY v a v 821 ~8031ICHHET 5 /N—
27 5 4 < — r2L (5-catcgtttacggcgtggac-3")

(¥, 2001; Hiraishi, 1992) &, Cy5.5 dye
Terminator Kit (Amersham Biosciences) *%*
WTiT- 7. F i, BEECHIDOREICII DNA ¥ —
/r »# — Gene Rapid (Amersham Biosciences)

ZHWV, #1300 BEDEHIZRE L /2.

2.3 HEMKRREROFEE

RErHc WM = RO EELY 2R T 5
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TE L 78 HRECT & 7 — 5 ~— 2th 0 BERN D IEEEL S
ORI TN, BRI F -y x—2&L LT
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e Lk, g1, BRTERZEY, WRET M
& 95U LoMEERTHENF— 7 =2
HICHEET 35804, ZOMELRERBE L.

24 HMEVEETIEROML EFELAE

B EEAME % PPES-IL KRS HEE L, 20
CitBVTT7~ 10 HEBHEZE L 2. ELoEEC
L B2EER, 5/ - VERAVTHEKL D BEEM
Bl o—2 Y —xz R -5 —52HOTHEK
AREEZEL, BUBREET S/ —VITERL 1.
BFRD AR R <2 b Vi3 Beckman DU-640 53¢
HEEEF CTRIE L /2. Pseudoalteromonas luteovio-
lacea WEAT 3 FHK B violacein, KU Pseudo-
alteromonas denitrificans DSEEH T % FR 7% prodi-
giosin 2EMA X bl L, HEED-dITHW. P
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luteoviolacea (1AM 14710 #k) & P. denitrificans
(IAM 14544 #) 3, REKF5 MLV 7
Al - BEEEA THRAEE Y — IAM AV F + —
Jvsvavkbh5ant.

3. ® =R

1999 FH 5 2002 FEiz T [EREBEEBK]
kv 85 HhOME = BEL, 16S rRNA BT O
HAERETNICE S W THEDOSRET - 12,

16S rRNA @z FOHRE TR RIGH IS~ T
RELILT 54 v— &L OMMBNEEGENRTE S
o, BEEFIOREICE, 16S rRNA @EFoh
REVFHI AR 754 <=2 H0i, HohL
W, BEOHEEKE 3D 54 < — (rlL, r2L,
f3L) (Ef, 2001; Hiraishi, 1992) ZH\ 7 T
KREZTV, 3EDOT 74 - OhTHENRV
oo s gz cE, RELKERPEONI 2L 7
FA R —2PBRERLL. BRICk->TRETE IR
EiF ok R 205, MHEERTORE %2 5%
Bicw, BREeE NIcERD S bk B ORI T
3724, BRIV TE SN KRR DBERS %
BLAST /& (Altschul et al., 1990) i & % MH[E#
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AHETE, MEOHRLEED»HIT, 16S
rRNA #izFD&Kk (1500 8H) Tidil, H
300 IBEDIWMABEET = H V1o h, TOHENE
YTHiE0ED DR LIc. SBEMERD FiEi 73
MEIMRZR T, Vibrio BO&x &%, 20T
Pseudoalteromonas |& & Shewanella [B13%h> - 12.
% C T 16S rRNA @iz 2% AV 2 HEHE O R
5t%, Vibrio J&, Pseudoalteromonas |&, Shewa-
nella BIZOWVWTIT-7c. THNSDBOHIED 16S
rRNA Bz FoiRIFeRICH b 1366 BEET %
GenBank D F¥ — ¥ X—2&k 0 L, ZoMEENY
ZE|D L. FWV72 16S rRNA #nF 57— ~—
ZRBRD@ED TH B, Vibrio anguillarum (X
71821), V. lentus (AJ278881), V. fiseri (X
74702), V. logei (AF323992), V. splendidus
(AB038030), V. tapetis (Y08430), Pseudoalte-

romonas denitrificans (X82138), P. luteoviolacea
(X82144), P. rubra (X82147),
fidelia (AF420313), S. pealeana (AFOI 1335),
S. woodyi (AF003549), S. violacea (D21225).

Z DFER, Vibrio J& 6 O] OAEE M3 93 ~
97 %, Pseudoalteromonas J& 3 & DR T3 93 ~
98 %, Shewanella J& 4 DRI T3 94 ~97 % T
bote, ETAM, BuzBOMEROMEREE L
86 ~90% TH v, EIBEOHENE L S HLI
EhBBohr,

RITER A IREECT DABREIME %2 5K 5 1o, 1REHAC
FIZRET Z2DICHWI 754 <— (r2L) D 3K
mflh 5 360 BEA FoEEEI L omE L, A
WIHER L. Z DR, Vibrio BREIOMEME
96 ~ 98 %, Pseudoalteromonas J& ] T3 95 ~
99 %, Shewanella BRI TIE 97T ~98%TH Y,
1366 HE AW HEM LD PP WEER L.
o, RU5BHEOMEEMEIZ 86 ~H %THD,
EBM&L VIEWEERR L7z, ORI, #1300
TEIC >V T OMREIMES 95 %A L ERIB D ZRML
R4 &, 16S rRNA@zFeRERAVOEL
Bk DIERDESNE T & - 1e.

LotEEIMICE D  BEICHE > THBEE O
Tt A, 85D S B 75 %kIE, Vibrio B
29 ¥k, Pseudoalteromonas @& 16 ¥k, Shewanella
J& 9 ¥k, Alteromonas J& 6 ¥k, Marinobacter & 4
¥k, Erythrobacter |& 3 ¥k, Dietzia |& 2 tk, Tena-
cibaculum & 2 ¥k, Bacillus J& 1 ¥k, Halomonas
|8 1 ¥k, Idiomarina )& 1 ¥k, Photobacterium & 1
O 12 BIcHEET 5 L TEL (Table— L1,
Table—1.2). BV 10#kic>VW T}, BARES
BICESIED» o7 (Table—1.3). Thid7F—4F ~X—
ZNERES RS h - fody, EREVSEET
BBZDBBEDOSNTWIED > 72D TH B,

Table — 1.1 (No.22 ~ 34) @ Pseudoalteromo-
nas |8 13 tRIdFROCOBREEAL 2. BEME
Pseudoalteromonas luteoviolacea 3 violacein & I
ENh2EROREEET L EMRESN TV S
% (Laatsch et al., 1984; McCarthy et al., 1985),
TIN5 DDEEVK R U P. luteoviolacea (IAM14710

Shewanella
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Table—1.1 Bacterial species in the Muroto deep seawater

Matched (bp)

No. Strain Geneus Closest species (GenBank accession no.) /Reference Ma(t;ﬁi;ed Characteristics
(bp)
1 315W17 Alteromonas Alteromonas macleodii (Y18234) 224/224 100
2 315W18 Alteromonas Alteromonas macleodii (Y18234) 263/263 100
3 315W20 Alteromonas Alteromonas macleodii (Y18234) 309/310 99
4 315W21 Alteromonas  Alteromonas macleodii (Y18234) 265/265 100
5 315W23 Alteromonas  Alteromonas macleodii (Y18234) 167/168 99
6 315W11 Alteromonas Alteromonas macleodii (Y18234) 310/319 97
7 402Y1 Bacillus Bacillus horikoshii (AB043865) 324/324 100 alkaliphilic bacterium
Bacillus sp. KX6 (AB043862) (B. horikoshii, KX6)
8 608R3 Dietzia Dietzia maris (X81920) 181/182 99 actiomycete, oil degradation
(D. maris)
9 911R Dietzia Dietzia maris (X81920) 365/367 99 isolated in a salt-making
factory (911R)
10 608Y1 Erythrobacter  Erythrobacter citoreus (AF118020) 404/404 100
Erythrobacter sp. JP 13.1 (AY007680)
11 608Y3 Erythrobacter  Erythrobacter citoreus (AF118020) 435/436 99
Erythrobacter sp. JP 13.1 (AY007680)
12 608Y2 Erythrobacter  Erythrobacter sp. JP 13.1 (AY007680) 459/461 99 activation of eosinophil
(608Y2)
13 710W2 Halomonas Halomonas venusta (AJ306894) 277/277 100

Halomonas meridiana (AJ306891)
Halomonas aquamarina (AJ306888)
14 402W3 Idiomarina Idiomarina abyssalis (AF052740) 279/279 100 deep sea (the Northwestern
Pacific Ocean)
(I abyssalis)

15 315W5 Marinobacter  Marinobacter hydrocarbonoclasticus 354/355 99 degradation of hydrocarbons
Marinobacter aquaeolei (AJ000726) (M. hydrocarbonoclasticus,,

16 315W14  Marinobacter ~ Marinobacter hydrocarbonoclasticus 351/351 100 M. aquaeolei )
Marinobacter aquaeolei (AJ000726)

17 315W16 Marinobacter Marinobacter hydrocarbonoclasticus 322/322 100
Marinobacter aquaeolei (AJ000726)

18 315W12 Marinobacter ~ Marinobacter sp. NCE312 (AF295032) 336/336

19 520W1  Photobacterium Ddeep-1 (AB055793) 366/371 deep sea(lzu-Ogasawara
Photobacterium sp. KT0248 364/371 Trench) (Ddeep-1)

20 516W1 Pseudoalteromonas North Sea bacterium 12-13 (AF069666) 420/420
Pseudoalteromonas sp. AS-41 (AJ391202) 419/420

21 402W15 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 319/320 no pigment produced

22 402P1 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 391/394 (402W15)

23 417P1 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 382/383

24 520P1 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 300/301 isolated in Norweigian fjords,

25 315P1 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 348/358 producing prodigiosin

26 315P4 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 330/338 (P. denitrificans)

27 315P5 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 378/388

28 516P1 ‘Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 431/443 producing violacein

29 710P1 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 379/389 (402P1, 417P1, 520P1, 315P1,
L. 315P4, 315P5, 516P1, 710P1,

30 714P1 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 311/318

714P1, 315P11, 315P3, 612P1,
31 315P11 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 393/403 710P2)

32 315P3 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 362/376

33 612P1 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 402/417
34 710P2 Pseudoalteromonas Pseudoalteromonas denitrificans (X82138) 247/255

35 1020R Pseudoalteromonas Pseudoalteromonas rubra (X82147) 341/343 producing prodigiosin
Pseudoalteromonas pscicida (X82215) (1020R)

B ZREERL, TOoEMGA» o LcBHROR BFKid, violacein 2B ENICHRD TEWVWERT
MRR7 PVERKRL .. ZDRR, HHHKOBRE H2EEAoN5.

3 575 nm it BUNB A %R L, TDR~XYJ b Lo L, SBEvkDEERBLYIZ, P. luteoviolacea
W P. luteoviolacea > S L 7 violacein @ & X0 & L A P. denitrificans DIEEEFICL b HL
DE—HLt. Lih-T, HEkMPELET 2F%X  MHREMKEZRL, i< 3% (402P1, 417P1,
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Table—1.2 Bacterial species in the Muroto deep seawater

Matched (bp)

No. Strain Geneus Closest species (GenBank accession no.) Characteristics
36 51601 Shewanell Shewanella fidelia (AF420313) 309/309 100
37 51602 Shewaneli Shewanella fidelia (AF420313) 285/2817 99
38 7100 Shewageﬂ Shewanella fidelia (AF420313) 367/368 99
39 31502 Shewa ell Shewanella pealeana (AF011335) 218/218 100
40 51604 Shewaneﬂ Shewanella pealeana (AF011335) 295/295 100
41 315B1 Shewa el Shewanella violacea (D21225) 398/405 98  deep sea(Ryukyu Trench)
(S. violacea)
42 31503 Shewanella Shewanella woodyi (AF003549) 314/314 100
43 612W1 Shewanella Shewanella woodyi (AF003549) 311/311 100
44 612W2 Shewanella Shewanella woodyi (AF003549) 306/306 100
45 612G2 Tenacibaculum  Tenacibaculum mesophilum (AB032504) 313/319 98
46 710Y2 Tenacibaculum  Tenacibaculum mesophilum (AB032502) 402/410 98
47 31505 Vibrio Vibrio sp. PMV19  (AF456340) 412/415 99
48 608W1X Vibrio Vibrio sp. PMV19 (AF456340) 444/447 99 isolated from Norweigian fish
Vibrio anguillarum (X71821) 442/446 99 (V. anguillarum )
49 315W6 Vibrio anguillarum (X71821) 357/358 99
50 417W1 ' Vibrio anguillarum (X71821) 343/344 99
51 402W1 Vibrio anguillarum (X71821) 354/354 100
52 402W4 Vibrio anguillarum (X71821) 319/319 100
53 31506 ) Vibrio lentus (AJ278881) 415/415 00
Vibrio anguillarum (X71821)
54 402W11 Vibrio Vibrio lentus (AJ278881) 251/251 100
Vibrio anguillarum (X71821)
55 315W4 Vibrio Vibrio lentus (AJ278881) 304/304 10
56 402W9 Vibrio Vibrio fisheri (X74702) 324/330 98
57 402W5 Vibrio Vibrio logei  (AF323992) 296/297 99
58 315012 Vibrio Vibrio logei  (AF323992) 386/388 99
59 315013 Vibrio Vibrio logei  (AF323992) 266/279 95
60 516W3 Vibrio unidentified bacterium 4c  (AF293974) 383/386 99
Vibrio splendidus (AY046955) 382/386 98
61 315W1 ’ Vibrio splendidus (AB038030) 321/322 99
62 315W13 Vibrio splendidus (AB038030) 329/329 100
63 315W2 Vibrio splendidus (AB038030) 360/360 100
64 315W3 Vibrio splendidus (AB038030) 329/329 100
65 31504 ' Vibrio tapetis (Y08430) 347/347 100
66 402W14 Vibrio tapetis (Y08430) 330/330 100
67 31501 Vibrio sp. EN276 (AB038023) 393/393 100
68 402W2 : Vibrio sp. EN276 (AB038023) 349/349 100
69 402W7 Vibrio sp. EN276 (AB038023) 430/430 100
70 315011 Vibrio sp. EN276 (AB038023) 417/418 99
71 402W17 Vibrio sp. LMG19840 (AJ316207) 357/359 99
Vibrio sp. EN276 (AB038023)
72 402W13 Vibrio Vibrio sp. RE35F/12 (AF118021) 223/224 99
Vibrio sp. EN276 (AB038023)
73 315W22 Vibrio sp. 3d 7 (AF388393) 383/385 99
74 608Y4 i Vibrio sp. ANG. HOH (AF022410) 389/391 99
75 T710W1 : Vibrio campbellii (X74692) 200/210 95

520P1) & P. denitrificans i< 99 % @ #H [6)#4 % /R LRI ->THY, 520P1 k& TI0P1 %O/ TH
L7 (Table—1.1). 7B L - BRBREEK, FFI0EVWHAED SN, BREEMED S 5,

Z DIRHEEHOHERIMEN S Z>D V=725 % 402P1 ¥k & 417P1 %O EEBLY 13 520P1 FkDAED
T &EMTEL. Fig 113 520P1 #k& 710P1 #RDIE )& —E L, B 9# (315P1, 315P4, 315P5,
BABL5% P luteoviolacea (GenBank X82144) o  516P1, 714P1, 315P11, 315P3, 612P1,

A LB L7cbDTH B, 520P1 #k& TI0PL#%  710P2) DIEEFECHIIE 710P1 #RDELH) & —F L 72,
DIEREF) L, B DM T P luteoviolacea ® L — %,  Pseudoalteromonas & ® 1020R #
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Table—1.3 Bacterial species in the Muroto deep seawater

Matched (bp)

No. Strain Geneus Closest species (GenBank accession no.) Ma(;cﬁh)ed Characteristics
(bp)

76 315Y11 unidentified marine bacterium SCRIPPS 413 (AF359548)  328/329 99

77 315Y12 unidentified marine bacterium SCRIPPS 413 (AF359548)  332/333 99

78 315Y13 unidentified marine bacterium SCRIPPS 413 (AF359548) 336/337 99

79 402W6 unidentified marine eubacterial sp. (L10950) 272/271 98
Chukchi sea bacterium AWS-7W3 270/277 97 the Arctic Ocean
(AF283852) (AWS-7W3, AWS-4B2)
arctic sea ice bacterium AWS-4B2 270/277 97
(AF283849)

80 402W12 unidentified unclutured Colwellia sp. MERTS 2CM 93 242/251 96 the Antarctic Ocean
(AF424079) (2CM 93),
Chukchi sea bacterium AWS-7W3 242/251 96 the Arctic Ocean
(AF283852) (AWS-TW3, AWS-4B2)
arctic sea ice bacterium AWS-4B2 241/251 96
(AF283849)

81 402W8 unidentified Colwellia sp. 34H (AF396670) 355/368 96 Greenland(34H),
unidentified gamma protobacterium NB1-e Japan Trench(NB1-e)
(AB013826)

82 315Y1 unidentified Eubostrichus dianae epibacterium 354/372 95 isolated from Eubostrichus
(AF154057) dianae (epibacterium)

83 402W10 unidentified Eubostrichus dianae epibacterium 295/310 95
(AF154057)

84 612R1 unidentified Cytophaga aprica (D12655) 283/310 91

85 315W19 unidentified unidentified gamma protobacterium BD1-7 308/340 90 Suruga Bay (BD1-7)

(AB015519)

Riftia pachyptila endosymbiont (U77478)

265/283 93 symbiont of Riftia pachyptila

(endosymbiont)

(Table—1.1, No.35) WERVWEBEFZREEELK. P
denitrificans 13 prodigiosin & FEIE N 3 REOFKEAEFE
Tz EbBHmonTWwW3 9 (Enger et al,
1987), 1020R ¥ & P. denitrificans (1AM14544
W) ZRIAEEL, ZOEGE» S L cBR oA
WR <7 b EHKL . 1020R #RO BT 535
nm P ICRINEREFEL, 2D~ bk P
denitrificans > Sl U 72 prodigiosin ® b @ & —
B U, L7d5->T 1020R %M EET 5 BRI,
prodigiosin £ - R Z N ICHBH TIEVWEETH 3 &
Zionb.

4. ¥ B

4.1 TEFRBFREK PORBEEO R
(ZERwBEERK] hoMBERORME LT, %
IKIBOME D ERENZHRD S, F tciE#EH
kEZEZONZMEDOERE KGO, KE
Kb S4B S e RRAVISIS/KIE O IR D g 1E
IZD>WTLITNIC X 3. Vibrio anguillarum 3,

/Y 2 —EORBLD ONMSRESNTEY
(Wiik et al., 1989), hifGl—ETHbLEEZS
h3 28 (402W1, 402W4), L#Hi&E 4 #k (315
W13, 417W1, 31506, 402W11) »s5Btshic,
J IV oz —
FBAFED7 4« 3V FXO Bt REMETHD,

R prodigiosin ZEA T 5 Z EBRES LTV
% (Enger et al., 1987). [EFBEFEREK] H»
5% P. denitrificans & F[EH %7~ L, violacein
LEZONIFROREEAT ZMEISBES 0L,
NS DBREEKRI, 7 OEERTIOHEREMD S,
3 ¥ (402P1, 417P1, 520P1) & 10# (315P1,
315P4, 315P5, 516P1, 710P1, 714P1,

315P11, 315P3, 612P1, 710P2) O _>D ¥ )L —
T T B EnT & (Fig 1). violacein (&,

P. luteoviolacea MWEHT 3BT L L THEINT
W3 Ah (Laatsch et al., 1984; McCarthy et al.,
1985), SyBERKIL P. luteoviolascea & 1315 2165
BLy %+ - T (Fig. 1). Shewanella pealeana
i3, ¥ 175 (Loligo pealei) DYRRAMR L b 3=

Pseudoalteromonas denitrificans &,



P. luteoviolacea
520P1
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P. luteoviolacea
520P1
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CCTGCTAGCTGTGACGTTACTTACAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGC

TTTGTTAAGCGAGATGTGAAAGCCCCGGGCTCAACCTGGGAACTGCATTTCGAACTGGCA

53

520pP1
710P1

P. luteoviolacea
Szopl G ........ A .....
710P1 G ........ A i

P. luteoviolacea

S20P1 e
710p1 ....................

AACTAGAGTGTGATAGAGGGTGGTAGAATTTCAGGTGTAGCGGTGAAATGCGTAGAGATC

Fig. 1 Comparison of DNA sequences of 16S rRNA genes of strains 520P1, 710P1 and
Pseudoalteromonas luteoviolacea. Partial sequences corresponding to the positions 469 to
768 of E. coli 16S rRNA gene are shown. Dots indicate identical bases. The sequence of
P. luteoviolacea gene is according to the data in GenBank (accession number X82144).

nhreMBETH I EPRESNTEHED
(Leonardo et al, 1999), R—HE&LZEZ S5h 3 2
#k (31502, 51604) wo#txnr. S. woodyi i,
MR O T VR 5 viBD Y Y A HDRHAD S5
Bz, BAET B EBREENTEBD, 4°C
kv 25 CTHiEL, 30 CTREETEZAL
(Makemson et al., 1997). [@—@LEZX S5h 3 3
# (31503, 612WI1, 612W2) moBfS i,
TI0W2 ¥ (&, Halomonas venusta, H. aqua-
marina, H. meridiana 1< 100 % DHEEM =R 7.
H. venusta, H. aquamarina (3~7 1 D#gKE 4y
Btx N, H meridiana \3FARKFEDIRM L 0 5 #E
Nt (Arahal et al, 2002). 7TI0W2#kE N5
SHEOME T, 16S rRNA BT 2771 EE DR
FIMSERIT—ET 5720, DEEBEDOETH % H
BEECTE b1, £/, BORIEICES S,
7- %8BT 12, marine eubacterial sp. (DelLong
etal, 1993) kUit THEES iz ASW-TW3,
ASW-4B2 LGB TH B EEZ 55 402W6 HE,
bt D ASW-7W3, ASW-4B2 kU FEkRiE TH
Btanf2CM93 tRIBTHBZEEAZ N D
402W12%, 7V —v 5 v FmTchitsni: 34H
RUOBAREETCTHH XN 7 NBle (Yanagi-
bayashi et al., 1999) L[EETHEEEZEZOND
402W8 M H 5. T h S bIH/KIRDMEDLRTE
LEZEZoNB,
FiBAROMEOEZEELEZEZONEbDE LT

RO BES NLtc. Shewanella violacea 13, i
Bkt 5110 m OBIEMEREY &L 0l s h, KER
AEAT B EMBREENTVWS (Nogi et al.,
1998). C ORI, HFHEREE L THHELED S
nTw3 (Kato and Nogi, 2001). 7 & L 72#&
& 315B1 #kid, S. violacea T 98 % DHH[EM: % /R
L, REEOBEBOBREESE L1, 402W3 #
13, JEFERSEEDIKE 4000 A 5 5000 m Ok
» S Bt X 1t Idiomarina abyssalis (Ivanova
etal,2000) &LE—FEEEZ SN 5. 520W1 tkid
R« INERBHEKE 7242 m OigK» on#x
7z Ddeep-1 # (Radjasa et al., 2001) T 98 %D
FEMH %7~ L. Ddeep-1 #ki%, Hyphomicrobium
indicum (AB016982) D:EgfEE L ThHlixh
(Radjasa et al., 2001), Hyphomicrobium J& & L
THEEsntk. L L, H indicum F, EE=FH
B R O IR D FE MK 2> 5 Photobacterium &~
OBENEVBRBEEINTWVWS (Rad]asa et al., 2001).
L#7:d->7T, Ddeep-l - Z O EBEETH 5
520W1 #% & Photobacterium BOME & ZZ 5N
5.

ERKth» o Bt N EDIC I, ROE&RK
fE& 95 BLUTOMEME L AR aw, RIRE &
ESN3ME b Ris i, 315Y1 #& 402W10
¥kld, #H (Eubostrichus dianae) DEFE L b4
Bt < 117 Eubostrichus dianae epibacterium (Polz
et al., 1999) IKx bEHKZTH B0, 95 % DHEEMH
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L R& S h - o, 316W19 #id, BUKkEH OO
A ) &y (Riftia pachyptila) (AL TV BH
B (Feldman et al., 1997) I 93 % D #[EIH % /R
TICA XD - 72, 612R1 #I3, Cytophaga aprica
IZRGEBRTH 505, 91 WOMEWE L /RS 80 -
tz. THh 5D GenBank O 7 — ¥ N — X IAKRIEB
MRELSTVHEIR, 280N 4%%E 5,
BEERBKORMOMELSCELRTFERE LTE
BETHBHILEEZRLTVAS,

42 TERBFEEK RELYREEhI-FRALE
AN 5HEA
[ERmEERK] hk el MBI 3RO
IOBNEREEbNAMESRE S s, RILKE
DERE & L THIS LT W B Marinobacter hydro-
carbonoclasticus ¥ 7213 M. aquaeolei & EZZ 51

LR 2 ¥k (815W14, 3156W16), IhtioET
» 5 315Ws kst cxz. M hydrocarbono-
clasticus 3, BT DU OO #EK» S5

Bt X 7z (Gauthier et al., 1992). M. aquaeolei
3, Nb+FAMOBEMBERES 277 5 bk —
L X DSYBES N, M. hydrocarbonoclasticus & 16S
rRNA @iz F DIEEEST|H 994 ¥—EL TWwB C
EMRESN TV S (Huu et al, 1999). fhicd
Dietzia maris (#7175 2 #% (608R3, 910R) 3
DRt N7z, D. maris (¥, BARETH O TP
N5 T 4 vENRT ZMNBETH D EHHEX
T3 (Zviagintseva et al., 2001). 758, D.
UL#ZHE 2 #ED 5 B 910R #kiE, [EFHEEE
Bk ZIRK & 2EURHR» SHBfs iz bDT
b5,

HEHEERER O LHMEIN TV AR EELET S
A58 & U T Pseudoalteromonas J& DHIE 14 #kHs5
Biant., €055 1343, Lk Y/ v —=fE
H, 78 b=y 2FEEM, 75 BHEEICET
ARG ESREGABERE b OFEER
violacein (Melo et al., 2000; Margalith, 1992)
LEZAONIBREERLK. P orubra £ P,
72 1020R #kid, REFMGIEM, 7
¥ h— Y Z2FEEHE b >R B F prodigiosin

maris

piscicida T3

(Kawauchi et al., 1997; Margalith, 1992) &2
bhaBREEEL K.

608Y2 tRizid, 7 b v —MRERICBRT BT
BBk & TEMAL T BERM S 2 (S, 2000). <
N ix, Erythrobacter citoreus & Erythrobacter sp.
JP13.1 ILERGHIE TH - 7.

i 7 v A ) WIS Bacillus horikoshii (2, 2000
FIBERF M€ v 4 — X D 16S rRNA &=F
DECFIBBEFFINTWS, T D B. horikoshii (AB
043865) Z 723 Bacillus sp. KX6 (AB043862)
LEZONB 402Y1 tk3mBEI N, T VA
HHESEET 2T VA VEToF T —ERT VA
VLS -3, Th ) EOEROD TRERIE
Wxrsotcd, WRRERICELE T 570 & LM
FIE T3 (Horikoshi, 1999).

KRR OHELEICH D, %ﬂﬁﬁﬁ%@*ﬁ%%
DRIFTEAOEFRIZIUHFBDO A ZICIIZRET
WMhEEXxF Lic, CCE#oEsELET. K
MR o—ERE, XERFEE (BRFEEMT) OFhk
10 ~ 12 FERFEMREAERE ICL 2 [ HUB5E
B (ERBEERBK] ORFEILES X UKL
fERH) | R OV 4T B A B R Al B AR AR A A oD
[k 13 FEEX EHERTBENEONE BT
HIZEREBREE] 0—RLE LTUThhi, BEBXK
AR THBEL 7MED S B 65 Fkid, MIITEEA
O FMEMEREEENEZERE v 7 —
(NBRC) ICBWTREINTWS,

X #
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Oceanographic observations and an estimate of the renewable energy
for ocean thermal energy conversion in the coast of the Fiji island

thiE ' e FEE BHW e —#E FR - BRROBK  KBRHKER - 32 EX!
AT &' Tim Pickerin? » i B 2« R HH®
Tsutomu NAKAOKA, Tetsuya NISHIDA, Junya ICHINOSE, Kohta NAGATOMO,
Sohtaro MizuTaNi, Shigeo TATsuMl, Minoru MATUSHITA, Tim PICKERING,

Yasuyuki IKEGaM1 and Haruo UEHARA

Abstract

Republic of Fiji and many other countries in the tropical and subtropical areas desire both
electric power by the ocean thermal energy conversion (OTEC) and drinking water from de-
salinated seawater. Then, a hybrid OTEC system combined with a desalination plant by use
of deep ocean water is under consideration. For actual construction of the OTEC system, the
choice of location is essentially important. In this paper, oceanographic data of seawater
temperature, salinity and dissolved oxygen obtained off the coast of Suva of the Viti Levu
Island of the Fiji islands in the Pacific Ocean at the beginning of December 1996, 1997, 1998
and 1999 are reported as well as bottom topography. The renewable energy available from
the exclusive economic zone in the Fiji islands is estimated based on the oceanographic data
obtained. Estimates of renewable energy by the two methods give about 120 and 1959 times
as much as the current electric power in the Republic of Fiji, respectively.

Key Words: deep ocean water, oceanographic observation, Fiji, OTEC, renewable energy
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74 V—HEE I UHE L TAFCHAFOL OEL 1F, BXEKEERT 2 1D IcEFER
BEEFRE (OTEC) L#BKEKILD 7T v FEBEVSBFEIA TS, Z0kwic, BEFBKER
F4 % OTEC £ #KIKKILD 7S5 v b 2 BAEDLEIANA T Y v FYRFADBEZONTWVS,
ZDOTEC ZHMIIBA L b =S VWY R T AR EZ BIBE, REBETOBENEELNLSE. 0D
amiE, 1996, 97, 98, 99 F D 12 A EANCKFHEHED 7 + ¥V -85 Viti Levu O Suva /1 TH
BLIKE 8D - BEBZRLBEMFEICbESVWT, 74 V-RBEKEBNTD OTEC DF4Ex
FIWVF—R2O00KHETHRELL., ZO#RRE, #hEFh 7+ v -—HINEOREDKEH 1 5.82
X10*kW @ 120 f£& 1959 fi5& 72 - 7z,

F—0— R BEREK, BERE, 7« V-, BEREERS, BEI 3 V¥ -

RIS ATEEE NKE R (T759-6595 (LM T BRIk FH AHT 2-7-1)
2The University of the South Pacific (P. O. Box 1168, Suva, Republic of Fiji)
MEBREFHEL A NVF ALY 5 — (T840-8502 {EEEAEEMALE 1 Fith)
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1. % E

7 4 V—HMEL, EARFFEOHLE (£ 7% v
THE) ICAEL, #9330 DEEH,»SMD, £<
mk&%ﬁ@%ﬁ%w@ﬁmxoff%fmé.ﬁ
WHSIET, -2V 2 A2RLICHENS
<, BB Suva OEEMREIL 3000mm &7 - T
W3, EEEMEESIFEEC 18333 km?, ADE
¥I8LIAATH 5. KM TIIHOVELERE & BN
TREELTL STV,

7 4 V—HNED 1 FRHOKRFEER I 510X 10°
kWh T& % (http://www.cia.gov/publications/
factbook, 1999). 7 « Y —HFEDOENREZ, K
7155 82.35 %, 17.65 BftaBkHcHH> TV 5,
Lo L, {baBEhiEsE<, BREINTOE
NMTEE->TVRVONERRTH S, T/, (LR
Ko T ZBILKRFZOHE I & 2 KRR LD 7-
Wi, BHALAGBESEINTVWE, ZOkHIT, 74
v —HIE %= & e AN EFEEE T, wEEBK
ARIH T 2 MKEKCEB A G LY iBFERE
Z%&E (OTEC) ¥ 254 (»~41 7Yy FOTEC
VRF L) REEBRTBLOOENIEATHS (K
BARFETFIMEEFEREE % L ¥ — ERHEE
W], 2000).

NATY .y FOTEC Y27 o %ELRICERELT
ZBEWTHERT 256, BRBEEIEESHTOKUE -
HIJE « ZEHIEOH BB SIcKRE CEEIND,
ZOHiT, TOTT v N ERETBIBAICE, B
RT— 9 DTHRBRAEEEML, FEHFICH -7
R T4 ETOLEND 5.

B, BFREERBOFKESHTOAEPHEE
itd, BERBLOHMAGETITORA TV S (Wolff
5, 1979). LIRS, f&#ithd 1 o TH 2 BIREMA
T OTEC DREXBR%1T>TW5% (Uehara 5,
1980). 7z, 7 1Y) ¥ v TcOBERELITL,
o coOEERTE2TT->TWB (Uehara 5,
1988). HATOFEMHD 1 > Tdh %k BB

TiE, 3EIDBERAEEIT-TWE (5, 1990).
ZLT, CORABEEESRBL, REIHEN 10
MW ® OTEC 75 v b L ilg/KikAK(LEB 2 A G

74—YEYT 4

HDEIANAAT) Yy FYRFARDVTHREL TV S
(Uehara 5, 1992).

B/, 74 v-—HNEE2ECEREFEERTI
NA T )y K OTEC ¥ 2 7 L DERFTE S ED S
NTWVBH, 74 v—HMEREBER TOARBFE
F—5 131K, oM TOBEERBKFIEOD -
DF -7 IBHTRELTVWS., 2T, AHEA,
FARKFEED7 « V—@BIBLINATY v K
OTEC ¥ 2 7 £ 2&itT 2 cic, AAMEFH

THBERBETV, ZORBRICOVWTERTT 3 &
EHiT, CoOBBROBHIcOVWTHSMTIT S, &
5T, CO@BETOBFREEREBICIIHAET X
WFE-—A2HHAET 3.

2. B =

2.1 REZH
74 v—#*FMETDO N4 7Y » K OTECBEL v
27 LADHFBEFEMM E LT Viti Levu & ® Suva
OIS ZZ Sh3DT, ABRK 1 IT/RLE
Viti Levu S DEfllEEIc BT, 1996, 97, 98,
99E@12Hiﬁu%mbt.mlwm,m,©,
EemBUKERERMITH 20T, BESND
Wma BEKICIA > T, £72, OTEC D1 D
FEBKIRIES ~ 10 CLUITORESLETHZD
T, COLIBBAREBRAEE 572, 1996 F
12 A5~7 BIicEH L (bERBEOFEM AR 2 i<
wLt. FABBIEOKEZSTm ~1902m TH 5.

22 WEFE

A KERFROMEMBEHNTERL 2. 16
fitid4&k 81.4m, 18 13.0m, # b »$01990.17 t,
¥z v Y3 3800PS, [ElEx¥iid 230 rpm, MG
HAF 14kt TH B,

B« Kig « RS - BHEBRERR, X1Irdd
BRSNS TREMZREHS &, BX=EEKIERKET
(Neil Brown Instrument Systems, Inc. Mark I1IB
CTD Profiler CTD-0,) (BXUnEX : (FiFH -

65 mmho, ¥4 : £0.005 mmho), & : (& :
—32~+4+32°C, ¥E:@+0005°C (-3~ +32
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18°00" S

18°30" S

19°00" S

1 7« U—3FE Viti Levu & Suva shTER L 72338 & o 8015,
Ko A8l T, (21996 ), (b)(1996 &), (¢)(1997 &), (d)(1998 &), (€)(1999 )

178°00" E 178°05" E 178°10" E 178°15" E 178°20" E 178°25" E 17830 E 178°35 E

18°05" S

18°10" S

1815 S

18°20" S

18°25" S

2 19964 12 A 7 Hb)O AR & EFROERAIL (BTxEE - 1),

C)), JTEN ¢ (&M, ¥R 0~ 320db, *+0.5db, E L7

0~ 650db, *1.0db, 0~ 1600db, +1.6db, BRUCREE € v+ — (3EHRL, BEL v — 13y —
0 ~ 3200 db, *3.2db, 0 ~ 6500db, +6.5db)) 125 =8 (200 Q, @200°C), EhEr+—i
ZHICRALES Om »oBEZTE lm Ml  EBaA45— Y8 (350 Q) THAS. HiriEd, 150 T,
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1 JEic B 5 KCIREBK (1 kg HiT 32.4356
g KCl 25 A 12KIBHK) DESIEEE IS T 2KE
BLUREORMIEAET - clEROBLRE T X
DRz, KIZENZEMZ 3 LIBENKLEBZDT,
BEEIRT Yy WKBEROE., E#xR, KEE
FEOBBRRL 0B L. BEBRRI, BREL
Y-l XDPESINAERBEER VT, KE, KE
ORIEEITVERRAFIR 2Ky, Z OMFEEFIRIC
KD OBEBINBEL I EbE TR, F1,
RN A KD B 1D ICLEBIFREZ, v V2
I - X BERKMBE LB L TREL 72,

3. HREEE

3.1 KR - &S - BEMEORESH

X 3 (a)~(e)lz/R L7 1996 ZE~ 1999 £ DKIED
SBEN»OA B E, KERIF—- AT, BRFE
RUBRIAEIC X 2BE 2 E VRS N ED - 1
s, E—FHD 8 ~22 [IHEFHEL A DL, BE
S TOREMITIZ 0.1 ~ 1.0 COBEEHEEX
h, ZOHEIF 800 m LIE T L H K& WER AEE

Temperature (°C)

0 5 10 15 20 25 30 35

200
400
600
800
1000
1200
1400
1600
1800
2000

Depth (m)

() (1996 %), Sta. 1~8

Temperature (°C)

0 5 10 15 20 25 30 35 0 5
200 200
400 400

~ 600 600

< 800 £ 800

£ 1000 S 1000

& 1200 £ 1200
1400 1400
1600 1600
1800 1800
2000 2000

(c) (1997 4F), Sta.1~14

Temperature (°C)

10 15 20 25 30 35 0 5

(d) (1998 ), Sta.1~12

Hont, KERIERBED 264 ~ 289 CTH S 600m
fHED 71 ~76CE CiFES EHIBHITETL,
ZEBRAEBRII-Z2VET, REH,OSEL VKRR
BhAa SN, 600m LLUERHEIE L 7 1400 ~
1902 m @ 2.4 ~ 3.0 CF TKRIFIF A ITIET L 72,
7Kg i1x, OTEC DENETH 2 iBEZE%X R 5K
WWEHET, i, "M 7Yy FOTEC YR T 4T
3, RELEBOREZENRIKLN 15.0 CLLESLE
tewic, #@KBUKE DR E IE7KE 10.0 COES
#1500m £ THLETH B, 1, /K 5.0°CHhAE
HY 254 RESH800m F THELLD,

KB EHEITIE T3 % 600 m LI T, KiBE
ARk ST OENEED 600 m LIEL K&
W (H4). Hic, 600m LIETIE, EHEIRET
34.0 ~35.3 PSU &K<, »OEICLIZEHBKE
{, B&EELEbiz100~200m D 358~ 36.0
PSU 2 THAL, ZThRUETRETHE D Shik.
& 600 m T 344 ~346PSU &0, 600m KA
BT, BELEbIENBLELICERLL. &
3, ~A 7 )y FOTEC v 27 A DS O
FEtoBC, ERUCET 2MXMEEE REG 512

Temperature (°C)

0 5 10 15 20 25 30 35

200
400
600
800
1000
1200
1400
1600
1800
2000

Depth (m)

(b) (1996 4F), Sta.9~31

Temperature (°C)
10 15 20 25 30 35

200
400
600
800
1000
1200
1400
1600
1800
2000

Depth (m)

(e) (1999 4F), Sta.1~14

3 74 Y—HHME Viti Levu & Suva #T 1996, 97, 98, 99 £ 12 AIEAI L 7/KiRDERE S 7.
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Salinity (PSU) Salinity (PSU)
33 34 35 36 37 38 34 37 38
200 200
400 400
600 600
E 800 E 800
5 1000 = 1000
o
& 1200 § 1200
1400 1400
1600 1600
1800 1800
2000 2000
(a) (1996 £4£), Sta. 1~8 (b) (1996 47), Sta.9~31
Salinity (PSU) Salinity (PSU) Salinity (PSU)
33 34 37 38 33 34 37 38 33 34 37 38
200 200 200
400 400 400
2 600 ~ 600 600
< 800 £ 800 E 800
< 1000 S 1000 < 1000
& 1200 & 1200 £ 1200
1400 1400 1400
1600 1600 1600
1800 1800 1800
2000 2000 2000
(c) (1997 %), Sta.1~14 (d) (1998 4F), Sta.1~12 (e) (1999 %), Sta.1~14
4 Levu & Suva 7T 1996, 97, 98, 994 12 BICEIRAIL 1-1EH DEES .
Dissolved Oxygen (m1/1)
2 3 4 5 6 7 8
Dissolved Oxygen (m1/1)
1 2 3 4 5 6 8
- 0
= 200
2 400
600
2 800
= 1000
- ~ Q,
(a) (1996 4), Sta. 1~8 £ 1200
Dissolved Oxygen (m1/1) Dissolved Oxygen (m1/1) 1400
1600
2 4 5 6 7 8 2 4 5 6 7 8
1800
200 200 2000
400 400
600 600 (b) (1996 4), Sta.9~31
= 800 = 800
~ 1000 ~ 1000
=
‘é 1200 2 1200
S 1400 2 1400
1600 1600
1800 1800
2000 2000
(c) (1998 4F), Sta.1~12 (d) (1999 &), Sta.1~14 i
5 74 v—3F0E Viti Levu & Suva T 1996, 98, 99 4 12 AICEAI L HIAERE D HRES .
BICHEE B, Y —HBARROI DRV BERAOBES
5(@)~(d)iZ, 1996 ~ 1999 F DIAERFZDH

BoOfmERT. KL,

1997 FDRET — 5 13,

KR « B EEBBICEV IR TERWA TR
SHETOZEESKE L -7, M5@DTIE, BF
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BFIIRET35~36ml/l, FEILLbITHARL
T 100m T 4.0 ~42ml/l, ZHhLUEFRED LT
200m T 3.3 ~34ml/l, ZhLUETEHFUEML
T600m T 4.6~48ml/l, ZNLUETIE, FEX
EEbic3.0ml/l FTRAD L, K5 DT,
BABET -4+ 45— (JODC) T & 3 Viti
Levu B0 fEfl#EE (175°34'E, 17°8'S) DOiKHE
Bz 7 — 5 27 (AH) (http://www.jodc.go.
ip, 1997). &b, A#FHEL JODCDOF— 5 %Ltk
B 5L, KBMETREFVBR SN S5, 100
m DLETREREERERT. R5C)ATIE, &
GEHHFZEIRBT28~3.1ml/l, EIEEbITRED
LT 100~200m T 25~ 26ml/l, £l
B0 L < 600 ~800m T 3.2 ~34ml/l, 51T,
ZHLIETRES L EHI223~25ml/l £ THE
EBMRZRIRD L. BEBRFZBER, ~M 7Y v F
OTEC ¥ 2 7 b RO #EKEKIL v 2 7 £ THEK%
75y v RREIET, GKAERESS T L TR
IKAVERBIETHZER v 7BURETH BH, TOF)

Temperature (°C)

Temperature (°C)

NERBABICHKLELN D, F1, ZOBGFHRHIR
B, KEMOEIE « EBMHOBICER L1153,

32 %k

T-S5 A4 ¥ 5 6%k8b25&, KiEKE0CUTT
i3, 34.4 ~ 348 PSU, 7kiEf5.0 CLLE~H24.0
CLF (F&H800m ~# 100m) TIid, 344~
36.0 PSU &kt L, Kigdsk 24.0 CLL
E~KBETR, T-SFA¥ s 5aidilzid &
Sty —vEiRd (K6 @~eE). N3, 74
v —HFERERBKESZ L, RBIESDOEL
MEKOEEAZ T KPR LTVt EEX
5Nh3. SEOFYEAELNS EESH 2560 m L
BETIE vy —vid—HL, KROUBIEREZZ
5h 3 (K6(f). FEXH250m fTELIZTIE, F
TEIET-SEA Y75 Ldrey— v IEEHL, K
MOMEIZRL->TW5,
EAFFER (74, =a—AL F=7) (http:
//www.jodc.go.jp, 1997), ¥4 (th k5, 2002),

Temperature (°C)

320 10 15 20 25 30 35 5 10 15 20 25 30 35 15 20 25 30 35
N
33
> 35 5 35 >
£ 6 g 5
© © ©
37 237 s
38 38
(a) (1996 %), Sta. 1~8 (b) (1996 4£), Sta.9~31
Temperature (°C) Temperature (°C) Temperature (°C)
5 10 15 20 25 30 35 5 10 15 20 25 30 35
33 33
= 35 . 35 » 35
£ 3 E £
3 g !
37 37 37
38 38

(d) (1998 %), Sta.1~12

(e) (1999 %), Sta.1~14

DEHTSFAY T A

6 7« v—#LF0E Viti Levu & Suva T 1996, 97, 98, 994 12 AORFBAR TIHONIIKE < EHRF 1 ¥

75 h, BRIBE (ot) (kg/m?).
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Temperature (C)

0 5
S 34
N
&
-
s
o
=
o
—
©
197}
W.S P c
Central er
36

K7 BEAKEEHER (794, =a—SLF=7,
&, HRRIEBE (ot) (kg/mP).
B AR AR FERCKFEFERERE (Sverdrup 5,
1942) OKWD T-S 54 ¥ 754 (KT %243
L, 74 V—0DKE-EHDEMIZ, FX 200m LU
ETE,
1997) L R3IERICEMERL, £/, =a-AL
F=7 & bR CHEMEZRT. EEK200m 2L E»
SRBOEHATIE, 71 V-DBERMERL /¥5 —
YHSREW, Ff, KEDSK 16 ~ 18 CLIT T,
PER AR & K A8 B o igis & (6] UfElR) % 7R
T, NS ADOKPELKT L, BLMEREL &S
B8y — v E R DBIERBEARICERNA LN S,

7 1+ ¥ — (http://www.jodc.go.jp,

3.3 BEHE

B 2 127R L e B R T 1996 HEICRIZE L,
mEMEE A~ (M8 (EK)). 7, OTEC &
BB A AN 2D OBRMEICE S  FE
HMXERT (M8 (TXD). A& T, LOEER
RICEL 152 1ER %R L. L L, BREEICITW Sta.
5, 20, 21, 22, 23T, EIVESLBE->TWV53,
HBIEMZ 12 > T OTEC Oo#/KBUKE 2R ET
50, FMSEEME OERIRIL 2 TN 2 LEH
b5, BEOHHIMAT, LLoBEMELD,

10 15 20 25 30 35

0\

E. S\ Pacific ol
Water )\

13)

NIA), W BEARKEFROKREEREFRILITOT-S 1Y 75

OTEC HOEMDRESATIE, BELZEANEE
HLEGE& IR 1 o@)iEETlE» 55 12.6 km,
(D)TH 9.9km, (€)T# 9.0km, (d)T#H5.3km,
e)TcH 126 km U EEZEZ SN B, ZDHIT,
BE b1 OTEC 2% BT 256, RERQAMEBIETD,
wBKHBUKE 3% 5.3 km LI EORIHBHELL S,

34 BEIRNVF-
BEREATFVF-DOHEMLE L TREES N
Db IRIEWD, 197TTHEICE TR VF -k §—
DERERWIT » 1 BARDEF/KEAN T olFEREZE
TxNVF-DREIR 1 F/MIC 1.0x 10" kWh T
b, OEICHRET 2E586x10°t IcHHMT 5
LERLTVWE (HREB = X V¥ -ElHE,
1977). —4, £1d, 1999F D7+ v—Hf1EH
DHE - BHHE L T x V¥ —GIRERE - HEET,
1 EfO#BFKEBEREIZ, 510xX10°kWh TH 3 (http:
//www.cla.gov/publications/factbook, 1999).
Zz0ORRIF, LGEEIH 17.65 % & 7K 155 82.35
%T, KABKED % HDTWB.

OTEC icH#12 5.0 CoMERREKIE, AFARE
WTiE800m LIEICAH L, 74 v -—HFIED
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500

1000

Depth (m)

1500

e 18w

187 8.4
187 11.4

187 14.4°

Latitude (S)

187 23.4

178" 8.4’ 178" 11.4 178

118 B4

14. 4 178 17.4

18°8 ¢

. (9

178 20. 4 178" 23.4

Longitude (E)
B8 74 ¥—HFE Viti Levu & Suva o @EMT (1K) &FFEH (FRD. FFESXho+Ed 8.

BREKIE (Azr) 1.13x10% m? oNT, 7KiE 800
m LLIEOHEHE (Ar) 13 8.9%10" m? TEEBFEKE
DTI%TH S, T, KAT/ICETZEEKE
12, 264°C~289°CTHOFH276°CL1IL 5.
ARED 4 Fo=— 53, BEHHD 12 A L4)

EFRohTwWBiw, JODC oo 2 A& 5D
F-—sAEBEICTEE, REKBRIEZ, 274°Ct

281 °CEHb. =2 F¥F-DHEICE T 2EBE
Fkiga, ABBRAKRPIJODCOF— %2 b

270 CEBEEFKEBELTHVWEI L ET S,



#F1 1999F07 4 v —HEOHKE
FNF —-GIREAERE
gov/publications/factbook,

cBAHAELT

1999)

- HEE (http://www.cia.

Electricity production

[kWh] 510 million

Electricity consumption

[kWh] 473.3 million

fossil fuel : 17.65 % ;
hydro : 82.35 % ;
nuclear : 0% ; other : 0%

Electricity
—production by source

" Oil | 0 (thousand barrels per day)
<I")’x-:’Production Coal | 0 (million tons)

§ Gas | 0 (trillion cube feet)

‘; Qil | 6 (thousand barrels per day)
:t;* Consumption Coal | 0.02 (million tons)

= Gas | 0 (billion cubic feet)

Z27T, 74 Y—HMEICHBIF S OTEC BAE T %
WE—-—DHETIE, 5.0 °COEEFREKIZ800m
DB oatmL, REKREI270CEREL, LT
D2 D>DHETIT- 12,

=8 (2000) (3, BEREEDO T R VF—ER
RUOTRE-TBY, chz7 4 v—iBIcERL
THEzAVF— (Ep) 2RE3 L,

Ep= CPXMXAT (1)
= 4.2%9.17x10"%x22.0 = 8.47x10'® [k]]

T,
c, - WBKDOEEHE (42k]/(kg * K))
m:#@BKOERE (89X10" X 10%X1.03 X
10° = 9.17x10'*kg)
T:iREZ (220K)
ZCT, WKOER (m) &, 74 V—@BHOEGEE
i& OTEC icFIFalfesmfE (Ar = 8.9%10" m?)

WK EREBKEEES 100m E#@EKOEE (1.03X
10°kg/m®) 2#irciEoh s, REE (U &
KEFKIBDH 27.0 CLE X 800 m DH 5.0 °C
LDETH 5.

EOIT, TOTRVF-—DOEFENBFHAEEZ S
A, TR VF-L L TCIIEAERRER T A V¥ —
ﬁ%gf@ﬁhiabmm ZDfEIZ, TDEFE
BEIZVF—-42BBKOBERICES 25H T4 5
ZETkvond, wKkOBREME 1000 £ (B
B, 2002) LIRETHIE, BAEL A LVF— (Ex)

65
2, ®RAL)D LS55,

Err = Ep/iB/K OTEER AR (2)

Licds-T, 7« V—H£FIERALBE TR

e = 8.47X10'%/3x 10 = 2.8x10% [kW]
2T, wKOEIREARM 1000 &
(1000x365+250) X24%x3600=3% 10" [s] (3)

COBETRINF— (Ep) 25 F ¥4 7 VE
EHs 25 %D OTEC itk E#ad 5 &, OTEC
BAEx R VF— (Epp) E7.0X10°kW &30, 74
v-HE o REH S 582 x 10* kW (http://
www.cia.gov/publications/factbook, 1999) @
#1120 5L 785,

b5 —DODHEE W, BEDSHEBPENDOKE T %V
F-HmEL Y 0BE (@) M) 2bEic
L7z:bDTH 5 (z 2 F-FHRBEELLRE, 1991).

0= 2 (e ()

P KIEEH (1.35%10° W/m?)
CERFEOET VAR (403084 J/mol)
D KUATER (8.314]/(mol * K))
D RIEFHKIE (27.0°C)

T': RE#EHRE (300.15 K)

AT REZ (1.0 O
BEzxLv¥— (Ex) 3, BED>SEBHRHADOK
B ¥—0BmELD DEE (g) T, C
D74 Y —BROFAAREREE U) 2L
bDTHB. K%I*w¥—®k¥m@%§E%T
RN &, Z&F - Bgh « SR %@ L TRR L DR
TOILRNVF-WB L OBIRICE 2HEICEP X
N, BEEBNOBILEIIHRS T/hawv, 2078
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Temporal Changes on Nitrate Concentrations in Deep Seawater Pumped up
at 321 m Depth in Toyama Bay, Japan Sea

ik BME' . BN SLF - NE P -TH (EF
KA B - 8H ZFHF .45 #t°
Akinobu MATSUNAGA, Hiroko Kurokawa, Keiichi SHOZEN, Nobutaka TAKAYANAGI,
Mikiya Onto, Takayoshi TovyoTa and Toshimitsu NAKASHIMA

Abstract

Concentrations of nitrate in deep seawater pumped up from 321 m in Toyama Bay were
determined at an hour interval between September 2001 and March 2003 with a newly de-
signed continuous fully-automated ion chromatography. Nitrate concentrations were usu-
ally around 24 ¢M, but sometimes suddenly changed to 10.1 to 24.8 uM for periods of several
hours to several days. The decrease of nitrate concentration was found to be closely associ-
ated with temperature rise. It was thought that seawater masses having low nitrate concen-
tration and high temperature might occasionally reach the inlet of the deep seawater intake
pipe due to possible vertical and horizontal movements of seawater masses. Stormy weather
in winter and typhoon in summer could be responsible for such seawater mass movements.

Key Words: deep seawater, Toyama Bay, nitrate, ion-chromatography, temperature
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Ocean fertilization using deep ocean water (DOW)

Masayuki Mac TakaHasHI' and Tohru IKEYA®

Abstract

Food production in the world is likely to become an urgent subject needing to be solved in
the near future due to the steady increase of the world human population and the deteriora-
tion of farm lands for agriculture in the most productive areas. A large stock of nutrients
in deep ocean water (DOW), below the euphotic zone of the world ocean, has great potential
for enhancing existing marine production which could subsidize the production of animal
protein on land. Three trials of ocean fertilization currently being carried out in Japan to
increase fish and other marine products are summarized as follows: mixing more nutrient-
rich bottom water with nutrient-poor shallow water by means of an artificial seamount and
prevailing current actions on the continental shelf; adding more nutrient-rich deep ocean
water (DOW) to nutrient-poor surface water after it has been heated from passing it through
electric power plants as a coolant; and directly discharging more nutrient-rich DOW to nutri-
ent-poor shallow euphotic water as density current after mixing it with warm surface water.

Key Words: deep ocean water, DOW, ocean fertilization, seamount, primary production, phyto-

plankton, fish production, continental shelf, open ocean, nutrients, density current

1. Introduction

Food security has always been one of the most
important subjects for human society. The
“Green Revolution”, which greatly contributed
to enhancing agricultural production in the
world over the last 50 years, is now facing dete-
riorating farm lands due to over-use of fertilizers
and agricultural chemicals. No new useful crop
strains have been developed over the last few
decades. These factors make it difficult for any
further increases in food production, or to even
maintain the existing level of food production.
Fisheries catches, which support the human
food supply mainly as animal protein, are also
decreasing because of over-fishing and environ-
mental deterioration of fish habitats through

various human activities (Takahashi, 2000).

'Department of General Systems Studies

Among the biological communities in this bio-
sphere, the coral reef community is known to
have the highest level of primary production,

and average production of a coral reef is as high

2 1

as 4000g dry-weight.m~ of organic
matter (Whittaker and Likens, 1975).

average production in other marine communi-

.year~

However

ties is about 1/10 of the coral community, or

even lower such as: 500 g dry-weight.m %year™’

for upwelling regions; 360g dry-weight.m™.
year”' for continental shelf waters; and 125 g
dry-weight.m %year ™' for pelagic oceans. These
low levels of production in marine environments
are mainly a result of limited nutrient availabil-
ity in the euphotic zone, where primary produc-
ers such as phytoplankton carry out photo-
synthetic production.

Primary production in most of the ocean is ex-
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pected to be enhanced if nutrient availability for
primary producers can be improved. There is
no question that primary production can be
stimulated by adding limiting nutrients to a
given euphotic water body, whether they are en-
closed in experimental culture flasks, or are
mesocosm containers having a volume such as 1
to over 1000 tons (Bienfang, 1970: Ishizaka et al.
1983; Takahashi et al., 1982). There have also
been several trials to improve actual nutrient
environments for natural algal communities by
bringing up subsurface water containing more
nutrients into nutrient-poor euphotic zones
(Roels et al., 1971; Roels, 1980; North, 1977,
1987).

gested using cold deep ocean water (DOW) for

Gundersen and Bienfang (1970) sug-

cooling electric power plants followed by the
use of the heated nutrient-rich DOW for ocean
fertilization. The Fisheries Agency of Japan en-
acted the “Organic Law of Fisheries” in 2001, to
strongly stimulate efforts to maintain existing
stocks of fish and other fishing targets; and to
increase future stocks around the exclusive eco-
nomic zone (EEZ) of the Japanese islands.
Ocean fertilization is one of the possibilities to
meet those goals.

Direct ocean fertilization using DOW was
tested experimentally in Toyama Bay in the
summer of 1989 and 1990. Twenty-six thou-
sand tons of DOW was pumped up from 220 m
and spread across the surface after being mixed
with two parts of surface water. Various base-
line data were obtained from the experiment

(Nakata et al., 1991; Iseki et al., 1994).

zation effects of DOW were recognized by the

Fertili-

recovery of a seaweed community along the
flow of DOW that was discharged from the
Kochi Deep Seawater Research Laboratory
(Watanabe et al., 2000; Hayashiet al., 2003). Due

to low concentrations of nutrients even in the

DOW, a huge amount of DOW was required as
well as a large amount of energy for pumping.
Thus, natural energy, such as ocean thermal en-
ergy conversion (OTEC), was suggested as a way
to meet pumping and other energy requirements
in the open ocean (Otsuka, 1997). A relatively
large-scale ocean fertilization project, in a warm
offshore ocean, has been proposed to create a
large new fishing area (Takahashi et al., 1993;
Matsuda et al., 1999; Matsuda et al., 2002).
Three research programs testing ocean fertili-
zation using the nutrients contained in DOW
have been carried out in Japan. The first is an
experimental evaluation of primary production
stimulated by nutrients brought up by an artifi-
cial seamount designed to enhance turbulent
mixing. The second is an evaluation of primary
production stimulated in coastal waters using
nutrients in heated DOW after it passed through
The third is an

experimental evaluation of stimulating surface

a power generation plant.

primary production by directly spreading DOW
pumped up into the euphotic zone in the open
ocean. Construction of artificial seamounts is
restricted to continental shelves shallower than
200 m because of increased economic and engi-
neering difficulties at greater depths. The use
of DOW as power plant effluent is also restricted
to near shore areas, as well as being restricted to
obtain DOW. The direct use of DOW of the
third type has no major limitations by depth and
distance from shore but there are other addi-
tional requirements such as a strong structure
that can stand in open ocean conditions, a struc-
ture large enough to have a positive effect, se-
curing a suitable energy supply and so on. Each
experiment mentioned above involves several
new technological developments. These include
efficient pumping of near bottom water to the

euphotic zone using a combination of artificial
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seamounts and current actions, pumping up
DOW from a depth of a few 100 m and keeping
it within the euphotic zone by controlling its
temperature by passing it through cooling ther-
mal plants, or diluting it with warm surface
water to minimize diffusion for at least a few

days.

2. Background concept for ocean fertilization

Marine production, including that of fish and
sea mammals, depends entirely on primary pro-
duction by photosynthetic organisms (Ryther,
1969). It is therefore essential to increase pri-
mary production in order to enhance marine
production. Primary production in the ocean is
mainly controlled by available solar radiation or
nutrient supply. As solar radiation is unamena-
ble to control by human efforts, nutrient supply
is the target to increase marine primary produc-
tion (Takahashi, 2000).

In the ocean, all nutrients acting as bio-
elements generally increase in concentration
with depth, tend to reach a maximum concentra-
tion around 1000 m, and remain at high concen-
trations almost down to the bottom (Sverdrup
et al., 1942).

subsurface water is due to decomposition of or-

This nutrient accumulation in the

ganic matter by heterotrophic organisms.
Thus, oceanic primary production will be en-
hanced if nutrients in DOW can be supplied to
the euphotic zone, where photosynthesis is car-
ried out. Energy required to raise DOW to the
sea surface using a mechanical method, such as
pumping, is equivalent to 1/1000 of energy for
heating DOW so that the specific gravity of
DOW equates with that of surface water (Isaacs
and Schmitt, 1969).

Among about 30 bio-elements required by

phytoplankton, the macro-elements nitrogen,

phosphorus and silica and the microelement
iron are apt to be in insufficient supply in the
euphotic zone of the ocean. An unbalanced sup-
ply of nutrients, such as one low for silica but
high in other elements, discourages the growth
of diatoms, so a phytoplankton community poor
in diatoms develops. Similar species changes
also occur due to changes in nutrient concentra-
tions even with a balanced composition: lower
concentrations encourage small phytoplankton
whereas larger cells are stimulated at higher nu-
trient fluxes. Dominance of large diatom
species supports a classical straight food chain
contributing to fisheries organisms. However,
dominance of small phytoplankton species does
not give much enhancement effect to fisheries
organisms but it enhances others.

Furthermore, it takes at least one or more
days to promote phytoplankton growth by
changing nutrient environments using quick
dilution, then certain levels of nutrient concen-
trations have to be maintained for a certain time
period to initiate phytoplankton growth. Due
to its high density, DOW pumped into the
euphotic zone will tend to sink below the
euphotic zone before the nutrients in it are taken
up by primary producers. To achieve effective
ocean fertilization, it is necessary to prevent
sinking and rapid dilution of DOW in the
euphotic zone. Thus, adjustment of DOW buoy-
ancy by heating it with the waste heat of a
power generation plant, mixing of DOW with
surface water, or physical confinement of dis-
charged water or some other means is required.

Nitrate is one of the essential nitrogenous nu-
trients that are in limited supply in the ocean.
The total amount of nitrate in DOW would be as
much as 600 X 10° tons N, which is more than

6000 years worth of nitrogenous nutrients cur-

rently used in agricultural activities around the
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Figure 1.

An estimation of enhancement of primary, secondary, tertiary, and bi-quadratic production using

deep ocean water (Iseki, 2000). (The original figure was redrawn for the English version based upon the as-

sumptions mentioned in this text).

world. This is based on the assumption of 30
#M as the average nitrate concentration of DOW
below 200 m in the entire world ocean and 95 %
for DOW percentage in the total seawater. The
amount of phosphorus nutrients in DOW is in
even greater amounts for agricultural use than
nitrogen.

Under natural conditions, subsurface nutrient
rich water comes up to the surface very slowly
in most sea areas but at rather rapidly in a few
limited cases such as upwelling and during sea-
sonal vertical water mixing. In the former case,
frequent nutrient supplies stimulate primary
production, which result in greater fish produc-
tion, and support robust fisheries (Ryther 1969).

Iseki (2000) predicted possible fertilization
effects using DOW under the following assump-
tions: (1) DOW contains 30 M of nitrate and
other bioelements in balanced concentrations;

(2) the nitrogen to carbon atomic ratio of phyto-

plankton using nitrate is 16:106; (3) the conver-
sion factor for organically combined carbon to
organic matter production by phytoplankton is
two and that for dry-weight to fresh-weight is
five;and (4) the ecological efficiency for material
and energy transfer between each trophic level
throughout the food chain is 20 %.

As shown in Figure 1, the upwelling rate of
DOW at 0.1 -1 ton.s™ (about 10* to 10° tons per
day) could produce several 100 to 1000 fresh-
weight tons per year of primary production
which could support several 10 to 100 fresh-
weight tons per year of secondary production by
planktivores such as sardines, anchovies and so
on. To increase secondary production to be as
large as the yearly fish catch of Japan (5 X 10°
fresh-weight tons in 2001), about 10° ton.s™" (10*°
tons per day) of DOW is required. To reach the
level of the world fish catch in 2001, the amount

of DOW required is in the order of about 10°
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Figure 2.

“Ashcrete” blocks (made from flyash cement) used to construct underwater seamount: a (left). an

Ashcrete block; b (right). delivery of Ashcrete blocks from a bottom-opening barge at sea (Suzuki, 2000).

' (10" tons per day) for planktivores.

ton.s”

Ocean fertilization using subsurface nutrient-
rich water could be achieved anywhere in the
ocean. However, areas cannot be expected to
achieve effective fertilization where subsurface
water has low levels of nutrients and are subject
to extensive and frequent vertical water mixing

(due to low water column stability).

3. Experimental approaches to ocean fertili-

zation

3.1. Artificial seamount

On continental shelves shallower than about
200 m, bottom water contains more nutrients
than the shallower water. Surface primary pro-
duction could therefore be enhanced if bottom
water is mixed with nutrient-poor shallow water
by tidal or other currents. To increase fish and
fisheries organisms on the continental shelf,
some enhancement to primary productivity can
be made possible by supplying nutrients from
the bottom water to the euphotic zone. An un-
derwater, dual-cone seamount has been pro-
posed as an effective way to achieve water
mixing between the bottom and the shallow
layers (Suzuki, 1995). According to flume ex-
periments, the most effective form of the conical
seamount was a peak height of 30 m and the

width of 400 ~ 600 m for 100 m water depth.

In the area of 100 m water depth, the total
volume of each seamount was 330 X 10° m®.
Concrete blocks approximately 1.6 m each side
(4.1 m® in volume, about 7 - 8 tons in weight)
was proposed as a basic unit to construct a
twin-cone type seamount (Figure 2a). Concrete
blocks were delivered to the sea floor by free
falling from a bottom-opening barge (Figure 2b).
Since the location of each block on the sea floor
varies according to the prevailing direction and
speed of the current during its free fall, the
delivery point of the blocks from the barge is
controlled under consideration of the current
conditions. In flume experiments of 1/100 in
scale, the loss rate of blocks due to dispersion
and burial was less than 30 % during the
random free fall operation. Since there is some
free space around blocks (total free space is
about 50 % of the seamount), total volume of
blocks required to construct one twin-cone
seamount with a cone height of 30 m and radius
of 120 m is about 210 X 10* m®

direction of the ridge between the dual cone

The transverse

seamount was set at the sea floor to cut across
the prevailing current in the area to achieve the
most effective mixing of bottom water with
shallow water.

Because of the large amount of material re-
quired to make concrete blocks to construct an

artificial seamount, it is essential to obtain suit-
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Figure 3. Map of the construction site for the under-
water seamount off Ikituki Island, Nagasaki
Prefecture (Suzuki, 2000).

able materials that are cheap, bulky, plentiful, do
not cause environmental destruction by damag-
ing hills or beaches, and cause no major environ-
mental deterioration of seawater by leaking
heavy metals and other hazardous chemicals.
Flyash produced from electric power plants
using coal was therefore chosen as the material
for making the concrete blocks (Suzuki, 1999).
Despite increases in flyash production, no de-
mand for practical usage has developed, and as
matters stand, almost all extra flyash tends to be
dumped into shallow coastal waters in reclama-
tion projects.

Flyash concrete blocks having a unidirectio-
nal pressure strength of more than 1.96 X 10°
Nmm ° was advanced under the following pro-
duction conditions (by weight): 65 % flyash, 11
% cement, 23 % water, and 1 % mixing agent
(Suzuki, 2000). Sonication treatment was used
to mix the contents, which saved the quantity of
both water and cement used in the normal pro-
cedure; and resulted in a shorter incubation pe-
riod, no adhesion of the concrete mixture to the
mold, and no cracking. Concrete blocks made of
flyash are called “Ashcrete” blocks. The specific
gravity of Ashcrete blocks varied from 1.7 to 1.9

depending upon the quality of flyash used,

Figure 4. Shape of the underwater seamount con-
structed off Ikituki Island, Nagasaki Prefecture.
Seamount structure was determined using the
underwater depth sounding (Suzuki, 2000).

which is lighter than an ordinary concrete block
of 2.3. Since the light-weight Ashcrete blocks
do not sink easily into muddy bottoms, they are
suitable for constructing underwater seamount
on muddy or sandy sea floors. Furthermore, a
steady increase in strength of Ashcrete blocks in
seawater with time is another advantage.
Safety for various marine organisms due to pos-
sible leaching of chemicals from Ashcrete blocks
and the succession of living colonies on the
blocks have been assessed (Marino Forum 21,
1989; Collins et al., 1992).

A seamount was experimentally constructed
at a depth of 84 m on the continental shelf off
Nagasaki Prefecture as shown in Figure 3. This
was a research and development project (1995-
2000) of the Marino Forum 21, which was
supported by the Fisheries Agency of Japan
(Suzuki and Takahashi, 1997; Suzuki, 2000).
About 5000 Ashcrete blocks were set over 3
years (1997-1999), until a twin-cone seamount
with a peak height of about 12 m, width of 120
m and a side width of 60 m was constructed
(Figure 4). A simulation model predicted that
strong upwelling would result from a reciprocal
tidal current across the seamount (Suzuki 1995,

Honda, 2000). During the course of construc-
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Figure 5. Changes in chlorophyll concentrations de-
tected by satellites around the seamount during
construction. The areal mean of the chlorophyll
concentration (b+c) for section B and C was nor-
malized using data for the offshore reference
Section A(a). The arrows crossing the seamount
indicate the direction of the tidal current around
the seamount. The relative average chlorophyll
concentration ((b+c)/2a) shown by horizontal
bars increased by about 1.4 times when 75 % of
the seamount had been completed (compared to
the condition without seamount) (Kumagai et al.,
2000).

tion, chlorophyll concentrations in the sur-
rounding area of the seamount, detected by sat-
ellites, showed a steady increase by about 1.4
times the average when 75 % of the seamount
was completed (Figure 5) (Kumagai et al., 2000).
Fishing operations also showed an obvious in-
crease of fish catch in the area (Figure 6)
(Tomoda and Nishimura, 2000).

fish catch in the area of 18 km X 20 km around

Fresh-weight

the seamount (under construction) increased
from 250 tons (mostly saurel) in 1996/97 to
1500 tons (mostly anchovy) in 1998/99. A large
number of fish schools were actually recognized
by direct observations of a Remotely Operated
Vehicle (ROV) elsewhere around the seamount.
They were composed various species of juve-
niles and adult fishes including many commer-
cially valuable fishes.

ROV observations also showed various spe-
cies of organisms attaching to the surface of

Ashcrete blocks, which created a rich rock eco-

October 1996 ~ September 1997

00

128°10°E 20 30 40 129016'E 20 30 40°

Figure 6. Changes in fish catches caught with purse-
seine nets before and after constructing the sea-
mount. Fish-catch records were compared before
and after the construction within the area of 18
X 20km around the seamount (Tomoda and
Nishimura, 2000).

system within a year after setting the blocks.
The surrounding seafloor of the seamount is en-
tirely covered by soft mud, but a different rock
ecosystem was obviously formed from the place-
ment of the blocks. Since the top of seamount
was still way below the euphotic zone, no photo-
synthetic organisms could live autotrophically
on the seamount.

There are three possible effects from con-
structing underwater seamounts to enhance
ocean fertilization and increase fisheries organ-
isms of as follows. The first is the stimulation
of primary production by nutrients being
brought up from the bottom water and mixed
with the euphotic zone water. The second is the
formation of a rock ecosystem by placing
Ashcrete blocks on the seafloor, as these blocks
supply a substrate for various species of sessile
organisms that live mostly on particles sinking
from the water above. The third is the sea-
mount creates an attractive environment for
fishes and other organisms.

Once a seamount is constructed, it will last

almost forever with little maintenance effort.

Such seamounts will be suitable for areas shal-
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lower than 100 m or so, and most effective if
there is a strong prevailing current, particularly
in warm seasons. Even though nutrient concen-
trations near the bottom in the area suitable for
seamounts may not be high, useful ocean fertili-
zation effects can be expected. Generally,
deeper depths give greater fertilization effects.
However, as depth increases, the size of a
seamount will become huge; and there will be a
great increase in the total materials required for
construction in deeper sea areas. This will re-
sult in a greater engineering and economic diffi-
culties. Based upon the success of the ocean
fertilization project mentioned above, the
Fisheries Agency of Japan has designated
seamount construction as one of the promising
ocean fertilization programs, and provides con-

stant financial support for their construction.

3.2. Direct use of heated DOW passed through

electric power plants

Since DOW tends to sink below the euphotic
zone because of its low temperature when it is
discharged directly into the ocean surface layer,
except in extremely shallow water of 10 m or so,
preheating of DOW by passing it through an
electric power plant for cooling has been pro-
posed (Isaacs and Schmitt, 1969; Bienfang, 1970;
Gundersen and Bienfang, 1970). The use of
DOW for cooling power plants can have several
advantages, such as: an increase in cooling effi-
ciency by the low temperature of DOW; no bio-
fouling within the entire cooling system without
special measures; and almost no entrainment of
Additional

construction costs to extend the intake water

organisms causing system damage.

pipe to depths deep enough to collect cooling
water is required, which would be the only
major disadvantage, but one easily offset by the

benefits mentioned above. Furthermore, since

heated DOW does not sink to great depths, it
can fertilize the ocean if it is kept within the
euphotic zone by controlling its temperature.
Considering that the total amount of seawater
currently used for cooling power plants in Japan
is as large as approximately 10* ton.s™, if DOW
is used as coolant it could support slightly less
than the current level of annual aquaculture
production in Japan (see Figure 1).

A research and development project for the
use of DOW as cooling water for power plants
has been carried out as one of the national re-
search programs on “Research and development
on the effective use of energy and resources of
deep ocean water (1999-2003)” by the Japan
Ocean Industries Association (JOIA) under the
supervision of the New Energy and Industrial
Technology Development Organization (NEDO)
with financial support from the Ministry of
Economy, Trade and Industry (METI). In the
project, 1 X 10% ton.day ™' (ca. 10 ton.s™') of DOW
was assumed to be pumped up for cooling a 600
MWe thermal fossil-fuel plant (Kadoyu et al.,
2003), and the heated DOW effluent was used in
a trial of coastal water fertilization.

The practicality and possibility of using DOW
as a thermal plant coolant was evaluated in the
project and the necessary technologies needing
to be developed was assessed. An existing
power plant, designed to use surface seawater as
a coolant, showed an increased efficiency of 3.5
% in northern and central Japan in summer by
using DOW. Furthermore, the heat transfer
area requirement of a steam condenser can be
considerably reduced with the use of DOW for
optimally designed power plants, together with
some improvements in plant efficiency (Kadoyu
et al., 2003). This benefit can be applied to
There

was only a small amount of entrainment of

power plants constructed in the future.



Ocean fertilization using deep ocean water 81

<> Electric power plant

Figure 7. Schematic diagram showing the potential for ocean fertilization of near-shore seaweed community
and pelagic plankton community using DOW heated by passing it through an electric thermal plant

(Hayashi et al., 2003).

0 500 m
[ S|

Figure 8. A model estimate of ocean fertilization increasing phytoplankton production as shown by an increase
in phytoplankton biomass in g C.m * due to heated DOW of 10° ton * day ' discharged into coastal water

(Hayashi et al., unpublished data).

organisms living around the intake mouth of
DOW in Namerikawa, Toyama, where the intake
inlet was a few meters above the bottom at 310
m (Hayashi et al., 2003). No observable bio-
fouling has been noticed in the Kochi Deep
Seawater Research Laboratory where DOW has
been pumped up continuously since 1989 from
310 m using 12.5cm reinforced polyethylene
pipe. Similar results with no major bio-fouling
have also reported from the Natural Energy
Laboratory of Hawaii over a much longer time
period. They have been pumping DOW from
below 600 m for nearly 20 years.

Considering that most power plants are lo-
cated close to coastal waters, heated DOW can

be delivered from land to almost any location in

coastal waters. As shown schematically in
Figure 7, a seaweed community will be fertilized
if DOW is discharged into a rocky shore area
within the euphotic zone, whereas a pelagic
plankton community will be fertilized if heated
DOW is discharged further offshore. A possible
enhancement to primary production was esti-
mated using a numerical simulation model in
the project mentioned above. The simulation
showed an obvious increase in primary produc-
tion in the offshore water (Figure 8).

Although the use of heated DOW for ocean
fertilization is still being evaluated, it is worth
considering it for both cooling and ocean fertili-
zation in the future. Because heating is essen-

tial to reduce the specific gravity of DOW, it is
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quite important to adjust the buoyancy of DOW
by heating it by passing through cooling sys-
tems. Cooling is not only for electric power
plants but also for several other possibilities

such as air conditioning.

3.3. Direct ocean fertilization using DOW

The Marino Forum 21 awarded research and
development funds for five years from the
Fisheries Agency of Japan for the direct use of
DOW for ocean fertilization (2000-2004).

For ocean fertilization using DOW, at least
two important challenges have to be solved: one
is how to pump up a large quantity of DOW, and
the other is how to keep the DOW in position
within the euphotic zone with minimum diffu-
sion, at least for a few days after discharge.
Achieving ocean fertilization at an oceanic scale
may require DOW containing 30 4M nitrate in
the order of 1 X 10° tons per day or more in open
water. Natural energy such as OTEC, solar and
wind would be ideal for pumping DOW up in the
sea. In the course of the Marino Forum project,
OTEC was suggested as the most promising
energy source for pumping DOW up in compari-
son with wind, photo-voltatic, waves, shore-
based electric power and diesel fuel (Ouchi
et al., 2002; Watanabe et al., 2003).

There was a pioneer experiment for ocean fer-
tilization carried out in Toyama Bay in 1989 and
1990, which was supported by the Special
Coordination Fund for Promoting Science and
Technology of the Science and Technology
Agency of Japan. In that project, DOW was
sprayed onto the sea surface from a floating
barge named “Hoyo”, which pumped DOW up
from 220 m. Although the buoyancy of DOW
was adjusted by mixing it with two parts sur-
face water, the floating of DOW within the

euphotic zone was not confirmed, possibly due

to limited amounts of DOW being discharged
and it behaving unexpectedly. In the Marino
Forum project, a density current generator was
applied to discharge and plunge DOW horizon-
tally into a certain layer of the euphotic zone in
a stratified water column. The aim was to mini-
mize sinking and diffusion of DOW after
discharge into the euphotic zone (Ouchi et al.,
1998).

euphotic zone, it was mixed with two parts of

To avert DOW from sinking below the

warm surface water and discharged as a density
current.

The Marino Forum project decided on Sagami
Bay, near Tokyo, as the experimental field site
because a large counterclockwise eddy often de-
velops and circulates at the surface there, possi-
bly due to effects of the Kursoshio current
If the DOW discharged from the
discharger became trapped within an eddy, the

(Figure 9).

diffusion of nutrients in DOW was expected to
slow down. In the final design, 1 X 10° tons of
DOW from a 200 m depth was pumped up per
day by the revolving power of an impeller with
a 2.35m diameter (lower impeller) through a
steel riser pipe with an internal diameter of 100
cm and a wall thickness of 31 mm. One part of
the DOW was mixed with two parts of warm
water collected from a depth of five meters to re-
duce the specific gravity of DOW (Figure 10)
(Ouchi et al., 2003). The water from the five-
meter depth was taken in using the same revolv-
ing impeller action (upper impeller). The
mixture of DOW with five-meter water was then
discharged slowly at 20 m as a density current.
The DOW discharger, named “Takumi”, was op-
erated continuously with the use of energy gen-
erated by a diesel engine (to evaluate the
potential for fertilizing Sagami Bay).

was set at the site at the end of May 2003, and
discharged DOW since the end of July 2003.
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Figure 9. Counterclockwise surface eddy frequently observed in Sagami Bay. DOW discharger “Takumi” (loca-
tion shown by the “X” symbol) was set near the center of the eddy (Iwata and Matsuyama, 1989).
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Figure 10. Conceptual design of the offshore-based DOW discharger “Takumi” (after Ouchi et al., 2003).

DOW containing about 20 uM of nitrate at 10 “Takumi”, which stands for year-round opera-
°C was pumped up, mixed with the five-meter tion in the open sea; (2) practical and economical
water containing less than 1 M nitrate at about installation of a riser-pipe and floating offshore
25 °C in summer, and discharged as a density structure; and (3) technology for detecting ocean
current. New technology developments include: fertilization.

(1) the entire design of the DOW discharger
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4. Future perspectives

Utilization of DOW containing rich nutrients
from nearly 100 m or more in depth to fertilize a
large volume of the ocean has now been tested.
Several essential engineering technologies have
been developed as a necessity. Three experi-
ments undertaken in Japan have been reviewed
in this paper. Improvements in the technologies
are still need for efficient and practical applica-
tion, although most of the technologies required
for constructing underwater seamounts have
reached the level of practical application. Some
technologies associated with the two other ap-
proaches have to be improved before practical
operation can be achieved.

Within the three, ocean fertilization experi-
ments reviewed here, each has at least site-
specific advantages. Seamounts will be suitable
for fertilizing shallow waters of continental
shelf areas such as those less than 100 m with
low or moderate concentrations of nutrients at
the sea bottom. DOW effluent from power
plants containing rich nutrients and heated up
will be an ideal source for ocean fertilization but
is restricted to near shore waters with a steep
coastal slope where it is not suitable to construct
a seamount. DOW can be pumped up at any
location where it is relatively easy to pump
DOW from below approximately 200 m. This
generally requires a huge and strong structure
to overcome rapid diffusion of nutrients by sup-
plying great amounts of DOW and to be able to
stand in the rough environment of the open
ocean. Therefore, direct pumping of DOW for
fertilization will cover most deep-water areas
that are not suitable for the other two ap-
proaches.

To utilize DOW for ocean fertilization, there

must be many ways to do it, including those

introduced in this paper. Those methods will
depend upon specifics of the local planning site,
and the actual combination of other uses for
deep water (in addition to fertilization). Com-
bining the use of DOW for ocean fertilization
and as a coolant will be ideal for the efficient
utilization of the cold energy and nutrients of
DOW, where it is possible. Direct pumping of
DOW in the open ocean can be combined with
several other purposes such as electric power
generation, extracting metals in DOW, and so
on.

CO, uptake during photosynthetic production
using nutrients contained in DOW also requires
attention. Since the CO, concentration in DOW
is already higher than the surface water, we
have to consider the balance of how much CO; is
fixed compared to CO, released into the air.
Considering that the average age of DOW is
around 100 years at 300 m around Japan, the
equilibrium of CO. between the air and the sur-
face seawater was much smaller compared to
the present age because of low CO, concentra-
tions in the air at that time. Therefore, more
CO; could be absorbed up to reaching the new
equilibrium point when DOW is used for ocean
fertilization.

Since the utilization of DOW is an imposition
of new human activity on the ocean, we must be
careful not to significantly disturb the ocean
system. One of the important issues is to find
out what level of DOW usage will not to disturb
the ocean system. Otsuka (2002) estimated a
level based upon the magnitude of temporal
variation in ocean currents and suggested using
a given limit of DOW resources that is within
natural fluctuation levels, because nature can
already cope with such fluctuations.

The rich silicate in DOW could specifically en-

hance diatom growth, but stimulation of other
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species such as those causing red tides has to be
checked carefully. To avoid such a problem,
DOW operations for ocean fertilization should
be at, or facing, the open ocean rather than being
in enclosed sea areas where red tides are apt to

occur.

Acknowledgements

This paper was orally presented as a key-note
lecture at the 5 th Ocean Mining Symposium of
the International Society of Offshore and Polar
Engineering (ISOPE - OMS 2003 symposium)
held on 15-19 September 2003, in Tsukuba,
Japan. The research was financially supported
by the research funds of the grant-in-aid of
special research (#14540576) by the Ministry of
Education, Culture, Sports, Science and Tech-
nology of Japan, by the Marino Forum 21, and
the New Energy and Industrial Technology

Development Organization (NEDO). Drs. Kazuo

Iseki, Tatsuo Suzuki, Masatoshi Hayashi and
Kazuyuki Ouchi kindly permitted the use of
their figures.
English.

References

Bienfang, P. K. 1970. On the potential of deep ocean
water to increase primary production under sur-
face light and temperature conditions. BS Thesis,
Faculty of Biology, University of Hawaii, 93 pp.

Collins, K.J, A.C. Jensen and A.P.M. Lockwood.
1992. Stability of a coal waste artificial reef.
Chem. Ecol,, 6: 79-93.

Gundersen, K. and P. K. Bienfang. 1970. Thermal pol-
lution: Use of deep, cold, nutrient-rich sea water
for power plant cooling and subsequent aqua-
culture in Hawaii. J. Fish. Res, Bd. Can. 27: 513~
516.

Hayashi, M., T. Ikeda, K. Otsuka and M. M. Takahashi.
2003.
deep ocean water discharged into coastal sea. In

Assessment on environmental effects of

Recent Advances in Marine Science and Tech-

Ms. Linda Worland kindly edited

nology (ed. M. K. Saxena), PACON International,
Honolulu, Hawaii, 535-546 pp.

Honda, Y. 2000. Numerical simulation of upwelling
induced by underwater seamount. Gekkan Kaiyo
32: 480-484 (In Japanese).

Isaacs, J.D. and W.R. Schmitt. 1969. Stimulation of
marine productivity with waste heat and me-
chanical power. J. Cons. Int. Explor. Mer, 33: 20-
29,

Iseki, K., H. Nagata, K. Furuya and A. Kawamura.
1994. Effect of artificial upwelling on primary
production in Toyama Bay, Japan. Proc. The 1994
Mie Internat. Forum and Symp. on Global
Environment and Friendly Energy Technology,
Mie Academic Press, 458-462 pp.

Iseki, K. 2000.
water — A proposal for a sustainable ocean farm,
Gekkan Kaiyo, Special volume 22: 170-178 (In
Japanese).

Ishizaka, J, M. Takahashi and S. Ichimura. 1983.
Evaluation of coastal upwelling effects on phyto-

Ocean fertilization by deep ocean

plankton growth by simulated culture experi-
ments. Mar. Biol,, 76: 271-278.

Iwata, S. and M. Matsuyama. 1989. Surface circula-
tion in Sagami Bay — The response to variations
of the Kuroshio axis. J. oceanogr. Soc, Japan 45:
310-320.

Kadoyu, M, Y. Eguchi and F. Takeda. 2003. A
parametric study of power plant performance
using deep-sea water for steam condensation. In
Recent Advances in Marine Science and Tech-
nology (ed. M. K. Saxena), PACON International,
Honolulu, Hawaii, 547-556 pp.

Kumagai, Y., A. Naitoh and M. M. Takahashi. 2000.
Enhancement effects of phytoplankton biomass
by means of underwater seamount. Gekkan
Kaiyo 32: 469-473 (In Japanese).

Marino Forum 21, 1989. Design and production man-
ual for flyash concrete blocks. Engineering data
report 6 (In Japanese).

Matsuda, F., J. Szyper, P.K. Takahashi and J.R.
Vadus. 1999. The ultimate ocean ranch. SEA
Technol. August issue: 17-26 pp.

Matsuda, F., T. Sakou, M. Takahashi, J. Szyper, J.
Vadus and P. Takahashi. 2002. U.S.-Japan ad-
vances in development of open-ocean ranching.
UJNR Marine Facilities Panel, http://www.dt.
navy.mil/ip/mfp/paper5.html

Nakata, K., Y. Fujiwara and T. Kajikawa. 1991.
Prognostic tool for designing an offshore, open
ocean mariculture OTEC system. Proc. of the



86 M. M. Takahashi and T. Ikeya

Workshop on Engineering Research Needs for
Off-shore Mariculture Systems, 26-28 September,
1991, Honolulu, Hawaii. 473-521 pp.

North, W.J. 1977. Possibilities of biomass from the
ocean, the marine farm project. Proc. of Symp.
on Biological Conversion of Solar Energy (eds.
Mitsui, A., S. Miyachi, A. San Pietro and S.
Tamura), Univ. Miami, Academic Press.

North, W.]J. 1987. Oceanic farming of Macrocystis,
the problems and non-problems. Chapter 2 in
Seaweed Cultivation for Renewable Resources
(eds. Bird, K. T. and P. H. Benson).

Otsuka, K. 1997. Economic analysis for an integrated
OTEC/biomass system. J. Kansai Soc. N. A,
Japan, No. 227: 89-101.

Otsuka, K. 2002. Deep ocean water as a regenerated
natural resource. Report on the total quantity of
resources of deep ocean water. Japan Resources
Association. 28-31 pp (/n Japanese).

Ouchi, K., T. Yamatogi, K. Kobayashi and M.
Nakamura. 1998. Density current generator—A
new concept machine for agitating and upwelling
a stratified water area. Proc. of Ocean Community
Conference '98, The Marine Technology Society,
Baltimore, USA, 129-136 pp.

Ouchi, K., S. Ogiwara, E. Kobayashi, K. Fukumiya, M.
Yonezawa and K. Kato. 2002. Ocean nutrient
enhancer —Creation of fishing ground using deep
ocean water. Proc. OMAE: 21* International
Conference, June 23-28, Oslo, Norway. 2002 -
28355.

Ouchi, K. 2003.
for the experiment of fishing ground creation.
Proc. 5th (2003) ISOPE-OMS, September 15-19,
Tsukuba, Japan.

Roels, O. A. 1980. From the deep sea: food, energy,
and fresh water. Mech. Engineer. 102: 37-43 pp.

Roels, O.A., R.D. Gerard and A.W.H. Be. 1971.
Fertilizing the sea by pumping nutrient-rich deep
water to the surface. In Fertility of the sea (ed. by
J. D. Costlow). Vol. 2. 401-415 pp. Gordon and
Breach Science Publ, New York.

Ryther, J.H. 1969. Photosynthesis and fish produc-
tion in the sea. Science 166, 72-76.

Suzuki, T. 1995. On the study of upwelling created
by artificial seamount for the purpose of enhanc-
ing biological productivity. Doctor Thesis, Univ.
of Tokyo, 207 pp.

Ocean nutrient enhancer “Takumi”

Suzuki, T. 1999. Development of high-volume fly ash
concrete and application to marine structure.
Fisheries Engineering 36: 61-69.

Suzuki, T. 2000. Boosting seafood production with
recycled industrial by-products. Civil Engineer-
ing, JSCE 38: 26-31.

Suzuki, T.and M. Takahashi. 1997. Enhancement of
coastal upwelling by man-made sea-mounts con-
structed by flyash concrete blocks for the in-
crease of marine productivity. Proc. Oceanol.
Internat. 97, Pacific Rim. 1: 89-107.

Sverdrup, H.U., M. W. Johnson and R.H. Fleming.
1942. The oceans, their physics, chemistry, and
general biology. Prentice-Hall, Inc., Englewood
Cliffs, N.J,, 1087 pp.

Takahashi, M. M. 2000. DOW: Deep ocean water as
our next natural resource. Terra Scientific
Publishing Co., Tokyo. 99 pp.

Takahashi, M., I. Koike, K. Iseki, P. K. Bienfang and A.
Hattori. 1982. Phytoplankton species responses
to nutrient changes in experimental enclosures
and coastal waters. /n Marine Mesocosms (eds.
G. D. Grice and M. R. Reeve) Springer-Verlag, New
York, 333-340 pp.

Takahashi, P.K., K.R. McKinley, V.D. Phillips. L.
Magaard and P. Koske. 1993. Marine macro-
biotechnology systems. J. Mar. Biotech. 1: 9-15.

Tomoda, K. and K. Nishimura. 2000. Creation of fish-
ing ground by underwater seamount. Gekkan
Kaiyo, 32: 474-479 (In Japanese).

Watanabe, M., M. Taniguchi, T. Ikeda, M. Komatsu, K.
Takatsuki and S. Kanamaki. 2000. Fertilization
of coastal areas by deep ocean water. Gekkan-
Kaiyo Special Volume 20: 160-169 (In Japanese).

Watanabe, T., K. Ouchi, T. Yamatogi and S. Jitsuhara.
2003.

source for the ocean nutrient enhancer. In Recent

The advantage of OTEC as the energy

Advances in Marine Science and Technology (ed.
M. K. Saxena), PACON International, Honolulu,
Hawaii, 557-564 pp.

Whittaker, R.H. and G.E. Likens. 1975. The bio-
sphere and man. n Primary Productivity of the
Biosphere (eds. Lieth, H. and R. W. Whittaker)
Springer-Verlag, New York, 305-328 pp.

Received: 20 September 2003
Accepted: 21 November 2003



Ocean fertilization using deep ocean water

rEREKR (DOW) % H v icipEiRiL
B s B

E B

DL AEEICHEL TV AR AOBINCREAERMOBMOLILEEZ 5L, HWIE
k, HROBBEERIREEFEO—ICKDZI>THS. —h, KEK10m OEXBLIEICE
T AERBERBEEEOR L v 73, BIROBEDEELSH 3 —KalfEE L2 TH D, Fhns
EHINIE, BLETOFMY v BAEAZRO CEMAEETH B, F I TRPMOKEEY DK
EXBELTC, BHE BATEDS SN TOLRBIBEENR E~ND320F v L v YEHNT 3.
FE1id, KEMOEE ICHIREEHEEZ S GALBRKEALBE<Y v FERNOERICEK -
THREOXRBKEBEL TIEKILEXE. F 213, EXRBEOBFEEBKEELICRA LY, %
NICE - TREMEZGEIL, B - 2iBEFRBKEERBEHICHKL TEEL TS v 7 + v BEOA
EEXEH5. H313, KEMLROFEVER CEFEERBKESKL, BrLVERBORRBEKER
GELTEERAEL, BEXBIRICHET AL DITHKT 3 itk vlEgEiREk(bs 5.

F—9—F [ BEEEK, BEEXL BE<Y v, —REE BT v, BELE,
REEM, SR, REIER, FER

87



88

[HEERE/KIZE ] (Deep Ocean Water Research) ¥fsigfg

1. [BEERBKARIGEBEERBKFIBAHALZOD
WXGEE LT, BEERBKEZOERMHEOWE
BLUBMAROBRREEREKT 2FMHETH 3.

2. [BEFERBKHEIL, F£1EUERITL, B
ERX, W, B3, zofn o153, KEEE
WX OEEE B FEERKFARRR2 RS 3.
WXF 1WA 10 EIRIELIAE L, B8l EEe
BR=—VF +— VRIS,

3. BRBEEAE L cEFEEBKAIBAMAZE28
IR 5.

4, TRTOHXII2 AL LEOEFEOBEEART
HUMREEREVLREEYW L, REZBESLRE
5. BRICBLTE, ERB8LIUOREZDa -
4 WEREZBERICENT 3.

X DAL

T153-8902 W#HRKXES 3-8-1

HERKFERFRRASULARRILIE v 2 7 2 BF5%

=te  IEAE (BEEEKHE] REZER)
(HEoFRIC [EEFEBKARE] FEisES &

ER

%Bag - 03-5454-6627

FAX : 03-5454-4321

E-mail : ctkmac@mail.ecc.u-tokyo.ac.jp

5. BERMR (HBEOoF5/x] B1R) _
D EfEEMXsLREXEL, 7—7o v
7 rEFEHALTA4LHOBKIC 40 F x 2517
IR BEDITHEHT. PUEATFEXLT
315603, 400 FiEEBARKICHEEX LT 5.

2) FREoRL»IcE, BE EE5% FEK
%% 5. 1, TNFNOHEREDIT 3.
X« ROFIFIFID L 3K XET 3,

3) ITRTOBXiT, EXDEFGEL+F—7—F,
IXDBESEF—T7— K225,

49) K-x-BEIFAELT, Ad$l0oEHEE:
FRAL, TOFFORTFLEBLELIITES V7
THBICHIC, K+ ROMMEIR 10cm F 7213
2lcm E LTHEBI B3I ENLEFT LV, 3o
EYLbDTHhNE, BEIE-TbI\,
K-+%k -BEIRZSE2-oF, REEOEKREICS
I3, FEREOK, HRIFORENAERET 3.

5) BRI ETIC 1T ob i THBICEL.

6) RIEAVEL,

T X#Ki3, AXthcEE (1996), (FiE
1995 ; {F#E - &#E 1971) O X HIZ5IHT 3.
EE&M 3 AN LOXERIZ, EilBS (1970) D
£9icd 5.

Xikid, RPDOEEZEOHDT N7 » Xy MIE
KN, ROFUZ LB ->T, BlFRICE &0 T
L7 5.

a) WX HIBEE] - #LEA c hEE - it
EB (2000) : BEFRBKD I % 5 V4G
ReELToRA, mEw. 1 1-11

Cox, R A, M. ]J. McCartney and F.

Culkin (1970): The specific gravity/salin-

ity/temperature relationship in natural

sea water. Deep-Sea. Res. 17. 679-689.

b) HTA : HHBES (2000) @ K< brbiE
PEFEREK a2®TLY—7 v, HE 223H

Sverdrup, H. U., M. W. Johnson and R. H.

(1942): Their

Physics, Chemistry and General Biology.

N. J.

Flemming The Oceans:
Prentice-Hall,
1087pp.

c) HITRDE K2/ FME (1991) : tHFE D
mBOKDOTER. 62-76 A. iF & HIEKEREE. B
KBEFRR. BAHME, R

Richards, F. A. (1965). Chapter 6,
Dissolved gases other than carbon diox-
ide. p. 197-225. In Chemical Oceano-
graphy, Vol. 1. ed. by J. P. Riley and G.
Skirrow. Academic Press, London and
New York.

6. EERXOZFHEINHEZ, TiLd 3 A%

EFZBRICRET 3.

1) &#&ERS 2 .

2) FEK (BEZ2EU) - RKLzh S5 0HRHA
3) mEKEBEBEANLILZoy E—FA 27
text file

7. HimXOHIRID 30 IR L, ZzhllLE

FERE T 2, BRI A BIE R ENRS (< ERI &
tHicH LAL,

8. #5-—DEBHECROHRIRIEZ OERAEE

T3, A4¥1HTH10 FH.
(2000 % 11 A)

Englewood Cliffs,



89

[ HaEBRIE KL ] (Deep Ocean Water Research) #&fgnFa|x

1. B (REFHR G B zoft)
1. 1. BFEwRXok (FIXd L < 133E0
1. 1. 1. BBGRXo%E1H EBHICh - TbiED
W)
UToOBEETNTHOXS L BEXTIEH#HT 5.
1. E£BELEMEE (running title)

2. EHFEZ
3. WIROITHhbhI#E, REOMBEREE ZhSD
PRAE N

4, BE X EE. X3 400F (GEXRH
300:8) LIN. 5 BUAOHMINEEXDF -7 —F
D115,

5. X+ ZOWHK

6. BHREL WEKOEKSL (BE, FAX, E-mail

address)

1. 1. 2 #fERXOo%E2HUT

UToRIEATDRT 5.

1. AX (FIXb LK BEX) Kk OERELES
2505 7DRBI TR BLEFE LV,

2. BEE (PO LK RE) : SUBARZE R
Bh&, TohoWMEMMEZFIEEXIE, FOI &
%BA3E4 3.,

3. X#Ek:BRBHREEZSRB. FGRUSTI D XERAS
HEEEICRBESRIMXTH BT EE2M -1 LT,
HKXERTHRRT 5.

1. 1. 3. K- &0
FOSURERB RIS L i3 T, EXER{RIEXTE
LD THFRICEER T 5.

1. 1. 4. K+Xpar-—

FX - R&i3, #kado 1, 3. B - RE ERIER)
DYER%] 1Tk » TERR T 5. RO, Thopar—
%2%D, BX -« BRRIFENRES 5.

1. 1. 5. &EX (LI H
1. 1. 1. ® 1~4 2% (FIXER) &L < FFfX
GURERE) T L - Adkicitkd 3.

HEH
HEEVHOWTWARXXERREFBAT 2L, £EFSE
ICHER S 3

BXES
FIXGRXDEXEERHLT L, FIIXBEEOXRTH
ZMEIEFIBOV, RXOABRBAEANCHEHETXS LI
LT 5. <L THEDLEW,

l. 2 AX
L. 2. 1. [ERBORy ANV

. AdMtE=7T, RBEIF LT 30mm, A4 30 mm
ELT, 11735~40F (&), 25(TICHIFL T,
KisERE T 3.

2. XN+ZROBAFLMNBEE2EREICHRST 3. 7272
L, AXiclkRTREZOZV (HIR 1 BdvK 1
MLLE) Brid, FEICIRZ B SRS L,

3 R=UBFELTITB.

1. 2. 2. H&E - Bfu

1. HEFIFREFEZERY 2. FMAZEOMER A,
XIE FMAZE) 0idh, BILFEEFH, HMS
Hosf (B - BEREW) - FELLE2SEICT 5.
2. BALRAE LT SIBEA., HEBEMZRLTOM

DEHITEKRT S, Hl:] K' mol
3. HFLBEMNORIZ, ¥AHT3.

1. 3. BEK-EX ERIFER) DIEK

K« FRid/xs vz2psh, AET, XFOHRAPTL
bDETKRT R, PIFICEVWKEERDO DD F — K4
vhEESFS,

1. EX-RRRrzoxxsEESRAORRBL L3 &
5, Ad (fEVWTFhTcd LV) o FERKICIER
T3 (BEHRESR).

2. K (BEX2EE) - ROWMIE (Mo 51 + o,
HF, BEAA28E) 310cm, /43 2lcm &9 53
(RBHESR). HREICII80% IcH/NE N3 DT,
K« XRPOXFOREXZIZ10 K4 v 2 E, T4
LEEFXF (a, ¢, e, m, 0, sKE) DEHXDE
/IME% 1.5 mm Pl Eicd 3,

3. EftxTZ2DHBXETIE, IRAFEHH60~70
BORZXITHBZDT, RINTH 12 F4 v %(&F
Bd 3.

4, X8, Y-#HoKAKxid, 02mmEE, Kbhox
W (F—7 2§53 OKEid, 0.3~0.5mm 2
DEHET, 0.1lmmUTOKRKIDERIE, HIRIL &
XICRANRKB B EDH B,

5. F—EAVIBEERLEE, PEO (OOO
AVX+) &z, 72 (OOMAY) OFHEZ
PV, T, KEE () 32mmBEE (0
cmigo & %) @Y, mEERICICTSE, [
ULRExXICRZ 3.

1. 4. %
BRBRX 4 MEBEFERRKPANELSORGE EE
ERBKFE] MERTBEICE S GikIBRBEESR).

2. BRER (BRErsZHEINI LX)

2. 1. =KRER

TiED 3 H% [BEEBKHE] REZTERICHE 2

(A RBHESR).

1. EYRERBLDITbEbLE TEBIESNERE
%, 28B4 3. ERAIRBEBLRERL, &5
B OBRETOXEDOKBRIEIE R, HIOBEL
AirTEEW,

2. EX--FEx EERIRELTES) Lzhooim
BR. SHORMET, BEAKET 2 LMD 3.

3. BERERBEIZ ey E—FARIKEFFANT 7 4
WTAD Lz b DA S,

2. 2. BRER (FFRb+774) DFEDEH
mRoWThhroFET [HBEERBKHE] REEEE
~NiEZ GEERERBRESR).

1. DOS/V (IBM PC/AT H¥)ARKT7+—~< v b
I35 M vFO709E-=F4 227 (MF-2
HD) ICE#HINIAXDTFR N7 7 4 VE, KK
Ffs, BX - HEE—#ic [BEEBKFE] RE
RERICEMT 3. Mac 53, NEC PC A%
ET7r—~<y bEN13HAVFDOD 709y E—F
4 27 RZIFFFEV,

2. DOS/VARTENL VISR, E-mail T 3.
RRBEREAXDF+ 2 b7 7 4 V%, E-mail KX &
LTA—VT 5, HBIEF TREERBEMN) LT3,

E-mail address: ctkmac@mail.ecc.u-tokyo.ac.jp
(SFBIELE)
(2000 £ 11 A#IE)






i E TR T IK BT
4% (2003) BEX

Deep Ocean Watar Research Vol.4 Contents

B X
RE#mX
MR K A 02 R U 7 BB O s O DREAE BN I - oeevee e BH KA 1- 90
AR EBEEREKE W RKEE O « IHREHEICRIETHE
-------- Afe BS- Al BHh-52 A=-¥B #@F-KE  FeAK BRIl 11-18(1)
BEFRRBKAKBEERUK—DE Y 27 LD 7 4=V EY T4+ 2574 (B2
—CO PEHBAIEIEE LIZ LCA— -cvvrrrecreeecnaennn. KIFE #a - 2K S 19-27(1
WAERBEY T 5 v 7 b v ERICHT 2iEFFERBKDIERLEHE
........ ma B JIE HF - &E IEfE 29-37(1)
PR TF 2 AV 28 L WERB/KEUK T (TUJ BUK Tik) oB%

ANl ER - ERE OBEK - AAEESE Mk F- AR B 39-45(1)
ERBEREBKDOMEREDMT e RHE f5—+ K5 T - BRK E— 47-56(2)
7 4 V—BBOBEREERBED 12 » OBERTEROEE L 3L F — OfEE

---------------- thi) e FEEH Ht e —# MIR - B BEK - KBHKER -
3¢ &#kAK.MWFT  # - Tim Pickering - it Rz + EJH #HF 57-66(2)
B 321 m » 557K L - B ILEWE ) B EE /K h D HERIG IR D R &)
------- ik BE BN AT -NE E—-E M EFE-
AP #th- BH F&-HhE 8ot 67-7202)
MBrEREIK (DOW) & W iBAERAL «ovvvvereeeeeeees =fE  IEAE - s & 73-87(2)
[BAEREKZ ] (Deep Ocean Water Research) HEREHITE <+« - v vevvverrnnernnernnnennnnn. 88(2)

[H3FEERIB/KEFF ) (Deep Ocean Water Research) HFED TR «vvvrrrreeeeeeinnnnn...



Deep Ocean Watar Research Vol.4 (2003) Contents

CONTENTS

Original Articles
Algal recovery on coralline-covered cobbles collected from an urchin-dominated
barren ground in flowing deep-sea water IT-+--«-ccecerrecenecenennn Fujita, D. 1- 9(1)
Effects of graded immersion using Kume Island deep ocean water
on human muscle circulation «--+--+ceovvv-e- Sudo, A, N. Tsunoda, K. Takasato,
C. Taira, A. Omichi and Y. Yagi 11-18(1)
Feasibility study of large-scale deep ocean water distribution system (2 nd report)
—Life cycle assessment based on CO, emission—
----------------- Otsuka, K. and Y. Matsumoto 19-27(1)
Fertilization effects of deep ocean water on phytoplankton community
in subtropical surface water-------- Ikeya, T., K. Kawanobe and M. M. Takahashi 29-37(1)
Development of new method for laying water intake pipes linked by universal joints
-------------------- Nishikawa, M., A. Kurihara, M. Gomyo, K. Kato and M. Sami 39-45(1)
Analysis of bacterial species in Muroto deep seawater
--+Yada, S., M. Ohba and K. Enomoto 47-56(2)
Oceanographic observations and an estimate of the renewable energy for ocean
thermal energy conversion in the coast of the Fiji Island
------------------ Nakaoka, T., T. Nishida, J. Ichinose, K. Nagatomo, S. Mizutani,
S. Tatsumi, M. Matsushita, T. Pickering, Y. Ikegami and H. Uehara 57-66(2)
Temporal changes on nitrate concentrations in deep seawater pumped up at 321 m
depth in Toyama Bay, Japan Sea ------ Matsunaga, A., H. Kurokawa, K. Shozen,
N. Takayanagi, M. Ohto, T. Toyota and T. Nakashima 67-72(2)
Review
Ocean fertilization using deep ocean water (DOW)
------------------ Takahashi, M. M. and T. Ikeya 73-87(2)

Rule for contributing articles to the journal “Deep Ocean Water Research” -« «««ccccvvvnv-- 88(2)
Guideline for preparing articles to the journal “Deep Ocean Water Research” -+« +ccvvvv 89(2)



B
bl

XmXm
B OE

Bl

~—

ZTHAOFMEHITIDHF S S EY

TR NEFEDTN D RE

MBERE /KA AR A

B R REBRFEEFLR
E E KERAWRtV s —BIEWRR
— 5 rhRBREEEEKY T
B 5 AtEEKRFERFERKERFERRER
i ELRKERRS
IE E  HWERKFRFEEREULIHFER
B EKEEKEASH
OB ERIREEEREKFRET
# &£ BEMEBHREY s -
B ot  wEERFEERe s —
ikt HEEABAREREERERS
NI BRHARKFEER
R N HRKERFLHERIHAE
s kXt
WXGERERBR
ZEE & B E f ERERAKFRFRRESLHER
BIZER k& B B EKEEHASE
H B 1 Kk KERAWE® Yy — R NEXKERER
N N B 2 @FERFERENter s -
% B 0 v avyy kA
B 1 B O b RFERFEGKEMFE R
Z= I SN IKERETHA v & — hREFFRFT
B H K N REKERFLHEEFWRE
Fo K EKEEER ST BATER
WEBRE B K B o BEKEEHASH

BEREBIKHR Vol. 4 No. 2

BRI 2003812 825H ERIER BRat  FRIHAMREIRIHE

¥ T 2003%F12H30Hd T113-0022 REHXEXTER 4-20-6
Tel. 03-5685-0621
Fax. 03-5685-0701

RITEh BEFBKHAES
T237-0061 MR EREETHE ER 2 B 15
BENEEfTty 5 —-H
Tel. 046-867-9569
Fax. 046-867-9575

ASEBEFRIE [HBED), FEILBEIE [Deep Ocean Wat. Res. |






AKEBERBKOBRKEFOH « fEREE 15

(%)
130 ns ns
120
110
100
90
80

s

@ @ ©)
On the ground

ns ns

Fig. 3. Comparison of oxygenated hemoglobin (HbO,) levels in various positions

@ Standing position on the ground
® Lying supine position on the ground

@ Sitting position on the ground
@ Standing position in tap water

® Standing position in deep ocean water
Values are means*S.D. ns: not significant
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Fig. 4. Comparison of total hemoglobin (HbT) levels in various positions

@ Standing position on the ground
® Lying supine position on the ground

@ Sitting position on the ground
@ Standing position in tap water

® Standing position in deep ocean water
Values are means®=S.D. *: p<0.05, **:p<0.01, ns: not significant

L Didpe EEBARITH Y, BE LA R OB ERERT
LB LTI EERICEMTH - 72 (p<0.05).
%72, ERBKEIZ, KEKEILLEIBEELEIR
HoNEP-zbDD, BELEFBAGLE R L THat
FEBEICEETH -2 (p<0.01) (Fig. 4).

R EE R AAFIE (StO,) DOEHNIF, [ELIFEAMI
DfE% 100 & L ci5a, BELEIA 908186, FEL
BEQT 93.716.3, 7KEIKEIL 1009177, FEKE

37 102.3+64 ThH -7z, BEETROEEEZRLK
DIFELEINTH Y, BELREALRRE EIFRAGL & L
LTHTEBERICEETH -2 (p<0.05) (p<
0.01). %7, HEKEIZ, KEKBEILEHERL
THIT LEEICSMETH - 724, BEEEBMIE A
BEERBADONEDL - 12 (Fig. 4).
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Fig. 5.

Comparison of tissue oxygen saturation (StO,) levels in various positions
@ Standing position on the ground
® Lying supine position on the ground

@ Sitting position on the ground
@ Standing position in tap water

® Standing position in deep ocean water
Values are means®tS.D. *: p<0.05, **:p<0.01, ns: not significant

34 MENEH

MEDZEEYE, BEEEALONFEIAME O FIEE I3
128.4+13.1 (mmHg), #RMAMAEZ 82.4£10.7
R 35 BARL o0 I AE 1A I FE o SE 5 1 1
1134+10.4 (mmHg), #LIRMIME E 64.5+10.1
(mmHg), K& 7KE 37 YL #E H I FE o 34518 13
1194+124 (mmHg), #RMAMEZ 689+12.3
(mmHg), FE/KE L O HEHME O FI51E 1
114.9+13.9 (mmHg), #LRIAMAE E 66.9+13.6
(mmHg) Tdh - 7z. FE_EFFEALL O UHE KR O 1Lk
HIMAE O FEEIL, BEEEMLOEEE bt s
BICEM@EAER L (p<0.01). Fi, ERBKEI
@Wﬁ@&@#ﬁ@ﬂ&@$ﬁ@i TKE KB &
DlE & bt EERICEEZR L (p<0.05).
Z LT, BEKEIEPELEERLIC B 3 IR
UHLRMAME O I B W TRk LEEREIR
By ohiih -t (Fig. 5).

(mmHg),
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B DEFARAER OFRZFIC LY, MFEES
L UBEIRER R E O @ S RIEAS T REL 150,
R, ~EJ oEy ORI -RBELIREOEI
Bd 5 R TRERMOBHEILI N, W2>2HhD
KROERP SRZE L LHENBON S L 51T -

T&Ek (KRS, 1992 ; AR5, 1998). #Fic,
ARFFICBIT 5 L —F —HBMEREE=7 -2 5
B 5N/ HbD OfEid, FHHfEo#RMKERE %,
HbO, D&, FHOMBMOMBHEREEXTIERL
ENTW3, £L 7T, HbD & HbO, 27z L b D
HHDLT & LTEEN, vy —HEOBOMKER
ARITIEZEE SN TV, StO, 13, HbO,/HbT T
BHEh, HolBoBRKREfiIoRELRTIEKE
ShTwa, UL, —ManciE, v——fHikim
KBFEE =5 -0 07— 2 KT 2854, AR
BR DA AHERS T OBELRIL 7S S IR EnE v
Lo, BERETHET203ELVEanATY
3 (KMS, 1998). 22T, AFERIcBVWTIZ
BE L coREOT TR G LMAKMEBEERL L
HEAL D % BHE I K RIEME % s L 7e,

ft, IhET, b rERKSELEE, BFER
BOGRAZRETIOKME—FEIC LD, SHER
B DRIKIZRIE T E 2 DEIRRIGKHE D E WV &2 B
¥, WEHME—EICT2EEABRS N, K
PMEBOEEI S VWTH— L 1Rt - 72,
Z T, AMATI}, BEB - REICBT 2LFHE
DF—yDHEAMD % 30 WO LIAKDOLE
(£1) 2BELIIT- 1.

Z DFER, OaEuE, BEEIIAIRE X b B EREEAIRE,



AKEBERBKORKE O « BRE)ME 17

Table. 2 Changes in blood pressure

n=15 SBP / DBP (mmHg)

Sitting position on the ground 4+10.7 :]

ok

Lying supine position on the ground 113.4+10.4 / 64.5+10.1
ns
*

Standing position in tap water 119.4+:124 / 68.9+12.3 :|

Standing position in deep ocean water  114.9+13.9 / 66.9+13.6

(SBP: systolic blood pressure, DBP: diastolic blood pressure)
(Values are means+S.D. *: p<0.05, **: p<0.01)

RE_EREALE & 0 BE RO A BETLTWA T
LostER S, Hic, EREKEILE, KEKEILK
B LEBAMI K W BEEICEETH 5 Z LDSHERR S Lk,
F7:, CTOLEEEE, HEBOFIKMKEE % XM
LTW3 HbD OEEBEFEM L TV AAEMICH 5 T
tisbhot, i, BEToRIGE, BBOZEAL
IZ & D D HbD 25 L 73724, MagB~ D&
RoJEEFESEAL, ZnnAEBEEME &7
AR, MaEBRDLEoTRIELWhAEEZ SNk,
INSDRERE, ROFESOREL—HT 2D
DTH-ote CHEES, 2001 ; Sudo, et al, 2001).
BT, HED 0.03 g/cm® K& WERBKTO.OEE
DOFDIE, KEKK D EES HoD ORDHE = 7
tebic, KEKELRTEYE L OEIRDIFEFHS
HEiLizociREwrEEZI SN,

iz, HbO, DEEIF, BLRE - WEIIBWTEH
BUEZEREE LS, 1o, TOERLY, KHHRIC
B BRKEMIEETIE, ThooREOEVICK
B AR OBBIHE I BN I 1 2 Edbr -
%72, HbT OZHHZ, HbO, DEELEH
Bhotctcdd, HbD OEEE R L T W B HER &
BoTWhk, 2L7T, StO, DE&Z, HbO, icH
BUEHE L, HbT vk Lrhr, BELRefr, B
EEBBIONRICHED L 7zdic, FHIT StO, A3
WL, Hic, ERKEILY, BLEEEMEEER
EDNBH -2 Eh D, EBKEIOHMABIEIRE
REZME FEEAMIE UL TV AIREETH B EEZ S
hic, CofERE, MEBICBVWTS, FEKEIL
B, BEEEBMIEBEBENBEL I D Db
e peimcxre. Hic, FRERKEILOMER,
BE LREATO7KEKBE & IEEER L EH D,
Z OKEDRENS TR OMEICH H 2 BERNAEZED

o

BHEERRL, BB EERAML S ERE RO HER
DO¥EM%E b 725 LAER, BEALOMREHSEmML,
L= v b OGRS IMENEEREE T 5
TYvFAFTF vV VIRRIBREMSDOT IR ZT O
YOSWEME L Eick Y, MESTLIRERIC
2y, ZOERICEL - TME OKRMBET D L 2
R, MEMEEZEZRLZOTREVALEREN
fo. Fio, FRBKSRIFTHEOREIC LD KEK
KOFENIMHETEBEZL SN, HORREDEL

LTVWBDTRIBEVLDESEZONEI DD, &
&, BHEORRBEROHIL 72w,

P EoraZs) - Sl oBREER CMEED
RS, AKBBEFRBKNDRKIE, BIZREM
REDBTUESN TV IRETH D, FICMEEOE
BERROBEDONIIEDLS) S 7 E—va vD
RHDR b Ly F v 7RBVER TOKFHEEICIE
BLI-RECRTLMEEbNL.

W

KHEREED BITH2 D, WRE DHRKIFER
BT LTz 2 W0 2o fh B ET RIS O Y —
B, UREER IS W LET. F7/, ERO%
i, WREL LTHITHAL TRV AKE N —
F7u Y=y VREROMEIBIEERIC S EHV
tzLEd. 2L T, EREHBL COcZ0Wic@® T
754 P4 —7 4 ROFRIBEEFICEH VLT
Ri%iT, RIS LB L TOW W AKEHRT
EHICEC LB L BT T
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