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Approaches in improving hypoxia and environmental capability at a mooring
place in Shinagawa campus of Tokyo University of Marine Science and
Technology

Ryoko KOJIMA™, Ryo TOYA"™, Takashi ISHIMARU", Tomoji TAKAMASA™, Keisuke KAWAKAMI™

and Kazuomi OTSUKA™

Abstract:
improve hypoxic condition at mooring place in Tokyo University of Marine Science and Technology. Prior to the

We conducted experiments using a Solar-Sea-Oasis (SSO) and a microbubble generator (MB) to

experiments, we measured water quality (temperature, salinity and dissolved oxygen concentration (DO)) to assess
the hydrographic condition in this mooring place. Hydrographic parameters or recorded temperature and salinity in
the area were higher and lower respectively, than those measured in Tokyo Bay (Stn. F3). These data indicate
intrusion of effluent water from Wastewater Treatment Plant and Shinagawa and Oi Thermal Power Plant near the
mooring place. Water column was stratified all year round and was hypoxic at the bottom during May-November
2006 and June-November 2007. In SSO experiments, the difference of DO between the inner and outer side of SSO
apparatus was 0.91 mg L' in average. The trend of DO record traced at the SSO intake or the sea surface
corresponded with that difference. When air flow rate was 1.0 L min-1 in MB experiments, DO near the sea bottom
did not increase, due to large size bubbles rising from the bottom up to the upper layer. Conversely, the rising of
bubbles was not observed, and DO modestly increased along same density layer when air flow rate was 0.2 L min™'.

However it was not enough to improve hypoxia and further improvement is thus required.

Key words: environmental capability, hypoxia, mooring place, brackish water area, dissolved oxygen,
microbubble
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Fig. 1 Location of the mooring station and observation point.
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2006 4 1 An>5 2007 4 8 A 2 BIZANTF T SCOOT A —
% — (Model 85, YSI#) #HW\T, JEO0SM J& LRE
0.1m) BLOERB (EEELE 0.15m) TEHEZIT-7-,
2007 4= 8 A 3 HbH 2007 4 12 A £ TIEZHEKER

(AAQ1183, 7 L v 7 ETR) AW, BHEHE F)bIEEKE
FETCREEIT o=, WEHEEIFKIR, ¥4, DO T, Kik
LM OBRE o BEM LT, 728, 200744 AnD 8 A
2 BIZ2MF TiX, SCOOT #—# —DIRIENIE L 4ThbN T
WRDr oo o, FRORREIZI VT DO Al KEHIM L
TWBATREMER B B,
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2006 4 1 A5 2007 45 12 A £ THEH 1[EI(8 BiXkr<),
BRBER P EHEMEENIC LY, BEREF )L
B35 StnF3 (35°30° N, 139°49’ E) CTElMZ1T-7-, F
72, 2006 4 8 A H 5 2007 4E 12 A £ TmHA 1 [E (2006 4E 11
A, 200743, 7, 9 AIEBRL), HAEHHERFIHEE MO
X EVICXY, Sin.C (Stn.F3 #f5) CTEIHIZ1T -7 (Fig. 2),

Fig. 2 Observation station in the Tokyo Bay.
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HAKEH (AAQI183, 7L v 7 &ETH) % HAVTKIE, &
4y, DO #JEL, o, #HEH L, ARBHETIIKIE, 5
13X StnF3 OF — & ZH\y, DO IZHOWTIE Stn.C DF —F %
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BCIIEICERERIEL 250, REIZIT SmgL! BED
DO AMFEET A Z LIZE R L, REKZEBIZHH LIEED
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FEEIIKFR ST (vF 28 3 - BukOo»baks B
e, KEAKRBEAL - W HRED T, E#E Tz
AR —ATHERINTWDS (Fig. 3) , EEHIXMERICEN
TEY, BE 20cm (HEOKERKT S, BUkSi-£E
KT TFERD A TITREA X BT bzl s, BEL T
WARWHRIZERHEN S, 28, Bukolcix=a I 2%5 L
WX H 27 AoV (EHE 30cm) 220 Tz
N, Bm— VISR BIER VT ANRSERN THRENTE
HoZENRDHoTT8, EEOBEMEFIZEL 60 cm O KA D
H DI L T2, BEEOKH OHERIILLT 0@ Th D,
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Fig. 3 Schematic diagram of Solar-Sea-Oasis (SSO).

PEY X E# (71 —25) 100cm X 30 cm
TS (BN 100 cm X 100 cm X 60 cm
T L—AME SUS304 (FWERDICIZ S QR B Z i L
72)
RNV EBARJEE 100 L min'! B3
HEES 340W
EREMT 150 W
ERETE  AC 100V
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Ex 5m
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OMS-ROX, YSI#) %, BV EEHA>S 60 cm FE O HIAIZIK
B4 E (Compact CT, 7 L v 7 BT H) & IEfFEFHEET
(Compact Optode, 7 L v 7 &ETH) % E L, EEHIHH
MIFRIZKIR, ¥4y, DO % 10 4 Z L ICHIE Lz, REHE
L BICHEEE L 10 —20cm TH D, £, ZHEEKEH
(AAQ1183, 7Ly 7 &EFR) # MW, 1ZTEH 1 [E, 14K
30 SyRETRICEUK DETOKIE, #sy, DO ZEIEL, Kk
LD o BRI,

Fl, MEKOBEEZF D OICLEHEKEGF

(AAQ1183, 7L v/ ETH) %M\, Fig. 4 IZ7RT 9 R T
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F1g 4 Observation points.around SSO, which are 80 cm apart
from the pier.
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Fig. 5 Schematic diagram of microbubble generator system.
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Fig. 6 Schematic layout of video system for the analysis of
the size spectrum of microbubbles.

3) BIWEEE (2007 £F)

ARG O FEE FICRE L, F— A ZEEm L V80
cm BN MERICES L, BukO L ) ZNEERE B 50
cm ITMET D &L H I Lz, 2007 410 A 17, 22 — 23 H,
11 A2, 16 HIZEBEABHIEEREZ{To7, ZHEKE
7 (AAQ1183, 7L v 7 ETH) ZHV, Fig. 71277 7.8
THFHEIE F2> DYEEE _E ¥ C/KIR, #5, DO ZHIEL, K
BEEDNS o ZRDT, PEITRBILINET D 155
2, 37 LWIIEETITo 7, / AVOBRENMEIL 3 TH
%o FEBRFIITT 7 BIKF CCD 1 AT (1101PC, A
) AV, EESEO R R L,

@ Observation point
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3 ° ° ° ""180cm

100cm | 50cm } 50cm| 100cm 100cm 100cm Pier

Fig. 7 Observation points of microbuble experiment, which are
80 cm apart from the pier.
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FEEE L VA 80 cm BENL-MEHICEDS L, Bukno & s Xv

DPEISE b 30 cm ITALET D L 5 ICEkE L7z, EBRIL7 A
31 H2 6 8 A 26 HITAT o 7o, Riali DRERICE S &R
PRENE 0.2 L mint & U7, BN I3 2T B AKE # (AAQ1183,
7Ly s EFR) 2RV, Fig. 7R 1 — 6 OHE THER
H T2 OiEEE EE CKIE, 5, DO ZHIE L, KiREHE
D oy BRSO, EBRBPIZIET o TEBIKFE CCD I AT
(111PC, BZEAMMEL) % HV, WEHKIADOBHIRI 2 R
L7

EEE KRLEE
1. RRBOREREREE

1) XKiE

R OFRBAKIRIX 13.0 — 30.1 ‘COBITEEL , —F ,
BB HICAIE T S StnF3 OFEKIEIT 8.9 — 26.5 CHRH
TEE L7z (Fig. 11-(a), 12-(a)), TN LV, KIEIIEMED
EOMEMEZBEL TERWI EBLND, BMEOIZ S BNE
RABEE & LT, &I, RIFKDFEETD S ORRAKD
WENEZ NG, WREBEINTE bIZ, FRERNIAES
HHEOUKOMNLERKERUK L, FUEERIZE T 5 a0
56 CRRE F& LR ERKEL WD P, X512, Tk
SVBREE DN B DR A ITRANE DR BAKIR & B LT, 121
BABNI &b, BINEOKENSHEBICHEER
o TWBHEROOESEEZLND (Fig. 8),

F AR & St F3 @ 2006 4F & 2007 O KIBE(LF L
95 &, (RS T 2006 450% 13.0 — 284 CTEE L 7=
DXL, 2007 1% 15.5 — 30.1 COMCEH L iz (Fig.
8. 11-(a)), [AIERIZ Stn.F3 &, 2006 1% 8.99 — 25.5 ‘C TEH)
L7ZDIZRT L, 2007 4E1% 11.8 — 243 CORMTEH L Tz
(Fig. 12-@)), 2N XD, 2007 FEDIE ) BEIETHH-T=Z &
BohD, 2007 FIXREBENST2Z E0E, FREOHR
THEARL, HRABEETKENEP-T-Z LIRS D,
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Fig. 8 Seasonal changes in air temperature at Tokyo (based on
the mean data from the Tokyo Meteorological Observatory, @),
the surface water temperature of Stn.F3 ( + ) and the mooring
place (<), and the discharged water temperature from
Wastewater Treatment Plant ( % ) ( C).
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2) B9

RSB Y4313 10.1 — 32.2 O TZEE) L 7= (Fig. 11-(b)),
—77, Stn.F3 TiL25.1 —34.6 DRITEELTEY, %5
DI 9 DEEINAEY (Fig. 12-(b)) o F£7=, (RSB TIEE
JELIEBOESENPBEFEREL, ZOEIL9I4 — 165 Th
D, BIZRELSZTNEWVEADB 2SNz, ik, W
R TG & OIRAKDEEIC LY, EBICHTE
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2006 4 & 2007 FE T D &, 2006 FETiX 8 AN D
<, 2007417 B & 9 BITIBVMER R LT, BKEL S
% &, 2007 FED 8 H1E 9.5mm & FEF IR, - TFAM
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Fig. 9 Seasonal changes in precipitation in Tokyo (based on the
data from Tokyo Meteorological Observatory) and the volume
of primary treated discharged water from Wastewater
Treatment Plant.
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Fig. 10 Seasonal changes in the contribution ratio of salinity
and temperature to o at the mooring place.
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Fig. 11 Seasonal changes in temperature ( °C, a), salinity (b), DO (mg L™, c¢)and density(co;, d)atmooring place.
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2. V=3=—F7YR

1) SN

LEEFVANO DO X 0 — 4.62mg L O TZH L7- (Fig.
13), F¥IEIF 1.10mg L' TH o7z, BHWSHO DO X 0 —
258 mg L', BUKHAENTO DO X 1.95 — 6.92 mg L' O T
28 L7z, EEIEIEFEVSE 23 0.19 mg LY, Bk A B2 4.63
mgL! THo7-, FWID DO MEWEEIZIE, Bukpoo
DO REVWVIREETH > TH, FIWNO DO IHMEWEE TH -
7oo ZHUZFAVWNDRERBAK THI-END Z LTk, ERE
K EFRBADIES LT AKBEOPICHEE L TWEZ L 2R
LTW5, BHWORN LSO DO DZEDRKAEIX 3.37mg L,
B/AMEIT -1.29 mg L, FEMEIX 091 mg L' Th 72 (Fig.
13), ZOEIXBKO® DO & X< s LTz (B0,
8 A 14 A : Bk 5.90 mg L' BV — V41 3.08 mg L', 8
A 30 H : Buka 1.95mg L BV —FW4E 0.1 mg LY,
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Fig. 13 Temporal change of DO at water intake (top) and
difference of DO in the Inside and Outside of the enclosure
(bottom) during SSO experiment.

AW OBERFZMIEC-OV T Yamochi et al™ 1%, DO %
i L7z KN C 24 R4 A E L, BEEEZ RO,
DFER, < /~E Acanthogobius flavimanus 1% DO 7% 0.57—0.93
mg L' CIIEFEEMNIELE L2, 1.55mg L' L EoBE I
FABARIZ 2 o T2, £z, HY X Portunus trituberculatus
Be, 063 — 1.49mg L' TiE 83% ML LA, 1.79 —
2.3 mg L' LU EDBEITITSE R EIE 222 72, £ 72, Miller
etal [Z kv, fE 120, FRHOME, “HHEBE1ED
PR OMTHER A, BIRFRIRIECHRIE L7356 D LCy/LCsg
X, T 132 THDH, ZiuE, DO B LEMNT 5720

T, AFETELEMBENRELENT S L 2R LTND,
EMHBEIEIT N2 DITIE, AR OEG & Z ORERERER]
BEEL TS EEZXLND, EEOBHILY DO 2K
FEIRIE & 0 &< 7 DRSS9 AL, B850 5 AT
YIBHLEZILND,

£/, BUKOENL, BHWORNEADOE S, HEENIC
B oEREKEEBKORAEILERD T, AEBIZLDHE
BRI T 1212, FAWAMCERE L T KIBHE S OEBEREE
FEDMED, & HITERE L TV IEFREE OMEARRICH
AENTWHIEBOEEICLY, EEIV LESHTWS
ZEMNHBA L, EOMIEEZITo -G END, KB
IKOEIEGITTEET16.8% & 7o T=,

2) RHKORIRERA

ARIEBE LB T HE10 8 A 13 AL, DO, o, & biTk
EHFENC—H e E L TR Y, EENETIZY DO I3k
ML, o IEML TV (Fig 14, FERIIEHVERT, L
TOXTHFRER),

G y

Depth (m)
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) @
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Fig. 14 Vertical distributions of DO and density before SSO
operation.

LEEBRET (9 A 3 ) OFEWANO DO X, [FRE DR
SAOELEY bEL 2D, FVWO B TAKRES MY — el
Lo Tz (Fig. 15), BWAOWEE ETIE DO O LR
FALNT, REBICLHIEBIRLEDRIIGON 1o
72o BV THLOHEDOEIRE XV HIRV o BERISH,
FREAKBFDRICHEH SN TO AT AR S 72 (Fig
15), B SN REARITEREK LY bEEMRWZD, K
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Fig. 15 Vertical distributions of DO and density after SSO
operation.
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Fig. 16 AVS-S value in the bottom mud before and after
treatment.
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Fig. 17 Ignition loss rate of bottom mud after treatment.
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Fig. 18 Bubble size distribution for different air flow rate.
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Fig. 19-(c) Vertical distributions of DO and density (o) after 3
) @ @ @ ® ® @ hour from the initiation of microbubble generator operation.

Fig. 19-(a) Vertical distributions of DO and density (o) before
microbubble generator operation.
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Fig. 19-(b) Vertical distributions of DO and density (o) after 1
hour from the initiation of microbubble generator operation.
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Fig. 20-(a) Vertical distributions of DO and density (o) before Fig. 20-(c) Vertical distributions of DO and density (o) after 4
microbubble generator operation. hour from the initiation of microbubble generator operation.
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Fig. 20-(b) Vertical distributions of DO and density (o) after 30 Fig. 20-(d) Vertical distributions of DO and density (o after 1
minutes from the initiation of microbubble generator operation. day from the initiation of microbubble generator operation.
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Fig. 21-(b) Vertical distributions of DO and density (o) after 1
hour from the initiation of microbubble generator operation.
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Fig. 21-(a) Vertical distributions of DO and density (o) before
microbubble generator operation.
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Fig. 21-(c) Vertical distributions of DO and density (o) after 3
hour from the initiation of microbubble generator operation.
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Fig. 21-(d) Vertical distributions of DO and density (o) after
the end of operation.
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Fig. 22-(a) Vertical distributions of DO and density (o) before
microbubble generator operation.
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Fig. 22-(b) Vertical distributions of DO and density (o) after 1
hour from the initiation of microbubble generator operation.
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Fig. 22-(c) Vertical distributions of DO and density (o) after 3
hour from the initiation of microbubble generator operation.
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Fig. 22-(d) Vertical distributions of DO and density (o) after the
end of operation.
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Fig. 23 Vertical distributions of the mean concentration of DO

(a), its closed up near bottom (b) and density (o, ¢) for 9
experiment.
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