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Characteristics of Sediment in Etajima Bay and
Influences of Oyster Cultivation on Sediment
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Sediment Oxygen Demand(SOD) under the oyster cultivation raft in Etajima Bay was estimated to be
0.138-0.735g0/m?/day, and was the same level as in Hiroshima Bay. It was higher in high temperature than
in low temperature. SOD was expressed by the formula: y=0.0446e%1%x (y:SOD, x:Temperature of sediment).
Nutrient releases from the sediment were higher in low oxygen concentration and high temperature than in
high oxygen concentration and low temperature. The maximum release rate of nitrogen and phosphorus from
sediment in Etajima Bay was estimated to be 75.6mgN/m?/day, 24.8mgP/m?/day respectively, and both of them
were approximately 1.4 times higher than in Hiroshima Bay. Oyster feces were slightly better decomposed in
high oxygen concentration than in low oxygen concentration. So, it showed that the decomposition of sediment
was not remarkably accelerated even if the oxygen was supplied to the sediment forcibly.
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TLH B E VLIS & RESE B 12 B 10 TIIE450m & 18
DTHRGCHBNINETH Y, Tz AN OBE S N
VW) B S (1], WM TH Y,
WRDFETT Tl SEEWORE® Z1H 1T VR
BEBERED. S0k, REBIZRNO D FEEEDOY
1/2 % 50 2K BEBEEOETEL L - THESRH
W DO E & IS 5 720 DI IS EE B E Y
HoTBY, ENLEIILITT2TFEE Y FIEHHE
MHEPTE [2]. LALEFE #BEINTHWEHIFR
O, ZOMGEEOFET LS ALY fEREE
DEALAHEIT L T 5. FHZEMICIE, WK CABEK
WAFEE L THHISOELREN MR T 52 812k, B
BEBALDSHISHEITT 5 & ) BIFERICH-> T2 [1].
[ — & IC DWW T ORREICOWT, FHI45F & P14
% Wik $ % & COD IXIZIFFEECTH - 72705, Ehfbid
FRAVED S s -7z [1].
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TdHh o725, a9 F LRI % R OFSER R 5N 5
ko7 [1] HEREEYONT a7 T,
Ei - RS, ARSI oM, BEEFKIEO 5%
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nN<Twb,
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M & R RIERHEEORE 24T L L b, ¥
BIAEEN G2 5 B IRT 2720, L 0% T
(1A FHRIY) O REFIEIZ DWW TIRE L7200 T
HT 5.
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7o FEBICHOWBERRE L LT, 7 FEEET &4
D1 EF» O AEE 7R ML 72 (Fig.1). &
T2V TIE20074E108 £20084E 2 B A /N—12 Xk D
FRILL, DV TIZ20074F 8 H 12 HR BIAHELAER
Wieas (BEAH) ICX VIR L 72 (Table 1). 27k
X774 7 (FNELlem, £&50cm) WZERIL,

RAEN VL) FEL L CHLR-72. aT7REED
WK% A 7+ ThHE L%, RBHEOKEKE X
YTV T4y — (FLE045um) 12X ) ABL, #F
DIL %Y A 74 2 TATIRD LREITHEFPIZTHEVTE.
TN EBKIZERR T AR BR L, BRI L%k

LREARFEA LI L 2 XA hEE L CHESNIC
1HEBEEEL, ZOMITIZ2ARM B X \2EFESE (DO)
e L7z, FEBROUBESEMIFET I2owTIE10, 20,

25T D 34T, HAMI20T & L, Sefriamgst
f1o7: (Fig.2). DO ®#l5EIZ1E DO A — % — (YSI/
Nanotech #:550A) % Hw>72. SOD (gO/m*/d) |3 bJ&
Ko DO D2 L5 1 H47: 0, EREREY 2
E LTk,

a

Etajima

Hiroshima pref.

Nohmijima

Fig.l Map of Etajima Bay and sampling stations.
Gray zone shows oyster raft zone.
@ : Under raft , O Outside raft

Nz gas, Oz gas, mixed gas

¥
2 | —— Seawater
B %
o °
°O—}—— Ballfilter
NH trap
0.1N H2SO4 Sonnnnn
S Sediment
Sonnnnn Fixed by wire
S /
— L

Sediment core

Fig2 Equipment for nutrient release from sediment.

Table 1 Sediment sampling condition and experiment temperature condition

Experiment temperature condition

Station Sampling date Sampling methods SOD Nutrient release
Under raft Oct-07 Diver 20, 25C 20T
Feb-08 Diver — 25C
Jun-08 Diver - 10C
Outside raft Aug-07 HR undisturbed 20 20

sediment core sampler

— : No data
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2 ERPSOREERHEE
FRITAEEEICS- 25 DORER L OHEOEE
LI, BNERRITo 72 EBRICH WV B
M1 EREERMEEEE ] & UHRR A C20074E10
H, 200842 H, 6 AICILHBEN® » F 2L T O
RIS J O 20074F 8 FAZTEHL ORI > & IR 2 7 & $RIL L
(Fig.1), ¥blio/. a7REBOHKEZT A 7+
VTCHRELG WRBEOERBKEA Y TL Y T 4
V& — (L0455 um) 2LV AML, FO2L %37
e BB ICE ATV TE. T TN O LB A
A (BBFELEFORSE), SHETAZERL, DORE
5% 0, 5, 10mg/L & L, EELMI, HT1Z10
20, 25C, #4M320T & LT (Fig.2), #KI12H M
BL7. COB24AREE I FEAKI0mL Z5EL, T4
AR=HFTNVA TV T4 VF — (fL#Z045um) T
AW, roakiLbar 1~ 20N omicdt L, e
o510 A K % R 72 A L 7

FHCL 72 B Ko migaEsR (DIN) KO
¥ (DIP) #4+—b7FFA4AHF =12 L WilllsE L7z (Table
2).

3 AXFHEGICE T ETHOIESE

(1) BETHOBMREERE X

20084F 6 HICILHBBEHNO 7 ¥ 1 AL T 14 A~ b
b7 v 7 (P&E10cm & £50cm) % KiFE10m OFEE 2

10AR24BFHIREE L, #XHEOR TWEFEL T
Wor & 7 ¥ BEOFW A BRI L 7o, HK250mL &R
BLb0RE TR E LTERICH L. ZoRE
1mL #102mL & DO JKOIKIZ AN, ATV » 74 )
& — (FLE045 um) TAilh L 725 @ik % a2 iEA
Liik & L7z, HEESE%10, 20, 25C O 3 SefficiksE
L 72 fEiRAE 2 A CHESM iR 5 HIEE L, (21324
W82 DO R 2 i & 0 e L7z,

(2) ETHOHERIFE

(1) & FAED 7 T20084F 6 H, 10H12% M %
£L, FbiEo, B TUrLRY LRI LR
K250mL & RA L7 D% % FRlE & L CERBRICfE
L7z, T AMiiEAH (Whatman #:% GF/C) TAi#
L 72#EK500mL # 1 L 75 AMICTEA L, E TFWabE
10mL % 1 L %9 AMDEEIZ AN

W T ORI IRE S & IR (RIS ER
F) PRIZTEEYRDLO, FROREWHELT
0, 7, 14, 28, S6HEBBROFETHOKE, EFE,
YERWE L (Fig.3). & TWoMEIZIET 7 Ak
% #% (Whatman L3 GF/C) TA i L 725 _E o
455800 L < 1E 8458 L THW 7z,

B S 1320C (6 H#RIL), 25C (10H ##HL) &
L, BRshi3ah A, @@L tMEOERRAT
A, BEATAEZH G, BFRESME L LTS (08

Table 2 Materials and instruments

Sample Materials Instruments
Nutrient Release rate ggj } Auto analyzer(Bran-Luebbe Traacs2000)
Te } CHN corder (Yanagimoto MT3)
Oyster Feces TN g
TP Auto analyzer(Bran-Luebbe Traacs2000)

DIN=Dissolved Inorganic Nitrogen(NH,-N,NO,-N,NO,-N)

DIP=Dissolved Inorganic Phosphorus(PO,-P)

TC=Total Carbon
TN=Total Nitrogen

TP=Total Phosphorus( decomposed by K,S,0 digestion method as pretreatment)

Oxygen
concentration

-~

(0.8-0.9,6.7-8.0,34-35
mg/L)

1 L glass bottle

éo o

Tday 28day

l4day

56day

Ball filter

—— Filtrated seawater

Oyster feces

Fig.3 Equipment for decomposition of oyster feces.
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~09mg/L), a1 (67~80mg/L), FiEE (34~
35mg/L) O IEMEIZHE L THALZ. BR0ms
X, 1L 77 AWOIKIZIEHE L7 I REL L 2\
L L7z
HMWo4aFE (TC) RU4a%E®k (TN) 13, CHN
I—F—12XY, &Y (TP) ZE VW EBRAERE,
F—= T FITAF =L VMEL7 (Table 2).

HRRUEZE

1 EREBRERRE

ETI2B WV TI20138~0.735¢0/m*/ A ® SOD % 7% L
7z (Table 3, Fig.4). MR [4] 125 BEIETO A
F UL T OFAE (1978~19794E) #* % SOD 130.09~
0.73g0/m*”/ HEHELTH Y, ZOHRK SOD fHIdAH
HEOITHEB ERBED LNV TH o7z, L BEERE
ORI 4 M (YL T, 015~049g0/m?/ H
T, HAEEOIEHDE NS CH - BT AL - HEpE
SRR L) FEHIAEINR S, FIEIZIZ03~04¢0/
m”/HCTHo7z [5]. RME,STHEBIIEL O
K SOD f0.735g0/m*/ H % R TE )L BiE & AT & %
Zbhiz F7z, 20CTOET L&/ CIE SOD TR
1374572 (Table 3)

MEORBEE WL &, HEIEWIZESOD b &<,
B CORRBOMEBEHENEHETHL I LVRDL
N7z, SODICH 2 2 EDOEZEEX R LR v=
0.0446e* ™ D IR (v : SOD [gO/m*/A ], x : i
B i/ (Figd). WA [4] 3L BEIE
OENOFAT, SOD TR L ) IBEBEEIC L

Table 3 Results of SOD (gO/m*/day)

Temperature(T)

Station
10 20 25
Under Raft 0.138 0.342 0.735
Outside Raft - 0.351 -
—  No data
038
07 | .
et !
g o5t
NE 04 0.0446 0.1085x é
o y =0 e L
2 031 R=0980 L
S o2y T
01 | L
0
0 5 10 15 20 25 30
Temperature(°C)

Fig4 Relationship between SOD and temperature.
@ : Under raft , []: Outside raft

A5 ERE LT, MR y=1046x1.091* (v : SOD
[mgO/m*/IE], x i) #RKDOTWD. ok
W ORARRIZB VT, SODIFREIZ LY UK
MC% L MR T L ) EAEO®) I LA
T5ZEIIRENT.

2 ERDSDRBERHEE

JEJR A & Ot RE IR g%, ) v & b 1225T,
DO i# E0.7mg/L @ B = 1L 2 N756mgN/m?*/ H
248mgP/m’/H T, 20CIZH~25T TovEHEED
A Y (Table 4, 5), EHICHERREIEL 25
CEERRELT.

BHHEEICRIZT DOREDOREL RS L, &R
) &b DOWRRE L E M & oI & OB FR A
HY (r=-095~-100), WAWIZRBITEER Y
vl BB NEESE W EFEO b (Fig s,
6).

Db Z &2 5 @EiRA 2o DO B O L T R
EWRKREL DI LR LIz ThbbEBIIHERR
ECTHIUIKIEL S DOEHHEENKE 25 2 LR
hie.

FES (1994) RS T CldgE®R, Ve bicRi
HOE IR B IRB L L, REHT T, ) v
ORI LRI ILE L TN L 722, @FRIZEFEA
S AL N Lo [6] SEEWREL WS, 2
NEDOFEFIZY) V2OV TUIKROE Y 5T 5
MEORE HRIZOVWTREEICLLILDELTY
5.

—77, T LA O RRENEE OB (20C 0
A) BY oL, #H%K ) TENENM4~48mgN/m’/
H, 6~8mgP/m”/H&MEITAE LV IER D7
(Table 4, 5, 6).

Seiki et al. [7] DB LZILBETOELREY) VO
FNENORAEEE, 537mgN/m”/H, 174mgP/
m¥/H & # 3 5 &, JTHEEIZ75.6megN/m’/ H,
248mgP/m%/H CTHEE, )y PIABRENI LS
RL7z (Table 4,5). [KEBETOERKL) ¥ ORKE
AL, KEAKO DO E (2~3mg/L#E) HK
C—MICREDBWERIORSNTEBY [7], K%
BRCig o -AEm & —3 L Twiz,

3 HXEHEGICH T BETYDOIEFE

(1) FETYMORETHERE EER

E TV ORI T ERE LR & OBtk E &% & Fig 7
VRS LD ICIEOHBBERE S 7z, T 0K, 10~
25C DM CIEIRED VT EERRIH B BN R E e B
CEHpROLN, SOD LI U HFICMENS
ShD 2 L s
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Fig5 N release rate (under raft).
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30
—0—25°C
25 O — O— 20 O:y=-322x+287
A r=-1.00
20 | - & --107C

O:y=-092x +9.13
r=-1.00

Ay =-066x +74

Release rate (mgP/m /day)

10 r=-0.98
I ﬂrA\_
0 . N ;'ﬂ' ST
0 2 4 6 8 10 12

DO concentration (mg/L)

Fig6 P release rate (under raft).

Table 4 N release rate (under raft: mgN/m?/day)

q DO(mg/L)
Temperature(C)
0.7 08 1.0 34 44 49 77 9.8 11.2
10 28.0 26.3 83
20 442 37.1 147
25 756 64.9 14.1
Table 5 P release rate (under raft: mgP/m?/day)
. DO(mg/L)
Temperature(T)
0.7 08 1.0 34 44 49 77 9.8 112
10 6.9 4.0 0.13
20 84 51 0.13
25 24.8 204 29
Table 6 Nutrient release (outside raft: mg/m®/day) < 60
DO(mg/L) % 50 |
Matter S ()
04 18 9.0 ® 40 | v=20629x - 3.2857 L
N(20C) 479 329 84 | 0
P(20C) 598 347 149 5
B2 |
é 10}
(2) BETHOREREE 8 , ‘ ‘ ‘
Table 7 \ZHEE TR O TP ORE, &K, 0 5 10 15 20 25 30
Temperature(°C)

) rEAERYRT. MESNETYREIE6 A L10RT
ZNEFN1bg, 23g T, RRELDENHo7. T,
W o, @R, ) v oOKNSE AR A TR
EL B o7z Thbb 6 BldkHK, @K VrTER
ZN177, 27, 056mg/g \ZRf L10J 1352, 54, 26mg/
g Thotz. RF EFR ) L6 H23820:48: 1
IR L1031320 0210 1 & 2% 572 (Table 7). 20
I FRFEIE D 71 % OFFFHAE IO E NI TER S 5 DA,
HHVIIMOERIZ L 2O AHTH L. AFEKET
BOENZZETYO C/N L6 HAH%66T, 10H7296TH
N, WAROMAEIZ L 25 EEETOEMLO N TP
DC/NI (#6~10) [8] LFEETH- .
KIZET OGRS A D 7280, BT, @&F, )
DEEHIST O DO WREE LR O#E NI X 5 5 fFFED

Fig7 Relationship between DO consumption
speed and temperature.

Wt 247 - 72

Table 8ICOHHO&EA=Z100& L, 56HHFTD
EREEOEALE AR TRL. 20T, 25T & b IZH
RED DIHFREMTHHN LDV HETLTVE I EIIRS
niz.

G (BafSt e S DO RESM) 2B 549
fER %2 20C & 25C CHBT % & W 2 TR O 33
TRON T%bb, piRIIRE BHRETIE 61
MZENENE5~T1%, 66~75%T, 10HZNZ16~

11
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30%, 0~20%&7%Y, 108 OFHEENS > Tniz, —
Ji, U ZonTE, 10H1332~36% D5 RHEE R L7z
25, 6 HOWEMIZ0~27% & %0 6 B D5 EMENS% -
Twie,

W, WHRO BRI ENE SNLH, RERT
U T, 25T X 1) 20T TORPBERDEORER L 2o
72. 6 HEI0A THRE L2 H—TCldZanro7z2 &
WD TR E Z 5D, AR [9] &, IKBEOY
FOEDOPEMEE 6 APEMORNMITH Y, ZH LU
S L CIOFEPS ORI TH o7 (1HEEHD 1
H240mg) &, F72MAk [10] (ZAARICIOHE, %D
WP BEOR KM TH V403mg TH o7z LT D
KAEDIOHDMEIZ ) 23 L LIZNBED20), itk
ENTZHETYOED AL, T Ly y =40 OfFE Mk
Btk [9] & C24MEfR EARES 5 & & Tmid 1
k) 1 H1omg BE L HEE SNz IR S [11] &
?:1V~?ay’ib 7 ¥ OERIEEEHHEER IS

DEBERE L, ML AN S5 L EAPEEE
ik WA 5, FORREHTNES. I FOEME
FERHEES B MR [9] T 1 AYL VR8T HETH
D, RFAETITHE2HME 2 ) K& R#ENITHR L, BE
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PRI E R G2 L3 AN Lo 7
S - IR oS EIc OV TREIA [4] 1%, B
LHISAETIE10T £20C TIRAIRIZED R <, IFRE
PFFTI0C £ D 20C D AE A, &Eu;%%;w%
B BIREMOEN L DENREp oIz EEL
W5, REERCIIY N R @R O MM S NS Z &
DK IS 5 2 & THE TR 0B —1bE

o725, 23U b pdrb B3 E T YRR E T 5 K
GHARE—Tho/cl EEZ LN

B BET L7z~ A R O LR 122w THEAR
[12] 13346~1555m/H D#REZ /BT 5B, ZD72HF

BAKEAm OTHEBEIZBWTIE [1], YElkEo%E T
WXz & A EDRDREIN ) BICHEICEEL, 20
%, WELTHREZITAODOEEZLND. SRIOE
Bpar 1%, RS CO ot 2 L SRR S 72T,

E%GEE%%immkgﬁkméh[ﬂ o %
%%U‘Zﬁ[ﬁ%&iﬁﬁ’if‘lﬁﬁ% CH A, BGERECETRE L

T & D OFETIE ﬁx« O)Tﬁf“%ﬁ’) kYT
RIBIEIZLTY, ﬁ#&ﬂﬂ@l}ﬂiﬁt Do (56HH) @

FNLRFETIRA30%, BFRT20%THLI LML, HT
W X 23R 2 R E U e R 2 2 L3 L

Table 7 Oyster feces weight collected by sediment trap and initial content

] Contentimg/g) - :

Feces dry weight(g) C N P C:N:P ratio
June(20T) 15 177 27 0.56 320:48:1
October(25C) 2.3 52 54 26 20:2.1:1

Feces weight shows sum of 10 sediment traps

Table 8 Residual rate of C,

N, P in oyster feces

DO in June(mg/L: at 20C)

DO in October(mg/L: at 25C)

Matter Day

0.8 6.7 34 09 8.0 35
C 0 100 100 100 100 100 100
7 82 54 80 92 81 66
14 103 52 89 99 95 93
28 58 39 74 76 85 79
56 50 29 45 116 9 70
N 0 100 100 100 100 100 100
7 68 52 69 95 80 -
14 84 46 77 105 105 91
28 47 35 55 - - 80
56 40 25 34 113 105 80
P 0 100 100 100 100 100 100
7 - - 75 71 83 94
14 * 124 - 121 56 69
28 125 65 54 85 62 69
56 152 73 135 116 68 64
Percent remaining as initial weight is 100.
— * Qutlier

* © Missing value
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WeEZHN5.
EBUEFHEO—>TH L N TLHBHEIIE T WO
EANOHERE R B CE 200, RO TWEIERE X D I35
WDO EETFICELS S THMZTELEZoND. L
L7anbliARks [13] 1%, FEORER 4 r HIEKHE
R OERI AT L0y, UL, b
WinLzed@is L, To#ie LT, AFOKRETIC
LN T )T ORI REEOMT, 55 EEE S
W EEOMN, FEZLNLE LTwS. ATHEHE
JEIZOW T E R 2 HADOEENLENS.
BAFOTFETH DR, IOV TIE— R 2255
MR TE LD, EhOLOETWORIREL#H L%
FIUL, FRDMERES A 2 LIC X D EESEOEAS 5
LEZOLND.

&

THEBO I FHET KR OSODIZ0138~
0.735g0/m*/ H TIE BB D 71 FHE T DR & [[F L X)L
THY, SODIZE 2 A iEDRE L ME L 72/ £,
y=00446e"" O B R X (v : SOD, x @ &) »°1%
5T ST O R ORVE HE E 1375.6mgN/m’/ H,
248mgP/m*”/ 0 T&EHE, ) v LLEBOMHLIAE K E
WZERRLE. I FEDP S OE T HERTIX, %
ELZFEMHET TOREDHETWIL, 2D50% L LR
WA SNAEERE D, SO R EE R
WEATo THHFITITRAD W2 L AVEE SNz

B, RFAILLERMAEWIEE TTHEBICBY
5 & M IEALEAT IS ) O—BE LCERLZ DD
Thh.
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