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Changes 1n organic loads on bottom sediments of aquaculture
area in the Tanabe Bay

Gentoku NAKASE!, Aki MiyAsHIMA?, Shigekazu MIYANAO?, Ken-ich IzumI?, Yoshio MUKAF,
Hikaru MicHIURA? and Toshiro NAasu*

Organic loads in surface sediments at four sampling stations in an aguaculture area
were surveyed between 2012 and 2019. The overall average (= SD) AVS (Acid Volatile Sulfide)
during survey period at the sampling station No. 717 and No. 718, the area with relatively high
organic loads, were 0.78 + 0.31 and 0.29 + 0.14 mgS/g dry sediment, respectively. On the other
hand, the overall average AVS values in the station No. 719 and No. 720 were 0.21 £ 0.12 and
0.18 = 0.12 mgS/g dry sediment, respectively, indicating lower organic loads and relatively
well-preserved environmental condition at these stations. Such differences in AVS values
between the stations might have been attributed for geographical and environmental conditions
of each site. Regardless of the AVS variability, the annual lowest values (values in every March)
tended to decrease or were stable. This suggests that the conditions of the bottom sediment in
these areas have been, at least, not deteriorated during the study period. Continuous monitoring
and survey of organic loads are mandatory for the appropriate use of aquaculture sites as well
as for the environmental management.

Key words: Aquaculture area, Bottom sediment, Organic load, AVS, COD
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MBI ICRELZAT L NODIGERE T, AFE F 200 REICE kDA
PR, EIET 5, B LIG Y RIEBIZB W TR L, Whw b5 E
OVER AT 2PN TR TR bR B LS ND, 7272, ZO BB LR ITiE
FOBTLTRARHY BIR RAE B HE - R E CHEBYNAMEND L, L)
WA T H BT O FEEREL QLK EI0D, G OB AT EZ LT
MBIEICERL CLES T A A B 358, JWE ORBITE L ENO TR ALK
EORBEE AT ERIT,

JEE BB LT A O ML (Or ) 11X SE OV R DS ED . RED A A L
LRI DL L OB BEHFLL . LV OEWEE TIRERRZINEN S A5, MHEfHT
DFRFE DR ZITHREIZ A BT 5405 G H A\ IS T 5, 2 HOEMBEL, B
DI T TR HE LB O — B A2 -T2 | HEEOEME LTRSS O Lo

BE 1A R RIZROREE 5, £, AR L LIBEMEO/KSLIT R R AKBLE/e->THE 1
IR BEN TV AR O E RIZEE B BLIET,

G OFINZERL T, G R OE )R E LW E DS N EATI LR ROLITND,
THUE 1999 FTED ST AR IR FEREPREI RSV TWD, RTE, VEmE 2
TERBEETHIE ., TiobbKmiE AR H L TR T EIRE I, RIS UGE T mA 5
TL AT 2R OEBLEBREOUE IR AIROEEDT LB A E KD T
B, G DR ERT D103 JEHO A &, KET O~ /a0 b A (REYE A
Ay OBAFEBIUCAEEREKIEOKIELEFHEF = (DO, Dissolved Oxygen) &1
ST B OFE=ZV TR BEARR R THD,

TR FKEM AT B L O R ST —= D m R, B, EHL QO AEAEK
DWW CELINE A B | E 72K E B L OVEE OB AR I T> T 05, 22

X, ZRETOBIFERON 2012 05 2019 FEOFERARL, FXBEOREIZBTS
B BRTOIRREL E DA OWTHEELL | 1RGO REECR AR B DWW TR <5,

R P

A B L ORRE oOBR B Aak L R A E A H IO OF A KT T
770 WL RE SRR E ST Fak L R oo K EA SEMER E /KON, 717, 718, 719 BL O
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720 FEAEIUCIENT 1 DET T SBUIE S Z&RIT. EF 4187 G A.6 A.9 ABLT
12 H) OBGENEFBHRIRA RSNz, ERER T E L, 717 580k
33°41°2.2, HE 135°21°44.9 THY, 718 23k 33°41°31.2, AR 135°21°47.8 THY,
719 S8 AbfE 33°41°30.7. B 135°21°31.3 THY, 720 S8 LkE 33°41°22.9, HFR
135°21°36.4 ThD (Fig. 1), HELZEMU-HIMIL, 201243 A 15 H~2019F 12 A 5

i
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Fig. 1. Sampling stations. Maps drawn by the Geospatial Information
Authority of Japan were modified by authors.

_28_



FH 8 o #5082 BT 2 BB AaFToiEe

HTHo, BUGEHITIHAR 1 m BIOVEEE LB 51K Z RS K2 T
BRI . ZD/KiEE DO 28 DO A—4%— (PRO-ODO020, Y SI-nanotec, Kanagawa, Japan)
Z W THIELT,

JEE By~ L S — D BRI TERIRL . 3R (0-1 em) FB/ 2RI THRB D45y
B U7z ST ICE B IR - 7285 A D EE 13, 2T 550 (BBEE 1 mm) 125047,
5B RIS Te RN AR /e X NAL LU TE OB EFHR LT, v 7 a0 RAfE R
¥ BRRRSOEEHRIE (15 cm x 15 om = 225 em?) TERLI=4, 1 m> B0 OfE K
BUHRE T2,

B2 EE ORE (0-1 cm) M EML THFEEA~LRFDIRD . KEOGHEH =D
AR CTHSD AVS (Aid Volatile Sulfide, FRIEFEMERRLA) 3L T COD (Chemical Oxygen
Demand, {LFMEREEE) 2HE LT, BBLUTZEEL D120 T, AVS AMREE (Bt
{b#WR 77 2, Sulphides201H, GASTEC, Kanagawa, Japan) 75T 2 [EHIEL, COD %7
VIV~ L T B ) NETC 2 [BIANE LTz, 2 B O E O RE 2 & E KOS LT,

AVS BETN COD DFARE: 3 A ORIEMIZSOWTRYy 7 ern—=0 FIETLERE (F
BOKHE 5%) HATV, FIEOHEDOZRERE LT, 9 A OEEE Lo DO OSFEHEIZ OV
ThE, BRI DOZEE ANOVA (FE K 5%) TREL:,

s e

1) /KiEE DO

KR T m DKL T IO ER THIZERCEE > T, 3 A6 A9 ABLU 12
HOAKBROVIfEL, Fh -t 13.9~14.5C, 23.8~24.0°C, 26.7~26.9CH LTV 17.8~
18.3°CTdh-7= (Table 1), FIERICHEEE EO/KIRIZ3 A.6 A.9 ABXUN12 ADKIED
EHEE, FEI 14.5~14.9°C, 22.8~23.1°C, 26.1~26.5CH LV 174~17.7°C Th-
7= (Table 1),

KEE T m @O DO VEEDERIZENTS 9 ARSIz, 9 AD 717 5. 718
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Table 1. Water temperature (°C) and dissolved oxygen (DO, mg/L).

Temp.

Im March June September December
No. 717 141 = 1.7 239 £ 13 268 = 10 178 = 14
No. 718 145 = 16 240 = 1.1 268 = 1.0 183 = 1.7
No. 719 142 = 16 238 £ 12 26.7 £ 10 182 = 1.7
No. 720 139 = 19 239 * 12 269 = 1.1 181 = 1.7
Temp.

Bottom March June September December
No. 717 148 * 13 230 = 15 263 * 15 174 = 11
No. 718 149 *= 10 228 % 16 261 = 15 177 = 138
No. 719 145 = 098 231 * 15 265 = 1.1 176 = 18
No. 720 146 £ 038 230 = 14 263 = 13 176 = 17

DO

1Tm March June September December
No. 717 810 % 022 700 + 072 624 =+ 052 7.18 % 0.17
No. 718 799 £ 029 692 = 084 633 = 042 703 % 023
No. 719 800 + 053 688 % 077 610 = 045 695 =+ 024
No. 720 793 £ 040 698 £ 070 607 £ 045 6.98 % 023

DO
Bottom March June September December
No. 717 756 £ 024 583 + 077 493 £+ 057 720 % 030
No. 718 746 £ 044 610 + 060 536 = 045 702 £ 0.18
No. 719 744 £ 050 634 + 076 529 025 702 i 026
No. 720 737 + 054 604 £ 086 540 = 031 690 * 030

Values are shown with average + standard deviation.

7y 719 7B LN 720 50 DO IFFF 4, 6.24 mg/L, 6.33 mg/L, 6.10 mg/L 3L 6.07
mg/L Tih-7= (Table 1), VHEE D DO [2oWTh 9 FICRIEMESBHAISIL, 717 5.
718 5. 719 S H LT 720 5@ DO ITEFE4, 4.93 mg/L, 536 mg/L, 5.29 mg/L BLW
540 mg/L T o7z (Table 1), TNOHDEDOERMOEIT A ERL O TN oTz
(ANOVA, P> 0.1),
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2) [KE D AVS LU COD OFHiIH A HE)

717 FOERDEE T, AVS O2EEOFFHA 0.15 ~ 1.66 mgS/g IR THY, %
NSO HEED 0.77 mgS/g ¥R Th-7- (Table 2), A Z LI EEE RO D EHH IR VE
INFRERESIZ DN 3 A | Beb @V MESRRERES =0 R 9 A OfITh-o7- (Fig. 2), [FERkIC
JEE > COD OEAEMBOFBIL 242 ~ 54.1 mgOy/g HLIETHY, Z b0 FEHBIfE A
31.8mg0y/g W B TIH 7= (Table 2), A A LI EHEE RO D EE BV EN RSN
72DR 3 A LB WENRESNZ0OMN 6 H OB TH-7= (Fig. 3).

Table 2. Average values of AVS (mgS/g dry sediment) and
COD (mgO2/g dry sediment) at cach sampling station.

AVS COoD
Average SD Average SD
No. 717 0.77 =% 0.31 318 =60
No. 718 029 =+ 0.14 204 =+ 32
No. 719 021 =+ 012 126 =+ 28
No. 720 0.18 =% 012 134 *+ 29

Values are the average of all data at each sampling station.

718 5 DE MDJEE TiE, AVS O2AIEE ORI 0.05 ~ 0.62 mgS/g BB THY , %
NEDMOFEINN 0.29 meS/g HZIE TH o7z (Table 2), FHEH Z LI EHME A RO D LD
EVMES TSRS 3 A | b sV MESFLERSAIL-0 2 9 A OBREITH-7- (Fig. 2).
BEARIZJEE O COD ORI EEOEFHIL 13.0 ~ 27.9 mgOy/g ¥2IE THY . FlbHDED
J73 20.4 mgOo/g #Je Th-o7= (Table 2), A H T LI VIEZ RO DL B RY MEAED
FRENT-ON 3 AL EbEWESTESN-ON 6 AOBEITH T (Fig. 3).

719 FOERDEE THL, AVS O4AEEOFIFHIL 0.05 ~ 0.51 mgS/g IR THY, %
NEDED XN 0.21 meS/g R Tdh-o7= (Table 2), HEA Z I EHHEAER DD E KD
fRVMEDRREREN =D 3 A b EVVER RSSO 9 A DRI TH-7- (Fig. 2).
[BEREICJEE O COD O EEOEPHIL 8.3~ 18.0 mgOy/g HZIE THY . FNHDED -1
23 12.6 mgOa/g FLIEToh 7= (Table 2), FHA A Z L FEE RO HEHRLIR MED TR ik
SN0 3 AL 6 A, IbmVMERILESN =00 9 H OB TH -7 (Fig. 3),

720 S DEROEE Tid, AVS ORI EMEOFPHIL 0.05 ~ 0.67 mgS/g #ZIE THY, %
FLHDED /3 0.18 meS/g 828 Tdh-7= (Table 2), FHEH Z LI EHEA RO DD

_31_



WTRKIER 205 (2020)

1.80 0.80
No. 717 N No. 718
1.60 0.70
140 ) o ~ 0.60 -
5 1.20 2 H
g g 0.50
2 100 .« 5 o o y
5 2 ' S 040 2 ¢
2 0.80 . o g o o : .
2 ° s x A 2 030 . R . .
\m/ 0.60 ] % ; L .
> > i °
< g40 y ° x 020 ° .
X
0.20 0.10 ; X
x A
0.00 0.00
Mar. Jun. Sep. Dec. Mar. Jun. Sep. Dec.
080 ‘‘‘‘‘ N e NN 080
No. 718 No. 720
070 | eo012  s2013 w014 0.70 x
02015 22016  ©2017
= 060 | 2018 x2019  ©Awr — 080
[} [
: 2
= A =
S 0.50 b 0.50
v [72}
> . >
< 040 < 040
o & 0
2 030 e 2 030 :
%] ° . 2] ° ¢ s
Z 020 | 8 x § 2 o ; 4 .
A
ﬁ X . © - o =
0.10 0.10 % x
Q X X >A< X y
0.00 0.00
Mar. Jun. Sep. Dec. Mar. Jun. Sep. Dec.

Fig. 2. Changes in AVS of the bottom sediments at ecach sampling station. Different
symbols indicate each sampling year. “Avr.” means average value of all sampling years.

fRVMEDSFRERENTZD7 3 H | b @ W ERIRERSIVZD0 6 H OB Th -7z (Fig.2) .
[FAEIZJEE O COD DO-2HIEEOHPHIL 9.6 ~24.4 mgOy/g HLIETHY , ZHEDIEDEE)
A3 13.4 mgOa/g B2 Th-7- (Table 2), A A T FHME AR B L b IRV VB2 TR 6%
ENT=DR 9 A Feb@EVMENTESERS IO 6 H O#BRITH-7- (Fig. 3).
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Fig. 3. Changes in COD of the bottom sediments at each sampling station. Different
symbols indicate each sampling year. “Avr.” means average value of all sampling years.

3) IE D AVS HBLU COD O & )7 25 i)

AVS OIEREMTRALL2D 3 A oWT, FEORIEMEE kL7, BLBHIRPN
(2019 4FET) I FOBUHIED 2012 FEOMEE LEISTZEHL, 717, 718 BLO 719 @
BIKNAIAFIEL 2D 2T, 720 5THE 2014 FIZOAREEA 2012 FLOEMESE/2>T
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UWEIRHEZE

FED 717 5O—FEERE, 2012 FOMEIVLEE

LRI B

X727 ~7= (Fig. 4, Table 3), 1A

20 %

(2020)

WD 2018 4F- 33 T8 2019 4E O ) EAEL

(2> LTz (P < 0.05, Table 3),

. 2019
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Fig. 4. Changes in AVS and COD in the bottom sediments on March of each year.

Vertical bars indicate standard deviations.

Table 3. P-values obtained with multiple comparison of Bonferroni for the
values of AVS (upper) and COD (lower) between 2012 and later year.

2013 2014 2015 2016 2017 2018 2019
No.717 1.000 0.085 1.000 1.000 0.049 0.004 0.072
No.718  0.000 1.000 0.001 0.000 0.000 0.001 0.008
No.719  0.000 0.000 0.001 0.003 0.000 0.000 0.000
No.720 0.010 1.000 0.047 0.019 0.125 0.028 0.006

2013 2014 2015 2016 2017 2018 2019
No. 717 1.00 1.00 1.00 1.00 1.00 1.00 1.00
No. 718 1.00 1.00 1.00 1.00 1.00 0.21 0.22
No. 719 1.00 1.00 1.00 1.00 1.00 1.00 0.15
No.720  0.07 0.51 0.00 1.00 1.00 1.00 1.00

Bold indicates P < 0.05.
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(X 2014 FF & 2016 4, 719 B TIE 2014 FTHY ., 720 5T FRI-T=FHHl72 L e/ > Tz
(Fig. 4), 2012 FEOEICK L THERZE (P<0.05) BdH-o7=IEMIL, 720 50 2015 F0
—FDOIHTHY, HOREEOMAE DA BT /2) -7 (P> 0.1, Table 3),

4y [KE DO~ ra NAER K

7R BAD HAL R Y 720 O BRI OBEEIL, 2 TOE RICB W CEBO B A
RUTZ, EOTRICBWTS, 3 HBLT 6 HICERE L&D 9 AL 12 AT
Tz (Fig. 5), Fio, b U MAMEERBDI L7070 720 5, FebD 7R o7edhs 717
B2 (Fig. 5).
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Fig. 5. Numbers of macrobenthos at each sampling station. Vertical bars indicate standard
deviations.
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EE

1) & XEOEEDREE

717 & 718 FOIEE D AVS BET COD EbiZ, D 719 B LT 720 HOJE RLY

HEVMEL2->TEY | BE A~ OZEPEITL THDHTENER T, DR HTK
B W TRIES N AVS OfEIE, ) INRO T VOEFEM THILTOAIESE T 0.46 mgS/g
HZUE (Srithongouthai and Tada, 2017), /RS WO~ A EDOFRFANTHON TV DG DK

BT 0.9 BEON1.2 mgS/g B2IE (Pawar et al,, 2001), —HIRO~X AEFHNITHNL TS
FRG/KETIEEFEORLEDEWEEIT 2.2 meS/g #IELL | (Yokoyama et al., 2009)
IREDIRESILTND, 717 5 TIHINLDEAEL LT DL s\ BRI AD 718 5 TldAs
FHARFEA L COVDEE L TEORIERWEW R E9TH D, AVS OEIZ DV T, FrtiisE
SEAPERRIRIEIC DD NRREDSFE LB L L COARIRIAS O FE1E | OIE HIZ 2.5 meS/g WL

EVOHEDREINTHY, 717 B THERIEIUZ AVS OfE T 2.5mgS/g fzie % iim L7z F61%
Iphnotz, — 5T BEO 9 JOEEIZHOWT AVS SLOA VG ETERE Lo Bt 4
AT BTl 0.43~0.71 mgS/g HLIETI BRI | 0.71 mgS/g RalEa X HifimE
[k ) LIS FTRE TIEARV W EESN TS (B, 2008), 717 S BL T 718 &t
IO T TR TSR, F72 717 BTCIEREE _EO DO b, KOREIRES
PREZVIZN 6 A& 9 FIZBWT, o @ S LB IRWEC o7, REfger 2tk ek
RIEIZIFAEZTNO DO LU T, BIEA DL E RIS EZRKHEL 5.7 mg/L, RENEL
EALLTWAIREELT 3.6 mg/L DEZRLTWD, FEEREFENOHEEL TWBRIZIE
BENMETHLB, ZORETHET DL mbIRVMENRERSZ 9 HD 717 %5 DO @
PEEN 4.93 mg/L THY, BAREBZOR0 T RIS TNLEW U2 57259,

</ NAEEETE 718 BT 717 BEVIEEL 719 BB LU 720 B LRV EE
BB BUIES Iz, FB PR o7 IR0~ H A OREAT (EA30m, 50 5) HRES
NTCNZAKIETO -7 a R NAFHUE DS A8 O JE TR KT 875 E{A/m* £<1% 350
fEF/m® DL T EESITRY (L, 2007), 718 SOERFRKETHLILEEZLE, fa
AR IO BN R E DRI A TNDEHRDHRETEAT,

JEE D AVS X2 COD DA SRS DG4 Ot R34 TR R FEE VW R D70 8978 T
OWTEEM ORI DD, PN, EE O ERNAR b2 i A L TRILH kO A Y
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DA RO - FHTIE, BAEH K FREELE) ERELONEAEDO S0 256 %
19.9~57.7% (CE45 40.7%) &AL TW5 (Yokoyama et al., 2006), IEEIZETHEL CWHE
B ORPFIZ OV TIZORTEEREE T L2 LT —FBORMARHVEITHD, A
WHFETIAL 7T 717 SIEHTEANIIADEATEAILOBE L7 THRVEEIZH TV,
PRl LD AR AT BIRA B LT WSRAES SR> Ty a0t Liveny, 717 5T
AVS <° COD DEADEE DR\ LTI, 2D IS EIER A R D AR S 8L
TWDHATREEIL S D, IRE O F Y O L O LEOEIE DGR R R E AT E DI END
ST BB OEEERO FTOLERIFRES X D125,

719 S LN 720 SE, FGRERFEI O DI TODKIBO EE LU T RAFRRREIC
HEVZD, T19 5L 720 50 9 H D AVS OFELEJENT LTI 0.31 mgS/g ¥leds LU0 0.22
mgS/g BZIETHY, Ak EH (2008) DR LEEITHEXIT, ZREN B2 TIEHS

NI LD ERBAESEITL D 2B DAY (0.22~0.43 mgS/g WoiR)) BL O MER/2 1A
(0.22 mgS/g FIELL )Y WZ344 975, M, 719 5T 0.51 mgS/g #2JE (12 A, 2016 4F), 720
B CIE 0.67 mgS/g B2 (6 A, 2018 ) EWVVHEDGLERZIVNDN, Rt DERZ Do
BUAEOHEE HBHINTL T, ZABIISIEE D RETEAD, COD DfEL 717 HHRIT
718 ST T, 719 SR LTU 720 5T —BARV VKEEDEABES T, AT, <
7 MAEEED 719 BB IO 720 B TIERHCEL IRE OFEW AR O/ Sh<s
AR NAZE S TH AR &7 TODER VL& ST,

2) JEEORIEO R HIR L HER
2012 55725 2019 AR T TORIIRRMEIR 232720 F4FEDO 3 FOMIZEHL

THEDOHERAZ DWW THREI LT, 3 BIE4E 4 RIOFAEDI D, bW AVS OERERIS L
HHTHA, 3 AOBMIEDEICLY | #7272 G M IHEOETO A A F R AR EO

S ELTHIBIE DO TRV NEE 272, AVS OfETIE 2012 FOEZ EE L7z Fe 4
3 2019 AFETORICHBIZEESIT, 2012 25 2019 FOHIRNIZIRAVLTE oV il s
WTh AVS VFEIMEIANIC 22N EE R BTz, 1272, 718 5 2018 FE I8 KT 2019 S DB
FEDEFTO 2016 I IV 2017 FFOMEIZH U TENVVKEEZH D720 EINCEEL QWA R]
REPEIZHIEE L TR ELRHD, —77, B4 3 H O COD DfEI 720 SRS EE AT,

EEITZ2WEOO | i Tz, COD I AVS S1T 780 2012 4ELIRE R K HEAFERFL
TS, BLIIEMEMIZ S D2 2 D,
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AVS & COD W hbIEE T ORES AW OREZ R THEE THL, A EOFEA
il B E OB E AL TR o7, ZAUTEE DS EEICHE L TOAX S i
TWHZERFEREE 2 HILD, AVS THIESIVTODERIEIE, AR CHEMS T
R SN AT ETRAET D, JKENETTRREBIZRDIIEENLVATO LR TL ED
G BEEICHFEL, R R OMBE TR B R E CIHESNI LA ThDT
O, EEICHEEHNERL TOBSENEWIEE AVS OIEIEE LD, 1272, ARS ik
(LR R O IZ L > TR AN SE I B L SUBREREE L 720 | BibB &L CIElE
Enieinn, &2 ROEIR SRV ER RIS > THKOSMEIR S NERL 728 K
\ZFESE OB E R PHESNDZ LD AVS DIEIXEIIZIE T 32, bhAA, F1
L EOR—ZTHBEHO BT E, AVS OEIFAZETHoThHEVKEEIZEE FALE
(213722, —H®D COD TiL, v TAAZLo TR LS D% | LI ERFR SR

Sy OBICELE L TR 325, COD LU TRES NI A O THE o I B (LS
TS TR, HEFEY) TR BT RE R D72 B 3 iR A A 703 — RE B AFAE
LTEY, Bl 21T WIBENT T DMK o g AT ReZe AT (7R L Rk 1E#) 13 TOC
(Total Organic Carbon, ¥AMEIRFER) OBLE 20-30% (L€, 2003) &L Ebhb, =
DI E L, [EEFICEELTOE COD OEAHL BT Tun<bo o, Fifk® A
A LOMRBIED THD) DAERIZIZEAEFTHLTO2WIT THhD,

L bt i s LY, AR R CRA L2 K MFE AR Eifs O fE (K -
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