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Oceanographic conditions and vertical distribution of
hydrogen sulfide and sulfur particle during occurrence
of Niga-shio ("bitter tide") in Mikawa Bay.

Uzaxkl Naofumi*! and KAl Masanobu*2

Abstract: Oxygen-deficient waters sometimes upwell in coastal areas and this
phenomenon is known as Niga-shio ("bitter tide") in Mikawa Bay. It occasionally causes
damage to fisheries. Before and during occurrence of bitter tide, vertical distributions of
water temperature, salinity, dissolved oxygen, pH, hydrogen sulfide, and sulfur particles
were measured in Mikawa bay. Before the occurrence of the bitter tide, it was observed
that thermocline had been formed at a depth of about 6 m and hypoxic water mass had
been developed below the thermocline. It was observed with the occurrence that the
thermocline and the hypoxic water mass rose up to the surface. Results indicated that
the rising distance of the thermocline was 5-6 m. Hydrogen sulfide was detected in the
hypoxic water mass, and also rose up to the upper layer during the occurrence of the
blue tide. Sulfur particles had dominantly existed in the layer of thermocline before the
occurrence. On the other hand, during the occurrence, sulfur particles existed more
widely from the surface to the bottom. And it was suggested that the change of sea
water colour by occurrence of bitter tide caused not only by new formation of sulfur
particles from hydrogen sulfide by autoxidation in surface layer, which had been inferred
in previous studies, but also by transport of sulfur particles to the upper layer from the

layer of thermocline.

F—U— FEE, ZAE, WEKkE, WK

EhLHKICPTTORBHERTIE, BRRIZE-T
BECERINTWIZEBREARWSEBICITICER
L, BEAFAE>OHFREERTLIHARSALA
. THIFEFETERES, ERETEENLBREINT
Wb, HEOREZIAREORVEERICS BREAKLH
AEELLLL, BESCTBIALTLIANRICERE
5 R B

IRETHEHCHELTE, BREBBREY~OREL
WA LRV O BRENTVE, LiL, FHO

Fed LM CEHIMNY R b MESEERELTB{Z
LIRAMTH LD, FMBEROKERLEFEHES ®
WAL HRERIS v, KFETIE, FUREROERE
BWichBWwT, KR, ES, BEFERFIRE, pH, Wik
ZBE, BIUBRBRRETRECODVWIHESHZHAE
L, SWMRLENokE,s, HHEREEROBRICD
WTWL OrOMAEELOTRET 5.

*1 g Bk BEaRER (Aichi Fisheries Recearch Institute, Miya, Gamagori, Aichi 443-0021, Japan)
*2 e E LR S iE S (Aichi Sea Farming Center, Atsumi, Aichi 441-3615, Japan)



WERH

5t3
ER

R — S
=2

. ikm
| ——

BI1  HERARE & B

HHBLUHRE

EPE RSB ICIEoREREEFT A ("),

EREMOKEL, SLIAH120m, St.24%85m, St.3
PHBOMTH oo TALHBHETIE, SLILHSL2
ErTTHEE~ONE CH I - OEENRESATSE
HEzoTED, BAFEILSFEMETLTWS
THORABEAMEPEEZELR TV, FO-DIOMETIT
Pl OREFBHN s TWS,

W ER O1998E8H 108 O FRT 10 EH S F#0
RPEIC, TLUHEMREL-1998E8F 14H DEFEH
RRED» L FHIMIFE I T TEAZR, KB, He,
pH, BHRERE (DO) 2BUL, WKEL LU
BN TFOBRRDOORKET 7. KBEFZ, 7L
v 7 BFHBARESE (ACT 20-D), pHIiZH{TEH
HMpHA— % — (pHS111-]), DORRBEF L5
DOA—w— (F-102) itk W EhZhlEL. Hit
KEEE (B A 4 V8 13]IS K1020 (T %EEkK
B BRoFE Y, BRENEE-I vEEE
BIZEDER LA BERTEBEIEASOFE i
VERLA, AL, #A250mIFIRABRESLIZTOYO
GA200 #7AAFICTHBL, LBSICE-HER

(A:ARENTrElR)

RRBICINOCTAKEEREEL, HWT, BH
L7z En-~FY4 50mUcEZif L, BHEEEERIc
X Y 600kw, 25kHz T304 M & 5 L THFIRBEM & H
HLZ. i3 hiaFRMEE, AEhEHcE b
E27enmOPLELHEL, RERI YREZRD .

T, PEMBhoRME, EEMEE, ZEERBcE
BEShTwWsABHBU 74 (15, H1) »oE@mEK
ERBSNFHBECER SR TWEF -7 ZMAIL
FAS

# R

1 HERAER (199848 A 10H)

HWRENOKER, ESOBHEEE Zhbh oKD
7 o-tDSNESA & M212pH, BEEERE (DO) @
BURREHBCHAAEB L USSP TFREBROCERE SR
PEAUCE A @TRLIE,

IROEOERNS, FEMRBENZSLIA LS
THREHOMTECHBEIEEShTwi00ED LR
S0 BlH, K, EAoEAKEmMECRAE LTI
(BIE—BOMETH - zht, AiE6md 5 IZKEIETF
LEGPERL TS, BERT CHDOFEHICETL
TEY, BEREOHANSLIP SSt2ATHTTOERELL
RICEELTYw 200/ BEATE L, RHIC, pHLER
TTREICET S 2 @4 S HikAFiEstis
LUSLZOBEBTICHFELTEY, HbKELEELE
D HRBEBAFEBREREL 2 pHAETLED 2
KREEAZIZ—B L. T, BAFRKEIRL LS
BEBRENES 2-oTHED, BRLBVHEESLIOKRET
6.7 mg/LTdH o 7o HTFRBMEHIISLUCEWTERETIC
FEPHZ SN, BERAECRD BEFB VISR RS
fiEgRL, TORBEGKE MIZBVT06meg/LTH
2720 St2ThH, WMEBLFSBE T ISHEESREI L,
2 WL (1998E8H14H)

W R ORI B L8105 E#HoRke
BB ENA1998ES A 148 £ TOEM, B0 BER
ELEBESICR L2 Blll2fTo7-10B4 5% HDIIH
KU TESETH-oAHL ) OARTOBRAELHOT
BEDICEDD, 138 OI9WEEH 54676 8l 25 312 4
272 ZDH14H OB IR EHEMS6 m/s 71
YT ALY, MAOI5HEE TR FHRES m/st i
ABA-PEDDESFREFGT -, CORICED, B
BAREOBEETIXI4A D128 A MO RKE AR
sh, ToORBREE TLIkmX24kmBETH - 1,
TORIOFHZ, HRET TREFHITE S R,

*OREMER - R - KIR1ODFBCEEEA RO ST HA A ORE 19974 HE B RS RE A ST E R M ppl77.



ROBICEBEELTw,

EFMREDOKR, ESOBRKEE Fhbd bk
ro-tDMESH ER2IpH, BTERFERE (DO) ©
BUERTHBCHRAEAREBLUSTRRROEEE R
EEAUEAQTRLIE. COERI G, EHRERI
BREOMEXEXEELTWEOFERE IR, DO%E A
5k, ERFEOHEKSSLIE L USt2IBWTREZfM

HIETLEALTED, StIGERBICIFEETAL I
ZoTWize FREIC, BILKZELRBEhBKIENLA
LTED, SLIDEFHTHRBTEL, FFRER LB
HERAHKENER LTV, LVEVWHETHHES
il &, St2TREFHIOEFE TIHIZLTOXET
BHEhzZ L, StINDERTCIHRBERLI LR Y,
THREWME R M ER L

st.1 st.2 st.3
0 0 o
: : Y
- -4 -~ -4 - =4 |
E E E
x -6 K -6 % -6
¥ g ¥ -g % -
-10 -10 | -10
-12 s 1 1 y -12 i L L J ~12 1 n L y
22 24 26 28 30 22 24 26 28 30 22 24 26 28 30
KRS AKECC) RRCOCH
st.1 st.2 st.3
0 o] 0
-2 -2 -2 L. %E
g -4 :_é: -4 :E: -4
¥ ° K ° S
¥#% -8 ¥ -8 * -8
-10 -10 -10
..‘2 1 L A L Il h i _12 I _12
26 27 28 29 30 31 32 33 26 27 28 29.30 31 32 33 26 27 28 29 30 31 32 33
18 5 {psu} 15 5 (psu) 1 53 (psu)
st.1 st.2 5t.3
0 1] 0 -
-2 -2 -2t ‘-,
- - —~ - - -4 b
e ) G
B‘é -6 7 P -6 % -6 |
% -8 | ¥ -g ¥ -8
-10 -10 ~-10
-12 * : -12 . ; -12 : ;
15.0 20.0 25.0 15.0 20.0 25.0 15.0 20,0 25.0
o-t -t o-t

2z EHIREAR (199%FE8H100:@) &E#IFE4AT (1998FE8H145:0) KB BKE, BF, o1OHESH
AIE (10M), stli117m, st284m, st327m JKIE (14f]), st.1:119m, st2:88m, st.3:32m



10

st.1 5t.2 st.3
0
-2 ~<"'J
_ .y —~ -4
E E E
% .3 % -8
*® ¥ * -8
~10
_12 1 1 1 1 ) 1 1 1 A J ..12
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 & 8 10
DO{mg/L) DO(mg/L) DO{mg/L}
st.1 st.2 st.3
0 r 0 o }
-2 -2 -2 f
~ =4 -~ -4 ~ =4
= 8 S 6 = §
. S T
® -3 ¥ -8 ¥ -g
-10 -1Q -10
_12 1 L L ] __,12 L L 1 i -12 L I . J
70 75 80 B85 99 70 75 80 85 0.0 70 75 80 85 50
rpH pH pH

E3 AT (19984E8F 108 @) & EMRET (1998FESH 14A:Q) B 2 BEMERE (DO) LpHORESH

st.1 st.2 st.3
0 0 0
-2 -2 -2
~ -4 - 4 ~ -4
E E E
K& ° K 8 k8
% -3 X< -p ¥ -g
-10 -10 -10
-12 1 : 1 y -12 : L — 3 -12 : L " s
00 20 40 60 80 00 20 40 60 380 00 20 40 60 BO
HoS(me/L) HoS{mg/L) HoS(mg/L)
st.1 st.2 st.3
0 0 0
-2 -2 -2
- =4 - =4 -~ =4
E g E
¥ -6 E -6 E -8
x -8 ¥ g ¥ -3
~10 -10 -10
_12 1 1 1 I3 _‘2 1 1 i 1 _,12 1 1 J
00 02 04 06 08 0o 02 04 08 08 00 02 04 08 OB
S{mg/L) S{mg/L) S(mg/L)

4 Hijt4nr (1993F8A100:@) L &ML (19986814 H:0) BT 28R (H:S) LWHENT (S) OBESH




%ﬂ?ﬁ N
W wrtfll e #
8.7 10 11 12 13 14 8.0_;1/8

E5 BEHEAIT £ ki3 BnELE (1998488 10H-14H)

I\Méw
(a) (&) '

6 EMIRAICIES) HBERAROBE

TFAEALIRREN (@) &8RRI b

BB MR O & B & TRT.

1 %g%&tﬁff ERENIIBT IRNEO LB L2 RE LAER
o

MEFZHFREC)! +4m +4.5m +5m +5.5m +Bm +6.5n
b, & st.1 0.49 018 0.04 0.20 0.59 1.36
st.2 1,12 068 o041 0.60 1.3 27
Bwa ‘IESU 1.23 0.82 0.45 0.19 0.11 0.22
st.2 1.72 1,08 0.56 0.33 0.45 1.05
Sigma-t st} 1,03 0.60 0.26 0.10 0.16 0.47
[st2 1.72 1.07 0.58 0.42 0.73 1.63

ML & D (S, AL BRI

£ B

BBEAMONANEIREOWMBLEL LN L,
ERICEMRERROBFEIEREKRLERRED
BELIE I —BRTHIERRESR TV, AAE
Tid, FEBENOSLIBSt2ii P CRIERN6mAE
CEEERVPERZN, BETICEEEZEAHEIERL
TWHOARRETESL 2LT, T8V ELE L2814
HOREERPLIEIETOFRERE B THEBOME
HLEALTWwWAOEALNIZ(H2, 3), Zhid, k&
D OFELC X o TERBARDWA (FHI) ~HERED, 20
MIIC X D EROBERBEAANEN QLHm) ICBE
LR ThaLEIORS (H6). ZOZ LIIHERTE
KBCTHREINTE-EHRLERE » LHEUL T
5o ERICIE, EWREHROBINAICE T AAREKE,
MAASBELTELSDTH S, FORETBEMN
OBIEICBIARELIEEELWVWEEZZ, ROLI %
FETHEBOMEMXLALAESE (X) 2#E L. K
B, EaBLUe-ticonT, EMRBLEE (10H) OB
% AKE X m (X=45,5, 55, 6, 6.5m) LF 4, #F
WRERERQ4DICBI2EUEEOBEEELN (1) X
R R A

st = Z(a-b)2/n

----------

11

a: ERREMNOBIMEL Xm LH S &4 E

b :a O & FAG OB # 5 AN OB E

n: HEL-EOR
ZORKFR, MEOFHK (s i, KiETiX5m, ESHT
Est. U2 BVT6m, st2i2BWT55m, ¢-tTi5.5mT
BATHots (Elo #-T, EBONEIL5-6mLEE
L7zk#26h, KR, S, o-ticonT, THREE
B (10H) o@BAE255m A SE-b 0k HiEsks
B (148) oBEZzERELELIT 7 (H7) »5
bERFABEEESAL . ot b, BB
Bo@AayifizecaiciEh®zy, BBIERBICET
FELTwALENSIE,

ALK EFEY G A ZHBIIOVWTH, ThETI
ZLOEBBERFIFEERTWE, 203 ETHY
(Ruditapes philippinarum} 1Z2wTIE, BALKER
E3.9meg/ ¢ Tk, 17-20CTT2RMBEL~WEL Lo

st st2
0 o
- MR
- 4 -
C g
Kt g% -0
% g * .
-10 -19
-12 -12
22 24 228 28 30 2 24 B B W

RABCC)

st.d
0 o
-2 -2
-4 wd
-8
-B -8
-10 ~10
-12 -1z

26 27 28 26 30 M 32 13

KRCC)

3 (m)

ma

AFE(m)
&

26 27 28 29 30 31 2 W

W53 psu) W 4Hpsu)
st1 st2
1] <]
-2 \ ~2 tk‘
-~ 4 —~ -4
E - £
¥ ¥
-10 -10
-12 -1z
150 200 2840 150 200 250
ot g=t
E7 #ESNARBLERENES ST Eh 3 SHBEROHES

i & HEMED BT
@R D) OB ESSm Lt S b 0
O k14 Lo B i



12

st st.2 st.1 st2
1] 0 ] [
-2 -2 -2 -2
- - — 4 - 4
™ g E £
w0 [T K e ® -
#* -8 *® -B * -8 ® -8
~10 -10 =10 =10
~12 -12 ~12 -12 —
a 2 4 6 8 1 0 2 4 6 8 10 00 20 40 60 80 00 20 40 89 B0
DO(mg/L} DO{mg/L) Hzs H2s
st1 st2 st.1 st2
0 0 0 Q
-2 -2 -2 -2 E\?
~ 4 o~ -4 ~ 4 ~ -4
E E E E
3 -8 ™ ] ] -8 1 =B
€ 3 ® g ¥ 5 ® 4
-10 =10 -10 -10
-12 : -12 12— B s e w—
70 15 B8O 85 90 70 75 B8O 8BS 90 00 02 04 08 08 10 00 02 04 06 08 10
pH pH S{mg/L) S{mg/L)

e HEEShANE LRSS FHEh 2 FHRERONES S & EAEORESTS
@ ML OB 255m LA S b o

O & W AR (14 RO R

EVIHENDHB—FT, BEITmg/ £ TDOMOBT
BHiE, 20C TT2RMBIC80%AT~VIET B E#HiE X
Noil, EYOREPDOOEBICE-T, #0ORE
RESRBZEEFZONE, LrLosWizgLT
&, ¥XZ7#1 (Theora fragilis) D50%IFEHER L3
EO04mp/ ¢ T23MTHALZ L, 3 (Portunus
trituberculatus) H)HEASREHHE O L {F AR EE0005me/ ¢
BV TEE%THAZ Ly FOREN DD, KERAKE
EDOHILARREOREHEIZ0.00Img/ LEED LR T WA,
P INLDIEhn, KEBIIBTAEBORILKEE
B (H4) &, WorilBEREMOETFEHITFTVD &
Ziohb, 403, HEMORE IS THILASE
BHMKVPERBOEBE LR RKEOBRVER~BH T 52
EERLTWA, '
FREOKRD L, FWRBAEN & BMBEDOHERIC
BUAWENTOFEYALIE R, 7, BH15
AR, BRMEICRET AN e BE LA CHRE
HEPFFEELTVWDLIEFRENE (H4), ZOm%
HFOERBHE LTE, RO2200WEESZE 50
Bo ODEMEAMIZBEMLICBOTHREOLE A
ERLTEY, I THRALAZOHBBLA R o Ty
bo QEBFEAMT OB EBBIIEET 2w e
ORI D EMIFEIC & - THbAE > &l

b0 MHNFOEMCH T 2FEIIW O TR VA,
WEROBBBIC I AERLLE LTS, FibkFEICER
LTWwbDTHNhE, TORERTFOEREEHORE
PR BBFAM» S L RIAFLHRTARES
ARTHHEEZOLND, —F, HMBLERITE, R
PHEBTTEVWHEATRERFAEET 32 LR
shic (H4), chEFTORETIX, HiHBRERIZE
BERARDOBAIHE I Bl RO HBELIcL h EET
MENFHERL, SSTBREIELLHBEOESET
HBERIANT 4 FHEBRSH, ThAoPEHOKEI
G35 LN ST &AL, DO, pH, HifbKRE, %
WRTFIZ2WT, HHMBAW (100) OBAHEE55m
ERBELLOLEMBEER (4B) oEME+2ELR
EhELTr I 72MBICRT. ThEAD Lst.2TH,
HHREROEBAROWHIAERY I, BB LAEE
PHLTUSHHREL D HEL, T/, HEEFBED
BIZEL BoTwd, 2O EIL, AHEGICEWTH
NETHRMEB Y, HLKEOEBELIZL - THE
HETHERNFPERLTWAUEEERLTWES, £
7z, HWHREROBRNFICHEETHRIERFRBLCD
DHRbLLT, BAR,OEHAAFERZIZEAEIRE SR
T, MERTIRES AL ED COTEEELZHLT
WhHLEZOLRD, L, Mid0EB KR EHHD

HOORAN AR - RE - - S8IBR - RURIE S (1985) R B ORI T 2B 2 03,082 F 1) 7 10854 8 AR IS &

FHR SR ERE.pp254



SEAHS S, SEOEHTRBEROBHAKIY, &
RPICHEOMLBIES-m LA LEELON, HHR
HFICERTECRE S NAMERFIE, BREEECE
HELTWAHMERTPERBIGEIR - oPETha L
ZFAOGND, Lo THARAAOHRIL, FWRERICHELE
THMBRT I, HREBLIOATELERBRIZLZ D
DIZMAT, FEREODPIIBWTIE, BEMHH»S
BRAECEELTWEREN FICbERT 2Tt %
FELTWS,
ChETOEHMCHTIRE L AL, EEETH,
BB AROHRBEHAET SREER, BECRILEE
EA5 L) hEHORERGRBHLREEHTIIER
CTHEPRBICKE SRV LRBHERMTH 5 L HR S
NTwh, v ZAHEICBCTHBROHEMAEAB L,
P RER L AU ICHROTWERIILEL
OBWEHFEFBELTVE, LoT, MiBEHERELL
L2zARAN =SB B2 RENLENRKEBEAL
TWwWHLEREETE LV, L2L, {EEMETOHEREIK
HEDLS LEPFILEBLEEIMNDEEEIOR
ZEhh, AFAEOBRETHCLIADREONEE
ZBXHLTHELEREHCLRZLEDNS, 585
CHRETHNARB 03, BBREAMOLA»LFE
HoHRET, BEMREOB{LERRFICEHT S, &
DM A BENELETHS o -

L O

BEHIAFHGILEATSEPEE,SKIIITTOR
BRI R L, AAFICEYEES 25, KII%T
&, THHROEREREBL D, ZABCEVTE
MREANEOIEHNE L TILKED L UHREN T OME
AHEME L. ZOHR, HPREEN OB LI
KFEMEmICHRE AR S R, KBICIEARI A
WHLTw20RRAS N FEFOREIFE->THED
iz LA L, LAMEMEISemEfEESRL, BEE
AP AEWICAEELBEORIAEBELLTY
fro BWMRBERICHET AWM TIX, BEWOREBH
BASRET 2MERTFORE~O LA L, BALHL
AFEOEBRILICERT S I LARBEENL,

13

E

AREWO T LD IIH), PRAENRFTESE
BERRE 2 Rz Wd, WONSTEIRKE SRS RN
BrRMGARENE - CHR 2 TSR AR E T L
T, HBEBN 74 77— 5 ORICh - Tid, FiE
REMARTUBRREMIICHRIALZEE LE, 20
) TRECHLB LTS T,

X #

1) HAEBHS (1998) Bifbd 4 4 . HBTEHEARR
B BERBIRS, EH, 257-265.

2) A - FR (1996) B - ZBICB A KEE
B ERERICOWT. BHRKERRETIFERE,
3, 2941.

3) HHEFHL - AR H - (ERERE - MEISEE (1986) B X
A & HE oM. HAKEZESEE, 63 (8), 1475-1481.

4) BRI - MR - KBE (1990) REE BRI
W4 2 BHER. DREBENE, — 1+, 28(1), 6374,

5) MEFHE (1982) FMICL 37 HF U ~VRRAIZOW
To TEBRAKERBRBMARE, 40, 1-6.

6) HHE " (1985) BEFKLBMIEKFEQOTHY D~
WG 2 . JKEERGE, 33 (2), 67-71.

7) EHE— (1994) ¥ X7 H 4 ObkFERNE. B
Ry b RERTE, 46, 41-48.

8) 4 - BiHIE - WRRR (1993) EBEBORMR
ETRALARES T I HEONPRERR CRITT R
. LBREAMEERLRE, 32, 6170.

9) HAKEEFHRERS (1995) BifbokFEARERARLE
(19954FF), pp52.

10) MEE (1974) H¥ T4 7 0V E o B 5
H4. BEHRFEEL, SHERKE, HRAPHES,
WAL, 187-204.

11) KE—Z - 85 - BIRIEL - Ehf (1987) HE
BodEWicBT o RFSE. A%, 22(6), 23-30.

12) 4 KRBZ(I99NEEBOHT M OB, ML 4
¥, 15(4), 249-254.



14



