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Examination of tidal flat environment from geochemical analysis of suspended solid
in relation to tidal change and of Zostera marina in Kasaoka Bay, Seto Inland Sea,
Southwest Japan

Hiroaki Ishiga* - Erika Sano**

Abstract

Examination of tidal flat environment of the Kasaoka Bay in Seto Inland Sea was carried out from geochemical analysis
of suspended solid (SS) in relation to tidal variation. Geochemical compositions of Zostera marina (submerged plan) was
also examined for evaluation of water environment. Material filtered on quartz filter was observed using SEM and further
analyzed by XRF to evaluated geochemical compositions. This method is a new examination for the SS in view point of
both constituent observation and geochemical compositions. SS value varies with tidal change, namely, it increases toward
the ebb tide. This is suggestive of increasing of detritus of tidal flat environment. SEM observation demonstrates that the
material of the spring tide was composed of diatom mainly of Skeletonema sp. and some Chaetoceros sp. and Asterionella
sp. were observed. The SS of ebb tide was fine grained detritus including fragment of biogenic material. Geochemical
compositions of the SS of spring is characterized by higher contents of P,Os, while that of ebb tide is enriched in heavy
metals such as Zn, Cu, Cr, Fe and Mn. Although Br, F and Cl were measured for SS, iodine was not detected for all SS
samples. This is suggestive of lacking of intake of iodine for diatom of these samples. Geochemical composition of Z.
marina showed higher concentration of Zn, Cu, TS (total sulfur), iodine, MnO and P,Os. Comparative examination of Z.
marina from other localities of Seto Inland Sea shows that the Kasaoka Bay samples show higher values in Zn, Cr, MnO
and P,0s, suggesting enriched water environment of antholopologenic inputs. The Kasaoka Bay samples, however, show
similar values to those of the Ise-Matsusaka area of Pacific Sea, excluding Zn concentration. I- P,Os diagram is useful for
evaluation of nutrient competition between Z. marina and marine plankton and eutrophication of marine condition.
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) T, IR 11 B 43 43T 326 em, TlEL 18 20 43T
Bem THorz (KETT—4). 13825505 21 K 50 55 F
THy 1 ReRIIRS TR (WT), K& (pH, ERUZERE EC, &
s DO), FilEWE & SS (mg/L) 2l L7z (5513, ifi
AGEHE 2 L 2 4RICL 10 3 FEREEH R LT, HMURRL 7 Ok %
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PRI, WHIE L CTRLR o7
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1R EANESREOTE, EHICBTAHMEfLE
pH, EC, DO, WT, SS OZA{LOH5EME. 2011 46 H 17 HIZ
HE. 18:20 A TRFICH 72 5.

BROKBE [ BA6L | pH EC DO [ WT [ SS
cm mS/cm | mg/L| °C | mg/L
13:25 270 | 7.7 39.5 5.7 236 | 28.2
14:20 205 | 7.8 40.2 5.6 224 | 40.9
15:20 135 | 7.8 40.2 5.1 23.4 1 103.0
16:15 70 7.7 41.0 4.5 242 1127.3
17:20 40 7.7 40.6 5.0 22.8 | 253.1
18:20 13 1.7 39.9 5.4 21.3 1 263.1
19:20 56 7.6 39.9 5.1 20.8 | 203.1
20:20 125 | 7.6 39.5 4.4 20.1 | 87.7
21:20 220 | 7.8 411 4.6 20.3 | 31.1
21:50 262 | 7.8 42.5 49 19.8 | 28.1

DOEROAL BB 1H) M CEDRELTE?EETS.
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%3 W NHBAERBEOTEO 7Y EOAZIRRE R N N FAHAO~Y v FE2R$EE (201146 H 17 HiRE).
as 2EH GEI1R) B2 THEOTELE 7TEOAERRREZRT. b HLTETOKRN FFAHOESL~
vy ROREE (B2 MOMEESRE). ¢ ERICBITAT7YEDER. HEOTYERGHL TAONSL. d: Fit
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24 BEREIR S 72 160CHRIZ L) A& £ N A5
W R I L7z WIRAEHIAE 2 v Ask e VOl L
WEE L7z BRI YY) 7 (BEE306) OMNERICE
BL, MERIZTT LV ARAE (200kN, 1 57H) %1772, 4

W7V AT 1 A2 0 X fairdeiE (1) #2 RIX 2000)
VT, BRT L AT L) E T FEHMEL (As, Pb, Zn, Cu,
Cr, Ni, V, Sr, Y, Zr, Nb, Th, Sc, TS, Br, I, CI [ppm]) 3 £ O°F:9¢
FHE (TiO,, Fe,05", MnO, Ca0, P,0s [wt%]) Z3ki7z (453
). TSIEEA F 7 % Fe,05" 1348k %2777,



2 Vo= U It a0 oL
B2k AN REOTE, EHIZBIT KO SS OHE X #aHTIC & 5L 0 FH A I, SSI12 201146 H 17 H
BRI L 72k THIE. 18:20 2N TRHZ H 72 5. 22 R LU
SS  WERE (ppm) FxHk (Wt%)
time | As  Pb In cu Ni Cr V S Y N Zr Th Sc TS F Br I cl Ti0,  Fe,  Mn0 Ca0 P05
13:25 2 11 37 16 29 9 4 2 14 1 5553 19 66964 0.07 0.23 0.06 1.09 0.27
14:20 2 13 53 20 23 15 7 4 2 16 6 6539 187 24 68845 0.22 0.97 0.1 1.33 0.25
15:20 3 14 66 22 27 27 33 4 3 17 1 10 5177 220 23 63153 0.37 2.01 0.20 1.47 0.18
16:15 4 14 92 26 35 36 56 6 4 1 18 2 12 4077 43 24 52311 0.50 3.17  0.27 1.26 0.14
17:20 4 15 97 26 31 45 68 6 5 1 20 1 13 2908 18 24924 0.57 3.88 0.30 1.32 0.15
18:20 4 15 102 29 32 45 71 8 5 1 18 2 14 3920 183 26 49247 0.56 4.07 0.30 1.35 0.15
19:20 3 13 84 31 33 38 59 4 4 1 16 2 12 3461 16 35394 0.52 3.27 1.37 0.16
20:20 3 14 60 24 28 25 30 3 3 1 17 1 9 5727 4 27 83328 0.37 1.89 0.19 1.24 0.13
21:20 TN 39 21 27 13 2 1M1 5094 104 14 64417 0.17 0.62 0.0 1.08 0.19
21:50 1 10 27 23 27 12 2 10 5061 180 12 62651 0.09 0.30 0.07 1.00 0.20
3R WA NEEEREOTE, EHLREIIBITZ 7 EREOEIE X O & 2 LM TRER. 7~ EREHE
2011 4F 6 17 HIZHRHLL 72, ARG 9 % T03R O IR O 720 | 2 A RVE T HER ) o3 A il ( ’EEL 370, 2010) OFIGHEEIR
L7z, 72, TYEDEMEANOITCHEIRAE LT 5720, ExZm/sed (Zm ; 7~ EFEOICEAMIL OFIHME, sed ; HREY O
TCHRAM O FIgMH) 2R L7z,
METHR (ppm) ETHE (wth)
sample | As  Pb  Zn Cu Ni Cr v Sr Y Nb Zr Th Sc TS F Br I Cl Ti0, Fe,0; MnO Ca0 P,0s
2H
201153 7 17 104 22 12 21 27 236 15 4 103 2 8 12734 160 224 31 87811 025 269 016 354 103
2011,6,17 7 17 131 23 18 21 21 209 11 2 72 2 3 9881 77 213 46 71179 015 210 023 264 087
2011,7,15 6 16 97 15 15 16 172 9 1 64 12117 1 422 50 83402 007 124 029 263 085
2011,6,17 7 22 130 25 20 21 17 236 12 2 69 4 5 9983 156 247 64 72675 017 230 028 298 088
FEiiE 67 181 1153 212 162 198 163 2131 116 23 769 20 39 11179 116 277 478 78767 0.160 2.083 0.243 2948 0.909
Ex Zm/sed| 095 0.76 153 151 119 052 048 139 050 044 067 036 045 848 134 1780 209 21.46 049 064 212 1.12 1041
Him
n=32 71 236 755 140 135 379 343 1529 231 53 1149 55 86 1319 864 155 228 3670 0.324 3247 0.115 2620 0.087
8.0 : : : : : : 43 6.0 T T T . . 26
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2155093 o aF . e s

85 WP NHEERBOTE, EHICBWTIRKLZEAD, AHT7 1)V 5 —I12 X )itk S/ SS O SEM G
BOA RSB AR C # BEEE Skeletonema sp. %A H NG, B FITHIRCHEEEE XA <, M
ROWBRF»S7% 5. C; THIHOBE, B EFELMMOMBRF»5%5. D FITEHBOBTEET, A
EA U M < 2 B B Skeletonema sp. 3% H A HND .

sp. R Asterionella sp. % &b & FN A, TIUT L TR (B;
16:15) Tl (C) TIHEERIZIZEA LD LT, MR
ERL DRSNS, Z L CLIFHE: (D) 1Ziimieg & [k
HESLHEIND. B5RE EPCRIL 7 1 vy — EoWE %8
BIDE, ZOL) BB LFEL IS SN D, 56 KIiE
55X ER U2 R L Wil (A) 121X Skeletonema sp. O
JERC LD M2 (5~10 um) FEERLTF-RLER T BSHLND, T
EE (B) Rl (C) T F-OMBRRIHAEFFOIE
Wohd, Fiz, MK RERRPEENE L0 brs. EITH)
B (D) Tl A L[k Skeletonema sp. 33 HNAYS, FDJED
124E 5 um DU @ X 0k 2 ki -3 i b

SS D &R

SS DL ITLHFMK A B 2 RITIRT. T/, W DhDILHEL
BN AL DR E S T 75 7 TR L7Z. SS 1 282 mg/L
A5 2631 mg/L 2L, Wi b BB Fo (551
). Z072% Zn, Cu, Ni, Cr, TiO,, Fe,0; % & SS IZTED B \»
M EED (5 7). P0s 1Z 0.13 wt% 75 0.27 wt% TZAL
L, SS LIZTEDOHMEZED., F72, TS (&1 4 7) b P,0s &
EIZRBRORE L2 RS (522,

T EDSTHRBER

T~ EREOSHE (583 K) 12OV THETLE CH =
WEVDIE, Zn THY 97~131ppm & &b, F7z, Cu,
Cr,VEB XU Pb b 20ppm RIEE TN D, TSI 1 wt% L < &
¥4, F (71~160 ppm), Br (200 ppm LI F), 1 (31~64 ppm),
Cl(0.7wt% PLl) Zrdmuwigfimazdbo. 72, FHKIC
DWT 3 Fe,05 (1.24~2.69 wi%), MnO (0.16~0.29 wt%) , CaO
(2.63~3.54 wt%), P,0s (0.85~1.03 wt%) 72 & OfE%ZRT

Z £

B2 b s SSERMNZEIL

SS @ SEM %220 5 Bl 72 X 9 12, WiEiEClIIERELS S
GEN, TTEMEA S S T W B LT P0s DS 72 5.
SO LT T b AHIRENS ) VIRE OS]
FRICRKEL D T EATRIBEND . WilZZ ORFITESEIE 7 &k
TSRS SN D ICRIREDRAD T S 2 LN 5. F
WREICEER 2SI L A ERRO LT, MirkEMR e ENns
LOO, MR OMEEHEY AT E 20, TTEHED
EEBEARE SSIEEVSIEOMME b2, T#E TIE T
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2185509 ' \ xmoom,

HoM S5O SS BIWALTRLILFE. A B Skeletonema sp. O JE I IHIK OFSEHA R SN 5. B
AETRL T DA A ZE FFOMB OB 2 SR S, EWHLEENS. C:B LRBETH LA, &5
WHIEL (Sum PUF) ORFEAEWR & TS, D A L REBRIC Skeletonema sp. 2575 LA 7)5, Z O JE FAIZHM
KK TR S EE N5,

LS PAY A RBNY 5 300;

IEEO&HEE FIFIC L DR 72585 % 2 LS
%%, EC OZALIE, Tl 2 BRI T35 2 & i)l
IROFEAN & 2 BEY OB AR . SS OICFEMBL O &
T, BEFREBY) & 1039 5 M K o Nb, Zr, Th, Sc 7 &1
O TIRGIEREIZH L. LA L, SSIZIE NI, Crasigih s,
Ni (% 23~35 ppm O#EPHIZH 5. il (Ni=29 ppm; 13:25)
ﬁ;wiﬁmﬁ(nmmﬂuw>T%5®f,f%yﬁby
INI DRI ENT WD S EEESNL. F72, KRTIZE
i nanuarr# (FBr,C) 3 S Twa2s, 1122
WCIETRTO SS THIHRALI T THh 5. #EKTTO 1D
TEEITE DS, TRI0; & LTHET LI LDTRENT D
(Muramatsu et al., 2004) . {HEAEADIZIZ I TIZEENL &
ENTWD, UL, SEOKERETIETI 7 I3
WINENTW RV & ERT.

T X EDTHRER D 5 & 7= T BERIE O S
TREDELTLFMEAHIEE  OTLHEIER SN, 4508
M TORRIINSVIEN L. R (P9 TldESE
JED 9 H Zn (1153 ppm), Cu (21.2 ppm), Ni (16.2 ppm), Cr
(19.8 ppm), Fe,0; (2.083 wt%), MnO (0.243 wt%) 7z &S

201170630 sleA

1 oe/eﬁ ¥ A

fliz &>, 72 P05 (0.909 wt%) I FHEIEWERRS. SS
(525 LI HoGERE T KT 5L, Zn T
i SS (102 ppm) & IFIZFE UEHETH Y, Cu (29 ppm)
DL D) B, [ZOWTIESS (45ppm) L H bAH
~ﬁ<,ﬁ%%(ﬂ9mm)»h@bf%ﬁwﬁ%%O.M
FimEEO SSOEHE (29ppm; 13:25) LT AL E T
TREOEERE (162ppm) KWV, ZoZ iz 7TI> 2 b
YD NI OFARW B WINEIRE T 5. 7Y EDOTTRAR &3
TEY) ORI & B L C, R OILERIEAE (Ex Zm/sed) %3k
Oz, ZIZT, ImiET I EREOFIETH Y, sed 1£55
EHEREY O FIGETH D, Ex Zm/sed B3 1 UL EOfEE H > D
1%, Zn,Cu,Ni, S, TS, B X U"\1 7 »It3E, MnO, CaO, P,0;s
THb (3. FICP0s 13 10D LEoEEEY LS, 7
YEICIEFERETY YOI END Z EDD S, WO
SS @ P,05 (0.27 wt%; 13:25) &L MHd 2 & 7~ ElL 34D
EHERE D, TYEET T U b OFBEEOWIIOW
TIFEHRDE L, EPHEILLTT V7 by OREFED
HIERZ D L) %) v OB 2 (FHIZA, 2011).
Z 2T, INETHEA PR AT O G — 8B TR L
72T EDTLRMM L I LT, FREBOBIRE T 5



AR E) LY O BRE X OVT < O MERA LI 2 6 A 72 M P A R O BREE R 45
300 T T T T T T 5 120 300 T T : : T T 35 40.30
SS
250 14 d100 250
~. 200 |- Fe203 S 200 |
< 132 {80 < s
> M - 2
E 150 Zn 2 ~ g] 50 2
n Q S @« 3
2 128 460 @ &
100 + 100
41 - 40
50 + 50 |
0 1 1 1 1 1 1 0 1 20 0
14 15 16 19 20 21 14 15 16 19 20 21
Time Time
57 AN HEOTE, EHICBT2@MElE SSOILHEMMDZELERLZ7 T 7. SS & FaOs,
Zn, Cu DHFIZIEOMBE Z b 5243 5. LA L, P0s (& SS O & (T D2 L E R d.
B4R WITNBEREO T ~E K) BLOWITNEOMMIRO 7~ B e (A, T REAE D AERA
AR A, 2014) B L O, GO 7~ ERE (HE 32, 2014) OHEDE XTI i%%n?ﬂm‘ﬁ#%
ORI L 727 — 5. CL Z2 Mg 10 wi% Dk,
WME TR (ppm) FEHE (wth)
sample As Pb Zn Cu Ni Cr V S§r Y No Zr Th Sc TS F Br I Cl Ti0, Fe,03 MnO Ca0 P,05
% 2011
(n=4) 6.7 181 1153 212 162 198 163 2131 116 23 769 20 39 111788 1160 2765 478 787668  0.16 208 024 295 091
BE& 2011, 2012
(n=3) 60 130 509 108 1.9 49 92 4702 82 14 616 1.1 27 181507 900 3109 2938 005 064 006 560 0.74
EiE 2014
(n=11) 34 104 636 254 74 76 123 2461 59 23 379 16 74 103348 1273 2320 156 501702 0.11 0.88 0.08 439 067
INFE 2012
(n=3) 53 175 448 124 08 75 119 4276 134 29 593 25 25 140113 937 2443 305 0.11 106 004 474 051
LEENE 2011
(n=1) 63 194 936 339 6.8 149 05 3821 119 23 794 25 71 151060 166.6 240.1 235 96747.0 013 122 008 443 054
PR 2012, 2013
(n=13) 55 92 822 164 70 91 215 3298 70 22 487 10 89 107281 2429 1929 226 42190.1 010 130 024 535 1.09
#2013
(n=4) 5.1 87 716 178 130 93 98 2718 51 18 341 06 70 98806 741 1891 159 402208 003 063 023 522 0.73
554 RITIEBEORE (A, 2014), FEBIEOFES %wéwmﬁAEt*§m®(ﬁ#%%#T%6 TYED
<ETIN%% Lﬁﬂ% P —ARB CHE A, 2014) 7 FLV OB EHEEPOHEIT L L, WRPLEOIN
EOGHEOF e R L7z, EEETIREREOTYED %@E ZOWIUZ X BRI OV THERELREMZ D

Zn (115.3 ppm), Ni (16.3 ppm), Cr (19.8 ppm) 2> 53 Hi il
I bEw, 72, 1(47.8ppm), P05 (0.91 wt%) b &\ il
Y. Lo L, BIROFETIE P05 (1.09 wt%) & FEBLY
LEERFED. TNOLORMZITRE LR L, T~ EREHT
WM 20 RBEEL b L, 7TYEIND L <ix, W
ETOWEEIRABREOERRLY LD LIEESINL. 2070
75 by (il SS ThFE) T shanwI LT
Ty P ETREICHBIZE ENSD P0s 13 HKE(LZFH
T5LECTHEBELRILREEZEZOLNS.

TXEHZICH T BMERIR CREFTE

AR OE T SS & 7Y EIZAMT HICROFFEAT S0k
olz, SSIHHHEFCIE T I v 7 M ZEEND Y VIEEN
AR THY, TWIRIH WIS INEEEE (Zn, Cu, Ni,
Cr, TiO,, Fe,0; %) #%& < %2A. 7 < ETld Zn, Cu, Ni, MnO,
Fe,05, P,Os % EDEEN D, ZD X9 R E O % Xy
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