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Zoning of the central and western parts of the Seto Inland Sea

based on the principal component analysis of sediment parameters and

comparison between the 2016 and previous surveys
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Total organic carbon (TOC), total nitrogen (TN), 6'*C and 6'°N in sediments collected from 135 stations in the cen-
tral and western parts of the Seto Inland Sea in July 2016 by Ministry of the Environment, Japan (MOF) were ana-
lyzed to evaluate the bottom environment. The principal component analysis based on these parameters plus C : N ratio
and six parameters provided by MOF shows that the area is divided into four zones: zone A characterized by fine and
organically enriched sediments, zone B characterized by coarse sediments showing low contents of organic matter,
zone C1 characterized by low ¢'*C and "N values and the nearshore location and zone C2 characterized by low §*C
and 6'°N and the offshore location. The terrestrial organic matter ratio in the sediment of zone C1 was high (37%),
whereas the ratio in zone C2 must be low, considering low values of the C : N ratio. The comparison in the sediment
parameters between the 2016 and previous surveys shows no clear trend in the sediment parameters during the 30 years
except for TOC and TN in sediments collected from zone A in Hiroshima Bay.
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Figure 1.

Map of the study area, the central and western parts in the Seto Inland Sea, showing the sampling stations

(1-135) . Dotted lines indicate the boundary between water areas.
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Figure 2.

Sediment size distribution in the study area. (a) Ternary diagram (silt and clay, sand, and gravel) of sedi-

ment size distributions at the 135 stations, (b) map showing sediment size distributions at the 135 stations, and

(c) isopleths of the silt-clay fraction (%).
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Figure 3. Isopleths of the 11 sediment parameters: ignition loss (a), chemical oxygen demand (b), total organic car-
bon (c), total nitrogen (d), total phosphorus (e), C:N ratio (f), stable carbon isotopic ratio (g), terrestrial organ-
ic matter ratio (h), stable nitrogen isotopic ratio (i), acid volatile sulfides (j), and oxygen-reduction potential (k)
in the surface sediment.
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Table 1. Correlation matrix of the sediment parameters.

Silt+clay IL COD TOC N TP C : N ratio oBC 6PN AVS
IL 0.899**
COD 0.908%* 0.962**
TOC 0.903** 0.961%** 0.976**
N 0.930** 0.958** 0.974** 0.974**
TP 0.763** 0.832%* 0.769** 0.749** 0.773%*
C : N ratio 0.611** 0.634** 0.618%* 0.697%* 0.568%* 0.424%*
o —0.143 0.004 —0.067 —0.123 —0.039 0.088 —0.422%*
0PN 0.095 0.165 0.172 0.151 0.203 0.045 —0.146 0.381%*
AVS 0.811** 0.833%* 0.888** 0.862%* 0.858%* 0.648** 0.532**  —0.079 0.188*
ORP - 0.854*%*  —0.766** —0.768** —0.772** —-0.811"* —0.586** —0.551** 0.161 —0.078 — 0.687%*

Silt+clay=silt and clay fraction, IL=ignition loss, COD=chemical oxygen demand, TOC=total organic carbon, TN=total nitrogen, TP=to-

tal phosphorus, AVS=acid volatile sulfides.
*p<0.05, **p<0.001.

Table 2. Factor loadings on the correlation matrix of the 11 sed-
iment parameters in the principal component analysis.

Parameter PC1 PC2

Silt+clay 0.952 —0.034
IL 0.972 0.095
COD 0.977 0.062
TOC 0.979 —0.007
TN 0.976 0.103
TP 0.806 0.136
C : N ratio 0.683 —0.483
oBC -0.114 0.856
OBN 0.140 0.759
AVS 0.886 0.071
ORP —0.840 0.078
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TOC (14.1+44mg-g” "), TN (1.86x046mg-g™ ') B X O
TP (0.53+0.08 mg-g™ ') TRENS X IH ITHBRYEI MO
XX DAEEIZ (p<0.05, LLFRER) £ o7 ORPIZ—9
£77mV &K<, AVS $ 0.13%0.06 mg-g ' LMHX DfE L D
FREICEL, RRBILNERELE 2o T, sBCIE
—21.6%0.3%, 0 "NIX 7.3%0.7% £ VI NHE <, TOMHEIL
14.4%53% & /M Eh o7z, C:NHIZ7521.0TH Y, B
BIUPQRIY)FEREIIE»- 7.

BIX @ B43#13155£123% L ARB XU CIK L ) HE
WA <, REFEIX 43 Cld sandy silt, silty sand, silty gravelly sand,
sand, gravelly sand D #ilE 12 A %, IL (32+1.0%), COD (3.8+
1.9mg-g™), TOC (2.8+1.5mg-g™"), TN (0.44+021 mg-g™")
BLOTP (0.32£0.12mg-g”") TRSINLHEWEITAKX
BLOCIXR LDV ARIIA D> 72, ORP (241£105mV)
BN TIEDMETH Y, AVS (0.01+0.01 mg-g™!) 1213
LAERD LN o720 68C (-21.4%0.7%), N (7.0
*£1.1%) BLPTOMHEK (11.9£10.7%) FWIh b AKX & iF

BHOENLEL, CIKBIXUQKEIFAFREIZE > T
72. C:NMI (6.0x1.1) I3 C2X L IIHBDED D> 7275,
AXBLIOCIX X ) AEIMD - 72,

C1IX : B5375.0£22.9% AR $ & 9 12, HLIZ X )R
FERLE AR & S ZAL L, silt+clay D HL AL W b D O,
sandy silt, sandy gravelly silt, silty sand & \» > 72 % %2 Ml W
ToOHFEYZ LI > 7. IL (52%1.3%), COD
(13.4%4.6 mg-g™'), TOC (9.3£32mg-g”™"), TN (1.15%
038mg-g ') BXOTP (0.42+0.12mg-g” ") IFAKIZD
WTHEHWEEASA B LAz, ORP (23292 mV) 1 HTIZ X
L2IRESDEVPKRED o7 (HiPH: —1102 5206 mV) 25,
L TR EOH A E A > 72, AVS (0.08+0.05 mg-g ")
BAXODEIZE o7z §BC,oPNIFENE-23.1+
0.7%0,5.6£0.5% %/~ L, ARBLUBRX X ) HEIZHE, -
72. TOM¥E (374+11.7%) IZARXB LI UBX L ) HEIC
Eiro7z. C:N (8.120.9) @ BIX X W AEIZE - 7258,
AR EIEBEN o7z,

C2IX : AT (1.720.5%), sand DFEEICA S 341
HEORRE NS, IL (1.3+0.3%), COD (0.3+0mg g ),
TOC (0.3+0.1mg-g”") BLUTN (0.05+0.01 mg-g™') &
AXBIUOCIXK LYV AHEEICA LD 5720 TP (0.29%0.06
mg'g™ ") IFAX XY HEICA LA 572 ORP (41710 mV)
F4XH, KTHD, AVS (0.01mg-g ") 1XIFLALR
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Figure 4. Principal component analysis (PCA) based on the 11 sediment parameters. (a) Dendrogram for cluster
analysis based on the PC1 and PC2 scores of the 135 samples, showing zones A, B, C1 and C2. Ward’s minimum
variance method was used for clustering. (b) Distribution of the 135 stations which are classified into the four

zones.

OOENLEh o7z 0BC (-232%0.2%) 1ZCIX EFEAEIZ
o 12h5, 0PN (4.120.5%) B L ONC: NI (5.4+0.8)
FCIX &) S5, MXBTHEEN D 572,
BARERAE L OLE

BREZAIC X 0 a2 3 AT b 73T N R A & Sl o
FERE B L7z ARIIIAEE0T, itk ik, 403
W, TR SEB X OB OHTAUE LT\ 7228, i,
fiitadE s X OB TITEE L Cwiz7-0, 3KEE £

LTI, MogKEE B2, KEHEHHIIOWTHE
2230 & SO GHHERERERGI TR LA (Fig. 7). #H7
FERICE A EERE (—ICRE ST, p<0.05) 25ED 5

N0, M - ik - B¥EIC B 5 1L, TP, ORP
RZEWIZBT B TP, JREBEICBIT 5 IL, TOC, TN, AVS,
ORP, WIFFEIZBIFBHIL, TN, TP,ORP TH 72, ThHD
SIHTIE H O W CREE 72— H TR O AME 2 7R L 72 01k
IKBBICBITLTOCBLUFTINDATH 72, O, 5
LEFRAE (1981-19874E ) & SR OFA (20164E) T
BRI 2R LA B3 2 3HH & L Cifia
WO - MR- BB EILBBOIL, BXOREHRO TP
HIFoNns.

BIX i3l ZEEBLIOCHTFHOMAIEL T
72 FFEEIC BT % ORPITEEAE I 2 W INMEHBI 23 - 7228,



Bl A, R

IhzEBE, HEERICLAIHEEEDOD L 5MEBE TR
o7z (Fig. 8).

ClLRRIZ it - ki, Y@ T2E LT,
ST TR RN - BREEIC BT 5 ORP, HTEEICH T
% INICHEED RO SNA, 81 L 4 b o
MCHEEE D LHB X 2>/ (Fig. 9)
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Figure 5. PCl1 and PC2 scores of the 135 samples which are
classified into the four zones (A, B, C1 and C2).

C2XIZIEHP#EEO 3N IE L Tz IL, TOCH L Y
ORPIZBWT, 4MORER THEEENH 7205, —FL
ToRAEZEALE B h o 72 (Fig. 9).
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W PN 330 B HERE ) R B R B0 L2 i D Bl
EZITBY, BB L ZUEERR M i Atk < R
WAL E 20, ST MR E 225 GFW,
1982; ZHI37>, 1990). 2 (2003) &, DX %
NI 3305 2 R B2 R 0 A 28 25T SRR IR D AH 8 & bl L
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Hl$5 2B RTW5, T2, —HWIC, HEYHO
AW R AL IR IR BB TR R I K & KRS N 5.
EBIC, PHSMMIE TS5, 2o AR ES RV
THEAT D AXIIH 725 KIETIE, FIREMEA 64 %
B2 TR HFEDE L, clayey silt 2°silty clay 12535 & 1,
WY OERYELSL {, BIUNERICILR)IRL TN
&, =, BIXIZH 72 5 KBTI Lk B D549 LT,
sand (CHFHENLIKHTH Y, HRWEI DR, HRW
RESRINTW A2 PGS T2 (LIH, 1976
WRIE A, 1979; M, 1982; AT A, 1984). Thb &
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Figure 6. Comparison of sediment parameters including silt and clay fraction (a), ignition loss (b), chemical oxy-
gen demand (c), total organic carbon (d), total nitrogen (e), total phosphorus (f), C : N ratio (g), stable carbon
isotopic ratio (h), terrestrial organic matter ratio (i), stable nitrogen isotopic ratio (j), acid volatile sulfides (k)
and oxygen-reduction potential (1) in the surface sediments among the four zones. Different letters denoted above
bars indicate significant differences (p<0.05) from the Tukey—Kramer test. Mean+SD values are shown.
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Figure 7. Comparison of the six sediment parameters (ignition loss, total organic carbon, total nitrogen, total phos-
phorus, acid volatile sulfides and oxygen-reduction potential) in each area in zone A among four surveys (1=a
first survey conducted during a period from 1981 to 1987, 2=a second survey conducted during a period from
1991 to 1996, 3=a third survey conducted during a period from 2001 to 2005, 4=a fourth survey conducted in
2016), conducted by Ministry of the Environment, Japan. Bars and vertical lines indicate mean and SD values. P
values calculated from the one-way ANOVA are shown. Different letters denoted above bars indicate significant

differences (p<0.05) from the Tukey—Kramer test.

ZbNhb.

AWFZEICZE Y, R oBCETHRE SIS 5 C (Cl,
C2) KOGAHENPW ST -7z, CIRKOM AR LY
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Figure 8. Comparison of the six sediment parameters in each
area in zone B among the four surveys. See the caption of
Fig. 7 for a detailed explanation.
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Figure 9. Comparison of the six sediment parameters in each
area in zones C1 and C2 among the four surveys. See the
caption of Fig. 7 for a detailed explanation.
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Figure 10. Annual fluctuation in the concentration of total nitrogen in the water column in six areas of the Seto In-
land Sea during the period between 1978 and 2015. Data were obtained by Ministry of the Environment, Japan

(see URL shown in the text).

Table 3. Comparison of average values of total nitrogen con-
centrations in the water column in six areas of the Seto In-
land Sea between 1988-1992 and 2011-2015 and the per-
centage decrease found during the two periods. Annual
fluctuations in total nitrogen were shown in Fig. 10.

Total nitrogen (mg-/~!)

Percentage
Area decrease
1988-1992 2011-2015
Bisan-seto 0.32 0.24 26
Bingo-nada 0.30 0.24 20
Hiuchi-nada 0.26 0.19 28
Aki-nada 0.26 0.22 15
Hiroshima Bay 0.32 0.20 37
Iyo-nada 0.20 0.14 32
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