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Highlights

The degradability of coastal sediments from the Seto Inland Sea was investigated.

Percent composition of refractory organic matter in the sediments was 72-97% of TOC.

Approximately 93% of refractory organic matter was categorized into humin.
pp Y y org g

The source of refractory organic matter derives from dead phytoplankton cells.
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Abstract

Organic matter in marine sediment is mainly categorized into three fractions depending
on degradability: labile, semi labile and refractory. The degradability of coastal marine
sediments depends on the properties of the organic matter contained in the sediments. The
purpose of this study was to quantify labile and refractory organic matter in coastal marine
sediments with different characteristics collected from the Seto Inland Sea, and to
discover the factors controlling the degradability of organic matter. Refractory organic
matter content in sediments ranged from 4.7-21.4 mg g, a percent composition
equivalent to 72-97% of TOC. In contrast, labile and semi-labile content were 0.1-1.4
mg ¢! and 0.1-2.3 mg g, respectively, a percent composition equivalent to 0.5-12.9%
and 1.8-17.1% of TOC, respectively. Approximately 93% of refractory organic matter
was categorized into humin. Organic matter originated from marine phytoplankton settled
on the surface of sediments and changed to humin or a refractory organic matter. This
study contributes to a better understanding of the organic matter degradation
characteristics of coastal marine sediments and provides important parameters for

estimating carbon budget and carbon cycling in coastal sea systems.
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1. Introduction

Organic matter in marine sediment is mainly categorized into three fractions depending

on degradability: labile, semi labile and refractory. Sediments settled in enclosed water

bodies are affected by significant terrigenous organic matter loads, and their oxidative

decomposition consumes dissolved oxygen in the water column. The degradation of labile

organic matter is chiefly mediated by aerobic and anaerobic microbial processes in the

dynamic interface, with a concurrent release of inorganic nutrients (Canfield, et al., 1993;

Kristensen and Holmer, 2001). In addition, sulfate-reducing bacteria utilize sulfate as a

terminal electron accepter for the degradation of organic matter, and generate toxic

hydrogen sulfide under anoxic conditions (Muyzer and Stams, 2008; Hargrave, et al.,

2008). Therefore, the decomposition of labile organic matter contributes to the formation

of hypoxia and accelerates eutrophication, especially in enclosed water bodies, resulting

in a decrease in benthic macro fauna diversity (Hargrave, et al., 2008).

Persistent organic pollutants (POPs) that are ubiquitous contaminants with a negative

impact on top predator species (Kelly and Gobas, 2001; Voutsas, et al., 2002; Fisk, et al,

2001). Therefore, on a local scale, it is very important to understand the degradation

characteristics of organic matter in coastal marine sediment in order to estimate hypoxia

and establish environmental remediation strategies. On a global scale, because carbon
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cycling in coastal sea systems is one of the major components of global carbon cycles and

budgets (Cole, et al, 2007; Bauer, et al., 2013; Middelburg, et al., 1999), it is necessary to

understand the degradation characteristics of organic matter in coastal marine sediment

so as to accurately estimate global carbon cycles. Organic matter degradation experiments

have been eagerly pursued in recent years (Kristensen, 1995; Kristensen and Holmer,

2001; Martinez-Garcia, et al., 2015; Arndt, et al., 2013). However, the degradability of

the organic matter is not an inherent or absolute property of the organic matter itself

(Arndt, et al., 2013). Therefore, it is necessary to characterize the degradability of organic

matters using sediments with different properties to discover the factors that control

degradability of organic matter in coastal marine sediments.

The purpose of this study is to quantify labile and refractory organic matter in coastal

marine sediments with different characteristics from the Seto Inland Sea. This is the

largest semi-enclosed sea in Japan, with an eutrophic area affected by terrigenous loads

facing one of the most industrialized and populated areas, and an oligotrophic area and

facing a less populated area. Few studies have sought to measure the fraction of labile

and refractory organic matter in coastal marine sediment collected from different parts of

the Inland Sea under unified decomposition experiment conditions. This study will

therefore contribute to a better understanding of the organic matter degradation
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characteristics of coastal marine sediments, and provide important parameters to estimate

carbon budget and carbon cycling in coastal sea systems.

2. Experimental
2.1 Study site

Sediment samples were collected from ten stations in the Inland Sea, July 4-8th or
November 14-17th 2016 and July 3-7th 2017 by the training and research vessel,
Toyoshio Maru, of Hiroshima University (Fig. 1). During the July 3—7th 2017 collection,
particulate organic matter (POM) samples were also gathered. Table S1 presents the
coordinates of the sampling sites. The Inland Sea is a semi-enclosed body of water, about
450 km from east to west, and 15-55 km from north to south, with an average depth of
38 m. The sea is surrounded by Honshu Island, Shikoku Island and Kyushu Island, and
contains more than 700 islands. The sea has a total area of 23,203 km? and the catchment
is one of the most industrialized and populated areas (watershed population: 30 millions)

in Japan.

2.2 Sampling procedures

Vertical profiles of temperature and salinity were measured using a CTD
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(SBE9/11plus; Sea-Bird Scientific). Sediment core samples were collected using an
undisturbed core sampler (911 cm, 50-cm long: HR type; Rigo) except at Sts. B-1 and
HI-1 in 2016. A Smith-Mcintyre bottom sampler (5144-BS; Rigo) was used to collect
surface sediments at those two stations. The collected cores were cut every 5 cm onboard.
The surface sediments collected by the Smith-Mcintyre bottom sampler were taken from
the top layer (5 cm). Collected sediments were immediately transferred into
polypropylene container for decomposition experiments or stainless containers for
extracting humic acid, fulvic acid and humin, respectively, and stored in a refrigerator at
4 °C for transfer to the laboratory. The polypropylene and stainless containers were pre-
cleaned by a detergent (Clean Ace; As one) and methanol, respectively. Finally, these
containers were rinsed by ultra-pure water prior to use.

Particulate organic matter (POM) in surface seawater (0—2 m depth) for carbon and
nitrogen isotope analyses was collected with pre-combusted (600 “C, 2 h) glass-fiber

filters (GF/F; Whatman), with filtering of 1.5-2.0 L of surface seawater.

2.3 Sample treatments and analyses
Extraction of humic acid, fulvic acid and humin from marine sediments was conducted

using the IHSS method, with minor modifications (Kuwatsuka et al., 1992). Freeze-dried
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sediments (100-mg carbon) were passed through a 2-mm mesh sieve, placed in a 50-mL
centrifugation tube, and acidified to pH 1-2 by the addition of 30-mL 1 mol L"! HCI, and
agitated for 1 h at a constant temperature of 25 °C in an oven equipped with a multi shaker
(MMC-1000, EYELA). The suspended solution was then centrifuged at 10,000 rpm for
15 min. The supernatant was designated as ‘FA-1’. The sediment residue was neutralized
by successive addition of 5-mL 1 mol L' NaOH, and 25-mL 0.1 mol L"! NaOH. The
suspension was agitated for 1 day under a N, gas atmosphere and the extract was
separated by centrifugation at 10,000 rpm for 15 min; the residue was designated as
‘Humin’. Meanwhile, 20 mL of the supernatant was transferred to another centrifugation
tube and acidified to pH 1.0 by the addition of 2-mL 3 mol L' HCI, allowed to stand for
12-16 h, and then centrifuged at 10,000 rpm for 15 min. The supernatant solution was
designated as ‘FA-2’. A 10-mL sample of 1 mol L"! NaOH solution was added to the
precipitated HA fraction, and the HA fraction was dissolved in 30 mL of 0.1 L' NaOH
solution and centrifuged at 15,000 rpm for 15 min. Total organic carbon (TOC)
concentration in the HA fraction FA fraction (sum of FA-1 and FA-2) was measured by
TOC analyzer (Sievers InnovOx, General Electric Company). For TOC analyses of HA
fractions, fractions were diluted with 1/15 mol L' KH,POy solution and 0.1 mol L

NaOH solution to keep solution pH basic. The FA fraction was diluted by 5 to 10 times
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with ultrapure water before TOC analyses. TOC of humin fraction was measured using
an elemental CN analyzer (JM1000CN, J-Science Lab).

Carbon and nitrogen content and isotopes (8'3C and §'°N) for POM in seawater and
sediments were measured using the following procedure. These samples were treated with
HCI vapor to remove inorganic carbonates (Yamamuro and Kayanne, 1995), dried in a
vacuum, and desiccated over silica gel and NaOH to neutralize for 7 days. Carbon and
nitrogen content, and §'°C and 8'°N of samples, were analyzed by using an elemental
analyzer (Flash Elemental Analyzer 1112 Series, Thermo Electron) and continuous flow
isotope ratio mass spectrometer (Delta Plus, Thermo Electron). The isotope ratios are

expressed in delta notation (%o) in Equation 1.

R
13 15 0 — sample / ) . 3. . .
) Coré N (A)O) ( Rstandard -1 10 (1)

where R is the 3C/'?C or >N/!N ratio for §'°C or '°N, respectively. Pee Dee Belemnite
(PDB) and air N> were used as references for §!°C and §'°N, respectively. The standard
deviation of the 8'°C and 8N values of the standards were 0.20%o and 0.26%o,

respectively.

2.4 Decomposition experiments

10
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Sediment decomposition experiments were carried out using a polypropylene (PP)
bottle (approximately 44-cm? surface area, 500-mL volume) in triplicate. The bottle lid
had two apertures, connecting the polyethylene (PE) air pipe with an air stone at the tip
of the pipe to supply air and attached to a 0.2-um pore size nylon membrane filter (Millex;
Merck) for gas exchange.

For the experiment, 200 mL of homogenized wet sediment was placed in the PP bottle,
and 29 psu of 200-mL artificial seawater (MARINE ART SF-1; Osakayakken) was
dispensed into the bottle. The depth of the air stone was adjusted to the boundary between
sediments and overlying water, and air was supplied at a rate of 0.2 L min™! with an air
pump. The sediments were incubated at 25 °C in a constant temperature oven for 90 days
under a dark condition. Twenty mL of overlying water and the surface layer of the
sediments (0-0.5 cm depth) were collected at days 5 and 90. If the volume of overlying
water decreased due to evaporation and sampling, artificial seawater was added to the
bottle.

Collected overlying water was filtered through a 0.45-um pore nylon syringe filter
(Millex; Merck) and the concentration of dissolved organic carbon was measured with a
TOC analyzer (Sievers InnovOx, General Electric Company) and Emission-Excitation

Matrix (EEM) using a fluorescence spectrophotometer (FR-6200; JASCO). EEM

11
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fluorescence spectra were obtained by collecting emission scans (AEm 300-550 nm, 1-

nm intervals) at 5-nm excitation wavelength intervals between AEx 240 and 450 nm. UV—

Vis absorbance spectra were collected prior to measuring EEM fluorescence spectra using

a double-beam spectrophotometer (UV-2600; Shimadzu) in the wavelength range of 240—

550 nm. Primary and secondary inner filter effects, Raman scattering, and Rayleigh-

Tyndall scattering of obtained EEM fluorescence spectra were corrected (Larsson, et al.,

2007). The EEM was characterized by parallel factor analysis (Stedmon et al., 2003;

Stedmon and Bro, 2008). The humification index (HIX) was calculated using Equation 2

(Ohno, 2002).

Iy35—
HIX = 2 l435-480 c e (2)

> 300345 + X I435-480

where / is the fluorescence intensity at each wavelength.

PARAFAC analysis was carried out to identify fluorescent components obtained by

EEM. DOM Fluor v.1.7 Toolbox (University of Copenhagen) for MATLAB (R2013a,

MathWorks, Inc., MA, US) was applied to fit the PARAFAC model over a data set

comprising all overlying water samples obtained by the sediment decomposition

experiments. The components were verified by using random initialization and split half

analysis (Stedmon et al., 2008).

12
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3. Results and discussion
3.1 Characteristics of sediments

The characteristics of sediments analyzed in this study are shown in Table 1. TOC in
sediments ranged from 5.3-22.9 mg g’!, and concentration at Sts. O-1 and O-2 (22.9 and
21.6 mg g’!, respectively) was high compared to other stations. This was because Sts. O-
1 and O-2 are located at the innermost area of Osaka Bay, adjacent to big metropolitan
and industrial areas (catchment area: 11,200 km?, population 17 million), and are
significantly affected by terrigenous loads from the Yodo River (catchment area: 8,240
km?, yearly averaged discharge: 267.51 m> s™!). The TOC at Sts. HI-1 and HA-2 were also
high (13.2 and 17.9 mg g, respectively), which was attributed to the stations being
located at the center of Hiuchi-Nada or Harima-Nada, which has one of the highest
sedimentation fluxes of the observed areas (Hoshika, et al., 1989; Hoshika, et al., 1983).
The mud content of these stations therefore exceeded 96%. TOC at St.A-1 was 12.2 mg
g'!, because this station is located in Kure Bay, near the industrial zone, and is affected by
industrial wastewater. In contrast, TOC at Sts K-1 and HA-1 was low (5.4 and 5.3 mg g’
1

, respectively) compared to other stations, because these stations are located on the

border of the Kii Channel and Akahi Strait, respectively, where the high flow rate prevents

13
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sediment from accumulating. The water content of the sediments collected from these
stations was also low (38.1-44.1%) compared to other stations (52.3-75.0%).

Carbon and nitrogen isotopes corresponding to the §'3C and §'°N of the sediment
before degradation ranged from -21.41 to -20.30%0 and 5.28 to 8.79%o, respectively
(Table S2). The average isotope ratios (5'°C and §'°N) for marine POM collected from
each station were -23.0 to -17.4%o and 5.59 to 10.0%o, respectively. The isotope ratios of
813C and 8"°N of the sediment accorded well with those of marine POM. The ratio of
carbon to nitrogen in the sediments was 6.4-8.3, which also fell within the range of
marine phytoplankton (Burkhardt, et al., 1990). Hence, the organic matter in sediments

collected in this study originated from marine POM.

3.2 Composition of organic matter in the sediments characterized by degradability

We divided the organic matter defined for degradability here into 3 fractions: labile,
semi labile, and refractory; these decomposed within 5 days, between 5-90 days, and
remained for 90 days, respectively (Fig. 2). Most of the organic matter in the marine
sediment was refractory, with content ranging from 4.7-21.4 mg g, a percent
composition equivalent to 72-97% of TOC. In particular, the sediment from the coastal

area of Osaka Bay (Sts. O-1 and O-2) affected by significant terrigenous load from the

14
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Yodo River was rich in refractory organic matter. In contrast, labile and semi labile were
minor components, with contents ranging from 0.1-1.4 mg g and 0.1-2.3 mg g,
respectively, a percent composition equivalent to 0.5-12.9% and 1.8-17.1% of TOC,
respectively.

Carbon (8'3C) and nitrogen (5'°N) isotope ratio changes were associated with organic
matter degradation in the sediments (Table S2). The §'°C of sediments other than at St.
A-1 and St. B-1 decreased from -0.43 to -0.95%0 after 5 days (Fisher’s least significant
difference method; p<0.01). This was due to the loss of isotopically heavy components
such as amino acids and sugars through biodegradation, so that the remaining POC was
enriched in the isotopically light lipid fraction (Eadie and Jeffrey, 1973; Jeftrey, et al.,
1983). However, the decrease of §'3C of the sediments was small, within range of same
source. The 8'°C of sediments between 5 days and 90 days did not show statistical
difference except St. HA-1.

The 8N of the sediments at Sts. A-1, O-3, and HA-2 was significantly decreased at 5
days (p<0.01-0.05). In contrast, in sediments at Sts. A-2, K-1, O-1, O-2, and HA-1, §"°’N
decreased at 5 days, but began to increase after 5 days (p<0.01-0.05). The decrease of
815N within 5 days might have been caused by the degradation of organic nitrogen to

inorganic nitrogen (Brandes and Devol, 1997) meanwhile, the increase after 5 days was

15
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attributed to denitrification (Mariotti et al., 1981).

We also investigated humic acid, fulvic acid, and humin concentration and composition,
both initially and after 90 days (Fig. 3). Initially, humic and fulvic acid and humin
concentrations in the sediments ranged from 0.05-0.56 mg g™!, 0.56-3.3 mg g’!, and 3.5—
20.6 mg g'!, respectively; their percent composition was 0.4-2.6%, 6.7-16.6% and 81.6—
92.9%, respectively. After 90 days, humic and fulvic acid and humin concentrations were
0.08-0.52 mg g, 0.63-2.4 mg g' and 3.7-19.5 mg g, respectively; their percent
composition was 1.0-2.9%, 8.5-19.7% and 78.1-89.7%, respectively.

Fulvic acid concentrations at Sts. A-1, K-1, HA-2 and B-1 were up 0.1-0.63 mg g
(statistically significant: p<0.01-0.05) after the 90-day incubation. On the other hand,
fulvic acid concentrations at Sts. O-3, HA-1 and O-2 decreased 0.33—1.4 mg g™ (p<0.01).
Humic acid concentrations initially and after 90 days’ incubation changed in the range of
-0.18-0.23 mg g'!, a relatively small difference compared to those of fulvic acid and
humin. In the case of humin, concentration at Sts. A-1, HA-2 and HI-1 decreased from
1.8 to 4.2 mg g! (p<0.01 to 0.05). Therefore, 1.8-4.2 mg g’ of humin, including coarse
particulate organic matter (CPOM), was mainly biodegraded into fulvic acid after 90 days’
incubation, which corresponded to fulvic acid concentration increases of 0.23—-0.63 mg g

!. The rest was biodegraded into DOC and CO; at Sts. A-1, HA-2 and HI-1. At Sts. O-3,

16
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HA-1 and O-2, fulvic acid was biodegraded into DOC and CO».

A strong positive correlation was observed in TOC concentration between refractory

fraction and the sum of humic and fulvic acid and humin after 90 days, with a correlation

coefficient of 0.991 (Fig. S1). The slope of the linear regression was 1.08, i.e., close to 1,

indicating that almost all refractory organic matter was composed of humic acid, fulvic

acid and humin. In particular, the slope of the linear regression in TOC concentration

between refractory organic matter and humin was 0.93, with a correlation coefficient of

0.988 (Fig. S1). Hence, approximately 93% of refractory organic matter was categorized

as humin.

As already mentioned, the main source of organic matter in the sediments was marine

POM. We calculated the 5-year (2010-2014) average chlorophyll concentration in surface

seawater near each sampling station in summer from the seasonal monitoring data of the

Ministry of Environment and the Ministry of Land, Infrastructure, Transport and Tourism

(Nishijima, et al, 2016). The concentration of refractory organic matter increased with

increasing chlorophyll a concentration in surface seawater at the higher chlorophyll

concentrations, indicating that the sedimentary organic material was derived for

planktonic sources at high biogenic loadings (Fig. 4). Therefore, in the case of high

biogenic loadings, it was believed that the organic matter mainly originated from marine

17
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phytoplankton changed to humin, or refractory organic matter. In contrast, the refractory
organic matter ranged from 4.7 to 16.5 mg g’ at lower chlorophyll a concentrations (0.3
to 3.5 ug L!). This means the contribution of terrigenous loads may become relatively

more important at low biogenic loadings.

3.3 Changes in the overlying water during sediment decomposition experiments

The concentration of DOC in overlying water was significantly increased at 5 days
(p<0.01; Fig. S2). The increase of DOC was small compared to that of organic carbon
derived from the decomposition of labile organic matter in sediments for Sdays. One of
the reasons for this was considered that DOC in overlying water was further decomposed
to inorganic carbon. Other possibilities were a slow dark release of organic material from
the sediments and exuding the cellular materials from dead cell of organisms during these
5 days. The concentration of DOC in overlying water after 90 days at Sts. A-1, A-2, HI-
1, HA-2 and O-3 was decreased (p<0.01-0.05). The decrease of DOC is considered due
to the decomposition of DOC to inorganic carbon, biological utilization and conversion
back to particulate matter. In the case of Sts. B-1, HA-1, O-1, O-2 and K-1, DOC
concentration of overlying water did not change significantly.

PARAFAC analyses were performed to identify fluorescent components obtained by

18
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EEM. Characteristics of fluorescent components identified and the EEM of overlying

water at both 5 and 90 days are shown in Table S3 and Fig. S3, respectively. Components

1, 2, 3 and 5 represent UV humic acid (Stedmon, et al., 2003; Coble, et al., 1998);

components 4 and 6 are derived from protein contained in Tyrosine and Tryptophan,

respectively (Yamashita and Tanoue, 2003). The initial artificial seawater did not show

any peaks. All fluorescence intensities of UV humic acid peaks at 90 days were higher

than those at 5 days (Fig. 5). SUVA (UV absorbance at 254 nm divided by DOC

concentration) was a good surrogate of the aromatic carbon content of natural organic

matter (Lu, et al., 2009). The SUVA of overlying water at each station ranged from 0.75—

1.6 after 5 days, and from 1.7-2.7 after 90 days (Fig. S4). That SUVA were higher after

90 days indicated that the aromatic carbon content in DOC increased. This increasing

SUVA was in good accord with the UV humic acid (Fig. 5) and humification index (Fig.

S5) increases at 90 days. What can be assumed here is the proceeding of humification of

DOC and the dissolution of humic organic matter in sediments.

Fluorescence intensity of protein between 5 and 90 days differed depending on the

sample (Fig. 5). In the case of Component 4, fluorescence intensity of Sts. A-1 and O-1

at 90 days was 20% that of 5 days. In contrast, the intensity of Sts. B-1 and HI-1 at 90

days increased by 80-90% of the 5-day level. In the case of Component 6, fluorescence

19
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intensity of St. B-1 at 90 days was more than double that at 5 days. In contrast, the

intensity of St. O-1 at 90 days increased by only a half that of 5 days.

DOC concentration of overlying water was weakly correlated with fluorescence

intensity of UV humic acid (correlation efficient; r= 0.455-0.760) at 5 days. The

correlation between DOC concentration and UV humic acid became strong (r=0.683-

0.807) at 90 days. In the case of protein, although there was no correlation between DOC

concentration and protein (r=0.243-0.288) at 5 days, a negative correlation was observed

between DOC concentration and Component 4 from protein at 90 days (r=0.639). Fig. 6

shows the correlation between DOC concentration and UV humic acid (Component 5) or

protein (Component 4) at 90 days. When St. HA-2 was eliminated from UV humic acid

and Sts. A-1 and O-1from protein, the correlation coefficients were improved to 0.876

and 0.867, respectively. DOC concentration increased with increasing UV humic acid and

decreasing protein, indicating that the DOC at 90 days originated from humin production

such as CPOM from protein. Because Sts. A-1, O-1 and HA-2 were out of the linear

regressions, protein decomposition at Sts. A-1, O-1, and CPOM production at St. HA-2

might have been higher compared to other stations.

4. Conclusion
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Refractory organic matter content in sediments collected from the Seto Inland Sea
ranged from 4.7-21.4 mg g'!, a percent composition equivalent to 72-97% of TOC. In
contrast, labile and semi-labile content were 0.1-1.4 mg g! and 0.1-2.3 mg g,
respectively, a percent composition equivalent to 0.5-12.9% and 1.8-17.1% of TOC,
respectively. Approximately 93% of refractory organic matter was categorized into humin.
It is generally believed that refractory organic matter in coastal marine sediments derives
from terrigenous load. However, this study revealed that refractory organic matter in
coastal marine sediments originated from marine particulate organic matter,
phytoplankton, rather than terrigeneous organic matter at high biogenic loadings. The
source of refractory organic matter might derive from the transformation of dead

phytoplankton cells into humin.
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Figures

Figure Captions

Fig. 1 Sampling stations in Seto Inland Sea, Japan

Fig. 2 Concentrations of labile, semi-labile and refractory fractions

Error bars are standard deviation (n=3)

Fig. 3 Concentrations of humic acid, fulvic acid and humin in the sediments

Error bars are standard deviation (n=3)

Fig. 4 Relationship between refractory organic matter and average concentration of
summer chlorophyll a in surface seawater

Error bars are standard deviation of refractory organic matter (n=3)

Fig. 5 Fluorescence intensities of each component obtained by PARAFC analyses

Fig. 6 Correlation between DOC concentration and fluorescence intensity of UV

humic acid or protein after 90 days
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Map of sampling stations were drawn using software for the analysis and visualization of oceanographic and meteorological data
sets, Ocean Data View ver. 4.7.10.

Fig. 1 Sampling stations in Seto Inland Sea, Japan
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Table

Table 1 The characteristics of sediments used in this study

Station No. TOC (mgg') TN(mgg') C/Nratio 83C (%) &N (%)  Water Content (%)  Mud Content (%)

A-1 12.2 1.6 7.7 -20.54 7.13 65.3 10.3
A-2 9.7 1.5 6.4 -20.31 6.92 55.8 44.2
HI-1 13.2 1.7 7.7 -20.83 7.50 68.8 96.2
B-1 8.0 1.1 7.3 -21.30 7.83 523 15.2
HA-1 53 0.8 6.4 -20.96 6.82 44.1 7.8
HA-2 17.9 24 7.5 -20.46 8.79 74.2 99.2
0O-1 22.9 2.9 7.9 -20.49 8.06 75.0 973
0-2 21.6 2.6 8.3 -21.04 7.24 72.5 99.0
0-3 7.6 1.2 6.6 -20.54 7.74 42.8 51.7
K-1 54 0.8 6.7 -21.41 5.28 38.1 31.5

Average mud content was obtained from the Ministry of Land, Infrastructure, Transport and Tourism seasonal monitoring data (Nishijima-

etal., 2016)
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Table S1 Sampling stations in this study

Station No. Latitude Longtitude
A-1 34°-12.0N 132°-36.0E
A2 34°-06.0'N 1320-38.0'E
HI-1 34°.06.7N 133°-18.2'E
B-1 34°-23.7N 133°-38.1'E
K-1 34°-00.0N 134°-55.0E
0-1 34°-40.0'N 135°-20.0'E
0-2 34°.36.5'N 1359-22.5'E
0-3 34°-30.0N 135°-10.0'E

HA-1 34°-40.0N 134°-45.0E
HA-2 34°-30.0N 134°-35.0E

Table S2 The carbon and nitrogen isotope ratios of the sediments

8N (%o) (SD n=3)

53C (%) (SDn=3)

Station No. 0 day 5 days 90 days 0 day 5 days 90 days
A-1 7.13 6.15(0.12) 6.12 (0.34) -20.54 -20.84 (0.24) -20.75 (0.01)
A-2 6.92 4.45(0.07) 6.38 (0.47) -20.31 -21.05 (0.13) -20.88 (0.24)
HI-1 7.50 7.85(0.21) 7.76 (0.55) -20.83 -21.26 (0.07) -21.51 (0.13)
B-1 7.83 8.06 (0.21) 8.59 (0.60) -21.30 -21.51(0.22) -21.47 (0.26)
HA-1 6.82 1.85(0.36) 4.52(0.39) -20.96 -21.91 (0.23) -21.29 (0.04)
HA-2 8.79 4.49 (0.64) 7.15 (2.51) -20.46 -21.20 (0.10) -21.09 (0.04)
0-1 8.06 4.87 (0.09) 7.30 (0.43) -20.49 -21.13 (0.06) 21,12 (0.12)
0-2 7.24 3.33(0.13) 4.63 (0.45) 21.04 -21.64 (0.05) -21.78 (0.19)
0-3 7.74 3.80 (2.49) 7.15 (0.65) -20.54 21.48 (0.15) -21.31(0.10)
K-1 5.28 2.66 (0.70) 4.05 (0.16) -21.41 -21.86 (0.13) -21.67 (0.08)
Table S3 Major fluorescence components in overlying water obtained by PARAFAC analyses
Component Type Ex (nm) Em (nm) References
1 UV-Humic like <240 406 Stedmon 2003

2 UV-Humic 265 495 Coble 1998
3 UV-Humic 255 400-460 Coble 1998

4 Tyrosine-like, protein-like 250 307 Yamashita 2003
5 UV-Humic 245 467 Coble 1998

6 Tryptophan-like, protein-like 275 337 Yamashita 2003
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