Editor’s comment

I went through both your MS and your interactive responses to the review. | encourage you to submit a
thoroughly revised MS by carefully considering these reviews. In particular, I urge you to well frame your
case studies into a broader scope in the mechanism of DOM sources and their characterization. Also, you
need elucidate the methods section and make your statement well grounded. Finally, as the reviewer pointed
out, the presentation of your paper has to be largely improved. When you submit your revised MS, you need
to provide a point-to-point letter explaining how you address the comments and concerns from the reviewers.
Your revised MS will be sent out for further reviews.

=>» Thank you for your review and comments concerning our manuscript. As suggested we frame our case
studies into a broader scope in identifying the source of DOM in coastal waters. We have added more
detailed explanations on the methods and discussion sections with new figures, and all reviewers’ comments
are carefully addressed in the revised manuscript.

Reviewer # 1

General comments:

This is, nothing really novel, but a simple and clear study. The authors used combined concentration, stable
carbon isotope and fluorescence measurements to characterize the sources of dissolved organic carbon (DOC)
in a small coastal bay, the Sihwa Lake in South Korea. The manuscript is well written and the results were
clearly described and discussed. I support its publication and wish the following suggestions can be
considered.

=> Thank you for your valuable comment. All your comments are carefully taken into account in the revised
version.

Specific comments:

1. The studied Sihwa Lake is a very shallow (<8 m) coastal bay and it appears that the freshwater influence
from the few streams to the bay is insignificant from the salinity and DOC-8"C distributions, only in the
land-ocean interface. Therefore, the sediment resuspension could be an important factor influence the DOC
concentrations in the bay. The high DOC (or excess DOC) observed in the bottom water in the nearshore
stations (only 2—-3 meters deep) in 2017 could be influenced by the sediment resuspension or disturbance of
the surface sediment, resulting in high sediment porewater DOC fluxed into the bottom water. Usually, the
concentrations of porewater DOC in the coastal sediments are much higher than that of the water column. I
think the authors mentioned this but more discussion will be good.

= We agree that the excess DOC could be from the sediment re-suspension or pore-water exchange in the
nearshore stations. We add more in-depth discussion on this based on DOC-8"C values (average: —22.1%o)
in these samples and references in the revised version (lines 212-215).

2. Line 61-62: “The total volume of the Sihwa Lake water is ~3.3x10° m’ y"' and the discharge rate is
approximately 3.4x10° m’y™' (Lee et al., 2014)”. Please check on the unit of the total volume.
= Yes, corrected. Thank you!

3. For Figure 4 and 5, if these lines are linear regression of the date, the regression parameter should be given.
= We add the statistical information (r* and p values) in the revised version (Figure 4).

4. In all figure captions, Lake should be added after Sihwa.
= Yes, add “lake” as suggested in the revised version.

Reviewer # 2

General comments:

Han et al provide a short summary of DOM properties in Sihwa Lake, a constructed coastal lake in a heavily
industrialized coastal area, over 2 sampling trips taken in spring 2017 and in lake summer 2018. Same sites
were visited in each sampling. Using a combination of nutrients and optical and stable isotope tracers, they
aim to distinguish multiple sources of DOM (though the sources are not clearly identified). The brevity of
this manuscript makes it very difficult to follow. Many details are lacking and some deeper analysis is
required to support the conclusions made in this study. Several conclusive statements are made without a
clear logical argument to help the reader reach the same conclusion. These problems occur throughout this
version of the manuscript, and, along with some substantial editing for grammar and usage, require more
than substantial revision.

=> Thank you for your review and comments. In this study, we focused on determining the sources of excess
DOC occurring in this bay. Although we cannot elucidate the exact sources and processes in this study, it is
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clear that our approach (using DOC—3"C and optical properties) suggests different sources that cannot be
identified with the traditional methods. We showed that the excess DOC dependent on salinity is from
marine sources (although it is generally regarded as terrestrial sources), and the excess DOC in the high-
salinity water is from terrestrial sources (although it is believed to be from marine sources without our
approach). The revised version was thoroughly checked for grammar and usage by a native editor.

Specific comments:

1. L55: Finish the set up for this manuscript. What are the sources expected? It is curious why the authors
didn’t try to use endmember mixing analysis (EMMA) to disentangle the sources. The primary sources
appear to be: terrestrial, marine, phytoplankton, and “anaerobic benthic processes” which I shorten to benthic.
=>» The end-member mixing analysis is very useful for tracing different water-mass mixings. However, the
excess DOC occurring in this study is either from the sediment or land as the DOC is directly introduced to
low-salinity water or seawater. Thus, it is impossible to do EMMA.

2. Methods L68: It appears the sluice gates are mostly closed; what does periodic opening entail? Were the
gates opened prior to sampling?

=> The sluice gates are opened twice a day (every low tide and high tide). We added more details in the
revised version (lines 65-67).

3. L70: What vessel was used for sampling? “a ship” is nebulous.
=> It is a small boat (~1 ton). mentioned in the revised version (lines 72—74).

4. L78: How many mL of 6M HCI were used and what was the final pH?
= We added 20 pL of 6M HCI to each sample. The final pH of the sample was ~2. Details are described in
the revised version (lines 79-81).

5. L88: Unlikely that the precision of the TOC analyzer for DSR measurement is 2.2 uM, round to 2 pM.
How many analyses?

=> corrected as suggested in the revised version (line 90). We measured DSR three times per each 10-sample
batch.

6. L92: To my knowledge no consensus value of DSR is reported, though similar values have been reported
as described here. Reword to indicate this (as was done in earlier work referenced here). If a consensus value
is now published, please cite the publication. Also appear report number of analyses (N) for these standards.
= The §"C values for the DSR were reported by Panetta et al. (2008) (—21.37+0.33%0) and Lang et al.
(2007) (=21.9£1.3%0). We add more references and details in the revised version (lines 92-97).

7. Results: Make the colorbar ranges for Figs 2 and 3 the same for each panel for ease of comparison.
=> changed as suggested in the revised version (Figure 2 and 3).

8. The PARAFAC results should be tested against the OpenFluor database.
= Yes, the PARAFAC results are compared with the OpenFluor database. We added the results in the
revised version (lines 107—111).

9. Here, spectral components are compared to Coble 2007 wherein peaks are visually identified. Surprisingly,
the authors only described 2 of the 4 peaks they find with the model. I recommend they discuss the dynamics
of the protein-like component. Given the results presented, it would be informative to see how well this
component correlated to other PARAFAC components and in cross section across the lake (ie, as in Figs 2
and 3). Also correlation of this peak with 8"°C values.

= We added more details and figures about the fluorescent components identified with the model in the
revised version (lines 113-119, 152-157, 163—-167; Figure 3). Since 8"°C values fall into a narrow range
(marine source), no correlation was found for the FDOM components.

10. L140: Range of values does not capture the most negative value reported (—27.8%o).
= The DOC-3"C values ranged from —22.6 to —27.8%o. changed as suggested in the revised version (lines
217-219).

11. Discussion L155: How is “significant excess” being defined? It is unclear what the authors mean by this
phrase and how they quantified it.
=> specified in the revised version (~75% higher than the mixing line) (lines 204-2006).

12. L158: What does land-seawater interaction mean? Mixing? Proportional mixing would not add an excess
of DOC; an excess implies production in spite of mixing... unless a 3" source is implied. In this case, binary



mixing analysis won’t work. Perhaps the authors should suggest here the benthos as a potential source; but
that source also should be parameterized (eg, what is its 8°C-DOC values, FDOM;;, FDOMy, values, Sg etc.).
= We suggest that “land-seawater interaction” is due to the tidal inundation of seawater on the reclaimed
land. This process can cause increases in DOC with depleted DOC—3"C values, high Sg values, and non-
fluorescent, without salinity decreases. This is more clearly explained in the revised version (lines 217-226).

13. L180: The groupings appear arbitrary; what criteria were used to separate them? I don’t understand how
the terrestrial source of DOM can be not fluorescent, give that the authors identify humic fluorescence as a
specific marker. This section of the discussion is extremely hard to follow.

= As mentioned above, the DOC in the reclaimed land could be non-fluorescent as it is exposed to sunlight
for a long period of time. Otherwise, please suggest alternative explanation for our observed trend. Since this
paper is for the observed results, we only can suggest the most plausible mechanism. The groups (1 and 2)
were separated based on its DOC concentrations, DOC-8"C values, and salinity. We added the details in the
revised version (lines 200-204).

14. L197: No evidence is provided for photochemical or bacterial degradation in this study.
= Based on DOC-8"C values, high Sy values, low FDOM and NH," concentrations, we suggest the most
plausible sources.

15. L201: As suggested earlier, the possibility to use EMMA or other multivariate means with these data are
encouraging. | recommend the authors try to analyze their results with an aim of using exploratory methods
(eg. Ordination such as PCA or non-parametric techniques)

and perhaps 2-way analyses wherein the difference or season 1.000 PCA

(or stream flow if available; not presented) is considered. A Peak T

clearer way of quantifying the Groups (1 and 2) must be ® SR Peak C
presented at the very least, so that readers can follow the 6509 DOC @
study. ]\34
= PCA or other statistical techniques are useful in < Salinity

differentiating various sources. We performed PCA for data °: ) 0.000 Peak M ®
analyses, but the PCA component result is insignificant to £, 000 -0500 0000 0.500 00
quantify the groups (Fig. right). Thus, we didn’t add this § H
result in the revised manuscript. In this study, the excess Peak A
DOC occurred different locations (low salinity water, high -0:500 c-13

salinity water, and near benthic water). So, we simply try to o

determine the source of the excess in each sample group 1000

separated by DOC concentrations, DOC-3"°C values, and

. PC1 (49.2%)
salinities.

16. L210: No analysis was presented to demonstrate the linkage of 3'"°C values and NH4" values.

= A previous study (Kim and Kim, 2018) suggested the anaerobic benthic production of FDOMy in low
salinity water in this region based on NH," concentrations. In this study, we support this finding based on our
NH," relationships (NH," versus DOC and FDOMy, correlations) and DOC-8"C values (marine source). We
showed that the source is not due to terrestrial inputs! This is clarified in the revised version (lines 191-198).
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Abstract. In order to determine the origins of dissolved organic matter (DOM) occurring in coastal seawater of the Sihwa
Lake, South Korea, which is semi-enclosed artificial lake by a dyke, we measured the stable carbon isotopic ratio of
dissolved organic carbon (DOC-8"C) and optical properties (absorbance and fluorescence) of the DOM in two different
seasons (March 2017 and September 2018). The concentrations of DOC were generally higher in lower salinity waters in
both periods, while excess of DOC deviating from the mixing line was observed in 2017 in high salinity waters. The main

source of DOC in the freshwater-seawater mixing zone was found to be from marine sediments rather than from terrestrial

sources based on the DOC-8"C values (~20.7+1.2%0) and good correlations among DOC, humic-like fluorescent DOM
(FDOMy), and NH,;" concentrations. However, the excess DOC observed in 2017 seems to originate from terrestrial sources
by direct land-seawater interactions rather than from in-situ biological production, considering its depleted DOC-8"C values

(—27.8%o to —22.6%o)., higher spectral slope ratio (Sg) of light absorbance (indicating low-molecular-weight DOM), and no

concurrent increases in FDOMy and NH,™ concentrations. The terrestrial DOM source pbserved in 2017 was found to be

non-fluorescent and low-molecular-weight DOM likely because of extended exposure to light and bacterial degradation as

this study area is built on the reclaimed land. Our results suggest that the combination of these biogeochemical tools can be a

powerful tracer of coastal DOM sources.

1 Introduction

Dissolved organic carbon (DOC), a major component of dissolved organic matter (DOM), is fhe largest reduced carbon pool
in the ocean (Benner et al., 1992; Raymond and Spencer, 2014). Understanding of the sources and characteristics of DOC is
important since it plays a significant role in coastal carbon dynamics and biogeochemical cycles (Vetter et al., 2007; Carson
and Hansell, 2015). In the coastal oceans, DOM sources are diverse including (1) in-situ biological production (Carlson and
Hansell, 2015), (2) terrestrial sources such as soils and plant matters (Opsahl and Benner, 1997; Bauer and Bianchi, 2011),
and (3) anthropogenic sources including industrial and agricultural wastewater (Tedetti et al., 2010; Griffith and Raymond,

2011).
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A part of DOM is known as colored dissolved organic matter (CDOM), which is the light-absorbing fraction of reduced
organic matter (Coble, 2007; Kim and Kim, 2016; Kim and Kim, 2018). The major fraction of CDOM, which emits
Sfluorescence, after absorbing energy, is referred to as fluorescent DOM (FDOM) (Coble, 2007; Kim and Kim, 2016). Rivers

are known as the major source of the humic-like FDOM (FDOMy) in coastal oceans (Stedmon and Nelson, 2015; Kim and
Kim, 2016), while aerobic microbial remineralization of sinking organic matter is the major source of FDOMy in deep
oceans (Jorgensen et al., 2011; Catala et al., 2015; Kim and Kim, 2016). On the other hand, Kim and Kim (2016) showed

that the anaerobic production in the bottom sediments of the deep East Sea (Japan Sea) accounted for about 10% of the total

production of FDOMy in the deep water column. Recently, the anaerobic process in the bottom sediment has been suggested

as an important source of FDOMjy, in coastal marine environment (Kim and Kim, 2018). In order to obtain such information

on FDOM, an excitation-emission matrix (EEM) spectroscopy method combined with a parallel factor analysis (PARAFAC)
model has been employed (Coble, 2007; Kim and Kim, 2016; Kim and Kim 2018). In addition, the absorption spectral slope
ratio (Sg) can be used as an indicator of molecular weight, source, and photochemistry of DOM since the absorption spectra
and spectral parameters for CDOM are largely dependent on its source and photochemical processes (Helms et al., 2008). In
general, the Sk values negatively correlate with DOM molecular weight and increase upon irradiation (Helms et al., 2008;

Hansen et al., 2016).

The stable carbon isotopic composition of DOC (DOC-5"C) has been used to differentiate terrestrial versus marine DOC
(Gearing, 1988; Wang et al., 2004; Lee and Kim, 2018; Lee et al., 2020). In general, 313C values of terrestrial sources such as
C; and Cy4 plants are in the range of —23%o to —34%o and —9%o to —17%o, respectively, while those derived from marine

phytoplankton are in the range of —18%o to —22%o (Gearing, 1998). Since 8'°C values for different DOC sources often

overlap, the isotope alon, is hard to differentiate specific carbon sources, Thus, many previous, studies used 8'"°C values in

combination, with other parameters such as optical properties and/or DOC:DON, (dissolved organic nitrogen) ratios to

identify different sources of DOM in coastal environments (Lee and Kim, 2018; Han et al., 2020; Lee et al., 2020).

In this study, we used DOC-5"C combined with FDOM and Sk values to characterize different sources of DOM in the Sihwa
Lake, South Korea, one of the most dynamic coastal settings in terms of salinity changes, hypoxia, metal pollution, and
eutrophication (Kim et al., 2009; Ra et al., 2011; Lee et al., 2014; Kim and Kim, 2014; Lee et al., 2017; Kim and Kim,
2018).
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2 Materials and methods
2.1 Study area and sampling

Sihwa Lake (126.6 °E; 37.3 °N) is an artificial seawater lake with an area of 57 km® and average depth of 3.2 m (maximum

depth = 18 m), located on the western coast of South Korea, which was originally constructed as a land reclamation project

planned by the government to provide agricultural land and water for the nearby metropolitan area during the 1980s and

1990s (Bae et al., 2010) (Fig. 1). Freshwater runs through the six small streams into the Sihwa Lake and four waterways

connect the lake to the Banwol industrial complex (Fig. 1). Since the lake experienced serious deterioration of water quality

owing to the wastewater discharge from the industrial complexes under the limited water circulation, the sluice gates were

constructed and opened jwice a day for the water exchange between the lake and the Yellow Sea since 2012. Then, the dyke

is currently used as a tidal power plant (Lee et al., 2017) (Fig. 1). The total volume of the Sihwa Lake water is ~3.3x10° m3,

The discharge rate is approximately 3.4x10° m® y', enough to replace the entire reservoir in a year (Lee et al., 2003; Lee et

al., 2014).,

Water samples were collected in two different seasons in March 2017 and September 2018. The temperature and salinity

were measured using a conductivity-temperature-depth (CTD) instrument (Ocean Seven 304, INDONAUT Srl) onboard a

boat (~1 ton), Jn 2017, sampling was conducted from several depths at all stations. In 2018, only surface water samples were

collected at shallow stations (station number 1-6) since the water level of the reservoir was lower than in 2017, and the full

depth sampling was conducted at stations 12—14. In order to investigate the effect of industrial wastewater from the

industrial complex, an additional sample was collected near the Banwol waterway (station B4) in 2018 (Fig. 1).

Water samples were filtered through a pre-combusted (450 °C for 5h) GF/F filter (pore size = 0.7 pm; Whatman). Samples

for DOC and DOC-5"C analyses were acidified with 6M, HCI (to a final sample pH of ~2) to avoid any bacterial activities

and stored in pre-combusted glass ampoules (Kim and Kim. 2010). Samples for FDOM analysis were stored in pre-

combusted amber vials in a refrigerator at 4°C. Samples for, dissolved inorganic nutrient analyses were stored frozen in

Jpolypropylene conical tubes.

2.2 Chemical analyses

Inorganic nutrient concentrations were measured with a nutrient auto-analyzer (QuAAtro39, SEAL analytical). The
analytical uncertainties were <5% for the reference materials for NOx (KANTO, Japan). The dissolved oxygen (DO)
concentration was determined using the Winkler’s method (Carpenter, 1965). The DOC concentration was measured using a

high temperature catalytic oxidation (HTCO) method using a total organic carbon (TOC) analyzer (TOC-Vcpy, Shimadzu)

(Kim and Kim, 2010). Analysis was also conducted for a certified reference material of deep seawater (DSR; 4145 uM

DOC; University of Miami) (Hansell, 2005). The precision of measurement was +2, uM based on multiple analyses. The

/

Heejun Han 26/10/20 10:58 AM
Deleted: reclaimed land

Heejun Han 26/10/20 10:59 AM
Moved (insertion) [1]

Heejun Han 26/10/20 11:00 AM
/| Moved (insertion) [2]

Heejun Han 26/10/20 11:00 AM
Deleted: ,

Heejun Han 26/10/20 11:16 AM
Deleted: periodically

Heejun Han 26/10/20 11:19 AM
Deleted: .

Heejun Han 26/10/20 11:20 AM
Deleted:

Heejun Han 26/10/20 11:20 AM
Deleted: y' and

Heejun Han 26/10/20 11:20 AM
Deleted: t

|

N Heejun Han 26/10/20 11:29 AM

Deleted: Sihwa Lake was originally planned to
supply agricultural water during the 1980s and
1990s, creating a large artificial lake and agricultural
reclaimed land with an area of 173 km? (Bac et al.,
2010). There are continuous inputs of anthropogenic
pollutants from the surrounding industrial cof . [2] D

Heejun Han 26/10/20 10:59 AM

Moved up [1]: Freshwater runs through tHZ B3]
Heejun Han 26/10/20 11:00 AM

Moved up [2]: Since the lake experienced 4] D
Heejun Han 26/10/20 11:29 AM

Deleted: ship

Heejun Han 26/10/20 11:29 AM

Moved (insertion) [3]

Heejun Han 26/10/20 11:29 AM

Moved up [3]: In 2017, sampling was cono..[5] D
Heejun Han 26/10/20 2:23 PM

Deleted: :

Heejun Han 26/10/20 11:30 AM

Deleted: of

Heejun Han 26/10/20 11:31 AM

Deleted: total

Heejun Han 26/10/20 2:24 PM

Deleted: a

% Heejun Han 26/10/20 11:32 AM

Deleted: ; Han et al., 2020

Heejun Han 26/10/20 11:32 AM

Deleted: .2

|

I




170

175

180

185

190

195

200

DOC-3"C values were measured with an isotope ratio mass spectrometer (IRMS; Isoprime, Elementar) connected with a
TOC analyzer (Vario TOC cube, Elementar) (Panetta et al., 2008; Troyer et al., 2010). Prior to the analysis, IAEA-CH6
sucrose (3"°C = —10.45+0.03 %o), Suwannee River Fulvic Acid (SRFA; 3"°C = -27.6£0.12 %o; International Humic
Substances Society). and DSR (8'°C =—21.5+0.3 %o; University of Miami) values were fested to evaluate the accuracy of the

measurements (Lang et al., 2007; Panetta et al., 2008; Troyer et al., 2010; Han et al., 2020). Although no certified 5°C value

has been reported for DSR, we used the average value reported by Lang et al. (6”(‘ = -21.7+0.3 %o) and Panetta et al. (O‘HC

=-21.4+0.3 %0),

2.3 Optical measurements

Fluorescence and absorbance spectra of the samples were measured using a spectrophotometer (Aqualog, Horiba). For
FDOM analyses, the emission and excitation wavelength ranges were set from 240 to 600 nm and from 250 to 500 nm,
respectively, with 3 nm scanning intervals (Han et al., 2020). The PARAFAC analysis for the EEM data was performed
using the Solo software (Han et al., 2020). The Raman and Rayleigh scattering signals, inner-filter effect, and blank
subtraction were corrected using the Solo software (Stedmon and Bro, 2008; Han et al., 2020). The PARAFAC results were
validated by a split-half analysis and random initialization (Stedmon and Bro, 2008). The fluorescence intensities of FDOM

were normalized with the Raman peak area of water and are presented in Raman Unit (RU) (Lawaetz and Stedmon, 2009).

The PARAFAC model characterized one marine humic-like, one protein-like, and two terrestrial humic-like fluorescent

components in Sihwa Lake, which are consistent with previous study (Kim and Kim, 2018) (Fig. S1). The spectral shapes of

fluorescent components were compared with previous results from the OpenFluor database (https://openfluor.lablicate.com)
(Murphy et al., 2014). All components (C1-C4) were matched with the major components from 36, 39, 62, and 19 studies,

respectively, with similarity scores of 95%.

The spectral characteristics of component 1 (FDOM; Ex/Em = 342/427 nm) and component 3 (FDOM,,; Ex/Em = 381/493

nm) are known to be associated with the terrestrial humic-like component originating from terrestrial environment (Coble

2007). Component 2 (FDOM);; Ex/Em = 297/388 nm) is known to be associated with the marine humic-like component
originating from microbial remineralization (Coble, 2007; Jorgensen et al., 2011). Component 4 (FDOMp; Ex/Em = 282/322
nm) is characterized as a protein-like (tryptophan-like) component, which originates mainly from biological production

(Coble, 2007). In this study, FDOMc was used as a representative of humic FDOM (FDOMy) since all humic-like

components showed a similar pattern.

UV-visible absorption spectra of the samples were measured with a scanning wavelength range of 240-700 nm. The optical
indices and parameters of DOM used in this study were prepared as follows. The absorption coefficient was calculated using

the following equation:
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a; = 2.3034,/1 1)
where o is the absorption coefficient (m™), A, is the absorbance, and / is the optical path length of the quartz cuvette (m).
The Sk was calculated as the ratio of spectral slope of shorter wavelengths (S,75_295) to longer wavelengths (S3s50-400) (Helms
et al., 2008; Han et al., 2020). The spectral slope (S) was calculated using the following equation:
a; = a,lrefe‘s(’l‘lref) )
where a is the Napierian absorption coefficient (m'l), A is the wavelength, and A is the reference wavelength (Twardowski
et al., 2004; Helms et al., 2008).

3 Results

In 2017, the vertical distribution of salinity indicated a well-mixed water column (salinity = 28-32) (Fig. 2). Similarly, DO
and NH," concentrations were vertically uniform (Fig. 2). The concentrations of DO and NH," were in the ranges of 7-13
mg L' (average = 10.1+2.4 mg L'l) and 0.1-25 uM (average = 8.7+8.1 pM), respectively, However. horizontally, fhe DO
concentration gradually increased with increasing salinity from the innermost station to the outermost station, while the NH,"
concentration decreased with increasing salinity (Fig. 2). The NH," concentration showed the lowest values (< 1 uM)

Jbetween station 10 and,station 13 (Fig. 2).
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In 2018, salinity yvas in a larger range (salinity = 18-30) compared with that of 2017 (Fig. 2). Especially, low salinity waters

(salinity = 18-27) were observed from the innermost station to station 9,(Fig. 2). The concentrations of DO and NH," were

in the ranges of 6-11 mg L™ (average = 8.2+1.6 mg L") and 0.4-25 uM (average = 13.1£7.9 uM), respectively, (Fig. 2). The

relatively low salinity and DO concentrations were likely associated with the increased freshwater inputs, (Fig. 2). The NH,"

concentrations in the outermost stations were lower than the detection limit (Fig. 2). While the sharp gradients of DO and

NH," concentrations were observed at station 9 in 2017, the gradients occurred near station 14 in 2018, associated with the
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expansion of low-salinity water further to the outer stations (Fig. 2).

In 2017, the vertical distribution of DOC concentrations was quite different from those of salinity and DO concentrations
observed in 2018 (Fig. 2). The DOC concentrations, were in the range of 97-349 uM (average = 184+76 uM). The highest
concentrations of DOC were observed in the surface waters at stations 3, 4, 5, 6, 7, 8, 9 and the bottom waters of stations 3,

4, and 5 (Fig. 2). The DOC-8"C values ranged from —19.2%0 to —27.8%o (average = —21.8+1.9%o), (Fig. 2). The most

depleted DOC-8"C values were found in the surface waters at stations 5, 6, 7, 9, and 10 (22.6%0 to —27.8%o) (Fig. 2). The |
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respectively, (Fig. 3). The concentrations of all FDOM components were generally higher in the upstream stations and

decreased with salinity (Fig. 3). The FDOM, concentration was slightly higher in the bottom water at station 10 (Fig. 3). The )

Sg values, a proxy for, DOM molecular weight, were in the range of 0.70—1.76 (average = 1.21+0.20). Higher Sk values were

observed in the surface waters at stations 6, 8, 9, and 10 in 2017 (Fig. 3).

In 2018, the concentrations of DOC were in the range of 101-195 uM (average = 130+£32 uM). The DOC concentrations
gradually decreased with increasing salinity, (Fig. 2). The DOC-8"C values ranged from —19.1%o to —21.5%o (average = —

20.0+0.6%o) (Fig. 2). The concentrations of FDOM,, FDOM, FDOMy, and FDOM, were in the ranges of 1.4-5.1 RU

(average = 1.9+0.9 RU), 1.3-4.1 RU (average = 1.8+0.7 RU),1.4-4.9 RU (average = 2.1+0.9 RU), and 1.1-2.5 RU (average

= 1.6+0.4 RU), respectively (Fig. 3). All humic-like FDOM, concentrations were higher in 2018 than in 2017 (Fig. 3). The

FDOM, concentrations were generally higher in the surface water and showed a slight increase at station 12 where the |

salinity is slightly lower (Fig. 3). The Sg values were in the range of 0.72—1.08 (average = 0.87+0.10) (Fig. 3). The Sy values

were relatively constant at all sampling stations (Fig. 3).

4 Discussion

In both sampling periods, low-salinity waters showed higher DOC, Jower DO, higher NH,", and higher FDOMjy

concentrations, (Figs. 2 and 3). As such, jhe DOC and FDOM;; concentrations exhibited significant correlations against

salinity in both periods with different slopes (Fig. 4a and 4b). The DOC concentrations also exhibited good correlations with }

NH," concentrations in both periods with different slopes, while the FDOMy; concentrations showed a good correlation with
NH; concentrations with a single slope (Fig. 5). In coastal region, the excess DOC can be derived from various sources

including in-situ biological production, terrestrial source inputs via rivers, and bottom sediment porewater (Hopkinson et al.,

1998; Alperin et al., 1999; Kawasaki and Benner, 2006). Our correlation trends suggest the major contribution of DOC either

from terrestrial freshwater input or by production in the estuarine mixing zone,

The DOC-8"*C values showed different trends in both sampling periods (Fig. 4c). In 2018, the DOC-8"C values ranged from

—19.1%0 to —21.5%0 (average = —20.0+0.6%o), falling within the range of marine phytoplankton values (=18%o0 to —22%0)

while the DOC-8"*C values in 2017 were in a larger range from —19.2%o to —27.8%o, including both marine and terrestrial

signatures (Gearing, 1988) (Fig. 4c). The Sk values were relatively low and constant (average = 0.86+0.1) at all stations in
2018, while those exhibited large variations from 0.70 to 1.76 in 2017 (Fig. 3 and 4d). Since Sk values are negatively

correlated to molecular weight of DOM and increase on irradiation, such large variations in Sk values in 2017 suggest

different history of photodegradation and biological degradation (Moran et al., 2000; Helms et al., 2008).
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In both sampling periods, the main source of DOC, dependent on salinity, could be from terrestrial sources as observed in

other coastal waters of Korea (Lee et al., 2020). In this study, there was no excess DOC observed in 2018 at station B4
where the waterway connects to the Banwol industrial complex, indicating that anthropogenic source waas insignificant (Fig.

2). However, Kim and Kim (2018) hypothesized that FDOMjy, is produced by anaerobic decomposition of organic matter in

bottom sediments in the freshwater-seawater mixing zone, based on good correlations among salinity, NH,", and FDOMy

concentrations in this lake. Although FDOMy concentrations showed two different slopes against salinities, a single slope

was observed for the correlations against NH,™ concentrations, indicating a possible main source of FDOMy associated with

NH,' productions (Fig. 4b and 5b). Thus, this isotope trend (marine signature), together with the correlations among salinity,

DOC, NH,", and FDOMy, in both years, suggests that high DOC concentrations occurring in low salinity waters were, mainly

from marine sediments by anaerobic bacterial production as suggested by Kim and Kim (2018) and that primary terrestrial

\ Heejun Han 26/10/20 12:44 PM
N Heejun Han 26/10/20 12:44 PM

Formatted: Font:(Default) Apple SD
AH=1E Neo e, English (US)

Heejun Han 26/10/20 12:46 PM

Deleted: However, this correlation cannot rule out
the main sources of DOC and FDOMy. . (.[10] )

source of DOC and FDOMy, through original freshwater are insignificant (Fig. 4a, 4b, 5b).

In 2017, the sources of DOC were more complicated, showing significantly higher DOC concentrations and the excess DOC

independent of salinity (Fig. 2). Thus, the, higher DOC samples observed in 2017 gvere separated into two groups (Group 1

and Group 2) based on their DOC concentrations, DOC-8"C values. and salinities (Fig. 2). Group 1 (n=1/2) includes excess

DOC samples observed in stations, 3, 4, 5, 6. 7, 8. 9,12, and 13 (Fig. 2). Group 2 (n=7) includes excess DOC samples

observed in the surface waters of stations 4, 5, 6, 7, 8, 9, and 10 (Fig. 2). Here, the excess denotes the concentrations higher

than the salinity mixing line observed in 2018 (Fig. 4a). The excess DOC samples observed in 2017 were ~75% higher than
the mixing line (Fig. 4a).

For Group 1 samples, the DOC concentrations ranged from 130 to 330 uM (average = 188+68 uM) (Fig. 2 and 4a). The
DOC-3"C values of Group 1 ranged from —19.2%o to —23.4%o (average = 21.3%1.2%o), which are close to the §"*C values of
marine organisms (—18%o to —22%o) (Gearing, 1988) (Fig. 2 and 4c). For this group, FDOM,; concentrations showed on

significant increase (Fig. 3 and 4b). Also, Sk values (average = 1.11+0.2) showed relatively lower and constant values than

that of Group 2 (Fig. 3 and 4d). The higher DOC concentrations observed in the near bottom waters of stations 3, 4, and 5, in

high salinity waters, seem to be from bottom sediment porewater by diffusion process (Koepfler et al., 1993; Alperin et al.,
1999; Alkhatib et al., 2013; Kim and Kim, 2018) (Fig. 2). The higher DOC concentrations observed in the deep waters of

stations 11, 12, and 13 seem to be from either in-situ biological production or by the transport of bottom sediment sources.

For Group 2 samples, the DOC concentrations ranged from 103 to 291 uM (average = 188+57 uM) (Fig. 2 and 4a). The
DOC-8"C values yanged from —22,6%o to —27.8%o, which jnclude the signature of of terrestrial Cs plants (—23%o to —32%o)

Gearing, 1988) (Fig. 2 and 4c). For this group, FDOMjy concentrations showed no significant jncreases relative to NH, or
( 2, ) (Fig ). group, HE i 4

salinity, indicating excess DOC concentrations were not associated with the common FDOMy sources observed in both

sampling periods (Fig. 3 and 5b). However, Sk values (average = 1.3740.3) were higher than the other stations likely due to /-~
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the influence of low-molecular weight DOM (Helms et al., 2008) (Fig. 4d). Thus, our results suggest that the excess DOC

occurring in high-salinity waters in Group 2, which are characterized with non-fluorescent terrestrial sources, were
introduced by direct land-seawater interaction through the tidal inundation of seawater on the reclaimed land as this study

site is constructed on the reclaimed land (Lee et al., 2020). This may happen if terrestrial DOM (based on DOC-5"C values)

went through intense light exposure (producing non-fluorescent DOM) and/or bacterial degradation on land.

If only salinity and FDOMy were used to trace the source of the excess DOC occurring in Group 2, in-situ production of
DOC by biological production can be simply regarded as a main source since there were no significant changes in these

parameters. As such, ferrestrial source could be regarded as a main source of the excess DOC occurring in low-salinity

waters in Group | since there were good correlations between salinities and DOC or FDOMy. Therefore, our study suggests

that the combination of carbon stable isotope, FDOMy, and Si values provides, a critical tool to decipher the sources and

characteristics of DOM in coastal waters where various DOM sources are present.

5 Conclusions

The different sources and distributions of DOM were determined in different seasons using various tracers in the Sihwa
Lake, South Korea. Our results revealed that the high DOC concentrations occurring in low-salinity water, which are

previously believed to be from terrestrial sources, went from marine sediment sources based on DOC-8"C values (~21.5%o

to —19.1%0) fogether with significant correlations among DOC, FDOMy, and NH,  concentrations. The high DOC

concentrations occurring in high-salinity waters, which are generally believed to be from marine sources, were found to be

from non-fluorescent, low-molecular-weight, terrestrial DOM sources based on depleted DOC-8"C values (~22.6%o to —

27.8%0) and higher Sk values (1.37+0.3), without concurrent increases in FDOMy and NH," concentrations. Our results

demonstrate possibility that the combination of these multiple DOM tracers can be uscd successfully jn other coastal waters

where the sources and characteristics of DOM are complicated.
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trations, and DOC-5"°C values in Sihwa Lake in March 2017

and September 2018. The dashed blocks represent stations belonging to Group 1 and Group 2.
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Figure 3: Vertical distributions of, FDOM,, FDOM ,, FDOMy, FDOM,, and Sg values in Sihwa in March 2017 and September

2018.,
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645| Figure 4: Plots of the salinity versus (a) DOC concentrations, (b) FDOMy concentrations, ., (c) DOC-3"C values, and (d) S, g values
hed lines represent the regression lines,
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Figure 5: Plots of the NH;" concentrations versus (a) DOC concentrations and (b) FDOMy, concentrations in Sihwa Lake in March
2017 (red square) and September 2018 (blue circle). The dashed lines represent the regression lines.
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