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a b s t r a c t
In order to estimate the ﬂuxes of dissolved organic carbon (DOC) through submarine groundwater discharge
(SGD), salinity and DOC concentrations in groundwater, stream water, and seawater were investigated in May
2006 and 2007 (dry season) and August 2006 (wet season) in Masan Bay, Korea. In both seasons, the average
concentrations of DOC in groundwater (139 ± 23 μM in May and 113 ± 18 μM in August) were relatively
lower than those in stream water (284 ± 104 μM in May and 150 ± 36 μM in August) but similar to those of
the bay water (149 ± 17 μM in May and 117 ± 13 μM in August). The DOC concentrations in groundwater,
stream water, and seawater showed negative relationships with salinity, but those in the surface bay water
were observed above the theoretical mixing line, indicating that DOC may be produced by in situ primary production in this bay. Based on a simple DOC mass balance model, SGD-derived DOC ﬂuxes in Masan Bay were estimated to be 6.7 × 105 mol d−1 in the dry season and 6.4 × 105 mol d−1 in the wet season, showing no remarkable
seasonal variation. The DOC ﬂuxes through SGD in Masan Bay accounted for approximately 65% of the total
input ﬂuxes. This result suggests that the DOC ﬂux through SGD can be the most important source of DOC in
this bay, and SGD may play an important role in carbon budget and biogeochemistry in coastal areas.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
Submarine groundwater discharge (SGD) has been recognized as an
important pathway for transporting organic matter, nutrients, and trace
elements to the coastal area comparable to river discharge (Burnett et
al., 2003; Moore, 1996; Kim et al., 2012; Kim et al., 2013). SGD is described as any water ﬂow which passes through the sediment into the
coastal ocean regardless of composition or driving force (Moore,
2010) and consists of terrestrially derived fresh groundwater and re-circulated saline groundwater (Burnett et al., 2003; Moore et al., 2008).
The driving forces of SGD in coastal zones are tidal pumping, wave
set-up, terrestrial hydraulic gradients, ﬂuid shearing, density-driven
convection, sediment compaction, and bio-irrigation (Santos et al.,
2012). Moore (1999) reported that the subterranean estuary (STE),
where groundwater passes through with various biogeochemical reactions, is a coastal mixing zone between fresh groundwater and seawater
invading through a permeable aquifer. Biogeochemical reactions occurring in STE combined with SGD are known to have a large impact on
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coastal budgets of various chemical constituents (Charette and
Sholkovitz, 2002; Windom and Niencheski, 2003; Slomp and
Cappellen, 2004).
Dissolved organic carbon (DOC), the largest organic carbon reservoirs in the ocean, accounts for an important component of the global
carbon cycle (Williams and Druffel, 1987; Hansell and Carlson, 1998;
Hansell et al., 2009). Since DOC in coastal zones mainly originates
from terrestrial sources such as groundwater or river water and enters
the oceans, it is important to investigate origins and fates of DOC for better understanding the carbon cycle. However, there have only been a
few studies dealing with its behavior in STEs (Beck et al., 2007; Santos
et al., 2009; Kim et al., 2013).
Groundwater-derived DOC ﬂux was underestimated as an important source to investigate the carbon cycle in estuarine systems but
has been recognized as an important coastal DOC input source. For example, Kim et al. (2012) reported that DOC ﬂux through SGD in
Hampyeong Bay, located on the southern coast of Korea, accounted for
24% of the total SGD-driven dissolved organic matter (DOM) ﬂux into
this bay. Sadat-Noori et al. (2016) reported that SGD-derived DOC contributed 41% of carbon exports from a subtropical estuary (New South
Wales, Australia). Furthermore, Stewart et al. (2015) reported that
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SGD-derived DOC ﬂux was equivalent to ~38 times the annual delivery
via all rivers into Moreton Bay (Queensland, Australia), suggesting that
SGD is a major component of hydrological and biogeochemical cycles in
the bay. However, the behavior and cycling of DOC in STE were not fully
explored, as behavior of DOC shows a large difference in various environments depending on hydrological and climatic conditions.
Masan Bay (Gyeongsangnam-do, Korea) has suffered from domestic
and industrial efﬂuents and SGD, resulting in complicated problems including outbreaks of harmful algal blooms (Lim et al., 2006; Kim et al.,
2007; Lee et al., 2009). Lee et al. (2009) reported that SGD could play
an important role in sources of nutrients and factors controlling the outbreak of phytoplankton blooms, resulting from proportions of dissolved
inorganic nitrogen (42–45%) and phosphorus (42–51%) through SGD of
the total ﬂuxes in Masan Bay. However, very limited investigation has
been conducted on the DOC behavior in STE and SGD-derived DOC
ﬂux in this bay. Therefore, the aims of this study were (1) to investigate
DOC distribution in different types of water samples (seawater, groundwater, and bay water) in Masan Bay where the discharge of groundwater is an order of magnitude higher than the discharge of stream water
and (2) to estimate SGD-derived DOC ﬂux using a mass balance model
in different climatic and hydrological conditions (dry and wet seasons).
2. Materials and methods
2.1. Study area
Masan Bay, located on the southeast coast of Korea, is surrounded by
industrial complexes and megacities and is semi-enclosed. The previous
studies reported that Masan bay was one of the most contaminated

regions in Korea due to sewage and wastewater discharged into the
bay (Li et al., 2008; Choi et al., 2009). The annual precipitation of this region is 1560 mm. Three streams (Nam, Changwon, and Samho streams)
enter the bay, with a large seasonal variation due to a monsoon climate
(KIOST, 2002). The surface sediment of this bay consists mainly of silt
and clay (N90%) with small portion of sand (Woo et al., 2003). There
are two wastewater treatment plants which treat about 370,000 ton/day
and discharge the efﬂuents into Masan Bay (MOE, 2012).
2.2. Sampling
Stream water, groundwater, and seawater samples were collected in
May and August 2006 and May 2007 in Masan Bay for the analyses of
DOC (Fig. 1). Stream water samples (n = 2 in May and n = 3 in August)
were obtained using a submersible pump (a ﬂow rate of 15–
20 L min−1). The groundwater samples (n = 20 in May and n = 7 in
August) were collected from various shallow (b0.5 m) and deeper
(b10 m) wells from the shore (b 20 m). Bay water (n = 11 in May
and n = 10 in August) and seawater (n = 1 in May and August) samples
were obtained from the surface (~1 m below the surface) using a submersible pump on shipboard. Samples for the analyses of DOC were ﬁltered using Whatman GF/F ﬁlters (0.7 μm) and stored in ﬁre-sealed
glass ampoules after acidifying the samples to pH 2 using 6 M HCl. All
ﬁlters and ampoules were pre-combusted at 500 °C for 5 h (Kim and
Kim, 2010). Groundwater level, precipitation rate, and stream water
discharge rate were obtained from National Groundwater Information
Center (www.gims.go.kr), Korea Meteorological Administration
(www.kma.go.kr), and the previous study (Lee et al., 2009),
respectively.

Fig. 1. A map showing groundwater and seawater sampling stations for dissolved organic carbon (DOC) in Masan Bay. Circle, square, and triangle represent sampling stations for seawater,
groundwater, and stream water in the bay, respectively.
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2.3. Analytical methods
Temperature and salinity were measured directly in the ﬁeld using a
portable salinometer (Model 340C, Isteck, Korea) for stream water and
coastal groundwater and using a portable CTD (SBE 25, Seabird Electronics, USA) for seawater. DOC samples were analyzed using a TOCVCPH (Shimadzu, Japan) and ﬁve-point standard curves of acetanilide
were used to standardize DOC measurements. The acidiﬁed seawater
samples in the injection system were bubbled with high-purity air gas
(99.999%) to completely remove inorganic carbon species. Carrier gas
was passed at a controlled ﬂow rate of 150 mL min−1 through a combustion tube that was ﬁlled with Pt-coated Al catalyst and heated to
720 °C. The samples of DOC were oxidized to form CO2 which was detected by a non-dispersive infrared sensor. The reliability of measurements was checked on a daily basis by comparison with a DOC
certiﬁed seawater sample (Deep Sea Reference, University of Miami:
44–46 μM for DOC) and with procedural blanks. The result agreed within 5% of the certiﬁed value of the reference materials. Uncertainty in this
study was calculated based on uncertainty propagation.
3. Results
3.1. Hydrologic and climatic conditions
Sampling campaigns were conducted in May 2006 and 2007 and August 2006 to compare DOC concentration and SGD-derived DOC ﬂux in
Masan Bay during contrasting hydrological conditions. The hydrological
data (groundwater level, precipitation rate, and stream water discharge
rate) were averaged during 3-months prior to each sampling periods
considering the residence time of the bay water. The precipitation rate
in the wet season (10.9 mm day−1) was 2-fold higher than that in the
dry season (3.7 mm day− 1). As a result, groundwater levels were
100 cm higher in the wet season (12.26 m) than in the dry seasons
(11.24 m). Based on these differences and for simplicity, we described
the sampling campaign conducted in May and August as the dry and
wet seasons, respectively. The stream water discharge rate in the wet
season (10.5 × 105 m3 d−1) was approximately 2-time higher than in
the dry season (5.7 × 105 m3 d−1). We expected these contrasting conditions of sampling periods to have an inﬂuence on DOC concentration
and SGD-derived DOC ﬂux in this bay.
3.2. Salinity and DOC concentration
Salinities and DOC concentrations in the stream water, bay water,
groundwater, and open ocean seawater during the dry and wet seasons
are described in Table 1. Salinity in the groundwater relative to the
stream and bay water showed large variations. While salinity in the
stream water approached almost zero in both seasons, salinity in the
groundwater ranged from 10.0 to 30.9 (mean: 22.6 ± 5.1, n = 20) in
the dry season and from 7.9 to 25.7 (mean: 21.6 ± 6.2, n = 7) in the
wet season, reﬂecting a high precipitation rate in the wet season. The
lowest salinity in the bay water was observed in the innermost bay
area, increasing with distance from the bay head. The averages of salinity in the bay water were relatively higher than those in the groundwater and lower than those in the stream water in both dry and wet
seasons.
In the dry season, the concentrations of DOC ranged from 104 to 170
μM (mean: 149 ± 17 μM, n = 11) in the surface bay water, from 98 to
177 μM (mean: 139 ± 23 μM, n = 20) in the groundwater, and from
210 to 357 μM (mean: 284 ± 104 μM, n = 2) in the stream water. In
the wet season, the concentrations of DOC ranged from 100 to 148 μM
(mean: 117 ± 13 μM, n = 10) in the surface bay water, from 95 to
143 μM (mean: 113 ± 18 μM, n = 7) in the groundwater, and from
117 to 189 μM (mean: 150 ± 36 μM, n = 3) in the stream water. The
concentrations of DOC in the offshore seawater were relatively lower
than those in the bay water, with values of 123 and 90 μM in the dry
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and wet seasons, respectively. The averages of DOC concentration in
the bay water, groundwater, and stream water were slightly higher in
the dry season than in the wet season.
4. Discussion
4.1. DOC dynamics
The concentrations of DOC in the groundwater of Masan Bay were
higher than those in the groundwater of Jeju Island (49 ± 18 μM),
Korea (Kim et al., 2013) and West Neck Bay (b50 μM), USA (SañudoWilhelmy et al., 2002) but were lower than those in the groundwater
of Hampyeong Bay (185 ± 52 μM), Korea (Kim et al., 2012), Tempa
Bay (30–670 μM), USA (Chen et al., 2007), and the Gulf of Mexico
(N300 μM), USA (Santos et al., 2009).
The plots of DOC concentrations versus salinity in the STE showed
conservative mixing for salinity ranging from 10.0 to 30.9 in the dry season and 7.9 to 25.7 in the wet season (Fig. 2). These results were similar
to those of the STE of Hwasun Bay, Korea (Kim et al., 2013), indicating
that DOC source and sink in STE of Masan Bay could be negligible
owing to rapid SGD rates. The DOC concentration, except for the bay
water, was negatively correlated with salinity in both dry (r = −0.86,
n = 11, p b 0.005) and wet (r = − 0.78, n = 22, p b 0.001) seasons
(Fig. 2). These results indicate that DOC seems to be from terrestrial
sources.
On the contrary, the excess DOC concentrations in the bay waters
were observed in the dry season (38 ± 19 μM) and in the wet season
(21 ± 14 μM) on the basis of conservative mixing lines. This result indicates that DOC in the bay water may be inﬂuenced by other factors rather than a simple stream water-bay water-seawater mixing process. In
the bay water, the average excess DOC concentration in the dry season
was 1.8 times higher than that in the wet season, perhaps due to a
higher primary production rate in the dry season. This hypothesis may
be supported by the fact that most of the DOC production in the ocean
is closely linked to the magnitude of primary production (Carlson and
Hansell, 2014) and by higher chlorophyll a concentration in the dry season (15.9 ± 7.0 μg L−1) than in the wet season (9.7 ± 2.3 μg L−1) (Lee et
al., 2009).
4.2. DOC mass balance model
To evaluate SGD-derived DOC ﬂux in Masan Bay, the equation presented in Kim et al. (2013) was modiﬁed for DOC:
dDOC
¼ C Stm  Q Stm þ C GW  Q SGD þ ψBen  A  ðC Inn  C Out Þ  V
dt
 ð1=τÞ þ F Net
F Net ¼ F

Pro − F Rem

where CStm and CGW are the DOC endmember concentrations in stream
water and groundwater (μM); QStm and QSGD are the discharge rates of
stream water and groundwater (m3 day−1); ψben is the diffusive rate
from the bottom sediment; A is the area of the bay (m2); CInn and COut
are the average concentrations of DOC in the inner and outer bay
(μM), respectively; V is the volume of the bay (m3); and τ is the residence time of Masan Bay (day). The ﬁrst term on the right-hand side
of the equation represents the input ﬂux of DOC from discharge of
stream water, and the second term represents the input ﬂux of SGD-derived DOC. The third term represents the input ﬂuxes by diffusion from
bottom sediments, and the fourth term represents the output ﬂux by
mixing with outer-bay seawater. The ﬁnal term (FNet) represents an unidentiﬁed DOC ﬂux. FPro means production ﬂux by phytoplankton, and
FRem means removal ﬂux by particle scavenging or bacterial degradation
in the bay during the residence time.
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Table 1
Temperature, salinity, and the concentrations of dissolved organic carbon (DOC) in bay water, offshore water, groundwater, and stream waters around Masan Bay in May and August 2006
and May 2007.
Station

May 2006

May 2006
May 2007

May 2007

Temp.
(°C)

Sal.

DOC
(μM)

Bay water
S1
S2
S3
S4
S5
S6
S7
S8
S9
S 10
Average
St. deviation

19.5
18.9
19.7
18.3
17.9
19.3
17.7
19.9
18.1
18.6
19.0
0.9

29.5
29.9
29.5
31.1
31.2
30.4
32.1
31.8
33.3
33.5
31.3
1.4

162
149
140
143
104
150
155
150
154
170
149
17

Offshore water
S12

19.2

31.5

123

Groundwater
G1
G3
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G14
G15
G16
G17
G18
G19
Average
St. deviation

17.5
17.1
14.6
14.7
16.7
16.2
17.3
14.0
17.1
16.9
–
15.3
–
–
15.7
–
16.3
24.6
20.7
–
17.0
2.6

28.3
22.2
24.0
30.0
23.0
18.1
26.0
19.3
18.4
30.9
26.3
27.0
20.2
23.8
21.8
14.5
23.0
25.8
10.0
20.0
22.6
5.1

98
112
133
132
152
166
144
162
161
107
120
120
134
154
134
167
155
112
177
133
139
23

Stream water
R1
R2
Average
St. deviation

17.1
17.2
17.2
0.1

0
0
0
0

210
357
284
73

Station

Aug. 2006

Temp.
(°C)

Sal.

DOC
(μM)

Bay water
S1
S2
S3
S4
S6
S7
S8
S9
S 10
S 11
Average
St. deviation

25.8
21.4
26.1
22.7
24.8
23.6
25.7
23.5
23.4
23.7
24.1
1.5

28
29.4
28.2
29.3
29.2
29.2
29.8
30.2
30.0
31.4
29.5
1.0

119
111
119
116
119
107
106
122
100
148
117
13

Offshore water
S12

29.0

29.8

90

Groundwater
G1
G2
G4
G5
G6
G7
G8
Average
St. deviation

23.5
22.8
17.0
23.4
25.4
23.2
20.5
22.3
2.7

23.7
25.6
25.7
21.4
24.0
22.6
7.9
21.6
6.2

108
98
95
131
101
114
143
113
18

Stream water
R1
R2
R3
Average
St. deviation

28.2
28.0
27.6
27.9
0.3

0
0
0
0
0

145
189
117
150
21

Fig. 2. Plots of DOC concentration versus salinity in (A) May and (B) August. The dotted line indicates a regression line based on DOC data of stream water, groundwater, and seawater
(open ocean water). The stream water DOC data in parenthesis in (A) is excluded for the regression line.
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Since DOC concentration of the stream water endmember was not
obtained in May 2006, we used an average DOC concentration of the
stream water samples obtained in May 2007. For the groundwater
DOC endmember concentration in “dry season”, we averaged all
groundwater DOC concentrations in May 2006 and 2007 as we have
only two groundwater samples in May 2006. QStm and QSGD estimated
from Ra mass balance model into Masan Bay were obtained from the
previous study conducted in Masan Bay (Lee et al., 2009). Since we
did not directly measure the diffusive DOC ﬂux from the bottom sediments and the sediment of Masan Bay consists mainly of silt and clay
(N 90%) (Woo et al., 2003), an average value (2.3 mmol m−2 d−1) of
DOC ﬂux from muddy sediments of various estuarine (Maher and
Eyre, 2010) was used for the diffusive rate (ψBen) from the bottom sediment. The area of Masan Bay is assumed to be 8.0 × 107 m2 and V is 7.5
× 108 m3 (Lee et al., 2009). CInn in the dry and wet were 149 ± 17 μM
and 117 ± 13 μM, respectively. Since DOC showed a signiﬁcant correlation with salinity as described above, we used the DOC concentration in
the obtained seawater samples in this study as the DOC seawater
endmember concentrations (COut, 123 μM for dry season and 90 μM
for wet season) regardless of only one open ocean water sample. The assumed residence time (τ) of the bay water in our mass balance model is
23.2 days which was reported in the previous study (Ryu et al., 1998)
for the average residence time for the whole bay.
4.3. SGD-derived and unidentiﬁed DOC ﬂuxes
Naturally occurred tracers (radium, radon, and silicate) to estimate
SGD in coastal zones have been used for the last few decades, but
there were large uncertainties associated with SGD estimation in the
previous studies (Peterson et al., 2008; Burnett et al., 2008; Tait et al.,
2013). For example, Burnett et al. (2008) reported that the uncertainty
of SGD estimated in the Flamengo Bay was about 50% using radon mass
balance model. Su et al. (2011) reported N100% uncertainties of SGD in
estuaries of eastern Hainan Island, China using the 226Ra mass balance
model. Similarly, there are large uncertainties in our DOC mass balance
model although the calculations used in the model is thought to be reasonable. For the uncertainty calculation, Maher and Eyre (2010) reported 100% uncertainty of DOC ﬂux from bottom sediment. The important
sources of uncertainties in the mass balance model were the SGD ﬂux
obtained from the previous study (Lee et al., 2009) and the water residence time. The roughly calculated SGD ﬂuxes into this bay based on
the terms reported in Lee et al. (2009) have ~ 60% uncertainty (5.7
× 106 ± 3.0 × 106 in the dry season and 4.8 × 106 ± 2.5 × 106 in the
wet season). These uncertainties are mainly related to the water residence time and the radium endmember concentrations of the
groundwater.
We assigned a 50% uncertainty of the residence time, reﬂecting the
reported residence times (approximately 40 day) based on the particle
transport model and water-salt budget in more recent studies (KIOST,
2002; Park et al., 2011) in this bay, although the residence time of
Masan bay was assumed to be 23.2 days in the previous studies (Ryu
et al., 1998; Lee et al., 2009). The DOC loss ﬂux by water mixing between
the bay and open ocean waters has approximately 60% uncertainty.
Table 2
The comparison of input and output ﬂuxes of DOC (×105 mol d−1) in Masan Bay in May
and August 2006 and May 2007.
Endmember (μM)

May
August

Source

Sink

SGD

Stream water

FSGD

FStm

FDif

FMix

FNet

139 (n = 20)a
113 (n = 7)

284 (n = 2)b
150 (n = 3)

6.7
6.4

1.6
1.6

1.8
1.8

8.3
8.6

1.8
1.2

FSGD, FStm, FDif, FMix, and FNet denote the ﬂux of DOC by SGD, by stream water, by the diffusion from bottom sediments, by mixing with the outer-bay seawater, and by the unidentiﬁed processes, respectively.
a
The value is the average of endmember obtained in May 2006 and 2007.
b
The value is the average of endmember obtained in May 2007.
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Table 3
DOC from Masan Bay via SGD in comparison with those from other areas.
Location

SGD
(m3 m−2 d−1)

Fluxes
References
(mmol m−2 d−1)

Masan Bay (May)
Masan Bay (Aug.)
Hwasun Bay, Jeju
Island
Hampyeong Bay
Gulf of Mexico
North Inlet, South
Carolina
West Neck Bay, New
York

0.06
0.07
0.12

8.4
7.9
5.4

This study
This study
Kim et al. (2013)

0.25
0.11
0.03

46
34
50

0.12

0.6

Kim et al. (2012)
Santos et al. (2008)
Goñi and Gardner
(2003)
Beck et al. (2007)

Based on the uncertainty propagation, this uncertainty of DOC loss
ﬂux by water mixing was calculated using a standard error of bay
water DOC concentration (149 ± 5 μM) and the assumed uncertainty
of the bay water residence time (23.2 ± 11.6 days). The calculated
SGD-derived DOC ﬂuxes have ~65% uncertainties. The calculated uncertainties of the unidentiﬁed DOC ﬂuxes based on the uncertainty propagation calculation ranged from 280 to 540%. To reduce uncertainties
associated with SGD and SGD-derived DOC ﬂux, a more intensive investigation needs to be conducted for determination of temporal and spatial SGD-derived DOC ﬂux and the DOC production and removal ﬂuxes
in the bay. Furthermore, considering seasonal and spatial variations in
226
Ra groundwater endmember concentrations in each season, the
maximum portions of SGD-derived DOC ﬂuxes account for 91 and 69%
and the minimum portions for 52 and 37% of total input ﬂux in the
dry and wet season, respectively. These results imply that changes in
the groundwater endmember concentration used in the mass balance
model have a signiﬁcant inﬂuence on the ﬁnal estimate of SGD.
At steady state, the SGD-derived ﬂuxes of DOC in the dry and wet
seasons were calculated by multiplying the average DOC concentrations
in groundwater (139 ± 23 μM in the dry and 113 ± 18 μM in the wet)
by the SGD rate in Masan Bay (0.06 m3 m− 2 d−1 in May and
0.07 m3 m−2 d− 1 in August) (Lee et al., 2009). SGD-driven ﬂuxes of
DOC to Masan Bay were estimated to be 8.4 mmol m−2 d−1 (6.7
× 105 mol d− 1) in the dry season and 7.9 mmol m− 2 d−1 (6.4
× 105 mol d−1) in the wet season (Table 2). These DOC ﬂuxes are 4–6
times smaller than those in the Gulf of Mexico (34 mmol m−2 d− 1),
USA (Santos et al., 2008), Hampyeong Bay (46 mmol m−2 d−1), Korea
(Kim et al., 2012), and North Inlet (50 mmol m− 2 d−1), USA (Goñi
and Gardner, 2003) (Table 3). However, these values are larger than
those in Hwasun Bay (5.4 mmol m−2 d− 1), Korea (Kim et al., 2013)
and West Neck Bay (0.6 mmol m−2 d−1), USA (Beck et al., 2007) despite
relatively lower SGD ﬂuxes (Table 3). The calculated FNet had negative
values in both May (1.8 × 105 ± 6.1 × 105 mol d−1) and August (1.2
× 105 ± 6.0 × 105 mol d− 1), indicating that removal rate by particle
scavenging or bacterial degradation in this bay is relatively higher
than in situ production rate by phytoplankton during the residence
time. FNet accounts for 18% of total DOC input ﬂux in bay water in the
dry season and 12% in the wet season (Table 2). Thus, although DOC
concentrations in the groundwater were relatively lower than those in
the stream water, the DOC ﬂuxes associated with the stream water, diffusion from the bottom sediment, and SGD account for approximately
15, 20, and 65% of total DOC input ﬂux in both seasons, indicating that
SGD-derived DOC is the most important source of DOC in this bay.
5. Conclusions
SGD-derived DOC ﬂuxes were estimated on the basis of DOC mass
balance in an estuarine system, Masan Bay, during contrasting hydrological and climatic conditions (dry and wet seasons). Except for the
bay water, DOC concentration showed signiﬁcant correlations with salinity, indicating that there is no DOC input or removal throughout the

48

Y.H. Oh et al. / Journal of Marine Systems 173 (2017) 43–48

ﬂow path. In contrast, the excess DOC concentrations in this bay water
seem to be due to effective production by phytoplankton during the
bay water residence time. The DOC ﬂuxes through SGD in this bay
were 6.7 × 105 mol d− 1 in the dry season and 6.4 × 105 mol d− 1 in
the wet season although there were large uncertainties. These DOC
ﬂuxes accounted for 65% of total DOC input ﬂux and were approximately 4 times higher than those from stream water and by diffusion from
bottom sediments, suggesting that SGD-derived DOC is the most important source of DOC in this bay and SGD may play an important role in
carbon budget and biogeochemistry in coastal areas.
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