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Abstract

Global carbon cycle has received extensive attention, among which the river-estuary system is one of the
important links connecting the carbon cycle between land and ocean. In this paper, the distribution and control
factors of particulate organic carbon (POC) were studied by using the data of organic carbon contents and its
carbon isotopic composition (§13C) in the mainstream and estuary of Passur River in the Sundarbans area,
combined with the hydrological and biological data measured by CTD. The results show that POC content ranged
from 0.263 mg/L to 9.292 mg/L, and the POC content in the river section (averaged 4.129 mg/L) was significantly
higher than that in the estuary area (averaged 0.858 mg/L). Two distinct stages of POC transport from land to sea
in the Sundarbans area were identified. The first stage occurred in the river section, where POC distribution was
mainly controlled by the dynamic process of runoff and the organic carbon was mainly terrestrial source. The
second stage occurred during estuarine mixing, where the POC distribution was mainly controlled by the mixing
process of seawater and freshwater. The source of POC was predominantly marine and exhibiting vertical
differences. The surface and middle layers were primarily influenced by marine sources, while the bottom layer
was jointly controlled by terrestrial and marine sources of organic carbon. These findings are of great significance

for understanding the carbon cycle in such a large mangrove ecosystem like the Sundarbans mangrove.
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1 Introduction

More than 90% of the global marine organic carbon is buried
in the continental margin, which plays an important role in the
global carbon cycle (Hedges and Keil, 1995; Bianchi et al., 2018;
Wang et al., 2018). Estuaries and coastal areas are the channels of
material transported from land to ocean (Hedges et al.,1997;
Gordon and Goiii, 2003; Lin et al., 2019). The amount of particu-
late matter transported to the ocean by rivers around the world is
up to 1.8 x 101° t per year, and the particulate organic carbon
(POC) carried by rivers accounts for about half of the TOC trans-
ported by rivers (Milliman and Syvitski, 1992; Ludwig et al., 1996).
Therefore, understanding the transport process of POC in the
river-estuary system is an important part of global carbon cycle
research, which is helpful to further explore the source and sink

processes of organic carbon in marginal seas.

Estuaries are an important place for organic carbon transport
and transformation, and most organic carbon is converted, de-
posited, and buried in estuaries (Alongi, 2014; Bouillon et al.,
2008; Dittmar et al., 2006; Duarte et al., 2005; Jennerjahn and It-
tekkot, 2002). Among them, the mangrove estuaries have played
an irreplaceable place due to their unique ecosystems. Man-
groves, along with salt marshes and seagrass, are known as “blue
carbon” ecosystems, referring to the high rate at which these
coastal ecosystems sequester and store carbon (Rahman et al.,
2021; Lovelock and Duarte, 2019; Macreadie et al., 2019). Al-
though mangroves cover only 0.1% of the world’s land area, they
sequester more carbon per unit area than any other natural eco-
system (Atwood et al., 2017; Lovelock and Duarte, 2019; Duarte
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et al., 2005; Jennerjahn and Ittekkot, 2002). It is of great signific-
ance to study the organic carbon cycle in mangrove estuaries.

The Sundarbans mangrove, which has the world’s largest
continuous mangrove (Giri et al., 2011), is located in the Ganges-
Brahmaputra River (with an annual sediment flux of approxim-
ately 1 x 10° t) Delta (Dietrich et al., 2020), leading this region to
be one of the world’s most important carbon transport corridors.
Studies have shown that land-sea organic carbon flows can oc-
cur either actively by mobile consumers (Bouillon and Connolly,
2009) or passively by tidal, coastal and/or river emissions
(Hyndes et al., 2014; Gillis et al., 2014). Therefore, in the Sundar-
bans area with a dense river network, the study of organic carbon
transport and conversion process in the river-estuary system is
particularly complex and important. Although a lot of progress
has been made in organic carbon research in Sundarbans, most
of the studies focus on organic carbon traceability, estimation of
carbon storage and carbon transport flux and so on (Rahman
et al,, 2021; Abdullah et al., 2016; Das et al., 2020; Donato et al.,
2011; Rahman et al., 2015; Khan and Amin, 2019). In Sundarbans,
the variation of suspended particulate matter content is con-
trolled by hydrodynamic conditions (Zou et al., 2022), which in
turn significantly affects the distribution of POC. The composi-
tion of POC is regulated by the seasonal litter fall, river discharge
and phytoplankton production (Ray and Shahraki, 2016). Low or-
ganic carbon contents and elemental ratios (TN/TOC) indicate
intense mineralization and transformation of organic matter
(OM) in the sediment (Ray et al., 2015). It is estimated that
Sundarbans mangroves transport 0.58 Tg C as POC per annum
into the ocean (Ray et al., 2018). The lack of studies on estuarine
processes, especially the confluence of river and ocean systems
(organic carbon content, occurrence state, control factors, and
their transformation processes, etc), is not conducive to a com-
prehensive understanding of the carbon cycle processes in the
region, and then restrict the government’s environmental man-
agement and ecological evaluation of the region.

In this study, the POC content and distribution in the water
column from the mainstream to the estuary of Passur River in the
Sundarbans area were analyzed by combining the data of water
salinity, turbidity, and Chlorophyll-a (hereafter Chl a). The influ-
ence mechanism of the content and distribution of POC and the
source of POC are further explored. In addition, the dynamic
conversion of POC in the river-estuary system is qualitatively de-
scribed and compared with other estuary systems in the world.

2 Material and methods

2.1 Study area and sample collection

Sundarbans mangrove formed on the Ganges-Brahmaputra
Delta. It is a tide-dominated mangrove surrounding hundreds of
islands spread through India and Bangladesh (Ranjan et al.,
2018). Sundarbans’ mangrove forest covers an area of about
10 200 km?, with numerous small rivers, waterways and streams
(Ray et al., 2011; Ray and Shahraki, 2016). The hydrology of
Sundarbans is controlled by the freshwater flows of the Ganges,
Brahmaputra and Meghna River, with large seasonal variations
(Rahman et al., 2021). The tidal current is a regular semi-diurnal
tide, with high tides ranging from 1.5 m (neap tides) to 5 m
(spring tides) (Rahman et al., 2021; Mukhopadhyay et al., 2006;
Chatterjee et al., 2013).

The study area is situated at the low steam and mouth of the
Passur River in the Sundarbans, Bangladesh (Fig. 1). In January
2018, two Sections (AB and CD) with total 40 stations and a 13-
hours mooring station (Station M) were set up in the mainstream

and estuary of Passur River. A Conductivity-Temperature-Depth
system (CTD, SD204, SAIV AS, Norway) was performed at each
station to record temperature, Chl g, salinity and turbidity. Three
water samples were taken from the surface to the bottom of each
station. The Section AB begins at the upper reaches of the river
and follows the channel to the sea. The Section CD is placed in
the area of the estuary and spans the estuary from east to west.
The mooring Station M is located in Section CD, and the hori-
zontal coordinate is 0 at 14:00 on January 26, 2018. The three-di-
mensional spatial positions of the above two sections are shown
in Figure 2.

2.2 Laboratory analysis

First, the water sample was filtered through a all-glass-fiber
Whatman GF/F membrane and dried at 40°C. Second, the glass
membrane was decalcified with 1.2 mol/L HCI. The acidified
membrane was washed six times with deionized water and dried
at 60°C. Finally, the treated membrane were grounded into a
powder and packed into a tin cup for testing. POC and §'3C test
equipment is the Element Analyzer-Stable Isotope Mass Spectro-
meter (Vario ISOPOTE Cubelsoprime, Elementar). All the experi-
ments were completed in the Third Institute of Oceanology, Min-
istry of Natural Resources, China.

3 Result
3.1 Distribution of salinity, Chl a and turbidity

3.1.1 Salinity and turbidity

According to previous study results, salinity and turbidity
have different characteristics in the river section, estuary section
and mooring station, respectively (Fig. 2) (Zou et al., 2022). In the
river part, the salinity is low (mostly less than 5). There is almost
no change in the vertical direction and increases gradually in the
seaward direction and increases significantly in the estuary
(Fig. 2b-1). The turbidity fluctuates greatly in the vertical direc-
tion and increases with the increase of the depth and decreased
significantly in the estuary (Fig. 2b-3). In the estuary part, the sa-
linity is characterized by obvious stratification, low salinity in the
upper and middle layers and high salinity in the bottom layer
(Fig. 2). The high turbidity area is blocked in this section and the
high and low turbidity area is distributed alternately (Fig. 2). In
the mooring station, the salinity is relatively lower and the vertical
mixing is stronger at low tide. At high tide, the salinity reaches the
maximum value and stratification occurs (Fig. 2). On the contrary,
the turbidity increases during low tide, then decrease after reach-
ing the maximum and reaching the minimum at high tide (Fig. 2).

3.1.2 Chla

The Chl a content ranged from 0.32 pg/L to 3.97 pg/L (aver-
aged 1.37 pg/L), with an increased trend from the upper part of
the river to the sea and reaching the maximum value in the estu-
ary. In the river part, most of the Chl a is lower than 1 mg/L
without vertical variation (Fig. 2b-2). In the estuary, the Chl a in-
creased up to 2.5 mg/L, and the content in the bottom layer was
higher than that in the middle and upper layers (Fig. 2c-2). At the
mooring station, the Chl a performed a significant tidal variation
with minimum value occurring at low tide and maximum value
at high tide and a vertical trend of decreasing from the surface to
bottom layers (Fig. 2d-2).

3.2 Distribution and variation of POC and §13C
The content of POC ranged from 0.263 mg/L to 9.292 mg/L
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Fig. 1. Study area and station distribution map (modified from Zou et al., 2022). a. A large map indicating the location. b. A smaller
map shows the Sundarbans range and the location of the Passur River. c. Specific sample distribution map. AB is river section and CD
is estuary section. The red dot represents the sampling location of the section, and the yellow triangle represents the location of the

mooring station.

(averaged 3.040 mg/L). Generally, the content of POC in the river
section (averaged 4.129 mg/L) is higher than that in the estuary
area (averaged 0.858 mg/L). The range of 3!3C values is relatively
small (from —27.566%o to —24.608%o with an average of —26.443%o)
and the 3'3C values lack regular distribution characteristics. The
correlation analysis method was used to analyze the organic car-

bon and its isotope with temperature, salinity, turbidity and Chl a.
The correlation coefficient results showed that the POC at Sec-
tion AB, Section CD and continuous Station M had a strong posit-
ive correlation with the turbidity of water (Table 1), while the cor-
relation between POC and other parameters was different in dif-
ferent regions. Specifically, POC in Section AB has a good negat-
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Fig. 2. Distribution of salinity (b-1, c-1, and d-1), chlorophyll a (b-2, c-2, and d-2) and turbidity (b-3, c-3, and d-3) in the Section AB
(left panel), Section CD (middle panel) and mooring Station M (right panel). Figure a is a schematic diagram of the position of Sec-
tions AB and CD, and the mooring Station M (modified from Zou et al., 2022).

Table 1. Correlation coefficients of organic carbon and its iso-
tope with environmental parameters

Salinity Temperature Turbidity Chla

SectionAB  §i3c  -0.156 -0.082 0.212 -0.139
POC -0.623* -0.620** 0.791**  -0.503**

SectionCD  §i3¢  -0.217 -0.191 0.445*  -0.236
POC -0.314 -0.301 0.878*  -0.321

StationM  gB3¢c  -0.178 0.147 0.115 -0.278
POC  0.127 -0.063 0.860** 0.252

Note: **, a significant association at the 0.01 level. *, a significant
association at the 0.05 level.

ive correlation with salinity, temperature and Chl g, while there is
no significant correlation between Section CD and continuous
stations. This may be because the values of POC, temperature,
salinity and Chl a in Section AB are significantly different in the
river and estuary areas. So there is a false correlation in Section
AB. The correlation between §'3C and each parameter is not sig-
nificant, because the variation of this value is small and it is af-
fected by different material sources.

In order to more intuitively show the distribution of POC and
its relationship with turbidity, the value points of POC were pro-
jected into the turbidity base map (Fig. 3). The results show that
the POC content has a good correlation with water turbidity both
in the river section and estuary area (Figs 3a-2, 3b-2, 3c-2).
There is no significant relationship between §'3C and water tur-
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bidity in the river section and estuary area. However, the distri-
bution of §'3C has certain tidal fluctuation characteristics in the
mooring station and there is some certain inverse correlation
between its distribution and turbidity distribution in the moor-
ing station Figs 3a-1, 3b-1, 3c-1).

4 Discussion

4.1 Transport process of POC in river-estuary system

The source of POC in the river-estuary system can be divided
into exogenous and autogenous sources (Abril et al., 2002; Mey-
beck, 1982). Exogenous POC mainly came from soil erosion, ter-
restrial plants and human activities, while autogenous POC is
mainly produced by plankton in aquatic ecosystems (Lu et al.,
2022). There are two distinct stages of POC in the process of river
transport to the sea, namely the river transport process and the
estuarine mixing process. In the riverine stage, the vertical mix-
ing is intense due to shallow depth and strong hydrodynamic,
resulting in high turbidity and POC. However, high turbidity lim-
its the growth of phytoplankton due to lower transmittance of
light, resulting in lower Chl a content (Chen et al., 2017). Thus,
these riverine POC may be not autogenous sources but mainly
come from an exogenous source. In the estuary, the variation of
water depth and the location of the mixing interface are the keys
to controlling the concentration of suspended particulate matter
(Zou et al., 2022). At this time, subsidence occurs in estuary areas
due to sediment carried by rivers. The light transmittance in-
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Fig. 3. Distribution of 3!3C (a-1, b-1, and c-1), POC (a-2, b-2, and c-2) in the Section AB (left panel), Section CD (middle panel) and

mooring Station M (right panel).
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creases, leading to a significant increase in Chl a content, and the
contribution of autogenous POC gradually increases. In particu-
lar, an increase of 3'3C can be seen at the high tide level, which is
closely related to the contribution of plankton.

Although the POC content in the Passur River and its estuary
were significantly correlated with the turbidity, the variation of
the turbidity in the river and estuary process was dominated by
different factors (Chai et al., 2017; Zhao et al., 2013; Li et al.,
2019). To further analyze the difference between the Passur River
and its estuary, salinity 15 was used as the boundary between the
river and the estuary. The distribution of POC content in the Pas-
sur River and its estuary both showed a significant positive cor-
relation with suspended particulate concentration (SSC, which
was obtained by filtration membrane weighing) (Fig. 4a). The
content of POC in the river section is higher than that in the estu-
ary, which has a significant tidal cycle, and has a negative correl-
ation with salinity and a positive correlation with turbidity
(Fig. 5a). The results show that the distribution of POC in the
river area is mainly controlled by hydrodynamics, while the
distribution of POC in the estuary area is affected by transgres-
sion. Py refers to the mass proportion of POC to the suspended
particulate matter, which can be used to characterize the fluctu-
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ation of the source of POC. The stable value of P indicates
a single source, while the large value fluctuation indicates differ-
ent sources (Zhai et al., 2005; Hong, 2005). The P, of the river
part is relatively stable (ranging from 0.278 to 4.574 with an aver-
age of 1.723) with variable SSC (Fig. 4b), indicating a stable ex-
ternal input of riverine POC. However, the P, of the estuary
(ranged from 0.225 to 10.989 with an average of 3.025) varied sig-
nificantly with low SSC (<0.04 g/L), but remained stable when
SSC > 0.04 g/L (Fig. 4b), indicating a complex source of POC. In
addition, the P, has the characteristics of the tidal cycle fluctu-
ation, which is positively correlated with salinity and negatively
correlated with turbidity (Fig. 5b), also indicating a variation
source during tidal cycles. The content of Chl a in the estuary is
low, but with the increase of salinity, the content of Chl a in the
estuary increases significantly (Fig. 4c), which indicates an in-
creased contribution of authigenic POC. Therefore, the distribu-
tion of POC in the river part is mainly controlled by runoff dy-
namics. The source of POC is single and mainly exogenous. The
distribution of POC in the estuary part is controlled by the estuar-
ine mixing process and the source of POC varies significantly.

To further analyze the fluctuation characteristics of organic
carbon sources in the context of river-ocean interactions,
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POC/Chl a concentration ratio and algal-Pp were calculated
using the existing data to analyze the changes of POC sources.
POC/Chl a concentration ratio (characterization of exogenous
POC contribution) and algal-Py, (characterize the autogenetic
POC contribution, algal-Py = Chl a concentration x 60/SSC) are
an indicator of the source of POC (Herman and Heip,1999; Abril
etal., 2002). POC/Chl a concentration ratio increased with the in-
crease of SSC (Fig. 4d), indicating that the contribution of exo-
genous POC increases with SSC in the Passur River and its estu-
ary. Algal-P, has a good negative exponential relationship with
SSC (Fig. 4f). The results of algal-Pp indicate that the contribu-
tion of autogenetic POC to the river section with high SSC is small
(Fig. 4e). The contribution of autogenetic POC increased signific-
antly in the estuary section with low SSC (Fig. 4e). This is consist-
ent with the result shown by Py, .. In the Passur River and its es-
tuary, the POC/Chl a concentration ratio (contribution of exo-
genous POC) decreased significantly from river to estuary, with a
vertical increase from surface to bottom (Fig. 6a), which also
showed an obvious fluctuation during tidal variation and is con-

river estuary

sistent with turbidity. The algal-Pp (contribution of autogenet-
ic POC) increased significantly from river to estuary, with a ver-
tical decrease from surface to bottom (Fig. 6b). The algal-P,is a
significant positive correlation with salinity (Fig. 5b), and a cer-
tain positive correlation with the change of Py (Fig. 4f). The
above results indicate that the POC source in the river section is
mainly non-living organic carbon, and the living organic carbon
is very few. The estuary section is a dynamic mixing process,
which is controlled by the relative strength of the river and the
current, and has significant tidal cycle characteristics. In conclu-
sion, the source of POC is stable in the river transport stage,
which mainly comes from exogenous inputs and is closely re-
lated to sediment re-suspension caused by hydrodynamics. In
the mixing stage of estuary, the contribution of autogenous or-
ganic carbon increased significantly and was controlled by the
degree of river-ocean mixing.

In terms of changes within the tidal cycle, the changes of dif-
ferent levels in the mooring station indicate that POC/Chl a con-
centration ratio and algal-P} have opposite fluctuation charac-
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teristics (Fig. 6). The high value of algal-P, (autogenetic POC)
appeared during tidal slack with weaker hydrodynamic due to
high Chl a concentration induced by lower turbidity (Figs 6a and
b). In contrast, the high value of POC/Chl a concentration ratio
(exogenous POC) appeared during the flood and ebb tides with
strong hydrodynamic and higher turbidity (Figs 6a and b), and
the organic carbon mainly comes from the bed sediment re-sus-
pension (Ray and Shahraki, 2016). In this process, Py is mainly
controlled by the relative contribution of the two organic carbon
sources. The Py in the surface and middle layers both showed
an obvious tidal cycle fluctuation characteristic and the chan-
ging trend is consistent with the algal-Pp, whereas the bottom
layer was more stable and had no obvious fluctuations (Fig. 7). It
is worth noting that the estuary of the Passur River has residual
seawater at the bottom due to the special seabed topography
(trench) (Fig. 2¢), resulting in significant water stratification in
the estuary area. This results in limited conversion of the under-
lying organic carbon sources during the tidal cycle. Therefore, in
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Fig. 7. Changes in salinity (a), Ppq¢ (b), Algal-Ppq (c), and
POC/Chl a concentration ratio (d), during the tidal cycle.

the estuary section, the POC in the surface and middle layers
mainly come from autogenetic POC, while the bottom layer is
controlled by both living and non-living organic carbons, with a
stable source of organic carbon

4.2 Implications of land-sea interaction on the conversion of POC

The study of POC in the Sundarbans area not only provides a
more comprehensive understanding of the transport process of
POC in the area but also helps to understand the influence of
river-ocean interaction on the distribution of POC and its conver-
sion process. In Sundbans, the distribution and conversion of
POC from river to ocean are controlled by the relative intensity of
river and ocean and there are two different processes. One is the
process of river transport when the riverine hydrodynamic dom-
inates and the influence of tidal current is relatively weak (Zou
et al., 2022). At this stage, the content of POC is high, and its dis-
tribution is mainly controlled by sediment resuspension caused
by runoff dynamics (Fig. 3a). Therefore, the organic carbon
source is mainly exogenous POC and is highly correlated with
turbidity in river section (Fig. 8). The other is the estuarine mix-
ing process, in which the tidal current is strong. The runoff is rel-
atively weak and the ocean is dominant (Zou et al., 2022). At this
stage, the distribution of POC is mainly controlled by the mixing
process of seawater and freshwater. The contribution of autogen-
etic POC increased significantly and was highly correlated with
salinity, while the content of exogenous POC decreased signific-
antly (Figs 6 and 8). Terrestrial organic carbon and marine organ-
ic carbon fluctuated during the tidal cycle (Fig. 6). It has signific-
ant tidal cycle fluctuation characteristics. There are vertical dif-
ferences, the surface and middle layers are controlled by marine
sources, while the bottom layer is controlled by both terrestrial
and marine sources (Fig. 7). The organic carbon from the two
sources underwent a series of physical and chemical reactions at
the mixing interface of brackish water and finally settled mainly
in the estuarine turbidity maximum zone (ETM) of the river
mouth (Viers et al., 2009; Zeng et al., 2019; Yuan et al., 2012; Liu
et al., 2020). During the process of river-ocean mixing, the intens-
ity of runoff and tidal current are complementary to each other,
which dynamically controls the organic carbon conversion pro-
cess in Sundarbans area (Fig. 8). When the runoff is strong and
the tidal current is weak, the contribution of terrigenous organic
carbon is significant, whereas the contribution of marine organic
carbon is large.

Although the distribution of estuarine organic carbon in oth-
er regions is inconsistent with the results of this study, the core
mechanism remains consistent. For example, large river estuar-
ies such as the Huanghe River, the Changjiang River and the Mis-
sissippi River have higher runoff and sediment transport, but the
tidal current has minimal effect. Consequently, the source of or-
ganic carbon is mainly from terrestrial POC input (Zhang et al.,
2007; Lu et al., 2022; Trefry et al., 1994). Moreover, the sources of
organic carbon in the same estuary also differ greatly during estu-
ary mixing due to variable relative intensity of runoff and tidal
current in different seasons (Meybeck, 1982; Lu et al., 2022; Pang
etal., 2021; Zhang et al., 2019). Therefore, the relative intensities
of runoff and tidal current control the sources of organic carbon
in the estuarine area. This is the core of the difference of terrestri-
al and marine organic carbon distribution and source conver-
sion in different estuarine types around the world.

As the junction of material and energy transfer from the ter-
restrial to the marine ecosystem, estuaries are very important for
the study of the origin, transport and conversion of organic car-
bon (Harrison et al., 2005; Zhang et al., 2007). According to stat-
istics, the total amount of organic carbon transported from the
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world’s major rivers to the offshore through estuaries is about
0.4 Gt/a, of which the POC is about 0.15 Gt/a (Hedges et al.,
1997). POC experiences deposition and re-suspension, adsorp-
tion and resolution, biological absorption and release processes
in the estuarine area, relatively. In these processes, POC is fre-
quently transferred and converted in different phases, and finally
mainly settled in the ETM. Thus, a large amount of terrestrial or-
ganic carbon was buried in the estuaries due to the high carbon
sink effect and deposition rate (Bianchi et al., 2018; Wang et al.,
2018). However, some studies show that the total burial of organ-
ic carbon in estuaries is much lower than the flux of river trans-
port, indicating that a certain number of organic carbon may un-
dergo obvious mineralization and biodegradation in estuaries. In
addition, the results of this study show that the river-ocean mix-
ing process in estuarine area can lead to dynamic transformation
of organic carbon sources and significant vertical differences.
Therefore, the behavior of organic carbon under the influence of
ocean-river interaction is an extremely complex dynamic conver-
sion process, which has a great impact on the transport and sedi-
mentation of terrigenous organic carbon to the ocean. Con-
sequently, it is important to understand the dynamic transforma-
tion process of organic carbon in the estuary during the tidal
cycle for the study of transport, burial and cycle of organic car-
bon on the marginal seas.

5 Conclusions
Based on the POC data of the Passur River and its estuary in

the Sundarbans area and the salinity, turbidity and Chl a data
measured by CTD, the content and distribution of POC in sus-
pended particulate matter in this area are discussed. The study
analyzes the transport process and source of POC in the river-es-
tuarine system and highlights the importance of the river-estuary
system in understanding the terrestrial and marine organic car-
bon cycle. The results indicate that the content of POC is signific-
antly higher in the river section than in the estuary section. The
distribution of POC is mainly controlled by the dynamic process
of runoff in the river section and controlled by the mixing pro-
cess of saltwater and freshwater in the estuary section. In the
river section, the source of POC is mainly terrigenous input, and
the contribution of exogenous POC is much greater than that of
autogenetic POC. In the estuary section, the main source of POC
is the marine origin, and the contribution of autogenetic POC is
increased. In the vertical direction, sea-derived organic carbon is
dominant in the surface and middle layers, while terrestrial and
sea-derived organic carbon co-controls in the bottom layer. The
source of organic carbon in estuarine areas is controlled by the
relative intensity of rivers and oceans interaction. The study high-
lights the significance of understanding the dynamics of organic
carbon in the estuarine area during the tidal cycle for studying
the terrestrial and marine organic carbon cycle.

This study improves the understanding of organic carbon
transport and transformation process in the river-estuary system
in this region and is of great significance for the study of the estu-
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arine carbon cycle in the world. The study on the dynamic con-
version process of POC in the estuary during the tidal cycle is of
great significance for clarifying the fate of organic carbon in the
estuary. Future research should be focused on quantitatively
analyzing the relative contributions of organic carbon from dif-
ferent sources over a tidal cycle.
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