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  Abstract       Global carbon cycling is a signifi cant factor that controls climate change. The centennial-scale 
variations in total organic carbon (TOC) contents and its sources in marginal sea sediments may refl ect 
the infl uence of human activities on global climate change. In this study, two fi ne-grained sediment cores 
from the Yellow Sea Cold Water Mass of the South Yellow Sea were used to systematically determine TOC 
contents and stable carbon isotope ratios. These results were combined with previous data of black carbon 
and  210 Pb dating from which we reconstructed the centennial-scale initial sequences of TOC, terrigenous 
TOC (TOC ter ) and marine autogenous TOC (TOC mar ) after selecting suitable models to correct the measured 
TOC (TOC cor ). These sequences showed that the TOC ter  decreased with time in the both cores while the 
TOC mar    increased, particularly the rapid growth in core H43 since the late 1960s. According to the correlation 
between the Huanghe (Yellow) River discharge and the TOC cor , TOC ter , or TOC mar , we found that the TOC ter  
in the two cores mainly derived from the Huanghe River and was transported by it, and that higher Huanghe 
River discharge could strengthen the decomposition of TOC mar . The newly obtained initial TOC sequences 
provide important insights into the interaction between human activities and natural processes. 

  Keyword : organic carbon; Middelburg’s model; Yellow Sea 

 1 INTRODUCTION 

 Global carbon cycling is one of the key issues for 
climate change. It refers to the circulation of carbon, 
organic and inorganic, within and between the 
atmosphere, hydrosphere, biosphere, and lithosphere. 
Since the Industrial Revolution, anthropogenic 
activities have signifi cantly altered global carbon 
cycling. Since the 1750s, approximately one-third of 
CO 2  emitted by human activities may have been 
absorbed and fi xed by the oceans (Caldeira and Duff y, 
2000). The ocean is a huge carbon pool and its 
sediments, especially those in marginal basins, are 
important domains in the biogeochemical cycling of 
carbon (Mantoura et al., 1991). More than 80% of 
global organic carbon burial occurs in coastal 
sediment zones (Hedges and Keil, 1995). The main 
source of total organic carbon (TOC) in coastal seas is 
complicated, with a mixture of terrestrial and marine 

autochthonous organic matters (Gao et al., 2012). The 
overwhelming majority of terrestrial TOC is delivered 
to the coastal seas via runoff . The TOC in recent 
coastal sediments is a signifi cant parameter to 
understand for carbon biogeochemical cycling and 
the infl uence of anthropogenic activities on the carbon 
cycle. Thus, to better understand the controlling 
mechanisms of the carbon cycle and land-sea 
interactions in these transitional areas, it is of great 
signifi cance to further explore sedimentary TOC in 
marginal seas. 

 The Yellow Sea (YS) is a semi-enclosed marginal 
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sea located off shore northern China, and covers an 
area of 3.80×10 5  km 2  with a shallow water central 
basin <80 m deep. The YS is contiguous to the 
northern part of mainland China, which has had a 
large population and used to be one of the most 
important industrial centers in China. Over the past 
100 years or more, northern China underwent various 
important natural and anthropogenic events, 
particularly the shifting of the Huanghe (Yellow) 
River estuary after 1855 AD and the rapid economic 
development since the 1970s, which aff ected TOC 
variations in YS sediments (Gao et al., 2012; Li et al., 
2013; Wang et al., 2013). 

 In the last two decades, sedimentary TOC in the 
YS and its response to anthropogenic activities have 
been widely studied. Gao and Tao (2003) revealed 
that the properties and quantities of sedimentary TOC 
in the estuaries of large rivers had been considerably 
changed by human activities. Liu et al. (2013) reported 
that increasing TOC inputs in Chinese marginal seas, 
especially the YS, was partially caused by urbanization 
and dramatic energy consumption. Cai et al. (2014) 
reconstructed marine primary productivity, which 
was mainly controlled by terrestrial nutrients, based 
on TOC contents in sediment cores. Yang et al. (2015) 

suggested that the TOC contents in the central YS 
signifi cantly increased after the 1950s, which could 
have been the result of rapid industrial and agricultural 
development. Liu et al. (2015a) discovered that large 
scale aquaculture production also increased the 
amount of sedimentary TOC in marine sediments. 

 Recently, the YS shelf areas that contain fi ne-
grained sediments, such as the Central Yellow Sea 
Mud (CYSM), have attracted the most attention from 
oceanographers due to its particular sediment sources 
and depositional processes (Wang et al., 2014). 
Previous studies have suggested that these fi ne-
grained sediment districts are important sinks for 
organic carbon and play a signifi cant role in the 
transport and burial of TOC (Wang et al., 2007). 
Many studies on TOC in marine sediments have been 
carried out (Park and Khim, 1992; Xu, 2005); 
however, to date, this information is not available on 
a centennial resolution in the fi ne-grained sediments 
from the South Yellow Sea (SYS). In addition, the 
existing TOC sequences from the YS were established 
only on the basis of uncorrected TOC values that did 
not remove early diagenetic infl uences. Moreover, 
previous studies never distinguished between inert 
(i.e., black carbon (BC)) and labile carbon components 
in sedimentary TOC. In this study, the TOC contents of 
two sediment cores from the SYS were systematically 
analyzed to obtain their TOC sequences. Combined 
with the previous results of BC contents (Xu et al., 
2018a) and a suitable model for correcting the TOC, 
we reconstructed centennial-scale TOC sequences in 
the Yellow Sea Cold Water Mass (YSCWM), which 
reveals the interaction between anthropogenic 
activities, particularly the rapid economic 
development since the 1960s, and natural processes. 

 2 MATERIAL AND METHOD 

 2.1 Background  

 The SYS, separated by the Shangdong Peninsula 
from the YS, is a shallow shelf sea bordered by the 
eastern coast of China and the Korean peninsula and 
has a mean water depth of 44 m (Xing et al., 2011). 
The study area in the SYS is characterized by complex 
hydrodynamic conditions. Apart from the tidal eff ects, 
the general SYS circulation pattern is characterized 
by the northwestward Yellow Sea Warm Current 
(YSWC) that fl ows along the Yellow Sea Trough, and 
the southward fl owing Yellow Sea Coastal Current 
(YSCC) and Korean Coastal Current (KCC) in winter 
(Fig.1). A counterclockwise eddy is formed by the 
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 Fig.1 Schematic map showing the location and topography 
of cores H43 and H44 in the South Yellow Sea 
 The shaded areas show the distribution of mud patches at the ocean 
bottom with darker colors indicating fi ner-grained sediments in 
the East China Sea Shelf (Yuan et al., 2008). Yellow Sea Coastal 
Current=YSCC, Yellow Sea Warm Current=YSWC, Korea Coastal 
Current=KCC, Kuroshio Current=KC. 
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northward fl ow of the YSWC and southward fl ow of 
the YSCC. The YSWC, a branch of the Kuroshio 
Current (KC), is the only current carrying anomalously 
warm and salty water into the YS in winter, and is 
often identifi ed by double warm tongues penetrating 
the central basin (Wang and Liu, 2009; Wang et al., 
2012). In summer, the occurrence of the Yellow Sea 
Cold Water Mass (YSCWM) is one prominent 
physical phenomenon (Zhang et al., 2008), and as a 
result of its presence, the YSWC almost disappears. 
The YSCWM occurs in the central SYS at depths 
>50 m, under the thermocline, and contains low 
dissolved oxygen and high nutrient concentration in 
summer (Zhang et al., 2008; Xin et al., 2015) that 
subsequently decays in autumn. 

 The eddy generated by the YSWC and the YSCC 
formed oval fi ne-grained sediment areas in the central 
YS, which have attracted considerable attention 
regarding sediment provenance and depositional 
processes (Zhao et al., 1990; Park and Khim, 1992). 
The fi ne-grained sediments are mainly derived from 
marine autogenesis, riverine input and coastal erosion, 
which were determined by clay mineral assemblage 
analysis and geochemical data, including elemental 
composition, grain size, and stable carbon and 
nitrogen isotopes (Zhao et al., 1990; Hu et al., 2012). 
Among several fi ne-grained sediment regions in the 
SYS, the sediment source of our study area has been 
suggested to come mostly from the Huanghe River 
(HR) (Park and Khim, 1992; Yang and Liu, 2007). 
Yang and Liu (2007) reported that the fl uvial input 
could diff use ~700 km away from the mouth of the 
modern HR and reach 80 m water depth. Since the 
channel diversion in 1855 AD, the HR estuary has 
shifted from the YS to the Bohai Sea. Even after the 
migration of the HR estuary to the Bohai Sea, it still 
has a signifi cant impact on the sedimentation of the 
YS because of its enormous sediment discharge. 
Previous studies suggested that the annual sediment 
discharge of the HR is ~8.8×10 8  tons and 4.5×10 6  tons 
of particulate organic carbon (POC) into its estuary, 
where a fraction of the POC is further transported by 
southward fl owing coastal currents and deposited in 
the YS (Cauwet and Mackenzie, 1993; Yang et al., 
2003). 

 According to historical documents, the HR 
discharge and sediment load greatly varied over the 
past 100 years. The observed discharge exhibited a 
slightly increasing trend from 1919  1950 (Sun, 
2001), a stepwise decrease during 1950  2000 (Wang 
et al., 2007; Cui et al., 2014; Wang et al., 2014), and a 

dramatic fl uctuation due to a water-sediment 
regulation since 2002. 

 The location of sediment cores H43 (35  29′N, 
122  58′E) and H44 (35  30′N, 122  39′E) are shown in 
Fig.1; both are on a very gentle slope inclining NNE. 
The distance between them is about 36 km and the 
water depths are 68.0 m (H43) and 68.6 m (H44). The 
two cores were collected with a box corer on May 8, 
2012 and are 50 cm long with a 10-cm internal 
diameter. After recovery, they were immediately 
sealed in clean PVC pipes and frozen onboard. Until 
analysis, they were kept at -20  C. 

 Previous grain size analysis of both sediment cores 
was performed on a Mastersizer 2000 laser particle 
analyzer (Malvern, Worcestershire, UK), and the data 
show that their compositions are dominated by silt 
(51.54%–85.04%) and mud (8.42%–44.79%), and 
exhibit nearly continuous sedimentation (Xu et al., 
2018a). Sediment core H44 was dated by  210 Pb 
analysis, and the results indicate an average 
sedimentation rate of approximately (3.1  0.2) mm/a 
over a period of 120 years (Xu et al., 2018a). 

 2.2 Analysis of total organic carbon 

 Based on the calculated average sedimentation rate 
of (3.1  0.2) mm/a, subsamples were sectioned from 
cores H43 and H44 at an interval of 3 mm. The 
subsamples were freeze dried, homogenized and 
pulverized. Approximately 100 mg of the subsamples 
were weighed and put into a disposable semi-
permeable ceramic crucible, and were then 
successively treated with 3 N HCl overnight and 
deionized water. This process was repeated six times 
to remove carbonates, remaining inorganic carbon 
and residual HCl. After that, the crucibles were freeze 
dried. The TOC of carbonate-free subsamples were 
measured using a CS230 C/S analyzer (LECO, 
Michigan, USA) at the Guangzhou Institute of 
Geochemistry, Chinese Academy of Sciences. The 
detection limit in the study was (2.3  0.3)   g TOC per 
100 mg sample (Xu et al., 2018b). 

 2.3 Correction of TOC in sediment cores 

 The early diagenesis of TOC occurs as a result of 
decomposition and microbial oxidation (including 
biochemical, geochemical and microbial processes) 
of the organic matters (Lehmann et al., 2002; Alongi 
et al., 2012). It is especially evident in subsurface 
sediments and gradually weakens with depth and time 
(Turnewitsch et al., 2007). When TOC is used as an 
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organic geochemical proxy to reconstruct a centennial-
scale sequence, it is particularly important to consider 
the role of diagenesis in altering the geochemical 
record of environmental change because of its greater 
degradation rates over this period. Thus, a modifi ed 
Middelburg’s time-dependent model, integrating the 
2G and power models (Middelburg, 1989), was 
applied to correct the TOC in our study. 

 In the modifi ed Middelburg’s time-dependent 
model, TOC was divided into labile organic carbon 
(OC) and inert BC (2G model), and only the labile 
OC was put into the power model. In the power 
model, the fi rst-order kinetic equation for the decom-
position of labile OC and its rate parameter are expressed: 

 d C  t /d t =- C  t  k ( t ),                     (1) 
  k  = 0.16×( a + t ) -  0.95 ,                (2) 

 where  C  t  is the concentration of labile OC at time  t ;  k  
is a rate parameter and represents the reactivity of 
labile OC, which gradually decreases with time  t ;  a  
represents the apparent initial age and is introduced to 
distinguish the reactivity of labile OC at the sediment 
surface under diff erent circumstances (Middelburg, 
1989; Boudreau and Ruddick, 1991). 

 After integration and simplifi cation, the fi rst-order 
kinetic equation for the decomposition of labile OC is: 

  C  t  =  C  0 exp{3.2[ a  0.05 –( a + t ) 0.05  ]},                  (3) 
 where  C  0  is the initial concentration of labile OC at 
the sediment-water interface. The parameter  a  
represents the reactivity of labile OC at the sediment 
surface and the extent of labile OC alteration during 
transportation from the overlying water column to 
sediment. Thus, with higher  a  values, larger 
proportions of labile OC would have been decomposed 
during sedimentation (Middelburg, 1989; Boudreau 
and Ruddick, 1991; Arndt et al., 2013). 

 The initial labile OC content (sediment surface) 
and the average labile OC content of the upper 
sediments in the TOC sequences were used to obtain 
the average  a  value for each sediment core. Assuming 
steady organic carbon export from the water column 
to sediments,  a  can be determined by substituting 
these two labile OC values and their corresponding  t  
into Eq.3. Finally, the  C  0  value of each subsample was 
obtained after substituting the known  a  value of each 
core into Eq.3. 

 2.4 Measurement of stable carbon isotope ratios 

 The carbonate-free subsamples were also used to 
analyze TOC stable carbon isotope ratios (   13 C) by 
using an elemental analyzer coupled to an isotope 

ratio mass spectrometer (EA-IRMS) at the Laboratory 
of Bioorganic Geochemistry, School of Marine 
Sciences, Sun Yat-Sen University using the method 
described in Xu et al. (2018a). The standard deviation 
of the analysis and the deviation between the measured 
data and predetermined data were   0.2‰. The    13 C 
values were expressed as: 

    13 C(‰)=[( R  sam − R  sta )/ R  sta ]×1000,                          (4) 
 where  R  sam  and  R  sta    are the  13 C/ 12 C ratios of the sample 
and Vienna PeeDee Belemnite (V-PDB) standard 
(Coplen et al., 2006), respectively. 

 2.5 Correction of stable carbon isotope ratios 

 There has been a historic depletion of the heavy 
carbon isotope in the atmosphere due to the mixture 
of CO 2  derived by fossil fuel consumption that 
contains a low level of  13 C and no  14 C; this is called 
the Suess eff ect (Keeling, 1979). It is necessary to 
correct for the Suess eff ect in the application of    13 C 
values as a geochemical proxy (Verburg, 2007). We 
used Schelske and Hodell’s polynomial equation 
(Schelske and Hodell, 1995) to correct the    13 C data: 
    13 C=-4577.8+7.3430 y −3.9213×10 -  3  y  2 +

6.9812×10 -  7  y  3 ,  (5) 
 where  y  is time in chronological years. The calculated 
depletion in the    13 C value since 1840 AD was 
subtracted from the measured    13 C value for each 
sample. 

 2.6 River discharge data 

 The annual runoff  discharge data of the HR were 
acquired from ‘ Hydrological   Data   of   the   Yellow   River  
 Basin ’ and ‘ Yellow   River   Water   Resources   Bulletin ’, 
compiled by the Yellow River Conservancy 
Commission (http://www.yellowriver.gov.cn/other/
hhgb/). The HR annual runoff  was measured at the 
Lijin hydrometric station, the nearest station to its 
estuary. 

 3 RESULT 

 3.1 TOC variations 

 The measured TOC (TOC mea ) ranges from 0.77% 
to 1.18% with a mean of 0.88%  0.09% in core H43, 
while in core H44 it ranges from 0.77% to 1.41% with 
mean of 0.92%  0.08% (Tables S1, S2; Fig.2a, c). The 
corrected TOC (TOC cor ), containing inert BC (Xu et 
al., 2018a) and the corrected labile OC, are presented 
in Tables S1 and S2 as well as Fig.2b and d. In the 
TOC correction, the modifi ed, age-dependent 
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Middelburg model yields  a    values of 31.06 yrs and 
31.47 yrs for cores H43 and H44, respectively. The 
TOC cor    fl uctuates between 0.90% and 1.21% 
(mean=1.05%  0.07%) in core H43 and from 0.85% 
to 1.41% (mean=1.11%  0.13%) in core H44 (Tables 
S1, S2). As shown in Fig.2, there is a gradually 

decreasing trend in the TOC cor  of H43 from 1891  to 
 1966 and a slightly increasing trend from 1966  to
 2010, whereas in H44 the TOC cor  exhibits an overall 
decreasing trend. Moreover, a minima in core H44 
occurs from 1960  to  1971, which is nearly coeval 
with that of a trough for core H43 (1955  1970).  
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 3.2 Stable carbon isotope composition 

 The δ 13 C values of TOC in H43 range from 
-23.82‰ to -22.41‰ (Table S3) with a mean of 
-22.95‰  0.22‰ (Fig.3a), while the δ 13 C values for 
H44 vary from -24.35‰ to -21.99‰ with a mean of 
-22.75‰  0.35‰ (Fig.3b). The vertical distribution 
of the corrected    13 C (   13 C cor ) values in H43 and H44 
take into account the Suess eff ect (Fig.3). The    13 C cor  
values of H43 and H44 vary from -21.24‰ to 
-23.24‰ (mean=-22.29‰) and -20.47‰ to -23.28‰ 
(mean=-22.08‰), respectively. Cores H43 and H44 
possess similar    13 C cor  sequences with an overall 
increasing trend from the bottom to the top (Fig.3), 
but the    13 C cor  values in H43 are lower than H44. 

 4 DISCUSSION 

 4.1 Quality of TOC mea  and TOC cor  data  

 The TOC contents of sediments are usually 
measured by a conventional method, such as acidifying 
samples to remove carbonate and then determining 
their TOC (Hu et al., 2013). Thus, the TOC data are 
generally not high quality because of the relatively 
low and fl uctuating TOC recovery during the acidifi -
cation procedure. In this study, the TOC contents of 
H43 and H44 were determined with an improved method 

(Xu et al., 2018b) in which the TOC loss was fully 
eliminated because no recovery process was involved. 
Therefore, our TOC data (Table S1) are high quality. 

 To establish the initial TOC sequences, the TOC mea  
data needs to be corrected, so the assessment of 
correction models is a key step. Recently, correction 
models are either discrete models (further subdivided 
into 1G-, 2G-, and multi-G models) (Hammond et al., 
1996; Meysman et al., 2005; Holstein and Wirtz, 
2009) or continuum models (power and reactive 
continuum models) (Middelburg, 1989; Wehrmann et 
al., 2013). G-type models are widely used to 
investigate shallow subsurface processes with 
constant apparent organic matter degradability at 
depth, but are unable to reproduce the widely observed 
continuous decrease in the TOC degradability with 
sediment depth (Middelburg and Meysman, 2007). 
As the continuum models are not directly accessible 
by observations only, they are better suited to study 
TOC diagenetic dynamics at tempo-spatial scales 
(Arndt et al., 2013). To date, more than 250 studies 
have suggested that the power and 2G models are 
suitable to correct TOC for early diagenesis in the 
SYS (Arndt et al., 2013). In this study, we regarded 
the labile TOC as a whole (in fact, it can be further 
subdivided), which was then used in a power model. 

 It should be noted that the correction of BC is 
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negligible on centennial scales because the BC 
produced by the incomplete combustion of various 
fuels is biologically unavailable and inert (Masiello 
and Druff el, 1998; Schmidt and Noack, 2000). Thus, 
we only corrected the labile TOC (Baldock and 
Smernik, 2002; Cheng et al., 2006). Our newly 
obtained TOC cor  data (Tables S1, S2) are consistent 
with previously reported TOC mea  values in surface 
sediments of the SYS (Table 1). 

 4.2 Origin of higher TOC in the sediments 

 The systematic TOC measurements for H43 and 
H44 indicate that the TOC mea  fl uctuate between 0.77% 
and 1.41%. This range is similar to published data 
from the central SYS, but is higher than in the coastal 
regions (Xing et al., 2011; Mei et al., 2016).  

 It has been reported that a spring bloom of 
phytoplankton occurs in the central SYS near the 
35  N transect (Liu et al., 2015). For the SYS, where 
sedimentary dynamics cause most of the terrestrial 
coarse-grained particles to deposit in coastal areas, 
only fi ne-grained particles are transported to the 
central part. The fi ne-grained particles that can adsorb 
more TOC to accumulate in the vortex center and 
deposit in the central SYS due to the movement of the 
vortex (Hu et al., 2011). 

 The YSWC is a dramatic phenomenon of the YS 
circulation in winter/early spring and the YSCWM is 
unique to summer. Thus, the nutrient concentrations 
increase in winter and are then either followed by 
increases in salinity/temperature from intrusion of the 
YSWC, or originated from mixing of nutrient-
enriched bottom water from the YSCWM during the 
previous summer and fall (Jin et al., 2013; Liu et al., 
2015). In addition, weak stratifi cation combined with 
rising irradiance and temperature increases the 
residence time and growth rate of phytoplankton 
within the upper layer, which enhances the spring 
phytoplankton productivity in the central SYS (Xuan 

et al., 2011; Tang et al., 2013). Depletion of limited 
nutrients, such as nitrogen and phosphorus, in the 
euphotic zone terminates the spring bloom in the 
central SYS in early summer (Jin et al., 2013). 
Moreover, the fi ne-grained sediments contribute to 
anaerobic or hypoxic conditions with a low redox 
potential (Eh) (He et al., 2009). Therefore, in the low-
oxygen central SYS, the abundant POC generated by 
spring blooms in the SYCWM, and trapped by fi ne-
grained particles from the HR, are deposited. This is 
the reason why sedimentary TOC in our study area is 
higher than those in the coastal districts. 

 4.3 Calculation of terrigenous and marine 
autogenous TOC 

 Sediments in marginal seas receive TOC from both 
terrestrial and marine sources. Previous studies 
utilized the C/N ratio and their stable carbon isotopic 
composition as indicators for distinguishing marine 
and terrestrial TOC sources. However, C/N ratios are 
easily altered by selective degradation of organic 
matters, particularly compounds rich in N, during 
diagenesis, but the stable carbon isotopic composition 
of TOC remains relatively stable (Nijenhuis and de 
Lange, 2000; Gao et al., 2012). Thus, we preferred to 
use the    13 C values to determine TOC sources. 

 Before estimating the contents of terrigenous and 
marine autogenous TOC in H43 and H44, we needed 
to determine the end-member    13 C values and suitable 
models. There is a consensus that    13 C values typically 
range from -22‰ to -18‰ for marine phytoplankton 
(Ramaswamy et al., 2008), -22‰ to -33‰ for C3 land 
plants, and about -13‰ for C4 land plants (Pancost 
and Boot, 2004). Therefore, we adopted -19‰ and 
-26.5‰ as the end-member    13 C values for marine 
and terrigenous TOC, respectively (Cai et al., 2003). 
A two end-member model (Calder and Parker, 1968) 
was employed to calculate the percentages of marine 
and terrigenous TOC in this study. The proportion of 

 Table 1   TOC content in diff erent sediments in the South Yellow Sea 

 Sample  TOC (%)  Time (year)  Location  Sample type  References 

 H08  1.19  2010  Near 123°E, 35°N  Surface sediment  Song et al. (2016) 

 HFJ  0.97  2010  Near 123°E, 35°N  Surface sediment  Song et al. (2016) 

 SYS  0.55  2004  33.34°  36.55°N in South YS  Surface sediment  Zhang et al. (2007) 

 SYS  0  0.79  1998  CSYS  Surface sediment  Xing et al. (2011) 

 SYS  0.50  0.98  1983  SYS  Surface sediment  Luan (1985) 

 H43  0.90  1.21  2010  SYS  Sediment core T his study 

 H44  0.85  1.41  2010  SYS  Sediment core  This study 
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the terrestrial TOC ( f  ter ) was estimated by: 
  f  ter (%)=(δ 13 C mar −δ 13 C mea )/(δ 13 C mar −δ 13 C ter )×100.  (6) 
 TOC ter  in the cores is expressed as: 
 TOC ter =TOC× f  ter (%).                      (7) 
 Thus,  f  mar    and TOC mar  are obtained by: 
  f  mar =1− f  ter (%),                        (8) 
 TOC mar =TOC× f  mar .                        (9) 
 Based on the equations, TOC ter  and TOC mar  were 

obtained (Fig.4). The TOC ter  in H43 and H44 range 
from 0.31% to 0.66% and 0.17% to 0.79%, 
respectively, and display a decreasing trend with time. 
In contrast, the TOC mar  in H43 and H44 are 
0.45%  0.81% and 0.56%  0.79%, respectively, and 
exhibit a slowly increasing trend from the bottom to 
the top. Several studies found that the TOC ter  in the 
YS decrease with distance from the HR estuary (e.g., 
Yang et al., 2015), but no TOC ter  or TOC mar  data were 
shown. Our newly obtained data support this fi nding. 
The TOC mar  slowly increased in both H43 and H44, 
which may be attributed to the input of terrestrial 
nutrients and the maintenance of a stable YSCWM. In 
addition, the TOC ter  dramatically fl uctuated since 
2002, which might have resulted from the annual 
water-sediment regulation (Bi et al., 2014). Moreover, 
the TOC mar  in H43 and H44 have evidently increased 
since the late 1960s (Fig.4), refl ecting an enhancement 

of human activities, such as fertilizer use and sewage 
discharge (Cai et al., 2014; Yang et al., 2015), and/or 
global warming. 

 4.4 Relationship between HR annual discharge 
and terrigenous TOC 

 Linear correlation analysis was used to describe 
the correlation between the TOC in H43 and H44 and 
the annual discharge/sediment load of the HR.   The 
results demonstrate that there is a negative correlation 
between annual discharge and the TOC cor  in core H43 
( R  2 =0.450 1; Fig.5a) and no correlation in H44 
( R  2 =0.044 1; Fig.5d). However, moderately positive 
correlations between annual discharge and the TOC ter  
in H43 ( R  2 =0.168 9; Fig.5b) and H44 ( R  2 =0.228 0; 
Fig.5e) were found. Yet, a strongly negative 
correlation is apparent between annual discharge and 
the TOC mar  in H43 ( R  2  = 0.575 1; Fig.5c), while only a 
moderately negative correlation ( R  2 =0.326 6; Fig.5f) 
is observed in H44. There is no correlation between 
the TOC in the two cores and sediment load of the HR 
(fi gures not shown), or between TOC ter  and sediment 
load. However, there is a positive relationship between 
the TOC ter  and the discharge. These correlations 
indicate that the terrestrial TOC in the cores was 
mainly derived from the HR and transported as 
suspended load by coastal currents rather than coarse 
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Vol. 36136 J. OCEANOL. LIMNOL., 36(1), 2018

particles. In addition, the negative correlation between 
TOC mar  and discharge suggests that greater amounts 
of discharge may deliver more dissolved oxygen that 
enhance TOC mar  decomposition. 

 5 CONCLUSION 

 The centennial-scale sequences of TOC cor , TOC ter  
and TOC mar  were determined from two sediment cores 
from the YSCWM area in the SYS. The stepwise 
decrease of discharge with time in the HR can strongly 
infl uence TOC ter  contents, and the input of terrestrial 
nutrients can enhance TOC mar  in a stable YSCWM 
environment. The positive correlation between TOC ter  
and annual discharge indicates that the terrestrial 
TOC in the cores is mainly derived from the HR and 
transported as suspended load by coastal currents 
rather than coarse particles. The negative correlation 
between TOC mar  and discharge suggests that higher 
discharge strengthens TOC mar  decomposition because 
of increased dissolved oxygen contents. 
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