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a b s t r a c t
Total organic carbon (TOC), total nitrogen (TN) and their d13C and d15N values were determined for 42
surface sediments from coastal Bohai Bay in order to determine the concentration and identify the source
of organic matter. The sampling sites covered both the marine region of coastal Bohai Bay and the major
rivers it connects with. More abundant TOC and TN in sediments from rivers than from the marine region
reﬂect the situation that most of the terrestrial organic matter is deposited before it meets the sea. The
spatial variation in d13C and d15N signatures implies that the input of organic matter from anthropogenic
activities has a more signiﬁcant inﬂuence on its distribution than that from natural processes. Taking the
area as a whole, surface sediments in the marine region of coastal Bohai Bay are dominated by marine
derived organic carbon, which on average accounts for 62 ± 11% of TOC.
Ó 2012 Elsevier Ltd. All rights reserved.

1. Introduction
Estuaries and coastal zones are the main channels between
lands and oceans, which trap signiﬁcant quantities of natural and
anthropogenic organic matter under the interactions of a series
of physical, chemical and biological processes. The organic matter
in coastal marine sediments is a complex mixture of organic compounds originating from marine and terrestrial sources (Tesi et al.,
2007). The preservation of organic matter in coastal marine sediments is an important link of the global carbon cycle and other bioactive elements as more than 90% of the organic carbon buried in
the oceans occur in continental margin sediments (e.g. Emerson
and Hedges, 1988; Hedges, 1992; Goni et al., 1997; Hu et al.,
2006; Ramaswamy et al., 2008). Knowledge of the sources of organic matter in estuarine and coastal sediments and the factors
controlling its distribution is essential to the understanding of global biogeochemistry.
Stable carbon and nitrogen isotopes (d13C and d15N, respectively) and the elemental ratio of total organic carbon (TOC) to
total nitrogen (TN), which is usually expressed as C/N or TOC/TN,
have been widely used as proxies to elucidate the source and fate
of organic matter in aquatic environments (e.g. Peters et al., 1978;
Thornton and McManus, 1994; Gordon and Goni, 2003; Wu et al.,
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2007; Zhang et al., 2007; Ramaswamy et al., 2008). The use of these
tracers relies on the existence of gross differences among natural
abundances of stable carbon isotopes, stable nitrogen isotopes
and C/N elemental ratios in organic matter from terrigenous and
anthropogenic inputs and marine and freshwater in situ inputs
(Liu et al., 2006).
In general, terrestrial organic matter has depleted d13C and d15N
values when compared to marine organic matter (Vizzini et al.,
2005). Typical isotopic composition of marine phytoplankton in
temperate seas changes from 19.1‰ to 22‰ for d13C (Gearing
et al., 1984) and from 3.0‰ to 12.0‰ for d15N (Wada and Hattori,
1991). Freshwater phytoplankton isotopic signatures mentioned
in the literature have d13C from 35.0‰ to 25.0‰ (Boutton,
1991) and d15N around 5‰ (Wada and Hattori, 1991). Generally,
marine organic matter and terrestrial organic matter have C/N of
5–8 and >15, respectively (Meyers, 1997). The mixing of organic
matter from different sources may result in d13C, d15N and C/N values that fall out of the ﬁelds established for terrestrial land plants
and phytoplankton, a situation particularly expected in coastal settings (Lamb et al., 2006).
Eutrophication and urban pollution have a major inﬂuence on
the environmental quality of coastal areas. Sediments usually receive organic matter from autochthonous sources originating from
diatoms, bacteria, green macroalgae, and fresh and decomposed litter. Anthropogenic inputs, however, originate from agricultural
run-off, fertilisation, or livestock waste from sewage and domestic
waste discharge. Consequently, the natural balance between production and decomposition of organic matter has been disturbed
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in many coastal areas (Mchenga and Tsuchiya, 2008). Understanding the sources of anthropogenic inputs and their impacts on ecosystems is therefore a major environmental concern.
Over the last decade in China, rapid economic development
and urbanization have signiﬁcantly impacted on its environments,
especially along the coast. This is especially true for Bohai Bay
coastal regions where the strong anthropogenic inﬂuence and
various contamination sources exist. Bohai Bay is a large, semienclosed shallow water basin located along the western region
of Bohai Sea in the northeastern part of China. There are a number
of rivers along the east coast of Haihe Basin, through which a
large amount of wastewater is being transported into Bohai Bay
causing marine pollution. All the wastewater through rivers and
channels drains into the near-shore waters of Bohai Bay directly.
As a result of these activities, eutrophication and harmful algal
blooms occurred frequently. These changes, in turn, have the potential to alter the nature and content of organic matter of marine
deposits and their C/N, d13C and d15N values (Owen and Lee,
2004). There are plenty of reports on the environmental aspects
of Bohai Bay (e.g. Ma et al., 2001; Hu et al., 2005; Gao and Chen,
2012). However, detailed information on organic matter distribution in this region remains scarcely documented, especially covering both the marine and riverine regions. The main objectives of
the present study are to map the distribution of organic carbon
and nitrogen in the surface sediments of coastal Bohai Bay and
determine the factors controlling their distribution and accumulation. The relative contribution of allochthonous (terrigenous) and
autochthonous (aquatic plankton) sources of organic matter is
assessed by C/N ratios and isotopic signatures of carbon and
nitrogen.
2. Materials and methods
2.1. Sampling location
Sediments used in this study were collected from 42 sites of
coastal Bohai Bay in May 2008 (Fig. 1). The sampling stations were
arranged along the major rivers of this area extending from the
land to the sea and formed four transects. Sampling sites started
from the freshwater end-member in upper riches of the river estu-
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aries to saltwater sea covering the whole salinity gradient. The surface sediments from the marine region were collected using a Van
Veen style stainless steel grab sampler, and the surface sediments
from rivers were collected using a plastic spatula. The top 5–10 cm
sediment was collected at each sampling site. After collection, the
samples were homogenized and placed into sterile polyethylene
bags, sealed and stored at 4 °C in the dark until further analysis.
2.2. Sample preparation and analysis
The sediments were freeze-dried, homogenized and ground in
an agate mortar prior to elemental and isotopic analysis. Total carbon (TC) and total nitrogen (TN) were analyzed via high temperature combustion on an Elementar vario MACRO cube CHNS
analyzer. Total inorganic carbon (TIC) analysis was carried out on
a Shimadzu TOC-VCPH/SSM-5000A analyzer. Total organic carbon
(TOC) in sediments was obtained by subtracting TIC from TC.
Duplicate analyses of every sample were run, and the mean of
the two measurements are reported here. Replicate analysis of
one sample (n = 5) gave a 1 r precision of ±0.02 wt.% C and
±0.003 wt.% TN. For isotope analysis, samples were treated with
hydrochloric acid to remove carbonate and subsequently rinsed
with deionized water to remove salts before drying overnight at
60 °C (Huon et al., 2002; Hu et al., 2006).
The carbonate free sediments were analyzed by a Finnigan DELTAplus XL isotope ratio mass spectrometer, and the results were expressed in d notation as the deviation from standard reference
material in parts per mil (‰):

d13 C or d15 Nð‰Þ ¼ ðRsample =Rreference  1Þ  1000
where Rsample and Rreference are the heavy to light isotopic ratios (i.e.
13 12
C/ C and 15N/14N) of the sample and reference, respectively. For
d13C, the reference is PeeDee Belemnite (PDB), and for d15N, it is
atmospheric nitrogen. The samples were run in duplicate and the
analytical precision was ±0.2‰ for d13C and ±0.3‰ for d15N.
The sample granulometry was analyzed on fresh sediments
using a Malvern Mastersizer 2000 laser diffractometer capable of
analyzing particle sizes between 0.02 and 2000 lm. The percentages of the following three groups of grain sizes were determined:
<4 lm (clay), 4–63 lm (silt), and >63 lm (sand).

Fig. 1. Location of sampling sites in coastal Bohai Bay.
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2.3. Statistical analysis

y=0.051x+0.020
R²=0.647, P <0.001
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Statistical analyses were performed with the Microsoft Excel
2010 for Windows. The relationships between variables were
based on Pearson’s correlation coefﬁcients.
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3. Results and discussion
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Fig. 3. Relationship between TN and TOC in surface sediments of coastal Bohai Bay.
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As shown in Fig. 2, it is clear that TOC and TN concentrations decrease seaward along all the studied transects except the Duliujian
River-T one, implying that the anthropogenic waste input through
river discharge is a key source for the accumulation of organic matter in coastal Bohai Bay surface sediments. TOC concentrations
vary in a wide range of 0.85–7.24% (mean 2.30 ± 1.27%). The spatial
difference of TOC contents among riverine sediments is signiﬁcant.
The average TOC concentration in sediments from riverine sites is
3.18 ± 1.38%. Three samples, HH-1, DH-2 and DH-3, from Hai River
and Dou River, have the TOC contents of 7.24%, 4.89% and 5.90%,
respectively, being obviously higher than that of the rest samples.
The TOC contents in sediments from marine sites ﬂuctuate between 1% and 2% with only a few exceptions, averaging
1.62 ± 0.32%. It was reported that the TOC contents in surface sediments of Bohai Sea ranged broadly from 0.04% to 0.69% with a
mean of 0.38 ± 0.17% (Hu et al., 2009). Compared with Bohai Sea,
the TOC contents in surface sediments of coastal Bohai Bay are
apparently higher, which may be due to the fact that the organic
matter input to Bohai Bay sediment is strongly inﬂuenced by both
terrestrial and anthropogenic sources. Like TOC, the TN values also
show a wide variation range of 0.03–0.47% with a mean of
0.14 ± 0.08% in surface sediments of coastal Bohai Bay, which are
wider and higher than the reported Bohai Sea’s 0.01–0.10% and
0.06 ± 0.02% (Hu et al., 2009). The average TN concentrations in riverine and marine sediments are 0.19 ± 0.09% and 0.09 ± 0.02%,
respectively. The spatial distribution of TN contents is similar to
that of sedimentary organic carbon (Fig. 2). There is a good linear
relationship being signiﬁcant at P < 0.001 between TOC% and TN%
as shown in Fig. 3.
Grain size composition is an important factor that greatly inﬂuences the geochemical behaviors of elements in sediments. The
ternary diagram in Fig. 4 categorizes the sediments of intertidal
Bohai Bay according to the classiﬁcation of Shepard (1954). Sediments in the studied area mainly consisted of ﬁne particles with
the grain size <63 lm (silt + clay). All samples except two are
clayey silt sediments. The sand content in most of the samples is
<5%. Organic matter is known to be closely associated with ﬁnegrained sediments because of the larger surface area which provides good binding sites for organic matter (Mayer, 1994). A good
negative correlation is seen between the median grain size (D50)
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and TOC content for samples from the marine region (Fig. 5). The
balance between industrial and human waste discharge and current dispersal of ﬁne sediments is a critical determinant of pollution (Owen and Sandhu, 2000). The relationship in Fig. 5
indicates the inﬂuence of hydrodynamics on the distribution of
sedimentary organic matter (SOM) in the marine region of coastal
Bohai Bay. No such relationship is found for the D50 and TOC data
of riverine sediments implying the dominance of anthropogenic
inﬂuence on SOM distribution in the riverine region.

3.2. Source of organic matter in coastal Bohai Bay surface sediments
3.2.1. C/N ratios
The C/N elemental ratio often acts as an indicator of predominant sources of organic matter in aquatic ecosystems (e.g. Meyers,
1994; Hedges and Oades, 1997; Graham et al., 2001; Lamb et al.,
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Fig. 2. Spatial variations of TOC and TN in surface sediments of coastal Bohai Bay.
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Fig. 5. Relationship between TOC and median grain size (D50) in surface sediments
from the marine region.

2006). The C/N ratios of undegraded marine phytoplankton is generally close to 6.7, while vascular plants are N-depleted and have
the ratios exceeding 12 (Meyers, 1994; Hedges and Oades, 1997;
Lamb et al., 2006). As shown in Fig. 6, C/N ratios ranging from
10.8 to 42.6 with an average of 21.3 ± 6.1 in this study indicate that
the terrestrial materials from rivers could be an important source
for organic matter in surface sediments of coastal Bohai Bay. The
C/N ratios at most of the sampling sites vary in the range of 15–
25. Three exceptionally higher values are found in the sediments
from sites M-1, M-4 and HH-1. Comparatively, the measured
TOC/TN ratios in sediments of Bohai Sea vary from 3 to 9 with a
mean of 6.7 ± 1.0 suggesting a predominant marine origin (Hu
et al., 2009). The C/N ratios of sedimentary organic matter in coastal Bohai Bay are much higher than that of Bohai Sea. Except for the
inﬂuence from the input of terrestrial sources, the higher C/N ratios
could also be ascribed to the anthropogenic inﬂuence. Anthropogenic activities such as the widespread use of organic chemicals
may alter the C/N ratios of organic matter from natural origins.
As shown in Fig. 7, C/N values have a signiﬁcant positive relationship with TOC concentrations for sediments from all the sampled
rivers except Dou River, which indicates that the variation of C/N
ratios at these riverine sites is controlled by TOC concentrations.
For the sediments from the marine region, no such relationship
is found between C/N ratios and TOC concentrations reﬂecting a
weak disturbance from the anthropogenic TOC input. The spatial
variation in TN concentrations seems to have no inﬂuence on the
distribution of C/N ratios, because there is no signiﬁcant relationship between them no matter considering the data from riverine
and marine regions separately or together.
Given that the C/N ratio strongly reﬂects the sources of organic
matter, it is expected that there exists a signiﬁcant negative correlation between d13C and C/N ratios (i.e., organic matter with high
C/N ratio has much light d13C value) (Wu et al., 2002). However, it
is shown that C/N ratios against d13C have no pronounced relationship at the studied areas (Fig. 9a). This should be attributed
to the decomposition processes (e.g., autolysis, leaching and microbial mineralization) of organic matter (Wu et al., 2003). Indeed,

during sediment diagenesis, the C/N ratio can be altered by the
selective degradation of organic matter components (Meyers
et al., 1996). Typically, the C/N ratios tend to decrease over time
due to the release of CO2 or CH4 as degradation products, ammonia preservation and addition of microbially-associated nitrogen.
On the contrary, organic-rich sediments from high surface productivity areas can register elevated values of the C/N ratio, higher
than typical algal values (Meyers, 1997) because during organic
matter settlement a delayed loss of carbon relative to nitrogen
occurs, proteinaceous organic matter decomposing more easily
(Meyers, 1997; Nijenhuis and de Lange, 2000). Accordingly, in
the area studied differential decomposition rates for carbon and
nitrogen-rich compounds may account for the increasing proﬁles
for the C/N ratio in the coastal zone.
3.2.2. Distribution of d13C values of TOC
The values of d13C measured for TOC in the surface sediments
from coastal Bohai Bay range from 18.23‰ to 25.69‰ with an
average of 22.86 ± 1.43‰, lower than the d13C values of marinederived organic matter (18‰22‰) (Ramaswamy et al.,
2008). The sample from HH-1 has the highest TOC content
(7.24%) and C/N ratio (42.6), with d13C value being less negative
than the values measured for sediments from other locations.
Moreover, the spatial variation of d13C in the marine area of coastal
Bohai Bay is relatively weaker (22.96 ± 0.73‰) than that of its
adjacent rivers (22.75 ± 1.96‰) (Fig. 8).
Stable carbon isotopic composition has been widely used to distinguish marine sources and terrestrial plant sources of organic
matter (e.g. Middelburg and Nieuwenhuize, 1998; Schubert and
Calvert, 2001; Hu et al., 2005; Ramaswamy et al., 2008). Terrestrial
plants with C3 pathway have an average d13C value of 27‰, ranging from 22‰ to 33‰, while for the C4 pathway it is from 9‰
to 16‰, with a mean value of 13‰ (Pancost and Boot, 2004).
Riverine algae are usually more depleted than terrestrial organic
matter as they assimilate carbon with low d13C values (Middelburg
and Hermann, 2007). The distribution features of d13C suggest that
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Fig. 8. Spatial variations of d13C and d15N in surface sediments of coastal Bohai Bay.

organic matter in surface sediments of coastal Bohai Bay is basically the mixture of continental derived material and marine material. In addition, the apparent ﬂuctuation of d13C values in the
samples from rivers reﬂects that some local additional factors
probably exert an important inﬂuence on the d13C signatures of
SOM. Guo et al. (2006) reported that C3 plant ecosystem dominated
North China; therefore, the portion of organic matter with terrestrial higher plant origin in surface sediments of the studied area
is mainly derived from C3 vascular plants.
According to previous studies, there is a net seaward increase in
d13C in marine sediments (Ramaswamy et al., 2008; Hu et al.,
2009). A straightforward explanation for this trend is a progressive
seaward decrease in the proportions of terrigenous organic matter
relative to marine autogenous organic matter. This explanation is
also consistent with the seaward decrease in d15N and C/N. However, such a distribution pattern is not distinct in the marine region
of coastal Bohai Bay except at transect M, which may be due to that
the hydrodynamic condition and ﬂat sea-ﬂoor of this area make organic matter from different sources well mixed.
Given that the C/N ratio is also an indicator for the sources of
organic matter, it is expected that there exists a signiﬁcant negative correlation between d13C and C/N ratios, i.e. organic matter
with high C/N ratio has much lighter d13C value (Wu et al.,
2002). However, it is shown that d13C against C/N ratios has no pronounced relationship at the studied areas no matter analyzing the
data from riverine and marine regions separately or together
(Fig. 9a). This should be attributed to the decomposition processes
(e.g. autolysis, leaching and microbial mineralization) of organic
matter (Thornton and McManus, 1994; Wu et al., 2003) and/or
the anthropogenic disturbances. The anthropogenic disturbances
might be a more probable reason because the samples of this study
are surface sediments experiencing a short period of degrading,
and the d15N data which are discussed below will provide further
evidence of this.

a

Marine data

3.2.3. Distribution of d15N values of TN
Similar to that of d13C, the spatial variation of d15N in the riverine region of coastal Bohai Bay is greater than in the marine region
(Fig. 8). Apparently higher d15N values of >7‰ were measured in
samples from Dou River, Chaobai River and Duliujian River. For
each transect M, T and U, the d15N difference among marine samples is small. The samples from riverine sites have an average d15N
value of 6.06 ± 2.81‰, which is heavier than that of the marine
sediments’ 4.05 ± 0.53‰.
Marine organic matter usually has the d15N value of 3–12‰
with the mean of 5–7‰ as derived from phytoplankton which normally use dissolved nitrate (Brandes and Devol, 2002; Lamb et al.,
2006). Organic matter derived from nitrogen ﬁxing land plants has
d15N values around zero, whereas plants using only mineral N from
þ
15
soil ðNO
3 or NH4 ) have usually positive d N values. Generally, riv15
er suspension has quite variable d N values that are mostly lower
than oceanic values (Maksymowska et al., 2000; Gaye-Haake et al.,
2005). Low d15N in rivers could be due to contributions from forest
and soil nitrogen as terrestrial plant ecosystems have low d15N. Unlike that of natural origins, generally, the waste that experienced
anthropogenic disturbances is isotopically rich in heavy nitrogenous components (Cole et al., 2006; Bănaru et al., 2007). Compared
with atmospheric deposition (d15N of +2‰ to +8‰) and commercial, inorganic fertilizers (d15N of 3‰ to +3‰), nitrogen derived
from human wastewater and livestock (d15N of +10‰ to +22‰)
is relatively enriched in N15 (McClelland et al., 1997). In this study,
as mentioned above, the d15N values in surface sediments from
many riverine sampling sites are apparently higher than that from
the marine region reﬂecting that the input of organic matter from
anthropogenic activities has a more signiﬁcant inﬂuence on its spatial distribution than from natural processes. As just mentioned,
the terrigenous detrital organic matter is generally characterized
by a low d15N signature while the marine component has a relatively higher d15N value. Based on this, some distinct progressive
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Fig. 10. AOC concentration and relative contribution of terrestrial and autogenous organic carbon in surface sediments from marine sampling stations.

seaward enrichment of d15N value could also be seen. Nevertheless,
similar to stable carbon isotope, d15N in surface sediments of
coastal Bohai Bay has more complex spatial ﬂuctuations (Fig. 8),
which indicates that additional factors have signiﬁcant inﬂuences
on the distributions of d15N in sedimentary organic matter. Nitrogen isotopic compositions could be easily modiﬁed by a series of
complex biogeochemical processes on some time scales. Dynamic
cycling of nitrogen is subject to kinetic isotope fraction effects
especially during the biogenic transformation and recycling of dissolved and particulate nitrogen compounds (Cifuentes et al., 1988,
1996; Wu et al., 2003). Liu et al. (2006) reported that heavier d15N
values signiﬁcantly corresponded with higher C/N ratios in intertidal sediments from the Yangtze Estuary, China, and the authors
ascribed this relationship to the result of organic matter diagenesis. It has also been reported that nitrogen isotopic enrichment
during organic decomposition was relative to heterotrophic microorganisms (Macko and Estep, 1984). The effects of heterotrophs
were documented by Caraco et al. (1998) who found that the
d15N of microbially reworked terrestrial particulates increased
from 4‰ to 9‰. As microbial mineralization proceeds, the total
amount of nitrogen present in the organic substrates reduces with
14
N being preferentially lost. Consequently, higher decomposed organic matter will contain little nitrogen enriched in d15N. However,
it is shown that, like d13C, d15N against C/N ratios also has no pronounced relationship in this study (Fig. 9b). Although d13C and
d15N of sediments can be modiﬁed by microbial rearrangement,
isotopic fractionation speciﬁcally associated with early diagenesis
is negligible (Lehmann et al., 2004) and the isotopic composition
of sedimentary organic matter is fairly conservative, mirroring
the isotopic signatures of the sources (Di Leonardo et al., 2009).
Thus, it implies that organic matter in surface sediments of the
studied area is relatively fresh and the nitrogen cycling in early
diagenesis processes has no obvious effect on the nitrogen isotopic
composition.

f 0 ð%Þ ¼ 100  f
The content of AOC was obtained from the following equation:

AOC ¼ TOC  f 0 %
Considering the obvious anthropogenic disturbance to the organic matter composition in the riverine region as discussed above,
only the data of the marine region were calculated. As shown in
Fig. 10, the AOC concentrations generally descend seaward along
transects M, K and U. This might be explained by the ﬂourish of
marine primary producers responding to the input of nutrients
from land to this area by surrounding rivers. The resulting estimates for the contribution of the terrestrial and autogenous organic carbon in marine sediments of coastal Bohai Bay are also
summarized in Fig. 10. Taking as a whole, the surface sediments
in the marine region of coastal Bohai Bay are dominated by marine
derived organic carbon, which on average accounts for 62 ± 11% of
their TOC concentrations. Although the highest proportion of AOC
up to 87% of TOC is recorded at site M-5, the contribution of AOC to
TOC in nearly all samples from the northern two transects is lower
than that in a majority of samples from the southern two transects.
Except for site T-2, AOC accounts for 67–79% of TOC in surface sediments from the rest sites of transects T and U, while it accounts for
<60% of TOC in most surface sediments from the sites at transects
M and K. The contribution of AOC to TOC increases from 51% to 87%
seaward along transect M; the contribution of AOC to TOC decreases seaward along the transect K from site K-1 to K-5 and increases thereafter and then decreases again at site K-8. The
relative proportion autogenic and terrestrial organic carbon in sediments is the integrated results of any natural and anthropogenic
processes that inﬂuence the biogeochemical cycle of TOC such as
waste discharge, hydrodynamics, primary production in the overlying water body and early diagenesis.
4. Conclusions

3.2.4. Contribution of terrigenous and autogenous organic carbon
To assess the relative proportions of terrigenous and marine
autogenous organic carbon (AOC) present in the sediments, a simple d13C-based two end-member mixing model based on the work
of Calder and Parker (1968) and adopted by other researchers such
as Schlunz et al. (1999) and Hu et al. (2006) was applied to this
area. We took 27.0‰ as the d13C value of terrestrial end-member
(d13Cterrestrial) based on the d13C value of coastal sediments of Bohai
Bay. This value is close to that of C3 plants. Likewise, we assumed
20.5‰ as the d13C value of marine end-member (d13Cmarine) (Jia
and Peng, 2003). The calculation of terrestrial organic carbon contribution (f) was gained by the following equation:

f ð%Þ ¼ ðd13 C marine  d13 C measured Þ=ðd13 C marine  d13 C terrestrial Þ  100
Then the contribution of marine algae (f0 ) to the TOC could be
estimated by the following expression:

In this study, spatial variations of total organic carbon, total
nitrogen and their isotopes were observed in surface sediments
of coastal Bohai Bay. Our ﬁndings indicate that the spatial distributions of TOC, TN, d13C and d15N in surﬁcial sediments from the
coastal Bohai Bay are broadly similar with their average values
being higher in riverine sediments than in marine ones. The average TOC concentrations in riverine and marine sediments are
3.18 ± 1.38% and 1.62 ± 0.32%, respectively, and the corresponding
values for TN is 0.19 ± 0.09% and 0.09 ± 0.02%, respectively. The
high TN concentrations correspond well with high TOC concentrations in the sediments from rivers, which serve as the main pathway for urban runoff, sewage and industrial waste water
discharge to Bohai Bay. In general, there is evidence suggesting
that anthropogenic activities have a signiﬁcant inﬂuence on the
geochemistry of organic matter in riverine sediments besides
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natural processes; the spatial distributions of TOC, TN and their
isotopic signatures in marine sediments are mainly controlled by
the mixing inputs of terrigenous and marine components. The organic matter in marine sediments of coastal Bohai Bay is predominated by autogenous source and the estimated autogenous
organic carbon is about 51–87% of TOC. The results of this study
imply qualitatively that, in coastal Bohai Bay, particulate organic
matter from anthropogenic sources is mainly trapped in riverine
sediments. As sedimentary organic carbon is the most important
carrier for persistent organic pollutants, the spatial distribution
pattern of organic carbon indicates that much attention should
be paid to the riverine sediments for environmental monitoring
and risk assessment of coastal Bohai Bay.
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