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Abstract Recent studies have suggested that large rivers play
important roles in mobilizing and transporting black carbon
(BC) from land to the ocean. However, the influence of the
Changjiang and Huanghe, the two largest rivers in China, on
the fate of BC has not been determined. In this paper, we
present measurements of BC in both the dissolved and partic-
ulate phases in the Changjiang and Huanghe Rivers and in the
coastal waters of the East China Sea (ECS). Our results show
that dissolved black carbon (DBC) accounted for 3.0 ± 0.4 %
and 4.8 ± 3.6 % of the total DOC pool in the Changjiang and
Huanghe Rivers and 3.4 ± 0.6 % of the DOC pool in the coast
of the ECS. In addition, particulate black carbon (PBC)
accounted for 13 ± 0.9 % and 22 ± 11 % of the POC pool in
the Changjiang and Huanghe Rivers, respectively. We calcu-
late that the Changjiang and Huanghe transported
4.7 × 1010 gC and 1.7 × 109 gC of DBC, and 2.0 × 1011 gC
and 1.2 × 1010 gC of PBC to the ECS and Bohai Sea in 2015.
The large amounts of BC transported by the two rivers repre-
sent a major sink of anthropogenically derived organic carbon
and could have a significant impact on the ecosystem and
carbon cycling in China’s marginal seas.

Keywords Black carbon . Carbon cycle . Changjiang and
Huanghe . East China Sea and Bohai Sea

Introduction

Black carbon (BC) is a class of combustion-derived, complex
mixture of organic compounds that have a range of different
compositions and reactivities along the combustion continu-
um (Masiello, 2004), and it is widely dispersed in the natural
environment, especially in soils and marine sediments
(LaFlamme and Hites, 1978; Goldberg, 1985). BC is defined
as condensed carbonaceous residue produced from incom-
plete combustion of fossil fuel and biomass (Goldberg,
1985). It is estimated that globally, about 12–24 Tg
(Tg = 1012 g) BC is produced from fossil fuel combustion
(Penner et al., 1993) and 50–270 Tg BC is generated from
biomass burning annually (Kuhlbusch and Crutzen, 1995).
In a recent study, Santín et al. (2015) estimated that production
of pyrogenic C from boreal forest wildfires could reach
100 Tg C year−1. After production, most BC will be preserved
in soils as charcoal (Skjemstad et al., 2002; Cusack et al.,
2012; Santín et al., 2015), but some very fine particulate BC
could be transported long distances by rivers and atmospheric
aerosols and eventually become deposited in the ocean
(Masiello and Druffel, 1998; Mitra et al., 2002; Wagner
et al., 2015; Wang et al., 2015). Many previous studies have
determined the quantities of BC in coastal and deep sea sed-
iments and have found that BC could account for 20–50 %
and 5–20% of organic carbon preserved in coastal and abyssal
sediments (Verardo and Ruddiman, 1996; Gustafsson and
Gschwend, 1998; Masiello and Druffel, 1998; Middelburg
et al., 1999; Lohmann et al., 2009; Wang and Li, 2007;
Huang et al., 2015). BC thus represents a significant fraction
of the anthropogenic organic carbon sink in the global carbon
cycle (Schmidt, 2004; Santín et al., 2015).

The presence of BC in the natural environment has been a
topic of great concern based not only on its destructive nature
to ecosystems and the serious health risks it poses to human
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beings (Rust et al., 2004; Lohmann et al., 2005; Kang et al.,
2009) but also on its impact on climate and on its role as an
important sink for the anthropogenic carbon (Druffel, 2004;
Shrestha et al., 2010; Stubbins et al., 2012). Due to its stable
chemical nature, BC could be preserved in soils and marine
sediments for millions of years without being degraded
(Masiello and Druffel, 1998; Santín et al., 2015). In the last
10 years, most studies conducted on BC have focused on its
solid phase, such as in soils, marine sediments, and sinking
particles (Czimczik and Masiello, 2007; Wang and Li, 2007;
Ohlson et al., 2009; Cusack et al., 2012; Coppola et al., 2014).
BC in the dissolved phase, however, has received less atten-
tion (Mannino andHarvey, 2004; Dittmar, 2008). Recent stud-
ies have emphasized the presence and potential importance of
dissolved BC (DBC) as a missing pool in the global carbon
cycle (Ziolkowski and Druffel, 2010; Dittmar et al., 2012;
Ding et al., 2013; Coppola et al., 2015; Wagner et al., 2015).
Jaffé et al. (2013) examined DBC in 15 world large rivers and
concluded that about 26.5 ± 1.8 Tg of DBC could be
transported annually by rivers into the ocean, and DBC ac-
counts for about 10 % of the global riverine flux of dissolved
organic carbon (DOC). Clearly, rivers play an important role
in mobilizing BC from the land to the ocean.

To quantitatively determine BC in the natural environment,
however, a big challenge still remains largely due to the in-
consistency of the different methods employed by different
laboratories (Currie et al., 2002; Hammes et al., 2007). Due
to the complexity of BC associated with different types of
environmental samples, there has been no single standard
technique used to separate and quantify BC. Hammes et al.
(2007) compared seven methods used by 17 laboratories for
12 different environmental samples. They found that for the
same samples, different methods could give a wide range of
BC values because different types of BC had been measured.
For example, the thermal-oxidation method usually identifies
highly condensed aromatic structures as BC, so it is best suited
for quantifying the most condensed forms of BC and gives
relatively lower BC values. The chemical oxidation method,
on the other hand, is good for soot, char, and bituminous coal
BC determination but often overestimates BC values due to
incomplete removal of non-BC in sediment and soil samples
(Masiello, 2004; Hammes et al., 2007). Nevertheless, in spite
of the differences of the BC values reported by different
methods, the presence of BC in the environment still warrants
it being an important component of the global carbon cycle.

The Changjiang and Huanghe are the two largest rivers in
China and the third and sixth longest rivers in the world
(Milliman and Meade, 1983). The two rivers together drain
one third of China’s land and deliver about 1.9 and 1.6 Tg of
POC and DOC annually to the coasts of the East China Sea
(ECS) and Bohai Sea (Wang et al., 2012). The middle and
lower basins of the Changjiang and Huanghe also pass
through the most populated southeast and northeast regions

of China, so both rivers were severely influenced by human
activities (Zhang et al., 2013, 2014). It is expected that these
two large rivers could transport significant amounts of BC to
the coasts of the ECS and Bohai Sea, where high BC contents
have been measured in the sediments (Wang and Li, 2007;
Kang et al., 2009; Huang et al., 2015). However, no studies
have been conducted to determine the quantity and flux of BC
in the two rivers. In this paper, we present the first BC data set
for both dissolved and particulate phases in the Changjiang
and Huanghe Rivers. The goal of this study was to quantita-
tively determine and compare the BC transported in the
Changjiang and Huanghe Rivers and to assess its significance
to the riverine carbon cycle.

Methods

Study Site and Sample Collection

Water samples for this study were collected from the lower
reach of the Huanghe River, the lower reach of the Changjiang
River and its estuary, and the coast of the ECS, as shown in
Fig. 1. We conducted a 12-month study for the Huanghe
River. River water was collected on a floating bridge about
30 km upstream from the Huanghe Estuary in the middle of
each month during 2015. Fifteen liters of water was collected
using a stainless steel bucket (pre-cleaned and rinsed several

Fig. 1 Map showing the Changjiang and Huanghe River drainage basins
and the sampling stations
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times with river water before taking samples) and stored in
well-cleaned polyethylene bottles (cleaned with soapy water
then soaked with 10 % HCl solution for 24 h, and then rinsed
with Milli-Q water 4 times before use). Water was filtered
through 0.7-μm Whatman GF/F filters (prebaked in 550 °C
for 5 h). The filtered water was then acidified using high-
purity HCl to pH 2 and kept refrigerated in pre-baked glass
bottles for further processing. Suspended particles were frozen
for solid phase analysis. Six water samples were collected in
the Changjiang River and its estuary and the coast of the ECS.
River waters were collected in the main stream using a fishing
boat on July 21, 2015 (CR03), andMarch 20, 2016 (CR01 and
CR02). Seawater from the coast of the ECS (P02, P04, and
P06) was collected during a cruise onboard the R/V
Dongfanghong-2 in October 2015. Subsurface water (1.5 m)
was collected using an oil-free in-situ pump (SFP-900P).
After collection, 15 L of river water and 50 L of seawater were
filtered through pre-baked 0.7-μm Whatman GF/F filters im-
mediately and acidified to pH 2, and the water was kept in
polyethylene bottles (pre-cleaned as described above) at a low
temperature for further processing. Suspended particles from
the Changjiang River sample were frozen for solid phase
analysis.

DOC Extraction by SPE Method

In order to analyze DBC, DOC needs to be extracted first from
the water samples. We used a solid phase extraction (SPE)
method for concentrating DOC from the water samples.
Recent studies have shown that the SPE technique is a simple
and effective method for extraction of DOC for DBC analysis
in both river water and seawater (De jesus, 2008; Dittmar
et al., 2008; Ding et al., 2013; Coppola et al., 2015; Wagner
et al., 2015). Studies have shown that the PPL cartridges had
the highest extraction efficiency and were contamination-free
for DOC compared with other types of SPE cartridges
(Dittmar, 2008; Dittmar et al., 2008). For our study, we used
pre-packed 60-ml volume PPL cartridges (Agilent
Technologies Mega Bond Elute) that contain 5 g styrene
divinyl benzene polymer as sorbent (pore size 150 Å) with
the capacity to process a large volume of water samples.
Before use, the cartridge was well cleaned according to the
manufacturer’s guidelines. It was first rinsed with two bed-
volumes of high purity methanol (B&J), which was then
followed by at least 2000 mL Milli-Q high purity water to
clean the sorbent. For sample extraction (within a week after
collection), acidified water was kept in a 2-L glass funnel,
dropped directly into the top of the cleaned PPL cartridge,
and passed through. The extraction flow rate was kept at
5 ml/min. Permeate passing through the cartridge was not
saved, but we collected samples for DOC analysis to calculate
the extraction efficiency. For all samples, 15 L of river water
and 50 L seawater were extracted.

After extraction, the cartridge sorbent was rinsed with one
bed-volume of 0.01 M HCL twice to remove salts, then dried
with high-purity nitrogen gas. Once the cartridge was dry,
80 mL high-purity methanol was used to elute the DOC ex-
tracted from the sorbent into a glass bottle. We determined that
>98 % of DOC absorbed on the sorbent was eluted in the
methanol phase, consistent with the results of other studies
using the same SPE sorbent (Dittmar et al., 2008; Coppola
et al., 2015). The extracted DOC in methanol was then con-
densed to 5 mL using a Buchi Multivapor P-12 Evacuator.
The condensed DOC was defined as SPE-DOC and kept in
the refrigerator for further DBC determination. All glassware
used in sample processing and storage were soaked in 10 %
HCL acid for 24 h, rinsed with Milli-Q water and baked at
550 °C for 5 h to remove any organic carbon prior to use.

Blanks associated with SPE extraction were determined.
We considered two types of blanks during the extraction: a
sorbent blank and a methanol elution blank. To test the blanks
from the sorbent, we continuously collected Milli-Q water
permeate for every 500 mL that passed through the pre-
cleaned cartridge for the same extraction volume (15 L) to
measure DOC concentrations. To check the blanks during
methanol elution, we collected 80 mL of methanol eluent,
dried it with high purity N2 gas, re-dissolved it in high purity
Milli-Q water, and measured its DOC concentration. In both
cases, we found no detectible DOC (within the detection limit
~3 μM) associated with either the sorbent or methanol, con-
sistent with the results reported in previous studies (Dittmar,
2008; Dittmar et al., 2008).

DOC and BC Measurement

The concentration of DOC was analyzed by the high temper-
ature catalytic oxidation (HTCO) method using a Shimadzu
TOC-L analyzer equipped with an ASI-L auto-sampler. The
instrument was calibrated using 5-point calibration curves de-
rived from a carbon standard solution of potassium hydrogen
phthalate (KHP) and DOC values were checked against low-
carbon water and deep-seawater reference materials (CRM,
University of Miami, Rosenstiel School of Marine and
Atmospheric Sciences). Blank subtraction was carried out
using high purity Milli-Q water that was analyzed before ev-
ery five samples. Average blanks associated with DOC mea-
surements were about 5 μM, and analytic precision on tripli-
cate injections was <3 %.

The concentrations of both DBC and particulate black car-
bon (PBC) were determined by the thermal-oxidation method
based on Gustafsson and Gschwend (1998) and Gustafsson
et al. (2001). Previous studies have shown that this method
was precise and reproducible for BC analysis in marine sedi-
ments and particles (Gustafsson et al., 2001; Reddy et al.,
2002, Wang and Li, 2007). It has also been used to determine
DBC in HMW-DOM samples with good recovery, tested
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using standard BC materials (Mannino and Harvey, 2004). It
should be pointed out that by using the thermal-oxidation
method, we likely determine the soot-type highly condensed
aromatic BC in our samples (Hammes et al., 2007). For DBC
analysis, 1.0–2.0 mL of condensed SPE-DOC was added into
a 9-mm OD × 200-mm quartz tube (prebaked at 850 °C for
2 h) and dried with a high-purity N2 stream. The quartz tube
was then placed in an oven and the SPE-DOC was thermally
oxidized at 375 °C for 24 h with a continuous air supply to
remove non-BC OC. The organic carbon left after thermal
oxidation was defined as DBC. For PBC determination,
suspended particles were first dried at 60 °C and ground to
fine powder. About 1–2 g ground particles were placed in a
very thin layer (2–3 mm) in petri dishes and heated at 375 °C
for 24 h in an ovenwith continuous air supply. Organic carbon
left after the thermal oxidation was defined as PBC. Following
thermal oxidation, DBC was oxidized again in evacuated,
flame-sealed quartz tubes (with CuO and Ag wire added) at
850 °C for 2 h in a muffle furnace (Druffel et al., 1992).
Particles before and after thermal oxidation were acidified
with 10 % HCl to remove inorganic carbon. After being dried
in the oven at 60 °C, 200–500 mg was placed in prebaked 9-
mm OD quartz tubes and flame-sealed under a vacuum (with
CuO and Ag wire added). Both POC and PBC in the sealed
quartz tubes were combusted to CO2 in a muffle furnace at
850 °C for 2 h. The resultant CO2 from combustion was col-
lected cryogenically and quantitatively measured on vacuum
line. The amounts of DBC, POC, and PBC were calculated
based on the volume of the resultant CO2. As part of this
study, we also measured carbon isotope (14C and 13C) com-
positions for DOC, DBC, POC, and PBC. These results are
presented in a separate paper (Wang et al., 2016).

Results and Discussion

DBC in the Changjiang and Huanghe Rivers

The results of all chemical measurements are summarized in
Table 1. The extraction efficiency of SPE-DOC was 59 ± 6 %
for the fresh river water and 42 ± 3 % for the coastal seawater.
We observed that the extraction efficiency of seawater was
actually about the same as for the river freshwater until 20 L
of seawater passed through, when the extraction efficiency
decreased (data not shown). This was probably due to the high
amount of salt retained on the sorbent at that point. The
42 ± 3 % was an overall extraction efficiency for seawater
calculated based on a 50 L extraction volume. These results,
in general, are in good agreement with the values obtained by
Dittmar et al. (2008) and Coppola et al. (2015). Using the
same PPL cartridge, Dittmar et al. (2008) reported 62–65 %
DOC extraction efficiency for river and salt marsh waters and
43 % for high-salinity seawater DOC. Coppola et al. (2015)

determined a 43 ± 6% extraction efficiency for seawater using
a modified SPE method with the same sorbent.

The average abundances of DBC determined for the sam-
ples accounted for 3.0 ± 0.4, 4.8 ± 3.6, and 3.4 ± 0.6 % of the
total DOC pool in the Changjiang and Huanghe Rivers and
ECS coastal seawaters (Table 1 and Fig. 2). For the Huanghe
River, however, greatly variable DBC content was observed
for different months in 2015. The values of DBC/DOC ranged
from 1.2 ± 0.1 % in December to 13 ± 0.3 % in April. March
(8.2 ± 0.4 %) and August (9.3 ± 0.5 %) also exhibited higher
DBC values compared with other months. The DBC contents
(3.4 ± 0.6 %) in the three coastal seawater samples are com-
parable, close to the DBC value (3.0 ± 0.4 %) in the
Changjiang River (Fig. 2).

The DBC values in the Changjiang and Huanghe rivers and
the coastal waters of the ECS that we determined are
comparable to the results reported in other environments.
Using the same SPE method, Dittmar (2008) reported DBC
contents that accounted for 2.6 and 0.9 % of the DOC pools in
the Gulf of Mexico and the Atlantic Ocean. DBC in Atlantic
open ocean waters was much lower than that in coastal
seawater. More recently, using the same sorbent SPE
method, Coppola et al., (2015) extracted 4.2 ± 1.0 % DBC
in the DOC pool for the North Pacific surface water. However,
Dittmar (2008) and Coppala et al. (2015) used benzene
polycarboxylic acids (BPCAs) in the chemical oxidation
method to quantify DBC in the SPE extracted DOC, which
is a different approach from the thermal-oxidation method we
applied. The DBC/DOC values we determined in the
Changjiang and Huanghe Rivers (3.0–4.8 %) and coastal wa-
ters of ECS (3.4 ± 0.6 %) are actually quite similar to the
values they reported. As reviewed by Hammes et al. (2007),
the thermal-oxidation method mainly identifies highly con-
densed aromatic structure BC and usually gives lower BC
values. The BPCAs method also chemically oxidizes con-
densed aromatic BC in SPE-DOC to individual BPCAs which
are subsequently analyzed using HPLC (Dittmar, 2008;
Ziolkowski et al., 2011). These two methods, although one
determines aromatic bulk BC and one measures molecular
markers, likely determine structurally similar BC, resulting
in comparable BC values in the different water samples.
Even using a different ultrafiltration method, Mannino and
Harvey (2004) found that the DBC comprised 8.9 ± 6.5 and
4–7 % of the DOC pool in the Delaware Estuary and the
coastal Atlantic Ocean. These similarities in DBC contents
in a different river, coastal water, and seawater could suggest
that a similar mechanism or process controls the dissolution
and cycling of BC in the DOC pool. As reported by Jaffé et al.
(2013), a strong positive linear correlation (r2 = 0.95) exists
between DBC and DOC concentrations in the 15 world rivers
they studied. They estimated that about 26.5 ± 1.8 Tg of DBC
could be transported by the world’s rivers into the ocean an-
nually and this DBC could account for about 10 % of the
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global riverine flux of DOC. Our results clearly demonstrate
that both the Changjiang and Huanghe Rivers play important
roles in mobilizing and transporting DBC to coastal waters.
As shown in Fig. 3a, a strong positive correlation (r2 = 0.86)
between DBC and DOC exists in the Changjiang and its es-
tuarine coastal waters. However, for the Huanghe River, such
a relationship is insignificant (r2 = 0.15, Fig. 3b). This is
largely due to the seasonal variations of DBC observed in
the Huanghe River (Fig. 2), suggesting that regional point
source contributions of DBC could be important (Hockaday
et al., 2007; Dittmar et al., 2012). The decomposition process-
es and rates of DBC and DOC could also be different (Bird et
al., 1999; Nguyen et al., 2010). Recent studies have shown
that photodegradation preferentially removes DBC in river
and coastal waters (Stubbins et al., 2012; Wagner and Jaffé,
2015), so the abundance of DBC in a particulate river basin
may not be necessarily controlled directly by DOC
concentration.

PBC in the Changjiang and Huanghe Rivers

In contrast to DBC, the PBC contents were much higher in the
POC pools in the two rivers (Table 1). PBC accounted for
21.8 ± 11.1 % of the POC in the Huanghe and 13 ± 0.9 %
of POC in the Changjiang. The monthly distributions of PBC
in the Huanghe River also showed large variations during

2015, with high values in April (41.9 %) and June (45.2 %)
and lower values in September (13.4 %) and October (9.0 %),
respectively (Fig. 2). The PBC in the Changjiang River (13%)
was lower, but similar to the September and October values in
the Huanghe River.

The amount of PBC we determined accounted for 13 and
22 ± 11 % of the POC in the Changjiang and Huanghe Rivers.
Obviously, BC in the suspended particles in the two rivers is
much higher than DBC in the dissolved phase. The Huanghe
River POC contained higher PBC than the Changjiang River
POC. This is in good agreement with the results we reported
previously for BC measured in the coastal sediments of
China’s marginal seas (Wang and Li, 2007; Kang et al.,
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2009). In the Huanghe River-influenced Bohai Sea, BC con-
tents in the surface sediments ranged from 27 to 41 %, which
is much higher than the range of 5–26 % in the Changjiang
River-influenced ECS coastal sediments. As compared with
the values reported for the other environments, it appears that
particulate organic matter serves as an important matrix for
transporting BC. In their earlier study, Masiello and Druffel
(2001) measured PBC in POC samples collected in the Santa
Clara River in California (USA). They found that 7.9–17% of
the POC was in the form of PBC. For the Mississippi River
Estuary, Mitra et al. (2002) reported that 16–17 % of river
POC and 25–28 % of the shelf water POC were identified as
PBC in 1999. These values are comparable to the PBC values
we measured for the Changjiang and Huanghe Rivers. The
relatively high PBC values in the Huanghe River are not sur-
prising considering that the Huanghe is one of the most turbid
rivers in the world (Milliman and Meade, 1983). Its flow rate
is only 1 % of the Changjiang River, but the average value of
annual total suspended sediment (TSS) in the Huanghe River
was 2.52 ± 2.98 kg/1000 L, 19 times higher than the value of
0.134 ± 0.067 kg/1000 L in the Changjiang River. The POC
content of the TSS in the Huanghe River, however, was much
lower (0.48 ± 0.14 %) compared to the average value
(1.21 ± 0.21 %) in the Changjiang (Wang et al., 2012). Also,
the radiocarbon ages of POC in the Huanghe River were much
older (average 6170 years BP) than the POC ages (average
920 years BP) in the Changjiang River (Wang et al., 2012).
Most of the particles transported in the Huanghe are derived
from the highly decomposed soil, clay minerals, and quater-
nary loess in the middle basin of the river (Zhang et al., 1995).
These fine particles could have a high adsorption capacity for
BC. Cusack et al. (2012) have reported that strong adsorption
by minerals was a major control for BC preservation in soils.
Direct evidence is given by a positive correlation between
POC and PBC in the Changjiang and Huanghe Rivers, as
shown in Fig. 3c, indicating that PBC is strongly bound to
POC and mineral surfaces (Czimczik and Masiello, 2007;
Cusack et al., 2012). However, it should be pointed out that
the PBC contents in the months of April (41.9 %) and June
(45.2 %) in the Huanghe River seem unusually high. We do
not have a clean explanation for these two high values but
expect that they could be affected by some local point sources
of BC, or some non-BC organic matter was not totally re-
moved during thermal-oxidation process for these two sam-
ples (Hammes et al., 2007).

Flux of DBC and PBC in the Changjiang and Huanghe
Rivers

Based on the DBC and PBC measured for the Huanghe River
and its flow rate recorded at the Lijin Hydrographic Station
(60 km upstream from the estuary) (www.sdhh.gov.cn/hhsq),
we calculated monthly fluxes of DBC and PBC and plotted

them in Fig. 4. The flow rate showed a very high peak in July
that was caused by an anthropogenically controlled high flood
event (Fig. 4a). Since 2002, annual water management regu-
lations during June–July require opening the dam gate at the
Xiaolangdi Reservoir, which is 600 km upstream from the
estuary, to let a high flow of water remove the sediment de-
posited on the river bed during previous months. Therefore, a
high load of sediment was observed during this high flood
period. The relatively high flow rate during April to June
was related to the rainy season. The calculated monthly fluxes
ranged from 0.13–5.92 × 108 gC for DBC and 0.3–32.
7 × 108 gC for PBC in the Huanghe River during 2015. The
flux of PBC was much higher than that of DBC, and it mainly
occurred in the high flow period during April to the end of
July (Fig. 4b). The annual flux of DBC and PBC was 1.
7 × 109 gC and 1.2 × 1010 gC, and this accounted for 5.4
and 28 % of the DOC and POC fluxes in the Huanghe River
in 2015 (Xue, 2016). For the Changjiang River, since we only
measured three DBC values and one PBC value, we use the
value of 3.0 ± 0.4 and 13.0 ± 0.9 % to represent the average
DBC and PBC contents in the Changjiang River. Based on the
annual fluxes of DOC (1.58 × 1012 gC) and POC (1.
52 × 1012 gC) we measured in 2009 for the river (Wang
et al., 2012). We calculated that the fluxes of DBC and PBC
in the Changjiang could reach 4.7 × 1010 gC and 2.0 × 1011 gC
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annually. The PBC flux in the Changjiang (2.0 × 1011 gC) is
comparable with the PBC flux (5 × 1011 gC) measured for the
Mississippi River in 1999 (Mitra et al., 2002). These large
fluxes of DBC and PBC carried by the Changjiang and
Huanghe rivers could have a major influence on carbon cy-
cling and preservation in the Bohai Sea and ECS. Our radio-
carbon measurements of DBC and PBC collected in this study
have demonstrated that DBC and PBC transported by the
Changjiang and Huanghe Rivers represent two distinctive
BC pools with PBC (2550–12,600 years BP) being much
older than DBC (475–1510 years BP) (Wang et al., 2016).
Using 14C measurements of organic biomarkers (n-alkanes),
Tao et al. (2015) estimated that 10–31 % of the POC in the
Huanghe River was BC derived from fossil fuel combustion.
Due to its stable chemical nature (Bird et al., 1999; Cusack
et al., 2012), it is expected that most of the PBC will be de-
posited and preserved in coastal sediments, consistent with the
high BC contents measured in the sediments of the Bohai Sea
and ECS (Wang and Li, 2007; Kang et al., 2009; Huang et al.,
2015). Thus, PBC transported by the Changjiang and
Huanghe Rivers represents an important sink of anthropogen-
ically derived carbon that could be preserved in sediments for
millennia. It is not well known at present whether riverine
aged DBC could be microbially degraded or photo-
decomposed when it enters the ocean. A previous study has
shown that >2 % of the DOC in the ocean has a heat-induced
molecular signature (Dittmar and Paeng, 2009), suggesting
that some riverine DBC could last for a long time in the ocean,
and thus could contribute to the old DOC pool (Coppola et al.,
2015; Wang et al., 2016). Future studies are certainly needed
to address this question.
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