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Sediment is the most dominant reservoir of organic pollutants in the aquatic environment. Understanding carbon
and nitrogen sources in sediments and factors that controls distribution enhances our understanding of biogeochemical cycles of carbon and nitrogen. Diﬀerent end-members and surface sediments of rivers and sediments proﬁles of lakes were collected. The concentrations of TOC and TON and their δ13C and δ15N were studied
for qualitative and quantitative analysis of natural and anthropogenic sources. The results show that TOC and
TON concentrations of the sediments from rivers range from 0.63% to 10.83% and 0.06%–0.86%, respectively,
indicating substantial great environmental risks in these rivers. The concentrations of TOC and TON for the four
sediment proﬁles below the 5 cm, increase in the order of Miyun < Chuidiao < Qunming < Houhai, as
inﬂuenced by their respective environment condition. Moreover, water quality was quite good and there was no
risk of eutrophication in Miyun reservoir. δ13Corg and δ15Norg in surface sediments of the studied 18 rivers range
from −27.2‰ to −24.9‰ and −2.2‰ to +10.9‰, respectively. Based on a simple δ13C-based end-member
mixing and a C/N ratio model, organic matter in the surface sediments of these rivers were mainly derived from
sewage and C3 plant. In addition, the sources of organic matter diﬀered in each layer of the four sediment
proﬁles. This study provides a reliable method for qualitative and quantitative identiﬁcation of the source of
organic matter in sediments, and oﬀers theoretical basis for better management of rivers and lakes.

1. Introduction
Eutrophication and environmental pollution pose a serious issue in
the oceans, rivers, lakes and coastal water worldwide (Lotze et al.,
2006; Ke et al., 2017). Sediment is the most dominant sink of environmentally released organic pollutants in the aquatic environment
(Kubo and Kanda, 2017). The aquatic environmental impact and risk
could be assessed by monitoring the distribution of organic matter in
sediments (Gu et al., 2017). Nitrogen isotopic signatures of sources and
sinks of ﬁxed nitrogen (N) in sediments can be used to elucidate marine
nitrogen budgets (Rooze and Meile, 2016). Moreover, knowledge of the
sources of sedimentary organic carbon in coastal water is essential for
better understanding of the global carbon cycle (Kubo and Kanda,
2017). Therefore, source apportionment of organic matter in sediments
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and understanding of basic factors that control distribution, enhance
our knowledge to biogeochemical carbon and nitrogen cycles. Although
numerous studies have been carried out about the organic matter
sources in sediments, most of them focused on the estuarine and marine
sediments (Lotze et al., 2006; Rooze and Meile, 2016; Gu et al., 2017;
Kubo and Kanda, 2017).
In order to elucidate the sources and fate of organic matter in sediments, stable carbon and nitrogen isotopes and C/N elemental ratios
have been widely applied in an aquatic environment (Graham et al.,
2001; Schubert and Calvert, 2001; Gao et al., 2012; Kanaya et al., 2013;
Rooze and Meile, 2016; Gu et al., 2017; Kubo and Kanda, 2017).
Generally, the values of δ13C, δ15N and the C/N have certain range in
diﬀerent sources (Gao et al., 2012). Moreover, terrestrial organic matter
usually exhibits negative δ13C and δ15N values compared to marine
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organic matter (Gao et al., 2012; Ke et al., 2017). For example, δ13C and
δ15N in the marine phytoplankton usually range from −19.1‰ to
−22‰ and from 3.0‰ to 12.0‰ respectively, while they vary from
−35.0‰ to −25.0‰ and from 5‰ to 8‰ in freshwater phytoplankton, respectively (Boutton, 1991; Wada and Hattori, 1991;
Gearing et al., 1984). Meanwhile, the C/N ratios for organic matter
were 5–8 in marine while it is > 15 in the terrestrial organic matters
(Meyers, 1997). Moreover, δ13C signatures and C/N ratios of sediments
are usually used to assess the source of organic matter in an ecosystem,
whereas δ15N signatures are commonly used to evaluate anthropogenic
discharge and trophic structure of aquatic organisms (Ke et al., 2017).
The sediments of urban lake and river always come from various
sources. Beijing is one of the largest cities in East Asia with rapid
economic growth and about 20 million residents track (BSY, 2017).
Considering the municipal and industrial activities to sustain the huge
population, discharge of municipal and industrial wastewater into the
environment has led to a signiﬁcant decline in quality of the local
surface water bodies. Consequently, the surface water bodies which
serve as the source of raw water of the municipal water supply are
polluted, and inﬂuence the quality of tap water which is often below the
drinking water quality benchmark requirements, in some sections of the
city (He et al., 2011; Peters et al., 2015; Zhang et al., 2017). The pollution of certain river sections in Beijing has reached a critical level.
Many previous studies have investigated the pollution of these rivers in
Beijing through isotope techniques and elements analysis (He et al.
2011, 2014; Zhou et al., 2012; Peters et al., 2019; Zhang et al., 2017).
However, there are few studies about the organic matter distribution in
the sediments of rivers and lakes in Beijing area.
Here, diﬀerent end-member species, surface sediments of 18 rivers
and sediments proﬁles of 4 lakes in diﬀerent areas of Beijing were
collected, and the concentrations of total organic carbon (TOC), total
organic nitrogen (TON), and their isotope ratios (δ13C and δ15N) of the
samples were analyzed accordingly. We combined carbon and nitrogen
isotopes with the C/N ratio to examine the sources and fate of organic
matter in the sediments of rivers and lakes. This study provides a
method to identity the source of organic matter in sediments and lays
theoretical basis for management of rivers and lakes.

include Kunyu River, Chang River, North moat River, South moat River
and so on. Urban drainage rivers include four main drainage systems:
Qing River, Ba River, Tonghui River and Liangshui River. Rainwater,
domestic sewage and industrial wastewater in the urban area pass
through these four drainage systems and eventually ﬂow into the
Beiyun River. The suburban rivers include Wenyu River, Beiyun River,
Feng River, Ganggou River and so on.
There are more than 30 lakes in Beijing. The total surface area of the
lakes is about 7.3 km2. The water depth of lakes is approximately
1.5–2 m. We selected 4 lakes with diﬀerent degree of human disturbance and cleanliness of sediments for more detailed investigation in
this study: 1) Qunming Lake located near the old site of the Capital Iron
and Steel Factory. Industrial activities and human disturbance are the
strongest compared with other three lakes. Sediments are the darkest
with ﬁshy smell; 2）Houhai is in the city center with frequent human
activities. The sediments are dark and slightly odorous; 3）Chuidiao
Garden is less disturbed by human activities. The properties of sediment
are similar to soils; 4）Miyun reservoir is the largest and the only
source of drinking water supply of Beijing.
2.2. Sample collection
River surface sediment samples were collected using stainless-steel
grab sampler at a depth of 0–5 cm from the middle of 18 rivers in
Beijing area between July 2012 and May 2013 (Fig. 1). Three sediment
samples were collected at 5–10 cm upstream and downstream from
each site and the three replicate samples were mixed. Sediment proﬁles
were collected from the middle of four lakes in Beijing area (Miyun
reservoir, Chuidiao Garden, Houhai and Qunming lakes) using a
Gravity sampler. The sediment columns were stratiﬁed as a sample for
each 2 cm or 5 cm. Four soils, four algae, three atmospheric depositions, three C3 plants, and three C4 plants were selected as the endmembers in or around the rivers and lakes.
Samples were stored at −20 °C in self-sealing polyethylene bags
until analysis. Each sample was then gently ground using an agate
pestle and mortar, sieved through a 200 μm mesh sieve for homogenization, and then stored in glass bottles for subsequent TOC, TON,
δ13C, and δ15N analysis. On-site measurements of temperature, pH,
redox potential (Eh) and electric conductivity (EC) were carried out
during sampling using the electrode kit SX731 (Sanxin®). Table 1 lists

2. Materials and methods
2.1. Study area
Beijing is located on the Beijing Plain, northwest of the larger North
China Plain (NCP). Beijing exhibits a continental semiarid climate with
an annual mean temperature of around 13 °C (Aji et al., 2008). The
annual average precipitation is ~600 mm/year with 80% occurring
during the summer monsoon between June and September. There are 5
big rivers and around 200 small rivers crossing Beijing municipality.
These 5 major river catchments are Yongding River and Juma River in
the west, Chaobai River and Beiyun River in the east as well as Jiyun
River in the northeast of the city. Beiyun river is the main drainage
channel in the urban and plain areas of the city. It accounts for more
than 80% of the sewage discharge and 90% of the rain and ﬂood discharge. However, with the development of the city and population rise,
domestic sewage discharge has also increased dramatically. There are
direct or indirect discharge into the Qing River, Ba River, Tonghui and
Liangshui rivers which are tributaries of Beiyun Rivers. As a result,
many water quality indicators of the Beiyun River system exceed the
class IV water quality of national water quality standard (Zhang et al.,
2015). Therefore, the water quality was very poor according to the
national guideline on surface water quality (GB3838-2002) (class I:
very good, class II: good, class III: moderate, class IV: poor, class V: very
poor). Therefore, the Beiyun River is the most polluted water system in
Beijing.
Beiyun river systems can also be divided into urban central rivers,
urban drainage rivers and suburban rivers. The central rivers mainly

Fig. 1. Geographic setting and location of sediment samples in rivers and lakes,
Beijing, China.
2
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code:449278/1 41803102) is used as reference materials, and
δ13C = −43.74‰, δ15N = −1.489‰. The deviation of δ13C and δ15N
is 0.07‰ and 0.13‰, respectively. Reproducibility as determined
through replicate measurements was better than 0.1‰.

Table 1
Physical and chemical properties of surface waters in the sample sites.
Numbers

Sample sites

T(°C)

pH

Eh (mV)

1
2
3
4

TCR
LMR
BR
XZRT

22.7
22.8
23.1
24.4

7.00
7.02
7.81
7.99

84
−248
106
88

EC (μS/
cm)
207
556
946
1214

5

TH

34.8

7.78

74

950

6
7
8

FTQ
XTR
LSRE

24.2
27.6
26.9

8.16
8.07
7.87

−138
−50
100

1368
1290
1325

9
10
11
12

LSR
XFR
HR
YDRJ

26.0
25.7
30.3
–

8.06
8.11
7.77
–

−136
83
96
–

1302
1571
794
–

13

YDRD

28.8

8.76

83

319

14
15

WYR
YDRT

28.8
23.8

7.59
8.05

−46
−206

789
1063

16
17
18

WYQ
XZR
BQ

23.6
24.7
21.6

7.92
8.07
8.02

55
42
90

955
1450
721

19
20
21
22

QML
HH
CDG
MYR

–
–
–
–

9.83
7.85
8.44
–

188
63
60
–

355
516
1345
–

Location
Tucheng River
Liangma River
Ba River
Xiaozhong River
(Tongshun road)
Tonghui Irrigation
Canal
Fatouqiao River
Xiaotai River
East of Liangshui
River
Liangshui River
Xinfeng River
Han River
Yongding River
(Jinding west street)
Yongding River
(Dongcui road)
Wenyu River
Yongding River
(Trunk Canal)
Wenyu Qiao
Xiaozhong River
Channel of Beiqing
road
Qunming Lake
Houhai
Chuidiao Garden
Miyun Reservoir

2.4. Bayesian mixing model
The Bayesian isotope mixing model (MixSIAR, version 3.1.7) was
applied in this research. The δ13C and C/N ratios for the sediments and
the end members were used as input parameters. The Markov Chain
Monte Carlo (MCMC) was set to “very long”, and the Gelman-Rubin and
Geweke diagnostic tests were used to determine whether the output
was reasonable (Stock and Semmens, 2013). The error structure and
specify prior were set to “residual error” and “uninformative”, respectively. The median values (50% quartiles) were analyzed for contributions from diﬀerent sources.
2.5. Data analysis
Descriptive statistics were computed with SPSS for Windows, version 19.0 and Origin for Windows, version 8.0.
3. Results and discussion
3.1. TOC and TON, C/N ratios in sediments
3.1.1. Concentration of TOC and TON, and C/N ratios in surface sediments
of Beijing rivers
The concentrations of TOC, TON and C/N ratios of sediments in 18
rivers of Beijing are as shown in Fig. 2A.
Obtained concentrations of TOC markedly diﬀer within the rivers.
The concentrations of TOC in the surface sediments of Beijing rivers
range from 0.63% to 10.83% with an average of 3.53 ± 2.31%
(n = 18). The lowest concentration of TOC observed at the sampling
site of XTR (XiaoTai River) while the highest value was at FTQ (FaTou
Qiao). Except these two sites, the concentration of TOC in other sites
ranged from 3% to 5%. There are some diﬀerences between the results
of this study and those of Chaobai areas (0.11%～1.76%) in North of
Beijing as reported by Lu et al. (2012). Higher range values in this study
indicated that initial productivity in the 18 rivers were higher than that
of Chaobai areas. Furthermore, the TOC concentrations of sediments in
Beijing rivers were also higher than those from other Chinese and
worldwide coastal sea areas, such as Zhelin Bay (0.46–1.23%) (Gu
et al., 2017), Zhifu Bay (0.35–0.91%) (Wang et al., 2016), Bohai Bay
(0.85–7.24%) (Gao et al., 2012), Jiaozhou Bay (0.07–0.45%) (Dai et al.,
2007), Pearl river Estuary (0.88–1.15%) (Qi et al., 2010), Chesapeake
Bay, USA (0.75–3.46%) (Zimmerman and Canuel, 2000), Gulf of
Trieste, Adriatic Sea (0.5–1.3%) (Ogrinc et al., 2005), Beppu Bay, Japan
(1.8–2.9%) (Kuwae et al., 2007).
The concentrations of TON in surface sediments of Beijing rivers
range from 0.06% to 0.86% with an average of 0.30 ± 0.21%
(n = 18). The lowest concentration of TON was observed at sampling
site WYQ (Wen Yu Qiao) while the highest value was at FTQ (Fa Tou
Qiao). The distribution of TON also diﬀered from the rivers. The highest
concentrations of TOC and TON in FTQ indicated a risk of eutrophication. The results of TON in this study are higher than those of
Chaobai areas in Lu et al. (2012) report. It indicated that there might be
big eutrophication risks in these rivers. The possible sources contributing to the TOC and TON will be discussed in section 3.2.
The values of C/N ratios in the surface sediments of Beijing rivers
range from 7.53 to 25.97 with an average of 12.99 ± 4.59 (n = 18)
higher than Chaobai areas (8.50～13.68) (Lu et al., 2012). The lowest
values of C/N ratios observed at the samples from the site XZRT
(Xiaozhong River) while the highest value was at YDRD (Yongding
River). The ratios of C/N are usually applied to ascertain the source of
organic matter. In general, the ratios of C/N were typically between 10

on-site measurement of physical and chemical properties (temperature,
pH, Eh, EC) of surface waters in the sample sites.

2.3. Analytical methods
Organic carbon in the samples were extracted using 0.5 mol L−1
HCl for 24 h, centrifuged and washed with deionized water repeatedly,
until supernatant liquid was neutral (Midwood and Boutton, 1998).
Then, samples were frozen dry and used for analysis of TOC concentration. Meanwhile, TON analyses were conducted by using
2 mol L−1 KCl and 0.5 mol L−1 HCl sequentially to remove inorganic
nitrogen. Then, the samples were rinsed subsequently with deionized
water to neutralize and were frozen dry. The concentrations of TOC and
TON were measured by elemental analyzer (Vario micro cube, Elementar) at the Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences. Acetanilide (C:71.09%, N:
10.36%) were used as the certiﬁed standards. The precision of this
method based on replicate measurements of the reference standards is
0.1% for carbon and 0.01% for nitrogen.
The isotopic composition of carbon (δ13C) and nitrogen (δ15N) was
measured via sealed-tube combustion (e.g., Strauss et al., 1992) and
subsequent mass-spectrometric analysis using the combination of elemental analyzer (FLASH EA1112, Thermo) with mass spectrometry
(Thermo Finnigan MAT 253) at the Institute of Geographic Sciences and
Natural Resources Research, Chinese Academy of Sciences. The stable
carbon and nitrogen isotope is expressed in “delta” (δ) notation to indicate diﬀerences between the isotopic ratio of the sample and accepted
standard materials expressed as:
δ13C (‰)＝[(R
δ15N(‰)＝[(R

sample

sample

-R

standard)/

R

standard]

× 1000，R =

–R

standard)/

R

standard]

× 1000, R =

13

C/12C

15

N/14N

where δ13C and δ15N are reported in permil (‰) diﬀerence to the
Vienna PDB standard (VPDB) and atmospheric nitrogen N2, respectively. Carbamide (Thermo Electron (Bremen), Lot &Filling
3
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Fig. 2. The concentrations of TOC and TON, C/N ratios, δ13Corg and δ15Norg of Beijing river sediments.

from Miyun reservoir are consistent with those by Lu et al. (2012).
With regard to the four sediment proﬁles below the 10 cm, the
concentrations of TOC and TON in Houhai lake were the highest, while
it was the lowest in Miyun reservoir. This is likely associated with the
environmental conditions in these lakes. Miyun reservoir is protected
well as it is the main source of drinking water to Beijing. The Chuidiao
garden was a private club with a cleaner water. Apart from those two
sites, Qunming lake is polluted with various mixed wastes, owing to its
location near the Capital Iron and Steel plant, and this factor aﬀected
the sediment deposition. The Houhai is not protected properly and
consequently, its sediments quality is very low.
In Qunming lake, the variation of C/N ratios shows an obvious increase along the depth for the four sediment proﬁles. This suggests that
the degree of degradation of sediments in Qunming lake varies greatly
at diﬀerent periods. Moreover, the C/N ratios diﬀer within diﬀerent
sediment proﬁles, and this revealed that the degree of degradation of
organic matter is diﬀerent, and the diﬀerence in sources of organic
matter between the four lake sediments formed during their respective
sedimentary ages.

and 13 in soil samples (Kendall et al., 2001; Guo et al., 2013), higher
than 15 in terrestrial plants (Deines, 1980; Kendall et al., 2001) while it
was between 6.6 and 13 in sewage (Thornton and McManus, 1994;
Andrew et al., 1998; Liu et al., 2007; Machiwa, 2010). Based on this,
the organic matters of sediments of investigated rivers mainly came
from soil and sewage. The sites of YDRD and YDRJ had the high ratios
of C/N, which indicate the organic matters of these two sites may come
from the terrestrial plants, such as C3 and C4 plants.
3.1.2. Concentration of TOC, TON and C/N ratios in sediments proﬁles of
Beijing lakes
The concentrations of TOC, TON and C/N ratios in sediments proﬁles of the four Beijing lakes are as shown in Fig. 3.
The concentrations of TOC and TON varies for all the four sediment
proﬁles. The concentrations of TOC and TON increased from the bottom
to the surface in the Qunming lake, which could be suggested that the
productivity of the lake has increased over time. Moreover, the concentrations of TOC and TON in the surface sediments (0–10 cm) of
Qunming lake are increasingly obvious, while the range of change is not
obvious in the rest sediment proﬁles. The concentration of TON increased to 0.29% in the surface (2–4 cm) from 0.12% in the subsurface
(6–8 cm), which indicated more nutrient input into the Qunming lake
recently. The concentrations of TOC and TON in sediment proﬁles of
Chuidiao garden remained constant from 70 cm to 30 cm, and increased
from 30 cm to 20 cm, then decreased from 20 to 10 cm. The concentrations of TOC and TON in sediment proﬁles of Houhai decreased
slowly from the bottom to the surface. All concentrations of TOC and
TON in sediment proﬁles of Miyun reservoirs are low in which TOC
varied between 0.18%～0.85%. Relatively high values in the surface
showed that the initial productivity was more vigorous recently.
Meanwhile, the concentrations of TON in sediment proﬁles of Miyun
reservoirs varied between 0.008%～0.085%, which is lower than that
of sediment proﬁles in other lakes. This suggests that Miyun reservoirs
water quality is quite good and no risk of eutrophication. These results

3.2. δ13C and δ15N in sediments
3.2.1. δ13C and δ15N in surface sediments of rivers
δ13Corg in surface sediments of these 18 rivers range from −27.2‰
to −24.9‰ with an average of −25.9 ± 0.6‰ (n = 18) (Fig. 2B).
The values are comparable to the values of Chaobai river (−27.8‰～21.6‰ for δ13Corg and the average value was −25.3 ± 1.7‰
(n = 20))(Lu et al., 2012) while it is lighter compared with that of
Bohai Bay (−25.7～-18.2‰ for δ13Corg and the average value was
−22.9 ± 1.43‰). The lowest value of δ13Corg was observed at sampling site LMR (Liangma River) while the highest value was at XZRT
(Xiaozhong River). In the previous studies, the δ13Corg of sediments was
usually lighter than −20‰ (Meyers and Teranes, 2002) while δ15Norg
of sediments varied between −1‰～18‰ (Kendall and Galdwell,
4
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Fig. 3. Vertical distribution of TOC, TON, C/N ratios, δ13Corg and δ15Norg with depths in Beijing Lakes.

of multiple sources. The sources of organic matters of these rivers will
be discussed in detail using mixed model of end-members.

1998; Meyers and Teranes, 2002; Kreitler, 1979; Mariotti et al., 1984).
Generally, terrestrial C3 plants have δ13C values ranging from −30‰
to −23‰ while it ranges from −17‰ to −9‰ for C4 plants (Lamb
et al., 2006; Yu et al., 2010).
δ15Norg in surface sediments of all 18 rivers ranged from −2.2‰ to
+10.9‰ with an average of +3.0 ± 2.8‰ (n = 18). The range is
larger than the values in Chaobai river (+1.3‰～+6.7‰ and average
value of +3.6 ± 1.5‰ (n = 20)) (Lu et al., 2012). The lowest δ15Norg
values was observed at sampling site BQ (Channel of Beiqing road)
while the highest value was at LSR (Liangshui River). Marine organic
matter usually has δ15Norg value of +3‰～+12% derived from phytoplankton that normally use dissolved nitrate (Brandes and Devol,
2002; Lamb et al., 2006; Gao et al., 2012). In consistent with the results
of the previous studies (Maksymowska et al., 2000; Gaye-Haake et al.,
2005; Gao et al., 2012), the δ15Norg values of river sediments are lower
than oceanic values. This maybe attribute to the contributions from the
forest and soil nitrogen. Generally, terrestrial plants have low δ15Norg
values while anthropogenic origins (such as waste, livestock)
(+10‰～+22‰) are enriched with heavy nitrogen isotopes
(McClelland et al., 1997; Cole et al., 2006; Banaru et al., 2007).
In this study, the values of δ13Corg and δ15Norg for diﬀerent sample
sites diﬀer between the rivers, which indicates that the organic matter
of diﬀerent rivers are distinct. The variation of δ13Corg and δ15Norg revealed that organic matter in Beijing rivers sediments consists a mixture

3.2.2. δ13C and δ15N in sediment proﬁles of lakes
The δ13Corg in the four sediment proﬁles are shown as Fig. 3. The
δ13Corg diﬀered within diﬀerent places. The δ13Corg compositions in the
sediment proﬁles of Miyun reservoir were more negative when compared to the other three proﬁles. This could be due to the little accumulation of 13Corg in the Miyun reservoir during the degradation process of the organic matter. The δ13Corg is quite similar in Chuidiao
garden, Houhai and Qunming lake at 20–50 cm, depicting similarity in
their sediment-deposited organic matter sources, formed during the
same sedimentary stage.
The variations of δ15Norg values for the four sediment proﬁles are
similar to those of δ13Corg. The δ15Norg in the sediment proﬁles of Miyun
reservoir are diﬀerent from the other three proﬁles. The variation of
δ15Norg values in sediment proﬁles of Qunming lake was obvious with
the increment in depth, but it was not evident in Chuidiao garden and
Houhai. In a similar pattern with δ13Corg, the variation trend of δ15Norg
are consistent with increment in depth in the sediment of Chuidiao
garden and Houhai. The δ15Norg values are similar between 20 and
50 cm depth in the sediment of the Chuidiao garden and Houhai lakes.
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4. Discussions

might also be due to the number of selected end-members were not
enough. Even though, this method was not complete as desired, it is
very useful and signiﬁcant. As depicted in Fig. 4B, the organic matter in
two sites lying channel of Yongding river came from the algae and C3
plants, except the contribution of atmospheric deposition, which was
included by the method of combination of δ13Corg and C/N. Therefore,
this method reduced the scope of end-members and played a very important auxiliary role. Beside this, from Fig. 4B, the organic matter of
parts of river sediments came from the soil organic matters or algae
while the δ15Norg and C/N of soil organic matter were just between that
of sewage organic matter and algae. Combined with the information of
δ13Corg and C/N, it can be inferred that the organic matters of these
river sediments came from the sewage organic matter and algae.
Therefore, the organic matter of the river sediments mainly came
from the sewage organic matter, algae and C3 plants. This is consistent
with the results by Li et al. (2016), which stated that the pollution of
Beijing rivers were mainly due to the untreated sewage discharge.
Moreover, it was reported that residential areas produced 3.3 million
tons’ domestic sewage per day and about 17% wastewater is directly
discharged into the environment (Dai et al., 2015; Li et al., 2016). In
summary, the method of combination of δ13Corg, C/N and qualitative
analysis of end-members in order to identify sources of organic matter
in surface sediments of Beijing rivers was useful, eﬀective and signiﬁcant.

4.1. Source of organic matter in sediments
The carbon isotopes of organic matter in sediment are inﬂuenced by
various factors, such as the chemical properties of water, initial productivity, hydrological characteristics of basin, regional natural environment, sedimentary environment, and the preservation status of
buried deposits (Talbot, 1990; Aravena et al., 1992; Meyers, 1994).
Meanwhile, these factors will also aﬀect each other. Therefore, environmental conditions should be taken into consideration when investigating the source of organic matter. C/N ratios of sediments are
related not only directly to the number and variety of organic matter
sources, but also to the change with the degradation of organic matter.
During early diagenesis, nitrogen is more easily mineralized than
carbon, enhancing an increase in the C/N ratio with diagenesis.
Nevertheless, degradation of sedimentary organic matter is not enough
to obliterate the initial C/N ratio of terrestrial plants and aquatic plants.
Therefore, C/N ratios are still believed to preserve information of organic sources (Meyers and Ishiwatari, 1993; Kaushal and Binford,
1999). In addition, the organic nitrogen isotopes in sediments can
provide environmental information of organic matter in sewage, so
organic nitrogen isotopes can be applied for analyzing the source of
organic matter in the sediments. Furthermore, this study combines two
stable isotopic compositions (δ13Corg and δ15Norg) with the C/N ratio to
investigate the possible sources of organic matter.
It is very important to analyze end-members in order to identify the
source and contribution of each source. Combined with previous researches in this ﬁeld and the current situation of Beijing environmental
pollution, end-members were selected. They include soil organic
matter, C3 plants, C4 plants, atmospheric deposition, sewage organic
matter, and phytoplankton (algae). The distribution of each endmember was shown in Table 2.

4.1.2. Qualitative analysis of sources of organic matter in sediment proﬁles
of lakes
From Fig. 4C and D, the organic matter in sediment proﬁles of
Miyun reservoir originated from soil organic matter, algae and C3
plants.
Besides the three end-members, the organic matter in sediment
proﬁles of Chuidiao garden also evolved from the sewage. The organic
matter in sediment proﬁles of Houhai originated from the soil organic
matter, algae and sewage. Besides the three end-members, the organic
matter in sediment proﬁles of Qunming lake also came from the terrestrial C3 plants. Furthermore, the contribution of the terrestrial C3
plants was dominant among the various sources of organic matter at the
layers of 5–10 cm of Chuidiao garden, 28–30 cm of Miyun reservoir,
6–8 cm and 20–25 cm of Qunming lake.
Qualitative analysis indicates that there are four major sources of
organic matter in studied sediment proﬁles: sewage, C3 plant, algae and
soil organic materials.
The soil organic matter and algae were the main sources in the four
sediment proﬁles. Sewage and C3 plants were the sources in three of
those sediment proﬁles. However, C3 plants were the only source of the
several layers as mentioned earlier. Hence, soil organic matter, algae
and sewage were selected as main end-members of sediment proﬁles for
further quantitative analysis of the sources.

4.1.1. Qualitative analysis of sources of organic matter in surface sediments
of rivers
Based on both stable isotopes and C/N ratio (Fig. 4A), we believe
that there are three diﬀerent major sources of the organic matters in
surface sediments of the 18 rivers. The sewage is the major source of
organic matter in the sediments of most rivers. However, the major
source of organic matter in the sediments of TCR (Tucheng river), LMR
(Liangma river), TH (Tonghui irrigation canal), HR (Han river) is algae.
However, the organic matter of The YDRJ (Yongding River, Jinding
west street) and YDRD (Yongding River, Jinding west street) sediments
were sourced from the composition of atmospheric deposition, algae
and C3 plants. Based on this, organic matter source identiﬁcation in the
diﬀerent sampling points of the same river is more reliable via the
combination analysis of δ13Corg and C/N.
From Fig. 4B, the δ15Norg and C/N of 6–7 sample sites are beyond
the scope of the selected end-members. This concerns that sources
identiﬁcation by the combination of δ15Norg and C/N have defects. It
Table 2
Distribution of δ13Corg, δ15Norg and C/N ratios of diﬀerent end-members.
End-members

δ13Corg (V-PDB, ‰）

δ15Norg（air, ‰）

C/N

Numbers

Soil
Algae
Atmospheric
C3 plants a
C4 plants b
Sewage c

−22～-24(-23.5 ± 1.1)
−14～-27(-19.3 ± 6.3)
−23～-26(-24.5 ± 1.7)
−23～-30(-28.9 ± 0.5)
−9～-17(-15.3 ± 4.2)
−23～-28.5(-25.3 ± 2.75)

3～9(5.9 ± 2.5)
3～8(6.2 ± 2.5)
−7～2(-2.1 ± 4.5)
−5～18(4.5 ± 0.7)
3～6(5.8 ± 2.4)
7～25

10～16(13.7 ± 2.5)
13～26(17.7 ± 5.6)
23～46(38.7 ± 13.1)
＞18(18.0 ± 7.3)
＞15(15 ± 4.6)
6.6～13(12.5 ± 0.8)

4
4
3
5
2
4

a
Kendall et al., (2001), Goni et al., (2003), Pancost and Boot (2004), Lamb et al., (2006), Yu et al., (2010), Gao et al., (2012), Lu et al., (2012), Gu et al., (2017),
Rao et al., (2017).
b
Deines (1980), Kendall et al., (2001), Goni et al., (2003), Rao et al., (2017).
c
Thornton and McManus (1994), Andrew et al., (1998), Liu et al., (2007), Machiwa (2010).
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Fig. 4. Scatter plot of δ13Corg vs C/N ratios, δ15Norg vs C/N ratios of sediments from diﬀerent sources, Beijing rivers (A and B) and lakes (C and D).

contribution to the sediment proﬁles of Houhai except the bottom,
followed by sewage (10.4–20.3%) and algae (1.9–8.7%). In the surface
(5.7%) and subsurface (8.7%) sediments of Houhai, contribution of
algae is obvious. However, in the bottom of Houhai, sewage (75.9%) is
the main source of organic matter. The Qunming lake have complicated
sources when compared with other three lakes. Algae, atmospheric
deposition, C3, C4, sewage and soil have some contributions on each
sediment layer in Qunming lake.
The variation trends with the increase of depth for the proﬁles of
Chuidiao garden, Houhai and Qunming lakes are similar to those of soil
proﬁles. In the soil proﬁles, decomposition of organic matter could
result in carbon isotopic fractionation (Balesdent et al., 1993; Schweizer
et al., 1999). This leads to a decrease in organic carbon content and an
increase in δ13Corg value from the surface to the bottom of soil proﬁles.
Most of organic matter in the soil have been degraded when the δ13Corg
value reached the maximum (Zhu and Liu, 2006). Thus, the content of
the refractory organic matter increased and accumulated at the bottom,
which reduced the decomposition rate of organic matter. Therefore,
content of organic carbon and δ13Corg composition were observed to be
reducing slowly with increment in depth of the soil. The δ13Corg in the
bottom of three sediment proﬁles (as shown in Fig. 3) is more positive
than those of the surface layers. It illustrates that the organic matter
was degraded gradually and the 13Corg enriched material is accumulated with deposition time. Interestingly, the δ13Corg in the sediments of
Chuidiao garden are heavier than the other two proﬁles. This could be
due to carbon isotope fractionation between CO2 and phytoplankton in
water decreasing with the increase of productivity. Meanwhile, the
increase in δ13Corg in phytoplankton will directly lead to higher δ13Corg
in the sediments, which were higher than those of the general lake
sediments, but less than- 25‰ (Lücke et al., 2003).
According to the trends of δ15Norg and δ13Corg in the four sediment
proﬁles, we could ﬁnd that 10 cm and 20 cm are the turning points of
organic carbon and nitrogen isotopes in the Miyun reservoir. And we

4.2. Quantitative analysis of sources of the organic matter in sediments
The relative contribution from diﬀerent sources to the organic
matters in sediments of Beijing rivers and lakes have been evaluated
using Bayesian mixing model according to the δ13Corg and C/N ratios in
sediment samples and diﬀerent sources (Fig. 5). The δ13C of sewage,
algae, C3, C4, soil and atmospheric are −26‰, −19.3‰, −28.9‰,
−15.3‰, −23.5‰ and −24.5‰, respectively. The C/N ratios of
sewage, algae, C3, C4, soil and atmospheric are 10, 17.7, 18, 15, 13.7
and 38.7, respectively.
The results (as shown in Fig. 5) indicated that 40.6–83.0% of organic matter in all of the 18 river sediments originated from sewage.
Overall, the contribution of sewage is evident in all of the 18 river sediments, except in LMR (32.4%), followed by C3 plants (7.1–54.2%).
This inference is based on the results of 4.1.1. However, the contribution of C3 plants (54.2%) is primary in LMR, followed by sewage
(32.4%). Besides sewage and C3 plants, soil organic matter (2.1–8.9%)
also have some contribution on the sources of organic matter in sediments. Notably, the contribution from atmospheric deposition is obvious in the YDRD (8.4%) and YDRJ (7.6%). This indicates that anthropogenic activities have an important infulence on compsotion of
organic matter in sediments of Beijing rivers besides the natural processes.
Sewage (34.7–68%) was the main source of the organic matter in
sediment of Miyun reservoir, followed by C3 (12.1–22.9%). Though
Miyun reservoir water quality was quite good and no risk of eutrophication, contamination monitoring is recommended, in order to
preserve its quality integrity as source of raw water. Sediment sources
of Chuidiao garden in the layer 0–20 cm diﬀered from the other layers.
Atmospheric deposition (69.3%) is the main source of organic matters
in the surface layer of Chuidiao garden, algae (26.9%) in the subsurface
layer and soil organic matter (91.1%) in the subsequent layers of
Chuidiao garden. The soil organic matter (39.5–70.4%) have major
7
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Fig. 5. The proportions of contribution from diﬀerent end-members for surface sediments of rivers and sediment proﬁles of lakes in Beijing.

Beijing rivers range from 0.63% to 10.83% and 0.06%–0.86%, respectively. It indicated that there are great environmental risks in these
rivers. The concentrations of TOC and TON in the four sediment proﬁles
below
the
5
cm
increase
in
the
order
of
Miyun < Chuidiao < Qunming < Houhai, which is relative to their
respective environment around the lakes. Moreover, the water quality
was quite good and there was no risk of eutrophication in Miyun reservoir. The concentrations of TOC and TON increase from the bottom
to the surface of sediments in the four lakes, indicating that the productivity of lakes have been improved over time.
δ13Corg and δ15Norg in surface sediments of 18 rivers range from
−27.2‰ to −24.9‰ and −2.2‰ to +10.9‰, respectively. Using
δ13C-based end-member mixing and C/N ratio model, the organic

can infer that the organic matter sources of the sediments have changed
at these two layers. However, the δ15Norg and δ13Corg compositions
shifted at 20 cm and 60 cm layers in the other three proﬁles. If the
deposition rates of lake sediments are same, this observation implies
that the organic matter sources of the sediments changed at the deposition time of the 20 cm layer. This may also be caused by environmental events that occurred at the same year.

5. Conclusions
This study assessed the distributions of total organic carbon, total
organic nitrogen, and their isotopes in sediments of rivers and lakes in
Beijing. The TOC and TON concentrations in surface sediments from
8
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matter in surface sediments of these 18 rivers were mainly derived from
sewage and C3 plant. The sources of organic matter for four sediment
proﬁles diﬀered within each layer. The main sources from the surface to
bottom in the Chuidiao garden are atmospheric deposition, algae and
soil organic matter, respectively. In the surface and subsurface sediments of Houhai, substantial contribution from algae is observed,
however, the sewage is the main source of organic matter at the bottom
of the lake. The Qunming lake have complicated sources compared with
other three lakes.
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