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Abstract 
Surface sediment is one of the main sources of nutrients in overlying water 
environments, and these can also indirectly reflect the degree of eutrophica-
tion. In this paper, the spatial distribution characteristics of total organic 
carbon (TOC), total nitrogen (TN) and total phosphorus (TP) in the surface 
sediments of 11 sections in the lower Lancang River during flood season are 
analyzed, as well as the distribution of phosphorus in different forms. The 
main sources of TOC and its correlation with TN and TP are discussed and, 
finally, the pollution levels of the surface sediments are evaluated. The results 
show that the average content of TOC in the surface sediments of the lower 
Lancang River is 9003.75 mg/kg. The average TN content is 893.79 mg/kg, 
while the average TP content is 521.35 mg/kg. The TOC in the surface sedi-
ments of the lower Lancang River is derived mainly from algae and plankton 
in the river, and the TN and TP have similar sources. The total phosphorus in 
the surface sediments of the lower Lancang River is composed mainly of cal-
cium-bound phosphorus (Ca-P). The evaluations of the organic pollution in-
dex and comprehensive pollution index show that the surface sediment pollu-
tion degree at the upper sections of the Nuozhadu and Jinghong Dams are 
more serious than those below the dams. Furthermore, the tributary sections 
are all slightly polluted, with the exception of the Mengyang River, which is 
considered moderately polluted. 
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1. Introduction 

Sediment is an essential component of every river ecosystem [1] and the source 
of nutrient elements, such as carbon, nitrogen and phosphorus, which are of 
great significance to the migration and transformation of river biogenic ele-
ments. Sediment can absorb pollutants from the water and purify the overlying 
water environment. Conversely, however, sediment can also be a source of in-
ternal pollution [2], when the external pollution is controlled, releasing nitrogen 
and phosphorus, which results in eutrophication of the water. The migration 
and transformation of nitrogen and phosphorus with river sediments can affect 
the bioavailability of these nutrients in the water [3]. Furthermore, additional 
elements, such as calcium, aluminum and iron in the sediments, are adsorbed 
with phosphorus to form different patterns of phosphorus [4]. The difficulty of 
their release directly affects the quality of the river water environment and, con-
sequently, the pollution status of river sediments indirectly reflects the extent of 
pollution in overlying water environments [5]. It is, therefore, of great scientific 
significance that the contents of carbon, nitrogen and phosphorus in river sedi-
ments and their spatial distribution are studied and the pollution status of sedi-
ments are evaluated, as these factors contribute substantially to the control of river 
eutrophication and improvement of the environmental quality of river water. 

The Lancang-Mekong River is an important international river providing ab-
undant biological resources, which is why the impact of hydropower develop-
ment on the river’s ecology has attracted much attention [6]. Reservoir im-
poundment increases the time of water body retention and has a certain inter-
ception effect on its sediment [7]. This, in turn, increases the interception of 
biogenic elements, such as carbon, nitrogen and phosphorus [8], and changes 
the biogeochemical cycle of these nutrients in the river [9]. In recent years, sev-
eral scholars have investigated the distribution of sediment nutrients in water 
bodies such as reservoirs, rivers and lakes, in which the nutrient concentrations 
vary widely. Zhang et al. [10] studied the sediments of Xiangxi Bay in the Three 
Gorges Reservoir, where the results showed that the concentration range of TP 
was 800 - 1070 mg/kg, while the concentration of TN ranged from 890 - 1080 
mg/kg. Varol [11] researched sediments from Tigris River and found the con-
centration range of TP to be 338.6 - 1875 mg/kg, while the range of TN was 120 - 
3760 mg/kg. Wang et al. [12] analyzed the surface sediments of Nansi Lake, in-
dicating that the concentrations of TOC, TN and TP ranged from 0.16 to 
9.06%, 340 to 7680 mg/kg, and 390 to 1370 mg/kg, respectively. Although Chi-
nese researchers Zhao et al. [13] studied the sediments both upstream and 
downstream of Manwan Dam in the lower Lancang River, recording concentra-
tion ranges for TOC, TN and TP at 0.16% - 9.06%, 200 - 1300 mg/kg and 436.19 
- 728.45 mg/kg, respectively, there remains a lack of systematic focus on the 
carbon, nitrogen and phosphorus levels in the surface sediments of the Lancang 
River Basin. Therefore, this current study of the spatial distribution of carbon, 
nitrogen and phosphorus in the surface sediments of the lower Lancang River 
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will provide valuable instructive data for the hydropower development of the 
Lancang River. 

In this paper, four tributaries and seven mainstream control sections were se-
lected as the key points for study, covering Nuozhadu and Jinghong Reservoirs 
in the lower reaches of the Lancang River during the flood season of 2018. The 
contents of carbon, nitrogen, phosphorus and different forms of phosphorus in 
the sediments were analyzed, and the spatial distribution characteristics of the 
concentrations of these three elements will be discussed. The pollution risks of 
the sediments from each of the 11 sampling sites were evaluated using the or-
ganic pollution index and the comprehensive pollution index, in order to pro-
vide a scientific basis that can inform both hydropower development and sus-
tainable ecological protection in the lower reaches of the Lancang River. 

2. Materials and Methods 
2.1. Study Area 

This research selected the Nuozhadu Reservoir and Jinghong Reservoir (includ-
ing the waters downstream of Jinghong Dam) in the lower reaches of Lancang 
River as its area of study. The Nuozhadu Reservoir is located 200 km from the 
Dachaoshan Dam and below it is the Jinghong Reservoir. Construction began on 
the Nuozhadu Hydropower Station in 2004 and it began operations in 2012. It is 
the fifth cascade of two reservoirs and eight levels in the middle and lower 
reaches of the Lancang River. With a dam height of 261.5 meters, total installed 
capacity of 5.85 million kilowatts and a total storage capacity of 237.03 billion 
cubic meters [14]. Jinghong Hydropower Station was built in 2003 and put into 
operation in 2008. It is the sixth stage in the planning of the middle and lower 
reaches of Lancang River, with a dam height of 108 meters, total installed capac-
ity of 1.75 million kilowatts and a total reservoir capacity of 11.39 billion cubic 
meters [15]. 

2.2. Sampling 

Sediment samples were collected from seven mainstream sections of the lower 
Lancang River in July 2018 (below the Dachaoshan Dam-G1, Jinglinqiao-G2, 
upper the Nuozhadu Dam-G3, below the Nuozhadu Dam-G4, SimaoPort-G5, 
upper the Jinghong Dam-G3, and below the Jinghong Dam-G4), as well as four 
sections of its tributaries (the right bank of the Xiaoheijiang-Z1, the left bank of 
the Xiaoheijiang-Z2, Heihe-Z3, and Mengyang River-Z4), as indicated in Figure 
1. Surface sediments were sampled based on Chinese reservoir hydrological sur-
vey criteria, depending on the river width, water depth and flow conditions. In 
order to ensure accurate measurements of the carbon, nitrogen and phosphorus 
contents in the surface sediments, samples of 0 - 5 cm were collected from the 
riverside surface without human disturbance. Approximately 1 kg sediment was 
collected at each section from three different locations. The sediment material 
was stored in a plastic bag and transported back to the laboratory at a low  
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Figure 1. Schematic diagram of sampling points. 

 
temperature. In our laboratory, the sediment was left to dry naturally, withered 
branches and stones were removed, and the material was then milled in an agate 
bowl. Finally, the sediment was sifted in 100 mesh sieves and the samples were 
then prepared using the inquartational method. 

2.3. Sample Determination 

TOC and TN in the sediments were determined by means of vario TOC (Total 
Organic Carbon) cube analysis (Elementar, Germany) and FIA-6000 multi-channel 
automatic flow injection analysis (Beijing Jitian Instrument Co., Ltd., China). 
The TP was measured by means of alkali melting-molybdenum antimony an-
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ti-spectrophotometry (HJ632-2011). 
The total phosphorus in sediments can be divided into organic phosphorus 

(Ora-P) and inorganic phosphorus (IP), the latter of which can be further cate-
gorized into weakly adsorbed phosphorus (Ex-P), aluminum-bound phosphorus 
(Al-P), iron-bound phosphorus (Fe-P), occluded phosphorous (Oc-P) and cal-
cium-bound phosphorus (Ca-P). In the sediments in this assay, the IP was 
measured by grading [16], as seen in Figure 2, while the content of Ora-P was 
calculated as the total phosphorus minus the inorganic phosphorus. 

2.4. Sediment Pollution Assessment Method 
2.4.1. Organic Pollution Index Method 
The organic pollution index [17] is used to assess the degree of pollution by 
studying the contents of TOC and TN in river sediments. The formulae are de-
scribed in (1) and (2), below, and the assessment criteria are outlined in Table 1. 

ON TN 95%= ×                         (1) 
OI TOC ON= ×                         (2) 

In the above formulae, ON is the organic nitrogen (%) in the sediment, TN is  
 

 
Figure 2. Flow chart for fractional extraction of inorganic phosphorus in sediments. 
 

Table 1. Evaluation criteria for organic pollution index of sediments 

OI ON/% Evaluation grade Pollution level 

OI < 0.05 ON < 0.033 I Cleaning 

0.05 ≤ OI < 0.20 0.033 ≤ ON < 0.066 II Mild pollution 

0.20 ≤ OI < 0.50 0.066 ≤ ON < 0.133 III Moderate pollution 

0.50 ≤ OI 0.133 ≤ ON IV Severe pollution 
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the total nitrogen (%) in the sediment, OI is the organic pollution index, and 
TOC is the organic carbon (%) in the sediment. 

2.4.2. Comprehensive Pollution Index Method 
The comprehensive pollution index [18] is a method for assessing the degree of 
pollution by studying the contents of TP and TN in river sediments. The formu-
lae are described in (3) and (4), below, and the assessment criteria outlined in 
Table 2. 

i i sS C C=                           (3) 

2 2

2
MAXF FFF +

=                        (4) 

In the above formulae, iS  is the single evaluation standard index, iS  > 1 
indicates that the factor i content exceeds the evaluation standard value, iC  is 
the measured value of factor i (mg/kg), and sC  is the evaluation standard value 
of factor i (mg/kg). The evaluation standard values of total nitrogen and total 
phosphorus are 550 mg/kg and 600 mg/kg, respectively, indicating the concen-
trations of TN and TP in sediment that pose the lowest environmental risk [19]. 
FF is the composite pollution index, F is the average of pollution index (average 
of STN and STP), and FMAX is the maximum pollution index (maximum of STN and 
STP). 

2.5. Data Processing and Analysis 

Statistics and tables of experimental data were created using Excel 2013, drawing 
was done using Origin 9.0 and ArcGIS 10.2, and the analysis of the significant 
differences in the nutrients in the surface sediments of the lower Lancang River 
was conducted using SPSS17.0. 

3. Results 
3.1. Spatial Distribution of Carbon, Nitrogen and Phosphorus  

in Sediments 

Further to the processing and analysis of the surface sediment samples described 
above, the following results were ascertained: The content of TOC in the surface 
sediments of the mainstream of the lower reaches of the Lancang River was 
found to range from 6750 - 13,360 mg/kg, with an average value of 8930.00 mg/kg. 
TN content ranged from 626.03 mg/kg to 1220.83 mg/kg, with an average  

 
Table 2. Evaluation criteria for comprehensive pollution index of sediments 

FF Evaluation grade Pollution level 

FF < 1.0 I Cleaning 

1.0 ≤ FF ≤ 1.5 II Mild pollution 

1.5 < FF ≤ 2.0 III Moderate pollution 

2.0 < FF IV Severe pollution 

https://doi.org/10.4236/jep.2018.913083


H. J. Lu et al. 
 

 

DOI: 10.4236/jep.2018.913083 1349 Journal of Environmental Protection 
 

of 909.88 mg/kg, while the TP content ranged from 367.99 mg/kg to 736.13 
mg/kg, with an average of 546.80 mg/kg. As is evident in Figure 3, the maxi-
mum values were found at the G1 sampling point. The contents of TOC and TP 
in the sediments of the four main tributaries were similar, with average values of 
9077.50 mg/kg and 495.90 mg/kg, respectively. The maximum content of TN 
was 1080.52 mg/kg at the Z4 sampling point, with an average value of 877.70 
mg/kg in the tributaries. The spatial distribution of TOC, TP and TN in the se-
diments was similar, with the trend gradually decreasing from upstream to 
downstream. Nutrient concentrations at sampling points G3 and G6 were found 
to be significantly higher than those at G4 and G7, because of the dam im-
poundment and sediment retention, which have resulted in the intensified ad-
sorption of carbon, nitrogen and phosphorus in the water were adsorbed with 
suspended sediment deposits. The nutrient content in the sediments of the tri-
butaries are lower than that in the adjacent mainstream sections. The content of  

 

 
Figure 3. Spatial distribution of TOC, TN and TP in sediments. 
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TN in the sediments from the Z4 sampling site, was significantly higher than 
those of the other three tributaries, possibly because of its location near the vil-
lage of Dahe, which is surrounded by farmland and dense banana forests. The 
spatial distribution findings suggest that the concentrations of TOC, TN and TP 
in the surface sediments of the lower reaches of Lancang River are influenced by 
both human activities and dam interception. 

3.2. Sources of TOC in Sediments and Correlation with TN and TP 

The carbon-to-nitrogen (C/N) value in sediments can indirectly reflect their 
source of TOC [20]. Previous studies have ascertained that the C/N values of 
higher plants, aquatic organisms, plankton and algae range from 14 to 23, 2.8 to 
3.4, 6 to 13, and 5 to 14, respectively [21]. As shown in Figure 4, the C/N values 
in the surface sediments of the mainstream of the lower Lancang River were 
found in this study to be between 8.20 and 10.94, with an average value of 9.86, 
and those of the tributary sediments to be between 8.05 and 11.63, with an aver-
age value of 10.48. The TOC in the surface sediments of both the mainstream 
and tributaries is derived mainly from algae and plankton, suggesting that the 
release of nutrients from the surface sediments of the lower reaches of the Lan-
cang River results in the continuous propagation of algae and plankton in the 
overlying water environment. 

The correlation analysis of TOC, TN and TP concentrations in the sampled 
sediments (Table 3) showed that there were significant differences between the 
concentrations of carbon, nitrogen and phosphorus (P < 0.01, n = 11). The simi-
lar sources of the three nutrients in the surface sediments of the dry tributaries 
of the lower Lancang River suggest an accumulation of total nitrogen and phos-
phorus, mainly from organic matter in the sediments of the lower Lancang River ba-
sin, which enter the sediments through the deposition of plankton and algal residues. 

3.3. Speciation and Distribution of Phosphorus Adsorbed  
by Surface Sediments 

The distribution patterns of phosphorus in the surface sediments of the mainstream  
 

 
Figure 4. Spatial distribution of C/N value in sediments. 
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Table 3. Correlation analysis of indicators in surface sediments of 11 sections. 

Indicators TOC TN TP Ex-P Al-P Fe-P O-P Ca-P Ora-P 

TOC 1         

TN 0.828** 1        

TP 0.912** 0.830** 1       

Ex-P −0.078 −0.213 −0.145 1      

Al-P 0.698* 0.641* 0.506 0.076 1     

Fe-P 0.809** 0.647* 0.806** −0.384 0.222 1    

O-P 0.570 0.340 0.653* −0.005 0.491 0.287 1   

Ca-P 0.866** 0.842** 0.955** −0.054 0.481 0.771** 0.456 1  

Ora-P 0.591 0.719* 0.807** −0.390 0.032 0.792** 0.279 0.798** 1 

Note: ** extremely significant level of α = 0.01, * significant level of α = 0.05. 
 

and tributaries of the lower reaches of the Lancang River were found to be con-
sistent, as seen in Figure 5. TP was notably dominated by IP, accounting for 
80.74% - 89.58% and 87.00% - 89.10%, respectively, while Ora-P accounts for a 
small proportion. Furthermore, the proportion of Ca-P in IP was the highest, 
exceeding 50%, followed by O-P, Fe-P, Al-P and Ex-P. The results indicated that 
there is a significant amount of inert phosphorus in the surface sediments, which 
is not released easily and, thus, has less impact on the overlying water environ-
ment. However, when the pH in the water drops sharply, Ca-P can be released in 
large quantities and become an endogenous source of pollution in rivers [22]. 

Ex-P is the phosphorus most easily utilized by river organisms [23], with con-
centrations ranging from 1.50 to 6.05 mg/kg, and an average of 3.34 mg/kg. The 
maximum concentration of Ex-P was found at the G7 sampling point, account-
ing for 1.64%. Al-P and Fe-P are bioavailable phosphori [23]. Their concentra-
tions ranged from 19.43 to 60.19 mg/kg and 31.82 to 82.89 mg/kg, respectively, 
with average values of 34.04 and 57.68 mg/kg, respectively. The maximum values 
appeared at the G1 sampling point, accounting for 8.18% and 11.26%, respec-
tively. Oc-P is a biologically unavailable phosphorus [24], with concentrations 
ranging from 67.69 to 168.55 mg/kg, an average of 120.64 mg/kg, and the max-
imum concentration occurring at the G2 sampling point, accounting for 24.24%. 
Ca-P is a kind of phosphorus not easily utilized by organisms [25]. Its concen-
tration was found to range from 162.86 to 351.56 mg/kg, with an average of 
240.40 mg/kg, and the maximum value appearing at the G1 sampling point, ac-
counting for 47.76%. Lastly, Ora-P, which can be partially utilized by organisms 
[26], was found in concentrations ranging from 38.34 to 122.28 mg/kg, with an 
average of 72.18 mg/kg. The maximum value was recorded at the G3 sampling 
point, accounting for 19.26%. 

Correlation analysis (Table 3) revealed a significant difference between the 
concentrations of Ca-P, Fe-P and Ora-P in the surface sediments of the main-
stream and tributaries of the lower Lancang River (P < 0.01, n = 11), although  
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Figure 5. Distribution and proportion of phosphorus in sediments. 

 
there were no significant differences between the other forms of phosphorus. 
The results indicate that there is a certain coupling relationship between Ca-P, 
Fe-P and Ora-P, because Ca-P and Fe-P in surface sediments have a strong ad-
sorption in organic debris. 

3.4. Evaluation of Sediment Pollution 
3.4.1. Organic Pollution Index 
First, the organic pollution index was used in the process of evaluation, in which 
the measured concentrations of TOC and TN in sediments of the above men-
tioned 11 sections in the lower reaches of Lancang River were substituted into 
the formulae (1) and (2), and the organic pollution indices and grades were cal-
culated, as shown in Table 4. 

The range of organic pollution index in the surface sediments of the mainstream  
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Table 4. Assessment of sediment pollution in the lower reaches of the Lancang River. 

Sampling point OI Evaluation grade FF Evaluation grade 

Mainstream 

G1 0.155 II 1.99 III 

G2 0.096 II 1.67 III 

G3 0.106 II 1.82 III 

G4 0.043 I 1.09 II 

G5 0.036 I 1.02 II 

G6 0.102 II 1.81 III 

G7 0.041 I 1.02 II 

Tributary 

Z1 0.076 II 1.39 II 

Z2 0.070 II 1.32 II 

Z3 0.068 II 1.29 II 

Z4 0.090 II 1.71 III 

 
of the lower Lancang River was determined to be 0.036 - 0.155, with an average 
value of 0.083, while that of the tributaries ranged from 0.068 to 0.090, with an 
average value of 0.076. The evaluation grade of the surface sediments in the 
mainstream is I - II. Among the sampled areas, four sections, namely G1, G2, G3 
and G6, accounting for 57.14% of the total samples, were found to be mildly 
polluted, while the remaining three sections is regarded as cleaning. However, 
the four tributaries are all slightly polluted, and the pollution levels of G3 and G6 
are obviously higher than those of G4 and G7 respectively. 

3.4.2. Comprehensive Pollution Index Evaluation 
According to the method of comprehensive pollution index evaluation, the 
measured concentrations of TP and TN in the sediments were substituted into 
formulae (3) and (4), and the comprehensive pollution indices and grades were 
calculated, as shown in Table 4. 

The range of the comprehensive pollution index of the surface sediments in 
the mainstream of the lower Lancang River was found to be 1.02 - 1.99, with an 
average value of 1.49, while that of the tributaries ranged from 1.29 to 1.71, with 
an average value of 1.43. The evaluation grade of surface sediments in the main-
stream is II - III. Four of the sampling sections, namely G1, G2, G3 and G6, were 
found to be moderately polluted, accounting for 57.14% of the total sections, and 
the other three sections are mild polluted. Of the tributaries, Z4 is moderately 
polluted, while the other sections are mildly polluted. Consistent with the or-
ganic pollution index, the pollution levels of G3 and G6 are obviously higher 
than those of G4 and G7 respectively. 

4. Discussion 

The two-reservoir eight-level hydropower stations in the middle and lower 
reaches of Lancang River have been put into operation one after another. The 
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development of hydropower produces clean energy and brings economic bene-
fits, but it also leads to river fragmentation, disrupts the normal basic functions 
of the river ecosystem (such as material circulation, information transmission 
and energy flow) and, ultimately, destroys the ecological environment [27]. This 
work extended from the Nuozhadu Reservoir to the Jinghong Reservoir in the 
lower reaches of the Yunnan section of the Lancang River. These are particularly 
significant because the Nuozhadu Reservoir has the largest storage and installed 
capacities of the eight, while the Jinghong is last reservoir before the river flushes 
out of China to southeastern Asia. It, therefore, represents the final area of con-
trol before the Lancang River delivers its nutrients to the lower Mekong River, 
but the cascade dams slow the flow of water in the reservoirs, depositing sus-
pended sediment-adsorbed nutrients, and reducing nitrogen and phosphorus in 
the lower reaches of the dams [28]. The results of this study show the average 
content of TOC, TN and TP in the surface sediments of the lower Lancang River 
to be 0.675% - 1.336%, 0.063% - 0.122% and 367.99 - 736.13 mg/kg, respectively. 
However, the average content of TOC, TN and TP in the surface sediments of 
the mainstream of the Three Gorges Reservoir, on the Yangtze River, are 0.545% 
- 0.893%, 0.203% - 0.362% and 678.20 - 928.60 mg/kg, respectively [29], which 
indicates that the average content of TN and TP in the surface sediments of the 
mainstream in the Three Gorges Reservoir is higher than that of the Nuozhadu 
and Jinghong Reservoirs, while the average content of TOC is lower. Li [30] stu-
died the temporal and spatial distribution of nitrogen and phosphorus in Nuo-
zhadu Reservoir water, with results indicating that the concentration of TP in 
the water upper the dam is 1.43 times higher than in the water below the dam in 
the flood season, but 2.32 times higher in the dry season. The results of our study 
show that TOC, TN and TP in the surface sediments upper the Nuozhadu Dam 
are 1.44, 1.72 and 1.45 times higher, respectively, than those found below the dam, 
and TOC, TN and TP in the surface sediments upper the Jinghong Dam are 1.39, 
1.81 and 1.50 times higher, respectively, than those below it. These findings indi-
cate that the dams have obvious interception effects on the nutrients in water 
and sediment, which is consistent with investigations into the nutrients found in 
Manwan Reservoir, upstream of Nuozhadu Reservoir [13]. 

The sources of TOC in sediments are both endogenous and exogenous. Ac-
cording to the C/N value analysis, the TOC in surface sediments of the Nuo-
zhadu and Jinghong Reservoirs is derived mainly from algae and plankton, but 
when Zhao et al. [31] studied the source of organic matter in the sediments of 
Manwan and Dachaoshan Reservoirs of the Lancang River, results indicated that 
the organic matter consisted mainly of terrestrial sources, including plant, soil 
and granular organic matter. Based on the research under taken by Zhang et al. 
[32], TOC derives mainly from endogenous sources with C/N less than 10, while 
its exogenous sources measure more than 10. When the ratio of C/N is approx-
imately equal to 10, it reaches a balance between the endogenous and exogenous 
sources. However, the average value of C/N in the surface sediments of the 
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mainstream in the lower Lancang River is 9.86, and the average value of C/N in 
the tributaries is 10.48, which shows that the source of TOC in the surface sedi-
ments of the mainstream of the lower Lancang River is mainly endogenous, 
while the tributaries are mainly exogenous. This also indicates that the tributa-
ries have unique geographical conditions and are greatly disturbed by human 
activities. 

The chemical forms of phosphorus in sediment have an important effect on its 
release. Liu et al. [33] studied the distribution of phosphorus speciation in the 
sediments of the Xiaowan, Manwan and Dachaoshan Reservoirs. There, the 
highest content of calcium-bound phosphorus (HCl-P) was 49.69% in the Man-
wan Reservoir, and the highest content of metal oxide-bound phosphorus 
(NaOH-P) was 57.21% and 55.19% in Xiaowan and Dachaoshan Reservoirs, re-
spectively. The bioavailable phosphorus content in the Xiaowan and Dachao-
shan Reservoirs was higher, as was the release rate of phosphorus in the sedi-
ments. Pan et al. [34] also studied the distribution of different forms of phos-
phorus in the sediments of the Three Gorges Reservoir, finding that the TP was 
mainly composed of IP, with OP accounting for a small proportion. The IP was 
mainly composed of Ca-P, with Fe/Al-P accounting for relatively small portion. 
This current study found that the total phosphorus in the surface sediments of 
the lower reaches of the Lancang River comprises mainly inorganic phosphorus 
(IP). Calcium-bound phosphorus (Ca-P) accounts for the highest proportion in 
the IP, with smaller amounts of iron-bound phosphorus (Fe-P), aluminum-bound 
phosphorus (Al-P) and weakly adsorbed phosphorus (Ex-P). Moreover, Ca-P is 
notably difficult to dissolve and released usually under acidic conditions, while 
the lower reaches of the Lancang River show weak alkalinity all year round. 
Therefore, the potential risk of phosphorus release from the surface sediments of 
Nuozhadu and Jinghong Reservoirs of Lancang River to overlying water is small, 
which is consistent with the high content of Ca-P and low risk of release in the 
Manwan and Three Gorges reservoirs. 

In this paper, the contents of carbon, nitrogen, and different forms of phos-
phorus in the surface sediments of 11 sections in the lower reaches of Lancang 
River were analyzed, and the pollution degree of nutrients in sediments evaluated, 
providing a scientific basis for the monitoring of nutrient release from surface 
sediments and eutrophication control of the watershed in the river. In view of 
the small number of sampling points selected in the Nuozhadu and Jinghong 
Reservoir areas, the study of the distribution of nutrients in sediments and the 
assessment of sediment pollution should be extended by increasing the sampling 
points. In addition, the pollution level of surface sediments should be evaluated 
comprehensively by combining the characteristics of sediment size and mineral 
composition. 

5. Conclusion 

The spatial distribution of TOC, TN and TP concentrations in the surface sedi-
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ments of the mainstream of the lower Lancang River is comparatively regular, 
showing a gradually decreasing trend from the upstream to the downstream, with 
the maximum values appearing in the Dachaoshan Dam. The spatial differences of 
TOC and TP in the tributaries were not significant, while the content of TN in 
the Mengyang River is higher than that in the other three tributaries. The TOC 
in the surface sediments was found to be mainly derived from algae and plank-
ton, and the TN and TP have similar sources. The distribution patterns of phos-
phorus in the surface sediments are consistent. IP is the main form of TP, ac-
counting for more than 80%, and Ca-P accounts for the highest proportion in 
the IP. Furthermore, there is homology between the three forms of Ca-P, Fe-P 
and Ora-P. Finally, the two evaluation methods show that the surface sediment 
pollution degree at the upper sections of the Nuozhadu and Jinghong Dams is 
higher than that below the Dams. 
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