
Journal of Environmental Science and Engineering A 7 (2018) 225-227 
doi:10.17265/2162-5298/2018.06.001 

Distribution Characteristics of Phosphorus in Sediments 

of Dianchi 

Guo Shukun and Xiao Shangbin 

College of Hydraulic & Environmental Engineering, China Three Gorges University, Yichang 443002, China 

 
Abstract: This paper takes the sediments of Dianchi Lake as the research object. The results show that the total phosphorus content 
in the sediments of Dianchi Lake is relatively high, and the spatial variation is large, ranging from 1,193.94 to 4,629.25 mg/kg. The 
spatial distribution characteristics of total phosphorus in the sediments of Dianchi Lake have obvious regional differences. The 
average content of total phosphorus in the sediments of Dianchi Lake is 2,184.39 (+579.09 mg/kg), and the TP (Total Phosphorus) 
content in the areas over 60% of the lake is higher than 2,000 mg/kg, which is in heavily flat. By analyzing the distribution of 
phosphorus forms in surface sediments of different areas of Dianchi Lake, it can be concluded that the difference is significant. The 
relationship between the phosphorus contents of different forms is HCl-P > NaOH-rP > NaOH-nrP > Res-P > BD-P. Through 
summarizing the characteristics of different phosphorus distribution in the sediments of Dianchi Lake, this paper concludes that the 
sustained release of endogenous phosphorus load will be an important factor to delay the ecological health recovery time of Dianchi 
Lake and offset the effect of exogenous treatment. 
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1. Introduction 

The sediment-water interface is an important 

channel for substance exchange between overlying 

water and sediments. Physicochemical processes such 

as adsorption and desorption of substances, 

oxidation-reduction reaction, hydrodynamic 

conditions of lakes and microecological characteristics 

of the interface provide external conditions for 

substance migration and transformation [1], while the 

total phosphorus content in sediments, especially the 

phosphorus form in sediments [2], provides external 

conditions. It is the material basis of phosphorus 

transformation at the interface [3]. The release of 

phosphorus from sediments has a significant impact 

on the nutrient level of water body; in Quitzdorf 

reservoir, Germany, the release of phosphorus from 

sediments in summer is three times as much as that 

from exogenous inputs [4]. 
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2. Materials and Methods 

2.1 Research Area Overview 

Dianchi Lake (102°29′-103°01′ E, 24°29′-25°28′ N) 

belongs to the Jinsha River system in the Yangtze 

River Basin. Located in the southwest of Kunming 

City, Dianchi Lake is a faulted structural lake. The 

Dianchi Lake is an arc-string shape with long 

north-south and narrow east-west. Its waters are 

divided into two parts: the Caohai Sea and the 

Offshore Sea.  

The Caohai Lake is located in the northern part of 

the Dianchi Lake and the offshore is located in the 

central and southern part of the Dianchi Lake. The 

Dianchi basin has an area of 2,920 km2 and a lake area 

of 306.3 km2. 

2.2 Sample Collection and Pretreatment 

According to the “Code for Investigation of 

Eutrophication of Lakes” and the characteristics of 

Dianchi Lake basin, such as the distribution of sewage 

outlets, overflows and rivers entering the lake and its 
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hydrology and hydraulics, the whole lake of Dianchi 

Lake is divided into several grids by grid method, and 

the grids are densified in the areas with serious 

pollution such as lake bays and lake entrances. There 

are 100 sampling points in Dianchi Lake, including 36 

monthly sampling points (8 key monitoring points) 

and 64 quarterly encryption points. At the same time, 

monthly monitoring of the main rivers entering and 

leaving Dianchi Lake is carried out. 

3. Results and Discussion 

3.1 Total Phosphorus Distribution Characteristics of 

Surface Sediments in Dianchi 

The content of total phosphorus in surface 

sediments of Dianchi Lake is relatively high, and the 

spatial variability is large, ranging from 1,193.94 to 

4,629.25 mg/kg. The spatial distribution 

characteristics of total phosphorus in surface 

sediments of Dianchi Lake have obvious regional 

differences. The average content of total phosphorus 

in the sediments of the whole lake is 2,184.39 

(+579.09 mg/kg), and the Total Phosphorus content in 

the areas over 60% of the lake is higher than 2,000 

mg/kg, which is at the level of heavy pollution. The 

Total Phosphorus content of surface sediments in 

Dianchi Lake is generally higher in the Caohai Sea 

and the southern part of the sea, and relatively lower 

in the northeastern part of the offshore area. The Total 

Phosphorus content in the northern part of the Caohai 

Lake is the highest, while that in the dredged areas 

such as Daqing River and Baofeng Bay is the lowest, 

with the highest value being 3.88 times of the lowest. 

The Total Phosphorus reserves of surface sediments in 

Dianchi are estimated to be 5.2 × 104 t based on area 

weighting. The surface area of Total Phosphorus in 

Dianchi is about 168.8 t/km2. 

3.2 Distribution Characteristics of Phosphorus in 

Surface Sediments of Dianchi 

There are significant differences in the distribution 

of different forms of phosphorus in surface sediments 

of different regions in Dianchi. The content of 

reducible phosphorus (BD-P, also known as 

iron-phosphorus or iron-manganese chelated 

phosphorus) varied from 44.33 mg/kg to 555.87 

mg/kg with an average content of 122.48 + 73.81 

mg/kg. The maximum value of NaOH-rP is 3,255.92 

mg/kg and the minimum value is 113.98 mg/kg. The 

average content of NaOH-rP is 4,438.90 (+503.96 

mg/kg). Organic phosphorus (NaOH-nrP, also known 

as NaOH inert phosphorus) ranged from 5.50 to 

471.70 mg/kg with an average content of 114.15 

(+84.15 mg/kg). The range of Ca-P ranged from 

183.80 to 2,988.30 mg/kg with an average content of 

883.51 + 512.49 mg/kg. The variation range of Res-P 

ranged from 63.47 to 596.30 mg/kg with an average 

content of 203.61 + 91.29 mg/kg. The phosphorus 

content of different forms is related to HCl-P > 

NaOH-rP > NaOH-nrP > Res-P > BD-P. 

BD-P is reduced phosphorus (or iron-manganese 

chelated phosphorus). It belongs to the phosphorus 

form which is relatively easy to migrate and transform 

in sediments. It is the main form of soil migration 

from watershed to lake sediments. It is also the main 

component of phosphorus release from sediments. 

When sediment is in an anaerobic state or Eh is 

reduced, BD-P is easy to release into. BD-P of 

sediments in Dianchi accounts for 3.18-12.27% of 

Total Phosphorus, with an average contribution rate of 

6.14%. The content of BD-P in Caohai Lake is at a 

high level in the whole lake, which may be due to the 

high algae content in Caohai Lake and the pollution 

concentration in the main urban area. 

NaOH-rP is mainly the bound phosphorus 

composed of iron-aluminium oxides and hydroxides. 

In the higher pH environment, metal ions and OH-ion 

exchange make the bound phosphorus release into 

water. Although NaOH-rP is considered to be a part of 

stable phosphorus, when the sediment-water interface 

presents anaerobic state in the process of 

phytoplankton reproduction, Fe3+ will be reduced to 

soluble Fe2+. NaOH-rP is easier to release, so 
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NaOH-rP is also considered as a part of bioavailable 

phosphorus of algae. 

NaOH-nrP is considered to be the majority of 

organic phosphorus and humic acid phosphorus 

extracted by alkali, indicating the bioavailability of 

organic phosphorus. In algal culture, NaOH-nrP is the 

main source of phosphorus release from sediments. 

The surface sediment NaOH-nrP in Dianchi accounts 

for 0.41 to 31.08% of Total Phosphorus, with an 

average of 7.27%. The spatial distribution of 

NaOH-nrP was higher in the north than in the south. 

The average content of NaOH-nrP in the Caohai Sea 

was 153.09 + 106.90 mg/kg, which was significantly 

higher than that in the outer sea (99.84 + 45.96 mg/kg). 

NaOH-nrP was mainly affected by human activities 

and organic matter accumulation. The Caohai Sea near 

Kunming City was seriously eutrophicated. Although 

the northern part of the outer sea was dredged, it was 

polluted by exogenous sources. The input of organic 

matter has not been effectively controlled, leading to 

the high level of bio-organic phosphorus in the whole 

lake, while the content of NaOH-nrP in sediments in 

the central and southern offshore areas is relatively 

low. 

Ca-P is mainly calcium-bound phosphorus, which 

comes from clastic rocks and native apatite. It is 

difficult to release calcium and phosphorus under 

general environmental conditions and to be utilized by 

organisms. But when the sediment environment is 

weak acidic, it can be released to a certain extent, 

while Dianchi Lake is weak alkaline. Ca-P 

concentration in water body is low. The contribution is 

low. Ca-P accounted for 10.51-84.54% of Total 

Phosphorus, with an average of 42.57%. A high 

proportion of Ca-P exists mainly in heavy calcium 

phosphate lakes, and is closely related to the 

nutritional status of lakes. The spatial distribution of 

HCl-P in the sediments of Dianchi Lake shows a trend 

of high values in the south and low in the north. The 

Ca-P content in the sediments of the south offshore is 

at the highest level in the whole lake (1,190.71 + 

533.30 mg/kg), mainly due to the abundant phosphate 

mineral resources and the lower reaches of Dianchi 

Lake current. 

Res-P is the most stable form of phosphorus, also 

known as inert phosphorus, most of which are 

insoluble phosphorus and stable organic phosphorus. 

Res-P of surface sediments in Dianchi accounts for 

Total Phosphorus at 3.77-34.03%. Res-P is a stable 

phosphorus component in sediments, mainly adsorbed 

on humus. 

4. Conclusion 

(1) The average content of Total Phosphorus in 

surface sediments of Dianchi Lake is 2,184.39 

(+579.09 mg/kg), and the Total Phosphorus content in 

areas over 60% of the lake is higher than 2,000 mg/kg, 

which is at the level of heavy pollution. (2) With the 

effective control of exogenous pollution, the effect of 

endogenous phosphorus release on water quality is 

becoming more and more significant. The 

accumulation of excess nutrient load in sediments of 

Dianchi Lake has gradually become the main risk of 

algae blooms in Dianchi Lake. The sustained release 

of endogenous nitrogen and phosphorus load will 

delay the ecological health recovery time of Dianchi 

Lake and offset the effect of exogenous control factor. 
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