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Abstract

:

Shallow lake sediments have huge potential for carbon storage, but they are vulnerable to various environmental changes and are highly susceptible to becoming a source of carbon emissions. Understanding the amount of sediment carbon storage can provide information about the potential of shallow lakes in mitigating climate change. In this study, sediment sampling was conducted at 12 study sites in Chaohu Lake, China, and sediment water content, grain size, bulk density, and sediments organic carbon (SOC) content were examined in five layers along the vertical direction, respectively, and the distribution and storage of SOC were estimated. The results showed that the surface sediments in the west lake area of Chaohu Lake would release 66,300 t of SOC to the overlying water body in the future. The sediments in the middle lake area and the east lake area will absorb another 15,900 t and 17,300 t of TOC from the water body in the future, respectively. Overall, the lake-wide sediments will release 33,100 t of SOC into the water body in the future. In addition, the results of the study also indicate that human activities are another major influence on the change in organic carbon stocks in lake sediments, and therefore, proactive measures for the restoration and protection of lake sediments are essential because increasing the SOC stocks in the sediments and maintaining the lakes in a sustainable manner can contribute to the crucial role they play in mitigating climate change.
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1. Introduction


With the increasing prominence of various climatic and environmental issues such as the greenhouse effect, as well as the objectives needed for the assessment of carbon sources and sinks in international climate negotiations, the issue of the carbon cycle is receiving increasing amounts of public attention [1,2]. Although lakes account for a small fraction of the Earth’s surface, a growing number of studies have shown that lakes are carbon sinks that have a disproportionate impact on the global carbon cycle [3,4,5]. This is mainly due to the fact that sediment organic carbon (SOC) in lakes plays an important role in the carbon cycle of terrestrial ecosystems [6,7]. Therefore, sediments have great potential for carbon storage, which allows for the removal of SOC from the active recycling pool. However, SOC is vulnerable to various environmental changes and can easily become a source of carbon emissions.



Factors affecting SOC storage in lakes mainly include lake hydrological conditions, climate change, biological activities, and human activities [8,9]. Among them, changes in hydrological and climatic conditions can easily affect the formation, distribution, and SOC storage, and this phenomenon is particularly prominent in shallow lakes [10,11]. It can be seen that sediments are long-term reservoirs and important transit stations for SOC in shallow lakes. On the one hand, sediments can transport and bury large amounts of organic carbon (OC) produced in situ or obtained from the terrestrial environment [12,13]. On the other hand, sediments, when externally perturbed, can transfer OC to the overlying water column [14]. Therefore, there is a great need to seek a technical paradigm for probing the carbon storage in sediments of large shallow lakes, and to provide techniques for analyzing the carbon storage potential of lake sediments.



Regarding the study of SOC in shallow lakes, there are various research methods, and at present, scholars mainly adopt the methods of sediment sampling and laboratory analysis, but there are limitations in terms of precision and reliability [15,16]. Grabs or other samplers may disturb the sediment and alter the sediment structure and sequence, meaning that they cannot adequately represent the entire sediment profile or deep sediment characteristics, as well as vertical distribution. Currently, the most reliable method is the use of column core sampling analysis [17]. Studies have shown that column core sampling can provide a continuous record of sediment depositional history, maintain the natural stratigraphic structure of sediments, help to maintain the original state of organic matter and microbial communities in the sediments, and is of great value in understanding the historical changes in sediments and environmental processes, with a high degree of accuracy and reliability [18,19].



Chaohu Lake is one of the five major freshwater lakes in China. In recent years, due to natural and anthropogenic factors, eutrophication of the lake is serious, and the accumulation of SOC has intensified, which has seriously constrained the sustainable development of the socio-economy in the basin [20,21]. At present, SOC research mainly focuses on the water body or the lakeside green belt in Chaohu Lake; however, the prominent characteristic of the eco-environment is that there are open water, shallow groundwater, and strong surface runoff activities near it [22]. Therefore, lake sediment is closely related to the atmospheric environment, surface water environment, and groundwater environment. Organic carbon in sediments exhaust CO2 to the atmosphere through mineralization, and dissolved organic carbon (DOC) enters the water body from the sediment, causing pollution [23]. In addition, organic carbon in sediment has a significant effect on the distribution of pollutants such as polychlorinated biphenyls (PCBs) [24]. It can be seen that it is necessary to study the organic carbon distribution characteristics in lake sediments. In this paper, the relationship between the amounts of SOC stored, its distribution characteristics, and its impacting factors was investigated for Chaohu Lake. This study can help to understand the amount of carbon stored in shallow lake sediments, provide information about the potential of lakes in mitigating climate change, and provide a scientific basis for understanding and grasping the status of endogenous pollution in shallow lakes.




2. Study Area and Methodology


2.1. Study Area


Chaohu Lake is located in Hefei City (31.60° N, 117.87° E), Anhui Province, and Eastern China. It has an average water level of 8.37 m, a lake basin length of 61.7 km, a width of 12.47 km, a water area of 769.55 km2, and an average depth of 2.89 m. The average flow velocity in the lake ranges from 0.02 to 0.07 m/s, and the maximum flow velocity is around 0.62 m/s [25]. Due to the unique shape of Chaohu Lake, it is artificially divided into three lake regions: western, central, and eastern. Generally, the flow velocity in the eastern lake region is larger than that in the western lake region, and the maximum flow velocity usually occurs in the central lake region. As a result, this has led to uneven sediment distribution in the three regions.



In order to estimate carbon storage in the lake sediments, 12 sediment core sampling sites are selected, which are distributed in the western (represented by “W”), central (represented by “C”), and eastern (represented by “E”) lake regions (Figure 1 and Table 1). Although the lake-wide SOC content cannot be accurately simulated, the results are in fact representative. Moreover, they can explain the trend of sediment distribution and estimate SOC content to some extent. In this regard, the experimental results of SOC could represent the overall situation of the lake.



As can be seen from Figure 1, the water in Chaohu Lake flows from west to east and enters the Yangtze River from Yuxi River. Several surrounding tributaries flow into Chaohu Lake. The larger tributaries include Hangfu River, Pai River, Nanfei River, Tagao River, Baishitian River, and Zhao River. A large number of studies have shown that watershed land use is the main factor affecting lake sediments [26]. The cultivated land and water area accounted for more than 60% of the longitudinal surface of the basin, and the forage area was the smallest. However, with the development of economy and society, the decrease rate of cultivated land area increases rapidly, which is much higher than the change value of other land types, accounting for about 40% of the absolute change value of all land types, and it is the main part of land use [27].




2.2. Sample Collection and Analysis


The Core-60 sampler and supporting equipment from UWITEC, Austria, used in this study are sufficient to collect the sediment samples needed for the study [28,29]. The equipment is highly efficient and adaptable for sampling and can collect columnar samples of substrate at large depths as required.



Studies have shown that water content, bulk weight, and porosity are important properties of soils and substrates. Whereas SOC is different from terrestrial soils, these properties are uniquely interrelated [30,31]. This is mainly due to the fact that sediments actually contain only two phases, solid particles and water that fills all the pores. In some cases, some air bubbles become trapped, but these are secondary to the overall properties of the sediments. The presence of only two phases leads to an intrinsic dependence between water content, bulk dry density, and porosity. In order to analyze the distribution pattern of SOC, it is therefore also necessary to examine the content of physical indicators such as water content, wet density, and particle size in the sediments.




2.3. Sample Processing Methods


In this study, column–core sediment samples were collected at 12 sites in Chaohu Lake in the spring of 2019. In the process of samplings, in order to avoid the difference in the channels, the samples were sampled at the surrounding sampling points in this study to ensure that the sediment samples represented the average sediment level in the region. Based on the specific height of the column sediment samples, we split the sediment samples into five layers to test them separately. Two layers of column samples from top to bottom with heights of 0–5 cm and 5–10 cm were selected as fixed detection objects, and in addition, three layers of detected sediment samples were selected between the 5 and 10 cm layer and the bottom in accordance with the principle of the equidistant equal division. In principle, the height of the first three layers of detected sediment samples should be more than half of the entire sample height.



The segmented core sample needs to be air-dried before inspection. Then, analysis and detection are carried out in the laboratory through the detection instrument, and the detection methods are carried out in accordance with the relevant detection specifications. In this study, sediment detection indicators include the following: particle size, wet density, water content, and SOC, as well as other indicators. The stratified detection operation of sediment indexes is shown in Figure 2.




2.4. Mathematical Fitting of SOC Content


Lake sediments and overlying water bodies consist of only two phases, liquid and solid. In fact, since all voids are filled with water, the porosity and density of sediments can be assessed directly from the water content and particle size of the sediment, which is an easily determined property. US scholars performed linear regression through a large amount of measured data (including river and fishpond sediments in Israel, fishpond sediments in Alabama, USA, and Abbassa, Egypt, lake sediments in New Zealand, alpine lake sediments in Colorado, USA, and seafloor sediments on the slopes of the Northwest African continent) and found that density correlated with organic matter and that sediment bulk weight was negatively correlated with SOC concentration [32].


Wet density (g/cm3) = 1.776 − k × Ln (SOC)



(1)




where SOC is the organic carbon concentration in the sediments (g/kg), and k is a coefficient related to water content and particle size.



The verification results of the above formula with the measured data are good. The similar response of aquatic sediments in ponds, rivers, and lakes, in different climatic and edaphic regions, suggests that the conclusions drawn from this formula have a practical value in a wide range of aquatic systems. Therefore, in this study, we applied this formula to the estimation of SOC in Chaohu Lake and used the measured data to further optimize the formula.





3. Results


3.1. Sediment Depth Distribution


First, the depths of the sediment column core samples were measured at 12 sampling sites, which allowed the depths of the sediments to be obtained. The depth of these sediments roughly ranged from 42 to 135 cm, with an average depth of about 87 cm (see Figure 3). The surface odor of the samples was observed, in which all of them showed a gray color, except some points (E1 and E4) where the surface, 10 cm of the sediments, appeared to be a yellowish-brown color. All the sediments had odor, only in a degree of difference; there were fewer mildly odorous sediment collection points.



As seen from Figure 2, the deepest point of sediment is W4, the shallowest place of sediment is C4, and most of the sediment is concentrated in the area of E1~E4. This is mainly due to the fact that the water flow direction of Chaohu Lake is from west to east, and there are rivers entering the lake in the area of W1 and C4, so the sediments in the lake will be mainly concentrated in the area far away from the rivers.




3.2. Wet Density, Water Content, and Particle Size Distribution


3.2.1. Vertical Distribution Pattern of Sediment Wet Density


The wet density of the sampled sediments along the vertical direction is an important indicator to determine the physical properties of the sediments and is also a direct influencing factor that can respond to SOC content in the sediments. This phenomenon is obvious in the vertical direction of the sediments, so in this study, the vertical density of the sediment was examined, and the results of the vertical density distribution were obtained (see Figure 4).



As can be seen from Figure 4, along the depth direction, the deeper the sediments, the greater the wet density. The main reason for this may be because as the sediment is deposited for a longer time period, the lower layer of sediment will contain more solids (sediment), which will squeeze the interstitial space between the sediment particles. This also indicates that the amount of organic matter that can be held in interstitial spaces will decrease.




3.2.2. Distribution Pattern of Water Content and Particle Size


The capacity of interstitial space between sediments to accommodate SOC determines its content. The two indicators used to characterize the capacity of the interstitial space of sediments chosen for use in this study were water content and particle size [33,34]. This is because a smaller sediment water content indicates that the sediment contains more solid particles, while a smaller sediment particle size indicates a small particle-to-particle void space. Therefore, the two in a single void space size and number determine the sediment interstitial space accommodation capacity. The results of the water content and particle size distribution of sediments along the vertical direction in this study are shown in Figure 5.



Along the depth direction, the water content in the sediment decreases with the increase in depth (Figure 5a), and this law is basically consistent in all 12 monitoring sites in Chaohu Lake. The particle size of the sediment is above 10 cm in the surface layer, because the particles in the floating mud layer of the sediment are relatively loose, and it is very easy to be re-suspended by hydrodynamic disturbance. The larger the sediment particles, the easier it is to settle down. In 10 cm below the surface layer, because the part of the sediment is fixed, sediments will not be re-suspended. Therefore, the particle size of the sediments also shows an increase with increasing depth (Figure 5b).





3.3. Distribution of Sediment Organic Carbon Content


SOC was determined in this study mainly by titration, once the sediments were pre-treated, by oxidizing or decomposing the carbon-containing substances into CO2. The distribution of SOC content in Chaohu Lake sediments was determined by efficient and fast reading (see Figure 6).



As can be seen from Figure 6, SOC at all levels basically has a decreasing trend along the depth direction, with the highest content occurring at the surface layer (except for an anomaly on W1 and C1, respectively). This is also mainly due to the fact that the inlet rivers bring a large number of sediments, which are deposited and silted in the three lake areas of Chaohu Lake, resulting in higher SOC content in the surface layer. It is only in the three lake areas of Chaohu Lake that the vertical distribution of the SOC content may be different due to different sediment deposition conditions.





4. Discussion


4.1. Differences from Existing Studies


The relationship between sediment water content, particle size, wet density, and SOC described here can be used as a simple method to estimate organic carbon content in sediments by simply measuring sediment wet density, water content, and particle size.



The formula for the coefficient k can be derived from Equation (1):


k = (1.776 − Wet density (g/cm3))/Ln (SOC)



(2)







In addition, the coefficient k is considered to be a parameter that is related to sediment water content and particle size. According to the measured data, SOC has a dual effect with particle size and water content. Therefore, in this study, an auxiliary coefficient k’ is used:


k’ = w*(D/Dlow)



(3)




where w is the water content in the sediments (%), D is the median particle size of the sediment (µm), and Dlow is the particle size of the bottom-most particle in the sediment at the sampling point (also the particle size of the Lever 5 layer).



Based on the measured wet density and SOC along the vertical direction of the 12 sampled sediments in Chaohu Lake, as well as water content and particle size, k and k’ can be obtained, respectively, and their correlations are clearly linear (see Figure 7):



Since the relevant data in Figure 7 show a log-linear relationship (the horizontal coordinates in the figure are the logarithmic coordinates taken), a mathematical expression for the coefficient k can be obtained:


k = 0.263 + 0.1 × Ln (w*(D/Dlow))



(4)







From Equation (4), we can obtain the theoretical plot between k and (w*(D/Dlow) (Figure 8).



As shown in Figure 8, when (w*(D/Dlow)) = 0.07, the sediment will essentially contain no organic carbon. This state can be defined as the lowest layer of the sediment having a water content of no more than 7%, and it is conceivable that it is indeed more difficult to hold organic carbon in this state. When (w*(D/Dlow)) = 1, it is the threshold value of the sediment content factor at a constant factor of 0.263. We can also consider that when the water content of the lowest layer of the sediment is 100%, it is the lowest state of the existence of the SOC saturated content. When (w*(D/Dlow)) = 2.72, the k value is around 0.363, which is the same as the coefficient in the research results of Avnimelech et al. [30]. However, such extreme conditions are generally reached only when the sediment is saturated with organic carbon (e.g., at 100% water content, surface particles are about 2.72 times more abundant than bottom particles). Obviously, it is difficult to reach this saturation state in the natural state of shallow lakes, and the density of the sediment is often larger than the calculation results, so it would be more reasonable to use this coefficient after correction in the fitting formula.



In this study, the relationship between measured sediment wet density and k*Ln(SOC) was further re-fitted according to Equation (1), which showed a clear linear relationship (see Figure 9).



From Figure 9, it can be seen that the modified Equation (1) is in accordance with the law after the test of the measured data. Moreover, the R2 of the linear fitting of the modified Formula (1) reaches 0.83, which is better than R2 = 0.70 in the original equation in Avnimelech et al.’s study [30]. This also fully demonstrates that the revised fitting formula is more reasonable.



Compared with previous research methods, our method improves the interaction mechanism between sediment organic carbon distribution and sediment physical properties. The quantitative method of sediment carbon sink is further proposed with reference to the sediment organic matter balance theory. Although this method still needs further scientific definition and different academic viewpoints in the analysis of stable organic carbon content and carbon equivalent calculation, its progressive significance lies in the fact that it puts forward an operable quantitative accounting method. In a future investigation of lake sediment organic carbon emissions, there will be some progressive value or enlightenment to provide a quantitative accounting tool.




4.2. Prediction of Release Potential of Sediments Organic Carbon


A large number of studies have shown that the surface layer of shallow lake sediments below 10~20 cm is a fixed layer, in which the state is relatively stable. The sediments above this layer are susceptible to external disturbances, and the materials in the sediments are easily released into the overlying water [35]. Therefore, in this study, the first and second layers of sediments are considered to be the unstable state layer of SOC, and only when the sediment settling state of this part of the sediments tends to be similar to that of the following three layers (i.e., the average wet density, water content, and particle size are equal) is it considered that SOC tends to be saturated with the storage state of the whole shallow lake.



In addition, the calculation methods of lake sediment organic carbon content and SOC density are shown in Equations (5) and (6).


TC = Cd × S



(5)






Cd = ∑(Wet densityi × SOCi ×Hi)



(6)




where TC is SOC stock under a certain thickness (104 t); Cd is the carbon density of the sediment under a certain thickness (kg/m2); wet densityi is the wet density of the i-layer (g/cm3); SOCi is the organic carbon content of the i-layer (g/kg); Hi is the sampling thickness of the i-layer (cm); and S is the area (km2).



In this study, the thickness of the SOC unstable state layer Hi = 10 cm [36], which is the top two layers (Lever 1 and Level 2) of the sediments in the 12 sampling points, which each equal 5 cm, while the wet density and SOC of the SOC unstable state layer are the average wet density of the two layers (Lever 1 and Level 2) and the average SOC of the two layers, respectively. Based on these three indicators, the carbon density Cd of the organic carbon unstable layer in the current state at each sampling point can be calculated according to Equation (6).



When the unstable layer of the SOC of the 12 sampling points finally tends to be stable, the wet density, water content, and particle size of the sediments should be close to the average wet density, average water content, and average particle size of the lower three layers (Lever 3, Lever 4, and Level 5) of the sediments of the similar sampling points, and then according to Equation (1), the SOC content of the unstable layer, when it finally tends to be stable, is obtained. SOC, when the unstable layer of organic carbon eventually tends to be stable, can be calculated according to Equation (1), and finally the carbon density, Cd when the unstable layer of SOC tends to be stable, can be calculated according to Equation (6) at each sampling point.



In this study, the carbon densities Cd of W1~W4, Cd of C1~C4, and Cd of E1~E4 were arithmetically averaged to obtain the carbon densities Cd of the three regions (W, C, and E), and SOC in the unstable state of the sediment could be calculated based on the area of the three layers (see Table 2).



As can be seen from Table 2, the surface sediments in the west lake region of Chaohu Lake will release 66.3 thousand tons of OC to the overlying water body when they converge to lower sediments in the future under the condition of little change in the status quo. This also indicates that the SOC unstable state layer in the west lake belongs to the supersaturated storage state, and the sediment eutrophication is serious, which is consistent with the current pollution status exhibited by Chaohu Lake at this stage [37]. In the middle and east lakes of Chaohu Lake, the SOC unstable state layer belongs to the under-saturated storage state and will absorb 15.9 thousand tons and 17.3 thousand tons of OC from the water body in the future when it converges to the middle and lower layers of the sediment, respectively. From the perspective of the whole lake, 33.1 thousand tons of SOC will be released to the water body in the future. This also indicates the existence of eutrophication pollution in Chaohu Lake sediments, which is also corroborated to the current phenomenon of water in Chaohu Lake [38].




4.3. Implication for Sustainable Management of Lakes


Are shallow lake sediments a carbon source or sink? This is obviously a complex question that cannot be answered simply. First, from a temporal point of view, based on the calculations in Table 2, it can be seen that the sediments of Chaohu Lake are a source of carbon in the future without transitional interference from human activities. However, this is a dynamic process on an exceptionally long-time scale, and SOC stock in the sediments fluctuates during this process. This is also why we are concerned about the inter-annual time scale of SOC, and SOC will sometimes be shown in the carbon source and sink between the repeated sawing, which is mainly related to the release rate of SOC by external interference. Studies have shown that the release rate of SOC is mainly related to environmental factors such as water temperature, pH, hydrodynamic conditions, dissolved SOC concentration, and aquatic ecosystems in the sediments, in addition to sediment particle properties [39].



From a spatial perspective, even in the same lake, different areas will behave differently in terms of whether SOC is a carbon source or sink (this is obvious in the three lake areas of Chaohu Lake). This is mainly because with social and economic development, frequent human activities lead to changes in the nature of land use in Chaohu Lake Basin (the most obvious one is the reduction in cultivated land and the increase in urban land), resulting in an increase in impervious underlying surface, which inputs a large amount of nutrients originally left in cultivated land into the lake, thus affecting the nutrient status of the lake. In eutrophic regions of lakes with increased humus content, there is more rapid and steady decomposition as humus absorbs light and heat [40]. In addition, as eutrophic lakes are stabilized in order to more closely resemble the mineralized sediments at the bottom, it is possible to release OC to the water column to achieve this purpose [41].



Lakes are highly relevant players in the global carbon cycle, as they can store large amounts of SOC, thus removing OC from active circulation pools. However, SOC may also be releasable to pore water and diffuse into the overlying water bodies in areas of high eutrophication [42]. Therefore, the carbon balance of lake ecosystems can be largely influenced by human activities, such as industrial wastewater, agricultural activities, or aquaculture activities. In order to improve the sustainability of lake water environments and to cope with the mitigation of global climate change, environmental protection measures can be targeted to the aforementioned pollution pathways to reduce carbon emissions, increase the carbon storage capacity in sediments, and improve lake water ecosystems [43]. For example, heavily contaminated sediments can be vitrified and then woven together to cover the original sediment surface [44]. In this way, the pore space of the larger-sized ceramic grains can enhance the carbon storage capacity of the surface layer. On the other hand, the coverage of ceramic grains can greatly impede the re-emission of carbon from the lower layer of sediments.





5. Conclusions


Studies have shown that shallow lake sediments have large carbon stocks and interrelationships and dependencies between water content, SOC, wet density, and porosity (particle size) in the sediments. By knowing any one of these attributes, the values of the others can be estimated. Correcting the estimation formula of using water content, porosity, and bulk density of sediments to estimate SOC content makes the calculation results more accurate. By comparing and analyzing the future trends of SOC on different areas of the lake, it was found that SOC stocks differed significantly among different study sites, indicating that environmental conditions and human activities (land use and land cover) have an impact on SOC stocks. Moreover, the accumulation of organic matter in the sediments of the areas subjected to severe anthropogenic activities and carbon emissions to the water body will occur after long-term accumulation. The results of this study confirm a strong responsive relationship between human activities, SOC stocks, and lake trophic status. It is thus evident that maintaining the sustainability of lake water bodies and sediments is necessary. The process of the sequestration of atmospheric carbon emissions can be reduced through the restoration of contaminated lake sediments to support global climate change mitigation.
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Figure 1. Sampling locations of the original sediment column cores of Chaohu Lake. 
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Figure 2. A schematic diagram showing sediment stratification detection. 






Figure 2. A schematic diagram showing sediment stratification detection.



[image: Land 13 00507 g002]







[image: Land 13 00507 g003] 





Figure 3. Sediment depth and stratification at sampling points. 
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Figure 4. Vertical distribution of sediments wet density. 
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Figure 5. Distribution of water content and particle size along the vertical direction. 
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Figure 6. Distribution of organic carbon along the vertical direction. 
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Figure 7. Linear relationship between k’ and k. 
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Figure 8. Theoretical calculation curve of k. 
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Figure 9. Linear relationship between wet density and k*Ln (SOC). 
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Table 1. Basic information of the original sediment column cores in Chaohu Lake.
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Serial Number

	
Area

	
Sample Number

	
Latitude (°N)

	
Longitude (°E)

	
Sediment Thickness (cm)






	
1

	
Western

	
W1

	
31.7292

	
117.4065

	
50




	
2

	
W2

	
31.7289

	
117.3795

	
99




	
3

	
W3

	
31.7083

	
117.3868

	
88




	
4

	
W4

	
31.6729

	
117.3700

	
135




	
5

	
Central

	
C1

	
31.6548

	
117.3955

	
100




	
6

	
C2

	
31.6473

	
117.4524

	
88




	
7

	
C3

	
31.6078

	
117.5196

	
50




	
8

	
C4

	
31.5842

	
117.5466

	
42




	
9

	
Eastern

	
E1

	
31.6188

	
117.6038

	
100




	
10

	
E2

	
31.6644

	
117.6615

	
123




	
11

	
E3

	
31.6798

	
117.7191

	
100




	
12

	
E4

	
31.6661

	
117.7881

	
70











 





Table 2. Prediction of surface organic carbon storage in sediments.
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District

	
Area (km2)

	
Present

	
Saturation

	
Release Potential (104 t)




	
Cd (kg/m2)

	
TC (104 t)

	
Cd (kg/m2)

	
TC (104 t)






	
W

	
190.79

	
1.34

	
25.61

	
0.99

	
18.98

	
−6.63




	
C

	
293.80

	
1.08

	
31.66

	
1.13

	
33.26

	
1.59




	
E

	
284.96

	
0.99

	
28.31

	
1.05

	
30.04

	
1.73




	
All

	
769.55

	
1.14

	
85.58

	
1.06

	
82.28

	
−3.31

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file13.jpg
0.40

]
0.30 F
~0.20
et
Weight unweighted
Intercept 0,026343£0.000373]
010 Slope 014
Residuls 004918
R 072602
Adjusted R"2 072602
0.00 s L
0.14 0.37 1.00

'

2.72





media/file4.png
Layered

detection
— -Level 1
N)etection index
.Level p. e :
Split
the Level 3 <,
The sample
) original —
sediment Level 4
of the
core

Level 5






media/file18.png
1.80

1.70 Equation y =a+ b*x
. * Weight unweighted
N Intercept 1.776 + --
A D 1.60 " Slope —1 +£--
E "= Residuals 0.22895
o L50F . RA2 0.83175
S0 ﬂt Adjusted R"2 0.83175
£ 1.40 | 2l =
7 |
S : 2™ e
T 130} DI
g [ - g ", m
1.20 | \
| N
1.10 \ . -
1.00 !
0.00 0.20 0.40 0.60 0.80

k*LN(SOC)

1.00





media/file3.jpg
sediment
of the
core






media/file7.jpg
Se pth(cm)

Sediment dej

120
130

10

Sediment depth(cm)

Wet density (g/em®)





media/file10.png
10

9
—

pth(cm)

100 |
1o |
120 |
130 |
140 L

Sediment de

100 80 60 40 20 100 100 80 60 40 20
L N N B L B BN B B B 0 LA LA LA B LA L B B
—e— W1 T —O—N ——FE1
- W2 1+ e —e—E2
- W3 T [ C3 ——E3
 —7 —o—C4 ——F4
(a) Water content(%o)

pth(cm)

Sediment de

0

20

X
T —— —

28 24 20 16 12 8 4 0 20

028 24 20 16 12 8 4

& & <&@

—

—o— (]

——C2| T

—o— (3

—o— (4| }

(b) Particle size(um)

110
120
130
1 40
1 50
1 60
170
1 80
1 99
] 100
1110
] 120
] 130
1 140

110
120
130
1 40
1 50
1 60
170
1 80
1 99
1 100
1110
1 120
1130
1 140

Sediment depth(cm)

Sediment depth(cm)





media/file19.png





media/file14.png
0.40
m
0.30 .’
[ e
[ ] : -/-= |
I .. “ giun
= 0.20 F "- P .
B nSgy = u
A
», '{ - Equation y=a+b*x
Weight unweighted
F . Intercept 0.026343+0.000373
0.10 | u Slope 0.1+ -
Residuals 0.04918
R™2 0.72602
i Adjusted R"2 0.72602
0.00 — a1l N .
0.14 0.37 1.00 2.72

k!





media/file11.jpg
SOC(g/kg)
18161412108 6 4 2 08161412108 6 4 2 OIS161412108 6 4 2 0

o T 0
0 = 0
2 2
w )
B ©z
2 02
EX g
2w w3
gw l § qw g
Ew | w £
Biool—— | | 2
A0 W T ¢ o o
oy | e | 10
e ws | e T
130 o Wd 8 o B4 130
0 140






media/file6.png
W1 W2 W3 W4

Sampling points
Cl C2 C3 (4

‘_-_-_-_-_-_-_-_-_-_-_-_-_-

<_-_-_-_-_-_-_-_-_-_-_-_-_-

El E2

E3

E4

Leve

a
<
@

i
—
a
<
@
o






media/file15.jpg
0.500

k=0.263+0.1*Ln (w*(D/D,,,))
0.400 |
7777777777777777777777777 1(2.72,0.363)
0300 !
""""" 7 (1,0.263) i
0.200 : i
0.100 | :
0.07,0) | 3
0.000 L0 y =Y ”
0.0 1.0 2.0 3.0 40

w*(DID,,,)

5.0





nav.xhtml


  land-13-00507


  
    		
      land-13-00507
    


  




  





media/file16.png
0.500

k=0.263 + 0.1*Ln (w*(D/D,,.,))
0.400 |
___________________________ ! (2.72,0.363)
0.300 - i
< [T/ " (1,0.263) i
0.200 | i i
0.100 | i
0.07,0) | 5
o000 200 L . L
0.0 1.0 2.0 3.0 4.0





media/file2.png
116°30'0"E 116°45'0"E 117°0'0"E 117°15'0"E 117°30'0"E 117°45'0"E 118°0'0"E 118°15'0"E

(b)

Anhui

31°15'0"N 31°30'0"N 31°45'0"N 32°0'0"N 32°15'0"N

31°0'0"N

-y © -

®@  Sample Point

[ | Chaohu Lake|
Altitude
1506
0 510 20 30 40 l
! 1 ! ! ! ! ! !
116°300"E  116°450"E 117°00"E HTIS0"E  117°300"E 117°450"E 118°00"E 118°150"E

The location of Chaohu Lake in China (a),
in Anhui Province (b),
and Chaohu Lake Basin (¢)

31°15'0"N 31°30'0"N 31°45'0"N 32°0'0"N 32°15'0"N

31°0'0"N





media/file5.jpg
Sampling points
W1 W2 W3 W4 (o1 B or I o< B o’ | El E2 E3 E4

®
2
T

e
2
T

100
110 |
120 |
130 |
140

Sediment depth(cm)
2

Level 1[N Level 200 Level

Level 4






media/file1.jpg
“The location of Chashu Lake in China (3,
L in Anhui Province (b),

and Chaohu Lake Basin )
Loe e,






media/file12.png
S N A W Y
— I — e —

L
—

Sediment depth(cm)

100

110
120

130
140

SOC(g/kg)
1816141210 8 6 4 2 01816141210 8 6 4 2

01816141210 8 6 4 2

—e— W2
—e— W3
—e— W4

W

- —o—Cl
L ——(C2

—— (3

[ |-eC4

—e— E1
—e— E2
——E3
—e— E4

110
120
130
140
150
160
170
180
1 99

Sedim