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Effects of Hydrodynamic Disturbance on Sediment Resuspension and Dissolved Total Nitrogen and Phosphorus Release Fluxes
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Abstract: The impact of sediment stability on the aquatic environment of shallow lakes has received increasing attention from researchers, especially at the sediment-water interface (SWI). The stability of sediments includes both the sediment particles themselves and various environmental substances adsorbed by particles and interstitial water, especially nitrogen and phosphorus concentrations are critical to the problem of cyanobacterial blooms in eutrophic lakes. Factors affecting sediment stability include the combined effects of waves and currents, particle size and volume characteristics of the bed material, and biostability or bioturbation. The hydrodynamic changes caused by wind and waves and ship sailing are the direct factors of sediment resuspension in shallow Lake. This study analyzed the relationship between the amount of sediment resuspension and the release fluxes of dissolved total nitrogen (DTN) and dissolved total phosphorus (DTP) under different rotational speed perturbations. The shear stress generated at 0 rpm and 100 rpm were limited and the sediments were substantially not resuspended. Significant resuspension of the sediment occurred under shear disturbance at 200-400 rpm. After 20 minutes of shearing at 200 rpm and 300 rpm, the amount of sediment resuspension basically reached a steady state, indicating that the shear stress generated by stirring and the stabilization force inside the sediment basically reached a balance. The release fluxes of DTN and DTP increased with the increase of shear speed, and with the increase of shear strength, but the growth rate of DTN and DTP release fluxes became slower with the increase of shear speed.
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1 introduction

Nitrogen and phosphorus are important nutrients in aquatic ecosystems. Nitrogen and phosphorus in water can exist in sediments in various forms through sedimentation and adsorption. Meanwhile, nitrogen and phosphorus in sediments will also be released into the overlying water body under disturbance, including wind and waves, lake currents, and ship navigation [1, 2]. Factors affecting sediment stability include the combined effects of waves and currents, the particle size and volume characteristics of the bed material, and biostability or bioturbation [3, 4]. The bottom shear stress generated by the disturbance at the sediment-water interface (SWI) is the direct cause of sediment resuspension. When the bottom shear stress exceeds the critical shear stress of the sediment itself, resuspension occurs. After the huge nitrogen and phosphorus storage in sediments is resuspended and released under disturbance, it will definitely have an important impact on aquatic ecosystems and water environment, and this process occurs at the sediment-water interface. 
The stability of sediments includes both the sediment particles themselves and various environmental substances adsorbed by particles and interstitial water, especially nitrogen and phosphorus concentrations are critical to cyanobacterial blooms in eutrophic lakes. Aiming at the effect of hydrodynamic disturbance on sediment resuspension amount and dissolved total nitrogen and phosphorus release, this study analyzed the sediment resuspension amount and nitrogen and phosphorus release flux under different disturbance intensities. This will Provide a basis for the water environment management.
2 Materials and methods
2.1 Samples Collection of sediment and overlying water
The West Lake area of Chaohu Lake is in the eutrophication state due to the influence of the surrounding urban life and the inflow of rivers. In this study, the center of West Lake (N31.633353633°, E117.381601715°) was used as the sampling point to collect sediments and overlying water, and 20 sediment columnar samples were collected using a cassette gravity sampler (diameter8.5 cm, height 50 cm). The thickness of the material is not less than 20 cm, and the column sample is tightly stored with a rubber stopper to keep the column sample in an undisturbed state during transportation. In addition, 50 L of in-situ lake water was collected in a polyethylene plastic bucket as the overlying water of the experimental system, and the temperature, DO, pH and redox potential of the in-situ water body were measured with a portable multi-parameter water quality meter.

After the samples were transported back to the laboratory, the water samples were refrigerated at 4°C in the dark, and water quality testing was completed within 48 hours. The bottom mud thickness of all the columnar samples was controlled at 12 cm, the overlying water in the original columnar samples was drained by the siphon method, and then the lake water filtered by the 400-mesh filter was added to the columnar samples without disturbance by the siphon method. The water-covering height was kept at 30 cm. Finally, the columnar samples with added overlying water were moved to the stirrer for subsequent experiments.
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Experimental setup and parameters
Figure 1. Schematic diagram of hydrodynamic disturbance

The sediment resuspension generating device is shown in Figure 1. The experiment simulated water depth of 30 cm, air temperature of 15 °C, and simulated hydrodynamic disturbances of different intensities by setting different shear speeds. for 120 min. 50 ml of water samples were collected at 20, 40, 60, 80, 100, and 120 min of the disturbance process, and the same volume of lake water was added to the water column after sampling. The water samples were filtered through a 0.45 μm water-based filter and stored at 4 °C until analysis. Three parallel groups were set for each experiment.
2.3 Acquisition and analysis of experimental samples
2.3.1 Analysis of physicochemical properties of samples 

The moisture content of the sediment was tested by the gravimetric drying method, and the bulk density was tested by the ring knife method. The concentration of SS in lake water and experimental water samples was tested by suction filtration drying method. After the water samples were filtered at 0.45 μm, the total dissolved nitrogen and dissolved nitrogen were determined by alkaline potassium persulfate digestion UV spectrophotometry and ammonium molybdate spectrophotometry respectively. Sexual total phosphorus [5, 6]. 2.3.2. Release flux of nitrogen and phosphorus 

The release flux of nitrogen and phosphorus was calculated using formula (1).
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 (1)
In the formula: R-release rate (mg/m2·d); V-column overlying water volume (ml); Cn, C0, Ci-1-substance content at the nth, initial and i-1 times sampling (mg /L ); Ca - substance content in added water sample (mg/L ); Vi - sampling volume each time (L); A - water-sediment contact area in column sample (m2); t - release time ( d).
3 Results and Discussions
3.1 Environmental characteristics of sediments and overlying water
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Figure 2. Water content and bulk density of sediments at different depths
As shown in Fig. 2, with the increasing depth of the sediment, the trend of water content and bulk density is opposite. The moisture content of 0-1cm sediment is as high as 77.69%, the moisture content of 0-3 cm sediment is above 70%, and the moisture content of 3-9 cm sediment is between 60% and 70%. The bulk density of 0-1 cm sediment is 1075.66 kg/m3, and the bulk density of 2-6 cm sediment is between 1100 kg/m3 and 1200 kg/m3. There is a sudden change in water content and bulk density in the sediment near 9 cm, the water content decreases by 9.06%, and the bulk density increases by 91 kg/m3. The water quality indicators at the sampling points are shown in Table 1.
Table 1 Water quality parameters of sampling points
	temperature
（℃）
	pH
	DO

（mg/L）
	ORP

（mV）
	CODMn
（mg/L）
	DTN

（mg/L）
	DTP（mg/L）

	15
	8.45
	9.53
	136.2
	11.6
	0.54
	0.04


3.2 Resuspension amount under disturbance
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Figure 3. The sediment resuspension amount at different shear strengths

As shown in Fig. 3, the amount of sediment resuspension under the disturbance condition of 100 rpm is basically 0, which basically coincides with that under shearing at 0 rpm. The disturbance of 200-400 rpm has a significant effect on the amount of sediment resuspension, and it has reached a certain level in the initial 20 min. As the shearing action continues, the amount of resuspension only increases slowly, which indicates that when the bottom is When the shear force exceeds the critical shear stress of the sediment, the sediment resuspension occurs rapidly. However, under the shearing action of 200 rpm and 300 rpm, the amount of sediment resuspension basically reached an equilibrium state, which indicates that the bottom shear force provided by 200 and 300 rpm can cause the resuspension of the surface sediment, but the resuspension depth does not. It will develop indefinitely, indicating that the bottom shear force and the stabilization force inside the sediment have basically reached a balance at this time.
3.3 Release flux of DTN and DTP
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Figure 4. Release fluxes of DTN and DTP at different shear intensities

The resuspension of sediments under disturbance is accompanied by the entry of sediment itself and sediment interstitial water into the overlying waters, resulting in the release of nitrogen and phosphorus. However, the migration of nitrogen and phosphorus adsorbed on sediment particles is significantly affected by the resuspension of the particles themselves. Once the disturbance weakens or disappears, the sediment settles rapidly due to gravity, and the nitrogen and phosphorus on the sediment particles return to the sediment. The impact on the water environment is limited. Therefore, this study mainly focuses on the release fluxes of dissolved total nitrogen and dissolved total phosphorus in the overlying water, which has more direct significance for ecological and water environment governance. As shown in Fig. 4, the release fluxes of DTN and DTP increased with the increase of shear rotation speed, and with the increase of shear strength, the growth rate of DTN and DTP release fluxes became slower. Furthermore, the responses of DTN and DTP release fluxes to increased shear strength were significantly slower than the response of sediment resuspension to increased shear strength. Comparing shear effects at 200 rpm and 400 rpm, the amount of sediment resuspension at 400 rpm was nearly 4 times that at 200 rpm, while the flux of DTN and DTP release at 400 rpm was only about 1.3 times that at 200 rpm.
4 Conclusion
(1) The shear force generated at 0 rpm and 100 rpm is limited, and the sediment basically does not resuspend. Significant resuspension of the sediment occurred under shear disturbance at 200-400 rpm. It is worth noting that under the shearing action of 200 rpm and 300 rpm for 20 minutes, the amount of sediment resuspension basically reached a steady state, which indicates that the shear force generated by stirring and the stabilization force inside the sediment basically reached a balance.
(2) The release flux of DTN and DTP increased with the increase of shear speed, and with the increase of shear strength, but the growth rate of DTN and DTP release flux became slower with the increase of shear speed.
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