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Experimental study on the oxygenation efficiency of nano-bubble modified mineral
particles at the sediment-water interface in lakes
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Abstract: Seasonal hypoxia that enhancing the release of phosphorus from sediment in summer and exacerbating the water eutrophi—
cation is a big challenge for deep-water lakes ( reservoirs) in southwest China. Increasing the oxygen level of the sediment-water in—
terface ( SWI) during summer anoxic periods is the key to reduce the internal phosphorus release. The existing deep water oxygena—
tion technology has limited efficiency due to lacking pertinence to the SWI. In recent years the nano-bubbles provide great poten—
tial for the development of a new oxygenation technology which have advantages of good stability high oxygen mass transfer rate
and low environmental risk. In this study the natural minerals i.e. white mica sericite diatomite and zeolite were modified by
nano-bubbles to develop a new oxygenation technology. Simulation experiments were conducted to assess the efficiency of the newly
established oxygenation technology by using planar luminescent optode technology. Our results showed that the nano-bubbles modi—
fied mineral particles obviously increased the oxygen concentrations of the SWI. The duration of continuous oxygenation for white

mica sericite and zeolite can be over 7 days while maximum dissolved oxygen concentration at the SWI was more than 4.40 mg/L.
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The modified diatomite had no ability to increase oxygen level of the SWI. Minerals with fine grain size have the stronger oxygena—

tion efficiency and the longer oxygenation duration. The nano-bubbles modified mineral technology provides new technical support

for the precise oxygenation of SWI and effective control of sediment pollution in lakes.
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Fig.2 SEM of mineral grains: ( A) white mica; ( B) zeolite; ( C) diatomite; ( D) sericite
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Fig.3 Temporal variation of dissolved oxygen ( DO) concentrations at the sediment-water interface:
(A) blank; ( B) white mica; ( C) sericite; (D) zeolite; ( E) diatomite
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Fig.4 Oxygenation efficiency of nano-bubble modified white mica particles

Davies
25
2.3
DO (o). 6000.3000.1250.800 325 DO
4.66.3.59.3.44.3.29  3.06 mg/L.
26 26
s

50 ——325H

—A—800H

451 512500

40F —43000H

’ ——6000H
_ 35
Ey 2 30
£ £ 25

35 =
2 R 20
1.5
1.0
0.5
0 20 40 60 80 100 120 140 160 0 0 20 40 60 80 100 120 140 160
A il /h i El/h
5 6
Fig.5 Oxygenation efficiency of Fig.6 Effect of grain size on the oxygenation

different modified mineral particles efficiency of modified white mica particles



70

11

12

J. Lake Sci.( ) 2019 31( 1)

- (>7 ) (DO) 4.40 mg/L.

( DGT)

Elci S. Effects of thermal stratification and mixing on reservoir water quality. Limnology 2008 9(2): 135-142.
Chen JA Wang JF Yu ] et al. Characteristics and prospects of reservoir ecological environment in southwest China. Earth
and Environment 2017 45(2): 115-125.
2017 45(2): 115-125.
Ingall ED Jahnke RA. Influence of water-ecolumn anoxia on the elemental fractionation of carbon and phosphorus during
sediment diagenesis. Marine Geology 1997 139: 219-229.
Conley DJ Svante B Erik B et al. Hypoxia—related processes in the Baltic Sea. Environmental Science & Technology
2009 43(10) : 3412-3420.
Wang YC Zhu ] Ma M et al. The seasonal stratification of the southwest canyon reservoir and the sudden deterioration of
water quality. J Lake Sci 2005 17( 1) : 54-60. DOIL: 10.18307/2005.0109.
2005 17(1): 54-60.
Fan CX Zhang L. Bao XM et al. The migration mechanism and quantification of the source elements of the sediment-water
interface in Taihu Lake: 2. The thermodynamic mechanism of phosphorus release and the source-exchange conversion. J
Lake Sci 2006 18(3): 207-217. DOIL: 10.18307/2006.0303. . -
D2, - . 2006 18(3): 207-217.
Hupfer M Lewandowski J. Oxygen controls the phosphorus release from lake sediments a Longasting Paradigm in Limnol-
ogy. International Review of Hydrobiology 2008 93(4/5): 415-432.
Wang CL Li ZX LiJY et al. High density gas state at water/graphite interface studied by molecular dynamics simulation.
Chinese Physics B 2008 17(7) : 2646-2654.
Ashley K. Mavinic DS Hall KJ. Oxygenation performance of a laboratory—scale Speece Cone hypolimnetic aerator: Pre—
liminary assessment. Canadian Journal of Civil Engineering 2008 35(7): 663-675.
Imboden D. Restoration of a Swiss lake by internal measures: Can models explain reality. In. FWPCA International Con—
gress: Lakes pollution and recovery. Proceedings-preprints  1980: 29-40.
Serra T Vidal J Casamitjana X et al. The role of surface vertical mixing in phytoplankton distribution in a stratified reser—
voir. Limnology and Oceanography 2007 52: 620-634.
Michelsen DL Lotfi M. Oxygen microbubble injection for in situ bioremediation: possible field scenario. In: Innovative
hazardous waste treatment technology series. Technomic: Lancaster PA 1991: 131-142.

Tsuge H ed. The latest technology on microbubbles and nanobubbles. Tokyo: CMC Publishing Co Ltd 2007.



20

21

22

23

24

25

26

Tsuge H ed. The latest technology on microbubbles and nanobubbles II. Tokyo: CMC Publishing Co Ltd 2010.
Kalumuck KM Chahine GL. The use of cavitating jets to oxidize organic compounds in water. Journal of Fluids Engineer—
ing 2000 122(3): 465-470.
Cui Z Chang S Fane A. The use of gas bubblingto enhance membrane processes. Journal of Membrane Science 2003
221(1/2) : 1-35.
Wu Z Zhang X Li G et al. Nanobubbles influence on BSA adsorption on mica surface. Surface and Interface Analysis
2006 38(6): 990-995.
Liu G WuZ Craig VS]. Cleaning of protein-coated surfaces using nanobubbles: an investigation usinga quartz crystal mi—
crobalance. The Journal of Physical Chemistry C 2008 112( 43) : 16748-16753.
Wu Z Chen H Dong Y et al. Cleaning using nanobubbles: defouling by electrochemical generation of bubbles. Journal of
Colloid and Interface Science 2008 328( 1) : 10-14.
Li H Hu L XiaZ. Impact of groundwater salinity on bioremediation enhanced by micro-nano bubbles.Materials 2013 6
(9): 3676-3687.
Li HZ Hu LM Xin HB. Study on the application of micro-nanobubble technology in situ restoration of contaminated
groundwater. Journal of Rock Engineering 2015 37(2): 115-419.
. 2015 37(2): 115-119.

Li P Takahashi M Chiba K. Degradation of phenol by the collapse of microbubbles. Chemosphere 2009 75( 10) :
1371-1375.
Lou ST Gao JX Xiao XD et al. Studies of nanobubbles produced at liquid/solid interfaces. Materials Characterization
2002 48: 211-214.
Vance DH Czarnik AW. Real-time assay of inorganic pyrophosphatase using a high-affinity chelation-enhanced fluores—
cence chemosensor. Jounral of the American Chemical Society 1994 116( 20) : 9397-3398.
Davies TJ] Hyde ME Compton RG. Nanotrench arrays reveal insight into graphite electrochemistry. Angew Chem Int Ed
2005 44(32): 5121-5126.
Zhao WC. Hydrophobic substances carry nano-bubbles and the ability to release gas Dissertation . Shanghai: Shanghai
Normal University 2013.

2013.



