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Global problem reported in 45 countries, affecting 3 billions of population

A difficult issue for public health  and water resources management
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Eco-safety + cost effective

MLS principle for shallow lake restoration
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Algal removal

1. Very low dosage of modified 

local soil (11mg/L)

2. Nutrients removed from water 

to sediment (with cells)

3. Water transparency 

improvement



ES&T, 2013,  47, 4555
Water Res., 2016, 97, 19

Water Res., 2019, 165, 115005

Water Res., 2016, 97, 11

2011, 10, 381



Lake Tai Pilot (50,000 m2 enclosure)

before

1 day 

after

during

8 months 



第一代喷洒船(2008)：

第三代喷洒船(2012):

第二代喷洒船(2009)：

小型水域喷洒设备(2013):

Engineering equipment



1 hour later

Emergency cleaning up of HAB in Tanxi Bay, LakeTai (2019) 
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Ximo Lake

in Hunan 

2018



Monitoring of long-term ecological responses in 100,000 m2 Liaoyangyuan Bay of Lake Tai

ES&T video contest: 

http://www.youtube.com/watch?v=viGBR6fxkbk

1 day 4 month



Inland Waters, 2014, 4 (4). 349-356 



Sediment remediation using oxygen nanobubble materials

Physical: MLS capping reduces algal floc resuspension to maintain water  transparency



control treatment

MLS覆盖层
絮体层

ES&T, 2012, 46, 5077

MLS capping: chemical and microbial regulation inhibits the release of nutrients from sediment



ES&T, 2015, 49, 426

MLS flocculation-capping  to degrade algae toxins 



Remediation of hypoxia in polluted sediment
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The O2/ORP change can trigger many 

geochemical and microbial processes in 

the sediment, affecting P, N, C, S, metal 

cycling



Manipulation of N, P cycling
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Manipulation of C cycling

Environ. Sci. Technol., 2018, 52, 8712



Arsenic exposure in eutrophic waters

Lake Dianchi





Remediation of sediment mercury pollution  



Control MLS Treatment
（70 days）

1.5 m, submerged macrophytes restoration

Shallow water ecological restoration



control 1st year

2nd year3rd year

Three-year monitoring of ecological and water quality 

Water, 2019, 11, 1123 
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Turning microalgae to macrophytes through MLS



5 field pilot studies 
and overview of MLS Water, 2019, 11, 1123 
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Pan et al，2018

Food & energy security  

iWEF: integrated Water-Energy-Food Study: ex-situ approach



HAB harvesting: flocculation-flotation



Utilization: wastewater treatment 



Biofuel production from wastewater



Protein production from food industrial wastewater



Energies, 2018, 7, 1-30

Recovery of silver and generation of electricity– microbial/algal fuel cell 



Production of algal bio-hydrochar materials



Crop safetySoil improvers for food safety: mitigation of As and Cd contamination  



Algal bio-hydrochar fertilizer 





iWEF technical framework for sustainable environmental circular economy 

https://www.ntu.ac.uk/research/groups-and-centres/centres/integrated-water,-energy-and-food-iwef-centre

https://www.ntu.ac.uk/research/groups-and-centres/centres/integrated-water,-energy-and-food-iwef-centre


Thank you for your attention!


