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Eutrophication and harmful algal blooms (HABs)
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A difficult issue for public health and water resources management W



I Introduction of Modified local soil (MLS) technology

ed principle of "Modified Local Soil” technology:
try can help in repairing the polluted lakes?
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MLS principle for shallow lake restoration
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Figure 1. Multi-disciplinary principle of Modified Local Soil (MLS) technology.
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Lake Tai Pilot (50,000 m2 enclosure)
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Emergency cleaning up of HAB in Tanxi Bay, LakeTai (2019)
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Monitoring of long-term ecological responses in 100,000 m2 Liaoyangyuan Bay of Lake Tai

Table 2

Ecological Engineering 37 (2011) 302-308 Compeosition changes of phytoplankton.

Position Time Composition of phytoplankton (%)
Contents lists available at ScienceDirect Cyanophyta Chloraphyta Bacillariophyta Cryptophyta Euglenophyta Chrysophyta Xanthophyta
ﬁ’-- Inside bay August 982 0.01 17 - - - -
: . . - October 66.9 232 36 a4 L1 - 07
ECOlOglCﬂl Engineering ; December 264 774 154 75 - 67 66
Outside bay August 98.1 0.01 1.8 = - - -
: . —_— October 216 308 254 15.9 37 29 -
journal homepage: www.elsevier.com/locate/ecoleng December 186 282 160 81 B - 91
Table 3 Table 5
Composition changes of zooplankton. Comparison of biodiversity index inside and outside the bay.
In-lake algal bloom removal and submerged vegetation restoration using Position Time Composition of zeoplankeon () Position  Time a
. . Cladocera Copepods Rotifera Phytoplanktan ~ Zooplanktan  Zoabenthos
modified local soils . —
Inside bay August 50.0 130 370 Inside bay August 0.001 0979 0.087
A L . October 373 51 576 October 0.949 0.837 0,633
Gang Pan*, Bo Yang, Dan Wang, Hao Chen, Bing-hui Tian, Mu-lan Zhang, Xian-zheng Yuan, Juan Chen December 180 148 672 December 1562 0858 1011
Outside bay August 500 130 37.0
Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, 18 Shuangqing Road, Beijing 100085, China October 350 80 57.0 Outsidebay  August 0091 0979 0.087
December 17.0 205 625 October 1.559 0.389 0.741
December 1439 0.920 0.779

Fig.4. Oneday after treatment using MLS-IER technology (photo taken on 14 August
Fig. 2. Severe HAB inside the bay before the treatment (photo taken before the 2006).

Fig. 11. Submerged vegetation was successfully restored 4 months after the treat-
treatment on 13th August 2006).

ment (photo taken on the 1 December 2006).

ES&T video contest:
http://lwww.youtube.com/watch?v=viGBR6fxkbk
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Geoengineering in lakes: welcome attraction or fatal distraction?

Eleanor B. Mackay!, Stephen C. Maberly!, Gang Pan?, Kasper Reitzel®, Andy Bruere?, Nicholas Corker®, Grant
Douglas®, Sara Egemose®, David Hamilton’, Tristan Hatton-Ellis®, Brian Huser®, Wei Li'°, Sebastian Meis!!,
Brian Moss!?, Miquel Liirling!®, Geoff Phillips', Said Yasseri’®, and Bryvan M. Spears!®*

What does geocengineering do?

The premize of gecensineermg 1n lakes 1s to mamipulate
biozeochemical processes known to improve ecological
structure and function. It most commonly focuses on the
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the water column, the materials strip out dissolved
phosphorus as they sink to the bed sediments, where they
may continue to act to reduce diffusion of dissolved
phosphorus from the lake bed to the water column (e.g..
Robb et al. 2003. Reitzel et al. 2005, Pan et al. 20006,

2012a, Meis et al. 2012). The range of products used is

growing and includes engineered materials, commercially
available salts, modified local soils. and industrial
by-products (Hickey and Gibbs 2009). Substances are also
currently bemng developed to flocculate phytoplankton:
modify disselved oxvgen, carbon. and nitrogen concentra-
trons: and to encourage spread of desirable plants through
propagule dispersal an et al 2011 2011b, van de
Wewver et al. 2014). Mampulation of benthic bacterial
communities through increasing redox status, using
materials capable of delivering oxygen microbubbles_ has
also been used (Pan et al 2012b). Perhaps the most
widespread use of the approach. however. has been the
hming of lakes to reduce the effects of acidification
(Guhrén et al. 2007, Angelar and Goedkoop 2010).

The global market for geocengineering materials is
difficult to define because published data on the number
and size of treated lakes and ponds are limited With
respect to phosphorus inactivatnon, howewer, about 50
lakes have been treated with aluminium-based compounds
m the United States over the last 5 years (B. Huser. pers.
comm.). while in 2013, Phoslock. a lanthanum-modified
bentonite clay product, was added to at least 30 lakes
across the world (S. Yaseri, pers. comm ), and modified
local soil materials were used in several waterbodies 1n
China (G. Pan_ pers. comm_}.

NTU



Sediment remediation using oxygen nanobubble materials

Environmental Science & Technology
Modified Modified
() Soil soil Sand sand (b)
A Control Flocculation €apping  capping <apping  capping > 10004 ’/-/ . & & »> *
1
Before - J { J
dis'u..ba.ntr ' . . ' woq “. ‘ ‘(
E 600
e Orpm  40rpm 60 rpm 80 rpm 200 rpm 200 rpm 3 . »
Critical 2 | Y
disturbance "' T 400 S :
intensity, s / /
S / /

Smin < = 2004 ) / ,
Maximum s 7 p
disturbance o =—V¥y—% >
intensity, . < : : ; . :
200rpm, 1 - 0 50 100 150 200 250 300

Smin : : Stirring intensity (rpm)

Figure 1. The effect of MLS-capping on resuspension reduction (a) and the turbidity caused by different disturbance intensities (b), where 1000
NTU is the maximum limit of the instrument. The critical disturbance intensity means the disturbance intensity at which resuspension occurs.

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




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

ES&T, 2012, 46, 5077
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Reducing the Recruitment of Sedimented Algae and Nutrient Release
into the Overlying Water Using Modified Soil/Sand Flocculation-
Capping in Eutrophic Lakes

Gang Pan,"* Lichun Dai," Liang Li," Linchen He," Hong Li," Lei Bi," and Ramesh D. Gulati*

"Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China
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ABSTRACT: The effect of simultaneously removing algal blooms from water and 200+
reducing the resuspension and nutrient release from the sediment was studied using
modified local soil/sand flocculation-capping (MLS-capping) in simulated water-
sediment systems. Twenty one sediment cores in situ with overlying water
containing algal blooms were collected from Meiliang Bay of Lake Taihu (China) in
July 2011. The algal cells in the water were flocculated and sunk to the sediment
using chitosan modified local soils, and the algal flocs were capped with modified
and nonmodified soil/sand and then incubated at 25 “C for 20 days. In the MLS-
capping treated systems, the TP concentration was reduced from 2.56 mg P L' to
0.06—0.14 mg P L™! and TN from 14.66 mg N L™ to 603-9.56 mg N Lt
throughout the experiment, whereas the sediment to water fluxes of TP, TN, PO,—
P, and NH;—N were greatly reduced or reversed and the redox potental

remarkahbe increased commnared tn the control evstem A canning laver of 1 cm
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MLS flocculation-capping to degrade algae toxins
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Simultaneous Removal of Harmful Algal Blooms and Microcystins
Using Microorganism- and Chitosan-Modified Local Soil

Hong Li"* and Gang Pan®’
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© Supporting Information

ABSTRACT: Cyanobacterial harmful algal blooms (cyano-HAB) and  somecccar  Caiomns #1ocion - RUSESLLIE L
microcystins (MCs) can cause a potential threat to public health. Here, B I ) £ el
a method for simultaneous removal of cyano-HAB and MCs was =% ;
developed using chitosan-modified local soil (MLS) flocculation plus

microorganism-modified soil capping. The experiment was conducted

in simulated columns containing algal water collected from Lake Taihu

(China). More than 90% of algal cells and intracellular MCs were

flocculated and removed from water using chitosan-MLS and the
sunken flocs were treated by different capping materials including m
Pseudomonas sp. Anl8 modified local soil. During 40 days of
incubation, dissolved MC-LR and MC-RR showed 10-fold increase . . io.ies fecosio. Flcculsion- Conral Frceslation Fvcestatin: Floceuiaion-
in the flocculation-only system. The increase of MC-LR and MC-RR in st capgiag MR et
water was reduced by 30 and 70% in soil capping treatments; however, e i
the total content of MCs in the sediment—water column remained




Remediation of hypoxia in polluted sediment

Science of the Total Environment 637-638 (2018) 550-560
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study of oxygen nanobubble modified clay materials

Honggang Zhang ?, Tao Lyu ", Lei Bi *, Grant Tempero ©, David P. Hamilton “, Gang Pan *"*

# Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

" Scheol of Animal, Rural and Environmental Sciences, Nottingham Trent University, Brackenhurst Campus, NG250QF, UK
© Environmental Research Institute, University of Waikato, Private Bag 3105, Hamilton 3240, New Zealand

4 Current Address: Australian Rivers Institute, Griffith University, 170 Kessels Road, Brishane 4120, Australia

B.are ONMZ and ONMS, respectively. Th

DO (mgl/L)

H. Zhang et al. / Science of the Total Environment 637-638 (2018) 550-560

400

(a) (b)

0 20 40 60 80 100 120 140 0 20 40 60
Time (d) Time (d)

/@ Control @ ONMZ ® ONMS |

The O,/ORP change can trigger many
geochemical and microbial processes in

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




Manipulation of N, P cycling

Chemical Engineering Journal 406 (2021) 127206
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Manipulation of C cycling
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Water Research 205 (2021) 117657
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Remediation of sediment mercury pollution
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1.0
Water Research 173 (2020) 115563 O Control
: z 08 ot 213?
Contents lists available at ScienceDirect ——WATER = L' Zeolite
Q RESEARCH éﬂ 0.6 B O; NBs
=
Water Research = o4
c
=
journal homepage: www.elsevier.com/locate/watres =02
0
0 5 10 15 20 25 30
Time (d)
Mitigation of methylmercury production in eutrophic waters by )
interfacial oxygen nanobubbles ==
Xiaonan Ji #® Chengbin Liu *, Meiyi Zhang *~*, Yongguang Yin ¢ Gang Pan #> %~
* Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing. 100085, PR China .
Y University of Chinese Academy of Sciences, Beijing, 100049, PR China X.Jict al./ Weter Rescarch 173 (2020} 115563
* State Key Laboratory of Pollution Control and Resource Reuse, College of Environmental Science and Engineering. Tongji University, 1239 Siping Road
Shanghai, 200092, PR China A) [MeHg|/[THg]| (%)
4 Befjing Advanced Science and mnovation Center, Chinese Academy of Sciences, Beffing, 101407, PR China 02 0]4 0i6 0]3 0.4 016 ois 1;" 112 1.404 0i6 013 110 112 1

¢ Center of Integrated Water-Energy-Food Studies (iWEF), School of Animal, Rural, and Environmental Sciences, Nottingham Trent University, Brackenhurst
Campus, NG25 0QF, UK

Depth (cm)

Day 10




Shallow water ecological restoration

Control MLS Treatment 1.5 m, submerged macrophytes restoration
(70 days)




Three-year monitoring of ecological and water quality

Water, 2019, 11, 1123
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Figure 12. (a) The coverage and biomass of submerged vegetation in the control and treatment ponds after
4 months and (b) a 3-year monitoring result on submerged vegetation restoration in the treated pond.
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ABSTRACT: Switching the dominance from algae to macro-

phytes is crucial for lake management of human-induced

eutrophication. Nutrients from algal sources can be utilized in

the process of transition from algal blooms to macrophytes,

thereby mitigating eutrophication. However, this process 3
. . Plant S

rarely occurs in algal bloom dominated waters. Here, we exam- [ im0 s i I I

Algal blooms

Algae removal Submerged
& water quality vegetation
improvement restoration

ined the hypothesis that the transition of algal blooms to &Capping seedlings
macrophytes and the transfer of nutrients from algae at different
temperatures (8 and 25 °C) can be facilitated by using a geo-
engineering method. The results showed that the combination
of flocculation and capping treatment could not only remove
Microcystis aeruginosa blooms from eutrophic waters but also  [IEQIERILE] Anaerobic sediment
facilitate algal decomposition and incorporation into a sub-
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Microalgae-derived hydrochar application on rice paddy soil: Higher rice
yield but increased gaseous nitrogen loss
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Chiorella vulgaris hydrochars (CVH)
were fabricated by hydrothermal car-
bonization.
CvHadditionimproved N use efficiency,
sugar content, and grain yield of rice.
CWH addition stimulated NH; volatiliza-
tion and N»0 emission from paddy soil.
+ Compared to direct addition of CV, CVH
addition inhibited NH volarilization.
+ Increasing gaseous N loss results from
physiochemical and microbiological
factors.

Microalgae-derived hydrochar application to paddy soil: High yield & high Gaseous N loss
 Positiveeffects

‘Whale Growth Period

Applied in rice paddy soil
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Fig. 2. Fractionation of P in sequential extracts of raw microalgae and microalgae-
derived hydrochars.
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HIGHLIGHTS GRAPHICAL ABSTRACT

« Sewage sludge was valorized through
hydrothermal carbonization (HTC).

e Mg-citrate and H;SOs solution as
medium in HTC modified sludge-
hydrochar (SSHMS).

« SSHMS improved surface porous
volume and carboxyl group abun-
dance, and reduced pH.

e SSHMS treatment inhibited rice
paddy NH; volatilization and nitro-
gen runoff.

« SSHMS treatment increased paddy
soil N retention, rice N uptake and
rice yield.
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