


Water quality issues In the Netherlands

§ Country in NW-E.U. (@l = i curopean Envronment Agency 319
. lly 70 2018 7
§Almost all surface )
water not in
unacceptable

ecological condition

Ecological status of surface water bodies
Published 03 Jul 2018

acceptable
[meets WED goals|

E.U. memberstates

unacceptable
|does not meet WD zoals)
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The Netherlands has world leading WWT
§ Point source nutrient pollution has been tackled
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Legacies and diffuse loads remain an issue

COMMISSION STAFF WORKING DOCUMENT

EURCPEAN

COMMISSION The EU Environmental Implementation Review

D01 42 el Country Report - THE NETHERLANDS

almost

all (99%) of the water bodies are still subject to

significant pressures. In all the four RBDs the basic

measures were not enough to meet the Water

Framework Directive objectives of ecological quality of

| surface waters in rivers and lakes. Roughly half of rivers,

1 drainage ditches and lakes have too high concentrations

of nitrogen and phosphates as a result of over-
fertilization in agricultural areas™

]

‘Geen levende vis meer
tussen Asten cn Helmund

The main pressure on the Dutch surface waters is diffuse
pﬂllutinnaﬁ that affects 90% of water bodies
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Legacies and diffuse loads remain an issue

§Agricu|ture Is large contributor to loads

Phosphorus - load to surface water

I |ndustry
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No.1l water quality issue in the Netherlands
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Swimming bans

https://open.alberta.ca/opendata/cyanobacterial-blooms-in-alberta-recreational-waters#summary

107
o Zeiner Park
O Pigeon Lake Provincial Park

O Ma-Me-O/ 6" Street
Grandview Beach
North Buck Lake - Day Use

Heritage Pond ALGAE ADV'SORY

Aspen Beach Provincial Park Beach S it
McFarlane Beach waler, it is advisale to take tha follosing
pracauline.
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In-lake measures are inevitable

From Weber until now

- Since 1907 J

WAGENINGEN

e LUMIVERSITY & RESEARLCH::

Legacies delay
recovery

Nutricnts accumulated in lake
beds may delav recovery for
many decades, scicnbists say.

Diffuse loads

Are extremcly problematic.
Owerly enriched soils keep on
leaching nutrients, and
particularly phosphorus, to
groundwater and surface water
A recent study by Goyette and
co-workers n the journal
Nature Geosciences revealed it
might take 100 to 2000 years!

Investments

Li:ll'gL‘ upf'run'l mmvesiments are
needed in third world countries
and countries in transition to
tackle pint sources. WWTP
should be baalt.

To bridge the time between
their effectiveness in-lake
actions are the single solution
1o bring relief to people fully
relying on the polluted waters.

System analysis

The actions should be based on
a thorough understanding of

the problem in cach individual
lake, according to the scientist,
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There is NO silver bullet
Mitigation should always start with a system analysis

§ Water- and nutrient fluxes

S Biological make-up

— = diagnhosis ® measures

§ Functions
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Public oriented measures

8§ General information in booklets, newspapers, on website

http://www.wageningenur.nl/nl/Dossiers/dossier/Blauwalg.htm
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Effect oriented measures

- Reduce nuisance, fighting the symptoms:
O Preventing scum formation
O Preventing inflow cyanobacteria
O Removing scums/biomass
O Preventing growth/killing cyanobacteria

O Mitigating foul odors Wy %‘
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Effect oriented measures

8 Numerous measures proposed and applied:

S Physical: Aeration/water movement, ultrasound,
jets, bubble screen, dam, floating screen...

S Chemical: Algaecides, H,0,, coagulant + ballast...

S Biological: Barley straw, Dreissena, EM, Golden
algae, plant extracts...

8 Some are promising, others come with dubious claims
and without proper scientific testing
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Physical measures

§Scum removal: skimmers, suction devices

waternec

innovator in aquatic ecology v
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Aeration/mixing

8 In shallow waters stimulation of cyanobacteria
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Artificial mixing in deep lake Nieuwe Meer

8 Mixing in deep lakes can reduce blooms

No mixing
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F1G. 6. Seasonal panerns i phytoplankton species com-
position in Lake WNieuwe Meer. (A) Example of a year without
artificial mixing (19900, (B) Example of a year with arnficial
mixing (1993). Species abundances are expressed in bio-
volumes per umit surface area of the lake. Dark hatched area
(finely spaced cross-harching) = cyanobacteria (mostly Mi-
crocysriz). boxes (wider cross-hatching) = diatoms: diagonal
lines = green algae; verncal hines = small Aagellares.

Huisman et al. 2004 Ecology 85: 2960-2970
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Ultrasound

S Heavily promoted in the Netherlands
blauwalgen kapotmaken

8§ Claims: No cavitation, low energy, bringing
gasvesicles In resonance, harmless to other aquatic life

A) 12KkHz B) 20 kHz
— (in only one)
—— B oy -ty e e R
[ = ! : Bl R i
Fi q___-,____Tm: B BRENYL .48 L4
| . Tl 'F" 1 1B = e
| | I | E—— | rwﬂ e [l
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= IVPY D) 44 kHz
Agilent 54622D Mixed
RN S I L
® Low frequency ultrasound (20 - 44 kHz) . U
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Ultrasound: No killing of cyanobacteria

8§ Controlled laboratory experiments
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No proof for loss of No effect on

buoyancy, i.e., no Cylindrospermopsis

collapse of gasvesicles Microcystis aeruginosa
Scenedesmus obliquus

Shortened filaments in Anabaena sp. PCC7122

No effect on Photosystem |1
e ..

No growth inhibition
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Ultrasound is lethal for Daphnia in lab tests

8 Frequencies from transducers Kkill Daphnia within 2 hours

Ultrasound
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Ultrasound can make water more green

8§ In 85 L tanks ultrasound killed the Daphnia releasing the
phytoplankton from grazing pressure

21 dayS .
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Science shows: ultrasound does not
control cyanobacteria and is not harmless

§ Read our papers!

WATER RESTALCH &6 (2

Available onling af wwe sciencedimecl.oom

ScienceDirect

() WATER
S RESEARCH

jeurnal homspage: www, sleavier comilocais)wsires

Beating the blues: Is there any music in fighting
cyanobacteria with ultrasound?

@Eﬂm.\hrﬁ

Miquel Liirling ", Yora Tolman *

"'.kq'uwllr!mhw-.l ‘Water (reality Monagement Growp, Department of Environmenial Soences, Wogeningem
Usdisraity, PO, Ban 47, 5700 AA Wagerrgen, The Nalbuslands

" Doparieeni of Agquatic Eoolegy, Metherhrds Instiute of Beobgy (VI00-ERA'W], PO, Box 50, 5500 AR
Wagmingen, The Netherlands

© Regiomal Water Authordy Delflond, PO, Booxr 3061, 2061 DB Deift, The Netherlomds

Evaluation of several end-of-pipe measures proposed
to control cyanobacteria

Miguel Lirling - Guido Waajen -
Lisette M. de Senerpont Domis

LINNWERSITY & RESEARCH
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Water 2014, 6, 3247-3263: doi:10.3300/w6113247

water

ISSN 2073-4441
www.mdpi.com/journal/water
Article

Effects of Commercially Available Ultrasound on the
Zooplankton Grazer Daphnia and Consequent Water Greening
in Laboratory Experiments

Miquel Liirling 12* and Yora Tolman 13

Towins 2014, & 3280-3280; don: 103380 cominsd | 23 260

OFEN ACCESS

toxins

155N M72-6651
WO Jl.u:lpi..:l:ml.'jml.nml- loxms

Aricla

Effects of Hvdrogen Peroxide and Ultrasound on Biomass
Reduction and Toxin Release in the Cyanobacterium,
Microcystis aeruginosa

AMiguel Liseling Y2, Delin Meng ! and Elisabeib J, Fagssen !
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This was already shown by field
experiments more than a decade ago

Nat’l| Water Authority: In-situ experiment stopped, cyano’s deaf for ultrasound

Algen doof voor geluid

17 apr 2008, 09:02 - THOLEN - Rijkswaterstaat blaast de proef waarin blauwalg in
de haven van Tholen met ultrasone geluiden te lijf wordt gegaan, af. De pilot die
vorig jaar met veel tamtam werd gelanceerd heeft niets uitgehaald.

ﬁmw«mnmm 1l N Tholen en Gouden Ham
:.:.1 3y Adelade and Mount Lofty Rarges. : » .
>/ Matwal Resources Management Board Kardinaal et al., 2008: Ultrasound

Torrens Taskforce =l could NOT prevent cyanoblooms
Treatment Processes < and surface scums

The Australian Water 'C!u-:-xlltyr Centre {AWQ C) has studied commercial ultrasonic systems
and concluded that they were not effective at preventing algal growth. The study found that

.SIL -

Working Group on Lake Restoration
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“Buoys” do not control blooms either

8 Ultrasound ineffective: Water authority will now use H,0,
_:A___-

Cyanoblooms and negative swimming

advice in 2016, 2017, 2018

?’Blankaart reservoir

4 LG Sonic Buoys
Not capable of

controlling
blooms
Per 4 augustus 2017 geldt een negatief zwemadvies '
blauwalg voor zwemlocaties Noord Aa Speelvijver en Noord
Aa Zwemstrand in Zoetermeer. w
5 sugustus 2016 1.
/8
- - L] 4 3 0
Negatief zwemadvies bij Noord Aa § -

Wederom blauwalg in Noord Aa

Recreanten die een duik willen nemen in het water bij Noord Aa zijn
gewaarschuwd. Er is weer blauwalg aangetroffen.

Yamilla van Dijk 2
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Experiments show it, physics explains It:
Low energy, low frequencies ultrasound
CANNOT work.

140x10° Resonance frequency can

120x103 be calculated:

100x10°

80x10°

60x103 Microcystis
cell

100

40x10°3
Radius gas bubble (ym)
20x10°
0.020 - 0.005

0

Gas vesicles Microcystis cell Anabaena - paphnia
filament

1 10 100 10000

Radius gas bubble (ym)
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There Is no music In fighting cyanobacteria
with ultrasound

8 “Buoys” are old wine in new packaging

Scepsis “Ultrasonic buoy as new weapon

against blue-green algae in

Ondanks dat de MPC-Buoy getest is door diverse universiteiten in Groot-Brittannié, ltalié en Oostenrijk
is dr.ir. Miguel Lurling, onderzoeker bij de leerstoelgroep aquatische ecologie en waterkwaliteitsbeheer

7
aan de universiteit van Wageningen, sceptisch over de voorgenomen aanpak in Zoetermeer. 'De Noo rd -Aa.

gebruikte frequenties zijn simpelweg veel te laag om gasblaasjes in resonantie te brengen. Eerdere \AS B Ewm
proeven in 2007 en 2008, onder andere uitgevoerd door het hoogheemraadschap van Rijnland, brengen

naar voren dat er nul komma nul effect is van ultrageluid op het verwijderen van blauwalg! I e—

Wethouder Paalvast is op de hoogte van de eerder gedane proeven in Nederland, maar heeft daar een i
andere mening over. '‘De techniek heeft sinds die tijd niet stilgestaan. De MPC-Buoy levert maatwerk, i |
dat maakt een wereld van verschil. Daarnaast gaat het om een innovatieve uitdaging en mocht de pilot

niet slagen, hebben we wel interessante informatie over de waterkwaliteit verkregen. e s
P

The patent shows that “new”
A system and method for has nothing to do with power or

predicting,monitoring, preventing and SIS EEE O ETIREL

trolli | . t bring gasvesicles into resonance
controliing algae In open water and will not sink cyanobacteria.

WO 2013055207 A1 The frequency range (20kHz to 100kHz) can be input to the transducer driven circuit by using PC,

f
WAGENINGEN
LINNWERSITY & RESEARCH ‘ % lL =0
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Be aware of “before-after pictures”

Installations and Results

= Wilding Acres West Virginia waste water lagoon
« 4 weeks

SONICSOLUTIONS.

https://conference.ifas.ufl.edu/aw13/Presentations/2- swi( SOI.lHiDHS

Wednesday/Grand%20Floridian/Session%208b/0300%20Whatley.pdf

WAGENINGEN
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Hydrogen peroxide

8 Cyanobacteria are more sensitive than eukaryotes to H,0,

Toxicity as EC,, values (g m™®) for H,O, (concentration which causes
50 % inhibition of the photosynthetic yield, Fv/Fm)

Cyanobacteria MOdlflEd from
Drabkova et al 2007

TRy

=

Planktothrix agardhii {cells mI™)
Microcystins (ug ™)

EC,, values (H,0, concentration, mg I")

33
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Hydrogen peroxide

8§ Several causes for variability in efficacy

S Presence other algae

Simocephalus vetulus

S Microcystis in colonies and mucus

S DOC and/or sulphides

S Particulate organic matter

oD 1.0 Z025 40

Hydrogen peroxide concentration (mg L™ FHigher doses?

.SIL -

Working Group on Lake Restoration
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Coagulants

8 In general good flocculation, depending on environment

. Al toxicity in fish also by precipitation of AI(OH)s on
§ There are risks... gills and suffocation of the fish (Wauer et al. 2004).

G

Agquatic Toxicology 31 (1995) M7-350 s ——

Aluminium polymerization — a mechanism of acute toxicity
of aqueous aluminium to fish

Antonio B.S. Poléo

~ n m I Microchimica Acta
Original Paper Prinied in wsiria

Analysis of Toxic Aluminium Species in Natural Waters
Goerlinde Wauer'* . Hans-liirgen Heckemann®, and Rainer Koschel!

ECCITONICTLOGY AND ENVIRONMENTAL SAFETY 10, 233-267 (1985)

The Influence of pH on the Toxicity of Aluminum, Cadmium, and
Iron to Eggs and Larvae of the Zebrafish, Brachydanio rerio
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GORAN DAVE

pH, Hardness, and Humic Acid Influence Aluminum Toxicity

6 8 10 12 14 16 to Rainbow Trout {{)m:?rhyndm mykiss) in Weakly
Alkaline Waters

Da.ys a.fter trea.tment Dok T, Gundersen, 5].\hru| Bustaman, Wayne K. 5e¢im, and Lawrence B, l:ullisl

f
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M. Aeruginosa PCC 7820 Control
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Biological measures

Turbid 4
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Nutrient loading

Inflow aﬁd_s&d_iment nutrient
reductions, dredging, P-fixation...
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Zebra mussels

S Filtering could reduce phytoplankton biomass

Experiment with 1600 crates
of dreissenids placed in 1.1 ha
urban pond (Linievijver Breda)
failed, because mussels didn’t
reproduce and died in three
years time.

Controls
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1000-faces of “Effective Micro-organisms”

They come in many formulations, but are they as
‘effective’ as claimed?

il
)
H H H H H
EM-A EM-mudballs ACF32 Poco CBX
suspension
REELE] | €. -

ioyears
AL = e
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“Effective microbes” are not effective at all

8 Do not remove or permanently fix P
8 Are on menu grazers ® Green soups remain

Fakes & Fesrdn: Resoorde wead Womagemant 500 1 4: 355503

Advised dose

Mitigating cyanobacterial blooms: how effective are
Mitigating cvanobacterial blooms: how effective ar
‘effective microorganisms"

Miguel Lurling, ' Yora Talman™ and Marieke Euwe™

(R LTI L RS R
LER RN LR ] Ik |

Cyanobacteria blooms cannot be controlled by Effective
Microorganisms {Eﬁ-lm} from mud- or Bokashi-balls
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Micpeel Lorling = Yora Tolman -
Frank van Oosterhout

A, (o
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Golden algae

Fredeoater Biokgy (20050 54, 1843-1855 Aok 10 ET ] 15 209 11207

Het goudalgje smult van de blauwalg

HOME
Carla van Lingen — 13 juli 2010 ’

The effect of a mixotrophic chrysophyte on toxic and
colony-forming cyanobacteria

FLLEM VAM DONE® SLAWEEK CERBIN®, SUSAMME WILKEN®, MICO B, HELMSIMNG,
I-HHERT' PTACNIKY =|."I|.IL:I AMNTONIE '\.I.'A.ERM HL‘IL'IH
' ;

7oor bestrijding van de blauwalg - dé zomerplaag van open
zwemwater - zijn verschillende methoden ontwikkeld. Geen een pakt
het kwaad bij de wortel aan, zegt aquatisch bioloog Ellen van Donk. Zij
zoekt de oplossing in de natuur zelf: organismen die de blauwalg
opeten.

Biovolume concentration

- (Poterio)Ochromonas only eats Microcystis %
cells and small colonies 'é
EE
- Golden algae are omnipresent, still cyano’s 3
2 =
- Golden algae may produce foul odours and -g 10°
toxins (chlorosulfolipids) @ 0
107
. . 104 107 108 107 108
- Golden algae may cause fish Kkills Total phvmplanmim giuvﬂg}mmmmmn
= m

From: Van donk et al 2009

.SIL -

Working Group on Lake Restoration

- If successful, no cyano-, but golden bloom
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Plant-tree and extracts

8 Many claims:

“it will become the most promising method to
control algal bloom* (Hu and Hong 2008)

“barley straw can be an effective control method”
(Purcell et al. 2013)

“effective and environmentally-sound option for the
control of cyanobacterial and microalgal blooms”
(Iredale et al. 2012)

“very useful for controlling of M. aeruginosa based
blooms” (Shao et al. 2013)
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Barley straw

Available online at www.sciencedirect.com

IEIIHQI@EIHIET" blomalﬂ(f
JECHIOLOQY

Bioresource Technology 96 (2003) 1 TRE-1795

The effects of barley straw (Hordeum vulgare) on the growth
of freshwater algae

M.D. Ferrier **, B.R. Butler Sr. °, D.E. Terlizzi ©, R.V. Lacouture
In a related field study, we treated four of six ponds with barley straw and monitored thar chlorophyll a levels for one growing
season. While phytoplankton populations in all ponds decreased in midsummer, the phyloplankton biomass m treated ponds did
not differ significantly from that of control ponds, suggesting that the application of barley straw had no effedt on algal growth in
these systems,

No effect in other pond study too
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LUMNNWERSITY & REGERARLCH &lL =

Working Group on Lake Restoration




Barley straw extract

8 No growth reduction in nutrient rich Microcystis strain

growth stimulation of natural phytoplankton

Microcystis aeruginosa W afer 17 days

O Start PApilable st www.soiencodirect. com wn WATER

RESEARCH

s’ - ~
*2* ScienceDirect

Joarmal komepags: www.eleeviorcons locate fenlroe

£ b
ELSEVIER
Laboratory tests of ammonium and barley straw extract as
agents to suppress abundance of the harmful alga
Prymnesium parvum and its toxicity to fish

James B Grover™®, Jason W, Baker®, Fabiola Urefia-Boeck”, Eryan W, Brooks®,
Reagan M, Errera®, Daniel L. Roelke®, Richard L. Kiesling®

» Doses of barley straw extract were ineffective at reducing
the exponential growth rate, abundance, or toxdcity to fish
Barley straw concentrated extract (ml I'1} Time (d)

of F. parvum.
Al
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Informing colleagues

EM-mudballs: Negative

Eabyr & Bawroin: Bk amd Mon ggeeesi 568 1.8 1515381

Miligating cyanobacterial blooms: how effective are
‘effective microorganisms?
Miguel Lurling,"* Yora Talman™ and Marieks Euwe™’

Ultrasound: Negative

[T T s T T I ]

pu—

Beating the biues: Is there amy music in Aghting
umd?

‘Hl

Effects of Commercially Availlable Ulirassund on il
Fooplankion Grazer Dophaio aml Comsequent Water Greening
im Laboratory Experimenis

Cyanobacteria blosms cannet be comtrolled by Effective
Microorganisms (EM®) from mud- or Bokashi-halls

Bligech Larling - Wora Tl -
Fraik i Tl leilionl

P SO0 . B G2 ek L 4 b 15588

Fower 2008, 4 12870580 do 10 23001 04T

EIDrEsT
waler

N T

vy i B sl wT e

Efeets of Hydrogen Fervibde and Ulirasound oo Biemass

Redwcilon snd Texin Felease In il O vomsbacieriom,
Microvrdis avangines s

bl Liriing 4, Dyl Shawg * we o § Fussaen

Micpuel Liiwhing 27 and Vora Todman 1

Plant extracts, straw, golden algae, SolarBee: Negatwe

g B
U |

Evaluation of several end-of-pipe measunes proposed
tin comtrol cyamirhacieria

Alipued L - Al Woasrss -
Lbsite %, die Sqmerpoal Do

1360

Peroxide: As algaecide

A AL

toxins

TEEN 2T
wwE Eapcam paanal s
drrads

Effezts of Hydrogen Feroxide and Thrasound sn Biomass
Keduction and Toxis Helease in tle Cyansbacierium,
Microcysiis aerngingsa

Miaguel 1 Baling 1=, Dikin Vheng ! md Dot 1. Fsssen !
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wiler

Awrinle

Effect of Selected Plant Extracts and D- and L-Lysine on the
Cyanabadterinm Miceecpstis aeraginoag

Mgl vz ' and Frank vm Daserhon

Quagga’s: Positive

Coagulant + ballast Positive

[ .— Hiomnanipalation with quagza masse|
[

i3 o il il abga |
r L W Bz L Mgt i P
L Il-noi' n-nil.-m-;'
Wiemcy of Coagulants snd Ballavi O i Kemaval
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Source oriented measures

§Strong reduction/prevention nutrient input

Waste water treatment plants

Diverting/dismantling sewer overflow systems
Agricultural/urban run-off

Animals feeding prohibition...

§Strong reduction of internal loading
Chemical fixation of phosphorus, oxygenation
Dredging
Hypolimnetic withdrawal

§Biomanipu|ation (= harvesting nutrients)
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Wet dredging is also active fish removal

Dredging Dredging
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Dredging is common in urban waters

§ Variable results dredging; costly (€25-60 per m3 sediment)

rniey AEE Cuiyg
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arebedicia Shi2 . Cyanachedal SHle

< -ﬂ = e o k B et chia : = — ot

'E xn m i 1 1y ar a2 ans =e) =i e E Lk @iz i b amd A5 s

fear - Yeer N _— Year
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arwhawd= 1
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Chizmagkel-a concantrabon [al )

Year vear

All ponds are in The Netherlands: A) pond Molenwiel (Sint-Oedenrode), B) pond Dongen (Dongen), C) pond Stiffelio
(Eindhoven), D) pond Heesch (Heesch), E) pond Anton van Duinkerkenpark (Bergen-op-Zoom), F) pond Etten-Leur

(Etten-Leur), G) pond Loovevijver (Someren), H) pond Bennekom (Bennekom).
.SIL -
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P-fixation — blocking sediment P release

§Testing numerous compounds

Dr Said Yasseri — Limnological Institute Dr Nowak, Germany

P-incubation tests

Incubatmn of 5ed|ment cores from Bothkarnper See and Werratalsee {Germany]
+ d !il. wn

Ifon m 15 g
R 1 O "
r & I £
| O €
njtrate} = § 5 1
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In cases with high internal load Phoslock®
IS a powerful tool

8 Active Ingredient is rare earth element lanthanum

S Extremely low solubility lanthanum — orthophosphate:

La(OH)2*+ + HPO,2 ® LaPO, H,0
La3* + PO,3 ® LaPO,

LaPOnH,0O = rhabdophane
LaPO, = monazite

1.5mgPO,PL"&5mgLalL™

— Free PO43'

—— HPO,Z
—— HoPO,
H3POy4
—— HyPO4"
——— LaPOy4 (s)
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Phoslock yes, but not alum in Netherlands?

Chemistry amd Ecologpy low & Framci
100 A P Smolders el al, Wol. 22, Mo 2 April 2006, 93111 e ke

storation by in-lake precipitation of PO~ with
Is commonly used but there is currently no good
ies for calculating doses (amounts and application)
1 ensure long lasting effects. We studied the effect of
f Al{OH); on PO~ adsorption and desorption properties
d without PO in solution and found that Al(OH);
ithout PO4*~ lost 75% of the maximum adsorption capacity
wys after which no further changes occurred. Al(OH)s
presence of PO, maintained the adsorption capacity
6 months and even increased it for PO#  concentrations
‘M. On this basis, we suggest that repeated dosing of

502 +2CH,0 —>HCO, + CO, + H,0 + HS

FesS, Al-aliquots may be more efficient than adding a
FerPO.> ig dose. Also, Al should be added at the time when
i wvailability in the lake is highest. At laboratory conditions
| groundwater | Fe mineralisation | ained molar P:Al binding ratios of 0.12—0.19 at PO~

trations similar to those in eutrophic lake sediments, but
Figure 5. Multiple environmental stress hypothesis explaining the decline of Stratioles aloides in the Netherlands. Xamining AllOH); aged in situ in two lake sediments
Sulphate enters via surface water, groundwater, or atmospheric deposition. The reduction of sulphate to sulphide causes  3tjing {~0.1) were found. We su ggest that total Al-dosa ge
eutrophication as the sulphide interacts with P binding, and mineralization is simulated by alkalinity generation. As . . :

a result, the water laver becomes cutrophiced, leading o the dominance of floating species and algae. Simuliancously, be calcqlated relative _1:0 the [JUDl of pntentlal mobile
sulphide and ammomium toxicity and iron deficiency may occur, : lake with a molar ratio not less than 10 Al: 1 P.
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Phoslock — lanthanum modified bentonite

Lanthanum is primarily in interlayer between bentonite sheets
(exchangeable cations)

Bentonite = carrier, facilitates transport La to sediment

Bentonite layer

2 Preferred application when most P is in dissolved form,
not inside cyanobacteria

Summer Autumn Winter Spring Summer Summer

Cyancbacteria dominance” & %

Cyanobacteria dominance” &

[P [P

PO

e‘e & ! [P L=A]
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500

—@— Bentonite 1 g I
4007 —O— Phoslock 1 g I'*

300
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Added to the water as slurry:
Increased turbidity
Rapid phosphate sorption

Turbidity (NTU)
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Phoslock strongly reduced sediment P
release — also effective under anoxia

Sediment P release in cores from different lakes Effect of Phoslock on sediment P release in
before and after Phoslock treatment cores from different lakes

[y
[e¢)

I Control

I Before [ Phoslock

[ After
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Sediment P release (mg P m~d ™)
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Sediment core experiment
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Phoslock treatment: predominantly LaPO,
IS formed In sediment

Water Research 97 (2016) 101110

Contents lists available at ScienceDirect NEIER
& RESEARCH

Water Research

- .
ELSEVIER journal homepage: www.elsevier.com/locate/watres

Responses in sediment phosphorus and lanthanum concentrations
and composition across 10 lakes following applications of lanthanum
modified bentonite

Line Dithmer #°, Ulla Gro Nielsen ?, Miquel Liirling ¢, Bryan M. Spears ¢, Said Yasseri €,
Daniel Lundberg !, Alanna Moore 4 Nicholai D. Jensen ¥, Kasper Reitzel b.*

La was distributed across the upper 10 cm of bed sediments in
most of the ten LMB-treated lakes. The majority of La was
recovered in the HCl-fraction following sequential chemical
extraction procedures, and rhabdophane was identified as the
dominant La phosphate mineral by solid state *'P NMR and

EXAFS spectroscopy.
e
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Pond Eindhoven . Compartments 1.13 kg/m?2

Pond Eindhoven Enclosures Aug — Sep 2010 1.3 kg/m2

Pond Heesch Enclosures Jul - Sep 2009 0.3 kg/m2
Kleine Melanen Enclosures Mar —=Jun 2010 0.3 kg/m2

Kleine Melanen Field Aug — Oct 2010 16.6 ton Phoslock®
Grootte Melanen . Field 19/20 Apr 2016 13.7 ton Phoslock®

20 Apr 2016 4 ton PAC
e.. -

Working Group on Lake Restoration
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Lake Rauwbraken

Water: No inflow, no outflow, precipitation, evaporation,
groundwater

P: P in precipitation, P in groundwater, P from leaf litter, P
from birds, P from bathers, P from sediment...

@ Il Sediment release

] 1 Groundwater
[ Swimmers
[ Leaf litter
Water birds
KX Precipitation
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2008 before 2008 after 2011 2013
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Combined coagulant + P-fixative addition

§ Immediate removal of cyanobacteria and reduction
mternal P release

21 April 2008 22 April 2008 23 April 2008
= La-modified clay PAC 3!]-{2 ton =0.8 mqg Phoslock® (16 ton)
Grlie e =2 Phoslock® (2 ton) AlT)

CHLcyano > (i e ME% 75 ““ Ca(OH),
CHLtotal > 5Q( EEEE

‘ = .‘ : [ f'.- '?

e i SR
;JL** e CHLcya.no Omg/L
oA ol '- CHLtotal = 0.4 mg/L

- I
= e 19 L Ii*-
L
ﬂ" & -
Sedimentation
aggregatesl I l

eSel )l oo RRUOEET

PO PO, PO, Capping sediment
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Lake Rauwbraken — Total Phosphorus

134 pg Lt 16 pg L1

AR b R A i A W A R A R R R Rt et AR R R R R R RN

.SIL -

Working Group on Lake Restoration

WAGENINGEN %
UNIVERSITY & RESEARCH -



Lake Rauwbraken




Lake Rauwbraken

+ Nitella

b
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Lake Rauwbraken

S Repeated interventions are inevitable = maintenance

Application costed € 50.000,-

, —~ € 4.500,- per season
2222

P-load (kg P year™)
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2008 before 2008 after 2011
Date

8§ Lake Rauwbraken is not unique for NL, diffuse pollution

IS everywhere
€. -
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Lake De Kuill — The Netherlands

THE
NETHERLANDS

BELGIUM

From 1992 onwards Area (ha) 6.7
annually
cyanobacterial blooms Mean water depth (m) 4
Maximum water depth (m) 9
sl Volume (m3) 268000
WAGENINGEN
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FeCI3 + LMB PAC + LMB
May 2009 May 2017
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§ Lake De Kuil - € 140 000,- for 8 years DE Kl ceanit st 35z den i Jaren
S Reapplication - € 100 000,- has been done in 2017

I
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Internal P load

Intervention caused strong reduction internal load

Increase observed in field is not seen in cores kept in lab

1% application 2" application
Before After Before After

.. [ Control
Before the - ser the application =31 pAC

@3 Phoslock
[ Phoslock + PAC

_1)

Sediment P release (mgP m ~ d

Y

FRP concentration (mg L
S
8
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Whole lake experiments — De Kuil

G. Wagjen et . [ Emironmental Pollution 230 (2017) 911-918

B) Perch

Lanthanum (ng g‘1)
Lanthanum (ug g")

Lanthanum is found in
fish tissues

Lanthanum (ug g")

‘™
=2}
=
E
S
=
©
=
-
=
[4+]
-

NO signs of toxXIcity.

Lanthanum (ug g™")
Lanthanum (ug g"]

Liver Bone Muscle  Skin Liver ~ Bone Muscle  Skin
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Whole lake experiments — De Kuil

I Perch

I Bream

[ Eel

1 Carp

I Roach

I Pike

[ Tench

[ Grass carp Fishermen: “the lake has
become far more attractive
to us, so we stocked some

carp”

Fish stock (kg ha™)

.SIL °

Working Group on Lake Restoration
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Lake Groote Melanen — The Netherlands

Dr Guido Waajen — Water Authority Brabantse Delta

|Lake Groote Melanen
o EXxternal P-load = critical P-load
(nflow two streams = main P-source)
o Sediment P-release (mud, underlying sediment)
 Fishstock dominated by carp
« Absence of macrophytes

.SIL -
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Unpublished data from Dr Guido Waajen — Water Authority Brabantse Delta

Groote Melanen
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Lake restoration research in Netherlands

Experiments on various scales were done
Testing efficacy and side effects ...

compartment

ponds and lakes

enclosure
microcosm

WAGENINGEN &
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Lake restoration research in Netherlands

8 We love to pull op warning signs, yet action is needed...
§ ...lots of action to show tax payer something is done...
8 ...but quacks are offered a rather free playing ground:
S Many commercial “magic solutions” don’t do the work:
e Ultrasound 4 -
e “effective microbes” ) %

—
e Virtually all plant extracts, barley, golden algae...

\ }
|

Don’t put your money on these

S System analysis Is essential to determine which set of
measures will be most promising (no copy-paste!)

Al
WAGENINGEN
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Lake restoration: system analysis is crucial

§ In-lake measures are inevitable (legacies, diffuse pollution)

o w0 g

1) External load as main driver 2) External + internal load 3) Internal load as key driver 4) Not external nor internal load

S Targeting cyanobacteria directly:
® algaecides, peroxide
® coagulants
S Targeting phosphate = removing fuel for blooms

® Phoslock is a very powerful P-fixative

.SIL -
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P-fixation intervention in Canada

i CBC

Bromont Lake gets rid of blue-green algae, as experimental
treatment takes hold
f ¥ & in

A chemical treatment was poured into the lake in November to trap the phosphorous that
algae feeds on

CBC News - Posted: jul 31, 2018 4:00 AM ET | Last Updated: July 31, 2018

Bromont Lake, in Quebec's Eastern Townships region, has been dealing with an abundance of blue-green
algae for decades. (Radie-Canada)

WAGENINGEN
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1182019

Bromant Lake gets rd of alus-gree=n zlgae. as experimznial ireaiment tzkes hold | S22 Hews
rear, the city spent $815,000 an experimental treatment, and in November, 175
tons of a product called Fhosloc s polred into orated in Quebec's Eastem

Townships region,

» Bromont to use clay mixture to stave off blue-green algae growth

The experiment was carried cut under the supervision of Philippe Juneauw, a Biolopy
professor at the Universicé du Québec a Montréal, who said it appears to be working as
planned.

e open all surmmer, Junezu

far, we didn't and the beach b

told CHC Mows,

"That's very promising.

|t warks well in Bromont Lake because the phosphorous there is caused by sediments, he

explained. In a lake where the main source of phosphorous is a river, itwon't be as

successful.

"You need to understand your lake. You need to understand that the phospharous source

romes from the sediment, and not from the external source,” he said.
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Thank you!

| Like our Facebook site
| f “Lake Restoration Research”

Lake Restoration Working

Miquel Lirling (Co-Chairperson)

Aquatic Ecology and Water Quality
Management Group

Wageningen University

6700 AA, Wageningen

THE NETHERLANDS

Email: miquel luriing@wur nl

Brian Spears (Co-Chairperson)

® Centre for Ecology and Hydrology
Edinburgh

| UNITED KINGDOM
Email. spear@ceh.ac.uk

: Facebook page ===
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UNIVERSITY & REBEARCH

woyears
1l g

Tweet about your lake

restoration works
#LakeRestoration @SilWorking

|
Q00

(_’ Profiel bewerken )

SIL Working Group On Lake

Restoration
@SilWorking

& nl-nl.facebook.com/LakeRestoratio...

.SIL “

Working Group on Lake Restoration




Blooms also occur in oligotrophic water

I f Cyan O b aCte r | a n u | S an Ce Intermaitional Review of Hydrobiology 2016, 107, 57-68 DOl 10.1002froh 201401780

ResEarcH Papsr

can occur in eutrophic First record of toxins associated with cyanobacterial

: - blooms in oligotrophic North Patagonian lakes of
and oligotrophic waters, a paasiah genomic approach

p o pe r d | ag NOSIS p Fior tO Jorge Nimpisch', Stefan Woelfl', Sebastian Osorio”, Jose Valenzuela', Cristiana Moreira”,
Vitar Ramos=, Raguel Castelo-Branco®, Pedro Nuno Leao” and Vitor Vasconcelos =
Intervention Is essential

-

OPEN [ ACCESS. Fresky available online '-@_‘"PLQS | e

Lake Level Fluctuations Boost Toxic Cyanobacterial
“Oligotrophic Blooms”

\"-. Cristiana Callieri'*, Roberto Bertoni', Mario Contesini’, Filippo Bertoni®

Tingtiute of Frospstem Shody — CME, Werbania, =aky, 20t o Saral Scence aed Ginhal Heaks - Univeesty of Ammbemiam, A=aterdam, The Nethedanch

I':'\_-» Acqual Fool (2012) 463540
; IH 10 T 1052001 284000

| Occurrence and toxicity of the cyanobacterium Gloeotrichia
e , ; echinulata in low-nutrient lakes in the northeastern United
States

Cayelan €. Carey - Holly A, Ewing -
Kathryn L. Cottingham - Kathleen C, Weathers -
R. CQuinn Thomas - James F. Haney

4 .5
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