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Water quality issues in the Netherlands

§ Country in NW-E.U.
§ Almost all surface 

water not in 
unacceptable
ecological condition
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The Netherlands

July 7th 2018
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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
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§ Agriculture is large contributor to loads 

5

Nitrogen - load to surface water
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Legacies and diffuse loads remain an issue

Despite reduction in 
N and P loads...
it is still a SURPLUS !



High nutrient loads to surface water = 
no.1 water quality issue in the Netherlands

§ Eutrophication:Cyanobacterial bloom in the river Meuse
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Pictures made by Rijkswaterstaat Zuid-Nederland – August 2018
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§ Cyanobacterial blooms in many surface waters
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No.1 water quality issue in the Netherlands
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Swimming bans
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How to mitigate cyanobacterial blooms? 
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n Point source nutrient input reduction isn’t enough

n Legacies and diffuse loads hamper rapid recovery
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There is NO silver bullet
Mitigation should always start with a system analysis

§Water- and nutrient fluxes
§ Biological make-up = diagnosis ® measures

§ Functions
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© Pictures made by Bart Reeze, ARCADIS
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Public oriented measures

§ Information about risks, increase awareness
§ Change of habits
§Warnings (e.g. swimming ban)
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Public oriented measures

§Warnings
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Public oriented measures

§ General information in booklets, newspapers, on website
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http://www.wageningenur.nl/nl/Dossiers/dossier/Blauwalg.htm
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Effect oriented measures
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· Reduce nuisance, fighting the symptoms:
ð Preventing scum formation
ð Preventing inflow cyanobacteria
ð Removing scums/biomass
ð Preventing growth/killing cyanobacteria
ð Mitigating foul odors
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Effect oriented measures

§ Numerous measures proposed and applied:
S Physical: Aeration/water movement, ultrasound, 

jets, bubble screen, dam, floating screen...

S Chemical: Algaecides, H2O2, coagulant + ballast...

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

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

§ Screens: trying to prevent inflow of surface accumulated 
cyanobacteria
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§ Screens: trying to prevent inflow of surface accumulated 
cyanobacteria (dams maybe more effective...)

Ó Rijkswaterstaat
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Physical measures

§ Scum removal: skimmers, suction devices
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Ó Edwin Kardinaal, KWR, Netherlands

Ó Edwin Kardinaal

Ó Edwin Kardinaal Ó Edwin Kardinaal

Ó Edwin Kardinaal Ó Edwin Kardinaal Ó Edwin Kardinaal
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Sample Treatments

Coagulants

Harvest

Bloom material High value compounds

poly-β-hydroxybutyrates
for production bio-plastics

Analytical standards
(cyanotoxins)

β-carotenes, omega-3 
fatty acids, phytosterols

Pharmacological

Bioenergy

... 



Physical measures

§ Bubble screen: trying to prevent inflow of surface 
accumulated cyanobacteria (Almere-Haven, NL)
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23-August 2007 Ó Gemeente Almere

Ó AlmeredezeweekÓ Rijkswaterstaat
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Physical measures

§ Mixers 
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§ Mixers: accumulation in “dead zones” 
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Aeration/mixing

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

§ Mixing in deep lakes can reduce blooms
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Huisman et al. 2004 Ecology 85: 2960-2970
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Ultrasound
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§ Heavily promoted in the Netherlands
§ Claims: No cavitation, low energy, bringing 

gasvesicles in resonance, harmless to other aquatic life
A) 12 kHz 
(in only one)

B) 20 kHz

C) 28 kHz D) 44 kHz

Agilent 54622D Mixed
Signal Oscilloscope

® Low frequency ultrasound (20 - 44 kHz)

Working Group on Lake Restoration



Ultrasound: No killing of cyanobacteria

§ Controlled laboratory experiments
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Shortened filaments in Anabaena sp. PCC7122
No effect on Photosystem II
No growth inhibition
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Test organisms
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Ultrasound is lethal for Daphnia in lab tests

§ Frequencies from transducers kill Daphnia within 2 hours
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Ultrasound can make water more green

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

Control Control

Ultrasound

Ultrasound
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Science shows: ultrasound does not 
control cyanobacteria and is not harmless

§ Read our papers!

26
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This was already shown by field 
experiments more than a decade ago

27

27

Govaert et al., 2007  Univ. Leuven/Kortrijk, Belgium

Tholen 23-10-2007
Kardinaal et al., 2008: Ultrasound 
could NOT prevent cyanoblooms
and surface scums

NO clear water!

Tholen en Gouden Ham

Zwaanshoek

Working Group on Lake Restoration

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



“Buoys” do not control blooms either

§ Ultrasound ineffective: Water authority will now use H2O2

28

Cyanoblooms and negative swimming 
advice in 2016, 2017, 2018

Blankaart reservoir

4 LG Sonic Buoys 
Not capable of 
controlling 
blooms
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Experiments show it, physics explains it: 
Low energy, low frequencies ultrasound 
CANNOT work. 
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There is no music in fighting cyanobacteria 
with ultrasound

§ “Buoys” are old wine in new packaging
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“Ultrasonic buoy as new weapon
against blue-green algae in 
Noord-Aa.” 

The patent shows that “new” 
has nothing to do with power or 
frequencies. Hence, buoys will not 
bring gasvesicles into resonance 
and will not sink cyanobacteria.
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Be aware of “before-after pictures”
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https://conference.ifas.ufl.edu/aw13/Presentations/2-
Wednesday/Grand%20Floridian/Session%208b/0300%20Whatley.pdf
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§ Algaecides and coagulants are most common
§ Intended effect: decimating/removing cyano-biomass

32

Chemical measures
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Hydrogen peroxide

§ Cyanobacteria are more sensitive than eukaryotes to H2O2
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Toxicity as EC50 values (g m-3) for H2O2 (concentration which causes
 50 % inhibition of the photosynthetic yield, Fv/Fm)

Phytoplankton species

M. a
eruginosa

S. n
idulans

A. cl
athrata

C. g
racile

T. va
ria

bilis

P. su
bcapitata

S. q
uadrica

uda

C. re
inhardtii

N. se
minulum

EC
50

 va
lue

s (
H 2O 2 co

nc
en

tra
tio

n, 
mg

 l-1
)

0

5

10

15

20

25

30

Cyanobacteria
Green algae
Diatom

Modified from 
Drábková et al 2007

Working Group on Lake Restoration



Hydrogen peroxide

§ Several causes for variability in efficacy
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S Presence other algae

S Microcystis in colonies and mucus

S DOC and/or sulphides

S Particulate organic matter

FHigher doses?

Working Group on Lake Restoration



Coagulants

§ Inorganic – alum, polyaluminium chloride, ferric chloride
§ Organic – chitosan, polyacrylamides, Moringa extract...

35

depends on dose and 
buoyancy cells

FeCl3

Ó Guido Waajen

Ó Said Yasseri PAC
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Coagulants

§ In general good flocculation, depending on environment
§ There are risks...
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Al toxicity in fish also by precipitation of Al(OH)3 on 
gills and suffocation of the fish (Wauer et al. 2004).
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Chitosan damages cell wall 

§ Constituents are being released from damaged cells
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Microcystins
Chlorophyll-a

Bright field        Autofluorescence Sytox® Green

M. Aeruginosa PCC 7820
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§ Biomanipulation: Many attempts failed (Gulati et al 2008)

Biological measures

§ Biomanipulation
§ “Effective microbes”
§ “Golden algae”
§ Dreisenids
§ Barley, plant extracts
§ ...

38
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Zebra mussels

§ Filtering could reduce phytoplankton biomass
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Dreissena polymorpha
In NL since 1826

Dreissena bugensis
In NL since 2006
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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.
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1000-faces of “Effective Micro-organisms” 
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H H H H H
EM-A EM-mudballs ACF32        Poco CBX

suspension

They come in many formulations, but are they as 
‘effective’ as claimed? 
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“Effective microbes” are not effective at all

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

41
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Golden algae
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· (Poterio)Ochromonas only eats Microcystis 
cells and small colonies

· Golden algae are omnipresent, still cyano’s

· Golden algae may produce foul odours and 
toxins (chlorosulfolipids) 

· Golden algae may cause fish kills

· If successful, no cyano-, but golden bloom From: Van donk et al 2009

Microcystis

Ochromonas
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Plant-tree and extracts

§ 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)

43

·
·
·
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Barley straw

§ Several publications
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Parkvijver Roosendaal 2000

Date
1/7/1999

1/8/1999

1/9/1999

1/10/1999

1/11/1999

1/12/1999

1/1/2000

1/2/2000

1/3/2000

1/4/2000

1/5/2000

1/6/2000

1/7/2000

1/8/2000

1/9/2000

1/10/2000

1/11/2000

Ch
lor

op
hy

ll-a
 co

nc
en

tra
tio

n 
(

g 
L-1

)

0

100

200

300

400

500

600

Ph
yto

pla
nk

to
n 

(c
ell

s m
L-1

)

0

105

2x105

3x105

4x105

Chlorophyll-a 
Cyanobacteria
Chlorophytes
Diatoms
Rest 

Barley straw 
application

Renewal
Barley straw 

Field experiment with barley: NO success

No effect in other pond study too
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Barley straw extract

§ No growth reduction in nutrient rich Microcystis strain 

growth stimulation of natural phytoplankton
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Informing colleagues
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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...
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§ Strong reduction of internal loading
Chemical fixation of phosphorus, oxygenation

Dredging

Hypolimnetic withdrawal

§ Biomanipulation (= harvesting nutrients)
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Sediment removal

§ Dredging and excavation
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Ó Peter Stam (Alblasserdamsnieuws.nl)

Dredging

Excavation
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Wet dredging is also active fish removal

49
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Dredging is common in urban waters

§ Variable results dredging; costly (€25-60 per m3 sediment)
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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).
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P-fixation – blocking sediment P release

§ Testing numerous compounds

51

· Aluminium salts: - Al2(SO4)3×14H2O
- AlCl3 ×6H2O
- PAX = Al2(OH)nCl6-n

· Iron salts: - FeCl3
- Fe2(SO4)3

· Calcium salts: - CaCO3
- Ca(OH)2

· Natural clays/soil: - kaolinite, bentonite, red soil etc.
· Modified clays: - PhoslockÒ, Aqual-P

Control Bentonite Phoslock Zeolite Aqual-P
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In cases with high internal load Phoslock®

is a powerful tool

§ Active ingredient is rare earth element lanthanum 
§ Extremely low solubility lanthanum – orthophosphate:
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La(OH)2+ + HPO4
2- ® LaPO4 ×H2O

La3+ + PO4
3- ® LaPO4

LaPO4×nH2O = rhabdophane
LaPO4 = monazite

pH
1 2 3 4 5 6 7 8 9 10 11 12 13 14

%
 o

f p
ho

sp
ha

te
s

0

20

40

60

80

100

Free PO4
3- 

HPO4
2- 

H2PO4
- 

H3PO4 

H4PO4
+ 

LaPO4 (s)

1.5 mg PO4-P L-1 & 5 mg La L-1

Working Group on Lake Restoration



pH
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Phoslock yes, but not alum in Netherlands?

§ Toxicity risks of Al (fish kills), but not for Phoslock
§ Al ageing = loss of P binding capacity, not for Phoslock
§ Sulphate stimulates internal eutrophication (Smolders et al 2006)
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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

La La La
Bentonite layer

PO4

PO4+
PO4

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

Working Group on Lake Restoration



55

Added to the water as slurry:
Increased turbidity
Rapid phosphate sorption
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Phoslock strongly reduced sediment P 
release – also effective under anoxia
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Sediment core experiment
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Phoslock treatment: predominantly LaPO4
is formed in sediment
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Field experiments in the Netherlands
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Lake Rauwbraken – official bathing site
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Lake Rauwbraken

§ Blooms since 2000, 4 months swimming ban in 2007 
loss of revenue ~€ 150.000 
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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...
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May 20thApril 27thApril 23rdApril 21st

CHLcyano > 5000 mg/L
CHLtotal > 5000 mg/L

CHLcyano = 20 mg/L

CHLcyano = 0.9 mg/L
CHLtotal = 5.0 mg/L

CHLcyano = 0.3 mg/L
CHLtotal = 1.2 mg/L

CHLcyano = 0 mg/L
CHLtotal = 0.4 mg/L

Combined coagulant + P-fixative addition

§ Immediate removal of cyanobacteria and reduction 
internal P release
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Lake Rauwbraken – Total Phosphorus
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Lake Rauwbraken
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Lake Rauwbraken
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Before

After
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! Be aware these are before-after pictures !



Lake Rauwbraken

§ Repeated interventions are inevitable = maintenance

§ Lake Rauwbraken is not unique for NL, diffuse pollution 
is everywhere
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Lake De Kuil – The Netherlands
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Area (ha) 6.7

Mean water depth (m) 4

Maximum water depth (m) 9

Volume (m3) 268000
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§ Lake De Kuil - € 140 000,- for 8 years
§ Reapplication - € 100 000,- has been done in 2017

67

Year
19

92
19

93
19

94
19

95
19

96
19

97
19

98
19

99
20

00
20

01
20

02
20

03
20

04
20

05
20

06
20

07
20

08
20

09
20

10
20

11
20

12
20

13
20

14
20

15
20

16
20

17

Su
m

m
er

 T
P 

co
nc

en
tra

tio
n 

(m
g 

L-1
)

0.01

0.02

0.03

0.05

0.11

0.5

Bad

Insufficient

Moderate

Good

Excellent

FeCl3 + LMB
May 2009

PAC + LMB
May 2017

Working Group on Lake Restoration



Internal P load
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Whole lake experiments – De Kuil
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Lanthanum is found in 
fish tissues

No signs of toxicity
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Whole lake experiments – De Kuil
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Lake Groote Melanen – The Netherlands

71

Dr Guido Waajen – Water Authority Brabantse Delta

Lake Groote Melanen
• External P-load > critical P-load

(inflow two streams = main P-source)
• Sediment P-release (mud, underlying sediment)
• Fishstock dominated by carp
• Absence of macrophytes
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Unpublished data from Dr Guido Waajen – Water Authority Brabantse Delta

Fish removal, external P-load↓
Dredging+reconstruction
Sediment capping, Flock & Lock

Working Group on Lake Restoration



Lake restoration research in Netherlands
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Lake restoration research in Netherlands

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

● Ultrasound 
● “effective microbes”
● Virtually all plant extracts, barley, golden algae... 

§ System analysis is essential to determine which set of 
measures will be most promising (no copy-paste!)
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Don’t put your money on these
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Lake restoration: system analysis is crucial

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

§ Targeting cyanobacteria directly: 

● algaecides, peroxide

● coagulants

§ Targeting phosphate = removing fuel for blooms

● Phoslock is a very powerful P-fixative
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1) External load as main driver 3) Internal load as key driver 4) Not external nor internal load2) External + internal load
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P-fixation intervention in Canada
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Thank you!

Like our Facebook site 
“Lake Restoration Research”

Tweet about your lake 
restoration works
#LakeRestoration @SilWorking
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Blooms also occur in oligotrophic water

If cyanobacteria nuisance
can occur in eutrophic 
and oligotrophic waters, a 
proper diagnosis prior to 
intervention is essential
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