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The Waterharmonica session
A summary

by Karin Tonderski

The 7th INTECOL International Wetlands Conference Field visit to Texel, 2004

Utrecht, The Netherlands 25-30 July 2004

Wastewater polishing wetland as part
of lake restoration, Hassleholm SE.

Summary, synthesis, discussion
Karin Tonderski-Sundblad (University of Linkoping, Sweden)
25-30JULY 2004




ob Waterharmonica
‘_\(st"' in Europe and North America
» Wise management of wastewater to
promote hygienically safe surface water
(for use and reuse), promote
biodiversity and create recreational
values

= wastewater has to be managed using
a catchment and ecosystem approach

The Waterharmonica:
the link between wastewater and surface water

‘Summary, synthesis, discussion
Karin Tonderski-Sundblad (University of Linkdping, Sweden)
25-30 JULY 2004

Waterharmonica is about
100“ communication

Wt

> communicating the need for integrated
water management
> \Wastewater managers should consider
the effect of their acitivities on adjacent
ecosystems — including humans
» communicating "integrated knowledge in
a usable form”

The Waterharmonica:
the link between wastewater and surface water

‘Summary, synthesis, discussion
Karin Tonderski-Sundblad (University of Linkdping, Sweden)
25 -30 JULY 2004

Some basic principles of
o Waterharmonica:

»Polishing and reuse of wastewater

»|ntegrating waterchain and
watersystem

»Using ecological engineering
concepts

‘Summary, synthesis, discussion
Karin Tonderski-Sundblad (University of Linksping, Sweden)
25 - 30 JULY 2004

A Waterharmonica task:
51'1,00 communicating knowledge in a
£ usable form

> knowledge about how to use a
catchment and ecosystem approach when
managing wastewater
» examples of successful, and less
successful, cases of such
management
>» access to technical and practical
knowledge about design and
management of e.g. constructed
wetlands and aquaculture systems

Summary, synthesis, discussion

Karin Tonderski-Sundblad (University of Linkoping, Sweden)
25-30 JULY 2004

Waterharmonica tasks:

Providing a contact network of
scientists and practioners
promoting this approach

‘Summary, synthesis, discussion
Karin Tonderski-Sundblad (University of Linkbping, Sweden)
25-30 JULY 2004
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Natural processes are not new
in the Watercycle

The source for sewage

* That drinking water:
— is used to transport wastes
— is mixed with rain and groundwater

» This mixture:
— is called waste water
— is a problem and costs a lot of money

Natural processes in drinking
water production Amsterdam

Loenderveen basin
t =100 days

Artificial recharge in dunes
t =100 days
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Waterharmonica as a connection

a Water Water
Chain System
p | Water Water
Chain System
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Biological controled self- purification

AT, Based on McKinney,
7 N\ Bacteria i X
/ ; 1962. Microbiology for sanitary engineers.
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Influence of a wastewater
discharge

A physical — chemical
B nutrients
C micro-organisms

D macro-organisms

Based on Hynes, 1960 The biology of polluted waters




The
Waterharmonica:

Bridge between

sewage treatment
and [ ]

surface water

Based on Hynes, 1960 The biology of polluted waters

Most important result:
nature !!

Mixing zone European Union

¢ Discharge of treated waste water to receiving surface
water

e Mixing zone allows discharge does not meet quality of
receiving water

—

¢ Waterharmonica takes the EU-mixing zone out of the
EU-water body
o Efffective means to meet the EU-standards
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Daphnia

food chains

Everstekoog

www.waterharmonica.nl

Little Crake, Porzana parva, Empuriabrava
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Sint Maartensgijk Vollenhove Elburg
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andivan Cuik

Waterharmonica Aqualan Grou
- first design -
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Aqualan Grou

Three Daphnia ponds

Four reed ditches Spawning area for fish




Waterharmonica Soerendonk

Daphnia
ponds

Reasons to make Waterharmonicas — until 2001

Elburg 1978: to lower the nutrient level in STP effiuent, taken out
of operation. Has not been put back into operation
because of the high natural values’ - Nutrient removal

Everstekoog,  1994:as a source of fresh water for agriculture on the

Texel island, disinfection because it crosses a residential area.
Has been expanded and renovated in 2012 -2013 B ﬂer.n ater

o - u INng Wi

Empuriabrava, 1995:to supply water for a nature reserverto create local g

Spain natural value

Klaterwater in  1997:to produce water with a low level of nutrients and -
Kaatsheuvel pathogens for the Efteling SUPP'Y Watel' fOI’
Tilburg-Noord  1997: o buffer effluent during rainwater discharge so as.
not to exceed the maximum permissible effluent rate .
because of the limited capacity of the stream de Zandlei, agricu lture, nature
ecologisation at basic discharge
Land van Cuijk 1999:to supply water to agriculture/nature and to reduce
discharge to national waters

Sint . 2000:to reduce nutrients and obtain insight in the
Maartensdijk  functioning of the helophyte fitter, recreation

Waterpark 2001:river restoration Groote Beerze, to promote wet
Groote Beerze  habitats
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WATERSCHAP

L_'\?J Regge en

Waterzuivering
Ootmarsum

Blozone maakt van schoen water natuurwoter
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Kristalbad

reconstructie plan ca. 40 ha

Project kosten € 5.055.772

o eptng. (] waorost e

o [ oz Innovatie subsidie € 2.527.886

[ cerewese [ vamerenmetong
[ e (= pom— wr
el L ey #hleg begonnen in oktober 2010

Vijf functies geintegreerdin een gebied

1.Waterberging: 187.000 m3

2. Ecologische verbindingszone

3. Water biologisch actief maken

4. Ruimtelijke kwaliteit bronnen

Senter-Nover KRW-innovati programm;

5. Recreatief medegebruik i Tt lfmagesons stalbad er e

Reasons to make Waterharmonicas — from 2006

Istruction

ualan Grou 2006: to develop nature and a
spawning pond, demonstration project
and Urban Water Cycle Project

- Buffering water

Ootmarsum 2010: 'ecologisation’ of the effiuent for
discharge into a small stream and
Urban Water Cycle Project

Sint-Oedenrode 2011: ecological corridor, ‘natural . Rlver restoratlon
water', incorporated in a trail, bird
ssanctuary with watchtower
Kristalbad 2012agona g vt - Surface water quality
recreational green buffer zone,
ecologisation, improvement of water
s ke quality and Dutch WFD subsidy F h .
oerendonl 2012: water buffer, recreation, to -
develop natural habitats, spawning 1S spawnlng
pondffish migration and Dutch WFD

ubsidy
Tilbure 2011-2012:to buffer ‘influent’, H i
Moerenburg  impoung rawravaee meiaion 0| = Making “natural habitats”
prevent overflow
“ Vollenhove 2012 ‘purifying riverbank .
- Recreation
23May 2013
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Load of Dutch Waterharmonicas

Load Net load Net specific surface  Waterharmonicas per load class as example,
(m/day) area (m2/p.e.) see also table 1

Extremely low <0.05 >2.5 Klaterwater

Low 0.05- 0.1 1.25- 2.5 Elburg

Medium 0.1-0.20 0.75 - 1.25 Waterpark Groote Beerze Hapert, Aqualin

Grou, the Kristalbad, Ootmarsum, Sint
Oedenrode, Soerendonk, Vollenhave
High 0.2-03 05-0.75 Everstekoog, Sint Maartensdijk, Land van Cuijk

Extremely high = 0.3 <05 Tilburg-Noord
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Some characteristics of Dutch Waterharmonicas

—
Surface area

Surface area 1.2'-40 ha*~

Kiaterwater T T e T 1,380 002 105 appox. 10°

Net load 0.02 — 1.4 m/day DU

‘Retention time 2 — 105 days

Tilburg-Moerenhurg.s anrox. 1 z KA

"Pgrcentage effluefit 1025100°% =, =

Wiaterpark Groote Beerze in 5.2 18 7,200 019 2.8 100
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TALLES INVESTMENT COSTS OF WATERHARMONICA SYSTENS IN THE FEFHER. ARCS
Not indexed indeced to 2012
Investment P . fir s parbnte
invastmert indes per pee.
level bectare  hectare
cost e e fpe
Elburg G@U 15,500 220
B0 121,000 1165
T 179500 91,000 1030
Q 3 ‘\(\g 2] 108 214,000 145,000 2355
(\d M 57,000 117 176500 129,000 165
(2

\‘(\B 1,039,000 133 194,500

W a® smon s

T 0 i 200 B0 1 ey

e (e y 3 <
5\‘“ e(ec' Ootmarsum 2008 250,000 108 “%\,-‘v:‘
of st
- Sint Oedenrode

Soerendonk gz s
Tilburg-Mosrenburg > 75,000 /A
Tilburg-Noord ol 2000 25,000 142
. 100,000 83,000 630

‘Swedish source: Fiyckt, 2010

Vollerhove 2012 'a‘ev»,{a‘e
e’
Re: The construction of Raalte was posizssed, estimated costs from Ott, Elom et al, 2009,

Re 2: Sint Oedenrode was constructed as compensation for landscape degyadation; the costs include the
23 May 2013
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Operational cost
* management, including basic monitoring

+ €7,500/halyear
« from € 3,000/ha/year for large systems like Kristalbad,
« to € 25,000/ha/year for smaller systems, such as
Soerendonk and Grou.

« depends on the extent of the monitoring.. ,\e‘\a‘\

‘Swedish source: Fiycki, 2010 005\5

23 May 2013

Wetland Jubilee el ‘

20 years with wastewater treatment wetlands in Sweden!

Waterharmonica's P-removal:
P-load (kg/ha.year) vs P-removal (%)
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Swedish source: Flyckt, 2010
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Waterharmonica's P-removal:
P-load (kg/ha.year) vs P-removal (%)

P concentrations:

Sweden much lower
than Netherlands

‘\
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& o
o 00 ae
P-load (kg/ha.year) Swedish source: Flyckt, 2010
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N-total removal (%)

8
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Everstekoog
HRT 13 -11.3 days

deposition

| Natural
30-75

Uptake by grass
N-yield

140 - 600

Fertiizer application agriculture
400 - 800

Load Kg N/ha.year

N-removal at different loads
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Observationer
skapad: 21052013 17:39 nasta uppdatering: 21-05-2013 18:29
slakte [Alla v [>= refativt vaniig V|
frén [2012:05.21
il [2013-05-21 20 V|rader [] visa enbart mina observationer
datum _antal_utseende_akiivtet _art Obsenvator _sub area
© 20-05:2013 2 okant  nanarande Atta- Anas querquedula Carl Derks
) 20052013 1 okant  tverlygning Tuturdua - Streptopelia turtur Carl Derks
) 20052013 6  okant  nanarande Backsvala - Ripara riparia Carl Derks
) 20052013 15 okant  nanarande Grey-headed Wagtail - Motacila flava thunbergi Carl Derks
) 20052013 1 okant  overlygning Stenknack - Coccothraustes cocoothraustes Carl Derks
© 19052013 1 okant  fodosok  Skedstork - Platalea leucorodia Harry Kuiphuis @
) 19052013 3 okant  nanarande Mindre strandpipare - Charadrius dubius Timo Roske
O 19052013 2 okant  fodosok  Mosnappa - Calidris femminckii Timo Roske
D 19052013 1 okant  nanarande Gluttsnappa - Tringa nebularia Timo Roske
© 18052013 2 okant  nanarande Ata- Anas querquedula Carl Derks
D 18052013 1  okant  nanarande Mindre strandpipare - Charadrius dubius Carl Derks
O 18052013 3 okant  nanarande Drilsnappa - Actits hypoleucos Carl Derks
© 18052013 1 okant  nanarande Stenskvatta - Oenanthe oenanthe Carl Derks
; © 15052013 2 olant  nanarande Ata - Anas queruedula Carl Derks
© 15052013 1 okant  nanarande Ata- Anas querquedula Sjoerd Radstazk
© 15052013 2 okant  navarande Mindre strandpipare - Charadrius dubius Carl Derks
© 15052013 1 okant  navarande Drillsnappa - Actitis hypoleucos Carl Derks
© 15052013 4  okant  navarande Drillsnappa - Actitis hypoleucos Sjoerd Radstazk
D 15082013 4 Sinnner  Kamsannare - Anmeenhalis nalistis o Nerke

w

olcsnt
23May2013
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How does the effluent change?

Suspended particles/solids
Pathogens

Organic pollution and oxygen

Nutrients
Buffering peak loads

Ecotoxicology
Ecology

N VA WN e
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Suspended particle/solids

Different definitions:

e organic/ inorganic

e living / death

*  big/small

® micro-organism versus virus

¢ does/or not have effect on environment: pathogen
e origin:ininfluent or shaped in STP

23 May 2013
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f Bsls El5. % E¢| s
Different %gggg Bsd 23| B8
H H oS oo 9 @ o
determination S =
. Environmental Scanning Blectron Mcroscopy (ESEM-EDX) X
techniques: Inducively coupled pesra mass spectiomeiry (CPS) X
Laser affracton X
asorback scatorng X
patial fitter velocimetry X
coustic specromeiy X
Oftenonlyas e x
d Fow cytonsty X X
ry matter Partcle vidoo mieroscopy X X
X
Fluorescent In Situ Hybridization (FISH) X X
Environmental scanning electron microscopy (ESEM X X
[Confocal laser scanning microscopy (CLSM) X
Indicator species culturing X
Real time quantitative Polymerase Chain Reaction (QPCR) X
Multiplex QPCR X
Denaturing (DGE) X
DNVA resticton analsis X
VA mroarrays X
Matrix-assisted laser (MALDITOF MS) X
23 May 2013 1
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Suspended particle/solids

Paradox! No gain? (in theory)

Amount of Suspended solids
suspended solidin orme
aWaterharmonica growth

suspended solids

Decrease inthe
sludge particles
from the STP

Time/place

23 May 2013
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Suspended particle/solids

Several Dutch studies:

* Monitoring data of 8 Waterharmonica’s
« several years, monthly data, normal operation WWTP.

Result on suspended particles / solids:

*  Elburg (1978) and Everstekoog (1995): SS,,, more or less equal
to SS)y, or even an increase !

*  Recent six constructed wetlands: same

*  Lowamount (5a 10 mg/l), clear water

23 May 2013 1
Wetland Jubilee
20 years with wastewater treatment wetlands in Sweden!

Suspended particle/solids

Paradox based on monitoring !

=20
2 18| o
<16
8 14
32
E 1o 4
-] s A
2 s A 7Y *
o *
g ] [] Py
H *
g 24 \L [ ]
Noo
After vertical
End WWTP sand filter Daphnia Pond Reed ditches Fish pond
® Land van Cuik 2005-2006 W LandvanC Land
& Hapert Noord = Hapert Zud # Sint Maartensdijk 2000-2002
etient 4 20082010
#Grou # Ootmarsum
23 May 2013

Wetland Jubilee a

20 years with wastewater treatment wetlands in Sweden!

Suspended particle/solids

But a big change in composition!

From “activated sludge (bacteria)” to “natural suspended solids”

23 May 2013 1
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Pathogens

Pathogens are (micro)-organisms that can provoke
diseases as a result of exposure

* Different types (viruses, bacteria, parasite, fungi)

¢ Different sizes (0.002-100um)

* Many present in waste water

*  Monitoring using indicator-organisms

; X3y v
E.Coli Enterococci Clostridium Bacteriodes-
perfringens f
« Bacteria « Bacteria + Bacteria + Virus

« Fecale « Fecale + Anaerobe + Fecale contamination
« Facultative anaeroob « Facultative anaeroob + 5.0-0.5um + 0.026pm
+2.0-0.5 pm . 0.8-1.3um
23May 2013 1
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Pathogens

Reduction of pathogens in STP and Waterharmonica
* 1to3log (E.coli, Enterococci)

g

B
R,

B

Log,, KVE 100mL*
sy

j T e
L water

E.coli Enterococci C. perfringens Bacteroides-fagen (PFU)

wwiPin B wwTpou ™ WaterharmoricaOut
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Pathogens

Differences in summer - winter?

e Mainly in summer and winter
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Best hygienic quality?
e Spring and autumn

Bathing water standard

E.coli Enterococci

® Winter M Spring M Summer M Auumn

Bos
lﬁ
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Pathogens

55

50

45
B -

35

30 sa
25 B 5

20 4

Number of E.Coli (log E.Coli/100 ml)

15

0 0.5 1 15 2 25 3 35

Hydraulic retention time (days)

Bathing water
standard
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4 SintMaartensdijk ® Grou 4 Kaatsheuvel = ==«

Pathogens

What are the driving forces for removal?

e Notsedimentation

¢ Natural mortality and irradiaton (but only 5-10 cm)
e Biofilmin reet is positive

e Mainly predation by zooplankton

400 - } B 5

E.coli (KVE mL?)

0 24 48 72
Tiid (uur)
With Zooplankton Without Zooplankton
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Organic pollution and oxygen

The Waterharmonica:

e Decrease the amount of BOD (10-15%) but mainly
converts it to “other” BOD (see SS)

¢ Increase of retention time increases the reduction of
BOD and therefore ending in a better oxygen
situation

o

e Creates a powerfull day-night
rhythm in the oxygen level

Oxygen evels mefl)

NP P

1203 4 s & 7 8 5 10 u

(days 15 - 25 June 1985 )
blue line effiuent: STP and purple line: outflow

pﬁ
£ Witteveen
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Buffering peak loads

The Waterharmonica is very effective in reducing peak
pollutions of eg. a sludge overflow:
e Both Suspended Solids (90%) as P (90%) and N (60-70%)

Concentration of suspendedsolids (mg/)
—
—

00 7 m
e
Dosing of sludge to the effluent

—tuen T —ror D

23 May 2013
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Ecotoxicology

The Waterharmonica:

Effluent from STP can have an inhibiting effect on
algae development

e WHFD innovation project WIPE showed:

*  Waterharmonica has a favourable effect on the toxicological

quality of the water in the outlet (possible by adsorption,
degradation or smoothing peaks)

* Noindications of risks of acute toxicity

23 May 2013
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Ecology

The Waterharmonica:

Increase natural diversity eg. by increase of Daphnia
and decrease of monoculture bacteria of activated
sludge, increase of vegetation and increase of
number and variation of birds and fish

23 May 2013
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Ecotoxicology

WIPE research on:

¢ Xenobiotic substances (passive sampling)

¢ In-vivo bioassays
—  Bacteria (30 min)
— Algae (72 h)
—  Zooplankton (48 h)
* Fish

23 May 2013
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Fish in spawning area Aqualan Grou 2008 — 2012
B

2008 2009 2010 2011 2012

oot | " bresd | " beea| " Wbroed| o brocd

B 22 102 81 2 7 125 81 32 6
sa &7 75 s6 a1 54 s 57 73 B

100
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Stickelback system

Ponds fed with well treated waste water are

Sticklebacks are food for spoonbills
a good nursery for Daphnia
N Daphnia serve
as food for
& " sticklebacks
e (| : Co—
Water is purified by swamp

Sticklebacks grow up

170802 © de Volkskrant
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H ] t =
Isit “Nature” ?? Constructed

nature
Reed bedsJ Water
returned to
- / nature
Daphnia pond / —

v
sikie

ARvAIWATER i

Or a process??

P H Rl e

Daphnia reactor Algae reactor Free flow wetland
Biological filtration for nutrient as phototrophic
storage biofilm reactor

Fish spawning
area to meet EU
biodiversity criteria

Empuriabrava
wetland system and mesocosms

L E-coli

o

= Variables
- — effluent STP

-
E mesocosm b4
4t mesocosm ¢4
E-Coli 3 E mesocosm d4
(Log E - — ponds
f — sAC
nr/100 ml) 2:-
1 —
£ i) Biological
o, : - filtration leads to
0 200 400 600 800 1000 much better
days from 1 January 2007 disinfection!!
23May 2013
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Mesocosm research
from 1998 ——— T
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E-Coli — comparison

Log nr/100 ml

Empuriabrava Grou
6 6
5F 5
af 4 $
3 3
‘ 2f 2
1k 1
ot O 0
Log remov\al/
Wetland system  Emp = 2.4 Grou=1.5
Mesocosm Emp = 29 Grou = 2.3

Future of Waterharmonica

Y
Ié /e

/.

gy — Vi
Wotterskip Frystan L /87

De toekomst van de.

v - Waterharmonlca In Fissiand

AN\ Verkenning
2012:2027

o5 alsi o
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|

Nature values and biodiversity

Sewage treatment plant (STP) —pidf————— Wetland system  ——————}» | — Surace water
Wi Fes0, : : =
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