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WWTPs: Effluent characterization

� Researchers

� Engineers

� Decision-makers

Objective:Objective:Objective:Objective:

� Improve WWTP design/operation

� Minimize the impact on the receiving waters
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WWTPs: Ecotoxicological context

????

Protect ecosystem servicesProtect ecosystem servicesProtect ecosystem servicesProtect ecosystem services

� Supporting services

� Provisioning services

� Regulating services

� Cultural services
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WWTPs: Ecological criteria

Index of diversity (D) (Simpson 1949)Index of diversity (D) (Simpson 1949)Index of diversity (D) (Simpson 1949)Index of diversity (D) (Simpson 1949)

PhytoPhytoPhytoPhyto: primary producer : primary producer : primary producer : primary producer (N & P cycles)

� Production with min and max thresholds

� D = values from 0 to 1

� pi = proportion of individuals of species i

� = 1 −�(��)
 Dphyto, Dzoo, Dfish
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WWTPs: Ecological criteria

WWTP 
[MPs] EffluentEffluentEffluentEffluent

Typical ecosystemTypical ecosystemTypical ecosystemTypical ecosystem

Population 

dynamics 

????
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WWTPs: Ecological benchmarking[MPs] 1 Bio-effect 1EffluentEffluentEffluentEffluent EEEEcosystemcosystemcosystemcosystem

[MPs] 2 Bio-effect 2[MPs] 3 Bio-effect 3 The bestThe bestThe bestThe best

WWTP?WWTP?WWTP?WWTP?
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Eco-benchmark: Micropollutants

????

Numerous Numerous Numerous Numerous micropollutantsmicropollutantsmicropollutantsmicropollutants (MPs) & (MPs) & (MPs) & (MPs) & different effectsdifferent effectsdifferent effectsdifferent effects

� Class with common mechanism 

(e.g. endocrine disrupters)

� Bio-effects rather than [MPs]

*Joanne Parrott

Eco-benchmark: Endocrine disruption

� Laboratory studies = individual 

� Field studies = population 

� Models = individual & population 

What happens at the ecosystem level?What happens at the ecosystem level?What happens at the ecosystem level?What happens at the ecosystem level?
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Endocrine disruption: Ecosystem study

1999    2000    2001    2002    2003    2004    2005    2006    2007    2008    2009   ...
Max depth – 14 mSurface area – 36 ha

Inflow Outflow
Reference lake dataBaseline data+ 17α-ethinylestradiol (EE2) Recovery

Experimental Lakes AreaExperimental Lakes AreaExperimental Lakes AreaExperimental Lakes Area
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EE2: Collapse of fathead minnowKidd et al., 2007Reference Lake Experimental Lake

EE2 addition

Low reproduction

Low reproduction

& adults number

Endocrine disruption in the other fish speciesEndocrine disruption in the other fish speciesEndocrine disruption in the other fish speciesEndocrine disruption in the other fish species
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Ecosystem experimental study: 

� Just one shot!

Ecosystem models:

� Required to better understand endocrine 

disruption and to be able to predict risk

� 0 studies found in the literature

Endocrine disruption: Ecosystem

????
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Objective of the study

Developing an ecological benchmark modelecological benchmark modelecological benchmark modelecological benchmark model for 

characterizing WWTP effluents:

� Modelling a typical aquatic ecosystem

� Predicting the impact of endocrine disrupters
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WWTPs: Ecological benchmarking[MPs] 1 Bio-effect 1EffluentEffluentEffluentEffluent

[MPs] 2 Bio-effect 2[MPs] 3 Bio-effect 3 The bestThe bestThe bestThe best

WWTP?WWTP?WWTP?WWTP?

Ecosystem modelEcosystem modelEcosystem modelEcosystem model

Phyto 1

Phyto 2

Phyto 3

Zoo 1

Zoo 2
Plankt. fish Pisc. fish

OM - nutrient

O2 pHPhotoperiod

AQUATOX-WEST

T [Chemicals]

Ecosystem model

Frederik De LaenderFrederik De LaenderFrederik De LaenderFrederik De Laender(PhD thesis, 2007)
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AQUATOX-WEST

15

dFishdt
� Mass balance:

?
Transformation

TransportTransport dFishdt = Transformation + Transport

AQUATOXAQUATOXAQUATOXAQUATOX----WESTWESTWESTWEST

Ecosystem modelTLight Photoperiod O2 EE2
Nutrients

OM

cryso_crypto diatoms chloro_dino_cyano

rotifers clado copepods

Epi

chaoborus
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AQUATOXAQUATOXAQUATOXAQUATOX----WESTWESTWESTWEST

Ecosystem modelTLight Photoperiod O2 EE2
Nutrients

OM

rotifers clado copepods

Epi

white sucker fathead minnow pearl dace

chaoborus
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AQUATOXAQUATOXAQUATOXAQUATOX----WESTWESTWESTWEST

Ecosystem modelTLight Photoperiod O2 EE2
Nutrients

OM
Epi

white sucker fathead minnow pearl dace

Nutrients

OM
Hypo

Settling
lake trout

Juveniles
18
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Modelling results: Calibration

020406080
May Jun Jul Aug Sep Oct Nov

rotifers_simclado_simcopepods_simRotifersCladoCopepods0.000.020.040.060.08
May Jun Jul Aug Sep Oct Nov

NH4_epiNO3_epiNH4_epi_simNO3_epi_simConcentration(g/m3) Biomass(g/m3)Nutrients Zooplankton

Modelling results fit experimental dataModelling results fit experimental dataModelling results fit experimental dataModelling results fit experimental data

00.20.40.60.8
May Jun Jul Aug Sep Oct Nov

Instars 3/4_simInstars 1/2_simInstars 3/4Instars 1/2
Modelling results: Calibration

chaoborus Biomass (g/m2)AdultsAdultsAdultsAdults EggsEggsEggsEggs
LarvaeLarvaeLarvaeLarvaePupaPupaPupaPupa

Instars 3/4Instars 3/4Instars 3/4Instars 3/4

Key species in Key species in Key species in Key species in 

ecological interactionsecological interactionsecological interactionsecological interactions

Instars 1/2Instars 1/2Instars 1/2Instars 1/2
TerrestrialAquatic
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0510
May Jun Jul Aug Sep Oct Nov

trouttrout++trout_juvtrout_juv++
Modelling results: Sensitivity analysis

B/BmeanB/Bmean
More More More More ecological interactions ecological interactions ecological interactions ecological interactions ���� More stable ecosystemMore stable ecosystemMore stable ecosystemMore stable ecosystem

0510
May Jun Jul Aug Sep Oct Nov

trouttrout++trout_juvtrout_juv++WITHOUT CHAOBORUSWITHOUT CHAOBORUSWITHOUT CHAOBORUSWITHOUT CHAOBORUS WITH CHAOBORUSWITH CHAOBORUSWITH CHAOBORUSWITH CHAOBORUSwhite suckerBiomass x5Biomass x5Biomass x5Biomass x5

Model Development: Conclusion
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Calibration:

� Modelling results fit experimental data

Sensitivity analysis:

� Initial population x5 and ÷5 for each species

� Assessing interactions in the ecosystem

� Shows the potential of the model
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EE2: Ecosystem-level effects

23

Direct effects of EE2:

� Mainly on fathead minnow 

� Pretty well understood

Indirect effects of EE2:

� Food web responses rarely studied

� Experimental data show some indirect effects

� More answers with the ecosystem model

Kidd et al., 2014

24

EE2: Indirect effects

Chaoborus

00.51May Jun Jul Aug Sep Oct Nov
Instars 3/4_expInstars 3/4Instars 3/4_EE2g/m2
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EE2: Indirect effects

Predation changes

Chaoborus Plankton and nutrients

00.51May Jun Jul Aug Sep Oct Nov
Instars 3/4_expInstars 3/4_EE2_expInstars 3/4Instars 3/4_EE2g/m2 2002

No significant changes

= compensatory mechanisms

After 2002

Increase of rotifers and 

cladocerans

EE2: Indirect effects
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Importance of ecosystem-level effects 

when assessing the risk of chemicals 

in aquatic environments. 
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Final step = Ecological benchmarking of WWTPsFinal step = Ecological benchmarking of WWTPsFinal step = Ecological benchmarking of WWTPsFinal step = Ecological benchmarking of WWTPs

� STRUCTURESTRUCTURESTRUCTURESTRUCTURE = A typical aquatic ecosystem

� INPUTINPUTINPUTINPUT = WWTP effluents for different 

configurations

� OUTPUTOUTPUTOUTPUTOUTPUT = Ecosystem changes due to the 

exposure to MPs

Conclusion
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WWTPs: Ecological benchmarking[MPs] 1 Bio-effect 1EffluentEffluentEffluentEffluent EEEEcosystemcosystemcosystemcosystem

[MPs] 2 Bio-effect 2[MPs] 3 Bio-effect 3 The bestThe bestThe bestThe best

WWTP?WWTP?WWTP?WWTP?
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