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Agenda

� Ziele des Projektes 

� Vorgehen

� Resultate Glatttal/Greifensee

� Resultate eines Projektes für das GSA Kt. Bern

� Schlussfolgerungen

� Diskussion
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Ziel: Von Substanzdaten zu modellierten endokrinen Aktiv itäten in der Umwelt

EC50

Movement und FateMEC

Substanz 1
EC50

Movement und FateMEC

Substanz 2 EC50

Movement und FateMEC

Substanz n…

NFP50 Modell endokrine Disruptoren Schweiz

Glatttal/Greifensee Thunersee
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Von Emissionen zu Estradiol Equivalence Concentration (EEQ)

Emissionen Hydrologie

Substanzdaten ��� � � �� � Regionale Daten ��� � � �� � Lokale Daten

Massenflüsse Wasserflüsse

Konzentrationen

Östradiol Äquivalenzfaktoren ��� �

EEQ

lokal
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Modellierter Massenfluss eines Stoffes (z.B. Ethiny löstradiol)

Elimination in der ARA

Emissionen in Kanal

Emissionen in Gewässer

Unterlauf

Oberlauf

P3:loss by volati l ization

P1:t ra nsformation educts

P6:loss by biodegradation

T1:Production and Use

T2:Air

P9:to air

T3:STP

P13:losses in sewer system

P14:solid waste (incineration)

P9:to air

T4:Soil

T5:Groundwater and Drinking Water

T6:Surface Water

P15:p/c to soi l

P16:air to soil

P17:sludge to soi l

P1:transformation educts

P3:l oss by volati liza tion

P19 :Pl ant up ta ke

P20 :Soil

P6:l oss by biod egradati on

P12:SW upstream

P21 :so rb ed  to sed ime nt

P3:l oss by volati l iza tion

P22:p/c to sw

P8:irrigation

P23:stp effluent

P24:air to sw

P6:l oss by biod egradati on

P1:transformation educts

P4:sw to gw

P7:sw to dw

P1:transformation educts

P6:loss by biodegradation

P11:mass in drinking water

P14:solid waste (incineration)

P5:soil  to gw

P25:GW upstream

P2 6:GW d ownstre am

P20:Soil

P10 :to stp

P32:SW downstream

P2:Input

0 kg

3.81778E-12 kg

0.00470765 kg

0 kg

0.000182701 kg

0.00014035 kg

0.00305766 kg

3.81778E-12 kg

6.08885E-22 kg

0 kg

0 kg

6.08885E-22 kg

0 kg

0 kg
6.38002E-7 kg

6.74287E-7 kg

1.32791E-15 kg

3.62816E-8 kg

2.93737E-12 kg

0 kg

0 kg

0.00023355 kg

1.19926E-14 kg

0 kg

0 kg

6.74287E-7 kg

0.00132694 kg

0.00132694 kg

6.85615E-23 kg

6.85615E-23 kg

0 kg

0 kg

5.42137E-5 kg

0.000103917 kg

6.91897E-7 kg

6.91897E-7 kg

0.000103917 kg

0 kg

0.000104555 kg

6.91897E-9 kg

6.84978E-7 kg

6.38002E-7 kg0 kg

0 kg

0 kg

0.00470765 kg

3.81778E-12 kg

0.000933889 kg

0.00470765 kg

P1 4:solid  waste (in cinerati on )
0 kg

P5 2:Sp ri ng  wate r

P6:loss by biodegradation

P1:transformation educts

0 kg

0 kg

0 kg

Emission  Kanalisation  Kläranlage Gewässer Umwelt
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Substanzauswahl

� „NFP 50 Substanzen”
– Bisphenole Bisphenol A

– Bromierte Flammschutzmittel decaBDE, octaBDE, pentaBDE, TBBPA

– UV-Filter 4-MBC, BP3, EHMC (OMC)
– Steroidhormone E1 (Östron), E2 (Östradiol), E3 (Östriol), 

EE2 (Ethinylöstradiol)

– Pestizide Atrazin, Desethylatrazin
– Nonylphenolethoxylate NPnEO, NP2EO, NP2EO, NP2EC, NP1EC, NP

� Beschränkung der Auswahl wegen Verfügbarkeit von
– ökotoxikologischen Daten

– physikalisch-chemischen Eigenschaften

– Daten zum Umweltverhalten
� Literaturrecherche, EU Risk Assessment-Daten, Sicherheitsdatenblätter, OECD Test-Daten, Kooperation 

mit Projektpartnern innerhalb NFP50
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Berechnung der Östradioläquivalente (EEQ)

� Äquivalenzfaktor gegeben durch endokrines Potenzial 
der Substanz x bzgl. E2:

� Konzept der “Konzentrationsadditivität”:
das EEQ ist die mit dem Äquivalenzfaktor gewichtete 
Summe der Einzelkonzentrationen

� Das Modell berücksichtigt 4 verschiedene Endpunkte:
– EEF1: MCF-7 Zellwachstum
– EEF2: Yeast Estrogen Screen (YES)
– EEF3: Estrogen Receptor – luciferase (ER-CALUX)
– EEF4: Vitellogenininduktion

� Datensätze nur für Steroidhormone, Bisphenol A und Nonyl phenol
komplett
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Modellierung von 2 Einzugsgebieten

Lake Thun catchment

22 STPs

190’000 inhabitants     

>50 communities
90 km rivers

2 lakes

15’000 ha agricultural land

17 ARAs

321’000 Einwohner

41 Gemeinden
58 km Flusslauf

2 Seen

21’000 ha landw. Nutzfläche

22 ARAs

190’000 Einwohner

>50 Gemeinden

90 km Flusslauf
2 Seen

15’000 ha landw. Nutzfläche
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Vergleich Messungen/Modell: Nonylphenol in der Glatt  im Jahr 2004
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Model, scenario 2004
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Modellierung:
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Messkampagnen:
2h-Mischproben aus 1 Woche
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Identifikation von lokalen Hot Spots in der Region Gre ifensee/Glatttal
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Jahr 2007
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Input 01

formation by degrada tion of precursors

sw upstream  01GW upstream  01

loss  by vola tilizat ion

loss  by biodegradation

m ass in drink ing wa ter

loss  from  sewer  system

solid waste  (incinera tion)

Plant uptake

Soil

sorbed t o sediment

GW downs tream01

Input

GW downstream

GW upstream

SW downstream

loss  by volatiliza tion

loss  by biodegradation

m ass  in dr ink ing wa ter

loss  from sewer system

solid waste  (incine ra tion)

Plant  uptake

Soil

sorbed to sedim ent

form ation by degradation of precursors

Rheinsfelden

SW upstream
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loss by vola tilization
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loss from  sewer  sys tem
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Plant uptake
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Input 03
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Plant uptake
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form ation by degradation of precursors
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GW  upstream04Glatt/Bülach

Input 04
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Bülach

Niederglatt

loss  by volatiliza tion

loss  by biodegradation

mass  in drinking wate r
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Input 06
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mass in drinking wa ter

loss from sewer system

solid waste (incineration)

Plant uptake

Soil

sorbed to sediment

formation by degradation of precursors

Glatt/Opfikon

GW upstream

Consumption of Chem icals

GW downstream

loss by vola tilization

loss by biodegrada tion

mass in dr inking water

loss from  sewer  sys tem

solid was te (inc inera tion)

Plant uptake

Soil

sorbed to sediment

forma tion by degrada tion of precursors

Bassersdorf

GW ups tream08 SW upstream 08
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Input 08
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loss from sewer  system

solid waste (incineration)

Plant uptake
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sorbed to sediment

additional water
forma tion by degradation of precursors
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GW downstream12
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loss by volatilization

loss by biodegradation

m ass  in drink ing wa ter

loss from  sewer  sys tem

solid was te (inc ine ra tion)
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formation by degrada tion of precursors

additional water

Input 17

GW downstream 17

SW upstream17GW ups tream17

Gossau

0 eeq

0 eeq

0 eeq0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0.45223 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

1.68894 eeq

0 eeq

0 eeq

0 eeq

2.39477 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

1.94254 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq
2.33091 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

2.49085 eeq

0 eeq

2.33091 eeq

0 eeq

0 eeq

0 eeq

0 eeq

2.30645 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

2.49085 eeq

0 eeq

0 eeq

0 eeq

3.59348 eeq

0 eeq

2.30645 eeq 0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

4.0477 eeq

3.59348 eeq

0 eeq

0 eeq

0 eeq 0 eeq

2.49621 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

1.55149 eeq

0 eeq

0 eeq

0.941524 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

1.52179 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq
0 eeq

0 eeq

0 eeq

2.15083 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

2.15083 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

2. 79811 eeq

0 eeq

0 eeq

0.91658 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

1.88153 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq0 eeq 0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq0 eeq

0 eeq

0.141853 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

4.91192 eeq

0 eeq

1.12631 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq0 eeq

0 eeq

3.92974 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq0 eeq

0.982185 eeq
0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

EEQ4 (Vitellog.)
EEQ3 (ER-CALUX)
EEQ2 (YES)
EEQ1 (MCF-7)

ARA Dübendorf

ARA Egg

Stadel
Input 01

formation by degrada tion of precursors

sw upstream  01GW upstream  01

loss  by vola tilizat ion

loss  by biodegradation

m ass in drink ing wa ter

loss  from  sewer  system

solid waste  (incinera tion)

Plant uptake

Soil

sorbed t o sediment

GW downs tream01

Input

GW downstream

GW upstream

SW downstream

loss  by volatiliza tion

loss  by biodegradation

m ass  in dr ink ing wa ter

loss  from sewer system

solid waste  (incine ra tion)

Plant  uptake

Soil

sorbed to sedim ent

form ation by degradation of precursors

Rheinsfelden

SW upstream

Glattfelden

loss by vola tilization

loss by biodegrada tion

mass in dr inking water

loss from  sewer  sys tem

solid was te (inc inera tion)

Plant uptake

Soil

sorbed to sediment

forma tion by degrada tion of precursors

GW downstream03

GW ups tream03

Input 03

Glatt/Glattfe ld

loss by volatilization

loss by biodegradation

m ass  in drink ing wa ter

loss from  sewer sys tem

solid was te  (inc ine ra tion)

Plant uptake

Soil

sorbed to sediment

form ation by degradation of precursors

GW downstream 04

GW  upstream04Glatt/Bülach

Input 04

Glatt/Glattfe ld

Bülach

Niederglatt

loss  by volatiliza tion

loss  by biodegradation

mass  in drinking wate r

loss  from sewer system

solid waste  (incine ration)

Plant uptake

Soil

sorbed to sedim ent
form ation by degradation of precursors

GW  downst ream 05

GW ups tream05

Glatt/Niede rgla

Input 05

Glatt/Bülach

Glatt/Niede rgla

form ation by degradation of precursors

loss by volatilization

loss by biodegradation

m ass in dr ink ing wa ter

loss from  sewer  sys tem

solid was te (inc ine ra tion)

Plant uptake

Soil

sorbed to sediment

Kloten-Opfikon

GW  downst ream 06

GW ups tream06

Input 06

Dübendorf

loss by  volatilization

loss by  biodegradation

mass in drinking wa ter

loss from sewer system

solid waste (incineration)

Plant uptake

Soil

sorbed to sediment

formation by degradation of precursors

Glatt/Opfikon

GW upstream

Consumption of Chem icals

GW downstream

loss by vola tilization

loss by biodegrada tion

mass in dr inking water

loss from  sewer  sys tem

solid was te (inc inera tion)

Plant uptake

Soil

sorbed to sediment

forma tion by degrada tion of precursors

Bassersdorf

GW ups tream08 SW upstream 08

GW downs tream08

Input 08

Glatt/Dübendorf

forma tion by degrada tion of precursors

loss  by volatiliza tion

loss  by biodegradation

mass  in drinking wate r

loss  from sewer system

solid waste  (incine ration)

Plant uptake

Soil

sorbed to sedim ent

Fällanden

GW upstream09

Gla tt/Fällanden

GW downs tream09

Input 09

Uster

loss by volatilization

loss by biodegradation

m ass in dr ink ing wa ter

loss from  sewer  sys tem

solid was te (inc ine ra tion)

Plant uptake

Soil

sorbed to sediment

Gla tt/Fällanden

form ation by degradation of precursors
Greifensee /Us te

GW upstream10

GW Downstream 10

Input 10

additional water

additional wate r

additional water

additional water

additional water

additional water

additional wate r

additional water

additional water

additional wate r

Wetz ikon
loss  by volatilization

loss  by biodegradation

m ass  in drink ing wa ter

loss  from sewer sys tem

solid waste  (incine ra tion)

Plant uptake

Soil

sorbed to sediment

additional water
formation by degrada tion of precursors

Greifensee /Us te

GW downstream11

GW upstream 11

Aabach/Wetzikon

Input 11

Aabach/Wetzikon

loss by vola tilization

loss by biodegrada tion

mass in dr inking water

loss from sewer  system

solid waste (incineration)

Plant uptake

Soil

sorbed to sediment

additional water
forma tion by degradation of precursors

Pfäffikon

Sw ups tream 12GW upstream12

GW downstream12

Input 12

form ation by degradation of precursors

additional water

Aabach/Wetzikon

loss by vola tilization

loss by biodegrada tion

mass in dr inking water

loss from sewer  system

solid waste (incineration)

Plant uptake

Soil

sorbed to sediment

GW downstream13

SW upstream 13GW ups tream13

Input 13

Hinwil

loss by volatilization

loss by biodegradation

m ass  in drink ing wa ter

loss from  sewer  sys tem

solid was te (inc ine ra tion)

Plant uptake

Soil

sorbed to sediment

Gla tt/Fällanden

forma tion by degradation of precursors

additional water

GW downstream14

SW ups tream14 GW ups tream14

Input 14

Maur

loss by vola tilization

loss by biodegrada tion

mass in dr inking water

loss from  sewer  sys tem

solid was te (inc inera tion)

Plant uptake

Soil

sorbed to sediment

Gla tt/Fällanden

form ation by degradation of precursors

additional water

GW downstream 15

GW upstream15

Aa/Mönchaltorf

Input 15

Mön chaltor f

loss  by volatilizat ion

loss  by biodegradation

mass  in drinking wate r

loss  from  sewer  system

solid waste  (incineration)

Plant uptake

Soil

sorbed t o sediment

Aa/Mönchaltorf

form ation by degradation of precursors

additional water

Input 16

GW  dow nst ream 16

SW ups tream16GW ups tream16

Egg-Oetw il

loss by  volatiliz ation

loss by  biodegradation

m ass  in dr ink ing wa ter

loss from  sewer  sys tem

solid w as te (inc inera tion)

Plant uptake

Soil

sorbed to sediment

Aa/Mönchaltorf

formation by degrada tion of precursors

additional water

Input 17

GW downstream 17

SW upstream17GW ups tream17

Gossau

0 eeq

0 eeq

0 eeq0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0.45223 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

1.68894 eeq

0 eeq

0 eeq

0 eeq

2.39477 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

1.94254 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq
2.33091 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

2.49085 eeq

0 eeq

2.33091 eeq

0 eeq

0 eeq

0 eeq

0 eeq

2.30645 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

2.49085 eeq

0 eeq

0 eeq

0 eeq

3.59348 eeq

0 eeq

2.30645 eeq 0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

4.0477 eeq

3.59348 eeq

0 eeq

0 eeq

0 eeq 0 eeq

2.49621 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

1.55149 eeq

0 eeq

0 eeq

0.941524 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

1.52179 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq
0 eeq

0 eeq

0 eeq

2.15083 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

2.15083 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

2. 79811 eeq

0 eeq

0 eeq

0.91658 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

1.88153 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq0 eeq 0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq0 eeq

0 eeq

0.141853 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

4.91192 eeq

0 eeq

1.12631 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq0 eeq

0 eeq

3.92974 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq0 eeq

0.982185 eeq
0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

0 eeq

EEQ4 (Vitellog.)
EEQ3 (ER-CALUX)
EEQ2 (YES)
EEQ1 (MCF-7)

ARA Dübendorf

ARA Egg



01090811

Zusammensetzung des endokrinen Potentials – Glatttal 20 04 and 2007
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Endokrines Potential in der Glatt unterhalb der ARA Dübe ndorf

2004: EEQ(YES) = 2.69 ng/L 2007: EEQ(YES) = 0.1 ng/L
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Optimierungsmöglichkeiten – Auswirkung auf ARA Auslauf un d Gewässer
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Auslauf ARA Egg (konservativ) Aabach unterhalb ARA Egg*
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12 days = Schlammalter 12 days
20 days = Schlammalter 20 days
Ozonierung = Zusätzliche Behandlung mit Ozon *incl. durchschnittliche Abwasserentlastung
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Verlauf der Konzentration in der Aare (Haslital ��� � Thun)
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Durchschnittsjahr 2007:

� Einfluss vor allem durch 
hohe Emissionen 
(Thun, Interlaken)

� Belastung wird durch die 
Seen verringert
(Abbau, Sedimentation)
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Endokrines Potential in ARA Ausflüssen – Thunersee Reg ion
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Kleine ARAs sind weniger effizient State-of-the-art Tech nologie
führt zu hohen Eliminationsraten
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Modellierung – Simme unterhalb der ARA Zweisimmen

Entlastung der ARA (50%)0.0470Regenereignis

Sehr kleine Wasserflüsse0.0200Trockenheit

Geringere Wasserflüsse und Verdünnung0.0160Winter (November-April)

Höhere Wasserflüsse und Verdünnung0.0057Sommer (May-Oktober)

0.0085Jahresdurchschnitt

Ursache
EEQ (MCF-7)

ng/L
Scenario

EC50 für E2 (MCF-7) = 0.28 ng/L
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EC50(Vitellogenin) für E2 = 200 ng/L  ��� � PNEC = EC50/1000 = 0.2 ng/L // UK: PNEC (E2) = 1 ng/L)  
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Modellierung Region – Thunersee bis Wohlensee

13 ARAs
2 mit geringem Ausbaustandard

5 mit mittlerem Ausbaustandard

6 mit gutem Ausbaustandard
Kleinkläranlagen wurden nicht 

berücksichtigt

7 auswertbare Pegel

Verdünnungsverhältnisse von 

1:3 bis zu 1:10‘000 (Q182) bzw.
1:2 bis zu 1:2‘800 (Q347)

ARA Pegel
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Berechnung Östradiol-Äquivalente (Vitellogeninsynthe se) Jahr 2007

EEQ4 (Vitellog.)
EEQ3 (ER-CALUX)
EEQ2 (YES)
EEQ1 (MCF-7)
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S pring  wate r

M ass added  due to  transforma tion

Grou nd water up strea m

Mass lost by bio degrad ation

Vola tilization

Drin king  wate r

Plan t uptake

Mass sorbed to se diment
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S olid waste (Incine ration)
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Grou nd water do wnstream

2.81.4Kiese 

ARA Ob. Kiesental

3.81.0Gürbe

ARA Belp

0.50.5Aare 

ARA Worblental
(Restwasserstrecke)

2.41.1Urtenenbach

ARA Moossee

Q347Q182   bzw.EEQ in ng/L bei 

erhöhte Konzentrationen nur in 

kleinen Fliessgewässern
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Vergleich Glatt mit Aare (Bisphenol A, Q 182)
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Glatt, modellierte und gemessene Werte Aare, modelli erte Werte (2007)

Belastung in der Aare ist um ca. Faktor 25 kleiner.

Annahme: keine Bisphenol A-spezifische Industrie 
im Einzugsgebiet Thunersee/Aare vorhanden
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Konzentrationen im Oberflächengewässer (bei Q 182) Jahr 2007
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Vergleich der modellierten Konzentrationen mit Messung en – Pharmazeutika 
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Schlussfolgerungen…

Endokrines Potential in Oberflächengewässern der Schwe iz
� Generell: verglichen mit Belastungen im Ausland eher geri ng – Regionale Unterschiede
� Lokale Hot-spots: schlechte ARA Effizienz und schlecht e Verdünnung, Kumulation
� Dominierend sind synthetische und natürliche Steroidhor mone (2007)
� Seen stellen signifikante Senken dar (Verweilzeit)

Risikomanagement
� Chemikaliengesetzgebung erlaubt die Reduktion von beso rgniserregenden Einzelstoffen
� Emissionen von natürlichen Hormonen und einer Vielzahl v on synthetischen Stoffen

können nur durch technische Massnahmen reduziert werden (H ot-spots: Optimierung
Vorfluter, Optimierung ARA, zusätzliche Reinigungsstu fen)

� Mit einer zusätzlichen Reinigungsstufe auf ARA (z.B.: O zonierung) kann des endokrine
Potential signifikant reduziert werden (eine Vielzahl vo n anderen Stoffen wird dabei
gleichzeitig eliminiert)

Forschungsbedarf
� Korrelation von Testresultaten mit der tatsächlichen Umw eltrelevanz (PNEC) 
� Belastbare Toxizitätsdaten für zahlreiche endokrine Stof fe fehlen
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