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1. What is the capacity of stormwater wetlands to remove pesticide mixtures?

2. How is glyphosate and AMPA transported in stormwate r wetlands?

3. How stormwater wetlands retain copper?

Pesticides Pesticides 

?



France

Alsace

Stormwater Stormwater wetlandswetlands collectingcollecting runoff: runoff: vineyardvineyard catchmentcatchment

Maillard et al. (2011) STOTEN 

Inlet

UpperUpper Rhine Rhine 
RegionRegion

France France �������� 112 SW112 SW
Germany Germany ��������148 SW  148 SW  

Rouffach SW



France

Alsace

Stormwater Stormwater wetlandswetlands collectingcollecting runoff: runoff: vineyardvineyard catchmentcatchment

Catchment:
• Area : 42.7 ha 
• 67 % vineyard
• Mean slope: 15 % 
• Pyearly : 600 mm
• Runoff coeff.: 0.2 – 1.2%

• Pesticide application ≈ 50 kg y-1

Wetland:
• Surface: 320 m2

• Volume:  1500 m3

• HRT: 8-12 hs
• Quiescent period: 10 d
• Vegetation: Phragmites australis

• Pesticide in runoff ≈ 10 g y-1

Maillard et al. (2011) STOTEN 
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Time

=> Sampling campaigns in 2009
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Selection of pesticides

Fungicides
Herbicides

Insecticides 
Degradation products

Molecule Log Kow Aqueous Aqueous 
photolysis DT 50 hydrolysis DT 50
(pH = 7) (20oC, pH = 7)

[-] [day] [day]

Azoxystrobine 2.50 8.7 stable
Cymoxanil 0.67 1.7 1.1
Cyprodinil 4.00 13.5 stable
Carbendazim 1.48 stable 350
Dimethomorphe 2.68 97 70
Diuron 2.87 43 Stable
DCPU n.a. n.a. n.a.
DCPMU n.a. n.a. n.a.
3.4-dichloroaniline 2.69 0.25 n.a.
Flufenoxuron 4.01 6 267
Gluphosinate -3.96 n.a. n.a.
Glyphosate -3.2 69 Stable
AMPA -1.63 n.a. n.a.
Isoxaben 3.94 6 Stable
Kresoxim methyl 3.40 28 34
Metalaxyl 1.65 Stable 106
Pyrimethanile 2.84 Stable Stable
Simazine 2.30 1.9 96
Terbuthylazine 3.40 Stable Stable
Tetraconazole 3.56 217 Stable

n.a.: not assessed



1. What is the capacity of stormwater 
wetlands to remove pesticide mixtures?
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IN OUT

=> [IN] > [SDZ] > [GF] > [OUT]

=> High temporal variability : lower efficacy in summer
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=> No temporal accumulation or persistence of pesti cides in the wetland sediments

Maillard et al. (2011) STOTEN, IJEAC (2012) 



Spring
Apr. 06 – June 15

Summer
June 15 – Sept. 29

Inlet Outlet R [%]* Inlet Outlet
R 

[%]*

Dissolved
pesticides

[mg]
1291 339 72 6819 2181 73

Suspended-solids
associated
pesticides

[mg]
2.07 n.d. n.d. 196 n.d. n.d.

Suspended solids [kg]
207 3 99 739 99 88

Dissolved organic
carbon

[kg] 3.6 5.8 -34 6.1 7.1 -18

Seasonal variation of pesticides removal
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2. How is glyphosate and AMPA 
transported in stormwater wetlands?

BBBAAA

Glyphosate AMPA



Transport of glyphosate and AMPA

Where  
MWgly = molecular weight of glyphosate (0.16907 kg mol-1)
MWAMPA = molecular weight of AMPA (0.11104 kg mol-1)

BBBAAA

Glyphosate AMPA

Imfeld et al. (2012), Chemosphere



Transport of glyphosate and AMPA

Where  
MWgly = molecular weight of glyphosate (0.16907 kg mol-1)
MWAMPA = molecular weight of AMPA (0.11104 kg mol-1)

MELgly
(inflow)        

[mg]

MELgly
(outflow)

[mg]

Removal
efficiency

[%]

2009 2.38 1.78 75%

2010 14.10 12.61 90%

2011 20.79 20.52 99%

% covered
by 

vegetation

<1% - 25%

100%

100%

BBBAAA

Glyphosate AMPA

Imfeld et al. (2012), Chemosphere



Temporal change of the %AMPA

Imfeld et al. (2012), Chemosphere
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2. How stormwater wetlands retain copper?
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Transport of copper in the wetland

Copper use

Runoff 
discharge

Copper 
loads and  
retention

Babcsanyi et al. (In prep.), ES&T



=> Decrease of copper concentration from wetland inlet t o outlet

Copper concentrations 

Babcsanyi et al. (In prep.), ES&T



Copper concentrations in wetland sediments (2011)

Mean [Cu] = 48 mg kg -1 [30 – 64 mg kg -1] 

⇒ Accumulation of copper in the wetland sediments
⇒ How to manage contaminated sediments?
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Conclusions

1. What is the capacity of stormwater wetlands to remov e pesticide mixtures?

� Load removal: between 39% (simazine) and 100% (cymoxanil, gluphosinate,     
kresosxim methyl and terbuthylazine)

� Low transfer from the water column to the sediments (or fast degradation in sediment)

� Trapping of solids (> 90%) and hydrophobic pesticides (LogKow > 3)
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Conclusions

1. What is the capacity of stormwater wetlands to remov e pesticide mixtures?

� Load removal: between 39% (simazine) and 100% (cymoxanil, gluphosinate,     
kresosxim methyl and terbuthylazine)

� Low transfer from the water column to the sediments (or fast degradation in sediment)

� Trapping of solids (> 90%) and hydrophobic pesticides (LogKow > 3)

2. How are glyphosate and AMPA transported in stormw ater wetlands?

� Load removal of glyphosate and AMPA gradually varied yearly from 75 to 99%

� Fraction of AMPA increased at the wetland outlet: generation of degradation product

Stormwater wetlands:
=> Complementary tools for managing contaminated runoff  from agricultural catchments?
=> Dynamic system for studying the transfer of pestici des

3. How stormwater wetlands retain copper?
� Copper concentration decreased below the toxicity exposition levels

� 82% of inlet copper load trapped in the wetland

� Copper isotope composition analysis: sorption to Al- and Fe(hydro)oxides is critical



University of Strasbourg

Stéphane Vuilleumier (GMGM)

François Chabaux (LHyGeS)        

Malek Alioua (IBMP)

Adrien Wanko (IMFS)                     

Bertrand Fritz (LHyGeS)

Mireille Del Nero (IPHC)

Thank you!

UHA Colmar

Karine Jezequel

INRA Dijon

Fabrice Martin

University of Tübingen

Uli Maier

UFZ Leipzig

Hans Richnow

Ivonne Nijenhuis

Martin Thullner

EPFL-Lausanne

Pierre Rossi, Noam Shani

University of Freiburg           

Jens Lange

University of Lüneburg

Klaus Kümmerer

RITTMO-Environment

Research group: « Wetland biogeochemistry and contamina nt transfert »
(UMR 7517 UdS-CNRS )

Scientists

Gwenaël Imfeld, CNRS                                                  
(imfeld@unistra.fr)  

Sylvain Payraudeau, MC                                          
Mathieu Granet, CNRS

Technicians
Eric Pernin
Benoît Guyot

PhD students
Elodie Maillard                                                 
Omniea Azzam
Marie Lefrancq                                                  
Izabella Babcsányi

Master students
Maude Fischer              
Ana Abenza
Antonio Garcia                                                  

EC2CO Écosphère 
Continentale et Côtière

CYTRIX 

http://lhyges.u-strasbg.fr/

28


