Table of Contents

ADDIBVIBLIONS .1ttt sttt et e b et eee bbb bbb 8
1Y o1 4 - [ o1 SO O TP S OSSP PPPPPPPP 10
1 ITEFOAUCTION 1ottt et a e bbb bbb st a s b e s e e nemnanns 12
11 Pesticide Use and Its Ecological ConSeqUENCES.....ccccivvvvivereeviercerrenie e, 12
1.2 The Eco{toxico)logical Relevance of Streams .......occcevrvreicvincccnnnncncicienns 16
13 Environmental Risk Assessment of Pesticides in Surface Waters .........cc.ccc..... 19
1.4 Monitoring of Pesticide Exposure and Effects in Streams ..o 24
1.4.1 Chemical MONITOTING ceviveieeeeceeer sttt 24
142 Biological MONITOMING veveeverie e e s 25

1.5 The , Kleingewdsser-Monitoring” Project (KEM) ..o, 28
151 BaCKEIOUNG ..ot e 28
152 I EMENTATION .t e 29

1.6 THESIS OBJECEIVES ...eiiectieie ettt 31

2 Small Streams — Large Concentrations? Pesticide Monitoring in Small Agricultural
Streams in Germany during Dry Weather and Rainfall ..., 47
2.1 T} a o To U Tous o] o FU U OO OO OO OUOPTRTRITRU 49
2.2 Materials and Methods . .....oeceie e 52
2.2.1 SAMPINEG oottt 52
222 SamPle Preparation. ... 53
2.23 LC-MS/MS ANGIYSES o.veeviriieciereeeie e eeas s 53
224 Data ANGIYSIS «ooeeieiieee et e b 54

2.3 Results and DISCUSSION .o.viveiveiierieriesteres et r e asb e 55
231 Frequency of Detection and Concentration Ranges of the Monitored
PESTICIARS  .viviitieeiee ettt ettt st et 55
232 Effects of Rainfall on the Frequency of Detection and Concentrations..62
233 Influence of Land Use on Pesticide Concentrations. ........c.cooeeinncnecns 68
234 Frequency of RAC EXCEEAANCES. ......ovceeicit e 69

24 CONCIUSIONS ottt ettt sa s eas e e bbbt 72

3 Pesticides Are the Dominant Stressors for Vulnerable Insects in Lowland Streams 79

3.1 I OTUCTION .ottt e e e et e st e e e eartaa s e bae s s ssbsne s seas s s e aaasa e e e 81

Bibliografische Informationen HE
http://d-nb.info/1253249601 digitalisiert durch IONAL
‘B IOTHE


http://d-nb.info/1253249601

32 Materials and METhOUS...........ovureeieieieceeeee e 82
321 S SEIECTION ...t 82
3.2.2 Water Sampling and Chemical Analyses .........oeeoveoeeeoeeeeeee 83
3.23 Scaling Concentrations for TOXICItY ..........ovevvoeeeeeeeeeeeeeeoeeeeeeee, 84
3.2.4 Further Abiotic Parameters ..........cooooveoioieeioeeeoeeeeeeeeeeeeeeees e, 85
325 Invertebrate SaMPIING ..covoeeveeiiiceececeeeeeeeeee e, 86
3.2.6 Biological Metrics of Invertebrates ...........cccoooveeeveeeeeeeeeeeeeeeeeee, 87
3.2.7 STAtiStICAl ANAIYSES ..o.eceiceieeeeeeeeee et et 88

33 ReSUItS @N DISCUSSION ...vviiiiieriieiceceete et enes s e 89
331 Assessment of Anthropogenic Stressors c.....c.ooveeveececeeeeeeeeeeeeeeereenn 89
332 Current Risk Assessment Underestimates Exposure and Effects of
PESTICIARS oottt ettt es st et nen 93
333 Deriving Protective Thresholds for Pesticides .........c.ocooviveeeveeeerveeeen 98

34 CONCIUSIONS ...ttt ettt ettt 104

4 Risk from Pesticide Mixtures — The Gap between Risk Assessment and Reality ....113

4.1 INEFOTUCTION ..ttt et aren 115

4.2 Material and Methods ..o 117
421 General APProach ... 117
422 Pesticide Application Data & Exposure Mode!ling ................................. 118 .

423 Stream Water Pesticide Sampling .....c...coocvervveivvieeceieeee e 120
424 ToxiCity CalCUIATIONS ....c.oeveiie e 121
43 ResUItS and DISCUSSION ...ouvuiirieiiiieeeeee ettt 125
43.1 Quantifying the Increased Risk Posed by Pesticide Mixtures............... 125
43.2 Pesticide Mixtures in the Light of Regulatory Thresholds ..................... 129
4.3.3 The Variable Dominance of Single Pesticides..........ccccoveconiveeeceeean, 131
434 The Frequency of Recurring EXposure PUlSES.........ceecveveeevieveereneenee. 132
4.4 CONCIUSION 1ttt sttt b et st e et te s at et seeeeeaeseeanenaeee s 134
5  Assessing the Mixture Effects in In Vitro Bioassays of Chemicals Occurring in Smalt
Agricultural Streams during Rain EVENTS ....vvveeveerreesrcreeiieteetee ettt s 144
5.1 INEFOUCTION ..ttt ettt bbbttt s sae st e b s s et ra et eseeae s neens 146

5.2 Materials aNd METhOGS. .......oovvevveeeeceeeeeeeseevese et eete et 148



521 Sampling and Sample ProCeSSING .........ovceeevreeeeeeeeeeeeeeeeeeeeeeeeennn 148

5.2.2 ChemiCal ANIYSIS ..ooveieeieeecceee e e, 149
5.2.3 BIO@NGIYSIS 1.ttt e 149
52.4 Data EValUBTION ..o e 149
5.2.5 Iceberg MOodelliNG .....oocovriiereeiiieee e 150
5.2.6 Tip of the fceberg MIXTUreS .......ococovvieieeeeeeeeeeeeeeeeee et 152

53 ReSUILS @Nd DISCUSSION ...vveviiieititiectieeececeetete st 154
5.3.1 ChemiCal ANGIYSIS oo 154
5.3.2 BIOANGIYSIS ...t 155
533 Comparison of Measured Effects in the Water Samples with Effect-Based

LT =2=C=] S U OTO USSR OOV SO UUSS 157
5.3.4 Which Chemicals Are Driving the Effects in the Water Extracts? ......... 159
535 Equipotent Mixtures of the Detected Chemicals ...........cooveeevveveenennnn. 164
536 Tip of the lceberg MIXTUeS ......c...ccooviviieeiciceceeeeeee e 165

54 OULIOOK ettt ettt ettt en st 167

&  Three Reasons Why the Water Framework Directive (WFD) Fails to identify Pesticide
RISKS ettt ettt ettt ettt et e ettt s st 175
6.1 INEFOAUCTION ..ottt es v 177
6.2 Material and Methods .........ccoviiiiieieieeee e 180
6.2.1 Pesticide Monitoring under the WFD — the Current Situation .............. 180
6.2.2 Monitoring Design Used in this StUAY....cccceveeieeveivveicieecccceee 181
6.2.3 Pesticide Surface Water Thresholds .....ooeeecenreniciciceeccecceeee 182
6.2.4 Evaluation of Risk Indicated by Threshold Exceedances....................... 184

6.3 ReSUIES @and DISCUSSION ...ceoviiiiiieieeiecceiiee it 185
6.3.1 Reason #1 — Sampling Pesticides ......covvveeirieie e 185
6.3.2 Reason #2 — Measuring Pesticide Contamination..........ccecceeeveeneeinnen. 188
6.3.3 Reason #3 — Assessing Pesticide Effects ....cccvvevieviececniiiiiiicc i 192
6.3.4 Our Findings in the Light of EU-Wide Results.......c.cooieioeiiiciiee, 196

6.4 CONCIUSIONS 1.ttt ettt eb e et assen s e nanasene s 196

7 DISCUSSION ..t b ettt sttt b e ane et eeebeneas 207
7.1 PeSHICIAE EXPOSUIE .oiiititi ettt ettt b as e 207



8
9
10
11
12
13

7.2 Ecological Pesticide EffECtS ... ....ooviviveieceeeee e, 210

7.2.1 AQUALIC INVertebrates ..o 210
7.2.2 Aquatic Plants and AlBAE ......ccoviiieiecuieciiireeeee et 213
7.3 Implications for the Environmental Risk Assessment of Pesticides .............. 214
7.4 Implications for the Monitoring of Pesticides in Surface Waters................. 218
CONCIUSIONS ...ttt ettt et e 221
DECIATATION ...ttt e nene 232
Contributions t0 PUBblICatioNS .....cccceviiiiiicc e 233
Danksaguné (ACKNOWIEABEMENTS) ...eeeoiiieeceeecr e, 235
CUITICUIUM VITBE ottt e, 237
Annex - Supporting Information of Publications.........ccccceiveeriivecioiereee e 238

13.1  Small Streams — Llarge Concentrations? Pesticide Monitoring in Small
Agricultural Streams in Germany during Dry Weather and Rainfall — Supporting
IFOIMALION 1ottt ettt ottt ee e en e 238

13.2 Pesticides Are the Dominant Stressors for Vuinerable Insects in Lowland
Streams — SUPPOrting INfOrmMation ... 238

13.3  Risk from Pesticide Mixtures — The Gap between Risk Assessment and Reality
— SUPPOFEING INTOMMATION (.ot 238

13.4  Assessing the Mixture Effects in In Vitro Bioassays of Chemicals Occurring in
Small Agricultural Streams during Rain Events — Supporting Information .................. 238

13,5  Three Reasons Why the Water Framework Directive (WFD) Fails to Identify
Pesticide Risks — Supporting Information ......cc.ocooeeorierciiec e 239



