Contents

Acknowledgements
Abstract
Zusammenfassung
List of Publications
Contents

1 Introduction
1.1 Trace organic compounds deteriorate the quality of urban surface waters
1.2 Hyporheic sediments act as bioreactors in streams . . . . . . . .. ..
1.3 Reactive transport of trace organic compounds in saturated sediments
1.4 The fate of trace organic compounds in saturated sediments . . . . . .
1.5 The contribution of hyporheic sediments to in-stream removal of trace
organiccompounds . . . . ... ..o
1.6 Research objectives and hypotheses . . . . . . . .. ... ... ...
1.7 Outlineofthethesis . . . . . ... ... .. ... ... .......

2 The Fate of Polar Trace Organic Compounds in the Hyporheic Zone
Abstract . . . . . .
2.1 Introduction . . . . . .. ... ..
22 Methods . . . . . ..
2.3 Resultsand Discussion . . . . . . .. .. .. ... ...
24 Conclusion . . . . . . ...

Acknowledgements . . . . . .. ... ... o

3 Fate of Trace Organic Compounds in the Hyporheic Zone: Influence of Re-

tardation, the Benthic Biolayer and Organic Carbon

Abstract . . . . . . . e
3.1 Introduction . . . . . . . . . . ...
32 Methods . . . . . .. ..
3.3 Resultsand Discussion . . . . . . ... ... ... ...

Acknowledgements . . . . . . ... ...

iii

vii

ix

xi

O WD W =



4 Hyporheic Exchange Controls Fate of Trace Organic Compounds in an Ur-

ban Stream 57
Abstract . . . . . . . e 58
4.1 Introduction . . . . . . . . . ... 59
42 Methods . . . . . .. 60
4.3 Resultsand Discussion . . . . . . .. ... Lo 66
Acknowledgements . . . . . . .. ... 75
5 Discussion and Conclusion 77

5.1 Removal efficiency of trace organic compounds in hyporheic sediments 77
5.2 Modeling reactive transport of TrOCs in the hyporheic zone . . . . . 80
5.3 Contribution of hyporheic removal to reach-scale removal of TrOCs . 81

5.4 Hyporheic restoration as a measure to reduce TrOC concentrations in

urbanstreams . . . . ... ... 84
Appendix
A Supporting Information - Chapter 2 85
A.1 Water sampling and analysis . . . . .. ... ............. 85
A.2 Studysite hydrology . . . . . . .. ... ... ... L. 90
A.3 Transport characteristics in the hyporheic zone . . . . . ... .. .. 93
A.4 Surface water chemistry . . . . . ... ... ... ... ... .. 97
A.5 Porewater Biogeochemistry . . . . .. ... ... .. ... ..... 101
A.6 Calculation of first-order attenuation constants . . . . . . .. .. .. 103
A7 Fateof TrOCsintheHZ . . . . . . ... ... ... ... ... ... 106
B Supporting Information - Chapter 3 135
B.1 Calculation of vertical seepage fluxes from temperature time series us-
ing VFLUX 2.0 . . . . . . . 135
B.2 Additional information on analytical procedures . . . ... ... .. 136
B.3 Reactive transport modeling . . . . . . .. .. .. ... .. .. ... 139
B.4 Stable reference compound comparison . . . . . . ... ... .. .. 143

B.5 Concentrations of trace organic compounds, nitrate-N, total dissolved

iron and dissolved manganese in river and hyporheic porewater . . . . 144
B.6 Biogeochemistry, temperature and dissolved organic carbon dynamics

in the hyporheiczone . . . . . .. .. ... ... ... .. ... .. 145
B.7 logD,, and pKa values of the investigated trace organic compounds . 148
B.8 Pearson product moment correlations between logD,,, and calculated

retardation coefficients . . . . . . . . . . . . ... ... ... 149



B.9

Measured and modeled concentration time series of trace organic com-

C Supporting Information - Chapter 4

C.1
C2
C3
C4
C5
C.6

C.7
C38

Glossary

Studysite . . . . . . ..
Porewater velocities and calculation of hyporheic residence times

Biogeochemical characteristics of the hyporheic zone . . . . . . . . .
Additional information on trace organic compound analysis . . . . . .
Modeling of river transport characteristics and transient storage . . . .
Calculation of the relative contribution of hyporheic removal to
in-streamremoval . . . . ... .o Lo
logD,,, and pKa values of the investigated trace organic compounds .

Fate of trace organic compounds in the Sturt River . . . . . . . . ..

Acronyms and Notation

List of Figures

List of Tables

Bibliography

150

165
165
168
169
172
176

180
182

189

191

197

199

199



