
Fate, accumulation and impact of metallic nanomaterials in
the terrestrial environment
Wu, J.

Citation
Wu, J. (2021, December 16). Fate, accumulation and impact of metallic
nanomaterials in the terrestrial environment. Retrieved from
https://hdl.handle.net/1887/3247158
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3247158
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3247158


 
 

 

Fate, accumulation and impact of 
metallic nanomaterials in the 
terrestrial environment 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Juan Wu 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

© Juan Wu 2021 

Fate, accumulation and impact of metallic nanomaterials in the terrestrial 
environment 

PhD Thesis at Leiden University, The Netherlands 

The research described in this thesis was conducted at the Institute of 
Environmental Sciences (CML), Leiden University, the Netherlands. 

All rights reserved. No parts of this publication may be reproduced in any 
form without the written consent of the copyright owner. 

 

ISBN: 978-90-5191-998-1 

 

Cover design: Juan Wu 

Photograph: Juan Wu 

Printing: GVO printers & designers B.V., Ede, The Netherlands 

 
 

 

Fate, accumulation and impact of metallic 

nanomaterials in the terrestrial environment 

 

 

Proefschrift 

 

 

ter verkrijging van 

de graad van doctor aan de Universiteit Leiden, 

op gezag van rector magnificus prof.dr.ir. H. Bijl, 

volgens besluit van het college voor promoties 

te verdedigen op donderdag 16 december 2021 

klokke 10.00 uur 

 

 

door 

 

 

Juan Wu 

 

Geboren te Yingtan city, Jiangxi province, China  

In 1991 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

© Juan Wu 2021 

Fate, accumulation and impact of metallic nanomaterials in the terrestrial 
environment 

PhD Thesis at Leiden University, The Netherlands 

The research described in this thesis was conducted at the Institute of 
Environmental Sciences (CML), Leiden University, the Netherlands. 

All rights reserved. No parts of this publication may be reproduced in any 
form without the written consent of the copyright owner. 

 

ISBN: 978-90-5191-998-1 

 

Cover design: Juan Wu 

Photograph: Juan Wu 

Printing: GVO printers & designers B.V., Ede, The Netherlands 

 
 

 

Fate, accumulation and impact of metallic 

nanomaterials in the terrestrial environment 

 

 

Proefschrift 

 

 

ter verkrijging van 

de graad van doctor aan de Universiteit Leiden, 

op gezag van rector magnificus prof.dr.ir. H. Bijl, 

volgens besluit van het college voor promoties 

te verdedigen op donderdag 16 december 2021 

klokke 10.00 uur 

 

 

door 

 

 

Juan Wu 

 

Geboren te Yingtan city, Jiangxi province, China  

In 1991 

  



 
 

 

Promotoren: Prof.dr.ir. W.J.G.M. Peijnenburg  

                           Prof.dr.ing. M.G. Vijver 

Copromotor: Dr.ir. T. Bosker  

 

 

Promotiecommissie:  

Prof.dr. A. Tukker (Universiteit Leiden) - Voorzitter  

Prof.dr. N.J. de Voogd (Universiteit Leiden) – Secretaris 

 

Overige commissieleden:                            

Prof. dr. ir. C.A.M. van Gestel (Vrije Universiteit Amsterdam) 

Dr. Y. Zhai (Technical Universiteit Delft) 

Prof.dr. S.A. Bonnet (Universiteit Leiden) 

Dr. K.B. Trimbos (Universiteit Leiden)   

 
 

 

Contents 

Chapter 1. General Introduction                                                              - 1 - 

Chapter 2. Foliar versus root exposure of AgNPs to lettuce: Phytotoxicity, 

antioxidant responses and internal translocation                                  - 27 - 

Chapter 3. Quantifying the relative contribution of particulate versus 

dissolved silver to toxicity and uptake kinetics of silver nanowires in lettuce: 

impact of size and coating                                                                         - 61 -  

Chapter 4. The dissolution dynamics and accumulation of AgNPs in a 

microcosm consisting of soil -lettuce - rhizosphere bacterial community  - 89-  

Chapter 5. Trophic transfer and toxicity of (mixtures of) Ag and TiO2 

nanoparticles in the lettuce - terrestrial snails food chain                   - 117 - 

Chapter 6.  General Discussion                                                          - 143 - 

References                                                                                                 - 157 - 

Summary                                                                                                 - 179 - 

Samenvatting                                                                                                         - 184 - 

结论                                                                                                                               - 190 - 

Acknowledgements                                                                                                 - 195 - 

Curriculum Vitae                                                                                    - 196 - 

Publication List                                                                                                  - 198 - 

 

 



 
 

 

Promotoren: Prof.dr.ir. W.J.G.M. Peijnenburg  

                           Prof.dr.ing. M.G. Vijver 

Copromotor: Dr.ir. T. Bosker  

 

 

Promotiecommissie:  

Prof.dr. A. Tukker (Universiteit Leiden) - Voorzitter  

Prof.dr. N.J. de Voogd (Universiteit Leiden) – Secretaris 

 

Overige commissieleden:                            

Prof. dr. ir. C.A.M. van Gestel (Vrije Universiteit Amsterdam) 

Dr. Y. Zhai (Technical Universiteit Delft) 

Prof.dr. S.A. Bonnet (Universiteit Leiden) 

Dr. K.B. Trimbos (Universiteit Leiden)   

 
 

 

Contents 

Chapter 1. General Introduction                                                              - 1 - 

Chapter 2. Foliar versus root exposure of AgNPs to lettuce: Phytotoxicity, 

antioxidant responses and internal translocation                                  - 27 - 

Chapter 3. Quantifying the relative contribution of particulate versus 

dissolved silver to toxicity and uptake kinetics of silver nanowires in lettuce: 

impact of size and coating                                                                         - 61 -  

Chapter 4. The dissolution dynamics and accumulation of AgNPs in a 

microcosm consisting of soil -lettuce - rhizosphere bacterial community  - 89-  

Chapter 5. Trophic transfer and toxicity of (mixtures of) Ag and TiO2 

nanoparticles in the lettuce - terrestrial snails food chain                   - 117 - 

Chapter 6.  General Discussion                                                          - 143 - 

References                                                                                                 - 157 - 

Summary                                                                                                 - 179 - 

Samenvatting                                                                                                         - 184 - 

结论                                                                                                                               - 190 - 

Acknowledgements                                                                                                 - 195 - 

Curriculum Vitae                                                                                    - 196 - 

Publication List                                                                                                  - 198 - 

 

 




