
 

This project is supported by the European Commission under the Seventh Framework Programme. Theme 4: NMP – 
Nanosciences, Nanotechnologies, Material and new Production Technologies and Theme 6 – Environment (including 
Climate Change). Gant Agreement no. CP-FP 247739 NanoFATE  

 

 

Soil pH effects on the comparative toxicity of dissolved zinc, non-nano 
and nano ZnO to the earthworm Eisenia fetida  

Laura R. Heggelund1, Maria Diez-Ortiz2, Stephen Lofts2, Elma Lahive2, Kerstin Jurkschat3, Jacek 
Wojnarowicz4, Nina Cedergreen1, David Spurgeon2, & Claus Svendsen2  

1 Department of Basic Science and Environment, University of Copenhagen; 2 NERC Centre for Ecology 
and Hydrology; 3 Oxford University; 4 Polish Academy of Sciences, Institute of High Pressure Physics 
(UNIPRESS).  

Abstract 

To determine how soil properties influence nanoparticle (NP) fate, bioavailability and toxicity, this 
study compared the toxicity of nano zinc oxide (ZnO NPs), non-nano ZnO and ionic ZnCl2 to the 
earthworm Eisenia fetida in a natural soil at three pH levels. NP characterisation indicated that 
reaction with the soil media greatly controls ZnO properties. Three main conclusions were drawn. 
First that Zn toxicity, especially for reproduction, was influenced by pH for all Zn forms. This can be 
linked to the influence of pH on Zn dissolution. Secondly, that ZnO fate, toxicity and bioaccumulation 
were similar (including relationships with pH) for both ZnO forms, indicating the absence of NP-
specific effects. Finally, earthworm Zn concentrations were higher in worms exposed to ZnO 
compared to ZnCl2, despite the greater toxicity of the ionic form. This observation suggests the 
importance of considering the relationship between uptake and toxicity in nanotoxicology studies. 
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