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Introduction 

Among the multiple pathways of MNMs into the ecosystems, aquatic organisms constitute one of the most 
important for their entrance and transfer throughout the food web. Surface waters receive pollutants from 
atmospheric deposition, leaching from soil and through direct inputs, such as run-off and wastewater dis-
charges from domestic and industrial sources. Accumulation potential and toxicity of manufactured nano-
materials (MNMs) at low concentrations in the aquatic environment however are largely unknown. To fill this 
gap in knowledge a large scale toxicity test programme has been executed with a selection of the 
NANoREG core materials.  

Description of Work 

A standard procedure for dispersing MNM in water has been developed and validated. Existing OECD and 
ISO standard methods for ecotoxicity assessment have been evaluated for MNM testing and where neces-
sary, modified. Following up on this, a great number of ecotoxicity tests have been performed with 
NANoREG core MNMs such as carbon nanotubes (CNTs) and Ag, ZnO, SiO2, TiO2 and CeO2 nanoparticles. 
These tests included species representing different trophic levels (Pseudokirchneriella subcapitata, Daphnia 
magna, Caenorhabditis elegans, Chironomus riparius, Danio rerio and Salmo trutta). 

To get insight in the biokinetics, particle accumulation in Daphnia magna has been analysed. Furthermore, 
the uptake, accumulation and hepatic gene expression in Brown trout (Salmo trutta) were analysed through 
water and diet. 

Main Results and evaluation 

Dispersion protocol 

On the basis of the developed Protocol for producing reproducible dispersions of manufactured nanomateri-
als in environmental exposure media, reproducible dispersions for most of the 14 core nanomaterials could 
be achieved at both the intra- and inter-laboratory levels. However, results for certain nanomaterials such as 
the high aspect ratio nanomaterial (HARN) carbon nanotubes (JRCNM04000a, JRCNM04001a, 
JRCNM04100a) were limited owing to the use of dynamic light scattering (DLS) as the selected method for 
dispersion characterisation, and alternative techniques such as transmission electron microscopy (TEM) are 
needed for their improved characterization. Additionally, the 'Technical guidance document on procedures 
for the quantification of manufactured nanomaterials exposure and fate in dispersions for aquatic ecotoxico-
logical studies' has been developed (included in NANoREG D2.8).  

Toxicity protocols 

Existing OECD and ISO guidelines were modified to be applicable for nanomaterials resulting in SOPs for 
toxicity test with the crustacean Daphnia magna, the microalgae Pseudokirchneriella subcapitata, the nema-
tode Caenorhabditis elegans, and the fish Danio rerio. These SOPs have been tested with NANoREG core 
MNMs. 
 

On the basis of the ecotoxicity data generated the toxicity of the analysed MNMs can be classified as follows 
(decreasing toxicity):  
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Ecotoxicity assay  Toxicity (decreasing) 

Daphnia magna Ag > ZnO > SiO2 > CeO2 > MWCNTs >TiO2 

P. subcapitata Ag > ZnO > CeO2 ≈ TiO2 

C. elegans Ag > ZnO > SiO2 > TiO2  > CeO2  > MWCNTs > Ag nanorods 

Danio rerio Adverse effects only for Ag NPs (JRCNM03000a) 

Chironomus riparius Adverse effects only for Ag NPs (JRCNM03000a); ZnO produced 
also an effect to some extent, but it was considerably alleviated 
in the presence of SR-NOM. 

 

Ag NPs have shown a high ecotoxic potency, and lower adverse effects have generally been observed in 
the test systems for MWCNTs and titanium, cerium, silicon and zinc oxide MNMs. In most cases, the differ-
ent partners have reported comparable findings for the same MNM types with the same species.  

Regarding biokinetic, the tests 
conducted  showed  differ-
ences in uptake and accumu-
lation in organs of brown trout 
exposed to silver ions and to 
nanoparticles both within and 
between exposure routs. The 
uptake of CeO2 NPs by D. 
magna was relevant at the 
highest concentrations tested. 
In the case of Ag nanoparti-
cles, conclusions could not be 
drawn on their uptake by 
daphnids.  

Finally, a regulatory approach 
to the results and conclusions 
has been provided in the form 
of decision trees and degrees 
of toxicity, in order to make 
them clear and understanda-
ble for policymakers. The dia-
grams developed have tried to 
minimize the tests on verte-
brates and propose starting 
with the simplest organisms 
(microalgae). When high ef-
fects are observed with them, 
it is considered that the MNM 
has a high hazard for the en-
vironment and it is not neces-
sary to perform further tests. 
For  instance,  Ag  NPs 
(JRCNM03000a) have been 
classified in the hazard cate-
gory E: extremely toxic (EC50 
< 0.1 mg/L) and the only 
trophic level required for their 
ecotoxicological assessment 
is P. subcapitata. 

 

 

For more details about NANoREG please visit the official website www.nanoreg.eu.  
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