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macrophages when they are trying to clean them from 
the lung. This can lead to inflammation. Some ENM 
can, due to their smallness, translocate inside the body 
to places which are normally protected by natural 
barriers. In-vivo studies on mice showed that titanium 
dioxide nanoparticles (n-TiO2) can cross the placenta 
barrier and cause complications during pregnancy 
(Yamashita et al. 2011). Concern has been voiced 
that similar effects could happen to humans who are 
increasingly exposed to n-TiO2 in form of sunscreen 
and cosmetic products (Buerki-Thurnherr et al. 2012). 
Observations on aquatic organisms suggest that 
ENM are able to percolate through cell membranes 
and interfere with vital processes (e.g. mitochondrial 
metabolism). Certain metallic nanoparticles were also 
found to cause DNA damage without even crossing 
cell barriers (Bhabra et al. 2009). In contrast, non-
nanoscale variants of the same substance would not be 
able to enter living cells. This indicates that observed 
nano-toxicity effects are the result of complex 
biological interactions. 

While the aforementioned toxic effects result 
from unintended uptake of EMN, there are also 
opportunities to use such mechanisms for the good. 
Pharmaceutical research investigates the possibility 
of using nanomaterials as vehicles for controlled 
drug delivery. ENM are hopeful candidates for novel 
pharmaceutical agents, e.g. for cancer therapy. As 
always when novel pharmaceuticals are developed, it 
is paramount to thoroughly assess possible adverse 
side effects. This must encompass the toxicity of these 
agents after being metabolized and excreted into the 
environment.

ENM released from products may exhibit a different 
toxicity than pristine ENM, which are used for toxicity 
tests (Nowack et al. 2012). In the environment, 
physical and chemical (abiotic) transformations 
and biotic metabolism can change the properties of 
ENM and thus influence their toxicity. Examples of 
abiotic influences on ENM are: technical treatment 
(incineration, heating), dissolution, transportation, 
agglomeration/aggregation (nanoparticles tend to 
clump together), absorption (ENM stick to other 
surfaces), sorption (chemicals stick to ENM surfaces), 
sedimentation etc. (Lowry et al. 2012; Wang et al. 2013). 
Moreover, chemical changes to free ENM and their 
functionalized surface can occur (e.g. by oxidation). 
Such modifications in natural media influence the 

bioavailability of ENM (the amount of uptake in 
organisms at certain exposure levels). Biotic processes 
along natural food chains, such as bio-accumulation 
and bio-magnification, can increase the exposure and 
enhance the bioavailability (Judy et al. 2011; Werlin 
et al. 2010). Humans, being often at the top position 
of natural food chains may thus become exposed to 
higher concentrations of ENM in seafood (Klaine et 
al. 2008).

Eco-toxicity risks

Eco-toxicological research investigates the question 
how organisms in terrestrial and aquatic eco-systems 
are affected by exposure to free ENM. Thus far, the 
scientific knowledge about the impacts of ENM on 
natural organisms remains incomplete. In spite of 
a growing body of research literature, it is too early 
for conclusive answers about the severity of the risk 
related to the eco-toxicity of ENM. Predictive eco-
toxicological models covering various types of ENM 
and indicator organisms are not yet available.

A number of recently published review papers in the 
field of eco-toxicology conclude that ENM carry the 
risk of eco-toxic impacts. Observation made by in-
vitro as well as in-vivo studies support the hypothesis 
that the bioavailability of ENP is very specific to the 
type of nanomaterials as well as to transformations 
they undergo in the environment (Chen et al. 2011). 
Moreover, environmental conditions, including 
exposure to other pollutants, determine how tolerant 
organisms are against ENM. Josko et al (2013), 
reviewing a broad body of research literature, found 
numerous observations of toxic impacts on natural 
organisms, as diverse as protozoa, bacteria, fungi, 
crustaceans, amphibians, plants, and mammals 
including humans. The modes and degree of toxic 
impacts is varied and strongly depends on the concrete 
ENM exposure and target organism under study. In 
addition, the specific environmental conditions (e.g. 
freshwater/seawater, pH-level etc.) play an important 
role as well as the functionalisation of ENM. Matranga 
& Corsi (2012) conclude that bioaccumulation and 
bio-magnification of ENM can occur along trophic 
chains. This may increase the risk of human exposure 
through the consumption of contaminated food such 
as fishery products.
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