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• Mechanisms of NOM sorption to NP and their effects on aggregation are largely unknown.
• Masking, catching and dissolution processes determine nanoparticle fate & effect.
• Assessment of environmental impacts on NP fate and effects needs further studies.
• Single particle analytics enlighten nanoparticle speciation in the environment.
• Still an analytical challenge: nanoparticle characterization in complex matrices
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Engineered inorganic nanoparticles (EINP) from consumers' products and industrial applications, especially sil-
ver and titaniumdioxide nanoparticles (NP), are emitted into the aquatic and terrestrial environments in increas-
ing amounts. However, the current knowledge on their environmental fate and biological effects is diverse and
renders reliable predictions complicated. This review critically evaluates existing knowledge on colloidal aging
mechanisms, biological functioning and transport of Ag NP and TiO2 NP in water and soil and it discusses chal-
lenges for concepts, experimental approaches and analytical methods in order to obtain a comprehensive under-
standing of the processes linking NP fate and effects.
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Ag NP undergo dissolution and oxidation with Ag2S as a thermodynamically determined endpoint. Nonetheless,
Ag NP also undergo colloidal transformations in the nanoparticulate state and may act as carriers for other sub-
stances. Ag NP and TiO2 NP can have adverse biological effects on organisms. Whereas Ag NP reveal higher col-
loidal stability and mobility, the efficiency of NOM as a stabilizing agent is greater towards TiO2 NP than
towards Ag NP, andmultivalent cations can dominate the colloidal behavior over NOM. Many of the past analyt-
ical obstacles have been overcome just recently. Single particle ICP-MS basedmethods in combination with field
flow fractionation techniques and hydrodynamic chromatography have the potential to fill the gaps currently
hampering a comprehensive understanding of fate and effects also at a low field relevant concentrations.
These analytical developments will allow for mechanistically orientated research and transfer to a larger set of
EINP. This includes separating processes driven by NP specific properties and bulk chemical properties, categori-
zation of effect-triggering pathways directing the EINP effects towards specific recipients, and identification of
dominant environmental parameters triggering fate and effect of EINP in specific ecosystems (e.g. soil, lake, or
riverine systems).

© 2014 Elsevier B.V. All rights reserved.
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1. Introduction

Engineered inorganic nanoparticles (EINP) are used increasingly in
industrial and agricultural applications, consumer products and a varie-
ty of medical applications (Gottschalk et al., 2009; Liu and Cohen, 2014;
Nowack et al., 2012). They are thus expected to enter the environment
unintendedly and via various pathways, acting in an unknown manner
on biota in soils and waters. A multitude of aging processes determines
their fate andmodifies their biological effects. Aging of EINP is regarded
as an environmental process leading to EINP transformation without
the complete loss of the original nanoparticle phase. It includes interac-
tions with dissolved organic matter (DOM), multivalent cations and
natural colloids as well as homo-aggregation, hetero-aggregation and
chemical transformation. This results in a large heterogeneity of EINP
species differing in size and shape, transport properties and biological
functions.

This reviewwill focus on TiO2 nanoparticles (NP) andAgNPwith the
objective of developing a basis for the understanding of metallic and

oxidic EINP in more general. The use of TiO2 NP and Ag NP is increasing
worldwide and both Ag NP and TiO2 NP are known for their potential
adverse effects to organisms in the environment (Levard et al., 2012;
Sharma, 2009). Applications of TiO2 NP includemedicine, food industry,
personal care products, catalysis, water purification and inactivation of
pathogens in water and numerous building materials such as roof
tiles, paint, and plaster (e.g., Aitken et al., 2006; Hossain et al., 2014;
Sharma, 2009). Ag NP find use as antibacterial agents in consumers'
products like clothes, cosmetics products, food storage containers,
household appliances, and children's toys (Nanotechnologies, 2014).
The release of Ag NP into the environment by washing clothes and
children's products has already been reported (Benn and Westerhoff,
2008; Geranio et al., 2009; Quadros et al., 2013).

Together with colloids from iron oxide, alumina, aluminosilicates,
and cerium dioxide, TiO2 NP and AgNP belong to the best studied nano-
particles with respect to colloidal stability and environmental fate
(Philippe and Schaumann, 2014b). Over the past years, knowledge on
aggregation and biological effects of TiO2 NP has developed significantly
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