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Rapidly expanding growth in the field of nanotech-
nology has led to the development of numerous applica-
tions of nanomaterials in industrial (e.g., paints, electron-
ics) and consumer (e.g., cosmetics, clothing treatments) 
products. These engineered nanoparticle (NP)-contain-
ing products have, however, the potential to release parti-
cles (single or aggregates) or ions by means of wastewater 
discharge into the aquatic environment. SCENIHR (2006) 
emphasized that the behavior of NPs is critically depen-
dent on several particle characteristics, including size, 
surface area and surface reactivity, and that risk assess-
ments for both human health and the environment have 
to be based on these characteristics. However, in prac-
tice, risks of NPs are in most cases assessed on the basis of 
their chemical composition alone and, to date, no widely 
accepted or well-defined risk assessment methods or test 
strategies exist explicitly designed for NPs. 

There is a growing consensus on the necessity of proper 
and accurate characterization of NPs in environmental 
media and biological systems to ensure reliable and repro-
ducible toxicity tests are performed. Without such char-
acterization, nanotoxicity experiments will have limited 
value due to unknown variability in experimental condi-
tions of the NPs (Warheit 2008). Some of the current di-
vergent or conflicting results from nanotoxicological 
tests could also be better explained if there had been ad-
equate characterization in all studies. However, exhaus-
tive characterization of NPs is undoubtedly costly and 
time-consuming, and therefore, a sufficient but practi-
cal approach is needed. Some principal characteristics of 
NPs which have been considered to deserve quantifica-
tion before conducting toxicity tests are size, shape, state 
of dispersion, physical and chemical properties (e.g., elec-
tronic and optical properties, chemical composition and 

reactivity), surface area, and surface chemistry (Powers 
et al. 2006). Whereas a significant number of papers list 
some of these characteristics for the powder or the initial 
dispersion media (usually in distilled water) few, if any, 
studies of aquatic nanotoxicity have provided a full char-
acterization of the size distribution (especially hydrody-
namic size), dispersion state (especially in biological me-
dia) or surface chemistry (like surface charge) of NPs in 
the actual test media. However, many NPs are likely to un-
dergo significant size distribution or surface chemistry 
changes when they are transferred between media during 
experiments, such as from dispersion media (deionized 
water) to test media (e.g., sediment, freshwater, seawater, 
and cell culture media). Such changes may alter bioavail-
ability or toxicity in ways that are not entirely understood. 

We have characterized commercially available Ag NPs 
before conducting toxicity tests (Cong et al. unpublished 
data) and found a clear difference between the manufac-
turer’s information (< 100nm and 2 to 3.5mm, respectively) 
and what we measured (20 to 200nm and 8 nm to 3mm 
in deionized water, respectively) for 2 Ag forms. This dif-
ference in size between that reported by the manufacturer 
and that measured in the laboratory was also observed 
by Scown et al. (2010). The reasons are most likely due to 
batch-to-batch variation during production, changes in 
material properties between synthesis and initial charac-
terization, and particular experimental conditions when 
used (e.g., pH, ionic strength, and temperature). This ob-
served variability highlights the importance of fully char-
acterizing commercially obtained NPs before performing 
toxicity experiments, at the very least in the stock solutions 
used to prepare exposure treatments Given this sensitivity 
to experimental conditions, it is also important to charac-
terize the NPs for each experiment conducted. 
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The preparation of stock NP suspensions for charac-
terization before conducting laboratory experiments usu-
ally uses external mixing forces, like solvent dispersion, 
shaking, centrifugation, ultrafiltration, sonication, as well 
as surface modification and coatings to make NPs dis-
perse evenly. All of these processes and treatments may 
change the properties of the NPs and may, therefore, be 
environmentally unrealistic compared with NPs released 
to the environment. Environmental factors, such as wa-
ter pH, salinity and temperature, dissolved organic ma-
terial, and natural competing cations, are likely to play 
important roles in determining the dispersion, toxic con-
sequences, and compartment in which NPs are retained in 
the environment. Ideally, characterization of NPs should 
be performed under conditions as close as possible to the 
relevant exposure medium. For NPs intentionally or acci-
dentally introduced into the aquatic environment, sedi-
ment is likely to act as a potential sink as it does for many 
chemicals. However, we know little about the state of sed-
iment-associated NPs due to the limitation of techniques 
and methods for characterizing NPs in such complex and 
‘‘dirty’’ media. We can start our exposures with nicely dis-
persed and well characterized NPs in a deionized water 
stock solution, but as soon as we add the solution to sed-
iment we are working literally with a black box. Although 
we might expect NPs to become highly aggregated upon 
contact with sediment and therefore lose their tendency 
to behave differently than their chemically identical coun-
terparts, our preliminary results suggest that this is not 
necessarily the case. Because the reactivity and toxicity of 

NPs are believed to be influenced by such features as their 
size, shape, surface coating, and other properties, we con-
clude that both the physical and chemical properties of 
NPs must be systematically and adequately defined before 
toxicological studies and risk assessment. The publication 
of toxicity test results should require that a characteriza-
tion be performed in stock solutions used for testing. At 
the same time, there is a pressing need for the develop-
ment of better methods for effectively characterizing NPs 
in complex environmental media (e.g., seawater, sedi-
ment) and living tissue. 
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