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Engineered nanomaterials (NM) are manufactured materi-
als having at least one dimension in the nanoscale (ca 1−

100 nm). Their small size results in a high percentage of surface
atoms that give rise to properties and reactivity not observed
from materials of identical composition but larger dimensions.
As with the introduction of most new technologies, there is
uncertainty with respect to the environmental impacts of
engineered NMs. This uncertainty has prompted an increase in
environmental health and safety (EHS) research aimed at
assessing the potential for engineered NMs to harm the
environment or human health. An overall goal of these research
activities is to correlate the properties of NMs to their behavior
in the environment and their effects on living organisms.
Achieving this goal will require expertise form a wide range of
disciplines and the advent of new tools for examining NMs in
biological and environmental matrices.
The amalgamation of disciplines that make up the “nano-

technology” field makes it highly interdisciplinary. This diverse
cohort of researchers create a growing new field of expertise,
environmental nanotechnology. This discipline leverages expertise
from a broad range of traditional disciplines (e.g., engineering,
physics, chemistry, toxicology, biology, ecology) to look for
ways to exploit the novel properties of nanomaterials for
beneficial use while minimizing or preventing risk to human
and environmental heath. The tools and knowledge generated
from 10 years of environmental nanotechnology research has
coalesced into a new platform for understanding the role of
nanophases in other fields of study, such as geology, medicine,
and biology.
Underlying the effort to understand how NMs behave in

natural systems and how they may impact environmental and
human health are several critical questions For example: How
do the properties of NMs and their nanoscale features affect
their behavior? How dynamic are NM properties in natural
systems and how does the surrounding matrix affect the types
and rates of transformations expected? What transformations
are likely to occur and what stable products are expected in
natural systems? How do the transformations affect the
properties, behaviors, and potential for exposure to and adverse
effects of NM? The answers to these questions will improve
understanding of how physical, chemical, and biological
transformation of NMs arise through interaction in natural
systems, a critical need for predicting risk and designing
materials that avoid it.
The 20 papers included in this special issue begin to answer

these questions and highlight the range of important environ-
mental transformations that manufactured and natural NMs
may undergo. Papers address how physical (aggregation) and
chemical transformations impact transport and toxicity. They
also elucidate the complex role that biological molecules and
organic matter play in the transport and reactivity of
nanomaterials (e.g., dissolution).
Aggregation can dramatically affect the transport character-

istics and reactivity of engineered and natural NMs. Findings

presented in this special issue demonstrate that aggregation
influences NM mobility in natural waters and in model
environmental porous media. For example, the extent of
aggregation and the impact of aggregation on other processes
(e.g., dissolution) depends on the composition of the media as
well as the macromolelcular coating on the NMs. Other authors
present new theory that may be used to predict the aggregation
of nanomaterials under various solution compositions and in
the presence of organic matter. In all cases, organic macro-
molecules present on the nanomaterial surfaces or on the
porous media (as biofilms) alter the attachment behavior and
structure of the aggregates formed as well as the subsequent
transport characteristics of the NM. Other authors demonstrate
how aggregation decreases the reactivity of photoactive
nanomaterials like ZnO and TiO2. The effect of aggregation
on reactivity occurs at multiple scales; the macroscale through
shadowing of light, at the nanoscale through electron−hole pair
interactions, and at the atomic scale through bonding structure
modification.
Work presented in this special issue confirms that nanoma-

terials are highly reactive and dynamic in natural systems and
reveal the importance of understanding how the altered
properties of transformed NMs impact their fate, transport,
and toxicity. The papers demonstrate a range of chemical
transformations that nanomaterials experience, including
chemisorption of toxic metal oxo-anions, complexation by
organic molecules, and their subsequent dissolution and change
in size and shape. In addition, aging (weathering) of
nanoparticles affects dissolution and reactivity. The exchange
of Fe(II) ions in solution with those deep in the crystalline
structure of magnetite nanoparticles reveals the high reactivity
of this metal oxide NM with elements in the surrounding fluid
matrix. Other work describes the redox transformations of
nanomaterials and the subsequent impact on the properties and
behavior. Authors describe the oxidation of Cu and Cu-oxides,
and the oxidation and subsequent sulfidation of Ag nano-
particles by inorganic sulfides and organic sulfhydryl com-
pounds in soils and freshwater sediments. One study correlates
the properties of Ag nanoparticles (e.g., sizes and state of
aggregation) with their propensity to sulfidize, and the
subsequent impact on toxicity to E. coli. The issue also includes
a review article that summarizes the range of environmental
transformations of Ag nanoparticles and the impact of
transformation on their toxicity to aquatic organisms.
The series of papers presented in this special issue highlight

several transformations of natural and engineered nanomateri-
als that are critical processes affecting their behavior in the
environment. It begins to make connections between the
nanoscale properties and features of various NP types and their
macromolecular coatings, and their behavior and effects in
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natural systems. The papers also illustrate that additional
research and the development of novel tools for characterizing
NMs in situ and at relevant concentrations is needed to more
completely describe transformation processes and determine
the extent to which these processes occur in real systems. The
advent of such tools will present opportunity to fully
understand the impacts of engineered nanomaterials in Earth’s
critical zone and guide the design of materials that are benign in
natural systems while retaining properties necessary for robust
manufacturing and industry.
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