
A Systems Approach
to Nanotoxicology
Nanomaterial 
safety assessment 
capabilities

Biocompatible design of nanomaterials 
requires unprecedented levels of 
collaboration between scientists of 
multiple disciplines. Traditional fields 
associated with safety assessment—
toxicology, pathology, biology, 
pharmacokinetics and biochemistry
—must work closely with material 
science, modeling and others to ensure 
nanomaterial toxicity and biocompatibility 
studies produce conclusive, interpretable 
data for risk assessment.

Coordinated, 
Integrative and 
Systems-Level Approach and Capabilities 

Pacific Northwest National Laboratory (PNNL) has one of the nation’s most experienced, 
multidisciplinary nanotoxicology teams, as evidenced by federal funding and participation in 
national workshops. The combination of talented staff and a comprehensive, state-of-the-art 
suite of instrumentation is changing nanomaterial assessment.

Our capabilities include:

	 Design, synthesis and characterization of custom nanomaterials

	 Comprehensive dosimetry assessment: molecular, cellular and systemic dosimetry

	 Elucidating mode-of-action from integrated ‘omics: proteomics integrated with 
transcriptomics, biological pathway analysis and computational statistics to identify 
biosignatures and discover biomarkers

	 Systems biology and bioinformatics: computational biology, proteomics, data visualization, 
molecular and cellular imaging

	 Respiratory tract imaging and simulation

	 Inhalation toxicology and pulmonary pathology

	 Atmospheric chemistry and physics.

FOUNDATIONS FOR NANOMATERIALS EXPERTISE 

The Environmental Molecular Sciences Laboratory (EMSL), a world-class Department of 
Energy scientific user facility at PNNL, provides a broad range of capabilities for molecular 
studies including those associated with synthesis, characterization, theory and modeling, 
dynamic system properties and environmental testing relevant to a wide range of environmental 
and health related issues and topics.

Pacific Northwest National Laboratory’s 
systems approach integrates responses of 
multiple levels of biological processes, and 
enables an understanding of the effects of 
nanomaterials on cell and organism function.



Cutting-Edge Molecular and 
Cellular NanoToxicology 

PNNL’s molecular and cellular toxicologists have nanomaterials experience including metals, 
metal oxides, fullerenes, silicates and carbon nanotubes. Working closely with material scientists, 
high-throughput methods can be used to assess the potency of nanomaterials as stimulants of 
inflammation, oxidative stress and other important endpoints of toxicity. For instance, multiplexed 
assays for inflammatory cytokines are used to assess multiple markers of inflammation. 

Global genomics, proteomics and metabolomic profiling are applied when broader measures 
of response are necessary to define a toxicity profile or mode of action. Many of these assays are 
performed in parallel with real-time visualization of nanoparticle deposition, cellular uptake 
and trafficking. This broad set of capabilities is particularly important when testing multiple 
surface chemistry modifications for biocompatibility.

Leading Dose Extrapolation for 
Hazard and Risk Assessment 

Researchers at PNNL are leading development of experimental and computational tools for 
predicting cellular dose of particles and nanomaterials in rodents and humans that include:

	 An anatomically correct 3D computational fluid dynamic model of rodent and human 
respiratory tracts to predict nanomaterials dose to specific lung regions and extrapolate from 
delivered doses in animals to humans

	 A computational model of cell culture system particle kinetics and dosimetry to select doses 
for in vitro toxicity screening studies normalizing delivered doses across particle types and 
reflecting reasonable human exposure scenarios.

These tools and our associated expertise in particle dosimetry offer unequalled capability 
to extrapolate the results of nanoparticle toxicity studies across dose, study type, species and 
sensitive populations.

Current Nanotoxicology Programs at PNNL 

	 NIEHS Center for Nanotoxicology. In 2010, the National Institute of Environmental Health Sciences (NIEHS) established the multidisciplinary 
Center for Nanotoxicology at PNNL. The Center houses research projects that will lead to quantitative understanding of how engineered 
nanomaterial properties interact with biological systems. The goal is to ultimately understand the role of nanomaterials in tissue disposition, 
physiological responses and risk of initiating or promoting disease. Program Director: Dr. Joel G. Pounds

	 Battelle Institute for Fundamental and Systems Toxicology. PNNL is a partner in the multi-institutional Battelle Institute for Fundamental 
and Systems Toxicology. This program includes collaborative research by PNNL, Battelle, Oak Ridge National Laboratory, Brookhaven National 
Laboratory and Lawrence Livermore National Laboratory focused on applying modern systems toxicology approaches to identify preclinical 
markers of adverse biological responses to emerging pharmaceutical agents, including nanomaterials. The goal is to identify early and predictive 
markers of potential toxicity pathways to advance safe nanotechnology and pharmaceutical development. PNNL Technical Lead: Dr. Brian Thrall.
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About PNNL

Pacific Northwest National Laboratory, 
a U.S. Department of Energy Office 
of Science laboratory, solves complex 
problems in energy, the environment, 
and national security by advancing the 
understanding of science. PNNL employs 
more than 4,600 staff, has a business 
volume exceeding $800 million, and has 
been managed by Ohio-based Battelle 
since the Lab’s inception in 1965.


