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108.14 A case study on risk evaluation of printed electronics using nanosilver ink 
E. Kim, J.-H. Lee, J.-K. Kim, G.-H. Lee, K. Ahn, J.-D. Park, and I.-J. Yu 

With the ever-increasing development of nanotechnology, our society is being surrounded by possible 
risks related to exposure to manufactured nanomaterials. The consumer market already includes many 
products that contain silver nanoparticles (AgNPs), including various household products, such as yoga 
mats, cutting boards, running shirts, and socks. Plus, there is a growing concern over the release of AgNPs 
in workplaces related to the manufacture and application of nanomaterials. Therefore, this study 
investigated the release of AgNPs during the operation of a printed electronics printer. Using an exposure 
simulation chamber, a nanoparticle collector, SMPS (scanning mobility particle sizer), CPC (condensation 
particle counter), dust monitor, and MCE (mixed cellulose esters) filters are all connected to measure the 
AgNP exposure levels when operating a printed electronics printer. As a result, a very small amount of 
AgNPs was released during the operation of the printed electronics printer, plus the number of AgNPs 
inside the exposure simulation chamber was lower than that outside. Plus, when evaluating the potential 
risks for consumers and workers using a margin of exposure (MOE) approach and target MOE of 1000, the 
operational results far exceeded the target MOE in this simulation study and in a previous workplace 
exposure study. Therefore, the overall results indicate a no-risk concern level in the case of printed 
electronics using nanosilver ink. 

108.15 Evaluation of darkfield microscopy and hyperspectral imaging for analysis of airborne carbon 
nanotubes captured from occupational settings 
N. M. Neu-Baker, A. Eastlake, S. A. Brenner, and C. L. Geraci 

Current best-known methods for engineered nanomaterial (ENM) exposure assessment in occupational 
environments include the capture of airborne ENMs onto filter media. The standard method for the 
detection of ENMs captured onto filter media is direct visualization via transmission electron microscopy 
(TEM) for particle sizing, count, and morphology, coupled with compositional analysis, typically by energy-
dispersive spectroscopy (EDS). This method is low-throughput, expensive, and time- and resource-
intensive. Enhanced darkfield microscopy (EDFM) with hyperspectral imaging (HSI) analysis is being 
evaluated as a high-throughput screening technique to rapidly identify filter media samples that contain 
ENMs of interest that may then move on for further, more intensive TEM/EDS analysis. Building upon a 
preliminary study lead by NIOSH, we are further exploring the use of EDFM/HSI for the rapid visualization 
and identification of carbon nanotubes (CNTs) captured on mixed cellulose ester (MCE) filter media. We 
will compare the protocol we develop for EDFM/HSI of CNTs on MCE filter media to conventional TEM 
methods for accuracy, reliability, and precision of this new screening method. Future directions include 
expanding the EDFM/HSI protocol to other ENMs and to polycarbonate (PC) filter media samples. 

108.16 Information resources for exposure assessment of engineered nanomaterials 
M. D. Hoover 

Nanoinformatics is the science and practice of determining which information is relevant to meeting the 
objectives of the nanoscale science and engineering community; and then developing and implementing 
effective mechanisms for collecting, validating, storing, sharing, analyzing, modeling, and applying that 
information; and then confirming that appropriate decisions were made and that desired mission 
outcomes were achieved as a result of that information; and finally conveying experience to the broader 
community, contributing to generalized knowledge, and updating standards and training. In our roles as 
information customers, creators, curators, and analysts, this definition should guide our collaborations to 
effectively assess and manage exposures to engineered nanomaterials. Key questions include: Is a hazard 
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Dr. Lioy was an editor for seven journals that deal with environmental science, human exposure, and air 
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also contributed book chapters and editorials, and published five books, including Dust: The Inside Story 
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Preface 

This report on Quantifying Exposure to Engineered Nanomaterials (QEEN) from Manufactured Products – 
Addressing Environmental, Health, and Safety Implications is the result of a technical workshop sponsored 
by the Consumer Product Safety Commission (CPSC) and co-hosted by the National Nanotechnology 
Initiative (NNI) on July 7 and 8, 2015, in Arlington, VA. The main goals for the workshop were to (1) assess 
progress in developing tools and methods for quantifying exposure to engineered nanomaterials (ENMs) 
across the product life cycle, and (2) to identify new research needed to advance nanotechnology 
environmental, health, and safety exposure assessment for nanotechnology-enabled products. The 
workshop included an overview of the field by exposure science experts as well as technical sessions 
highlighting current research on quantifying exposure at different stages of the product life cycle and in 
different product media and environments. It also included a poster session and several roundtable 
discussions organized to help participants better understand the challenges and accomplishments thus 
far in exposure science. 

This report summarizes the presentations and discussions of over 200 participants from the exposure 
science community regarding progress during the last decade in quantifying ENM exposures. Current gaps 
in characterization tools and techniques are identified and discussed, along with exposure assessment 
methodologies, and simulation and modeling tools. Finally, the report suggests a path forward that will 
help bridge exposure science with toxicology and ultimately benefit data-based risk assessment and risk-
based decision making for nanotechnology-enabled products. 

On behalf of the Nanoscale Science, Engineering, and Technology (NSET) Subcommittee of the National 
Science and Technology Council, we thank Treye Thomas, Chuck Geraci, Elijah Petersen, and Elaine Cohen 
Hubal for taking the lead in organizing this workshop. Thanks are also due to the Nanotechnology 
Environmental and Health Implications (NEHI) Working Group of the NSET Subcommittee for leading the 
planning effort on behalf of NSET, and to the other members of the workshop planning team (listed on 
the previous page). We also thank all the speakers, session co-chairs, poster judges, and participants for 
their contributions to the workshop. We trust that you will find this report to be a valuable resource for 
the NNI, the nanotechnology environment, health, and safety (EHS) research community, and other 
stakeholders as we work together to promote the responsible development of nanotechnology. 

Lori Henderson 
Co-Chair 
NSET Subcommittee 

Lloyd Whitman 
Co-Chair 
NSET Subcommittee 

Michael Meador 
Director 
NNCO 
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