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1. How applicable are the existing size 
measurement instruments? Are these 
sufficient?

2. What characteristics (physical and 
chemical) should we focus on to identify 
and quantify nanoparticles?

3. Should the focus be anthropogenic or 
naturally occurring particles?

4. What considerations should be made about 
fate and transport?

5. Should we try to classify these particles into 
some types or groups?

6. Do we need real-time measurement 
techniques?
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What characteristics (physical and 
chemical) should we focus on to 
identify and quantify nanoparticles?

•
 

Examples (3) of airborne nanoparticles
– What’s been observed

•
 

Biological connection
– What’s known

•
 

Gaps and needs
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Combustion Engines Emissions

• Carbon-based particles
• Complex chemical composition
• Capacity to phase partition

• Structural aggregate
• Embedded nanostructure
• Large ultrafine fraction

• Sampling challenges
• Biologically toxic
• Implied nanotoxicity
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Turbine Engine 
Emissions of 
Ultrafine Particles

EEP
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• Dilution probe sampling at EEP 
• Dilution corrected for samples taken at 15-m downstream
• Peak in ultrafine range
• Peak grew as power increased
• Things to pay attention

• Sampling loss
• Instrument calibration

Source: Cheng, et al. (2008) AWMA, 58(6):787

Attributes as a function of engine power
• Size, size distribution
• Number and mass concentrations
• Chemical species
• Soot microstructure
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Figure 3.  Images of the fines fraction from Mach107 (a) and (b), Mach 115 (c), and Mach 117 (d).

(a) (b)
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Be and BeO System
Testing real-time Be monitor at a nuclear complex

• Simpler chemical 
composition

• Highly toxic

• Polydisperse

• Nonspherical

• Significant ultrafine 
fraction

Source: Cheng et al., JASTMI, 2006, 3(1), JAI13172
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•

 

Real-time monitor for workplace 
alarm function of Be particle 
incursion

•

 

Technology: Electrically 
enhanced ns - LIBS 

•

 

Developed for detection of 
beryllium aerosol particles at low 
concentration, ~ ngm-3

•

 

Field performance compared 
with single-particle time-of-flight 
mass spectrometer (MS)

•

 

Provided quantitative data of 
particulate Be mass 
concentration every 3 min

•

 

Small, portable, and can be 
upgraded to remote-control

•Source: Cheng, Smithwick, and Hinton, 
JASTM, 3(1): JAI13172, Jan. 2006 
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Compared with the last two categories, their sizes are all about on the same order.
Beyond that, nanomaterials have nothing in common to the other two.
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Source: Dave Geohegan, ORNL
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20 sec

22 sec

Lee and Cheng (2006), JAWMA, 56:1591; Lee and Cheng (2004a) J Aerosol Sci., 35:1527
Lee and Cheng (2004b) J. Aerosol Sci., 35:1513; Qi, Chen, and Cheng (2007) JAAQR, 7(1): 1

• Continuous monitoring of size 
distribution 
• DMA classification 1 curve per 2 sec
• Yielded data on rapid transition in laser- 
ablation particle synthesis
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Air Flow Through Bifurcating Bronchiole

   22 797 nodes
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Red contours indicate speeds
 higher than 0.95 * Umean

Stream ribbons

Particle Deposition Pattern

• ICRP lung deposition
• Deposition ~ f(Dp)
• Spatial distribution
• CFD

• Application to 
nanoparticles still in its 
infancy

Annals Biomed. Engr., (2009) 37: 271
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Retention of ultrafine, f ine and coarse particles in alveolar macrophages
of r ats determined 24 hrs post-exposure by exhaustive l ung l avage
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Slide courtesy of W. Kreyling
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• Pure carbon produced by 
ORNL/ALSP (no metals)
• PEG Surface-decorated for 
mice exposure by 
pharyngeal aspiration (30 
µg/mouse)
• Carbon agglomerate core 
(~80 nm) with embedded 
nanohorns (10-20nmL x 2-5 
nm dia.)
• 500-5000 singlet horns per 
aggregate core
• Applications: Pharma, 
energy storage, diagnostics, 
…

Lynch, et al. Nanotoxicology (2007), 1: 157

Not all nanoparticles are biologically active!
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Gaps and Needs in Monitoring 
Nanoparticles

•
 

Gaps
– Application specific
– No single method applicable to all cases
– Lack of reference materials

•
 

Needs
– Improved understanding of biological sensitivity to 

individual variables or combination of variables
– Positive detection as engineered nanoparticles
– Improved measurements need to tie with biological 

responses.
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Scientific Publications
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