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The Mission…
• ORCAS is a think and do consortium of research universities, 

government, industry, and non-governmental organizations.

• It is focused on critical issues with strong science and technology 
content.  

• Problems are framed broadly, taking into account their scientific, 
technical, economic, social, and policy dimensions to develop 
research and integrated strategies for addressing those challenges.

• We attempt to ensure that our ideas and research are translated into 
action. 



April 2006 Workshop…
Nanotechnology Applications in Environmental Health: Big Plans 
for Little Particles

•Introduction of two research communities
– Nanomaterials/nanosensors
– Environmental health/ecological health

•Exploration of the “art of the doable” on the nano-side

•Discussion of the possible environmental health effects, exposure 
assessment  and ecological health applications

•Better informed communities with likelihood of beneficial 
interactions in the future



The Case for Nanotechnology – Commentary by Michael Strano 
(Asst. Professor,

University of Illinois- Urbana)
•It has been pointed out that generally the detection limit of a sensor scale 
approximates the cube of its characteristic length. So smaller sensor elements 
mean lower detection limits generally. 

•The case varies both with the type of material used in its design and the 
physical and chemical properties of that material.

•Fluorescence-based techniques are some of the most powerful molecular 
detection methods available. Single molecule fluorescence analysis is a now 
routine. For optical fluorescence-based sensors, there are classes of 
nanoparticles that exhibit extremely enhanced photostability in fluorescent 
emission.  This means that for the first time, new types of sensors can be 
devised with extremely long operational lifetimes. This is not possible with 
conventional fluorophores (e.g., single-walled carbon nanotubes are infinitely 
photostable at moderate light fluxes). 

•Some nanosystems emit light at longer wavelengths where few conventional 
materials operate whereas few conventional materials do so. The human body 
is particularly transparent to near-infrared light in a narrow region of the 
electromagnetic spectrum. These systems will form the basis of novel detection 
technologies that can operate in strongly scattering media where fluorescent 
spectroscopy is limited.

•Nanoparticles can also possess features that are commensurate with 
biomolecules and other important macromolecular analytes. Electrodes that are 
narrow enough to fit or conform to biological structures should be capable of 
transducing subtle changes in these structures, 



The Case for Nanotechnology – Sensor shelf-life, 
Real-time detection, Useful life

•Shelf Life – varies as a function of the sensing layer. For example, 
bioreceptors (antibodies, enzymes, lipid layers) are limiting factors 
because of their inherent short life span under non physiological 
conditions. On the other hand, aptamer- and polymer-based sensing 
layers have been used in an effort to extend the lifetime of the device.

•Real-time Detection - is a common feature of nanosensing technology. 
The nanosensors described in the meeting all operated on a time scale 
ranging from seconds to minutes.

•Useful life - The binding mechanisms for the sensor platform can be 
described as reversible—requiring little or no surface treatment to return 
the sensor to its steady state—or irreversible where analyte binds with 
high affinity such that surface treatment is required to remove the bound 
substrate.





Emerging Technologies in Exposure 
Assessment

Electronic nose: “Dog-on-a-chip”
Passive RFID Tag

Microelectromagnetic Sensor
Interferometric Optical Sensor



Frequency Counter

Vapor phase sensor system
Flow cell and oscillator circuit

PC

Gas in

Data bus

Gas out



Principle of Operation



Principle of Operation



Device surface

Protein-A
(cross-linker)

(Not drawn to scale)

Antibody layer

Non-specific
target

Specific target
(antigen)

Antibody Immobilization on Au 
Electrodes

Courtesy Sang Hun Lee



Multi-Analyte Detection - ArraysMulti-Analyte Detection - Arrays

• Arrays of sensors on a 
single chip with 
selective coatings for
application-specific 
programmable sensors

• Arrays give more 
information than 
separate sensors

• Coupled to custom
readout electronics

• Telemetry

• Mass production

• Inexpensive

100 µm

Coating #1

Cantilever 
response

Coating #2

To readout 
electronics

(Array continues 
in both directions)



Implanted Behind Neck in WiStar 
Rats to Measure Ethanol Levels

Implanted Behind Neck in WiStar 
Rats to Measure Ethanol Levels

Rats Injected with
One g/Kg of Eth

Body Temperature
& Eth Monitored
For Several Hours

Data from
Interstitial Fluid
Tracked Blood Lvl



Why TNT?

2,4,6-Trinitrotoluene (TNT)
Low vapor pressure ~ 1.99 x 10-4 Torr

Ability to detect trace levels of TNT is key to:

•Reducing fatalities from land mines (TNT constitutes 80% of all land 
mines -there are over 100 million scattered across the planet)

•Tracking explosives materials (Anti-terrorism)

•Environmental concerns (water and soil contamination)
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Questions?


