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Manufacturing activities Manufacturing activities [1,2,3][1,2,3]
MarketMarket
–– By 2005 and 2015, the global market for nanoparticles will be By 2005 and 2015, the global market for nanoparticles will be 

close to $ 1 billion and $1 trillion dollars respectively.close to $ 1 billion and $1 trillion dollars respectively.

Engaged CompaniesEngaged Companies
–– More than 140 companiesMore than 140 companies

54 companies are making nanotube carbons; 54 companies are making nanotube carbons; 
at least 20 companies are producing hundreds of tons of fullerenat least 20 companies are producing hundreds of tons of fullerenes es 
annually) annually) 

Synthesized NanomaterialsSynthesized Nanomaterials
–– At least 44 elements in the Periodic Table are being synthesizedAt least 44 elements in the Periodic Table are being synthesized

in in NanoscaledNanoscaled organic and inorganic compoundsorganic and inorganic compounds
Nanotubes (carbon nanotubes and metal oxide nanotubes),Nanotubes (carbon nanotubes and metal oxide nanotubes),
nanoclaysnanoclays (clay particles), (clay particles), 

quantum dotsquantum dots



ApplicationsApplications

ToothpasteToothpaste
Sunscreens (TiOSunscreens (TiO22, , ZnOZnO nanoparticles)nanoparticles)
Nanofiber clothes;Nanofiber clothes;
In situ remediation and treatments;In situ remediation and treatments;
CatalystsCatalysts
SensorsSensors
Drug delivery (using proteins to drugs to Drug delivery (using proteins to drugs to 
targeted area of the body)targeted area of the body)



ToxicityToxicity
Potential passageways to human body [1,4, 5] Potential passageways to human body [1,4, 5] 
–– Lung Lung 

In vivo studies demonstrate that TiOIn vivo studies demonstrate that TiO22 nanoparticles can nanoparticles can 
produce inflammation in lungs of lab animals;produce inflammation in lungs of lab animals;
In vitro studies show that TiOIn vitro studies show that TiO22 nanoparticles could produce nanoparticles could produce 
free radicals that can cause cellular damage.free radicals that can cause cellular damage.

–– Digestive track Digestive track 
Nanoparticles are able to be Nanoparticles are able to be uptakenuptaken by cells and to gain by cells and to gain 
access to the blood stream, distributing to the organs in the access to the blood stream, distributing to the organs in the 
body.body.
The most recent results show that nanoscale The most recent results show that nanoscale buckyballsbuckyballs
cause brain tissue damage in largemouth bass and they are cause brain tissue damage in largemouth bass and they are 
also toxic to the “water flea”also toxic to the “water flea”

–– SkinSkin
Nanoparticles can get deep into skin and be taken up into Nanoparticles can get deep into skin and be taken up into 
the lymphatic system.the lymphatic system.



Figure 1. Developed by Ken Raniere [6]



Proposed TasksProposed Tasks

1.1. Characterize the fundamental properties of Characterize the fundamental properties of 
nanonanomaterials in aquatic environments; materials in aquatic environments; 

2.2. Examine the interactions between Examine the interactions between 
nanomaterials and toxic pollutants and nanomaterials and toxic pollutants and 
viruses; viruses; 

3.3. Evaluate the removal efficiency of Evaluate the removal efficiency of 
nanomaterials by sand filtration process; nanomaterials by sand filtration process; 

4.4. Test the toxicity of nanomaterials in Test the toxicity of nanomaterials in 
drinking water using cell culture model drinking water using cell culture model 
system of the epithelium. system of the epithelium. 



TiOTiO22 Nanotubes Synthesized in our GroupNanotubes Synthesized in our Group



Table 1. Characteristics of the Selected Nanomaterials (*representative size of entire 
nanomaterial given for nanotube and nanosheet) 

Material Shape Source of 
material 

Average 
size 

(nm)a 

Specific 
area 

(m2/g) 

Particle 
charge near 
neutral pH 

Application 

TiO2 Particle Degussa 50 50 Negative Sunscreen, catalyst 
 

TiO2 Particle BASF 500 NA Negative UV-protected fabrics 
ZnO Particle Nanophase/ 

BASF 
65 NA NA Sunscreen and cosmetic 

 
Silica  

(SM-30) 
Particle Sigma 7 338 Negative Catalyst support, 

separation materials and 
filtration media 

Polymer 
fibers 

Nanofiber Nano-
Tex,LLC 

NA NA NA wrinkle-resistant 

Activated 
Carbon 

Nanotube Carbolex / 
Aldrich 

30 189 Negative 
(hydrophobic) 

Nanowire, nanosensor, 
and drug delivery 

TiO2 Nanotube 40 300 Negative/ 
positive 

Catalyst, gas sensor, drug 
delivery 

TiO2 Nanosheet 60 NA Negative/ 
positive 

Photocatalyst, self-clean 
material 

ZnO Nanosheet 

 
Synthesized 

by 
Investigators 

80 NA Negative/ 
positive 

Catalyst 
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Figure 4. Filtration application schematic



Potential Sites of Nanoparticle AbsorptionPotential Sites of Nanoparticle Absorption



Cellular Models: Toxicity AssaysCellular Models: Toxicity Assays

1) Trans1) Trans--epithelial Resistance Assays.epithelial Resistance Assays.

2) Structural and Metabolic Assays 2) Structural and Metabolic Assays 
((including live/dead analysis, calcium levels analysis, including live/dead analysis, calcium levels analysis, 
junctionaljunctional complex analysis, and oxidative stress complex analysis, and oxidative stress 

analysis)analysis)..

3) Trans3) Trans--epithelial transport of epithelial transport of 
nanomaterials to assess biological nanomaterials to assess biological 
function of the epithelium.function of the epithelium.



Expected ResultsExpected Results

Provide fundamental information about the fateProvide fundamental information about the fate, , 
transport and transformation of nanomaterials in the transport and transformation of nanomaterials in the 
drinking water resources drinking water resources 
Provide the first evidence that such nanomaterials can Provide the first evidence that such nanomaterials can 
or cannot be removed by conventional drinking water or cannot be removed by conventional drinking water 
treatment processes. treatment processes. 
An improved toxicity assessment will be developed for An improved toxicity assessment will be developed for 
the potential exposure risks of nanomaterials in the potential exposure risks of nanomaterials in 
drinking water.  drinking water.  
This research would ultimately provide essential This research would ultimately provide essential 
information that would support policy and decisioninformation that would support policy and decision--
making regarding handling, disposal, and making regarding handling, disposal, and 
management of nanomaterials in commerce, management of nanomaterials in commerce, 
manufacturing and the environment. manufacturing and the environment. 
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