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Health Risk Assessment of NanomaterialsHealth Risk Assessment of Nanomaterials

1. Nanotechnology and Air Pollution Control1. Nanotechnology and Air Pollution Control
2. Uncertainties in Nanotechnology Risk Assessment2. Uncertainties in Nanotechnology Risk Assessment
3. Toxicity of Nanomaterials (3. Toxicity of Nanomaterials (NanotoxicologyNanotoxicology):):

--CNTsCNTs, fullerenes, , fullerenes, dendrimersdendrimers, , nanonano--metals metals 
--focus on health effects focus on health effects 
--insights into factors regulating particle toxicity:insights into factors regulating particle toxicity:

“more than just size” and “unique toxicities”“more than just size” and “unique toxicities”
4. Summary4. Summary



Paving and painting out pollutionPaving and painting out pollution Self cleaning glass/surfacesSelf cleaning glass/surfaces

Air Pollution Control: PhotoAir Pollution Control: Photo--Catalytic NanoCatalytic Nano--TiOTiO2 2 , , ZnOZnO

EcopaintEcopaint
--2002, nanoTiO22002, nanoTiO2\\cement, Milan, cement, Milan, 

Italy, 60% decrease in near Italy, 60% decrease in near 
road side road side NOxNOx levelslevels

AirAir
Environmental  Interactions, Transformations, and Fate? Environmental  Interactions, Transformations, and Fate? 

Potential Health EffectsPotential Health Effects??

--Second Generation:  Doped with V,  Second Generation:  Doped with V,  
Pd, or Pd, or NdNd allows photoallows photo--catalytic catalytic 
activity with sun lightactivity with sun light

--EU EU PhotocatalyticPhotocatalytic Innovative Coverings Applications Innovative Coverings Applications 
for for DepollutionDepollution Assessment (PICADA) Assessment (PICADA) NOxNOx reductionreduction
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Air Pollution Control: Air Pollution Control: NanoNano--metalsmetals
(Al(Al22OO33; Transition Metals; CeO; Transition Metals; CeO22: 5 : 5 –– 10nm)10nm)

--On and Off Road DieselOn and Off Road Diesel\\Gas Additive: Gas Additive: 
-- Oxonica: Envirox® (nanoOxonica: Envirox® (nano--Cerium Oxide; 10nm); Cerium Oxide; 10nm); 
-- Nanotech Fuel Corporation: Fuel Reformulator Nanotech Fuel Corporation: Fuel Reformulator 

--Dept. of Defense  Dept. of Defense  

Fuel Additives: Better Fuel Economy and Reduced EmissionsFuel Additives: Better Fuel Economy and Reduced Emissions

AirAir
Environmental Environmental Interactions,TransformationsInteractions,Transformations, Fate?, Fate?

Potential Health EffectsPotential Health Effects??
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Diesel Exhaust:Diesel Exhaust:
>50% in each: benzene; 1,3>50% in each: benzene; 1,3--butadiene; acetaldehyde (Air Toxics)butadiene; acetaldehyde (Air Toxics)
80% PAHs (Air Toxic)80% PAHs (Air Toxic)
88--20% 20% NOxNOx (NAAQ)(NAAQ)
5050--100% CO (100% CO (NAAQNAAQ))



20042004
European European 
CommissionCommission

April 2004April 2004
NNI ReportNNI Report

Grand Challenge: Grand Challenge: 
“Nanotechnology in “Nanotechnology in 
the Environment”the Environment”

July 2004July 2004
UK Royal UK Royal 
Society Society 
ReportReport

Reports: Uncertainties in Nanotechnology Risk Assessment Reports: Uncertainties in Nanotechnology Risk Assessment 

Spring, 2004Spring, 2004
Swiss ReportSwiss Report
Reinsurance Reinsurance 

CompanyCompany

August 2004August 2004
German German 

NanoSafeNanoSafe
ReportReport

Nov. 2004Nov. 2004
UK HSE UK HSE 
ReportReport
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Publications: Uncertainties in Nanotechnology Risk Assessment Publications: Uncertainties in Nanotechnology Risk Assessment 

Dreher,Dreher,
Toxicol.SciToxicol.Sci., ., 

20042004
Hood,Hood,

Environ. Environ. HlthHlth..
PerspectPerspect., ., 

20042004
OberdorsterOberdorster

et al.,et al.,
Environ. Environ. HlthHlth..

PerspectPerspect., ., 
20052005 ReijeidersReijeiders,,

J. Cleaner J. Cleaner 
Production, Production, 

20052005

BiswasBiswas & Wu,& Wu,
J. AWMA, J. AWMA, 

20052005

Thomas & Thomas & 
Sayre,Sayre,

ToxicolToxicol. . SciSci., ., 
20052005

Tsuji et al.,Tsuji et al.,
ToxicolToxicol SciSci., ., 

20052005



--NomenclatureNomenclature
--Exposure/DetectionExposure/Detection
--Fate, Transport, TransformationFate, Transport, Transformation
--Waste Generated Waste Generated 
--Production VolumeProduction Volume

--Worker ProtectionWorker Protection
--Spill Clean Up and MonitoringSpill Clean Up and Monitoring
--Chemical Hygiene PlansChemical Hygiene Plans

--worker protectionworker protection
--handling wastehandling waste
--monitoringmonitoring
--spill control and clean upspill control and clean up

Risk Assessment of NanotechnologyRisk Assessment of Nanotechnology
UncertaintiesUncertainties

--Health, Ecological, Health, Ecological, 
Environmental EffectsEnvironmental Effects

--Hazard Identification (Hazard Identification (toxtox. metric). metric)



Particle Toxicology Database: Particle Toxicology Database: PubMedPubMed 20042004--19821982
What do we know about nanoparticle toxicology?What do we know about nanoparticle toxicology?
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Nemmar et al., Nemmar et al., CirculationCirculation, 105:411, 105:411--414, 2002414, 2002
((99m99mTc Tc nanonano--CB, 5 CB, 5 –– 10nm)10nm)
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Size: Deposition, Translocation and Fate of Size: Deposition, Translocation and Fate of NanoparticlesNanoparticles

Health Risk Assessment of Nanomaterials Health Risk Assessment of Nanomaterials 



Size: Deposition, Translocation, and FateSize: Deposition, Translocation, and Fate

Local versus Systemic Health EffectsLocal versus Systemic Health Effects

Translocation of Pulmonary Deposited Translocation of Pulmonary Deposited 
Carbon Black Carbon Black NanoparticlesNanoparticles to Other Organsto Other Organs

Excess Carbon-13 Concentration
 after 5 days Ultrafine 13C Exposure

(297μg/m3; CMD = 31nm; GSD = 1.76)
(n=4, Striatum n=3)
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G. G. OberdorsterOberdorster et al., et al., US EPA, PM BOSC ReviewUS EPA, PM BOSC Review, 2005, 2005



Health Risk Assessment of Nanomaterials Health Risk Assessment of Nanomaterials 
What do we know about the toxicity of nanomaterials used What do we know about the toxicity of nanomaterials used 

in pollution remediation and control?in pollution remediation and control?

2929DendrimerDendrimer

00Ceramic Ceramic NanoparticlesNanoparticles
1111NanoNano (ultrafine)(ultrafine)--ZnOZnO
00NanoNano--Cerium DioxideCerium Dioxide
00NanoNano--Zero Zero ValentValent IronIron
1616NanoNano (ultrafine)(ultrafine)--TiOTiO22

3737FullerenesFullerenes
99Carbon Carbon NanotubesNanotubes

Number Number 
Citations Citations 

on Toxicityon ToxicityNanomaterialNanomaterial

PubMedPubMed Search ResultsSearch Results

Limited Limited 
Toxicological Toxicological 

DatabaseDatabase
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--Single Wall Carbon Single Wall Carbon NanotubeNanotube Pulmonary ToxicityPulmonary Toxicity

--Adequacy of Existing Particle Toxicology DatabasesAdequacy of Existing Particle Toxicology Databases

1. Comparative toxicological assessment using equivalent mass ex1. Comparative toxicological assessment using equivalent mass exposure:posure:
SWCNT = Quartz >> SWCNT = Quartz >> nanonano--Carbon Black > SiO2 > Graphite, yet MSDS Carbon Black > SiO2 > Graphite, yet MSDS 
sheet reference graphite for health hazard specifications;sheet reference graphite for health hazard specifications;

SWCNTSWCNT = Quartz= Quartz
2. SWCNT lung injury with little or no inflammation, 2. SWCNT lung injury with little or no inflammation, new mechanismnew mechanism of lung of lung 

injuryinjury

Multiple Multiple GranulomasGranulomas in Rat Lungin Rat Lung
Following SWCNT ExposureFollowing SWCNT Exposure

Magnification of SWCNT Magnification of SWCNT 
Induced Induced GranulomaGranuloma

--D. B. D. B. WarheitWarheit et al., et al., Toxicological SciencesToxicological Sciences 77:11777:117--125, 2004125, 2004
--CC--W. Lam et al., W. Lam et al., Toxicological SciencesToxicological Sciences 77:12677:126--134, 2004134, 2004
--A, A, ShvedovaShvedova et al., et al., Am. J. Am. J. PhysiolPhysiol: Ling Cell : Ling Cell MolecMolec. . PhysiolPhysiol. 289:L698. 289:L698--L708 ,2005L708 ,2005



Size vs. Shape vs. Surface PropertiesSize vs. Shape vs. Surface Properties

G. G. JiaJia et al., et al., Environ. Environ. SciSci. . TechnolTechnol.., 39:1378, 39:1378--1383, 20051383, 2005

Health Risk Assessment of Nanomaterials Health Risk Assessment of Nanomaterials 
Single Wall Carbon Single Wall Carbon NanotubeNanotube Pulmonary ToxicityPulmonary Toxicity



Health Risk Assessment of Nanomaterials Health Risk Assessment of Nanomaterials 
Single Wall Carbon Single Wall Carbon NanotubeNanotube Pulmonary ToxicityPulmonary Toxicity

J. Muller et al., J. Muller et al., ToxicolToxicol. . ApplAppl. . PharmacolPharmacol.,., 207: 221207: 221--231, 2005231, 2005

Intact versus Ground Intact versus Ground CNTsCNTs



Health Risk Assessment of Nanomaterials Health Risk Assessment of Nanomaterials 
Single Wall Carbon Single Wall Carbon NanotubeNanotube Dermal ToxicityDermal Toxicity

A. A. ShvedovaShvedova et al., et al., J. J. ToxicolToxicol. Environ. Health. Environ. Health, Part A, 66:1909, Part A, 66:1909--1926, 20031926, 2003
N.A. N.A. MonteiroMonteiro--RiviereRiviere et al., et al., ToxicolToxicol. . LettLett. 155:377. 155:377--384, 2005. (384, 2005. (MWCNTsMWCNTs))

Hydroxyl Radical FormationHydroxyl Radical Formation
(Oxidative Stress)(Oxidative Stress)

Cellular ToxicityCellular Toxicity
(Epidermal (Epidermal KeratinocytesKeratinocytes))



In Vitro Dermal Toxicity of Fullerenes: In Vitro Dermal Toxicity of Fullerenes: 
Size vs. Surface PropertiesSize vs. Surface Properties

Health Risk Assessment of Nanomaterials Health Risk Assessment of Nanomaterials 

C. M. C. M. SayesSayes et al., et al., NanoNano LettersLetters 4(10):18814(10):1881--1887, 20041887, 2004



In Vitro Toxicity of FullerenesIn Vitro Toxicity of Fullerenes
(Dermal Fibroblasts; Liver Cells; (Dermal Fibroblasts; Liver Cells; AstrocytesAstrocytes))
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C. M. C. M. SayesSayes et al., et al., BiomaterialsBiomaterials 26:758826:7588--7595, 20057595, 2005

LCLC5050::

NHANHA--2ppb2ppb
HDFHDF--20ppb20ppb
HepG2HepG2--50ppb50ppb



Comparative In Vitro Toxicity of  FullerenesComparative In Vitro Toxicity of  Fullerenes
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11,00011,000THFTHF

1,6001,600TolueneToluene

1010Benzo[a]pyreneBenzo[a]pyrene**

0.020.02nanonano--CC6060

100100ParaquatParaquat

0.0010.001Dioxin*Dioxin*

17,00017,000Ethanol*Ethanol*

> 100,000> 100,000CC6060(OH)(OH)2424

LCLC5050, mg/kg, mg/kgToxicantsToxicants

*National Institute of Health, *National Institute of Health, 
Registry of Cytotoxicity Data (ZEBET)Registry of Cytotoxicity Data (ZEBET)

Courtesy of C. M. Courtesy of C. M. SayesSayes, Rice University, CBEN, Rice University, CBEN

Paraquat



In Vivo Toxicity of FullerenesIn Vivo Toxicity of Fullerenes
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In VivoIn Vivo Biological Behavior of a WaterBiological Behavior of a Water--Miscible Fullerene: Miscible Fullerene: 
1414C labeling, Absorption, Distribution, Excretion, and C labeling, Absorption, Distribution, Excretion, and 
Acute Toxicity.Acute Toxicity.
Y.S. Tokuyama et al., Y.S. Tokuyama et al., Chem. BiolChem. Biol., 2(6):385., 2(6):385--389, 1995.389, 1995.

Novel Harmful Effects of [60]Fullerene on Mouse Embryos Novel Harmful Effects of [60]Fullerene on Mouse Embryos 
In VitroIn Vitro and and In VivoIn Vivo
T. Tsuchiya et al., FEBS T. Tsuchiya et al., FEBS LettLett. 393(1):139. 393(1):139--145, 1996.145, 1996.
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In Vitro Intestinal Toxicity of DendrimersIn Vitro Intestinal Toxicity of Dendrimers

R. R. JevprasesphantJevprasesphant et al., et al., Intl. J. PharmaceuticsIntl. J. Pharmaceutics, 252:263, 252:263--268, 2003.268, 2003.
R. R. JevprasesphantJevprasesphant et al., Pharmaceutical Res., 20(10):1543et al., Pharmaceutical Res., 20(10):1543--1550, 2003.1550, 2003.
D. Fischer et al., Biomaterials, 24:1121D. Fischer et al., Biomaterials, 24:1121--1131, 20031131, 2003

Generation, Size, and ChargeGeneration, Size, and Charge

CationicCationic CationicCationic CationicCationicAnionicAnionicAnionicAnionic
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Organ Distribution of DendrimersOrgan Distribution of Dendrimers

PAMAM. Gen. 5, d=5nm, Positive vs. Negative ChargePAMAM. Gen. 5, d=5nm, Positive vs. Negative Charge

S.S. S.S. NigavekarNigavekar et al., et al., Pharmaceutical ResPharmaceutical Res. 21(3):476. 21(3):476--483, 2004483, 2004



Health Risk Assessment of Nanomaterials Health Risk Assessment of Nanomaterials 
Pulmonary Toxicity of Fine vs. NanoPulmonary Toxicity of Fine vs. Nano--TiOTiO22

Size vs. Surface Properties Size vs. Surface Properties 

OberdorsterOberdorster33, , Environ. Health Environ. Health PerspecPerspec., 2005.., 2005.
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96961717AmorphousAmorphousAmoAmo

444437371/991/99St3St3

5353303081/1981/19AnaAna

5353303075/2575/25F4F4
105105151591/991/9F6F6

SurfaceSurface
Area Area 
(m(m22/g)/g)

SizeSize
(nm)(nm)

CrystalCrystal
FormForm

(%(%Anatase/%RutileAnatase/%Rutile))NameName

NanoNano--TiOTiO22 Test SamplesTest Samples

NanoNano--TiOTiO22: Size vs. Surface Properties : Size vs. Surface Properties 

F6F6

Hydroxyl Radical Production (ESR)Hydroxyl Radical Production (ESR)

F4F4 AmoAmo St3St3AnaAna

Uchino et al. Uchino et al. ToxicolToxicol. . In VitroIn Vitro, 16:629, 16:629--635, 2002635, 2002

Oxidative StressOxidative Stress

Stay TunedStay Tuned
Studies conducted in rats by Dr. DavidStudies conducted in rats by Dr. David
WarheitWarheit, DuPont Haskell Laboratory with , DuPont Haskell Laboratory with 
pigment grade TiOpigment grade TiO22, , nanonano--dot TiOdot TiO22, , nanonano--
tube TiO2 suggests that size/surface areatube TiO2 suggests that size/surface area
alone does not regulate pulmonary toxicity alone does not regulate pulmonary toxicity 
of nanoof nano--TiOTiO22



--MultiMulti--disciplinary and coordinated approach is requireddisciplinary and coordinated approach is required
--Health effects and hazard identification:Health effects and hazard identification:

--particle toxicity is multiparticle toxicity is multi--factorial: “more than just size”;factorial: “more than just size”;
(metric of toxicity >>> exposure assessment and standards)(metric of toxicity >>> exposure assessment and standards)

--local vs. systemic toxicity local vs. systemic toxicity (the latter maybe more responsive)(the latter maybe more responsive)
--nanomaterials have “unique toxicities”;nanomaterials have “unique toxicities”;
--have we measured the toxicity associated with unique    have we measured the toxicity associated with unique    

properties??  properties??  (photo(photo--catalytic properties)catalytic properties)
--detecting nanomaterials in environmental and detecting nanomaterials in environmental and 

biological systems remains a challenge: biological systems remains a challenge: (exposed, +/(exposed, +/--))
--Health effects associated with interactions of Health effects associated with interactions of 

nanomaterials or nanotechnology applications with nanomaterials or nanotechnology applications with 
coco--pollutants in environmental media (air, soil, water) pollutants in environmental media (air, soil, water) 
are unknownare unknown

SummarySummary

Health Effects NanomaterialsHealth Effects Nanomaterials
((NanotoxicologyNanotoxicology) ) 



Risk assessment is critical to ensure the Risk assessment is critical to ensure the 
responsible development of the beneficial responsible development of the beneficial 

applications of nanotechnologyapplications of nanotechnology

(NNI Strategic Plan: Goal 4, December 2004;(NNI Strategic Plan: Goal 4, December 2004;
NNI at Five Years: Societal Concerns and Potential Risks, May 20NNI at Five Years: Societal Concerns and Potential Risks, May 2005)05)

Risk Assessment of Nanomaterials Risk Assessment of Nanomaterials 


