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Mission of the UC CEIN

The mission of the UC CEIN is to insure that 

nanotechnology is introduced and implemented

in a responsible and

environmentally -compatible manner 

to allow the US and the International community to 

leverage the benefits of nanotechnology for global 

economic and social benefit.
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Goals of the UC CEIN
Å Develop a predictive scientific model that links bio -physicochemical 

interactions at cellular and organism level to effects on populations, 

ecosystems and at different trophic levels in the environment

Å Develop compositional and combinatorial ENM libraries to 

demonstrate how key physicochemical properties determine fate and 

transport as well as a wide range of interactions at the nano-bio interface 

Å Develop high content and high throughput screening to perform 

hazard ranking that prioritizes and facilitates mesocosm studies in 

terrestrial, seawater and freshwater environments

Å Develop a computational expert system that integrates data 

generation in above environments for quantitative property-activity 

relationships, multimedia modeling and risk ranking

Å Utilize above knowledge domains to inform the public, academia, 

industry and government agencies how nanotechnology can be 

safely implemented in the environment
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Potential Effects of CdSe Quantum Dots to Microbes 

ÅCdSe QDs

ïLab-synthesized (Rogach et al. 2000)

ï5 nm, ñbareò

ïcitrate-stabilized

ÅLab media (fully-dispersed)

ïdissolution studied

ÅBiota

ïPseudomonas

Ågrowth, damage

Åbioaccum., bioprocess.

ÅDEB

ïTetrahymena

Ågrowth, inhibition

Åbiomagnification

(Nadeau, J. L., J. Priester, G. D. Stucky, P. A. Holden. 2008. In Grassian, V. H. ñNanoscience and Nanotechnology: Environmental and Health Impactsò)
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Control

500 nm500 nm 500 nm

Cd acetate ïtreated CdSe QD ïtreated

(Priester et al. ES&T 2009)

CdSe QDs Bioaccumulate & Damage Bacteria
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ÅQDs only partially dissolve in growth media

Ånanoparticle effect on Pseudomonas growth rate

Åenhanced cellular ROS appear w/ QDs

Åexceeded effects of Cd(II), beyond a threshold
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Predator -Prey Study

CdSe QDs

Pseudomonas

Tetrahymena
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25 nm
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(Werlin, Priester, Mielke, Stoimenov, Jackson, Stucky, Cherr, Orias, Holden, in review)
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(Werlin, Priester, Mielke, Stoimenov, Jackson, Stucky, Cherr, Orias, Holden, in review)

CdSe quantum dots Cd2+ ions

QDs impede digestion 1
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QD & Cd(II) bioaccumulate & biomagnify

(Werlin, Priester, Mielke, Stoimenov, Jackson, Stucky, Cherr, Orias, Holden, in review)
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Potential Effects of MeOs to Marine Phytoplankton

ÅTiO2, ZnO

ïIndustrial

ï10 to 1000 mg L-1

ÅMarine water

ïLow TOC, high ionic strength

ÅPhytoplankton

ïgrowth rate

ïYield

ïDEB modeling

1 34
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From: Klaine et al 2008. Nanomaterials in the environment: behavior, fate, bioavailability, and effects. 

Environmental Toxicology & Chemistry , Vol. 27, No. 9, pp. 1825ï1851

IRG 1: Characterizes Zn0, TiO2, CeO2
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TiO2 NP have little influence on marine phytoplankton because they do 
not  dissolve in SW (Miller et al. 2010) 
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No growth inhibition of marine phytoplankton by TiO 2



ZnO:

dissolves ,

aggregates

settles
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(Miller et al. 2010. ES&T)
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Toxicity of ZnO to marine phytoplankton
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(Miller et al. 2010. ES&T)

DEB NEC DEB NEC
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ZnONP influence marine phytoplankton because they dissolve in SW 
(Miller et al. 2010) 



Effects of MeOs to Bacteria and Plants

ÅTiO2, ZnO, CeO2

ïIndustrial

ÅLab cultivation

ïLB media

ïMMD media

ÅBacteria

ïGrowth, association

ÅPlants: soybean

ïMeO integrity, plant growth, genotoxicity
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Bacillus subtilis

Bacteria Growth Decreased w/ nano-MeOs; 

Minimal Medium Accentuates

(Vukanti et al. in preparation)
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(Horst et al. 2010. in review)

Pseudomonas Disperses nano-TiO2 Agglomerates

0 hr Uninoculated 12 hr Inoculated

1 ɛm

1 mm
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