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Å Develop a library of reference NMs 

Å Understand the impacts of different classes of NMs on 
cells, organisms and ecological systems

Å Develop a predictive model of toxicology and 
environmental impacts of NMs

Å Develop a computerized expert system for risk ranking

Å Develop guidelines and decision tools for safe design 
and use of NMs

Objectives of the UC CEIN



Hazard Identification

Exposure Assessment

Risk Characterization

Risk Management

Example of the traditional approach:

Chemical  Industrial Toxicology

50,000 plus chemicals registered for 

commercial use in the US

< 1,000 have undergone toxicity testing

Overwhelming of resources: each test

Å$2-$4 million (for in vivo studies)

Å> 3 years to complete

How do we approach the safety of a new technology

on a scale commensurate with its rate of expansion?

Do we do it the traditional way: one material at a time? 



US National Academy of Science (NAS) Report (2007): 

ñToxicity Testing in the 21st Century: A Vision and a 

Strategyò

http://www.nap.edu/catalog.php?record_id=11970

Â Descriptive single material tox testing in animals is time 

consuming and expensive

Â Transformative approach is required that can provide 

broad coverage of panels of toxicants

Â Use a robust scientific basis to perform safety testing 

Â Robust = array of predictive in vitro tests that utilize toxicity 

pathways and mechanisms 

Â High content or high throughput screening to facilitate 

testing of large batches of materials

Â In vitro hazard needs to be predictive of in vivo



The Science at the Nano-bio interface
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Characterization

Screening
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In vitro assays that could be useful for high content or HTS 

to build quantitative SARôs for nanomaterials



100ôs/year1000ôs/year10,000ôs/day100,000ôs/day

High Throughput Bacterial,
Cellular or Molecular Screening 

Immediate Relevance

High Throughput Screening and Data Mining based on 

QSAR relationships that can be used to rank NM for

risk and priority in vivo testing

Prioritize in vivo testing

at increasing trophic levels
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Interdisciplinary Research Groups (IRGs)



Â Hoek, Zink, Kaner, 

Wang, and Yaghi 

(UCLA)

Â Stucky (UCSB)

Â Walker, Yan, and 

Haddon (UCR)

Â Mädler (Bremen)

Â Boey, Loo, Jan, Yoong, 

and Yang (NTU)

Â Somasundaran 

(Columbia Univ)

Â Bertozzi (UCB/LBNL)

IRG 1: Nanomaterial Synthesis and Physicochemical 

Characterization

IRG Leader: Eric M.V. Hoek (UCLA)

IRG participants:



Standard Reference Material library acquisition and   

characterization

Â Preliminary SRMs:

Å Oxides: TiO2, SiO2, CeO2, ZnO

Å Carbonaceous: C60, CNTs, carbon black

Å Metals: gold and silver NPs, quantum dots

Â Selection criteria:

Å Large production volume of commercial analogs 

Å Expected applications leading to environmental exposure

Â Synthesis/acquisition:

Å Commercial samples

Å CEIN synthesized analogs



Combinatorial library designed to provide

the same material in different sizes,

shapes, roughness, aspect ratios, states

of dispersal, chemical composition etc
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Combinatorial Library

Automated Nanocrystal Synthesis

at The Molecular Foundry



IRGs 2: Interactions at Molecular, Cellular, Organ and 

Systemic Levels

IRG 2 Team

Patricia Holden (UCSB)

Andre Nel (UCLA)

Gary Cherr (UCD)

Leonard Rome (UCLA) 

Joshua Schimel (UCSB)

Roger Nisbet (UCSB)

Hunter Lenihan (UCSB)
Klaine SJ et al Environmental Tox & Chemistry. 2008..


