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Our Vision

The Center for Nanotechnology and 

Nanotoxicology at  the Harvard School 
of  Public Health   

(Harvard NanoCenter) draws on 
decades of  experience with 
environmental pollutants and the health 
effects of  particles to address the unique 
environmental health and safety (EHS) 
concerns raised by engineered 
nanomaterials (ENM) & nanotechnology 
applications. 

Our mission is to integrate exposure 
science and nanotoxicology risk 
assessment to facilitate science-based 
decision-making regarding nano-EHS.  
In doing so, we are bringing together 
stakeholders including industry, 
academia, policy makers and the general 

public to maximize innovation and 
growth and minimize environmental and 
public health risks. 

Why Nano

Nanoparticles are integral to an 

increasing array of  products, from 
sunscreen and cancer drugs to batteries 
and semiconductors.  However, the rapid 
expansion of  this technology raises safety 
concerns, and calls for a better 
understanding of  how nanomaterials 
affect biological and environmental 
systems.  Specifically, we need to learn 
more about the bio-nano interactions at 
cellular/molecular, organismal and 
environmental levels.  Since 
nanoparticles often display unexpected 
biological properties, we need to discover 

new toxicologic principles to understand 
their potential risks.  This assessment is 
complicated by the fact that 
nanoparticles are able to penetrate tissues 
more deeply than larger particles, so 
careful evaluation of  the dose and 
especially the anatomic distribution of  
nanoparticles is essential.  It is also 
important to examine species differences, 
and differences between in vitro versus in 
vivo exposure.  It is clearly imperative 
that the fields of  nanotoxicology and risk 
assessment keep pace with 
nanotechnology and its expanding 
universe of  applications.   

New Technology Brings 
New Questions


State-of-the -art 
synthesis methods of 
property controlled 
nanoparticle for 
toxicological studies
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How do we balance the potential of  
nanotechnology with the potential 
hazards from new and often 
inadequately characterized materials?  
The rapid expansion of  nanotechnology 
is a powerful scientific and economic 
force.  However, we need to match this 
progress with careful evaluation of  the 
possible toxicity of  nanomaterials and 
technologies.  This process can be made 
more efficient by searching for 
fundamental principles that govern 
biological responses to nanomaterials, 
rather than assessing the toxicity of  
specific nanomaterials one at a time. 

How do we discover the rules of  
nanotoxicology?  A promising approach 
is to examine families of  engineered and 
rigorously characterized particles and to 
study the role of  such factors as particle 
size and shape, composition, and 
charge.  Our NanoCenter is generating 
these rational families of  particles, 
holding some parameters constant while 
changing others systematically.  We bring 
together modern in vivo and in vitro 
toxicologic approaches to carry out the 
biologic evaluation of  nanomaterials.  
We also seek to advance methods needed 
to evaluate the safety of  nanotechnology. 

Our NanoCenter combines 
excellence in material and exposure 
science with demonstrated skills in lung 
toxicology, pharmacokinetics, and 
biology.  By developing and utilizing 
industrially relevant ENM generation 
systems that enable us to control the 
properties of  "real world" nanomaterial 

exposures, we will better understand how 
particle dynamics and physical and 
chemical parameters alter both 
pharmacokinetics and the extent of  
possible injury.  Correlations will be 
made between in vivo and in vitro 
methods, as well as between in vitro 
systems using rodent versus human cells. 
We will also study safer nanomaterial 
formulation concepts which can reduce 
the environmental and health 
implications of  ENMs. 

The NanoCenter will also develop 
and deploy a variety of  exposure 
assessment technologies to define human 
exposures to nanomaterials during their 
full life cycle (manufacture, use, and 
disposal).  Using methods of  lifecycle 
analysis (LCA), we will assess exposures 
to nanomaterials from “cradle to grave.”  
Finally, all these data will be integrated 
using methods of  risk assessment and 
physiologically based pharmacokinetic 
models.  The end result will be a science-
based guide to appropriate standards for 
safety.  We neither want to create human 
health hazards nor do we want to erect 
unreasonable barriers to the creative uses 
of  nanomaterials in industry and 
medicine.  
 
The need:  A New 
Generation of Scientists


As nanotechnology gives rise to new 
techniques and products, both scientists 

and the general public are becoming 
aware of  its tremendous potential.  It is 
surprising, therefore, that despite the 
burgeoning use of  nanotechnology and 
as well as concerns about its safety, the 
number of  graduate and postdoctoral 
trainees in related areas remains small.  
To address this shortfall, it is vital to 
create opportunities for training and 
research in the field of  nanotoxicology 
and risk assessment.  The Harvard 
School of  Public Health is poised to lead 
such efforts and contribute to the training 
of  a new generation of  environmental 
health nanoscientists, building on key 
strengths at Harvard and other 
institutions.  

Our research and academic 
activities, coupled with outreach 
activities, allow us to consult with and 
inform all stakeholders: the public, public 
agencies, and corporations. We seek to 
partner with industry during the 
development of  nanoproducts and 
promote the safer formulation of  
nanomaterials during the development 
phase.  

By creating a Center for 
Nanotechnology and Nanotoxicology at 
the Harvard School of  Public Health, we 
have an opportunity to foster world-class 
activities in nano-sciences.  We are also 
able to take advantage of   adjacent 
institutions such as Harvard Medical 
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The Flame Spray Pyrolysis 
(FSP) System used to 
generate property-
controlled nanoparticles. 

Flame aerosol technology accounts for 
more than 90% of the total volume and 
value of nano structured particle 
commodities produced in the gas-phase 
worldwide. The advantages of this 
method include its precise control of the 
nanoparticles properties (i.e. 
composition, dimensions, shape, etc.), 
high yield (gr/h) and reproducibility. 

Nanoparticles In Physiological Media 
TEM image of nanoparticle agglomerate formed 
in in physiological meda. Image Joel Cohen.
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School, its teaching hospitals, the School of  Engineering 
and Applied Sciences at Harvard, as well as MIT , which have 
considerable resources and interest in this field.   

The Center is made up of  three divisions, each of  which 
already has considerable momentum.  Importantly, these 
divisions interact with each other because of  favorable 
geography and an environment that fosters productive 
conversations.  Collectively, our multidisciplinary and cutting-
edge research positions our Center among the leading  
programs in the United States and throughout the world in this 
critical intersection of  engineering, commerce, and public 
health. 

Organization

Three Divisions constitute the Harvard NanoCenter: 

Exposure Assessment 
For 20 years, our School has hosted the Harvard-EPA Center 
on Particle Health Effects. This center focuses on the impact of  
atmospheric particles on the environment and human 
populations.  We have studied particles of  a wide range of  
sizes, including ultrafine particles, which are in the same size 
range as nanoparticles (< 100 nanometers).  Over the past 
decade, we have developed an array of  novel particle 
generation and exposure technologies for the physico-chemical  
and toxicological characterization of  atmospheric particles. 
Those techniques encompass systems for personal and micro- 
environmental exposure assessments, as well as versatile systems 
for generating aerosols for exposing humans and animals to 
ambient or source-specific particles including ultrafine 
particles.  These innovative aerosol methods have been   
adopted as reference methods by scientists and public health 
assessors.   

We are currently focused on the development of  methods and 
systems for the physico-chemical and toxicological 
characterization of  engineered nanomaterials (ENMs), as well 
as on nano-exposure assessment studies and emerging concepts 
for safe formulation of  nanomaterials.  We have recently 

developed the Harvard Versatile Engineered Nanomaterial 
Generation System (VENGES) which is a suitable platform to 
generate industrially relevant metal oxides of  varying 
composition, size, and shape.  Currently, we are studying the 
fate and transport of  these metal oxides in environmental and 
biological media. We have also generated an extensive ENM  
Reference  Library which contains well-characterized ENMs 
suitable for nano-EHS studies.  
 We employ an array of  state-of-the-art instruments for the 
physico-chemical and morphological characterization of  
ENMs, both in powder form and in various media (air, 
physiologic fluids, water, etc.). Instruments include scanning 
mobility particle sizer (SMPS), direct light scattering  (DLS) 
systems, scanning electron microscopes, N2 adsorption and 
ICP-MS.   Supporting technologies for the physico-chemical 
and morphological characterization of  nanomaterials are also 
available at the Harvard Center for Nanoscale Systems at 
Harvard’s School of  Engineering and Applied Science 

(SEAS). 
 
Biological Assessment 

We are able to characterize the biological effects of  
nanoparticles both in vitro and  in vivo.  

In Vitro Studies  
There is a critical need for a precise mechanistic and predictive 
understanding of  the toxic potential of  relevant nanomaterials.  
Our center is using state-of-the-art in vitro approaches to 
address this need.  We are able to characterize toxic and 
functional effects of  well-selected ‘nanopanels’ (sets of  
nanomaterials) in lung epithelial cells and macrophages using 
high-throughput platforms.  We also have experience in using 
genome-wide functional screening to identify causal genes that 
may mediate biological responses in lung cells and other 
relevant cells.  Finally, we believe that characterizing the 
receptors and uptake mechanisms for phagocytosis of  relevant 
nanomaterials is important in understanding signaling 
pathways that may mediate toxic effects.   
 
In Vivo Studies 

We use both inhalation and intratracheal instillation to 
assess the degree of  injury and inflammation, as well as the 
pharmacokinetics of  delivered nanomaterials.  Certain 
characteristics of  nanoparticles determine their toxic potential.   
For example, some nanoparticles are able to penetrate 

Research Focus
‣ Assessment of  the effects of  nanomaterials on human 

health and the environment 
‣ Application of  particle physics concepts to particle 

health effect research and nanotoxicology  
‣ Fate and transport of  engineered nanomaterials (ENMs) 

in the environment and biological systems 
‣ Emerging concepts for safe nanomaterial formulation 
‣ Development of  methods for physico-chemical and 

toxicological characterization of  ENMs.
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Nanomaterials Generation 
and Characterization

In Vivo 
Analysis

In Vitro 
Analysis
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epithelial barriers and thus gain access to compartment of  cells 
and of  organs that are normally shielded from particle 
exposure.  Another important determinant of  potential 
nanoparticle toxicity is biopersistence -- particles that rapidly 
dissolve and disappear are less likely to be hazardous than 
those that persist and accumulate in the lungs and other 
organs.  We will assess deposition, redistribution, and clearance 
of  radiolabeled nanomaterials with various properties to 
determine the role of  each property in their pharmacokinetics.  
We will also continue to define nanomaterial exposures in 
terms of  their potential to cause inflammatory responses, 
particularly those mediated by oxygen-dependent mechanisms.  
Finally, we can measure a variety of  cardiopulmonary 
responses such as breathing pattern, heart rate, and systemic 
blood pressure. 

Risk Assessment & Management

The over-arching goal of  this division is to develop a systematic 
risk assessment approach, to be shared globally, that enables 
dependable and scientifically rigorous assessment of  
nanoparticle toxicity.  Attention will be paid to setting safe 
limits to nanoparticles to protect worker and public health.  We 
are establishing toxicological principles and risk assessment 
models that can be applied widely to varying classes of  
nanoparticles and nanofibers.  Proposed regulations will be 
science-based and will reflect the physical and chemical 
properties of  nanomaterials.  We will integrate not only data 
from our Harvard NanoCenter but also information generated 
at other labs, both domestically and internationally.  Our 
methods include not only differing values for physical and 
chemical properties, but also physiologic-base pharmacokinetic 
modeling of  organ exposure to nanomaterials.  

We will build on expertise in exposure assessment in the 
work environmental as well as for public exposures both 
indoors and outdoors.  Investigators at Harvard have a long 
history of  developing devices to collect and analyze air and 
water samples.  Our record in industrial hygiene and in 

airpollution engineering is well established and includes a 
range of  novel particle generation and exposure technologies 
for the physico-chemical and toxicological characterization of  
atmospheric particles.  Also, our HSPH-EPA Center on 
Particle Health Effects has helped to advance the field of  
particle health effects and their impact on human populations.   

Engineered nanomaterials (ENMs) of 
Interest


Metal oxides.  Our center emphasizes commodity 
nanomaterials.  The NanoCenter wishes to work closely with 
companies that make large quantities of  nanomaterials for a 
variety of  industries such as tire manufacturers, structural 
elements in airplanes, tennis racquets, and fishing poles, as well 
as the cosmetics industry. We embrace the topic of  life cycle 
analysis and will study exposures to metal oxides during their 
manufacture, during fabrication procedures as they are 
incorporated into a variety of  products, when they are used by 
consumers, and finally after their disposal.  

Carbon nanotubes.  Some nanomaterials and nanofibers 
have never been encountered before. They include single- or 
multi-walled carbon nanotubes. Their pharmacokinetics and 
biologic effects merit special attention. 

In-vitro Assay Platforms
‣ High-throughput scanning cytometry to measure 

• Cell injury and death (cytotoxicity) 
• DNA damage (genotoxicity) 
• Cell activation and inflammatory mediators 
• Nanomaterial dose 

‣ Functional genome-wide screening 
• Identify pathways and nodes to predict and prevent 

toxicity 
• Lentiviral RNAi and peptide libraries
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Evaluation Method Effect Assessed Specific Parameters Measurement Period

Lung/Heart Organ 
Chemiluminescence

Pulmonary and cardiac 
oxidative stress

In vivo whole organ 
chemiluminescence of  heart 
and lung

Immediately post exposure

Organ Blood Flow with 
Fluorescent Microspheres 

Organ blood flow and 
vascular resistance

Blood flow and vascular 
resistance in the lungs, heart, 
brain, spleen and kidneys

Pre-and post- multiple 
exposures 
8 colors available

ECG telemeter Cardiac function Heart rate, arrhythmia 
analysis, heart rate variability, 
and ECG morphology

Continuously during 
exposure

Pressure and Core 
Temperature Telemeter

Blood pressure 
Body temperature

Heart rate, core temperature, 
systolic pressure, diastolic 
pressure

Countinuously during 
exposure

Effects if Inhaled Nanomaterials on Pulmonary and Cardiovascular Systems
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Nanofractions of  familiar 
polidisperse aerosols.  While attention to 
deliberately created nanomaterials are 
new topics, it is also true that 
polydisperse aerosols such as fumes and 
smokes have significant quantities of  
nanoparticles.  For example, cigarette 
smoke, welding fume, air pollution, and 
diesel particles all have large numbers of  
particles below 100 nanometers.  We are 
examining the extent to which the toxic 
effects of  these familiar materials are 
attributable to the nanofraction.  While 
small in mass, the nanofraction is large in 
terms of  numbers of  particles.  To what 
extent is their contribution to injury and 
inflammation proportional to mass, 
surface area, or particle number? 

Nanomedicine platforms.  The 
center will provide safety and toxicity 
information, relevant to the growing uses 
of  nanomaterials for a variety of  diseases 
ranging from cancer to infection.  
Nanomedicine means that increasing 
numbers of  humans will be exposed to 
nanomaterials.  Studying these exposures 
is attractive because the doses delivered 
are both high and well-characterized.  
We will not only study relevant animal 
models but will also use our 
epidemiologic resources to study human 
populations who have been exposed to 
nanomedicines. Sophisticated molecular 
markers of  dose, response, disease, and 
susceptibility will be combined with 
traditional measures of  responses such as 
morbidity and mortality.  The Exposure, 
Epidemiology, and Risk Program will 

utilize the resources of  the Department 
of  Environmental Health as well as the 
adjacent strength at the Channing 
Laboratory of  the Brigham and Women’s 
Hospital. 

The Future

Infrastructure and considerable 

personnel already exist. There is a 
productive research faculty at HSPH who 
have significant research support; major 
NIH  training grants in appropriate 
fields; recently renovated laboratories 
supporting state-of-the-art 
experimentation; exposure facilities; 
collaborators at the affiliated hospitals 
(e.g., Radiation Oncology at MGH); and 
a wide network of  non-HSPH 
researchers who collaborate with us. 

We also foresee major opportunities 
for expanded connections with other 
parts of  Harvard University.  We can 
build upon adjacent collaborations with 
SEAS and the Kennedy School of  
Government and with various 
investigators in chemical biology, 
engineering, and the life sciences at 
Harvard’s Faculty of  Arts and Sciences. 
Synergy with physical sciences, including 
emerging nanotechnologies, is essential. 
The Harvard NanoCenter and its faculty 
are ready to move rapidly and to take 
advantage of  our expanding relationships 
with other scientists in related fields. 

Participants

Joseph D. Brain, Cecil K. and Philip 
Drinker Professor of  Environmental 
Physiology 
Brent Coull, Professor of  Biostatistics 
Phil Demokritou, Assistant Professor of  
Aerosol Physics 
Douglas W. Dockery, Professor of  
Environmental Epidemiology 
Jeffrey J. Fredberg, Professor of  
Bioengineering and Physiology 
John Godleski, Associate Professor of  
Pathology; Associate Professor in Dept. 
of  Env. Health  
Les Kobzik, Professor of  Pathology; 
Professor in the Department of  
Environmental Health 
Rama Krishnan, Assistant Professor of  
Bioengineering 
Lorenz Rhomberg, Principal at Gradient 
Corporation, Visiting Scientist, HSPH 
Akira Tsuda, Principal Research Scientist 
in Physiology 

John D. Spengler, Akira Yamaguchi 
Professor of  Environmental Health and 
Human Habitation 
James Mc Devitt, Instructor, HSPH 
Enhua Zhou, Research Associate in 
Physiology 

Affiliates

Dhimiter Bello, Assistant Professor, 
University of  Massachusetts, Lowell 
Vince Castranova, Chief  of  the Pathology 
and Physiology Research Branch, 
NIOSH Health Effects Laboratory 
Division, Morgantown, West Virginia 
Michael Ellenbecker, University of  
Massachusetts Lowell, Professor of  
Industrial Hygiene 
Peter Gehr, Professor Emeritus, University 
of  Bern, Switzerland 
Wolfgang Kreyling, Principal Scientist, GSF, 
Munich, Germany 
Sotiris Pratsinis, Professor of  Process 
Engineering, ETH, Zurich, Switzerland 
Bevine Engelward, Associate Professor of  
Biological Engineering, Massachusetts 
Institute of  Technology  

STERIS 
Panasonic Inc. 
BASF 
NanoTerra 
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Safer Nanotechnology 
ZnO is a widely used material in cosmetics and 
food applications. The ions however, that are 
leaching have been linked to potential adverse 
effects. In our center we developed a safer 
formulation concept to mitigate toxicity by 
encapsulating the materials in a thin layer of 
Silica.

Industrial Collaborators

Funding Sources


