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The Shell Center for Sustainability at 
Rice University is a research center with 
the mission to create an interdisciplin-
ary program of research, outreach and 
education to address actions that can be 
taken to ensure the sustainable devel-
opment of living standards, interpreted 
broadly, to encompass all factors affect-
ing the quality of life, including environ-
mental resources.

The Shell Center for Sustainability is 
funded by Shell Oil Company. It was 
formed in 1993.
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Letter from the
 Academic Director

This annual report refl ects the fi rst year of operations of the Shell Center for 
Sustainability under its new management structure. Previously, the Center was 
located in the Engineering Division at Rice University where it was associated 
closely with the Environmental and Energy Systems Institute. As social science 
issues began to play a more signifi cant role in the concerns of the Center, the 
Dean’s Council decided to move it to the Social Sciences Division. Now, appointed 
to the George and Cynthia Mitchell Family chair in Sustainable Development in the 
economics department, I have taken over as the Academic Director of the Center.

One of my fi rst tasks was to recruit a new Associate Director. We were fortunate 
to hire Lilibeth André from a very strong pool of applicants.

We have also substantially re-organized the administrative structure of the 
Center. The Center now reports to the Dean of Social Sciences, Lyn Ragsdale, 
who also participates ex-offi cio in deliberations of the Operating Committee. A 
research scientist from Shell will soon join the two permanent representatives 
from the Public Affairs offi ce at Shell North America who currently serve on the 
committee. From the Rice University side, we have also increased the breadth of 
representation by adding members from the Natural Science Division, the Jones 
Graduate School of Management, and the School of Architecture. The Operating 
Committee now meets on a much more regular basis and plays a much stronger 
role in the operations of the Center.

My other major task as Academic Director involves setting the academic 
direction of the Center. To that end, I completed a report in the summer of 2007 
discussing my understanding of the concept of sustainable development and the 
implications of that perspective for the operations of the Center. The full report is 
available on the Shell Center web site (http://shellcenter.rice.edu).

In summary, I argued that development is a process of improvement in living 
standards interpreted broadly to include not only marketed goods and services 
(economic growth as conventionally measured), but also valued items, such as 
environmental amenities, freedom from coercion, the rule of law and the quality 
of social interactions, which typically do not have market prices. For development 
to be sustainable, the improvement needs to be continued for an indefi nite time 
period.

The notion of indefi nite improvement in living standards might appear to 
contradict the fact that physical resources are fi nite. However, indefi nite growth 
in living standards is consistent with population remaining fi nite. Indeed, there 
are very good theoretical reasons, and much empirical evidence, to believe that 
economic growth ultimately leads to decreased population growth.

In addition, economic growth is concerned not with growth in physical inputs 
to production but rather with growth in the value of outputs to consumers. There 
is no necessary reason why greater value of output requires a higher physical 
quantity of resource inputs. For example, consumption tends to shift away from 

goods toward less resource intensive services as economies develop.

The fundamental point, however, is that one can conceive of unlimited growth 
in the value of economic output despite limited physical resources because there 
is one critical resource that is in unlimited supply. That resource is scientifi c 
understanding of the natural world and ingenuity in applying that understanding to 
produce higher valued products and services. The accumulation and application 
of scientifi c knowledge has been the fundamental force enabling continued growth 
and progress since the industrial revolution.

Finally, suitable environmental policies are necessary to ensure that economic 
development raises living standards interpreted broadly. Similarly, increased use 
of pricing mechanisms, such as toll roads and bridges, or the Central London 
congestion zone, may be needed to control the congestion externalities associated 
with economic growth and urbanization. Automobile registration fees, parking and 
fuel taxes, and subsidies for public transport can also all be partly rationalized as 
price-based mechanisms to limit some of these externalities. Government action 
in the form of regional and urban coordination and planning of transport routes 
can also help alleviate some of these problems. Other problems associated with 
economic growth and urbanization that might threaten improved living standards, 
if they are not controlled, include increased crime, and large migration fl ows which 
raise issues of social cooperation and tolerance.

Based on this understanding, I proposed that the central concern of the Shell 
Center should be to foster research at Rice University that is compatible with, 
or reinforces existing or potential Rice strengths, and which identifi es threats to 
sustainable development and how those threats might be eliminated.

The above analysis has emphasized the critical role of science and engineering 
in facilitating sustainable development. Of particular relevance are new technologies 
that facilitate productivity improvements especially in the use of raw materials and 
energy, and technologies that alleviate the environmental impacts of economic 
activity.

New technologies alone are not suffi cient, however, to ensure sustainable 
development. Energy and environmental policies also play a critical role and have 
a clear overlap with the energy research program conducted under the auspices 
of the James A. Baker III Institute for Public Policy and the research conducted in 
environmental engineering and under the auspices of the Energy and Environmental 
Systems Institute.

The issue of sustainable development thus involves almost all disciplines at 
Rice. For that reason, we focus on research projects with an explicit interdisciplinary 
element in our deliberations over funding. I anticipate that this focus will remain in 
future years and I invite all Rice faculty to consider how their research interests might 
be modifi ed to meld with Shell Center concerns about sustainable development.

Peter Hartley
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Over the last year, the Shell Center for Sustainability at Rice University 
has produced research on sustainable development in the areas of 
energy, air quality, water, biodiversity, business and coastal cities.

The Center has also supported environmental courses that include 
sustainable topics for Rice students such as “Environmental Battles 
in the 21st Century: Houston as a Microcosm”.

Interdisciplinary efforts have brought together numerous faculty 
members, graduate and undergraduate students at Rice. The Shell 
Center for Sustainability has also collaborated with other institutions 
and organizations in Houston and other parts of the world including 
China.

We have supported research that has identifi ed energy solutions and 
avenues of change, such as in the Business Case for Sustainable 
Development, that demonstrates that social responsibility can 
enhance the bottom line.

Our research creates a seed that germinates into greater funding. 
This work creates partnership opportunities and has garnered 
recognition for our students. The Gas Hydrates-Climate Change 
and Energy Supply project has warranted greater funding from the 
Department of Energy. This leverages our initial project investment 
15 times.

Over the last six months, the Shell Center for Sustainability has been 
revitalized. We have a renewed strategic plan that emphasizes the 
economic components of sustainable development. The objectives 
are fi ne tuned to focus locally on Houston and Texas. By maintaining 
this focus we will acquire further knowledge about the problems and 
issues affecting us as a coastal city. Houston’s distinctiveness is 
shared by numerous coastal cities of the world. Through outreach 
and collaboration, we share our experience and knowledge about 
sustainability within our boundaries and beyond. One example 
of collaboration is our participation in the University of Houston-
Downtown Sustainability Day panel. This event brought together 
representatives from various areas of our community to discuss 
sustainable actions at the local level. Another example is the China-
U.S. Center for Environmental and Sustainable Development, which 

was created as an extension of our Rice-Nankai research.

Revitalization of the Shell Center for Sustainability at Rice University 
resulted in the addition of an Academic Director and an Associate 
Director to set and implement the new direction of the Center.

Organizational efforts included establishing a regular meeting 
calendar for the Operating Committee and the application of in-
house administrative practices to update fi nancial reports and 
day-to-day activities. Outreach and communications included re-
establishment of internal and external contacts, updating Web site 
content, and enhancement of communications for the Shell Center 
for Sustainability.

To emphasize greater interdisciplinary participation and cooperation 
within Rice and Shell, the Operating Committee has been expanded 
to include a representative from the School of Natural Sciences, the 
Jones School of Graduate Studies, the School of Architecture, and 
a Shell Oil Company scientist, effective in 2008. This will allow us 
to broaden our reach among various disciplines and initiate active 
information exchange with a maximization of intellectual resources. 
To foster partnerships with other institutions, at the local level, we 
welcomed the University of Houston Law Center’s Environment, 
Energy and Natural Resources Center. We also participated in the 
fi rst Texas Summit offered by the National Council for Science and 
the Environment and hosted by the Houston Advanced Research 
Center. The topic, “Higher Education in Texas Confronts the Climate 
Change Challenge”, connected academics from over 30 Texas 
institutions of higher learning.

In addition to completion of ongoing research, the Center conducted 
a call for new faculty projects. The call drew a large number of 
proposals across disciplines and over a broad area of research. 
At the end of the selection process, 5 new projects were funded. 
These projects are in the areas of biofuels impact, sustainability of 
power generation, production and deployment of biodiesel, carbon 
sequestration, and nanoparticles monitoring. These research 
projects include participation from Rice University faculty in Civil 
and Enviornmental Engineering, the Rice Energy Program, Baker 
Institute for Public Policy, Chemical and Biomolecular Engineering, 
and Earth Sciences. 

Executive SummaryExecutive Summary
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BackgroundBackground

The Shell Center for Sustainability has funded 12 research projects 
and two courses since its inception. This research and courses were 
in the areas of Energy, Air, Water, Urban Sustainability, Biodiversity, 
Biolinguistics, and Business. They included the following:

Gas Hydrates Project
Business Case for Sustainable Development Project
Ozone Research Project
Case Study in Sustainable Development Student Project
Nanotechnology and Energy Project
Energy Conservation: Contingent Valuation Analysis Project
Carbon Capture and Sequestration Project
Water Membrane Technologies Project
Biodiversity-Forestry Project
Biolingistic Diversity Project

Environmental Battles in the 21st Century: Houston As A
   Microcosm Course
Environmental Health Course

Summaries for these projects and courses can be found
at http://shellcenter.rice.edu

Two other projects have continued beyond the initial objectives. Their 
efforts are described below.

U. S. - China Coastal CitiesU. S. - China Coastal Cities

The Coastal Cities project, is a joint venture of Rice University (the 
Center on Race, Religion, and Urban Life; the Baker Institute; and 
the departments of sociology and political science), and the Shang-
hai Academy of Social Sciences (SASS) and Horizon Survey Re-
search, both in China.

The project focuses on the challenges facing major, low-lying estu-
ary metropolises, particularly those whose economies are supported 
by a large petrochemical industrial base. Understanding the environ-
mental, energy and societal policy challenges facing these popula-
tion centers is critical to the future of the planet.  

The project’s primary task was to study sustainability in major coastal 
cities in three U. S. major coastal cities—Houston, Los Angeles and 

New York, and in three of China’s major coastal cities—Shanghai, 
Tianjin and Shenzhen.  Using survey research, public perceptions 
and attitudes about collective action in key areas of sustainable de-
velopment were investigated, as well as the infl uence that govern-
ment and other political structures have on the implementation of 
sustainable development practices and energy policy. The indicators 
are buttressed by the work of other Rice research teams in the de-
velopment of objective measures for sustainability issues as energy 
supply, air quality, fl ooding and subsidence, developments in the 
petrochemical industry, the impact of immigration on race relations, 
measures of economic prosperity, urban infrastructure and public 
health, the challenges of sea-level rise and the management of se-
vere storms.

The larger goal of the research program is to foster international dia-
logue and cooperation to fi nding solutions to the major challenges of 
sustainable development for the world’s largest coastal cities.

Surveys were conducted among 500 randomly selected adults per 
metropolitan area. Results were compared and analyzed. In Sep-
tember of 2007, the research team met with approximately 20 faculty 
and graduate students from the Sociology Institute and World Econ-
omy Institute of SASS, and invited scholars from Fudan University 
and Shanghai municipal government environmental survey research 
organizations.

In Shangai, the team was invited to Fudan University, regarded as 
one of China’s top universities, to meet with Dr. Libo Wu, an envi-
ronmental economist, and her students, to learn of their research 
on surveys of people in port cities in China, Japan and Indonesia, to 
discuss possibilities for partnering together in coastal cities sustain-
ability work, and to learn further about Chinese culture, politics, and 
economics in the most current times.

The team plans to host a similar conference in the United States in 
2009. The goal is to conduct a second survey using the same U.S. 
and Chinese cities, and perhaps expanding to more cities. The team 
hopes to replicate the work in more regions and nations of the world, 
especially Latin America, South Asia and other regions, providing 
a fuller picture of urban sustainability and energy use around the 
globe, enabling the expansion of discussion partners, and potential 
policy reach.

The team is actively seeking additional funding to leverage the initial 
contribution from the Shell Center for Sustainability to address the 
expanded goals.  

Current publications and new articles on the U.S.-China Coastal Cit-
ies project are available at:
http://shellcenter.rice.edu/research.cfm

ResearchResearch
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Rice University - Nankai University ProjectRice University - Nankai University Project

The economic development in China today may be the most sig-
nifi cant development in the history of humanity.  However, this rapid 
economic growth has come largely at the cost of signifi cant deterio-
ration of the environment.  In addition, with this accelerated devel-
opment will come enormous demands on natural resources and an 
ever-increasing need for resource policy to insure a better life for 
future generations.  

Many of the environmental challenges in China today have been 
faced by Americans in the past few decades, and continue to chal-
lenge our best scholars and private and public leaders.  These chal-
lenges include adequate supply of energy, safe water, clean air, and 
unpolluted soils and sediments.  There are also many other problems 
that are quite unique and can only be solved by innovative technolo-
gies and creative thinking.  These similarities and differences are 
great opportunities for scholars and companies in both China and 
the U.S. to develop the most effective solutions that require new sci-
ence and engineering.

The idea of forming a collaborative organization was initiated in 
March 2005.  Rice President Leebron signed a memorandum of un-
derstanding for academic collaboration with then Nankai President 
Hou Zixin in July of that year.  During the next two years, the profes-
sors and researchers visited both campuses more than 20 times and 
established a consensus for a Center for Environmental Remediation 
and Sustainable Development.  The Center was offi cially launched 
at Rice University by President Leebron during an inaugural meeting 
on February 26, 2007.

In the past three years, researchers from both universities planned 
a total of eighteen research projects and nine of those projects have 
obtained fi nancial support.

1) Bioavailability for persistent organic pollution in soil and 
 sediment.
2) Reactivity of resistant organic pollution.
3) Field characterization and environmental behavior of 
 antibiotic-resistant genes.
4) Distribution and ecological risk of antibiotic-resistant genes 
 in fi shery.
5) Binary effect of nano-sized iron and microbes in trichloroeth-
 ylene removal in groundwater.
6) Arsenic removal in drinking water by nanomagnetite.
7) Ecological impact of artifi cial nano-materials in aquatic 
 environment.
8) New membrane technology for drinking water application.
9) Construction of a joint Center laboratory.

 
In addition, a major project to remediate petroleum-contaminated 
soil in oil fi elds has been funded by the Chinese Ministry of Science 
and Technology. The research communication and cooperation with 
Rice University has greatly facilitated the research in the fi eld of pe-
troleum-contaminated soil remediation of Nankai University. 

In 2008, the Center’s major goal is to strengthen existing areas of 
collaboration and research to launch into a ten-year collaborative 
plan to target energy and environmental issues. The Center is cur-
rently working closely with the Ministry of Science and Technology to 
develop a collaborative research plan on energy and environment.  
The Center’s fi rst annual meeting will be held from March 20-21, 
2008 in Tianjin Economic-Technological Development Area (TEDA). 
The theme of this year’s forum is “Energy, Environment and Sus-
tainable Development: Opportunities for China-US Collaboration.”  
Speakers will include high-level offi cials from Tianjin, Binhai New 
Area of Tianjin (BNAT), TEDA governments, the Ministry of Science 
and Technology and the Ministry of Education, university leaders and 
industry and faculty representatives.  A tour of TEDA and BNAT will 
take place on the second day. 

For a listing of projects and publications undertaken to date, visit the 
Rice University-Nankai University Partnership project link at:
http://shellcenter.rice.edu/research.cfm or www.chinacenter.rice.edu 
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supplies at a time when global demand for water is rising while 
availability of readily accessible water is decreasing.  The research 
will determine the amount of water needed to produce biofuels from 
different alternative crops, identifying its source, and evaluating 
potential impacts to water resources associated with increased 
agricultural drainage and related wastes. This is a critical fi rst step for 
implementation of a robust and environmentally sustainable biofuels 
national program.

The research will assess the impacts to water resources associated 
with the production, distribution and use of three biofuels: biodiesel, 
ethanol, and butanol. Research objectives will determine:

Increased water consumption, impacts on other users, and water 1. 
security.
Surface water pollution by increased fertilizer and pesticide use 2. 
at the local and regional level.
Changes in land use and impact on soil health and erosion.3. 
Groundwater impacts of biofuel releases and related risk 4. 
management and remediation issues. 
Identify potentially problematic fuel components, byproducts, and 5. 
impurities. 

Through this research, we will discern which potential environmental 
impacts result from feedstock production, biofuel processing, 
transportation, storage and use and pose a risk to critical water 
resources. We will develop and recommend policies to mitigate any 
of these impacts. 

New Research ProjectsNew Research Projects

In 2007, the Shell Center for Sustainability conducted a call for 
faculty research. With the help of representatives from Shell and 
Rice University, fi ve new research projects were selected to advance 
the Center’s sustainable agenda.

These projects address issues in the areas of biodiesel impact, 
sustainability of power generation, production and deployment of 
biodiesel, carbon sequestration, and nanoparticles monitoring. 
These projects begin in the fi rst half of 2008.

The Water Footprint of BiofuelsThe Water Footprint of Biofuels
Measuring the Impact of Biofuels

Team

Pedro J. Alvarez (Civil & Environmental Engineering) and
Amy Myers Jaffe (Baker Institute)

Project Background

Biofuels can reduce over dependence on foreign oil and provide 
an alternative revenue source for agricultural producers. However, 
successful implementation of a sustainable biofuels program 
requires careful consideration of environmental impacts. To avoid 
potential environmental impacts a holistic perspective that considers 
the broader implications of our energy policies is needed. 

Recent research on the environmental implications of biofuels has 
focused on air pollution, carbon footprint, and net energy value. This 
research focuses on a critical knowledge gap, provides a systems-
level complementary approach, and contributes to water security 
and sustainability.  

We will examine the societal, economic, and environmental 
implications of biofuels. Increased water use associated with crop 
irrigation and industrial processing will jeopardize the water supply 
for other users or result in water quality degradation that impairs the 
recreational use of water bodies. “Economically feasible” implies that 
the value-added to the water used for biofuel production exceeds that 
of alternative uses. “Environmentally viable” implies the mitigation 
of water stress or water quality degradation to avoid impacts to 
ecosystem health, as well as decreased reliance on external water 
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Integrated Economics, Environmental, and Integrated Economics, Environmental, and 
Reliability Modeling of Power System GrowthReliability Modeling of Power System Growth
Optimizing The Net Economic And Societal Benefi ts

Team

Daniel Cohan (Civil & Environmental Engineering),
Leonardo Duenas-Osorio (Civil & Environmental Engineering), 
Peter Hartley (Economics), and Kenneth Medlock (Baker Institute 
for Public Policy)

Project Background

A projected 40% increase in electricity consumption by 2030, 
coupled with the retirement of many older power plants, could result 
in the construction of new power generation facilities equivalent to 
almost half of current capacity nationwide. The electric transmission 
grid, already strained in some places by current loads, will require 
corresponding levels of construction to accommodate this growth 
while maintaining reliability and effi ciency. The construction of 
new generation and transmission capacity involves large capital 
investment that requires integrated assessment of their impacts on 
affordable, reliable, and sustainable electricity production.

At a time when many U.S. cities are struggling to meet federal 
air quality standards and climate change is attracting heightened 
concern, the need for new power plants can be problematic. These 
new power plants represent new sources of air pollutantion and 
greenhouse gas emissions. New plants also provide an opportunity 
to adopt cleaner and more effi cient technologies. The siting, design, 
and environmental performance of new power plants, along with 
actions to improve existing plants or curb demand growth, will 
critically affect environmental sustainability, energy reliability, and 
economic growth.

Specifi c growth in power systems has rarely been analyzed along 
with the economic, environmental and reliability aspects of power 
systems. This research will develop and integrate state-of-the-
science models of energy markets, power fl ow, and air quality to 
evaluate the affordability, reliability, and environmental impacts of 
alternative scenarios for satisfying electricity demand and optimizing 
the net economic and societal benefi ts of power systems. We will 
use Texas as a test case since it is predicted to experience more 
growth in consumption and generating capacity than any other state 
in the next 20 years.

Research objectives will:

1. Develop models describing electricity supply and demand in a 
deregulated market, the functioning and reliability of transmission 
systems, and power plant impacts on air quality, climate, and human 
health.

2. Design data sharing structures and methodologies for coupling 
three computational models. 

3. Apply the linked models to examine questions of signifi cance to 
industry stakeholders, policy makers, and scientists. 

Sustainable Production and Deployment of Sustainable Production and Deployment of 
BiodieselBiodiesel
Identifying The Most Affordable And Sustainable 

Team

Daniel Cohan (Civil & environmental Engineering), 
Kyriacos Zygourakis (Chemical & Biomolecular Engineering), 
Ramon Gonzalez (Chemical & Biomolecular Engineering).

Project Background

Biodiesel in diesel engines can reduce air pollution, greenhouse gas 
emissions and reliance on imported fossil fuels. Biodiesel production 
has soared 500-fold over the last seven years. Production is now 250 
million gallons nationwide, and Texas is one of the leading producer 
of biodiesel. Despite this rapid growth, biodiesel is destined to remain 
a niche player in overall diesel markets. Devoting the nation’s entire 
soybean crop to biodiesel production would displace 6% of total diesel 
fuel use. Other biodiesel feedstocks are also limited in availability.

Our multidisciplinary team will investigate were and how biodiesel 
should be produced and deployed to optimize the environmental 
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and economic sustainability of this fuel source. Because both the 
production and deployment of biodiesel can proceed in many different 
ways, there may be opportunities to minimize costs while maximizing 
effi ciency and net benefi ts to air quality.

On the production side, producers must select among various plant 
and animal-based feedstocks and various options for the disposal or 
reuse of production byproducts. 

Deployment options for biodiesel are complex. Biodiesel could be 
used in a vast range of diesel engines. It can be blended or used in 
pure form.

Our proposed research will achieve the following objectives. 

1. Biodiesel production. We will analyze the production of biodiesel 
from small- and large-scale facilities that use different feedstocks 
and convert glycerol to other useful chemicals.

2. Biodiesel distribution and deployment. We will compile data 
regarding (a) current and projected diesel fuel use and emissions 
in Texas, and (b) the biodiesel blends that can be used in each 
engine type. We will develop models that estimate the cost of 
distributing biodiesel produced at large- or small-scale facilities. 

3. Air quality. Published studies on biodiesel emission rates will 
be reviewed to determine best estimate ranges. We will use a 
photochemical model to simulate how alternative deployments of 
biodiesel would affect ozone, PM, and other pollutants in Texas. 

This research will allow us to answer a key question: Which production 
methods and applications of biodiesel will reduce air pollution and 
minimize costs? Such information will allow decision makers to 
prioritize the applications of biodiesel to determine which are most 
affordable and environmentally sustainable. 

Carbon Sequestration Through Bio-char Soil Carbon Sequestration Through Bio-char Soil 
AmendmentAmendment
A Low-risk Method To Increase Agricultural Productivity 
And Water Quality

Team

Caroline Masiello (Earth sciences), William Hockaday (Earth 
Sciences), and Kyriacos Zygourakis (Chemical & Biomolecular 
Engineering)

Project Background

The most important driver of human-caused greenhouse effect is 
CO

2
 released through burning of fossil fuels. To ensure a sustainable 

energy future, our economy must move away from our current 
carbon-based energy sources. Climate models suggest that we must 
immediately begin mitigating atmospheric CO

2

Successful mitigation of atmospheric CO
2
 pollution will require not one, 

but many solutions implemented in concert.  As part of this mitigation 
effort, a number of carbon sequestration strategies have been 
proposed, ranging from large-scale afforestation and reforestation in 
terrestrial ecosystems; post-combustion capture of CO

2
 at coal-fi red 

power generation plants; and pumping of the compressed gas into 
deep ocean and geological formations.

These approaches are stop-gap measures because carbon 
sequestered by growing trees will return to the atmosphere within 
a human lifetime. Doubts also exist about the feasibility of carbon 
sequestration in oceans, oil or natural gas wells or deep aquifers.  
There aren’t enough deep oil and natural gas wells in the US to hold 
all the CO2 we produce in the next 10-15 years.

It is clear that effective carbon sequestration must be based on 
sustainable processes that provide safe, stable carbon sinks with 
enough capacity to sequester a substantial fraction of human -caused 
CO

2
 emissions.

This research addresses a novel terrestrial carbon sequestration 
technique, bio-char soil amendment. This sequestration approach is 
low-risk; has the potential to sequester large amounts of carbon each 
year into long-term reservoirs; increases agricultural productivity; 
and improves water quality.
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Monitoring Engineered Nanoparticles In The Monitoring Engineered Nanoparticles In The 
EnvironmentEnvironment
Developing A New Approach

Team

W.C. Hockaday (Earth Sciences), Qilin Li (Civil & Environmental 
Engineering), C.A. Masiello (Earth Sciences)

Project Background

The long term goal is to monitor engineered carbon nanomaterials 
(ECNs) in drinking water and waste streams using portable, low-
cost, mass spectrometers. The objective of this research is to 
develop a method for measuring ECNs in environmental samples 
and understand background levels and sources.

As nanoscale science and technologies develop, it is important to 
assess the environmental impact of ECNs. Early research suggests 
that ECN particles could present a signifi cant threat to water quality 
and ecosystem health. We need reliable methods for detecting and 
quantifying ECNs so that we can identify release points, assess fate, 
and monitor exposure.

Quantitative extraction of ECNs from environmental samples will 
be diffi cult. We will explain why a traditional approach for detecting 
and quantifying ECNs in the environment is not appropriate. We 
will show how to develop this method for environmental monitoring 
applicaitons.
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