
A cross the United States there
are thousands of hazardous
waste sites, most the result of

decades of industrial development,
mining, manufacturing, and military
activities that occurred before
people understood that
dumping chemical wastes
might affect public health
and the environment. In
1980, growing citizen con-
cern over the dangers of 
uncontrolled or abandoned haz-
ardous waste sites led Congress to 
establish the Superfund program to 
locate, investigate, and clean up the
worst sites nationwide – such as the 
infamous Love Canal near Niagara
Falls. Through the Superfund program,
the U.S. Environmental Protection
Agency (EPA), which administers the
program in cooperation with individual
states and tribal governments, has iden-
tified 1,430 of the nation’s most serious-
ly contaminated sites and included them
on the National Priorities List (NPL).

The Superfund program has pro-
vided a forum for addressing many
important health and environmental
questions, such as: What health 
effects could result from exposure to
hazardous substances? How do high
dose animal studies relate to low hu-
man exposures? How do these chemi-

cals affect sensitive populations such
as children, pregnant women, and the
elderly? How do hazardous wastes
travel through soil, surface water, and
ground water, and how can we use this

knowledge to better predict 
exposures? What technolo-

gies can we use to efficient-
ly and cost-effectively 
decrease or eliminate 
contamination? Finding

answers to these and other
key questions can help environ-

mental managers and risk assessors
make sound decisions about how to
clean up hazardous waste sites.

Because basic science research –
laboratory research at the molecular
and cellular level – plays a crucial role
in answering these questions, in 1986
Congress established the Superfund
Basic Research Program (SBRP) with-
in the National Institute of Environ-
mental Health Sciences (NIEHS).
The SBRP, which receives funding
from the EPA, focuses on acquiring
scientific and engineering knowledge
that advances society’s understanding
of the human and ecological risks
from hazardous substances. It also
concentrates on developing new envi-
ronmental technologies for cleaning
up Superfund sites. 

The University of North Carolina

at Chapel Hill (UNC-CH) is one of
18 U.S. universities where SBRP stud-
ies are occurring. At each university,
scientists from disciplines such as
ecology, epidemiology, toxicology,
molecular biology, engineering, and
soil science collaborate on complex 
issues that are best approached from
an interdisciplinary perspective. The
program also has a strong training
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The UNC-CH Superfund Basic Research
Program web site includes detailed 

information on research taking place at
UNC-CH, plus helpful links. 

http://www.sph.unc.edu/sfcoep

The EPA Superfund Web Site provides 
comprehensive information, including key 
steps in the Superfund cleanup process, 

enforcement information, Superfund 
offices and partnership organizations, and

answers to frequently asked questions.   
www.epa.gov/superfund/about.htm

The EPA Citizen’s Guide to the 
Superfund Program provides an

overview of the Superfund process and 
explains how communities can be 

involved.  www.epa.gov/superfund/
whatissf/sfguide.htm

NIEHS Superfund Basic 
Research Program

http://benson.niehs.nih.gov/sbrp/

or Information

SUPERFUND 101: Mitigating the 
Impact of Hazardous Chemicals
UNC-CH Researchers Are Part of National Team Working to Understand and 
Address Health and Environmental Risks from Hazardous Waste
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component, supporting many 
graduate students and post-doctoral
researchers.

Superfund Research at UNC-CH
The UNC-CH SBRP focuses on 
understanding the human health and
environmental risks associated with
hazardous waste sites, and on devising
strategies for remediating – or clean-
ing up – such sites in order to mini-
mize public health concerns. Follow-
ing eight years of funding, UNC-CH
was awarded a renewal grant from the
NIEHS to pursue its groundbreaking
research over the next five years.

“We’re taking a two-pronged 
approach,” explains Dr. James Swen-
berg, director of the SBRP at UNC-
CH. “First, by better understanding
the human health and environmental
effects associated with hazardous
waste sites, we will be able to improve
how risks are calculated and commu-
nicated. Second, by understanding
what factors regulate the fate and

transport of toxic chemicals, we
should be able to reduce exposure and
devise more effective cleanup strate-
gies. Ultimately, if we can combine
what we learn from these two 
approaches, we will be able to develop
more cost-effective methods for site
remediation than currently exist. That
will mean better protection for the
public and the environment.”

Currently, UNC-CH is involved in
seven research projects that range
from understanding how and at what
doses different chemicals cause health
and environmental risks, to develop-
ing accurate models to assess risk, to
learning how these pollutants migrate
in the environment, to determining
new methods to remediate these sites
using biological and engineering solu-
tions. Three of these research projects
are highlighted in this newsletter.

In addition to the primary investi-
gators on these projects, the UNC-
CH SBRP team includes experts in
chemistry, mathematics, statistical

analysis and modeling, molecular 
epidemiology, and other specialties
that play a pivotal role in conducting
this research. So far, the UNC-CH
program has trained nearly 80 gradu-
ate students and post-doctoral candi-
dates who will continue this important 
interdisciplinary research.  

Benefit for North Carolina Citizens
North Carolina is currently home to

25 NPL hazardous waste sites. The 
research taking place at UNC-CH and
other SBRPs will help communities
near these sites better understand the
health and environmental risks and take
a more active and informed role in de-
cisions about cleanup. Through this
newsletter, our website, and other com-
munity outreach initiatives, the UNC-
CH SBRP is committed to reaching
out to North Carolina’s community ac-
tivists, environmental groups, scientists,
regulators, legislators, industry, and
other concerned citizens – to help them
understand and use our work. ❂

Superfund Sites in North Carolina

Final Sites

Proposed Sites

Deleted Sites

MAP KEY

For a more detailed version of this map, 
please visit www.epa.gov/superfund/sites/npl/nc.htm.



MEASURING THE EFFECT
OF SKIN EXPOSURE TO 
HAZARDOUS WASTE

What are the risks when a child
plays in contaminated dirt?

Should a factory worker worry if he
touches a damaged barrel of hazardous
materials? Principal Investigator
Leena Nylander-French came to
UNC-CH in 1997 to research the
risks of exposing skin to hazardous
chemicals. Finding an accurate way 
to measure dermal exposure is one 
of the most pressing problems facing
participants in the EPA and NIEHS

Superfund programs.
Nylander-

French’s research
focuses on measur-
ing skin exposure to
benzene and naph-
thalene, two chemi-
cals often found at
Superfund sites.

Benzene, a carcinogen found in 
petroleum-derived substances such as
gasoline, has been linked to leukemia
and other forms of cancer. At high
levels of exposure, naphthalene,
which is a byproduct of the combus-
tion process, damages and destroys
red blood cells.

Nylander-French’s team is devel-
oping and testing a new non-invasive
method for measuring skin exposure
to these chemicals using special tape
that is applied to the skin, then pulled
off like a bandage. The tape is then
analyzed chemically to determine the
levels of skin exposure. This method

can be repeated two to three times in
the same spot to determine how
deeply the chemicals are absorbed
into the skin and, therefore, whether
they have reached the lymphatics and
blood vessels and been carried to the
rest of the body. This research also
investigates the connection between
skin exposure to these chemicals and
damage both to the skin and to inter-
nal organs.

The tape-stripping method will
help determine how much skin expo-
sure to these chemicals is experienced
by people living or working near 
Superfund sites. It will also provide 
information about potential health 
effects such as allergic contact 
dermatitis, cancer, and internal tissue
damage. These procedures can also
be applied to other environmental
contaminants.

“Once we know how much dermal
exposure contributes to the total dose
received to both the skin and internal
organs, we will be better equipped 
to develop appropriate methods to 

prevent exposure,” Nylander-French 
explains. “For example, if dermal 
exposure is a significant contributor,
we need to prevent this exposure by
appropriate protective clothing. On
the other hand, if we know that the
dermal exposure is not contributing
to the total systemic exposure, we can
concentrate on preventing exposure
through other routes.”

UNDERSTANDING HOW 
HAZARDOUS CHEMICALS
TRIGGER HEALTH EFFECTS

Because we breathe and use oxy-
gen, a condition called oxidative

For more information on these and
other research projects, visit our web-
site at http://www.sph.unc.edu/sfcoep

esearch Highlights

An exposure chamber is used to measure skin exposures for each chemical. Dr. Nylander-French and graduate 
student Evelyn Chao are preparing for an experiment. 

Dr. James Swenberg (left) is discussing DNA adduct
data from vinyl chloride exposed rats with Eric
Morinello, a predoctoral trainee.

Dr. Leena 
Nylander-French
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stress takes place at low levels due to
the generation of free radicals, which
harm the body’s cellular materials.
It’s a normal process, and the human
body has many defense mechanisms
to keep this process in check. However,
when these defense mechanisms are
overwhelmed by exposure to toxic
chemicals, high levels of oxidative
stress can cause cellular damage that
may be linked to aging, cancer, and
other conditions.  

Presently, little is known about the
relationship between exposure and
the initiation of oxidative damage.
UNC-CH SBRP Director James
Swenberg and his team are trying to
determine how chemicals often found
at Superfund sites, such as trichloro-
ethylene and polychlorinated
biphenyls (PCBs), cause cancer 
and other health problems through 
oxidative stress.

To measure the level of oxidative
stress in the body, Swenberg’s team is
developing new techniques using 
biomarkers, which are biological indi-
cators that signal certain stresses or
diseases in the body. They are also
developing a model that shows how
different levels of exposure to these
chemicals relate to different levels of
oxidative stress. In addition, they are
investigating which genetic traits
make high levels of oxidative stress
more likely.

This research will help determine
what levels of exposure to specific
chemicals are potentially damaging to
human health, particularly to suscep-
tible populations like women and
children. This information should
help managers in charge of cleaning
up Superfund sites to implement 
scientifically based cleanup practices

that will protect the health of sur-
rounding communities.

“It’s very important that we create
an accurate model to assess health
risk,” Swenberg notes. “If we overesti-
mate the risk, for example, we will
spend a lot of money cleaning up
more than we need to and not get any
benefit. On the other hand, if we 
underestimate the risk, we won’t do an
adequate job of protecting the public.”

IMPROVING CLEANUP 
TECHNOLOGY FOR CONTAMI-
NATED GROUNDWATER

Some contaminants in the ground-
water at Superfund sites are very

dense and do not dissolve in water. 
Because these contaminants, called
dense non-aqueous phase liquids
(DNAPLs), can settle at the bottom of
an aquifer, they cannot be effectively
reached by conventional remediation
methods called “pump-and-treat,”
where water is pumped out of the

ground and the contaminants removed.
The Chairman of the Department

of Environmental Sciences and Engi-
neering at UNC-CH, Cass Miller, is
leading a study that uses a mix of 
engineering and ingenuity to develop
techniques to reach and clean up set-
tled groundwater contamination.
Miller’s research focuses on DNAPLs
such as the industrial solvents trichlor-
oethylene and tetrachloroethylene.
These contaminants are found at most
Superfund sites, often seeping through
the soil and settling below the water
table in drinking water aquifers. 
Because pump-and-treat has not
worked with these chemicals in the
past, Miller’s team is developing two
new methods for removing these
chemicals from groundwater. Both use
a dense brine, or saltwater, solution.

In one approach, dense brine solu-
tions are injected into the ground-
water to displace the existing water.
Since the brine is denser than the
DNAPLs, the DNAPLs float toward
the surface and can be removed. In
the second approach, a dense brine
layer is established below a contami-
nated region to limit the vertical
movement of the contaminant. The
DNAPL moves downward and is col-
lected from the top of the brine layer.
The brine methods are also used in
combination with flushing solutions,
called surfactants, which further im-
prove the efficiency of the remedia-
tion process.

“These technologies hold signifi-
cant promise for remediating sites in-
fused with these solvents,” says Miller.
“If this research proves successful, we
will have an effective solution to one
of the most difficult problems associ-
ated with Superfund sites.” ❂

Dr. Cass Miller (center) and his research team, Ed Hill
(left) and Joe Pedit (right), are planning an experi-
ment to evaluate a DNAPL remediation technology.



V isiting Salisbury in June 2000,
Rick Weisler found a state envi-

ronmental report among his mother
Rita’s papers. Its contents troubled
him and prompted a discussion with
family members on whether the two
asphalt facilities near her Milford
Hills home might have contributed to
the lung cancer that was taking her
life. The family also uncovered a
number of cancer cases, all within a
14-home area near the asphalt opera-
tions and a petroleum storage facility.

As Weisler investigated further, he
learned that the state suspected soil
and groundwater contamination from
chemical solvents as early as 10 years
ago, then failed to adequately inform
residents even after an extensive
1996-97 assessment confirmed con-
tamination at one of the asphalt facili-
ties. In addition, neighbors told
Weisler that the North Carolina De-
partment of Transportation (DOT)
paid to have a neighbor’s contaminat-
ed well switched to city water in the
early 1990s. For nearly 30 years, chlo-
rinated solvents had been routinely
used in testing asphalt at these facili-
ties until some of those solvents were
linked to cancer in the early 1980s.

These findings prompted Weisler
to alert local, state and federal envi-
ronmental officials to his concerns
that a generation of residents had
lived with contaminated groundwater
and air caused by the facilities. Al-
though the area has not been desig-
nated as a Superfund site, Weisler

also contacted the UNC-CH SBRP.   
At that time, Milford Hills residents

had not yet formed an organized com-
munity group. Initially, the SBRP
brought in experienced community or-
ganizers from the Blue Ridge Environ-
mental Defense League (BREDL), a
statewide environmental organization
focused on environmental justice and
community empowerment. BREDL
staff helped organize and facilitate a
community meeting, drawing about 60
people, mostly from Milford Hills but
also including state and federal agen-
cies and elected officials. Residents
then formed Rowan Citizens Against
Pollution (RCAP) and identified goals
of cleaning up groundwater contami-
nation, preventing further contamina-
tion, and securing clean air. RCAP
members, along with state environ-
mental and health officials, also 

requested a community health assess-
ment from the Agency for Toxic 
Substances and Disease Control 
(ATSDR), and the agency plans to con-
duct the assessment in the coming year.

Weisler also said that citizens
needed assistance understanding epi-
demiological/legal concepts and what
they could expect from the various
state and federal agencies that were
becoming involved. The SBRP iden-
tified experts who could help citizens
understand these issues, including 
Dr. Steven Wing of the UNC-CH
Department of Epidemiology. Wing
has assisted RCAP this spring by 
assigning some of his students to 
recommend design options, exposure
assessment parameters, and choices 
of outcomes for the ATSDR assess-
ment. ❂

ommunity Outreach

Janet Zeller, executive director and community organizer for BREDL, and Rick Weisler lead a meeting in Salisbury,
NC to discuss citizen concerns about contamination from local industrial facilities.

Helping Citizens Address Concerns
about Local Contamination 
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Outreach Program Expands Awareness 
for North Carolina Citizens 

Improved awareness of environmental and health issues arising from the release of
hazardous substances into the environment is a priority of the UNC-CH SBRP.  To

build awareness, outreach programs that focus on the implications of the program’s
research target the public and professionals. 

Dr. Frances Lynn, a faculty member in Environmental Sciences and Engineering
and director of the Environmental Resource Program (ERP), and Kathleen Gray, as-
sociate director of the ERP, lead these efforts. They include:

Workshops for North Carolina teachers covering Superfund, hazardous waste, envi-
ronmental health, and the UNC program’s research.  Michele Kloda, an environ-
mental educator, is developing workshops for local schools.
A guide for successful citizen involvement at Superfund sites describing technical assis-
tance efforts that can improve the ability of citizens to participate in site cleanup deci-
sions. Alyssa Wittenborn, a graduate student, is conducting research for this guide. 
A website (http://www.sph.unc.edu/sfcoep) to share UNC’s research with fellow re-
searchers and North Carolina citizens. Melanie Miller, a web designer, and Tracy
Dehaven-Parham, an undergraduate, developed and maintain this web site. 
An annual newsletter, Center for the Advanced Study of the Environment (CASE)
News, to disseminate the program’s research results to the scientific community.
This annual newsletter, Superfund Scoop, to inform North Carolina citizens, 

community advocates, environmental groups, educators, and state/local officials

about UNC’s research and its relevance to their communities. ❂

This newsletter is published annually 
by the UNC-CH Superfund 

Basic Research Program, with funding
from the National Institute of

Environmental Health Sciences.
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Program Director
919-966-6139
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Outreach Co-Director
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