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Virtual lung models the impact of every breath you take
Staci Maloof, PNNL

A virtual lung model developed at the Department of Energy’s Pa-
cific Northwest National Laboratory may help predict the impact of
pollutants on respiratory systems and provide new insights into
asthma and other pulmonary diseases. Asthma afflicts 15 million
American adults.

The computer model, called the virtual respiratory tract, provides
an unprecedented three-dimensional view of how pollutants enter,
travel through and collect in the entire respiratory system. PNNL’s
prototype system models the nose, larynx and lungs of a rat. Efforts
are under way to similarly model the respiratory systems of monkeys
and humans.

Understanding biological impacts of pollution has become more im-
portant as respiratory ailments have increased. The number of asthma sufferers has nearly doubled since
1980. By learning how particulates travel through the lungs, scientists can design treatments that more pre-
cisely target drug delivery for pulmonary diseases. And they can study how pollutants affect the lungs of
healthy people compared with those who suffer from respiratory ailments.

“We designed a tool that will open up new possibilities for understanding how our environment affects our
bodies,” said Rick Corley, principal investigator and a PNNL environmental toxicologist. “The virtual respiratory
tract is a major accomplishment in modeling biological systems. It will be the springboard for detailed model-
ing of the body’s organs as a complete system.”

Using the virtual respiratory tract, PNNL scientists can analyze the influence of various factors such as the
amount of pollutants or the length of exposure on healthy versus diseased lungs by manipulating the com-
puter model. For example, they can begin to simulate how gases, vapors and particulates may act differently
within the lungs of people suffering from cystic fibrosis, emphysema and asthma.

The model is sufficiently detailed to track individual particles as they move within the rat’s respiratory sys-
tem. In fact, according to Corley, the model’s exceptional resolution could drive the development or use of new
technologies to measure pollutants and their potential impact in the respiratory tract at much greater precision
than is currently feasible.

PNNL scientists designed the highly detailed virtual respiratory tract by combining the powerful capabilities
of supercomputers, rapid semi-automated computer modeling and nuclear magnetic resonance imaging sys-
tems. The equipment is located in the William R. Wiley Environmental Molecular Sciences Laboratory, a DOE
user facility on the PNNL campus.

Creation of PNNL’s virtual respiratory tract began in the nuclear magnetic resonance spectrometer facility,
which contains instruments capable of producing magnetic resonance images similar to those used in diag-
nostic medicine — but characterized by much higher spatial resolution. With the NMR technology, laboratory

PNNL scientists have designed a virtual
computer model of the nose, larynx and
lungs of a rat in hopes of better under-
standing how pollutants affect those sys-
tems.
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scientists captured images of a rat’s upper respiratory tract and lungs in unprecedented detail. Then a semi-
automated software package called NWGrid analyzed the data, reconstructed it into a computer model and in-
tegrated information to show how airflows carrying particles might move inside the respiratory tract during
breathing.

“The grid program allows us to translate raw NMR data into a computer image very quickly,” said Harold
Trease, PNNL computational physicist. “We can go from data sets to a working model in hours, compared with
weeks or months required by other approaches.

“This increased speed will allow us to replicate the studies many times over, which will give us greater preci-
sion, or to broaden our studies and create a database of information on healthy and diseased lungs.”

The laboratory’s Biomolecular Networks Initiative (www.biomolecular.org ) has supported development of
the virtual respiratory tract with about $400,000 over two years. In the upcoming third year of research, scien-
tists will refine the model using data obtained with newly developed NMR imaging techniques. They also will
continue to collaborate with other institutions nationwide, including the University of California at Davis, which
has conducted extensive research into asthma using animal models, and the University of Washington’s pul-
monary biology and bioengineering programs.

Business inquiries on PNNL research and technologies should be directed to 1-888-375-PNNL or via e-mail
to inquiry@pnl.gov. ✦
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Other Web sites to check out

Computation fluid dynamics view of human
lung:

http://gallery.pnl.gov/mscf ImageLib. nsf/
($All)/4ZPTCP?opendocument
Grid and mesh computer programs used to
create virtual lung:

http://www.emsl.pnl.gov:2080/docs/
nwgrid/
View of particle moving through lungs using
PNNL’s NW Grid/NW Mesh computer
model:

http://victoria.pnl.gov/mscf/ImageLib.
nsf/by+id/VICA-4UU2AK?
opendocument
PNNL molecular science computing
capabilities:

http://www.emsl.pnl.gov:2080/capabs/


