USGS

science for a changing world

¥ Investigating Lung Disease in
Military Veterans

U.S. Marines use a thermite
grenade to burn materials used
for making improvised explosive
devices during a security patrol in
Helmand province, Afghanistan.
Burn pits are only one potential
source of exposure to atmospheric
particulates. Source: U.S.
Department of Defense
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Six years ago, veterans returning from Iraq and Afghanistan had trouble breathing nor-

mally. The list of potential causes that soldiers were exposed to seemed endless: smoke from
burn pits used for trash disposal, desert dust, diesel generator exhaust, humidity and tempera-
ture extremes, explosives, and city trash and sewage.

Many veterans turned to America’s top-ranked respiratory hospital, National Jewish Health
(NJH), for answers. Doctors at NJH started collecting information from the patients’ personal
histories. The doctors ran routine tests on the patients, but all the tests returned negative. When
doctors, at last, turned to surgical lung biopsies, they noticed unexplained abnormalities affect-

ing the smaller airways of the lung.

“You can’t really treat people unless you have a diagnosis to know what you’re treating,”
said Cecile Rose, professor of medicine and medical director of the Center of Excellence on
Deployment-Related Lung Disease at NJH. “And you can’t prevent disease unless you know
what caused it. So, that prompted us to explore building collaborations with scientists like those
at the U.S. Geological Survey, who have a very different perspective.”

Building a Partnership

Rose recalled the partnership as “serendip-
itous,” stemming from her time coteaching a
course on health and environmental exposure
with Geoffrey Plumlee, associate director of
environmental health at the U.S. Geological
Survey (USGS). Together, NJH and the USGS
are trailblazing a new path in the collaborative
field of “medical geology.”

U.S. Air Force Senior Airman Frances Gavalis,
332nd Expeditionary Logistics Readiness
Squadron equipment manager, tosses
unserviceable uniform items into a burn pit at
Balad Air Base in Irag. Military uniform items
turned in must be burned to ensure they cannot
be used by opposing forces. Source: U.S.
Department of Defense

“USGS scientists had been working with
the Fire Department of New York medical
folks, looking at mineral particles in [the] lung
tissue of World Trade Center responders,”
Plumlee explained. He and Rose applied a
similar approach to the soldiers’ lung biopsy
samples, comparing tissues among previously
deployed patients with lung problems, those
whose lung issues were unrelated to military
deployment, and those with no symptoms.

U.S. Navy Mobile Construction Battalion 17
faces a dust storm while constructing a combat
outpost in Iraq near the Syrian border in 2008.
Photograph credit: Dr. Richard Meehan, National
Jewish Health
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The USGS brought

to the project
knowledge of
high-resolution
techniques, mineral
sources, and how
minerals interact with
the body’s fluids over
time.

“The analytical
techniques that USGS
scientists developed
for this purpose had
not been previously
developed.”
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Nanoscale Health

Pulmonologists at NJH identified inflamed
and injured tissue, and USGS geologists
closely examined the tissue to see what might
be there. “A lot of these particles are two
micrometers or less, with some as small as
50 nanometers,” explained Heather Lowers, a
research geologist and manager of the USGS
Denver Microbeam Laboratory. “Hair, for
instance, is about 80 micrometers wide. So,
these are very small particles.”

To glimpse these tiny suspects and identify
and count different types of particles, Lowers
and her team shot beams of electrons at the
particles and recorded the x-rays that bounced
off them. In some patients, there were too
many particles to count. Then, the team shined
lasers over the samples to map where metals
and other elements were unusually elevated in
the tissue.

The particles the USGS team observed
fell into three categories: man-made sources,
like steel; geological sources, like quartz from
sand; and particles that formed within the lung
itself. The team’s methods showed precisely
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Backscattered electron image acquired with

a scanning electron microscope of lung tissue
(darker areas) and inorganic particulate matter
(lighter areas). Credit: USGS Denver Microbeam
Laboratory

where in the lung the contaminants could be
found, giving NJH pulmonologists a clearer
picture for diagnosis and treatment.

The Power of Collaboration

The USGS brought to the project knowl-
edge of high-resolution techniques, mineral
sources, and how minerals interact with
the body’s fluids over time. The NJH team
applied that knowledge to human health, using
the findings for diagnosis, treatment, and
prevention.

“The analytical techniques that USGS
scientists developed for this purpose had not
been previously developed,” Rose said. “It
is this kind of collaboration that allows us to
cross disciplinary boundaries.”

The team anticipates publishing their
findings soon but also intends to refine their
understanding of the particles causing sol-
diers’ lung problems.

“We are, through this collaboration, in a
much better place to get the answers to these
fundamental questions around cause and
mechanism,” Rose said. “I think science in
this day and age really requires cross-disci-
plinary collaboration.”

By working together, two seemingly unre-
lated groups—National Jewish Health and the
U.S. Geological Survey—took steps to solve

Dr. Richard Meehan, Battalion Surgeon for U.S.
Navy Mobile Construction Battalion 17, taking
air quality measurements during a dust storm at
Al Asad Air Base in western Iraq. Photograph
credit: Dr. Richard Meehan, National Jewish
Health

an environmental and public health crisis, an
accomplishment that will help affected veter-
ans receive the treatment they need.
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