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The history of the world is one of warfare, nation fighting
nation and family fighting family to gain small pieces of
ground or fulfill some sense of justice. In a bygone

era, the shooting stopped when the conflict ended.
Modern battlegrounds, however, can echo for decades with
the threat of unexploded munitions.

An estimated 60–70 million land mines are deployed
throughout 70 or more countries around the world, many
from wars long finished. The International Committee of the
Red Cross reports that 26,000 people—40% of them chil-
dren—find these remnants the hard way every year. In addi-
tion to direct casualties, land mines take an immeasurable
toll on people who are starving because they are afraid to
plow the soil that surrounds their homes and villages, afraid
that the soil that brings life can also bring death.

In December 1997, more than 100 countries signed the
Ottawa Convention on the Prohibition of the Use, Stock-
piling, Production, and Transfer of Antipersonnel
Mines. This movement entered into force in March
1999 and is gaining support, but it still lacks
two key signatories, the United States and Russia.
Under this initiative, which shared the 1997
Nobel Peace Prize with its coordinator Jody
Williams, the signatory countries agree to destroy
their stockpiles of antipersonnel mines, elimi-

nate any mines in the ground under their jurisdiction, and
assist other countries in mine destruction (1).

Unfortunately, although the destruction of mine stockpiles
was relatively straightforward, finding and eliminating mines that
have already been buried is a more difficult and vastly more
dangerous enterprise.

Detecting Land Mines
Metal detectors are the standard tool for locating land mines.
Most antipersonnel mines contain no more than 0.5 g of
metal, making it necessary to turn up the detector’s induc-
tion coil. Unfortunately, this causes the metal detector to
pick up signals from every little piece of metal in the field,
including minute samples of shrapnel. It might be neces-
sary for searchers to probe the soil by hand with short wood-
en sticks while they crawl along the ground, but this method
is very labor intensive and can be quite dangerous. Thus,
researchers are looking for a way to detect the one thing
that is specific to the mine—the chemical signatures of
the explosives.

One of the most commonly used explosives in land mines
is 2,4,6-trinitrotoluene (TNT), which is typically contam-

inated with dinitrotoluene (DNT) and dinitroben-
zene (DNB). Such signature compounds are typi-

cally released into the surrounding soils by
contamination on the mine surface, vapor
phase diffusion through the mine casing, or
leakage through cracks, seams, or holes in the
mine. The method and degree of release depend
largely on the type of mine being studied. The
surrounding soil matter typically absorbs about
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95% of the TNT that escapes from a mine. Groundwater dissolves
much of the remaining 5%, and only a small trace remains in
the vapor phase. In fact, TNT residues typically reach the surface
of the soil only when the surface water evaporates, drawing
the underlying water to the surface.
Even then, TNT accumulations might
only reach the parts-per-trillion (ppt)
to parts-per-quadrillion (ppq) range
(2). How does one detect these minis-
cule amounts of explosive?

Dogs’ noses are some of the best
chemosensors known. Dogs that are
experts at sniffing for contraband at
airports have also been trained to
detect the very faint signatures of TNT
and other chemicals as they seep from
land mines. But it is difficult and
expensive to train a dog specifically
to detect TNT and its products; the
animals tire quickly and can only work
under specific conditions. Instead of
relying on dogs directly, researchers
have focused on developing elec-
tronic systems that mimic the chem-
ical registry of the dog’s nose—a series
of e-noses for TNT detection.

Gravimetric Sensors
Quartz crystal microbalances (QCM)
form the basis of one category of e-
noses currently undergoing testing.
This system measures the beat frequen-
cy between two quartz-controlled oscil-
lators, one of which is coated with
molecules that interact with the
compound of interest. As the compound interacts with the coat-
ed oscillator, a mass change on the oscillator’s surface alters its
resonant frequency relative to that of the reference unit, gener-
ating a signal.

Biosensor Applications (Ursviksvägen, Sweden, www.biosensor.
se) developed the Biosens-M, a QCM-based system to detect TNT.
The system uses a crystal coated with TNT mimetics, which are
bound by anti-TNT antibodies. TNT vapor is extracted from the
surrounding air through a filter, comes in contact with the surface,
binds to the antibodies, and releases them from the crystal by
competing for binding with the mimetics. The decrease in crys-
tal mass allows it to resonate at a higher frequency than before,
and this change is detected. In tests, the Biosens-M has detect-
ed TNT at sub-ppm levels. Obviously, there is still room for improve-
ment.

Conductivity Sensors
E-noses like the Cyranose, developed by Cyrano Sciences (Pasade-
na, CA, www.cyranosciences.com) work on the principle of the
disruption of an electrical current as it passes through a chip. This
disruption is mediated by the interaction of volatile organic
molecules with conductive composite materials (typically carbon
black in a polymer matrix). As the molecules interact, the compos-
ite material expands, and its electrical resistance changes. This
change reflects the concentration and identity of the organic mole-

cules. Because different sensor materials will respond to a variety
of compounds, it is necessary to establish an array of sensors.
Thus, the way a particular test compound interacts with each of
the array members helps to identify the compound. Nathan Lewis,

a codeveloper of the Cyranose and
professor at the California Institute of
Technology (Pasadena), found that the
sensor could identify TNT down to
the low-ppb range.

SPR-Based Sensors
Optical chemosensors based on surface
plasmon resonance (SPR) technology
are also being tested for their ability
to detect TNT. SPR-based methods sense
molecular binding by detecting the
change in mass concentration that
occurs on a sensor chip composed of
a glass surface coated with a thin layer
of gold. Light shines on the reverse
side of this chip, propagating an
electron charge density wave that
emerges at the surface of the metal-
lic film. The resulting evanescent wave
extends beyond the sensor surface and
detects mass changes on the surface.
Because the light does not actually
enter the sample, problems of quench-
ing or absorbance are eliminated.

Texas Instruments (Dallas,
www.ti.com) and the U.S. Army collab-
orated to develop an SPR-based TNT
detection system (3). The surface of
their chip is coated with bovine serum
albumin (BSA) that was previously

treated with trinitrobenzene (TNB). The chip is then treated with
a solution of anti-TNT antibodies that bind to the BSA–TNB
coating, establishing the spectral baseline (Figure 1). Thus, if a
soil extract containing TNT passes the protein complex, the free
TNT will compete for antibody binding with the immobilized
BSA–TNB, releasing the antibody into solution. This change in
mass will be detected as a change in the surface plasmon reso-
nance. The researchers looked for TNT in laboratory-spiked soil
samples from three military testing grounds and successfully locat-
ed examples of soil contamination.

One of the drawbacks of the SPR-based method, however, is
that it requires the chemical extraction of TNT from the soil
samples with methanol or acetone, which can severely affect
the stability of the antibodies. Aqueous extractions, which are
preferable from an antibody stability standpoint, were also test-
ed, but were only able to isolate 40% as much TNT as the organ-
ic extractions. Sensitivity was also a problem: The immunoassay
was able to detect TNT down to ~1 ppm, but field soil samples
might only contain ppt levels of TNT. Thus, a lot of work remains
to be done to increase the assay’s efficiency and sensitivity.

Fluorescence-Based Sensors
Another area of advancement in the identification of TNT in soil
samples relies on changes in fluorescence as molecules of the explo-
sives bind to polymers or antibodies. The FIDO detection system
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FIGURE 1: SPR-based TNT detection.

Incident laser light has a specific reflectance when it
strikes a gold film coated with BSA–TNB bound by
anti-TNT antibodies (a). In the presence of free TNT
molecules, the antibodies release from the film (b).
The resulting change in mass at the surface alters the
laser light reflectance.



of Nomadics, Inc. (Stillwater, OK, www.nomadics.com) is based on
a fluorescent polymer fiber that was developed in Tim Swager’s lab
at the Massachusetts Institute of Technology (Cambridge) (4).
The fiber comprises small chromophores aligned into a chain. The

chromophores react with incident light to generate a fluorescent
signal that is propagated along the length of the chain and, as
each chromophore releases its own signal, the final signal inten-
sity increases 100- to 1000-fold.

In FIDO, each chromophore carries a TNT-binding probe.
When uncontaminated air passes over the polymer surface, the
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From E-Noses to Bee Noses

While researchers at
Cyranose Technologies,
Nomadics Inc., and
Tufts University spend
their days searching
for new ways to elec-
tronically register the
chemical signatures of
TNT contamination,
other scientists work-
ing at the Sandia
National Laboratories
(Albuquerque, NM)
and the University of
Montana–Missoula are
focusing their atten-
tion on a natural
chemical sensor—the
lowly bee (www.sandia.
gov/media/minebees.htm). As bees forage for nectar and pollen,
they naturally attract particles of dust and soil to their furry
bodies. By transporting this incidental cargo back to their
hives, bees supply a chemical profile of the environment
within a radius of a mile or so.

“Bees are like flying dust mops,” says Jerry Bromenshenk,
a researcher at the University of Montana. “If it’s out there,
they’ll find it and bring it back.”

Working with Sandia chemists Susan Bender and Phil
Rodacy, Bromenshenk has established several bee hives around
a Sandia mine test field. The hives are designed to examine
the chemical signatures of compounds stuck to the bees as
they enter the hive, to look for trace levels of explosives. The
researchers are training the bees to associate the odor of TNT
with food in the hope that the insects will spend more time
near plants and soils contaminated with the explosive. Bromen-
shenk holds out hope that if they can discern that specific
bees are indeed visiting TNT-laden sites, they can attach small
diodes to the insects and chart where the bees forage.

“If this method works and it’s reliable, you could foresee
giving people the green light to reenter or farm large areas
based on bee sampling,” says Bender. “The beauty of this
approach is that bees are indigenous to every climate on earth.
And you wouldn’t need a million-dollar piece of equipment
and expensive training to use it.”

Bee mine. A RESEARCHER HOLDS BEES NEAR
ANTITANK MINES TO TEST WHETHER THEY CAN
SENSE TNT WITHIN THE MINES.



fluorescent response to incident blue light is registered on a photo-
multiplier tube. But when contaminated air passes over the surface,
electron-deficient TNT molecules bind to receptors on the chro-
mophores, creating a low-energy trap. This quenches the fluo-
rescent signal, halting its propagation along the chain and reduc-
ing the detected signal. In several studies, FIDO was tested against
soils from a variety of military test sites and, in most cases, was
able to detect TNT levels down to 10 ppb in the field and 6 ppt
in the lab (2).

A less-sensitive fluorescent assay being developed by Francis
Ligler and colleagues at George Mason University (Fairfax, VA)
and the Naval Research Laboratory (Washington, DC) follows the
change in fluorescence as TNT contaminants compete with fluo-
rescently tagged TNT derivatives for binding to anti-TNT anti-
bodies (5). Like the SPR-based sensor, this system requires a solu-
tion-based TNT sample and in this case, the fluorescence is measured
with a charge-coupled device camera. This assay detects TNT in
the low-ppb range.

David Walt and colleagues at Tufts University (Medford, MA),
the University of South Carolina (Columbia), and the Lawrence
Livermore National Laboratory (Livermore, CA) have similarly
developed a fiber-optic sensor that detects DNT (6). Two vapor
sensors—one that is semiselective for nitroaromatic compounds
and one that is nonselective—measure fluorescence before, during,
and after vapor exposure, generating a response pattern that
can discriminate between target and random vapors. In field tests,
the researchers were able to detect DNT down to 120 ppb.

Homeland Security
Although the horrific events of September 2001 caused a shift
in focus for many of the groups researching these technologies,
the fundamental sciences that promote the detection of land
mines are the same sciences that will allow the detection of other
chemical and biological compounds, including nerve gases, micro-
bial contaminants, poisons, and drugs (see also “Spectroscopy for
Safer Skies” in Today’s Chemist At Work, March 2002). Thus,
given the relative insensitivity of the current techniques, the
search continues for detection methods that are fast, simple to
run, inexpensive, and portable.
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