
 

Toward a test strip for detecting TNT and
other explosives in water

March 28 2012

Scientists today described development of a new explosives detector that
can sense small amounts of TNT and other common explosives in liquids
instantly with a sensitivity that rivals bomb-sniffing dogs, the current
gold standard in protecting the public from terrorist bombs. They
reported on the technology, suitable for incorporation into a TNT test
strip, at the 243rd National Meeting & Exposition of the American
Chemical Society (ACS), being held here this week.

The sensor also has potential uses in detecting water pollution involving 
TNT, according to Yu Lei, Ph.D., and Ying Wang, who developed the
sensor. Such contamination can occur from production, obsolete storage
facilities and other sources. TNT contamination of drinking water
carries a risk of serious health disorders.

Wang, a graduate student in Lei's laboratory at the University of
Connecticut, said there has been a long-standing need for a fast, simple,
accurate way to detect so-called "nitroaromatic compounds" in salt
water, fresh water and other liquids. That family of compounds includes
2,4,6-trinitrotoluene — TNT — which is so widely used in construction,
agriculture and military applications that it has become the standard for
measuring explosive force, even for nuclear weapons.

"Law enforcement or homeland security officials concerned about the
presence of TNT in a harbor at docks need an answer quickly so they
can take steps to protect people and property," Wang pointed out. "That's
not easy with traditional testing methods."
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Those tests involve taking a sample of water and shipping it to a full-
scale laboratory. The sample must be concentrated because water
currents dilute the explosive, leaving only minute amounts in the sample.
And water samples must be prepared in other ways before analysis with
expensive laboratory instruments.

"Our new sensor promises to provide answers on-the-scene almost
immediately," Wang added, noting that it is based on a color change that
occurs when a sensing molecule in the device attaches to an explosive.
Lei explained that the device can detect very small amounts of TNT, as
well as larger amounts. The broad sensing range, high sensitivity and
dual action make this new sensor unique among those that work on water-
based samples, he noted.

So far, Lei and Wang have been able to detect concentrations of
explosives, such as TNT, ranging from about 33 parts per trillion
(equivalent to one drop in 20 Olympic-sized swimming pools) to 225
parts per million.

Lei and Wang explained that the sensor is already easy to use, but they
plan to make it even more user-friendly by incorporating it into a paper
strip, similar to the test strips used to test for pregnancy. That way, an
explosives expert or airport screener would simply dip the filter paper
into a sample of ocean water or other liquid, and put that filter paper into
a machine that would read the fluorescence and detect the presence of
explosives in real time. The sensor also could be used to detect TNT that
leaches into the environment, in streams or rivers near munitions testing
sites and manufacturing facilities.

  More information:
Abstract
Sensitive and selective detection of explosives is crucial for homeland
security and civilian safety. The fluorescence-based methods for
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explosives hold much promise to satisfy all the requirements as an
effective platform for trace detection of explosives. In this work, a novel
fluorescence polymer is synthesized by facile side-chain reaction in one
synthetic step with high conversion, and characterized by 1H NMR, 13C
NMR, UV-vis and fluorescence spectroscopy. In aqueous solution, this
new polymer forms a highly emissive hydrogel and undergoes a dramatic
fluorescence quenching when nitroaromatics (i.e., 2,4,6-trinitrotoluene
(TNT)) molecules bind to the polymer through fluorescent resonance
energy transfer (FRET)-amplified effects. This amplification was
demonstrated by the quantitative analysis of the fluorescence titration
profiles. Down to ppt level of TNT could be discriminated, representing
the most sensitive response among the reported fluorescence sensors for
nitroaromatics. Moreover, this polymer gives a fast response to
nitroaromatics and could be used in real-time detection.
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