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Development of high-sensitivity detection
method for diluted ionic mercury in water

March 5 2013
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(a) Schematic of the surface coating material (DNA aptamer). Only the ionic
mercury is selectively adsorbed; organic molecules are not trapped. (b) Lake
Kasumigaura, where the natural water was sampled. (c) Schematic of a nanogap
on the gold surface, which was coated with the surface coating material.

A NIMS research group has discovered that it is possible to detect ionic
mercury, with more than 10 times higher sensitivity than with the
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conventional spectroscopy method. Ionic mercury is a harmful substance
when dissolved in rivers, lakes, marshes, etc. in even trace amounts. In
contrast to the conventional spectroscopic detection method, the infrared
spectroscopy detection method was used in detection.

Mercury is a serious environmental pollutant which is hard to control and
decontaminate. Its sources range from small scale gold mines, metal
refining plants, to combustion of fossil fuels, volcanic activity, and
crematoriums. In everyday products, it is emitted from dry cell batteries,
fluorescent tubes, thermometers, blood pressure gauges, and so on. As
mercury is easily vaporized at room temperature and diffuses rapidly in
the atmosphere, it is a ubiquitous pollutant on a global scale. On January
19, 2013, the United Nations ratified a new Convention on Mercury
Control, following multinational negotiations that began on January 13.
Because mercury contamination generally accumulates in living
organisms and gradually progresses over time, early detection of low
concentrations of mercury in environmental water is an important issue.

In this research, the NIMS group developed a method of detecting ionic
mercury from water selectively and with high sensitivity by fabricating a
gold nanogap structure coated with molecules which shows strong
specific adsorption of ionic mercury. Although infrared spectroscopy
had been believed to be unsuitable for the measurement of trace amounts
of analytes in water, the unnecessary spectrum of water was reduced by
using plasmons formed in the nanogaps of the gold, making it possible to
apply this method. The NIMS researchers also found that the detection
limit of ionic mercury with a standard Fourier transform infrared (FT-
IR) spectrometer can be decreased to the ppt (part per trillion) level as a
result of the improved sensitivity obtained by plasmon field
enhancement in the nanogaps.

Ionic mercury dissolved in water cannot be measured as-is by infrared
spectroscopy. However, by selective adsorption by the surface coating
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material in this work, it was possible to selectively detect ionic mercury
and other components when mercury was intentionally dissolved at a
concentration on the order of 30ppt in natural water from Lake
Kasumigaura. From this research, it was found that mercury
contamination of lakes and rivers can be assessed from trace levels using
infrared spectroscopy. In the future, this detection method is expected to
be developed into simple, precise monitoring techniques. Such
techniques are expected for contributing to the detection of other types
of environmental pollutions as well as to the industrial waste water
treatment.

These research results have been published in the online bulletin of

Scientific Reports.
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