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Introduction

Liquid explosives have been used in terrorism recently.' Inspection of bottles has become very
important, because these liquid explosives and/or their raw materials can be carried in bottles
easily. Hydrogen peroxide is a typical raw material of liquid explosives. It was difficult to evaluate
the concentration of hydrogen peroxide in the liquid in the bottle, because of the similarity of its
optical properties to those of water.? However, using near-infrared spectra and multivariate statis-
tical analysis, concentrations of a small order of hydrogen peroxide in the bottle can be evaluated
from outside of the bottle instantly. Hydrogen peroxide has been detected in not only a clear PET
or glass bottle, but also a colored glass bottle. Hydrogen peroxide mixed with soft drink such as
coffee or orange juice with pulp was also easily detected by this method. This technique can be
applied to inspection of bottles at airport security and elsewhere, where such security is needed.

Materials and methods

Drinks in PET bottles were inspected. Hydrogen peroxide was mixed with these drinks and the
concentration was estimated by NIR. NIR light was irradiated into the bottle via optical fiber,
where it was absorbed by the liquid, and then detected by another optical fiber. The reflected light
was then sensed by the spectroscope. The spectroscope consists of an optical grating and a linear
array sensor. It detects 256 wavelengths from 600 nm to 1000 nm simultaneously. The equipment
is illustrated in Figure 1.

The intensity of the spectrum is weak and there are many harmonic overtones and overlapping
spectra. The absorbance spectra were pretreated by developing the second differential, in order to
separate background and other noise. Multivariate statistical analysis, such as multilinear regression,
and partial least square regression has been used to analyze these complicated spectra to obtain
information from them.? The quality of the calibration models was checked by the standard error of
calibration (SEC) and the standard error of prediction (SEP).*
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Figure 1. Bottle inspection device.

Results and discussion

The concentration of hydrogen peroxide diluted in water can be estimated accurately. Spectra were
modified, not only by the concentration of hydrogen peroxide, but also by bottle shape, volume of
liquid, bottle material such as PET or colored glass, types of beverage, and other factors. Figures 2
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Figure 2. Schematic diagram of bottle inspection.
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Figure 3. Concentration of hydrogen peroxide in vegetable juice, Orange juice, coffee and mango juice
100mL.

and 3 show that concentration of hydrogen peroxide in vegetable juice, orange juice, coffee and
mango juice (with pulp) can be measured using NIR spectroscopy.

PLSR is much better than MLR to get calibration equations, because it uses more data from
the measured spectra. The system developed can detect explosives, such as hydrogen peroxide
in bottles. Future threats arising from other types of liquid explosives can be met by obtaining
calibration equations for them, and installing them in this NIR device. We hope that NIR bottle
checkers like this will soon be installed in airports, and the restrictions on carrying bottles will
be removed for the convenience of passengers.
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