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Detection of liquid explosives in bottles by NIR
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Abstract: In a number of recent cases, terrorists have used or attempted to use liquid explosives. As these
explosives and their raw materials are readily available and can easily be carried in water bottles, inspection
has become increasingly important. In this paper we developed a method to non destructively detect liquids
stored in water bottles. We chose hydrogen peroxide, a typical ingredient, as a test sample. Initially we
faced difficulties detecting hydrogen peroxide in drink bottles, due to the similarities of its properties to those
of water. However, by measuring the near infrared absorption spectrum, and using multivariate statistical
analysis we were able to detect hydrogen peroxide and estimate its concentration. This technique can be
applied to the inspection of bottles at airport security and so on.

Key Words: liquid explosive, PET bottle, near infrared, NIR, hydrogen peroxide, detection, terrorism, security,
drink, inspection.

1. [XC®IZ

2006 £Fu s B TTFRNRINERIIC X B AR BT n A%
HARZ o7 Y. ZHUERy MR MUTIBRREMIEEI O R E AT
HENL TSR DIAL, EVIETI AT DT T v 2 TEIBET S
LW FHETH o Te. ZOF AR K EDIRIROMIRE S
ABDHIR S, FRURASERD O LBEMKSE, 7' 2R
BT TATP, WE(LAKSE, ~FF I ZFEE 95 HMID 72
EOBHERE BN H B V. b DOFEEHIZ N TRRICAF
FRECHDTOBRE > TS, Ko T, FBHEMZemmis &~

FRAEERNZ L, DEVEFX 2 Y T4 —F = v 71Tk Bk
IKEDOBEDMIEL SR TN,

BUE, RAWIRERITE LTI, SRGHER, AKRSIE, XK
IRENDHD . BREFEENIFERIC L ) RAETRIRE & Rk
ZHHITHbOT, TR S TR Y 25 LICRESh T
W5, LaL, ZUIKEFT VY 7 EOFIMEWEIIRRITE 5
W3, 7K CAEEKSRARIIFFE RN Ve ORI T & Apv . KGR
BUIEEMAR ) v —2_N—R & UTHIREER U ~— CHESRR
DEAZRAT HHOT, ELEASNIARHILEA TE AR,

-42 - dJ. Jpn. Soc. Infrared Science & Technology  Vol.18 No.2 (2009.12)



X BN I E OFENF RS & BRI X O RBIETT O 23,
BHE HEFEER RO 2 DONEEL L.

Z I T, BA BRI DB R I TE 28T L LT
TOMIIRTIER Uiz, ZHET, RO TIIKOBRIAE
Te IR DRE, AT TEIRNE SHTue., Eiz, i
TKOBMLD NSRS (NIR) Th ALY MLASEHETRENTAS
FHLNEWIRIER D ST, L L, ITETIESERRTICL Y Z
NHOMENMRR S, ROERNPFREL 2o72 2. NIR (158
HEENDT2OIT &, ZDOEFIFIETHOANARHHFREE
185, LIledoC, ¥ R, (b, BR, ERRERAROE
T, BRI TS, FHIEFERDO X 5 2rEka v 7o
FERIECORFEIRICER S TWS Y. Lo T, ITRINEILAS
7 SV D RSRNTIC K0 IEER LK SRR EE & JIE C & AUERSy
TREEC X 28I /KSR DA FIRBIZ 72 5.

EOMDIIHEE LT T = o amaEndh 503, SNELERWE D
HOFE L ORBIZ LY R MV EOE EORETEEL 272

T T, RN K 2 RIS B OBRFR & By &
L, Xy hR MR LAGRIREOHEE #1To7z. I BIT, A
i L U COERMEE B 2720, #ix RBERICE 5 AT bV
BRFEREL, SERTREERE L.

2. RBR
2. 1 EFHIHES

ITARIMERIL 800 nm ~ 2500 nm DERE HONKTHD. WHIZ
SR END &, EOWE AT 5531 K FERR DY)
W E NS, SRR, FARIMEIR CORIEST OfEE-OR
BECL AW D Hbohd. £z, NIR 8% ClikEEZ< &
Bigk (O-H, CH, N-H) [ZmET 2,5 NI,

Z 2T, NIR SO T b — A& STERRMD Short
wavelength-NIR (600 nm ~ 1100nm) & FEEN A HEH 2 HV V-
ZOEERL, FROKOWIAY NS <, Jersidz Lo WD &
5. koT, WHIKEOY IV ORENTRECR S, 72771,
WINHHETTHD Z Eh b, JEIIEE SN &b OmEBEDS
HNEHENE LTS,
2.2 BEERRT 0

SCDOPIUEE S (BICEE) (3RAAE DUREE & DT ERHE < Lt
#IL (Beer-Lambert H), YOI &2 IRITIIERFA TR
HOLeD. Lo, BERRIZIT DIGE & RE & DRIfRE K
DD LI K VEIEEARRY MAh BRIER S D ERTET
MPTZ5.

BARIMREEE F18% 25 2009 F

NIR Light Detector
Fiber
/ Ring light guide
_ Light Source

OpticalL_ E—

Spectroscope
Fiber 2 s

Reference Site

i
i
/ -

Measurement Site Slit -1

Personal E /A'
Computer Linear image sensor

Fig. 1 Schematic diagram of bottle inspection
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Fig. 2 NIR spectra of four PET bottles containing 400 ml of hydrogen peroxide solution with different concentration(0 %, 15.9 %, 31.5 %, 45.5 %) :
(a) absorbance spectra, (b) The second derivative of absorbance spectra and (c) close-up of (b) 720 nm — 790 nm.
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Fig. 3 Calibration curve of concentration of 400ml hydrogen
peroxide solution using MLR.
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Fig. 4 Predicted concentration of test samples which were not
included in the calibration model.  (MLR, SEP=5.7 %)
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Fig. 5 Predicted concentration of test samples which were not
included in the calibration model.  (PLSR, SEP= 3.8 %)
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