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Development of In-situ Remote Monitoring Technique

- Detection of Iodine with the use of High Repetition Rate Tunable Laser -

Yoichiro MARUYAMA, Masaaki KATO, Akira OZU and Tsunetaka BANBA

Department of Environmental Sciences
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received December 7, 1999 )

For the development of advanced laser remote monitoring technique which detects very
trace impurities diffusing in atmosphere within very short time, a preliminary study has been
carried out using iodine and a high repetition rate wavelength tunable laser. In this

experiment, iodine placed at 15 m from the laser is irradiated by the high repetition rate
tunable laser light and excitation and detection characteristics are studied. By using the high
repetition rate laser, signal to noise ratio (S/N) is improved, and within a few seconds, data
with high accuracy are obtained. Based on these experimental data, a simple calculation is

carried to evaluate detection limitation of the method. As the result, it can be shown that it

will be possible to detect iodine with the concentration of sub-ppb with this technique.

Keywords : Todine, Tunable Laser, Lidar, Remote Monitoring
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Fig.1 Experimental set-up for the measurement of Iodine fluorescence
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Fig.2 Dye laser beam profile measured at distance of 12m from the
laser
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Fig.3 Fluorescence spectrum of lodine at the wavelength between 580 nm and 620 nm
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Fig.4 Decay characterisitic of excited iodine



JAERI-Research  99-073

Fig. 513 &58Inmic BT 5 A VR DML ZHE L MR TH 5, HiEh o
HMEIIAETHEEICHMTSBEL EBIIHMU,. K-1000V OHIMEIED 5 BF1H
WERTEICARD, BAREIIHEL —F—HOBMEOHMICE H>THAL. ¥
WOuIP)NINVALZFINF—THMLBDS, ZOEENS, UTOoRE TR L —F—D/%
WAZRNF—EAuICERET 5.

30 T T T I
Fluorescence wavelength 589 nm
—— HV 1100V ~
- e HV <1000 V -
B @ 0V 800V
&= —p—HV -$00V
§ 20 + -
&
o]
%
o 10 -
)
g
k2
0 L

20 40 60

Dye Laser Pulse Energy ( uJ)

Fig.5 Saturation characteristics of Iodine as a function of dye laser pulse
energy

3. 4 BUELHELS/N

Fig.6lZ L —H— DR 0K L (REEE) 22 8EBTICHEINLE5ERL
PHDOTHB, @ITEVKLUE2HzZ, (0)Id20Hz, (©F2kHzTH 2, L—H— D DIK
LB BVW@QTIEHERIRBRE /1 X0PicHE> TS, L—TF—0BDERUKEREL,
BENKEBTZLCE>T/MXIMET SR, EREBEICTEIENTES, /11X
BHEERKDO) —THEDTEH L, L—P—0RVIRUEN2kHZ T, 2HZOHE D
KIBORDILUTIEADT B Z &ic/ed, BHzOBR VIR UEOEETO /1 AL N)Lid0.2
~04mVTH 5T EMNS, 2kHzTIIEHE RiZ4~8u V/AdivBE L THETES Z &Ik



JAERI-Research 99-073

%, BIEREALETF Y NAT AT -7 OREBAZ0.1mV /dived 25 5 3HEHE
B ZNICHARTED TEN., Z0EDEBHESE (Stanford#L8ISR-445) &f->T /A
AEPE LR, ZTOMEIN3LVTHY, SHHEEERS—BLTWS, #-7T. 2kHz
TIREBSBENIMVTH BN ES/NIZ, 3308735, BB O —F—HENCELZ
KNI TH 2. PERDED K LUEDI0HZEED L ——TRUCEK L - —REL T
T OEBETBI ETHENIFORKEET S, 4251 25U 27 TIRE
FERHEHTARENENEEBEOEVWTF—IREEoNS, 2T, BRVEL L —¥—%
AT L& TS/ NOBWTF—5 2R THRTED Z &SR TE R,

(a) PRF=2 (b) PRF=20

(c) PRF=200 (d) PRF=2,000

Fig.6 Signal and noise characteristics as a function of dye laser pulse
repetition frequency (PRF). Top trace is signal, and bottom trace reference
laser pulse
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Fig.7 Time delay between wavelength tunable laser and a detector with and without signal
amplifier
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Fig.8 Signal intensity of iodine as a function of number of iodine.
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B 1055.06 107.586 | 2.93072x10 '| 252,042 1 778.172 6.58515 x 10% _ 75 kel-m/s
IRG5R2 9 55 . 3616 g 323R(C a5 3 Q 3y "
1.35582 0138255 | 3.76616x10 0.323890 | 1.28506 %10 1 8.46233x10 745 499W
LE0218X10 | 16337710 2| 4.45050%10 | 3.82743%10 | 15185710 | 118171x10 ]
i By Ci e Gy rad il C/kg R | Sv rem
4 I 4 it
! 1 2.70270%10 Y 2} 1 100 i 1 3876 i 1 100
e Wt bt ut
3.7x10" 1 0.01 1 2.58x10 * 1 0.01 1

(86412126 H Bif)
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