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A new monitoring system has been developed for in-situ and realtime measurement

of ozone transport in unsaturated porous media using a fiber optic sensor. The calibration of

the fiber optic transflection dip probe (FOTDP) system was successfully carried out at

various ozone concentrations using a column with length of 30 cm and diameter of 5 c¢cm

packed with glass beads, which don’t react with gaseous ozone. The breakthrough curves

(BTCs) of ozone was obtained by converting the normalized intensity into ozone

concentration. The FOTDP system reflected the ideal transport phenomena of gas phase

ozone at various flow rates. The FOTDP system worked well for in-situ monitoring of gas

phase ozone at various water saturations and in presence of SOM. However, the FOTDP
system did not measure the ozone concentration at more than 70% water saturation.

key word : fiber optic sensor, transflection dip probe, unsaturated porous

media, ozone.

1.4 8

2o LHERE dE 52 AAZE BT ollH SHEH A5 2L FHe
2 E AFLeENSIEY AFH LA g A77 FWYHer gol AAFHT g
P 2% e@&Ags e E4HEd Ao LARANANMN LEFEE 2 A2d LAV
2 A2d H5E Hrtg £ o FHEAUYS g AAAA FA] 2T AHAFAH
A eS H7HE & doH, LEFEI HFHHAHAN
s HWE JIEo2 AN&" FEAVE HFEENE £ Ao A, LHRAWAA LEFEE

A7l s EYUtEE AEY & F, 4
F 2855 E40 o o8] 7HA] A8 #2388 & Ut wHdA &8ss 443
AaiMde dF QIR AT L2 A LE2FEE (T 5 YE wH A
g4Aola stz A7 WaQy, V|7 Ao wE AZUd AAZ Ao 7}
ke FHPez A& FdF AAM(Fiber optic sensor)7b A3t 53L& EYE o o] 2 &x
sgpth 12 1201510 B A e 49 FRY EGRYAYL Sote] 2 )
Jujol A JhAg 088 AR F2H & £ dE FAF AA A2"EE NLstnx s

42

- 111 -



288
21 4% 4y
FAG A Azde Fdod 98T B LE FHFE TG TAEA H AT
A ZHsnz ste EFF ol st Yo FEst ZAsA HI, o] e ©A FHF
Este] AERE OBAA AEHAAN UL AEE A ok 28y LI wgd 24
o= FAoM 2A Y €3 AERoA Z2AHE Lo A= HolE ol &t FAsA &
P H Agoa 2e FFste A0 7] Wi 2 AFdAME A4ds #e
& A ANz2de etz Rt 2dn BFESA FHHA e EFE Y 54
ted EGuUiRz JH AY=Ho LEFEE FAY & Ue AAM A2EE AR
o) 4 7§23 Fiber optic transflection dip probe (FOTDP) Al2€e] F4& Fig. 19 4
Butt. FOTDP Al2®& deuterium %9, transflection dip probe, miniature fiber optic
spectrometer, A/D converter, 22 1 dHlol8 A& A% FAFHIZ FAHA ok

B AT A= glass beads$t FEAb st AdE AAAY EGvidE F2E #
gz e AgA2ddd AU AFAAdL &R (GL-1, PCI-100; NJ, USA), +
FzA7), 7k~ Y, UV/VIS spectrophotometer 522 FAHo glom, @EEA7|AM A
H QFo] ZPWE FUH7] Aol UV/VIS spectrophotometer2 2 &9 F=& FA3 0
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FOTDP Al2"®& o] &3ty A% Holetg LE&FE R A AN LEF =W
W& FOTDP Al2¥e dlolH intensityel ™3 calibrationel @A olgt & 4 Ut} Fig. 29
Yyetuiol R uvre} Zo) g &% T (1036, 1019, 83.6, 634, 428, 261, 12.3, 5.0 mg/L)OlV“I
N 2" dlo]E 9 intensityE ZA3Pch 28 &% =9 dlolH intensity Abele] AUAAE
E&39on o] A%E Fig. 39 UYelAct dlolE intensity® 2EFEAbold] AFAAE ¢
BUAlE FA T, A9 9T polynormial fit FEHIE YERAATH

EGFRe BX3 EYUoM 2FY o)F 2 BEEXA A¥E A FLIATY 3§
Yot} et B AFAE EXSFRY X35 E Zby] 23 dHA FOTDP Al&"S o]
g8l 2EO)FEANE A5 FOTDP Alz¥e AAAE Hrstlth Fig. 49 glass
beadsZ 23 E EYZHL ol&dte TFd EFFEZANA ST 2&9 FAFHE Ue
Wt 23E 7t FdN EFFEGe] A HE EGFTol Fastd FAE & 7t
29 M3 G<& (average linear velocity)2 718t/ €l weld dutx oz EFsE&%o] F7H
%} 2 2y 2&89 oFEEE A F71eA @k AR Fig. 49 YERd upet Zo] BEY

Royo] 2713 48 QFo|FSEE AAAJY. olgt 22 AAE &9 FAEV w7 AL
°ﬂ &3 wrgAo] glE glass beadsE X H EGZIUAAN EFFEC F71eA d4 F4
g 72y LEFAN EGSFEUE SiHo REeEE A& FUsky] Wiez #dE 2
g1 ESFES T3} 70%E 234319 S W= dip probe Eoll ¥ € transflection mirror
7t R ERSR o3 7] Wi A FOTDP Al&age 2&9 & AEs| &HA &t
< ¢ F Aok
E AFqE Ex3 EFUAA 2LEFEE ZAY F e FOTDP Al&"E 7AEsad
om AP FRe A¥L F3 FOTDP A" A%S Hristdh A, AAQY EFLS
BAeA FAE 7] dEC Z AFoA /fZd FOTDP Al2¥& Q@R A &317]
qM G HEA e AXor & AR AU
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Fig. 1. Schematic of the fiber optic transflection dip probe (FOTDP) system.
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Fig. 2. Calibration fronts of the FOTDP Fig. 3. Calibration curve between ozone conc.
in the glass-bead packed column. and normalized intensity.
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Fig. 4. Effect of water saturation on the measurement of the ozone BTCs in the glass-bead
packed column using the FOTDP system.
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EXs ESuidldA Ztadd 288 AA 5337 A BAR AME ©] 8389 Fiber
optic transflection dip probe (FOTDP) AZ2®-& 73t 1036 - 5.0 mg/Le &% % HY
ol Q3 vkg Aol Qe Ao UHA glass beads®E 28 FaAdHE £39 FOTDP Al
2% &7 dlo]lgd tha] calibrationd AFHoZ AAsPed, o]& Fd FOTDP Al2€&
o] &3¢t o &9 FHAFME FAHNAY. EGSFEY IIxe FFE T 2AAAME
FOTDP Al2d& & dAAE vehlideod, Exs ESujAYcdAe o] d&A 2&0]F &
A4S vEd F A gy EGFEY LT 70%E dAS Helle LEFEE SAHA

-113 -



Zst .

£ ddA NEd FOTDP Al2¥e B¥3 EYnjdy gdd ZAUWAN &0
A3 etk A, 83 EGFS BRASHA FAEH J7] #E FOTDP A
o

54
& 2 =4
AZegRA) Bgarlel g4 S U A77F 8T

A}
o
I &
=

4. 2 A
EATE #2847167599 AU G AVEABALY QB AYHYon of
o ZAEHYT

5 FaEd

1. Miller, C. M, Valentine, R. L., Roehl, M. E., and Alvarez, P. J. J. "Chemical and .
microbiolgical assessment of pendimethalin-contaminated soil after treatment with Fenton's
reagent”, Water Research, 30, pp. 2579-2586(1996).

2. Hsu, 1. and Masten, S. ]J. “The Kkinetics of the reaction of ozone with phenanthrene in
unsatruated soils”, Environmental Engineering Science, 14(4), pp. 207-217(1997).

—-114 -



