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Eof 4 A3t el Exsh= TCE % PCES 3& DNAPLsw FHol| a4 $3o]Fo] 7153}
o] A3 AR Attt opet AN st g & 4 qlck

DNAPLs2 #AA37] 8 tjekst A% FolA) KMnOsL ©]€3 9F%= Yan and Schwartz(1999),
Seol and Schwartz(2000), Li and Schwartz(2003), Huang et al.(2002), Lee et al.(2003) & o] ${(2003)
o ojafjr] o] FojHct.
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5 o]43t] syringe ¢ HFH(100 0 gas tight syringe) > 2 Voyager Portable Digital GC User's

Manual (1997)& webx] A33}ed 7, KMn04(99+%, SIGMA- ALDRICH) AHE A8 F JHE A
o3 cello] &AA 1~2% o] UV-spectrometerE o]-83}o] 233} em, TCEY #3] A&l Cle
GC ¥Ho] B¢ ASE WYARATL F DX-80 ICE o]83led BAstgic) Hh-gol Absto] W& ubs
Z W 5L FEstr] ¢siA] Orion Portable(Model 635)8 o]8-3te] pH, Temp., EC % ORPE &3

TCEE ¥k Ajzto] 3 Zhzhe] AR o4 AAW sampling Al7kol] 20 ml syringe(for liquid)® 3] 8}o]
0.2g Na;S;03(99.9% certified anhydrous)S vl2] ¥-2 20 ml £7]d] 10 ml £4E& ol 7 30& o]
Ay A ste] Aol =gt & syringed o] 8313 100 wf gasE AMFH GCol| FY3te] &A st

Fig. 1. o] AgelA AME-gt ¥b- A& vehid) ukg-27]9] Ra= 15 gojdh

Fig. 1. Scheme of reaction vessel and analyse instruments for experlments

Table 1= A W] Aol A1Ed L4 50 i 27& Jehz sk R HAlel F A Ao
= Milli-QZ o]ﬁ—s}o% TCE §4¢ w597, H] 7 »Elzﬂow methanol(99%)& o]4-5t¢d TCE
A

b | “
Yeb wgel AV A A AR 1 122720 ¥)% 12008 AolE S AR

Table 1. Experiment condition of TCE and KMnOs solution in each experiment.

‘i TCE stock concentration of TCE KMnO; stock |concentrations of KMnQ, .

Milli-Q solution at reaction solution at reaction Sampling method
Ex 200 me/L -
X I by Milli-Q 18 mg/L(0.1370 mM) 400 mg/L 40 mg/1(0.3363 mM) liquid

, 200 mg/L

Ex I 1M | SR 18 mg/L0.1370 mM) | 400 mgL 40 mg/L(0.3363 mM) headspace
Ex I 200 mg/L 18 mg/L0.1370 mM) | 2000 mgL | 200 mgL(16815 mM) | liquid/headspace
’ by Methanol ' ’ 4 P

* TCE stock solution : 13.65 ul —100 mi(Milli-Q or Methanol(99%)
** Total reaction liquid : 900 ml TCE + 100 ml KMnO4

3. 4% AW ¢ W

Fig. 2.= 3 WA A4 KMnOsoll & TCES] gEwstel Clo A< ez gk of A3
odl4 FFellA TCE =9 ¥t 70~80&7el delvtn sledw HF Az FIe 67%(6 mgll
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TCE, 1603)2 Jehtz 9]
o] £(2003)8] AFollA B TCES} KMnO,o] A (1) zFe] vpehd 4= it

C,HCly + 2MnO, ~— 2Mn0O,(s) + 2CO, + 3CI~ + H' )
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Fig. 2. Variation of TCE and C

concentration by time in reaction with KMnOs.
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Fig. 3. Variaction of pH, ORP (a) and concentration of KMnO4 (b) by time.
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2 vepdith  Fig. 3.(b)ellA] KMnOsE 2710 48] F57} 2448t vha] Hbg Azt o] 3 808-of|4
°a'73f5]'7ﬂ FA=EH, o]A& Fig. 2.0 vekdl Clof ¥ Friel o] e{std o] AlAelA& Yandt
Schwartz(1999)7} #| A&k Mn0,2] A}7} &0 wh-gof 2|3k osko 2 TCEZ} Eslgls 7log =)
Fig. 4= A8 204 ¥ headspace sample Z7}e} A fefa] A& WA ZH3}F wlmste] et
W 7io|v}l. Headspace sample- liquid sampleoid] RolF+= F243% Fx 7F4AE BoFx e,
7471 <Al liquid sampleol]A{ = 80%-of lelh}= HbHoll headspace sample2 560%-o y=pdoz
Headspace sampleo] Liquid sample-2 thAlsle] TR 23S RofFr.
Head spaceollr] %7] %o Asg Axate] £a15t= TCEZ} headspace AFC 2 o]F3dle] AH3 S
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o]lF7] ¢alA s7EE HHez Rolg. FEolA Z7] 147 mg/Leldwd TCEZ} 507 18.2
mg/LE Z3mAe| 2eb7t Hell A FHashe AL HodFEr) o)7L Liquidd] £A)3k= TCEY %7}
7+ 5:%bol| uleba] headspaced]] Zdt= TCE7} th4] Liquid® o} Eoj7lcts AL HoFE= 740]1:}
olglgl FAFS 3wl o] TCE7} Aol 7|AFe 2 whEA| o] EalA|ut 7|AbollA] dAbo & o]Xo
Bt olgt Zbel ojsjA] whE &7] W] headspaced ©|-§38le] TCEo] AlAE AHE %'—J%
A FHEE Zles A aeiv 2kl Aelx TCEE AAE 7% AA KMnO.2] F4)f ¢
TCEAI AN E&E AFEA] RF=A] o) o3 d3kS efstojof & 7102 Ayzhsch
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Fig. 4. Variation of TCE concentration in Headspace of reaction Vessel for comparing to Experiment 1's
results.
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Fig. 5. Variation of pH and ORP by time in Liquid.
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Fig. 6. Variation of TCE in both liquid and headspace, Cl and TCE mass balance.
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