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A Laboratory study was conducted to evaluate the kinetics of oxidation of
trichloroethylene (TCE) in groundwater by potassium permanganate (KMnOs). Consumption
of permanganate by TCE and aquifer materials was also evaluated to obtain an appropriate
injection rate of KMnOs. TCE degradation by KMnO; in the absence of aquifer material
showed effective with pseudo-first order rate constant, kobs = 181102 s at KMnO4 =
500mg/L. TCE oxidation by KMnOs; was found to be second order reaction and the rate
constant, k = 0.65 * 0.08 M_Is_l, was independent of pH changes. KMnQOs4 consumption rate
by groundwater sampled from field site was not significant, indicating that groundwater
containing negligible amount of dissolved organic matter does not have any influence on the
KMnOy degradation. Meanwhile, aquifer materials from field site were actively reacted with
permanganate, resulting in the significant consumption of KMnO. It might be attributed to
the existence of metal oxides in aquifer materials. Based on the rate constants obtained from
this study, appropriate injection rate of permanganate and TCE removal rate in groundwater
could be estimated.
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Trichloro ethylene (TCE, 99 + %)3 GC #44& I1g: HAH995 + %)< Aldrich
Chemical AtlA FYataon dA-dx FE2WdE AU ASAY A3MbEsE =3
Aldrich AA FLHAL ALY o &5 B (993 E AH8-31 stock §4& Azse 72
A Yol pastgoh Azhd Astan AFFS AskAg TCEY w8-< F9(quenching) Al717] 9
3 8949 sodium thiosulfate & A F& AH&3ATh :

oxNzRoz 9HAEY TCEE Wa&g o]&8td AZF stock solutionSERE &5 £ o
& 2 Zn)sgoh AEA9) KMnOs B8 25 Edl $&71 50g/L 3E7 HES FH5A
th A7 o dE RINFS HAE] 938t Gas-tight syringe (250mL, AlltechAbel 100mL
£ o] Headspace’t £A5tA] XEE 2HE ¥ TCE stock §4& 4FF FY3td =7 10,
20, 40mg/L7} H =2 39 stirring barg o)-&3te 1523 astgth olF, 7] TCE =& 74
# T KMnOS SEHZ FY% 3 A|7d2 5~ 10mL AFH F A F2mL) Hexaned E3, i
Wl £ GCE2 BAEYY. 8 gAY BEE g224 4 AT (OrionAhE o] &3t §99
pH =3 HA=2Me A4sgth. KMnOs HEE 2437 Hstd AHE&d dFE UV/VIS
Spectrophotometer (Shimatzu, Y2)& o]-&3te] 526nmolA A&t ojdl, FAALFE w30l
A&HEe AL BAS7] 8t sodium thiosulfated FYstAT WHEATE T8} At AMEH
TCE ¥E¥ 10, 20, 40mg/Lol® KMnO: ¥E¥E 27t 50, 100, 500mg/Lelt}. A& AHH A zHe 1,
3, 5, 10, 20, 30, 60, 90l it} '

2.3 TCE #4837 }
i 229 TCE 5% GC(VARIAN CP-3800)8+ FID(Flame Ionization Detector)& ©]4
A Ast 9 Rex®-624 column(length 30m; ID 0.32mm; df 1.89m)7F TCE #&]o ARSI
t}. GCZAE : injector temperature 220C; split ratio 2; oven temperature(initial 35C, 4'C/min
up to 60°C, 40C/min up to 80C, 80C for 2min, 40C/min up to 150T, final 150C for

2.5min); detector temperature 220°C; nitrogen carrier gas at 2.0 mL/min # Zo] 31t

3. 4323 2 B9

31 BwHadel ©)% TCE AsEs wse | |

TCE 2ol glold FHUaznge A T B85 R AFRES Frhstojortt 54
@ dAE ANE & ATk B BeAe ods Zo) Uehd 4 glow TCES) BE% Ay
28 FEFFZA EELT

1 =22~ HICEIKMnQY =~k JTCH

G714 ag BE WELA4E ey k & BEAFE 1@ AA WS ASFolH ket AANS
o] 1xhukgo)2m /1A% (pseudo-lst order) ¥HEAFE Yeldth $AH o2 AYILAEY] FE
2 =/ gAgozA A ukeg s3] 1xpgo] HA 3t s 13 wEAFA kas®] #HE =
z3gon 1 AxE 1Y 109] YeEhiih : o
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loglkaw)=loglkl+RlogIKMnO4lo

log r, =109 K,;, +alog [TCE]o -2
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Figure 1. Determination of reaction order(a) and reaction coefficienct(kobs)

Figure 2. Determination of reaction order(B) and reaction coefficienct(k).

&, YA Rentel o] FAMsg agZdA 71grlE vHEATE YERY 712718 kS &
S YA "o} o]BA T ke 7S FYELEY FE7}F 500mg/Le] Aol 102 sec™d
&S Yehiy o= oF 1.09 &g YeEQ

S BARA AARG] JAAM HIAFA ks #HS T3] Y3t TCE =8 nAF
G HAALE(KMnOs) SEE WY Ao g A3E Figure 29 YelNY. & 2 3zt
F(KMnOy) SEEE TCE &0 izt 7149 AT (kovs) @& 78 F FAA3lg gz
2o gt 71E7e A BE AA Hu AW k g dA dd AgEFAAA o
S35 BE 1.09 #e UehiRen ke o 0.65:0.08s MY e AUt
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32 E¥e| TCE €A A #43A2Es TCEY =¥

ESGE0] EAtte B AR EES 22 AHE 2U3A o wel TCEY gt gl
oA G3ke v A" gty EUd TCEZL $Ald &8s 2 FL4adEe F98
o FHPtAREe] FrwHslel TCEY $:=W3E A4WE AAE Figure 39 Yehidth TCEY %
T¥3lE Figure 49 JeERh #3adE(KMn0g) 8 23S AHEd $89d4 EA3te
TCEE ##3tcd AHSsEe FUAZE(KMn0y) 22 &0 vigte] Edat TCEY FA6 EA3ts
A$-9 RGN EEEKMnOs) A2 8L 4 wE AP HoFy Qo) ols LEEY TCERY of
Yzt EFU FHolu Wzide] Absle] #AgzbdE(EKMnOs) o) AHEgd wE ZAxel & 5
&, BAd EYLF TCEZF €A8te 4% IAPH2EHKMnOs) e FUAFHE F83 FFstoof st}
T RAE 2433 itk

Hidell TCEY Atstaztel oish 23d¢ Avnd, J42b25(KMnOs)ol EGH AELS A3k 7]
u AHegd wel QEEQY TCEY Atdtds & a3E Holx E3i= AL & F ok &, Ego]
Qe AN FYEE(KMnOs) ¥EES 50mg/Le 8t %7] TCE ¥5E 20mg/LE o 7
T, BAEIE F 3/4S Uehldou EFo]l FA EAlste ASole 2¥ o vEehd vl o)
1/20] X¥+ &35 Yedx ok wex] FEARA FYddE(KMn04)e FYdll 2sld
SHES Ay AS EY A 9F FIZE(KMnOs)e A2 &L H=A n8d gast
At
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Figure 3. Time course of KMnO4 concentration in the presence of TCE and soils.(TCE =
20mg/L, KMnO4 = 50mg/L, /5 E%=6:1) '

Figure 4. Time course of TCE concentration in the presence of soils (TCE = 20mg/L,
KMnOs = 50mg/L, $F5E%=6:1)
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AP4 TR AT7ZAH, HH AZAY FEE FAYAHAAZEE(KMnOs) 100 mg/LE AHEE 7
¥+ TCES ¥xol Wt F 90%cldel a#E UeiRes ALIZEEKMnO) FEE
500mg/LoE F7tAE S 100%9] AAEIH}E RAFD ok o LR At £ EY
Ao g APRAZEKMn0»Y £AREFAE FAY A=A 4323, IPAAEEY TES
500mg/LE FAsks 7 TCEY wXo #Afll 100% 7M7ke AH2asts Holgjet «ddoh
Askgel] ¥ FYFLF(KMn0) S £EE AY flov EF vjulgd o L2271 43F¢ AL
2 A ditdezs odd RN TCEFE7F Img/L WelolZje s B 4% 4w
FAZ2EEKMnOy) £22F ZHARTE AP ZE(KMnO)Y FUZFE 500mg/Loldes sjopt
AAHA TCEAZE 71HE < ik
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