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Abstract : Anodic oxidation reaction was applied to remove trihalomethanes in an aqueous
solution. Each component was determined by using solid phase microextraction(SPME) fiber
and GC-ECD. Anodic and cathodic compartments were separated in order to protect
contaminants and connected by KNOj-agar bridge. The calibration graphs of the 6 THM
components were shown good linearlity from a few ppbup to a few hundreds ppb concentration
level. Anodes such as platinum(Pt), titanium(Ti), zircornium(Zr), titanium metal coated with
iridium(Ti-Ir), and glassy carbon coated with mixed valence ruthenium{mv Ru) were tried to
remove the THMs at different potentials. The best result was obtained on the Ti-Ir anode ap-
plied 9 volts DC. The electrode could effectively remove almost all the THM components from
the stirring solution within about 1.5 hours. The glassy carbon electrode coated with mixed
valence ruthenium showed excellent removing effect at the begining, but the maximum remov-
ing level was remained at 60% probably due to the destruction of the electrode surface. The
concentration of chloroform, however, tends to be increased due to the electrode reaction pro-
ducing the component at the condition.
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A VOC2] 60~85%8 1% 3t wbd 6, cycloalkanes
< 245 AGeiA 60 WA 100ng/LEA AR VOC
o} 20% A xetw stdch =g EH o)A} 50m R o4
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8 E-& Glaze®} Henderson(1975)®, Smith(1975)*
4 7|ele] AFAES 93t Bad v} ek S48
9} A5 G4 7E F22XE9 o & 29
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el A dARAY thFol] e FEE(2
lug /L) A& dE#A1717] A(Tug/L) R} §22
g9 yE7 % $7HE A $& TAsd . ol
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A= Rasle] 9ot Biziuk $(1991)5& & Zel B
M & A&, & TEE, 3R 9 05 5o 384 &
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TE2E AR 714 ¥ FEE 4o, 1 g
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mmunities(CEC)& 44 #7 o) 975 194 2
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achloroethylene, At 8}wt4-, 22 £ %(CHC)) ¥
Dichloromethane ¢ o 3t #ng 4 3l 2A8*
7+ Exl=lof et

A ate) g floA dgE FAF haA,
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2% A AL H 2 ) Asge AR ol &
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JERAEE EANAME ¢t Fo) At 228 L
272 A AR g X dadr s T 8
2] Aol & F v LGUel A" 5 UA
HAct

At 100 7bel] B At A s Atz A E
of ke g e FE NP F1ELES
Y 5 A Hol LHEAEE shobshe o 2
71odstgdch. g A ql 3EEe $4L 25d B9
f8l AEE o% AAstA B b daeHel=t
&3}

B Ao e T Akt whalell o d LA §7
g2AxE 59 THM AF$ 4% 23 SPME
(solid phase microextracton)& ©]4-3t] THME A
gaog 3% tld GC-ECDRE ¥45le] o] &
A2 A A 7VeAdE 24 2E Skt
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2.1 72171 % &X

E A7 JF% £330l £=18 £7]9 sated.
KNO;-agar bridge®= @A ¥ 5, Cu wired &3} ¥
F AF22 Pt, Ti, Zr, Ti-Ir ® mv Ru§ 42 A4
sl ofF Al2put-3-& o) ghglct,

zh A glel] gl H g 2AFS] $l8 "4
# 7% Baird & Titlock Ltd. (< ) %] Electrolytic
analysis apparatus & A}8-3t42n, A& £4& F
<o) Al 2] DS-201HS stirring hot platedl A
1,300rpms] 452 wubslscl.

A &) A} zkol) o}zl THMS] A A &-§ 343171 93
o] Supelco co.(]F) 2] SPME(solid phase microex-
traction)’ red fiber & holderol <7 8} =g Alell
2] VOCE %% t}-¢& Hewlett packard co. (¥]=)
2] Ultra-2 capillary column3} 5 3 A}e] Azlx Y
71 #71(ECD) 2 T4 8 HP5890 series I Gas
chromatographoi| A &2tA]# K-e] P aslgdct o] of
GC2} carrier gas& A2 F AAAR e ALE
40mL/min®] AP F522 F9 F9.20, Bt
& Al 4] f18te] §o 5 ALe] HP3396 series
I integrator& GCol| §¥-2}8}5ic}.

Glassy carbon A= e mv Rug| 2 ¥4
7131, ©]71& THM =] A& 4 3-317] f8ld EG &
G co.(n] ) 2] Model 273A Potentiostat /Galvan-
ostat-8 Al4-8}¢dc}.

2.2 A g}

22.1. EE8 e =H

a. CHCl;, CHBrCl,, CHBr,Cl, CHBr; &% 54

4

Aldrich co. (v]5)¢] THM standard soln. (CHCl,
2mg /mL, CHBrCl; lmg/mL, CHBr,Cl 4mg/mL,
CHBr; 20mg /mL) 1mL-& 250mL &-2-Fe} =l &
713, FHF52 EA7A 348t CHCL 8ppm,
CHB:C), 4ppm, CHBr,;Cl 16ppm, ! CHBr; 80ppm
5ol 23EE EY 5498 A8k

b. C,HCl; % C,Cl, £54-9

C,HCl; #4494 & Aldrich co. (V] ) 9 5mg
CHCL/mL 2t A& £F 4 ImLE 500mL £
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Zelizd AgA o §7)1, FH7E RAVMA] 3
A3lo] 10ppm B FE9 & A s}

C.CL EE 49 FY 3419 5mg C,CL/mL T
AE ZF40E ol &5 F& WYL 2 10ppm BF
go-g zAs )

22.2. THM E88 9] =x|

g4 A ¥F 89 F CHCL, CHBrCl, CHBr,Cl,
CHBr;, £¥ %549 4mL*} 10ppm C,HCL % C.Cl,
B&89-E& 747 20mL4 #-33t] 100mL $#Fekia
o] &3 g FHTE2 BAZA A8t CHCL 0.
32ppm, CHBrClL 0.16ppm, CHBr,Cl 0.64ppm, CHBr,
32ppm, C;HCl, 2pm 2 C.Cl, 2ppm 55 ¥ THM
£ 89§ A8

22} AH2-8 THM 492 ¢4 A3 THM &%
2d-¢ YA o2 E8 CHCL; 16ppb, CHBrCl, 8ppb,
CHBr,Cl 32ppb, CHBr; 160ppb, C,HCl; 100ppb %
C.Cl, 100ppb7} E3H€ §4-8 2 £ ALt

3.3 9 g

3.1. Solid phase microextraction(SPME) fiber2] &

84 THM Fol4 THM& A o8 F53}o
GCol| F4)t= Wl o 2 SPME fiber & A}8-3}4i o}
SPME red fiberell thg & A P& 2|89 ¥4,
22 o] Wil 5, A7 Tl Azt HEFHA
t}.

22 Yyld B AFA H-E AP Y8 FUY
k%o THM &9 0.5, 1.0, 2.0, 5.0, 10.0 ¥ 20.0mL
#-g z}zt -3 5}o] SPME red fiber 2 1087} b3}
7| k& Aol A F&3le] GC-ECDR 243 25,
Zzo) AH4-HE AlEe} 9 2.0mL o} A& ARE-3t
g1-g o) ool F}7hE e AU 2B T o] A r9
Byl 2] Agko] 7}s3HE o & Uk 22la, 35

Table 1. Gas chromatographic condition for THM.

ZF A 56 g2 33 A § dolrr) 9o
10mLS} 20mLe] 334 8ol W5t 1,300rpm o3 2
uhgt F FAdskA A ste] abEkA) ok A A
9} v) gt A3}, CHBr; o192} 4 B-5-& sl
e 7457 d & 3AEANE 24

Z 221740 W& THM S 3282 24517 94
TR FUE A EE 72 10mLei o8 138, 5%, 10
I, 204, 304, 5084 23l GCE #<1% A} 10
ol 2319 & AedE 480 dAsIHLE
B A FZo] 7S 4 7 U 108 o1fel
A A 7bel vl sle] &80 F7)Eleh

upeba] & o Fol A= SPME red fiber & AF§-3}ad
44 THM®| §Hes B4 Aqlslr] 48 A8 49
% 2mLE& $335}o] 108-7} 2 4o g ne 22
8}.12, Split Injectorel] ] 187} €24 ¥ ECDE A
Faladch

3t o3 A 2ukgo) A& SPMES] $2417% GC
9 2847 $& F737] A8 FF AL )

W 243t}

3.2. Gas Chromatographol| 2|8t THM=2] £4

THM 6% 4 8-& Table 10|49} 2H-& A E o) 4] u
A FL e ol B-9EEE ¢4 5 Uik
Zpzbe) HEELS N, flowE AY #4% ImL/minl 2
ZA 8}, oven?] & %-& 30°C (for 4min) ol A} &3]
o] 20°C /min(for 7.5min)¢] &% 34 45 (2min)7}
A &% =277 8tel-§ ddll, CHCLS retention
time 22minol A F& B9 & Beod, g
C2HCI3 7} 3.6min, CHBrCl,+ 3.8min, CHBr.Cl 7.
1min, C,Cl, 7.7min R CHBr;i= 12.2mindl A 3%
o] & B9 & 4% F ULk 2 A &
¥ %ol A& CHBrCLS CHCLy 2= 84S 1y
t}.

Injection Type SPME red fiber(1min) Oven Initial temp. 30°C (4min)
Injector temp. 200°C Oven Heating rate 2 /min
Detector ECD Oven Final temp. 45‘Cl(2min)
Detector temp. 250°C
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(1) Calibration Graph of CHCl3 and CHBrCl,
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saom |
§ cHerpcl
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&
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a0 )f 00 s~ . JRIPUPEIL CaHCly
- oo
0
0 8 1% 2 » @ w %= o 2 8 CHBryCH
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Concentration / ppb
(2) Calibration Graph of C:HCl and CHBrCl
1,000,000
800,000
§ 600,000
3
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o .
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(3) Calibration Graph of C:Cls and CHBr3

Fig. 1. Calibration Graph of some THM by SPME Fiber and GC-ECD
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3.3. THMo|| ci#t Hy¥JH =y

67 AEol TR 544 TFRFLA o) ity
SPME red fiber 2 3&313, GColjA] 187 &2 ¥
M5t AFRNE FAY AT Fig. 1o vhehd ut
o} o] 67 AE-EL BF A A& ngow,
CHC]; 4ppb, CHBrCl, 2ppb, CHBr,C! 8ppb, CHBr,
4ppb9] F =71 &89, CHCL, 9 CCL 52
o] X} chi ¥-& 25ppb7tAl A &shgich. THM Foll
4] CHBry7t 71 $& =& ¥gl.ev, wigd CHC,
o] 7=t 7H Wil

34. THMS| 23 4tsfpte

FF Atzhub-gol A THM A 35 Atslulg o] 9
ol 1,300rpm2] k& col| 2] 2] HdAg el o #) AA
He Qg ¥ Aok W ® 4764 A8 50mLE 90
E T 2R dgtd Aol ARE AEES] ¥
=€ 08 FU¢ AL HEe] glo] dAA #2549
2.9, CHBr3¥ 404 o] ol X7}l wte} 348t
A%E ngon, 08 ol ¥ 7 U4FY FEE %
3l A 8¢ Bk 1,300rpm e 2 kg g 3 $o
£ 9% 30% A =t Ao, ol mukel| 2]zl
Fte] 7H43ld Ao g ReAlr). upely wh-g-£7]9)
AR YA T2 R 2AEE TUY A A
Z} Aol &} oA} 4h-2-& 2 Absle Bgi).

3.4.1. Pt anode

HF(Pt) AFE FFL ALgsle] A gl whe
47194 742} DC 12Vell A %8| 1V3HA 2 2 7V7i)
o] kg Zeo] F1 1,300rpm 2 & ubalw 4] o
ArsHE A7) "} wbg- A)7be) 3 3ol whel THMS)
FTE7L AR E 4 F Ul B8 A9 THM
< 120F ool A& A A=l gl o 12V, 11V, 7Ve]
AP A CHCLE A Zr)e s Ase vax,
10V, 9V 2] A 9o A& o 408 oju 2] wb-2-x] 7hol| 4]
FXIL FrVee AYgE Mol Nk, A& o2 st
£ AlFlE B9l FELs At

7zt A9l A 233 THM 5-& DC 9Ve] ofF Aks}
hgoll A 71 EgA e g AARE e, o] AY el
R ABES G0R o]l 90% o)A A A=
31, CHBrs& 2 75%7} A A =] ¢}
* 3.4.2. Ti ¥ Zr anode

Helw(Ti) 3 A 235(Zr) 2 DC 10V A ztz}
oF AbElgt ¥ 30¥ 1A 22 GC-ECDE #1713 2
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3} CHBr,Cl o] 9] 9] HE-FL& w8 A3} 30% o))
A A= 9% 2, CHBr,Cl& 60%- olu o] A4 = gic}.

Ti%} Zr& A2 FFo2 ¢ Ashit-ge A Zr 43
ol Ti AFuche AALgo] 220 $2 Aoe
sHeo,

3.4.3. Ti-Ir anode

EleHE(Ti) 34 EH ol )25 (Ir) D¢ 48 Ti-lr
AHE FFL2 3tod DC 10Ve) Al 5Vral o] A 9o
A THME Z2h FF 48212 Ash, 2 44 ol A
CHCI;, C,Cl,, CHBrClL = 40~60% oju ol A= ¢
i, CHBr;y, CHBr,Cl-& 90 ool AlAEony,
CHCl;, C,Cl,, CHBrCL, 52 o -2 A17hR ¢ A} A
Hev 2714718 1 CHBr, CHBr,Cl So)
o 2 714718 7M€ ¢ 5 ke CHCLE DC
Vel A= 20% o)Wl ol AlAH 9.2} DC 8V o] 3}2)
Aol A whgA17ke] A gtol aiet 2 58] F)s)
€ A% B4

Ti-Ir A5 & THMS FFA3puk$-& DC 9V
oA 7} & A &S RAon, o] wg) 7 HE )
A &-& CHCL7} 408 o]u, C;HCl,, C,ClL & 208 o]
1}, CHBrCL+ 60¥ °]u, CHBr,Cl, CHBr, & 90%
oljefl 5 AlA= i)

3.4.4. mv Ru Glassy carbon electrode

mv(mixed valence) Ru%-& glassy carbon 3 =+2
B2del /13]7] A AFTEHE GFojUZ ANy F
cyclic voltammetryoll ¢ #] Table 22} 27028 03V
o4 1.05V7}=} A 9}-8 w3}r] 7)1 A glassy carbon®]
FHel g FARZ FLAY B4 g 302 71A] 1
E-5lo] el FAE 2 slH 2w, H4 9 mv Rugte
Ask AF EAE #s7] Asled 04V~12Ve A
21 ¥ #) el 4] cyclic voltammogram-& &}l e},

g HAA 7] AR $4 22 ImM RuCly2}
ImM K,Ru(CN)& &3 0.5M KCl A A &2 &
A& AF-2-3hgl et

Potential cycling-& Wh8-3tof] whizba] Abs}-ghd A
F7h 7493 QU AHLS & AY 22604 Rugto]
& Y AE 9 -e2 ougke) Ru( ) -Ru(CN)~ &
Gl & 303 Bt € A AFHAE A A
= Fig. 29} Zgkon, o}9} 3do} 3 2)%) glassy car-
bon A5 A mv Rutte 2 2 ¥5 138 2 A
el A-g-slsdct

4113 mv Ru glassy carbon -8 A}-8-8}e] 1.0V
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e B e &

Tuble 2. Condition of cyclic voltammeter for mv Ru-glassy carbon electrode

Working electrode mv Ru-glassy carbon Initial potential 0.3v
Reference electrode sated. calomel electrode Vertex potential 1.02v
Counter electrode Pt - wire Final potential 0.3V
Purge time 240sec N, Potential rate 50mV / sec
Low pass filter 5.3Hz Current range 1002A

129.00
89.08 -—w
40,00 }— ——
9.00 pa——
~
<
3
~
2]
-40.00 — pa—
-80.98 [— -]
-129,00. ——
| il 1 | | | |
=180, 00
1190,.¢ 1002,0 9¢3.0 80a.9 700,80 600,90 60,9 409,90 J66.@
E (aV)

Fig. 2. Cyclic voltammograms of the growing mv Ru film by repetitive potential cycling(0.35V to 1.05V) on the
grassy carbon electrodes in ImMRu( )-Ru(CN);* aqueous soln.(Electrolyte, 0.5M KCI at pH 2, Scan rate,
50mV /s, Electrode substrate area, 0.196cn) [Cycling Nos. : (a) The first time, (b) 5 times, {c) 10 times,

(d) 15 times, (e) 20 times, (f) 30 times]

ol THME U ¥ whg7le] YL FF Abshir&&
AR F kg A A Zbel| whe} A5e) W FEALER S eye-
lic voltammeter(Fig. 3) & ZA}slg . THM® 5%
W3l GCE #elslg.ow(Fig. 4, Fig. 5), 38 &
2 g o g JFS A2t FF Ashhe ¥
THM®| s 10% ol el 373 ke 4%
& Bgon o] F CHBro ¥% 714 80] 44%2
7ba Eghet, CHCLY ¥y 238 5713t 3
& Rch o] AL CI™ 9 432 44 € Cl7h o

THM®] #8434 &3 A2t} CHCL7F 4= €
e ggich

Fig. 32] cyclic voltamogram-& X 0.7V %2
negative peak”} g1A& S B F 9o, 7
£ Ru(CN) (T, T)e] Aspareis} & ASurgel
7)ed8}ar glew, 208 o) Ate] AFHE Fof= Ru(lV)
oxo 3}3tE o 2 upx|e] THM2] 4t3}e)] E 3 3-& vl
22 Balx gl Aoz Y=t

+1. 0V o] &l A& Rue] A F FAiAted 44
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A T2A HE(THM) 8 o5 Alslel] [ A7

271

~25,0

~78.8

-125,0

I CuA)

-175.0

-22%.9

«275.9 p—

|

-22%,90

1iee.@ 98,0

‘790,090 5o, 0 Jes. 0 100.0 ~100.0 «J88,0
E (W)

Fig. 3. Cyclic voltammograms of the glassy carbon electrode with the mV Ru film in the solution containing
THM. (Electrolyte, 0.5M KCl at pH 2, Scan rate, 50mV /s) [(a) Initial CV(Omin), (b) After 10mins at 1.
0V, (c) After 20mins at 1.0V

80,000 ] ]
60,000 | |
E CHBr2Cl
o 40,000 } CHBrs 4
@ i
-
]
g 20,000 \Cﬂﬂrﬁlz :
CHCls > ¢
F:tﬁ‘ t"——;—mﬂ‘——-——;‘===;
D 1% A i 1
0 10 20 5|

Oxidation Time /ain

1,000,000

800,000

600, 000

m!w

200,000

Peak Area of CHBr3

Fig. 4. Time dependence of the THM on the mv Ru anode at 1.0V
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24 AN AL ol 3w, Ruel Atstatedr} oo
% (mv) Rudto] 913 3 glassy carbon A2 o] A
Axch FL A(d, 2.0V) ¢ & wo] A AA= e 7]
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