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Abstract

Electrochemical degradation of phenol was evaluated at DSA (dimensionally stable anode), JP202 (Ru, 25%; Ir, 25%;
other, 50%) electrode for being a treatment method in non-biodegradable organic compounds such as phenol. Experiments
were conducted to examine the effects of applied current (1.0~4.0 A), electrolyte type (NaCl, KCI, Na,SO4, H,SO,) and
concentration (0.5~3.0 g/L), initial phenol concentration (12.5~100.0 mg/L) on phenol degradation and UV2s4 absorbance as
indirect indicator of by-product degraded phenol. It was found that phenol concentration decreased from around 50 mg/L to
zero after 10 min of electrolysis with 2.5 g/L NaCl as supporting electrolyte at the current of 3.5 A. Although phenol could be
completely electrochemical degraded by JP202 anode, the degradation of phenol COD was required oxidation time over 60
min due to the generation of by-products. UV,s4 absorbance can see the impact of as an indirect indicator of the creation and
destruction of by-product. The initial removal rate of phenol is 5.63 times faster than the initial COD removal rate.

Key words : Electrochemical process, Phenol degradation, UV,s4, Electrolyte, Dimensionally stable anode

=

1. M2 ARG B, 2EAS AREA P A
Qlek. - HE L A, A5 AA] 9 A5kt

Abgo] aEshE] a1 W of whe AR EA ol A= A oA 2 v H K ShinT} Lim, 1995).
1=l

d = 1A HEm2 78S A7 54 9 S5 @4l 3l
oA HiEE= s SRkE 5o wWiEdel S7F = AoR defA Sl=tl, 53] glzol Ao M2
sto] A28 FHHEAE YABAIZ]AL ¢lom, 1 A 749 0.0005 mg/Lo] o EroAE Egol WS
EA7E AFSlS] Fagt dko® KAFstal 9ltHOhm TS = QAL A ol - E] o Haabgol o
3> 2006). o3k el =250 sl HlEme 29} Asksid ok2r) o Aeln EALS Uiy

Aol ARl =l xR ehg A 2802 ot 222058 AAA7|= Aoz A QriKimT}t
g AHEQ oY HTols 24 dlErAe] dRE Park, 2009). -%-2|u}a}e] 3h4 A 27 2 |20
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o ui=1E 712 B8R 90 1.0 mg/L, 71 9] A
2J0] 3.0 mg/L & H o] glom, B= & FA7|FEolA
= WAIE Tefalo] 0.005 mg/Lojale TS s}
TAISERL Slek WAl iR A ol
gk 0 8 HAEE o) Qo] B84 X 2
)7} D 2 5FcKKimT} Lee, 2008; Kim S, 2010).
HEme v v SRtES Agsh] I3k Aeh
Al Ao g = e 34S Bt et
e, = - oF8HA] A2 5ol Stk A=A A
B L S B e R 5 e o2 I g e s s !
o] QlaL, o] & wegh B 5O F2HAE o83t S
W 52 Agrgo] azte|Au 22 AAES] A 5
o] wAIE Sl WAL Qlof A aao] 2 M=
3749 7ol Fastti(Kim 5, 2010). 2 A5
1 = AR F(advanced oxidation processes,
AOPs)> o|4lslel 4y, s 9 AP bR} 22
7| AR Al o] BAIRE ARstEo] - F ok
o8 £ - OHE WA ofhE sltEat vAdE 4
5 g "HF8-A|7]= 7]<&o|tShin 5, 2004). 11GAksH
THOREE 2FE AL A AL Fenton ARG,
FEm) A A7IEsH A 5o 0] Jlth(Park,
2004; Jo %, 2004; Kim¥} Park, 2007; Kim} Kim,
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AL 34 F 719k AR AL El

31wl Qs Aol AR A7lUAE The A
ATt o] Ao A Pofubi Ak, e, a2
N 59 A ULl o8] 559 2 GBAL Aol
sk 3ok w718k Al B BT B2,
S448 5] 7] 2o - oobd ZAoI BAS

A 54 5 B el Fo) Bl3h g4 w0
20] Aezzo] 7Kssti 24 ogo] glov], o

% sefulgo] 2.8 o] gIrkKim 5, 2001; Yoon
7} Kim, 2001).

B AT 7188 BAL ol g3tel sl el
SR A, A TR S BNF s B
5 A718s) B0 LA U2 Hi AA A
3 F3F ol AbEe] AT F718k] A ERH UVasy
THE}COD BaA = 2ol ATk

%34

2, Mz 3 diy

2.1. AEixi=

His EoljoF UVass 3815 ¥3F 574 A7lof AR
B4k 7] BEAL 0= ARalela, WS Hale 10
Lo|ith(Fig. 1). Aol ARE3H =263 x
ol 31 HA] mope] A AT P 5 o
B EAfjo A= 24 E4o] AP E S A=
Z=H91 JP202 A=HRu, 25%; Ir, 25%; 7]E}, 50%)1}
gFe g 1Y AL AgSn AT 1AL 2
mmE Askch B A AP wE wyb)
150 pme] 45w WSk ZAolA] Agsteih. 4
2 A9E37] (Hyunsung E&E, 50 V 20 A)S o]-85}
of 30 AYE FFNA Al AgT 2] 7
5 52550 mg/l, 7] 37 38 §9E 1 L/min,

NaCl 5=+=2.0 g/Lo]3it}h

Power supply 0
| O
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=
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Fig. 1. Schematic diagram of electrochemical reactor system.

direct photometric methodof €]3fl, COD= F& |
o)af) 243} o 1, standard methodsol Z251o] =4
319 CHAPH-AWWA-WPCE, 1995). UV,s54 3345 24
-2 UV-Vis spectrophotometer (Genesysis 5, Spectronic)
2 Ajg-510] 254 nmoll A FHES 24slqc,
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3. Zut & nH

3.1, Hiz 2512t Uvas, Hat0ll OIRlE HFQ| FE

z27] H& =7} 50 mg/L, 37] 3a%F°] 1 L/min,
NaCl 5%7} 2.0 g/L3l 2ANA HFE 1.0~4.0 A
2 HAA HlEm sk W UV 8% WSE
Fig. 2 ()2} (b)oll YEFH At 771 1.0 AojlA =
7.9 W, 4.0 AoA=47.2 W Uelgtch Aol H
ko] AHAE 134} AT AlgA o= Sl 2
3} offf A} o] LebiTh

A =13.16 x AE - 746 (R*=0.983) 1)
A =7.585 x A= (R? = 0.995) 2

A} A)ellA o] 5ol Helue] P
ASAZA Q)7 § 2 gHe Zlow vehy
Fig. 2 (a)0l14] .50] 2571 1.0 AQl 29 155714
slizo] whaA) RafE 3 308717 A48 ol
5.57 mg/L2 A5k A571 1.0 A4 2.0 AR
Z7hehEA 27 s Bejgest SAstgon, bt
2 2030] 99.8%9] Hiso] A Ao tert
o AR} 3.0 A%H3.5 AQl A 27] T HelbE
L 2 7o) S Holx] gIgkor} 99% s Hefo] 40
Bl Algko] 158} 10502 Fo] S nglou], el
oo AAFe A1} 3.0 A=7.78 W, 3.5 A=646 W=
et 24 A5 35 AQl A0 AR E
UVass FRELE 52 44 TR Ba5 okt

B 2SSl 2 EAE Telshr] 18 A
&= TEUA T2 Sl th(Xu 5, 2011). #i=
S ArIA)A Bl 79 catechol, hydroquinone,

benzoquinone 5} -2 ThRt S sk Y
shiL o)) ojAtsjEkact B2 5 RalEs IS
7R 7] W&o, catechol, hydroquinone, benzoquinone
53} e FhReAEe) AT BelE 2o
A5 A0 %5 BIS7IE Sek(Wang 5.
2008). & Aol A= Wk SFhEel Hliso] SHE
SfabE 20| Mskeh= 1S UVass S3 %= 5740l
= 7 S ALl FEH 02 serst] 9
5to] UVasy 2855 ©]-8-5F3iTt Fig. 2 (b)ollA] Bz
o] ZF2] ¥zt 2 UVysy 4= HsHE UEr
AUtk AF7HLAQl A9 27] 585 710.254 0| 4]

571t & RES- 202 71A] whE A gt 3 1kg- 302

7hgholl wE ¥-g- 2719 UVass T8 S7H= 2 2
o5 HolA] ARt Flo]2 UVasy ST e
X5 Z7bo] upe} wheA) gash 202 ek
1 A%l 735 #Hlz9] A|A7F =2]7] wiZe] 302 ¥E
AZHERE UVass S 2710HE A2 el
HESAITRO] 5718 B UV S 4 =7 34
2 ARETE #HEm AN = A AR E
te A2 eI A UVasy S8 =+ T2 A
S, ol Hlmol e EafjEol e S
o) A3 el 7 K] AL Q7] witel HiE
3 F& o2 A YepdThal AFRE Gl
2.5 Aole] ol Al Hhg- 2040l ThHE2] UVas,
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Fig. 2. Effect of current on the phenol degradation and
UV,s4 variation.
(Air flow rate, 1 L/min; NaCl, 2.0 g/L)
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Y gashe 08 ehtol A% R
0.462~0.477%2 YEh} 27] 34 =2l 0.254R T} &=
A etk ol A7) 887} Aage] utel ol
BalewA FrHsREe] AAE F BTN
= BajuA s Balrk AAEA 4ok uE
o ¥hg F FHE} A L S0 AR H gk

3.2. H Het UVass EZEO OJXl= MR 572

oo i
A
ol

7] 22eFo] 1 Limin, A&7} 3.5 Al Z 0|4
A F77F ¥l =9l UVasy T4 W3fo] u]

e
At G Fig. 3 @2 (b)°] ek KClzt
NaClE @7 AaE 2, NasSO.0} iSO S 347

Az Aalsto] NaCl 2 g/Lo] H7] A%z sy
SH= 4.28 mS/emE 7|E0 2 e AV|AEE 7
e 2= Q=2 KCl (2 ¢/L), NaxSOs (2.75 g/L),
H2S04 (0.257 mL/L)E F7Fste] 22 A7 ek
A 752 Hlasklth

Fig. 3(a)ollA] B520] @A sl NaCla} KCl
& AT 499 sl BAHRE A2 fAH Lt
Epgt o, 2R sl d 9l NaxS048} HaS049] 73-9-
e ol v RapERe et = S5
A Al F NaS049] = A7 &0 HaSO04
o} of 2 A0 Uepstth Yoost Kim(2011)2:
JP202 =2 o83t AFSHA| A AR oA AF7H1
A, NaCl 557} 1 /Ll 27104 3022] #ES A 749
Al AbeA AFBFAIQL Ha007F OF 22 mg/L, Os+= 0.7
mg/L, HA| AFepAQ] 2] Fae 22 mg/L, Clox=
38 mg/L7} ATk Harshgi). o] 9} Zho] ¢4
Al A9 739 FatA] Aol A= Y EA] oF
= T840 ClOo7F A AL, B&o] 2 AR ol A
L Yoo2}Kim(2011)9] dLich Aol As)d
7} 5ok 4] Abable] A4 v} e et T
5] uhel s Balt Aol Ao ARRE
t}. E3F Yoo2} Kim(2011)2 - OHZ} AlEfz o2 v
3= A o2 4 A N, N-Dimethyl-4-nitrosoaniline
(RNO)9] B3|E 1123t 23} NapSOs= 27] =5 50
mg/LojA] H8- 30 591 20 mg/L7} A A =)= ¥,
NaCl2 45 mg/L7} A A =] 94c}an 1 w5t et
A A o] 2wl AAE W= daA Akt
A AT - OH A el Ao s AREIRTY. of

of
>

oF 2o AVR 7P AFBRE AT 2 AT ALg
T =5 chojolRE 7
47 7A3) o] FHAL

Kim(2010)0] R.115}%t) E3F Park(2011)-- PbO,
A0 49 A a2 A AEA7E 84
HX] gh= AL B8 0.3 Z-2 A A A3 9] 5=
7} 50%0]l Exfste] dEAAEe] Rrtar Harskel
o} wheba] H=9] Sl BAIglo] A AaA e
AEBHA| AAdo] i el 2o A&l =1
L AR EQIEE

< 508y

N
o

Phenol conceentration (mg/L

Absorbance of UV,,,

Time (min)

Fig. 3. Effect of electrolyte type on the phenol degradation
and UV,s4 variation.
(Air flow rate, 1 L/min; Current, 3.5 A)

Fig. 3(b)2] UViss g =0flA H50] NaCl3} KCl
9] UVasy S 8=+ W 27)0f w2 F oS40
CUH S wE A S L7 OAE Hojglom A
o] Z& TS YEhaL Qlof SRS A

Zo] FAks AR AbREG]
211N,

3} 4 s 2o
o} whel g4 W] NasSOu} HaS042] 75 <
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A sl A} o] Z|efggteol TR R] Jkal A
A8 S7Veh A3 LR QIT NaxS049] UVass &
Fe= HoSOs Fdeket =2 202 el
o= Fig. 3(a)oll 4] 2= $1%0] NaxS049] #Hjix A|A
7} HoSOs et 27] ol F7hHEslikao] wol A
AE]o] UVasy 4= 7} HoSOE T =0 A o2 Ala
=[St

3.3. Hiz 2aliet Uvese EEE0l OIXl= HaliE 529

=

s A AUV 3= #1371 ZIH NaCls Asf
A2 AAste] NaCl 5&7) gl 23l D UVas S8
Lo u|A|= Y Fig. 40 eI Fig. 4(a)°l]
Al BZo] NaClo] 0.5 g/Loj|A] 1.5 g/LE Z7}alHA|
z27] HE FollEert WA Sk A2 UE
W} NaCl 5%=7F 1.5 g/LoldolAl= 27 #l= w3)
S0 F7PF =Rl A o2 e T

Phenol conceentration (mg/L)

g (b) -@— 059

Absorbance of UV,,,

Time (min)

Fig. 4. Effect of NaCl concentration on the phenol degradation
and UV,s4 variation.
(Air flow rate, 1 L/min; Current, 3.5 A; Electrolyte,
NaCl)

99%01/de] Hiim AA 28 %= AR 0.5 g/L
o H= 2020] 28 % %lCH, NaCl H7lgo] S7tst
HA AT TEEle] 2.5 /L9t 3.0 g/lLo] B9=8
2o e} 24 NaCl 55525 gllela sty
Atk NaCl 5= 7o whet #)is Al AEo] S71sh=
AL A ARl B2 AA ARl e
TiEelpa o] WA F=7t S71skaL, - OH A7 A1
¢I RNO #3f&e F71sh7] el Aoz AFRE L
tHKim} Park, 2009; Yoo2} Kim, 2011).

NaCl FQ&F Wzl mE UV 3= BIgkE
Fig. 4 (b)o]] UEFN Sk NaCl =71 0.5 g/L 3l 3%
FBETt Ao mE=T 1020] 28 %90 1.5
g/Lo A= 5E 2.0 g/LolAtolA 3Ho] Qo]
NaCl 7Fgo] S7tda5 gl =8%=
AlZro] Bt T E3 NaCl 7Fgo] S71d45 &
Fe TA 9 o] FolA FHEIEE wEA A
A= A o2 Yepydth 28U vk 3025 Hlis 50
mg/LO] 7] FFEQl 0.254 %) A U2 Z2
NaClo] 0.5 g/L F7} Z18#o]al, NaCl F%7} 57}
s HF 8= ST 0.5 glolA=
0.2100]312H, 3.0 g/Loj|A+= 04992 YERST] o]
o} L& AL 35 FEONE ek, 245 7
35 %5 gho] WS- o} Fig. 4 (a)o] 4 To] ofel$:
U NaClo] 0.5 gLA7HA] 2% dl5%El 0.04 mg/L
o|Qic}. ¥hA 3.0 g/LE7HA] BES- 85 whof] 0.05 mg/L
2 syl ont Azke] Atel uet 443 271510l
HRS- 30 3057 me/L7R] Z7k5ke Ao Lt
o}, o]2} e AL 0.5 gLE Aol T HE NaCl
EQlgFoA T UTE Murugananthan 5(2008)-2
AR NaCl& 71t 2] fagol A=l A
7123 Wkl 1 2719 bisphenol A Hek&-- 5
7VelARE &3t §7] ZFHikE(chelorinated organic
intermediates)©] 22} AY/4J o] FH 0] 5] Ko<
T7F @Rtk ®113gith Motanaro®} Petrucci
(2009)= 47 5= o]44] NaCl F=of| A= 2F 1t
5 S =oA sk AaA S EC] AE7
tfjofl |2 NaCl F¢JeFo] EARITIaL Harskqirt.
5 FeslE ul NaClo] 71 AFohA)] whay kol
7kt Hlm AlA Lreof FHEAE R WA
P wEA FashARt H7HE daoleom
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QI8 we] Brlslol ofgakg u] Ak AR
ATk
NaCl9] 27He sl Balo] Aol 9o & 2y
ofie W2 SOl YL i Ao oelA ot
(Park 1} Kim, 2010). Fig. 5¢f A&7} 3.5 Aoj4] NaCl
7)) v w7 -8 wisfel 1Y WskE U
e ek, 2L B 12} o] NaCl H71eko] 571
ol whet st Aoz Yebd=dl, AsAlE 2
& e|[electric power = 60.006 X NaCl dosage””"*, (R
=0.9952)] &2 sk A o' vepytet vh7IU 4
21 NaCl 27}3o] 27kl wet 7o) iz on
Fsohs A0 Uehtth NaCl 2710] 4845
ol M go.zo] 77]9] B8] wefe o] 17l
A7} A Tel B QI7FEX) oFu 48 Aol ALg
E7] &2l Ao 2 AR E ]Itk NaCl H710] 0.5
g/LQl A9-302 & 20| 12 C7HA| F718to] &=
o2 QIR Ao wAI7E A= 7HsAd el e
.2 itk NaClo] H71E)2] ke 5 18)4o)
5 AdT =7t Al A4S sto] HEE- 204 vt
137 WS 75 07 Z7beto] @S E55ck Fig
48} 50| LYERl wle} 2to] NaCl 71eke 453} 3
AE vz Eoll, SRR A3 =l ol
A axBlet WA = e gl wkg7] 9 g A
Hi £ o] ¥H oz 2gel] ulie] oS <l
A58 Ao Tfstolof gt ki Ho}
UVass S8 9F & STHESARES] MY A==

100@ 80
—@- Electric power
—I- Temperature || 75
2 9
= <
—
g 0
o) 2
a o
&) [0}
= Q
3] £
Qo 0
w =
0.5 1.0 15 2.0 25 3.0
NaCl dosage (g/L)
Fig. 5. Change of temperature and electric power with NaCl

dosage at 30 min.
(Air flow rate, 1 L/min; Current, 3.5 A)

27 7181 L= CODLFTOC 23] 232 o
8] & = gl Aoz Uehd7] mizol o] 2914
§ S8 Solel £} YT 5 G gl

o] 11 #l=9] ¢hd FUSE 4&
SL 212 NaCl 525 T Refolelot 8 A0 A
. B0 o2 XA 2AL Zor= B
AR e A oA AR o 18] telxt 4
3 H(multi-factor at the same time)2 E3}o] & =
e == I /o] thFE ckKim} Park, 2011).

g

3.4, HiE 2ol UVase EEE0 DIR[E Z7] Tz 5=9

o
27] 9% 552 12.5~100.0 mg/LZ HE}A7|H
A 27 s FE 4 st whE HliE =9 UVas
S W3S Fig. 69 e IT) Fig. 6(a)o A 2
o] 27] HlE Tt SRRkl wet vlis Bl A
o 7)ol W2 A T A S| AsHe AR LhE)
WL, 7] skl TAIGlo] 27] ¥hg4 e Ao
- 100
(\37 —@— 125mglL
E O+ 250mglL
~ 80 —W- 50.0mgiL
c —/\~ 750 mglL
.g —— 100.0 mglL
T 60 A
<
[0}
8 4w
[
Q
O
5 20
[
2
o 2 = :
—@— 125mglL
< O~ 250mglL
& —W- 50.0 mg/L
> 3l —~~ 750mglL
) —M— 100.0 mg/L
kS
S
& N
Keo]
5 AN
0 1 N
Q0
<

Time (min)

Fig. 6. Effect of initial phenol concentration on the phenol
degradation and UVss4 variation. (Air flow rate, 1
L/min; Current, 3.5 A; NaCl dosage, 2.5 g/L)
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TrARRE 2o = Ut Fig. 6(b)oll 7] Hl= 5=
A3t TE UVasy 8= HISHE YEf St 27]
UVosy 8% 27] HE 5% S71o o2t S71st
= A0 = Ueth B3t 27] #lis st S7FE
5 2 ELrt AR o STehe A o= el
A, Fggee] EEEe ARte] =EAlE Aow
yelgth 27] Hs 571 12.5 mg/Lel - 8ES
Blio] 9 HejEl= Ao Uertol) Uva &
Bl Shol Ao] mekEl 3 A4S Z7kste] 30
2oll4] 0.413¢) == 27] HlmEErt 12,5~
75.0 mg/L 7}A= 1S 3055 0.41 ~0.469] H 2o
UL W 27] Hl55= 100.0 mg/LojAl= ¥hg-
3040 99.8%9] #l=o] AAENCH, 27 FF=
0.508 |4} 8¢l 3.9130f] g & 7HAdto] 30+
0.6690f == EUck 12.5 mg/Lo| W #HEm o
AZE RS 308 5 UVysy 8=V 27 SR
A UEY Hiizo] & R3] mEEA] S
AL H=0 Frislell= o 71 AlZte]l Bad Zlew
A= 1Tk

H=0] 2P Fr)8to] 28 F= AR Yol
$15tod i F=7F50 mg/L]l 7395 Algste] COD
Z738to] Fig. 7(a)oll LFERASITE TRlofl A Hzo]
%7] #= 50 mg/L ] COD k2 o]22]¢%1 COD kit
FAFSE 127.2 mg/L 2 YERTE COD 3R 27] 205
7R WEEA| 28 S A A 5] ko] 6020 #Hl=
©] COD gto] 0o& Uehth webA 27] #lis 5=
50.0 mg/LofA] 99% o]l #HzAlA= 1040] 4
RE]31 99%0]/39] COD A|lAo= 604-0] 428 5=
20 2 UERITY Fig. 7(b)2] UVasy S8 EE W 20
ol 0.3189] =2H F AA3| F7lsted COD7}
99%0 1/ AIAE 60N A% 0.444 2 YT & U4
SHAl A= AT wEbA] 60 ©]9-2] UVasy 5785
e 7= YEtl= Alo] oyl #7)E 59 A
oz FAE I wEbA Fig. 4(b)9] Hhg- 3020 A]
T2HE NaCl H71F S71) 2 UVasy S8 37t
= F71EY EA4 "ol FBETt STk Ao
o, fr)stels 2 BV ¢l A 0R AR E
Ark UVosy S8 SRS O] A 4 H
B G e N AR AT 5 ey
718}0] 7 3ke wolstr )= o i A o2 AbREQUTh

do

T

N

ABHE 12 o] 83 slise] 1718k} 1) 1005

COD conceentration (mg/L)

Absorbance of UV,

0 20 40 60 80 100
Time (min)
Fig. 7. Effect of initial phenol concentration on the phenol

degradation and UV,s4 variation. (Air flow rate, 1
L/min; Current, 3.5 A; NaCl dosage, 2.5 g/L)

Fig. 80] 7] 75 1= 50 mg/L o] s Hajo} =)
0] COD 232 §A} 13} ¥Fg4 0.2 mHslqrt

@ Phenol
6.0 O cop

Time (min)

Fig. 8. Degradation kinetics of phenol and COD of phenol.
(Air flow rate, 1 L/min; Current, 3.5 A; NaCl
dosage, 2.5 g/L)
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TI”of|A] Bzo] 7] #=2 COD £all&Es #ls
©] R* Zro] 0.9518, COD2] R® 7Po] 0.9916= L}efL}
FAE 12} 9EGALS & WSSk 210 R el ¥
o] 7] BHajlEE Ak = 7. 012 x 107" min“o]fﬂ
o, COD 27] E3|&% A=k = 1.246 x 10™" min”
2 Uehd 9z 27] Eoll&=rF oF 5.630) wE A
© 8 UERTh
4. 2 B
FoiAd AlsHE A=91 IP202 A= o]-85to] dE
afl/d 22wl oot SREeARE ] T ARl
UVosy S HS}o] v]2]= 8 24Q1AF9] 7ol
ﬂ%oH zksto] theo] AaE A
) AF7E 71l whet s Belj7t wE A St
f& T S/ oAl 27) W= —‘%Hiiﬂ
99% wEAA 28 %= AR EE 49 24
AFE=35 AR e UV S EE U3 27
of wW=A F7Fste] HdjFgeol mdH F ghast
= Aes b}E}”bEﬂ S AHEo] Aol whet
FBETL STV & SRR Aae] wet &
Bt Fasts A o2 AFRE
2) FaA Ha|A(NaClzk KC1) 9| Hs Eal 5
2ol 7} o, hakA] 88 (NazS042t HaSOu) =
Hlzo] mij¢- 2A Eal=|Sick A As e
UVass S8 739 =7 o] 282 Qlal a4
Ao} o] ol mEEA| FSkaL A A S] F7Fsk=
783 VrErd ik
3) NaCl 7leFo] Z7FsbiA 27] gl Fall&=
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