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A65tract 
011ve 011 wa5tewater (00W),  a t0x1c 114u1d a550c1a~d 
w1th the pr0duct10n 0f  0~ve 01L wa5 treated 6y an 
e1ectr0chem1ca1 meth0d u51n9 71/Pt a5 an0de and 
5ta1n1e55 5 ~ d  304 a5 cath0de. 1n th~ ~chn14u~ 
50d1um ch10~de 4%(w/v) a5 an e1ectr0~ wa5 added 
t0 the wa5~wa~r and the m~ture wa5 pa55ed thr0u9h 
an e~c t r0~c  ce~ Due t0 the 5tr0n9 0x1d121n9 p0ten- 
t1a1 0f  the chem~a~ pr0duced (ch10~n~ 0xY9e~ 
hydr0xy1 rad1ca~ and 0ther ~r1dant5) the 0r9an~ p01- 
1utan~ were wet 0x1d12ed t0 car60n d10x1de and wa~r 
A num6er 0f  expedment5 wen~ run 1n a 6aW~ 1a60ra- 
t0ry~ca1e, p110t-p1an~ and the re5u1t5 are rep0~ed here. 
After 1 and 10 h 0f  e1ectr01y5~ at ~ 2 6 A ~ m ~  t0~1 
C0D wa5 reduced 6y 41 and 93%, re5pect1ve1y, t0ta1 
7 0 C  wa5 reduced 6y 20 and 8~ 4%, V55 were reduced 
6y 1 and 98. 7%, and t0ta1 phen011c c0mp0und5 were 
reduced 6y 50 and 9~4%, wh11e the mean an0de eff1- 
c~ncy wa5 19609h ~A ~5~m -~ and 3409h ~ 
A -~ 5~m ~. A150, the mean ener9y c0n5umpt10n wa5 
1.273 kwh per k9 0f  C0D rem0ved and 123 kwh per 
k9 0f  C0D rem0ved f0r 1 and 10 ~ re5pect1ve1y. 7he5e 
re5u1t5 5tr0n91y 1nd1ca~ that th~ e1ectr0~t1c meth0d 0f  
t0ta1 0x1dat10n 0f  0 0 W  ~ n0t fea5161e. H0weve~ 1t 
c0u1d 6e u5ed ~ an 0x1dat10n pretreatment 5ta9e f0r 
det0x1f1cat10n 0f  the wa5tewater • 1997 E15ev~r 
5~ence Ltd. 

Key w0rd5: 011ve 011 wa5tewate~ e1ectr01y515 treat- 
ment, 0r9an1c5 0x1dat10n, 71/Pt e1ectr0de. 
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01Ne 011 wa~ewater ( 00W)  15 a t0x~ eff1uent that 
re5u1t5 ~0m the pr0duct10n 0f 01Ne 011. 1t 15 c0n- 
51dered a m~0r p011utant and cau5e5 9reat pr061em5 
1n 01Ne tree cu1tNat10n area5 1n many Med1terran- 
ean c0untf1e~ 

*Auth0r t0 wh0m c0rre5p0ndence 5h0u1d 6e addre55ed. 
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7he t0t~ pr0duct10n 0f 0 0 W  1n 6reece 15 a60ut 
1 500 000 m 3 every year, wh11e the num6er 0f pr0- 
ce551n9 m1115 15 3500 (V1y5f1de5 et aL, 1996). Fre5h 
0 0 W  15 pa~1cu1af1y p h y t 0 t 0 ~  ma1n~ due t0 the 
pre5ence 0f phen01~ c0mp0und5. 1n add1t10n, the 
phen01~ c0mp0und5 re5uR 1n ant1m~r06h1 act1v1- 
t1e5, wh1ch are an 06~ade t0 6101091c~ pr0ce55e5 
dur1n9 the ~eatment 0f 0 0 W  (V1y551de5 et a1., 
1989). 

7he character15t1c5 0f 0 0 W  w1th re5pect t0 1t5 
p011utant capadty are: (1n ~-~), C0D: 45-180; 
80D5: 35-100; t0ta1 5011d5: 24-120; m1ner~ 50f1d5: 
5-15; t0t~ phen011c5: 2-15; fat5: 0.5-1.0; pH: 4.5-5.2 
(80af1 et a1., 1984; 6e0r9acak15 et a1., 1986). 

Var10u5 ~eatment meth0d5 wh~h have 6een 
pract~ed 0n a 1ar9e 5ca~ t111 n0w have pr0ved t0 6e 
1neffect1ve 0r very c 0 ~ .  8101091c~ pr0ce55e5 (aer0- 
61c 0r anaer061c) are 9 e n e r ~  1en9thy due t0 the 
1nh161t10n effect 0f phen01~ c0mp0und5 and d0 n0t 
c0mp1etdy rem0ve the 0r9an1c p011ut10n 10ad 
( 8 0 ~  1994). Futherm0re, 6109a5 pr0duct10n wa5 
pr0ven n0t t0 6e e c 0 n 0 m ~  and 9ave r15e t0 add1- 
t10n~ pr061em5 5uch a5 the mana9ement 0f the 
re5u1t1n9 re51due and the u5e 0f the 6109a5 (80ar1 et 
a1., 1984; 6e0r9acak15 et aL, 1986), wh1ch cann0t 6e 
5t0red. C0-c0mp0~1n9 0f 0 0 W  w1th 5011d re51due5 
~0m the 01~e 011 pr0ce5f1n9 15 a new and pr0m151n9 
meth0d ~0m the en~r0nment~ p01nt 0f ~ew a5 the 
0r9an~ matter 15 t0ta1~ c0nverted t0 a 50ft c0nd1- 
t10ner (V1y5~de5 et a1., 1989; V1y5~de5 et a1., 1996; 
80uran15 et a1., 1995), 6ut, up t0 the pre5ent t1me, 
the f1n~ pr0duct ha5 n0t 6een markete• 

M05t phy51c0-chem~ meth0d5 wh1ch 1nv0Ne 
pr0ce55e5 11ke f10cu1at10n, c0a9u1at10n, f11~at10n, 
0pen evap0rat1n9 p0nd~ 1n~nerat10n (w~h 0r w1th- 
0ut c0ncentrat10n) 91ve 0n~ a pan1a1 501ut10n t0 the 
pr061em and 5h0u1d 6e f0H0wed 6y a 61010~c~ 
~eatment meth0d. 7h15 50met1me5 create5 5ec0nd- 
ary p011ut10n pr061em5 5uch a5 em~f10n 0f a1r 
p011utan~ (~ra111de~ 1990; F1e5ta5 R05, 1991; Mar- 
1n05, 1991). 0ther ~eatmen~ wh1ch deaf w1th m0re 
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50ph15t1cMed ~chn0~#e5  1~e rever5e 05m0~5 0r 
u1~af11~at~n have the d~advanta9e5 0f h~h c0~ 
and Mw eff1dency (5am1 and Radh0uan~ 1992). 

1n recent year5 there ha5 6een 1ncrea5~9 1n~re~ 
~ the u5e 0f eM~r0chem1cM meth0d5 f0r the treat- 
ment 0f wa~ew~e~  ( C 0 m n ~ e ~  1992; 
C0mn1ne1115, 1994; C0mn~e11~ and Pu9ar1n, 1991; 
C0mn~e11~ and Nef1n1, 1995; Naumc2yk a a1., 
1996). 7he 0r9an~ and t0~c p011utant5 pre5ent ~ 
treated wa~ewate~ 5uch a5 dye5 and phen0~ are 
u 5 u ~  de~r0yed 6y a d1rect an0d~ pr0ce55 0r 6y an 
~d1re~ an0d1c 0 ~ d ~ n  ~a  1he F r 0 d u ~ n  cf 0x1- 
dant5 5uch a5 hydr0xy1 r a d ~  020ne, etc. 
E 1 e c ~ 0 c h e m ~  meth0d5 have 6een 5ucce~fu1~ 
app1~d ~ the pur1f1c~n 0f 5ever~ ~du~r1~ 
wa~ew~er5 (C0m~ne1115 and Pu9ar~, 1991; L1n 
and Pen~ 199~ Ku5aka6e ~ a1., 1986; 5har1f1an and 
K1rL 1985) a5 weH a5 1andf111 ~ach~e  (Chan9 et a1., 
1995) and d0me5t~ 5ewa9e (De~a M0n~a et a1., 
1980). 

1n the pan, 9raphRe wa5 ffe4uent~ u5ed a5 an 
an0de dur1n9 d e ~ r 0 c h e m ~  ~e~men t  a5 1t ~ re1a- 
t1ve~ e c 0 n 0 m ~  and ~ e 5  5 ~ f a ~ 0 r y  re5u1~ 
(52pyrk0w1c2 et a1., 1995). 71~n~m de~r0de5 
c0vered w1th very 1h~ 1aye~ ef de~r0dep051ted 
n061e met~5 have recent~ 6een u5ed f0r dectr0- 
0~da t~n  (V~0 ~ a1., 1988). Apa~ fr0m p1at1num, 
ruthe~um (Murph~ 1992) and rh0d~m (V190 ~ a1., 
1988) can ~50 6e a p ~ d  a5 e~ctr0c~a1y5~ f0r ~ec- 
~0-0~dat10n 0f p011utant5 pre5ent ~ wa~ew~er5, 
ma~n9 1t p 0 ~  t0 de5~0y 0r9an~ p011utant5 
wh1ch are d1ff1cu1t t0 e~m~ate 6 1 0 1 0 9 ~ ,  5uch a5 
phen~5 and 5urfa~ant~ 1r1d~m m~ture5 are ~50 
5ucce55fu1~ u5ed (A2ana5aky et a1., 1976) f0r th15 
purp05e. Pre~0u5 1nve5t~10n5 have e5ta6h5hed 
that t0 06t~n a h19h de9ree 0f eff1dency an an0de 
0f t1tan1um c0vered w1th p 1 ~ u m  5h0u1d 6e u5ed 
(Naumc2yk a aL, 1996; 52pyrk0w1c2 ~ aL, 1995). 

When ch10f1de5 are pre5ent ~ the wa~ew~e~ an 
1nd1re~ an0~c 0~dat10n 0ccu~ w1th ~r0n9 0x1- 
dan~. 7he pr0ce55 0f e1ectr01yt1c 9 e n e r ~ n  0f 
0x1dan~ ~ 6f1ne 501ut10n5 date5 t0 the year 1743 ~ 
En~and. 5~ce then, 253 year5 a90, the pr0ce5~ f0r 
many rea50n~ ha5 n0t 6een e~a6~5hed a5 a meth0d 
0f wet 0~dat10n 0f 0r9an~ p011utant5. 

WRh 50d1um ch10r~e a5 the 5Aute and water a5 
the 50~ent, a ch~f1d~c~0f1ne~h10f1de cyde take5 
p1ace 1n~ant~ ~ the an0de 0f the de~r01yt~ ce11. 
Redrcu1af10n 0f the 6r1ne 50~f10n ~10w5 f0r the 
c0nt1nuat10n 0f a ch~r1de~0f1ne~h10f1de cycf1n9 
pr0ce55 and ~ 15, theref0re, a r e 9 e n e r ~ e  pr0ce55. 
50me 0f ~he m0~ 1mp0~ant mea5ura~e 0~dant5 
wh1ch are f16erated 1n a4ue0u5 6r1ne 5~uf10n5 
1ndude 0xy9en, ch10f1n~ hydr0xy1 rad1c~5 and 50me 
am0unt5 0f na5cent 020ne. 5p0ntane0u5~ 1~er~ed 
and w0r~n9 5yner915t1c~1y, the5e 0~dan~ are 
effe~1ve ~ 0 ~ d ~ 9  1ndu~f1~ eff1uent5 1aden w1th 
a11 ~pe5 and am0unt5 0f 0~d12a6~ 0r9an~ p011u- 
tant~ 0 ~ d ~ n  ~ t0 car60n d10x~e and water 
(Wf1k a a1., 1987). 

7~5  ~udy deM5 w1~ ~ e  c ~ e M m e m  ~ 0 0 W  
w1~ ~ u m  ch10r1de (4%) 6y ~n d e ~ m c h e m k ~  
m~h0d  u5~9 a ~ t  an0de. 

~ R ~ 1 ~ L  ~ 0 ~ H  

71me 0f 0~dat10n depend5 up0n the ~a6f11~ and 
c0ncentrat~n 0f c0mp0und5, c 0 n c e n ~ n  0f NaC1 
u5ed, mmperature, pH 0f the 501ut10n, t1me 0f red~  
cu1at10n, ~2e 0f the an0de, and cu~ent and v~ta9e 
a p p 1 ~  

7he e ~ r 0 c h e m ~  react10n5 wh~h take p1ace 
duf1n9 the ~e~r0~5~ 0f a 6r1ne 5~ut~n are c0m- 
p 1 ~ e d  and n0t ent~e~ kn0wn. F0r the t1me 6e~9 
0n~ a55umpt10n5 can 6e made, 6a5ed 0n the 
pr0du~5 that can 6e d ~ e r m ~ e d  (C1a, C10~, 03, 
0H•, 0•, H202, 02, H2, C02). 

A p0~161e mecha~5m 0f ~ e ~ r 0 ~ 5  ~ de5cr~ed 
6e~w. 7he e1ectr01yt1c ev01ut~n 0f hydr09en ~ ac1d 
and ~k~1ne 501ut~n5 0ccur5 ~ ~fferent way5. 1n 
a~d 5~ut~n5, the 50urce 0f hydr09en ~ hydr0~ 
0n1um 10n5 wh~h are d15char9ed at the cath0de t0 
f0rm hydr09en 9a5 (1a) (Antr0p0~ 1977; Prent1ce, 
1991). 

2H30++2e - ~ H2+2H20 (1~ 

F0r ~ k ~ e  501ut~n5 k 15 a55umed that e1ectr0n5 
are ~ r e ~  added 0n t0 water m~ecu1e5 wh~h then 
dec0mp05e t0 y1e1d hydr09en and hydr0xy1 ~n5: 

2H~0+2e-  --, H 2 + 2 0 H -  (16) 

An0d~ ~5char9e 0f the water take5 p1ace f0rm- 
~9 hydr0xy1 rad1c~5 wh~h are a650r6ed 0n the 
act~e 51te5 0f the e1ectr0de 5urface M[] (C0m~- 
ne1115, 1992). 

H~0+M[ ] - ~ M [ 0 H - ] + H ~ + e  - (2~ 

1t 15 6eHeved that r e a ~ n  (2) may ~50 pr0cee~ 
~ add 501ut~n5 6ut at h~h current den51t1~ 
(Antr0p0~ 1977). 

Very d05e t0 the an0de area the m~n  6y-rea~10r 
dur1n9 the pr0cedure 0f ~ e ~ r 0 c h e m ~  react10r 
(16) ~ 0xY9en f 0 r m ~ n  acc0rd~9 t0 the f0110w1~ 
reac~0n: 

H ~ 0 + M [ 0 H - ] ~ M [  ]+02+3H++3e  - (3a 1 

7he dec~0chem1c~ 0~dat10n 0f a4ue0u5 5~u 
t10n5 wh1ch c0nt~n 0r9an1c m ~  6y the u5e 0 
~ad1t~n~ an0de5 (71/Pt, 71/P60, 71~r0~...) pr0 
ceed5 1n tw0 ~ep5 (C0mn~e1115, 1992). 7he f1r~ ~e 1 
15 the react10n (2). After th~, the a650r6ed hydr0xy 
r a d ~ 5  0~d~e 1he 0r9a~c m ~ r :  

R + M [ 0 H - ]  ~ M[ ] + R 0 + H  + +e (26 

whe~e R 0  repre5ent5 the 0~d~ed 0r9an~ m~te  
wh~h can 6e pr0duced c0nf1nu0u5~ 6y the hydr0x~ 
r a d ~ 5  wh~h are f0rmed c0nt~u0u5~ t00, 51n~ 
the an0d1c d~char9e 0f the water 90e5 0n. 
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7he an0d1c d15char9e 0f ch10r1de5 take ~ace 
f1mdtane0u~  f0rm~9 p0~161e ch10r0hydr0xy1 
r a d ~ 5  wh1ch are ~50 a650r6ed 0n the act~e f1te5 
0f the an0de 5urface M[ ]. 

H20+M[ ]+C1- ~ M[C10H-]+H++2e - 

Under a p~hway f1m~ar t0 (3a) and (36) the ~ee 
ch10r1ne and ch10r1de~ a5 we11 a5 0 ~ 2 e d  0r9a~c 
c0mp0und~ are f0rmed acc0rd~9 t0 the f0~0w1n9 
react10n5: 

H20+M[C10H ]+C1- ~ C1~+M[] 

+02+3H++4e 

R+M[C10H-]  ~ M[ ] + R 0 + H + + C 1 - + e  

7he ~ee ch10r1ne pr0duced 15 under e4uf1~r1um 
w1th 0C1- ~n acc0rd~9 t0 the f0110w1n9 r e a ~ n :  
(Prent1ce, 1991): 

C1:+20H- ~ H20+0C1-  +C1- 

50 the pr0duc~ K0m the pr1mary ~e~r0chem~M 
react10n5 are C12, 0~, 0C1- and R0. A5 c0ncentra- 
t10n 0f the a60ve 0~dan~ are 1ncrea5ed 1n the 
e1ecff0~2ed 501ut10n, 5evera1 0ther 5ec0ndary e1ec- 
ff0chem~M react10n5 take Nace. 

At h~h 0C1- c0ncentrat~n5, e1evated ~mper~  
ture and tur6u1ent f10w c0nd1t10n5, the ma55 
~an5p0~ r e a ~ n 5  that are created are the f0H0w~9 
(P1eEher and WM5h, 1990): 

6 0 C 1 - + 3 H 2 0 - 6 e  ~ 3/20:~+6H++4C1-+2C10~ 

0n an0de, and 

0C1 - + H 2 0 + 2 e -  ~ C1- + 2 0 H -  

0n cath0de At the 5ame t1me, 020ne, hydr09en 
per0~de and ch10r1ne ~0~de are f0und am0n9 the 
0~dan~ pr0duced (W11k et a1., 1987) ~0m the 71/Pt 
de~r01y5~ 0f 6r1ne 5~ut~n5. 7he5e 0~dan~ are 
pr0duced 0n the an0de acc0rd1n9 t0 the f0110w1n9 
hyp0thet~M~ e ~ r 0 - r e a ~ n 5 :  

H 2 0 + M [ C 1 0 H - 1 + C ~  ~ M[ 1+C102+3H + 

+2C1-+e -  

02+M[0H ] --* M[ ] + 0 3 + H + + e  - 

H 2 0 + M [ 0 H - 1  --, M[ ] + H 2 0 ~ + H + + e  - 

7 h e  rad1ca15 have a very 5h0rt 11fe due t0 the1r 
h ~ h  0 ~ d ~ n  p0tent1M and e1ther they are dec0m- 
p05ed t0 0ther 0x1dan~ (C12, 02, C102, 03 and 
H~0~) 0r they 0~d~e 0r9an~ c0mp0und5 (~ re~  
0 ~ d ~ n ) .  7he pr1mary (C1~, 0 ~  and 5ec0ndary 
(C102, 03 and H202) 0~dan~ that are pr0duced 
ff0m the d e 5 ~ u ~ n  0f ra~cM5 have 4uRe a ~n9 
11fe and are d1ffu5ed 1nt0 the area away ff0m the 
de~r0de5 c 0 n t ~ n 9  the 0~dat10n pr0ce55 ( ~ r e ~  
0~dat10n~ 

7he d1rect e1ectr0-0x1dat10n rate 0f 0r9an1c p0Hu- 
tant5 15 dependent 0n the cata1yt~ a~1v1~ 0f the 
an0de, 0n the d1ffu5~n rate 0f 0r9an~ c0mp0und5 

~ the act1ve p01nt5 0f the an0de and the app1~d 
current denf1~. 7he 1nd1rect de~r0-0~daf10n rate 15 
dependent 0n the d1ffu510n rate5 0f 5ec0ndary 0x1- 
dant5 1nt0 the 501uf10~ the ~mperature and the pH. 
An effect1ve p011utant de9rad~10n 15 6a5ed 0n a 
d1re~ d e ~ r 0 c h e m ~  pr0ce55 6ecau5e the 5ec0nd- 
ary 0~dan~ are n0t a61e t0 c0mp1ete~ c0nvert ~1 
0r9an1c5 ~t0 water and car60n d10~de. 

7heref0re, 1t 15 c0nduded that 1n add 501ut~n~ 
0xY9e~ ~ee c~0f1ne and may6e 50me am0un~ 0f 
020ne and ch10r1ne 0~de~ are the ma1n 5ec0ndary 
0~dan~ a5 6ypr0duc~ 0f the d1rect 0~d~10n pr0- 
ce55. 1n m0derate ~ k ~ e  501ut10n5 a cyde 0f 
ch10r1de~h10r1ne-hyp0ch10r1te~h10r1de take5 ~ace, 
wh1ch pr0duce5 0C1-, 0xY9en and 50me am0unt5 0f 
hydr09en per0~de and may6e, 020ne. 1n ~r0n9 
~k~1ne 501ut10n5 the cyc1e 0f ch10r1de~h~r1ne- 
ch10r1de 15 reduced due t0 p r 0 d u ~ n  0f C10£ that 
15 a 5ta61e an10n. 50, 1n 10w pH ch10r1de5 are 
rem0ved dur1n9 the e~ctr01y5~ pr0ce55 pr0dudn9 
~ee ch10r1ne wh11e 1n h19h pH ch~r1de5 are 
rem0ved pr0dudn9 ch10rate5. 0n1y 1n m0der~e 
a1k~1ne t0 n e u ~  c0n~t10n5 d0e5 the 1nR1~ c0n- 
centrat10n 0f ch10r1de5 rem~n 5ta61e (V1y5~de5 et 
a1., 1996), pr0dudn9 ~ee hydr0xy1 rad1ca15 ~)nt1- 
n0u5~. 

7a61e 1 5h0w5 the p 0 5 5 ~  d e ~ r 0 c h e m ~  and 
c h e m ~  rea~10n5 that can take ~ace 1n a m~ture 
0f 6r1ne 5~ut10n and wa~ew~er ~ an de~r01y515 
ce11 u5~9 a 71/Pt an0de. 

7a~e  1. ~ t ~ c h e m k ~  ~acf10n5 

An0de 

Pf1ma~ de~r0chem~ react10n5 
H20+M~+~ ~M[C10H-]+H++~ 
H20+M[]~M[0H-]+H+ +e 

5ec0nda~ dectr0chem1c~ r e a ~ n  
6 0 ~  +3H20-6e ~ 2 0 e + 6 H + + 4 ~ + 2 C 1 0 3  

Cath0de 

Pf1ma~ e ~ r 0 c h e m ~  react10n5 
2H30+ + ~  ~H2+2H20 
2H20+2e ~H2+20H 

5ec0nda~ dec~0c~m1c~ react10n 
0 ~ -  + H 2 0 + ~ -  ~ - + 2 0 H -  

0x1dat10n react10n5 

1n a c105ed an0de area 
R+M[0H ]~M[]+R0+H++e - 
R+M[C10H-]~M[]+R0+H+ + a  - +e 
H20+M[0H-1~M[]+0:+3H+ +3e - 
He0+M[C10H-1+~ ~C12+M[]+02+3H++4 e 

Aw~ fr0m e1ectr0de5 
R+02+2H+~R0+H20--~  
R + ~ 2 ~ R ~ + ~  --e 
R+0H ~R0+H++2e 
R ~ + 0 H  - R 0 + ~  +H++e 

E4u~6f1um rea~n5  

a2+20H ~ H 2 0 + 0 a  + ~  
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ME7H0D5 

7he 1a60rat0ff p11~ ~ant  
7he exper1ment~ ~ant  (F16 1) c0n515~d 0f the 
de~m1yt~ ceH, ~ d ~ a f 1 0 n  react0~ wa~ew~er 
~ed  ~ e m ,  pH c 0 ~ e ~ n  ~ e m  and c 0 ~ 9  ~5- 
tem ~ r  the wa~ew~er. 

E1ectr0~t1c ce~ 
7he de~r01yt~ ce11 c0n5~ted 0f the c~h0de, wh~h 
wa5 a ~ e 5 5  5tee1 304 cy1~der 0f 20 cm ~ a m ~ e ~  
and an0de, wh~h wa5 10cated ~ the centre 0f the 
cy1~der and made 0f t 1 ~ u m  ~10y, mea5ur1n9 
48 cm ~n9 and 2.54 cm ~am~eL c0vered 6y ~at1- 
num a110y f011 appr0~m~e~ 0.25 mm t~cL 7he 
e1ectr0de5 were 0per~ed at 15 v01t5 D.C. and 100 
ampere. 

Rec1rcu~t10n react0r 
7he redrcu1at10n react0r (V) 1nduded a ve55e1 0f 15 
11ter~ wh1ch c0nta1ned the wa~ewater t0 6e ~eated, 
and a centr1fu9a1 pump (P) 0f 40 ~m1n f10w rate, 
wh~h c0nt1nu0u5~ redrcu1ated the react0r c0ntent 
1nt0 the e1ectr01yt~ ce11. 

~ ~ m  
7he c00f1n9 ~ t e m  ~duded  a 7 e m p ~ u ~  1n~c~ 
t0r C ~  ~ Q ,  an e ~ r 1 c  v~ve ~ r  the water 
and a c 0 ~ 9  w ~ 4 ~ k ~  w~ch wa5 6 c ~ e d  0n the 
react0~ ~ e  ~ d e r  w ~  and the c 0 ~ 9  jacket 
c0n5t~uted the cath0de. When the ~ m p ~ u ~  0f 
the water ~ e ~ e d  0ver 4 5 ~  then c 0 ~ 9  water 

c1rcu1ated 1n the jacket, unt11 the temperature 
returned t0 the de~red v~ue. 

7he chan9e 0f red0x p0tent1~ and pH 1n the 
react0r wa5 c0nt1nu0u5~ rec0rded 6y the R1R and 
pH1R, r e 5 p e ~ e ~ .  7he 5amp1e5 f0r an~y5~ were 
drawn ~0m the redrcu1~10n react0~ 

M ~ e ~  
7he ~ m p 0 ~ n  0f the 0 0 W  that wa5 u5ed 1n ~1 
e~ef1me~5 15 5h0wn ~ 7a~e  2. 7he v~ue5 ~ 
var10u5 p ~ n ~  ~ the 0 0 W  u5ed ~ r  th~ ~ u ~  
were we11 a 6 ~ e  the mean v~ue5 ~ e d  t0 ~ the 
1Rerature ~ ~ 5  et aL, 1996). 

M~h0d0~9Y 
7he eff1~ency 0f the de~r01yt~ ceH wa5 ~ u ~  
when the NaC1 c 0 n c e n W ~ n  1n the 0 0 W  w~ 
4% (w/v) and ~mperature (42°C), wh~h r e m a ~  
5ta61e dur~9 the exper1ment. 

F0ur exper1ment5 under the 5ame c0nd1t10n5 we~ 
run and the re5uR5 th~ are pre5en~d ~ th~ w0f1 
are the avera9e 0f the f0ur 5epar~e mea5urement~ 

Each exper1ment wa5 0f 6atch 0 p e r ~ n  and ~ 
durat10n wa5 10 h. Every h~f  an h0ur 5amp1e5 wen 
taken ~0m the react0r and 50~61e C0D, 501u6h 
70C,  V55, pH, red0~ ch10r1ne and t0t~ 0~dant 
were mea5ured. Add1t10n~1y, 5amp1e5 were take~ 
f0r d~erm~af10n 0f t0ta1 phen01~ c0mp0und5 af1e 
the f1r5t h~f  h0ur and then every h0ur. 

Meth0d5 0f ana1y5e5 
A11 determ1nat10n5 except the 0ne f0r phen011c c0m 
p0und5 were carr1ed 0ut acc0rd1n9 t0 the 5tandap 

c00f1n9 water 

m 

cath0dc 
55-304 

~ L  

C 

+ an0de Pt/71 

1 

c0011n9 jacket 

P 

9~e5~ ~ 

5ur9e ve55e1 5amp11n9 

~ 1. E~ef1memM 1~0r~0~ p f 1 ~  
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7aMe 2. C0mp0~f10n 0f 011ve ~1 p ~ 5 5 M 9  wa5tew~5 

Cha~c~r1~1~ Va1ue 

70t~ 50f1d5 (75), ~1 
5u5pended 5 ~  ~1 
V~mf1e 5u5pended 5011d~ ~1 
Car60n c0ntent 0f 55, ~1 
501u61e C0D, ~1 
pH 
501u61e 80D5, ~1 
501u61e 70t~ 0r9an~ Car60n, ~A 
70t~ 501u61e Phen011c C0mp0und~ 9/1 
E4uN~ent C0D (ff V55, ~9 

157.95 
52.17 
46,62 
29.235 

178.22 
5.2 

42.55 
26.55 
11.41 

1.49 

Me~0d5 f0r E x a m ~ n  0f Water and Wa5~w~er.  
7he t0ta1 phen0f1c c0mp0und5 were mea5ured w1th 
the F ~ - C ~ c ~ u  meth0d (5~nkard and ~ n ~ e ~ n ,  
1977). 

RE5UL75 AND D15CU5510N 

V01at11e 5u5pended 5011d5 (V55) 
A5 dep1cted 1n F19. 2, the V55 were reduced dur1n9 
the 10 h ~eatment ff0m 46 620 t0 2000 m9 1 t. 7h15 
5h0w5 that t09ether w1th the 0~daf10n 0f 501u61e 
C0D,  a de9radat10n 0f V55 t00k p1ace thr0u9h 0~- 
dat~e hydr01y515 mechan~m5 w1th the pr0du~10n 0f 
a 5ec0ndary 501u61e C0D.  1t 5h0u1d 6e n0t1ced that 
the 501u61~2at10n 0f V55 6e9an practkM~ fr0m the 
th1rd h0ur 0f e1ectr01y515 and then f0110wed a 5teady 
dec11ne 0f 7.5 9 1 - ~ h - ~ 

Chem1ca1 0xY9en demand (C0D) 
7he 501u61e C 0 D  wa5 reduced dur1n9 the exper1- 
ment fr0m 178 000 t0 11 000 m9 1 -~ (F19. 3). 7here 
wa5 an a6rupt dr0p 0f 501u61e C 0 D  1n the f1r5t three 
h0ur5 (7891 -~ h-~), 6ut 5u65e4uent1y the rate wa5 
dra~1ca11y reduced. 7h15 f1nd1n9 1n c0njunct10n w1th 
F19. 2, where 1t wa5 ev1dent that the V55 501u6~a- 
t10n d1d n0t 5tart f0r a60ut 3 h, p01nt5 0ut that; 
f1r5t1y, there mu5t 6e ea511y de9rada61e C 0 D  pre5ent 
and, 5ec0nd1y, that 1t 15 11ke1y that 5ec0ndary pr0duc- 
t10n 0f C 0 D  t00k p1ace, pr06a61y 6y 501u61112at10n 

250000 

200000 

~ 150000 

• 100000 

50000 

0 1 ,1 1 • 1 1 1 1 ~ 1 • 1 1 ~ 1, 1 1 ~ 1 
0 ~0 0~ ~ 0~ ~0~ ~0 ~0 ~ ~0 ~00 

t1me, m~u~5 
~ 3. C h e m ~  0xy9en Demand (C0D) reduct10n 
dur1n9 e1e~r~15 ~e~me~, - • - 501u61e C0D. - ~ - t0ta1 

C0D. 

0f V55. After the f1r5t h0ur 0f t0ta1 C 0 D  dr0p the 
rate wa5 a60ut c0n5tant and e4ua1 t0 20 91- ~ h -  ~. 

0r9an1c car60n (0C) 
7he chan9e 1n 501u61e 0 C  wa5 f1mf1ar t0 the chan9e 
1n C 0 D  (F19. 4). 7he 501u61e 0 C  wa5 reduced 
dur1n9 e1ectr0~f15 ~0m 26 500 t0 6150 m9 1-~, at a 
510w rate 0f a60ut 2 91-~ h ~. 7h15 wa5 due t0 501- 
u611~at10n 0f V55, wh11e the t0ta1 0 C  wa5 rem0ved 
at much fa5ter rate5, w1th the h19he5t va1ue 0f 
1391 ~h 1 and wa5 reduced ~0m 95 900 t0 
7650 m9 1 ~ 

70ta1 phen0~c c0mp0und5 
F19ure 5 5h0w5 the reduct10n 0f phen011c c0m- 
p0und5 fr0m 11 410 t0 78m91 -~. 7he rate 0f 
reduct10n wa5 very fa5t 1n the f1r5t 2 h and reached 
4.8 91- ~ h -  ~. Late~ th15 rate dr0pped t0 
0.14~ ~h ~ and th15 wa5 pr06a61y due t0 the fact 
that a~er the 2 h the phen011c c0mp0und5 came 
fr0m the V55 and the rate 0f the1r de9radat10n wa5 
determ1ned 6y the rate 0f the1r 0~dat10n. 

Ener9y c0n5umpt10n 
F19ure 6 5h0w5 the ener9y c0n5umpt~n dur1n9 ~he 
de~r0chem~N 0~dat10n. 7h15 had a c0n5tant rate 

50000 
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45000 - 
40000 
35000 

~ 30000 
~ 25000 

~ 20000 
15000 
10000 
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0 ~ 1 1 1 1 1 1 1 ~" 1 1 1 1 1 1 • 1 1 1 
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t1me, rn1nute5 

F1~ 2. V ~ 1 ~  5u5pended 50f1d5 (V55) reduct10n dur1n9 
dec~y515 ~eatment. 
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180 
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1~0 
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° = ~ ~  ~ ~ ~  

~m¢, ~n~¢~ 

,, 7 ~  Ph¢a°11¢ ~mP°und5t,~d0¢t1~¢10¢tr01y~tr¢atmen d0d09 

0f ~crea50 0f 2kwhk9=~h-1 9a~1n9 at 
1.27 kwh k9 -~ and end1n9 at 26.5 kwh k9 -~ at the 
end 0f 10 h (6a5ed 0n t0ta1 C0D). 7hh 1nd~ated 
th~ the var10u5 0r9an1c Da~10n5 0f 0 0 W  had a 
d1fferent de9ree 0f d1ff1cu1ty 1n the1r 0~dat10m 
wh1ch 6e9an wRh the m0re ea511y 0~d~ed and pr0= 
ceeded t0 the m05t d1ff1cu1t; a phen0men0n wh1ch 
wa5 expe~ed. 

An0d¢ eff1dency 
7he eff1~en¢y 0f the an0de 0f the ~e~r0de ~ 
5h0wn 1n F19. 7. 1t ha5 6een ca~u1~ed 1n 9 0f C0D 
rem0ved (C0Dd per h0ur ~er Ampere and per 
54uare meter, 7he f1r9 2 h the eff1~ency wa5 very 
h~h, reach1n9 2 k9 h-  ~ A~ ~ (m a)- ~; pr06a6~ due 
t0 the ea511y 0~d12ed 0r9an~ c0mp0und5. Later 

at 10 h and w1th an avera9e v~ue 
340 9 h-  ~ A-~ (m~ ~. 

Pr0du~10n 0f 0ddant5 
7he pr0f11e 0f ch10r1de5 and 0~dant5 chan9ed, a5 
5h0wn 1n F19. 8. 7he ch10dde5 were reduced 1n the 
f1r5t h~f h0ur ~0m 24 000 t0 15 600 m91 ~, then 
rema1ned p r a ~  c0n5tant t0 the end 0f the 

2~0 
1800 
1600 

~ 1000 
~ ~00 
~ 600 

~00 
~00 

0 
~ ~  ~ ~ ~ ~  

f1m0. ~ 
R~ 1, An0de ~ ~m0v0h0 ~ 0 ~ 5  ~e~m¢n 

exper1ment. 0n the 0ther hand, 6ee ch10r~e ant 
the re5t 0f the 0~dan~ ~crea5ed 1n the f1r5t h~ 
h0ur t0 6000 and 6800 m91 1, re5pem~e1y. 6u 
rem~ned m0re 0r 1e55 ~a61e therea~er a5 we9. 7h~ 
fam that the c0ncen~910n5 0f 0x1dan~ and ch10r 
1de5 rema~ed c0n5tant dur1n9 the expedmen 

~5000 , 

~0000 ~ 

~ 1,000 ~ ~ = ~ = ~ = ~ = ~ = ~ "  

~ 10000 
~ ~ ~ ~ ~ - - ~  

5000 • - ...... 

0 ..... 1 1 1 1 [ 1 1 
0 5 ~ ~ ~ ~ ~  

~me, ~n~5 

0 m 0 mh0r 0~dam~ =~- cM0dd~. 

° = ~ ~ ~ 1 1  ~ ~ ~ ~ 
~m0~ ~8~$  

C0D, 
~m~, m~9~ 

R~ 9, pH ~h~n~ d~n~ ~Q ~ e t r ~ w  ~¢~m¢m, 



E ~ 8  ~ a ~ t  ~ ~ ~ ~ ~  169 

920 

~00 

~ 5f10 

~20 

~00 -+ ~ 4 - ~ -  ~ - + - 4 - ~  ~-~  - ~ k - - + ~ - + - + - - ~ - - - ~ - -  
0 e 

t1me, ~n~¢~ 
~ 1~ Red0x ~an9~ dur1n9 the e ~ r 0 ~  ~¢~me~. 

den0te5 that the cyc1e ch10f1de~ch10f1ne-hyp0- 
ch10f1de~ch10f1ne wa5 w0rk1n9 eff10ent~ u51n9 a 
ch10f1de c0ncen~at10n 0f 7000~8000m91 ~ and 
pr0. 
duc1n9 a t0ta1 c0nc¢n~at10n 0f 0~dan~ 0f 
12000-13000 m9 1-~. 

pH 
7he pH 9 r a d u ~  ~crea5ed ~0m 4,2 t0 8,2 a5 5h0wn 
1n F~, 9. 7h15 can 6e e x ~ n e d  ~0m 7a~e 1 where 
1t 15 e~dent th~t H ~ pr0duct10n 15 5 m ~ r  than H0- 
p r 0 d u ~ n  re5~f1n9 1n a 5h1ft 0f pH t0 the a1ka~ne 
51de. H0weve~ the pH wa5 5ta61112ed ar0und 8,2 due 
t0 the 6uffer f0rmed ~0m car60n d ~ d e  pr0du~ 
t10n acc0rd1n9 t0 the rea~10n: 

C 0 2 + H 2 0  ~ H + + - H C 0 3  

0 ~ d ~ a  pmem~1 (R~d0~ 
7he Red0x pmem1~ c0nt1nu0u~y decrea5ed ~0m 
920 mV t0 840 mV (~9, 10), 7here 15 a 11near c0rre- 
1at10n 6etween pH and Red0x acc0r~n9 t0 the 
e 4 u ~ m  

R¢d0x = -3.1•pH+919 (R 2 ~ 0.96) 

1t can 6e c0nduded that the h~her the pH, the 
10wer the red0x. 7h15 15 1n a9reement w1th C0mn1- 
ne~15, 1992; An~0p0~ 1977; P r e n t ~  1091 and 
V1y5~de5 ¢t aL, 1906 ac¢0rd1n9 t0 wh0m dudn9 the 
e1e~r01y515 0f a1kaHne 5~ut~n5 hydr0xy1 r a d ~ 5  are 

7aMe 3, 9 ~ d e . ~  0f ~ r ~ y ~ 5  
DU~f10n 0f 5~UMe 70ta1 ~e~m1y5~ An0de 
e1eCtr01y515 C0D p h e n ~  ~ e n ~  0ff1¢~n~ 

(h0u~) r e d u ~ n  ¢0mp0un~ kw (k9 C0D~) ~ (k9 C0D0 
(%) ~ d u ~ n  A t h ~  

(%) 54m ~ 

1 41 50 1.27 1.9f1 
2 57 85 4.10 0.95 
3 76 93 4.73 0.66 

C0D~ = C0D rem0ved. 

f0rmed wh1ch are capn61e 0f 0x1d~1n9 t0 a 9reat 
extent the 0r9an~ matte~ and f0r th~ ren~0n they 
have a very 5h0~ 11fe 50 redudn9 the t0ta1 0x1dat10n 
p0tent1~ 0f the 501u~0n. 

C0NCLU510N5 

F0r the expef1men~ run 1n 1a60rnt0ry ~101-5c~e 
p1ant 1t can 6e c0nduded that the e1e~r01yt~ 0~du- 
t10n 0f 0 0 W  c0nta1n1n9 a 4%(w/v) e0neentr~f10n 0f 
NaC1 and u51n9 a 71/Pt de~r0de a5 an0de 15 effe~- 
~e, After 10 h 0f e1ectr01y515 at 0,26 A/cm ~, t0ta1 
C0D wa5 reduced 6y 93%, t0t~ 70C wa5 reduced 
6y 80.4%, V55 wa5 reduced 6y 98,7% and t0ta1 phe- 
n01~ c0mp0und5 wa5 redueed 6y 09,4%. 

7he mean eff1~ency 0f the e1ectr0de wa5 
340 9 h-~ A ~ (m 2)- ~ and the avera9e ener9y 
re4u~ement reached 12,3 kwh k9 -~. 7h15 ~r0n9~ 
5u99e5~ that the a p ~ n  0f e ~ r 0 1 y ~  f0r e0m- 
p1ete 0 ~ d ~ n  0f 0 0 W  15 n0t ~a5~1e. 

H0weve~ acc0rd~8 t0 7a61e 3, 1n the f1r5t 3 h 0f 
~e~r01y5~ the rem0v~ 0f C0D wa5 76% nnd that 
0f phen~1c5 93%, wh11e the ener9y re4u~emen~ 
~ 7 k 0 ~ y  ~,~3 ~ ,1 and the de~r0de e~f1dency 

7heref0re, the d e ~ r 0 1 ~  meth0d 0f 0 f 1 d ~ m  
a1th0u9h effe~1ve, d0e5 n0t 5eem t0 6e ~a5~1e 
except 1f 1t were u5ed a5 a pre~emment f0r det0x- 
N c ~ n  t0 m~1m~e the e f f e ~ e n e ~  0f a N N 0 9 ~  
p05t.Wemmen~ 
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