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Summary

The method of electrolysis was used to treat aquacultural water. Main factors of
this method are retention time, eletrical density, the gap of eletrodes and the result

runs as follows.

1. As the gap of the plates of electrode and the retention time kept constant, the
the electrical density was observed. the optimal density was 107.15 A/m>  when
similar results were compared, there was no great difference in the removal rate
between the experiment with the electrical density of 107.15 A/m’ and that of 89.28

A/m”. therefore the one of 89.28 A/m” is recommended.

2. After the electrical density and the gap of electrode was made to keep constant,
the removal rate of organic matters and ammnonia increased with longer retention
time. The efficiency of the removal was inhanced, but it's not efficient. therefore, it is

desirable to choose proper retention time for the treatment.

3. when the removal of organic matters and ammonia is conducted at the same
time, oxides such hyperchloric ions interfere the process of the oxidation of ammonia.
so the removal rate get reduced. After ammonia is removed, organic matters are

oxidized. Therefore it is estmated that the amonia should get removed first.

4. No E. Coli forms were found under the condition of the 20 mm gap of the

electrode with the density of 35.71 A/m’.

5. pH gets down during the process of the removal. when it happens, the reaction
rate of ammonia and free Cl ions. therefore it is estmated that the removal rate gets

moderate.
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1. A7) &3l

DF71EZ 9 A7 &3

delele] Aol Gole] Faelee AZEaANAAN P AejolA FE =
R FAAE MAT AR 4 (De FFAA AAsE, e Fo #

=
7| & Ao] AtglE o] ojAltgEtAR g olo] FAE tH(Bringmann %, 1995).

MY — xM™Y + xe

xM™Y + reaction agent — xM"' + yCO, (2)

(D= P23
A ustel o f/1EA AAL

1 H

[e)
o
WA E 8 o] &0 FFo] FHL

HO + M[ ] — M[OH] + H + e 3)

1o o
TT_‘};]]

ek Faksl ool od frlede] AstEY, o
Zo] A g el & IFH A (493 v (Andre,

ool
B

Ao
@3 gow
1995, Israilides &, 1997)
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=
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R+ MOH] —>M]+RO+H +e (4)

oz

o171 RO= AlEA o2 FA= = Abst ol 2o o8 Asted frlEZdold

of

Andre(1995)0] 93] 2®l A7 §71%4 AA WAUZE he3} 2ok S
A A G)o] ekt uhsh o] Absh®l FFMOYHl B A7 Eael ol Agw
sk ool FAHI A (6)3 o] ol WAE Aadh weste o sy ¢

(MOy1)& dA 7

MO, + H:O — MOJOH] + H + e
MOx[OHi] Il MOx+1 + HJr + 67

R +MOyJOH ], — CO. + zH + ze + MO, (7)

(2)7t 3 2k 3}

HHAEE AATE F718A Qv e A @) 2ol A/EH F Ak

o FFWEF BAG B Aolediitel AFEHel FAH HIsrailides 5,

o 1

1997).
HO + M[ ] + CI — M[HOCI] + H + 2e (8)
oFrol A MAE Aol aatel el f71E o] AsEe wee A (9)7 g},
9

A T £ANSH oste WAGE tae] FATAZA AQEE B 2



A9l ofv]ibolnt WAl

=
FEA S5 A (10), QDA o] A3} - Za e 5 ATk (HA TLHEAKE &, 1977)

NH.CH;COOH + [O] — NH; + HCHO + CO: (10)
CsHs HC6H4(OH)2 —CeH4Oy + Z[H] — C4H404 + 2CO- (11)

Kirt 5(1985)2 Anilinee] A7]&E3 F4& ofgle} 2ol YA
Benzoquinone® AFatE b7t Al&sle] Maleic, ©]4F3let AR A3ty =4 F=E
Ak 2(35)9] Aty kg3t AABAC o T A Ao AkAubAY

Bt} $Hx 02 Jhggh
CeH/N + 2H20 — CgH4O2 + ?)H+ + NH4+ + 4e 12)
CsH,O2 + 6H,O — C4H4O4 + 12H" + 2C02 + 12e (13)
CH,O4 + 4HO — 12H0 + 4C0Os + 12¢ (14)

aglan el sk i ofdte] T #rlEde] ddH e v Ab
3 a2 Al FdEo] FAe] "r(o], 1991).

_10_



2) R Yol A7 &3

A A3 A (15)~(18)3 #t},
%= 2CI — Cl(g) (Dissolved) + 2e Ey = 1.36V (15)
2Hzo - Og(g) + 4H+ + de Eo = 1.23V (16)
S= :2Na' + 2 — 2Na(s) Ey = -2.71V a7
20 + 2e — Ho(g) + 20H Eo = -0.82V (18)

Sdeded AY s == A AbstaAel ¢

L.

& &3] ¥l t}.(Chang, 1995, Mendia, 1982). o] F7}# 34 & Fig. 1o eI

it
VAN

l Desiroyed
1 pollutans [ 1 Oxidants pollutans
Anode Electrode

Direct anodic oxidation Indirect oxidation process

Fig. 1. The scheme of pollutant removal pathway in electrochemical oxidation

process (Chiang %, 1995).
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A71ael o AFel grEotel AAE K712 Asksk FASL APHQ

Farsiel A FAbste] BA wI ol ol

(DA A48

Marincic®t Frank(1978)= A 7]&siel gk hryote] Absh= 24 (193 2o
A A 8F A T

NHz + 3OH — 05Nz + 3H:0 + 3e (19)

%, gEotel AAL FFeIA WANS b AAE WWA Ak sprE A
@k WS wEE1984)E OH o BHwo uhel thes} o] ehmujel 4kah
FUANER obA Aol ARy Wussit,

NH; + 7OH — NO; + 5H:0 + 6e (20)
NH; + 90H — NO; + 6H,0 + 8¢ (21)
(2)7r 3 2 3

l

Sedlak(1991)& 7HgutS-o 2 Salg Aa7) ghmijoly A9l wrgate] HE A

=2 A4 A WA
2NH," + 3HOCI — N, + 3H.O + 5H" + 3CI° (22)

21 (22)9] W2 AA] FAA W 22 pH 76014 53k o] dojuH,
= o FAmI ek pHell 9%& wom pHrt v 44 diol9
ol = 2= ehe]l (NH:Cl, NHCl, NCly)ol ¥4 €t
E(2000) FEuoby Aa7h Apopd bt wkgate] A HE wbEE vhea 2
o] xSt

NHs + HOClI' — NHyCl + 5H.0 + H’ (23)
NH:Cl + HOCl — NHCl; + H20 (24)

_12_



NHCIlz + HOCI — NClI3 + H20 (25)

2NH,Cl + HOCI — Ny 1 + 3HCI + H.0 (26)

&

Lidia(1995)+= 4 o]o] FH-3

WS 4 QD% 2t syt

I el grmiobel ghRAbskel] ol Aol

2NHs; + 6C1 — Nz + 6HCI + 6e (27)

ArE A7IES & A9 4 (28)~ 2937} 2ol FFoA AATFA(Clh)7E B8 E
o, AT FA7FEH) 7 AAET FFAA 8" darteE 4 (300~@3D
B o] ol &alEo] pHW skl wk HOCI ®x= OCl 2 EA gt el A
A WMAYZL A (32)~(38)F o] FZoA AAE H2 g2 (HOCIL, OC)9}F whs-a
ol AFAow AA7FENy)RE AFsstAl Erh(White, 1992).

= 2H0 + 26 — Hao(g) + 20H (28)
=1 2C1 — Clag + 2e (29)
Clyg + HO = HOCI + H" + CI' (30)
HOCl = H' + OCl' (31)
NH; + HOCl — NH:CI + H20O (32)
2NH2Cl + HOCI — Nz + 3HCI + H20O (33)
NH:Cl + HOCl — NHCl; + H20 (34)
NHCl; + H:O — NOH + Z2HCI (35)
NH:Cl + NOH — Nz + HCl + H20 (36)
NHCl; + NOH — N; + HOCI + HCl (37)
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NHCIlz + HOCI — NClI3 + H20 (38)

Yoty AAEE A AR 2 (32)9 Rx=Fzewl A Wks-S HOCIZ NH;

of thstel 23 W OBA 4 (9% e FEHoE ey & Aok
ANH:Cl = k[HOCIJ[NH3] (39)
EECIEHEL)
AFUgNA Fo YT Ghsh U5 o2& AFAbole] ARl W3

o o3 iR HIHE
Anode : 2C1 — Clx(dissolved) + 2e (40)
Cathode : 2H:0 + 2e — 20H + H, (41)
Between the electrodes : Cly + H,O — HOCI +Cl + H' (42)
HOCI — OCl” + H' (43)

2 AHES A @A e vhsk o] Qzoln v exelA A
$E4H dag FHSY olse Ade] delgIAE b5l

ohoubebd RS FHE AL ST FAE A @Del Qs HRE FYS] G
o]

SEES
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20H + Cl; — CIO + H:O" + Cl' (44)

Fig. 2. Distribution of HOCI and OCl in water at indicated pH level and

temperature.
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= gul
Aot Akt AFotd At o] 29 FHEA R 2 (45), (46)F Fo] FA LAYGTE
OCl + H:O + 2¢ — Cl + 20H (45)
ClO3 + 3H20 + 6e — Cl + 20H (46)

dattde] 4S5 sy 3 FSolA Eo] AUIEdE] 1 &9 Adas WE

o (Hammer2} Wranglen, 1964; Czarmetzki®} Janssem, 1992).

6HOCI + 3H:0 — 3/20, + 2CI05 + 4Cl1 + 12H" + 6e (47)
2H0 — Oy + 4H + 4e (48)

Aol at o] 29 £AWLS 4 (493} gol EARGOM Ahsh Gijole I

Aradel dALe Fdsth(Kelsall 5 1984, Krstajic 51987 %2 Czarmetzki<h

Janssem, 1992).

60CI + 3H:0 — 3/20, + 2C10s + 4Cl + 6H + 6e (49)

Aa ol 4 EAwge gt ol Aoldnin Aobd 2k o] o] W] 1

=9 daitedy 259 dgtolo] LA TH(Kelsall 5, 1984,).
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Solution : 2HOCI + OCI" — ClOs + 2CI" + 2H"
or HOCI + 20ClI — ClOs + 2CI + H'

o] Hb&2 oAM= Ao ARG datte] o] FEEE aoAM =

2L, 40~50 T &LdA whgel= Zo] Age Ao=m 7 Jrh(H A

3} A

TEHUK Y, 1977).
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B sk vH(Wolfe 5, 1985).

(3)%714 =289 (Organic Chloramine)

5

& {714 F =29 (glycine, methionine, taurine, gelatine®] A3 E S)E0°]

Rregretvire e ol Aol g3rF gejxivtn &l dth(Feng, 1966).
Wolfe 5(1985)¢] st {714 S22 ExFRepvlnc kg Midss 7f

A glew, "=l San JoaquinA FA E (W] )S ARESE A A FHA A R Yol

A2l ¥ Al 2 (Preammoniated sample)oll &4

& 7HPrdchloraminated sample) © & 3}% o]}

¥ A dAE FUL Dol da7F dEYo}

5

el AAHE Resmey
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2. A7 ¥ FFAR

qNEde FAlA AFE FHA77] A= A5 (Electrode) ol il &&= F 7
o] AYst &2 B BAE S5 Wi o]E8 HA9 FEo|Y Ee dnt

= Rus

2 o7 %9 (Electromotive force ; emf)o]#ltal E&E= Ao g2 dde &4

Tt YF(Anode)elgt FEv IH AF7F Urte FE 34 W F(Negative
electrode) =+ &= (Cathode)o]gta F-Er} HAFE e o252 STy &
olgta & 4 AT E3] dojr] AL #A T svte S

FI Gt FEel YARTE ] A welol

U
2
>
19
z
X
o
N

b &
=)
Auh
x
2
U
Lo
i1t
2
ol
A
o
)
rr

A7IH w5 FAstEs 94, LdEdSs S8t Sl A SE Hy, Cl 59 7]
Aok HiEol AsudA ndiert dojy ededs AT o fde A

7128 = (sacrificial anodes)olet gt} whebA dFnjFolvt H G &3 A
=& AMES HEAEE ellEe] U2 dFvE ooy H ol T & W
gto] | e RAETE grldA H7ISH S AR SR A7

2 E9A 7 o] BAe o] FeAe ndErt & HA i
Aol S9e &&=t =4 UEyY SIAE £UAE AAG] S AA
27} 83 (Chiang &, 1995). Tsai 5(1997)2 #H¥} &Fv|FS FFo=2 AHE3
of F71EdE AN 43 A3 nda Fr1Ede Sl dojuH, ARA {77
242 CO2 A3t RustA . Groterud 5(1986)2 &, 2, &Fw
o ® Apgste] 1S AAT A3 FE3 a3vF dvkal Bastth

or
o
o2
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gRAo AN AAAAE & AAEZES Bt Bt ri(e], 1998). 18] a1 9
o uj How oft &

3+ DSA(Dimensionally Stable Anode)t ©l#l Hdr) oIy FHERu) ol A3+
&5 AQT SHow, oA st davts sor Qe Abst B = A
A st
o] EE 2 9 2AEHS AFAWEAA A - pHe® AbstA 7| HA A glst
olefgt #AE M7-&HH et Al gk A7/ HrlEs e

i=]
Sye) 54& Aelehw Table 19} 2th DSAL 3, 270y 5o Ao AF7

o

I
of
rir

wolErh o BEA AFL Fi FFol A/NUAE sw g9 ol

i

A+

i}

=

Hlshe] tha wlATHE Go] AR A71EE Al S8 Aitake] Am, AiA|A 7}
e AHE T v
Table 1. Characteristic of electrolysis and electro—coagulation
Electrochemical Electrode Advantage Disadvantage
- High sludge
production
. Al, Fe, - Low cost of electrode - Short change
Electrocoagulation ] )
u, etc - High phosphorus removal period of anode
- Low nitrogen
removal
- No sludge production
DSA, ) .
) - Long change period of - High cost of
Electrolysis SPR
. anode electrode
etc

- High nitrogen removal

DSA: Ru/Ti, SPR : Sn/Pd/Ru
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D)AFELE

AN AZe] ouutie Ao MgeR HArEde gurt e AREEE
Abgetth AFEEE A5 99wy G AR 2712 Fost amp/en, amp/dm’
T+ milliamp/erf T2 FAIF o] W JlelE AFE At vldste #AE UL
At} Fig. 32 Aga A7
o, 71&71E FHe 14
715 =A dEbdth 5 A5340] FE55E Akl WA fAEL §Y skl A

FEEE =4 55 Agase] S/t 29% Aol e oux Axrt
Ale th(Andrzej, 1980). 3+ H7]Eae] HAAA ARFLES] F7to] weh Apold A

el kR Hade] eded ArEEe] FVMEYa B asitk(Chiang

2
i

Current
density

Voltage

Fig. 3. Variation of voltage with current density.
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B A% o= MP(Moist Pellet) At 25 AMg39l o, MPALR = AR Wil =
5 Sobel wigAbR S =44 e Table 201 YER At

b
2

Table 2. Component analysis of Extruded pellet(Cheill Jedang)

Crude

Composition ) Crude fat Crude fiber Crude ash  Calcium Phosphorus Moisture
protein

% 50 3 35 18 25 2.7 20.3

£

Ao AR

(o

A 7ol =483 Table 33 #t}.

Table 3. Characteristics of raw water (Unit : mg/¢)

Item pH SS CODmn NH4-N NO, -N NO; -N Cl T-P  Salinity coli

50MPN/

Average 79 20.5 8.2 0.5 0.002 0.2 18730 0.05  33.06%0 100ml
m
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Fig. 4. Experimental apparatus for the electrolysis.
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A8 2718 Table 4, 591 YeERRATE AF2L%EE D - C. Power Supplyd A¢t 2
ate] 3571~107.15 A/m*9] W olA A8t AFANTLS 77124
ol Bl 2 BaE WAzl on, Ry ol 30~120 % W
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u
)
il
o
ofo

(e}
A AL 2~ ¢

8
oA 30 = EHE WA FH o, A=A 20, 40, 60 mm= 20 mm T = W}

Table 4. Operating conditions of electrolysis treatment (CODun)

Operating conditions Unit Range

Current density A/m’ 35.71, 71.14, 81.28, 107.15
HRT min 2,4, 6, 8

Electrode gap mm 20, 40, 60

Table 5. Operating conditions of electrolysis treatment(Ammonia)

Operating conditions Unit Range

Current density A/m’ 35.71, 71.14, 81.28, 107.15
HRT sec 30, 60, 90, 120

Electrode gap mm 20, 40, 60




4. 4B

e

A7 A G2 wiEFe] AY A -9 FESIALS AT FEE BAYETY
B247]7]= Table 69 YeEFA AT

Alze] 42 CODE Hiiibzdad, drYols Ad=EdEy, nvke Fdihes
DPD ferrous titrimetric ¥(APHA AWWA WEF, 1995), th& 2 MPNY 52 ©]
g3t FHLATHAEH ]

LHERH AT

Table 6. Item and Analytical methods

Item Unit Analytcal method

COD mg/ ¢ Potassium permaganate method

NH,"-N mg/ ¢ Spectrophotometric method(Indo—phenol, 630nm)
NO2-N mg/ ¢ Spectrophotometric method(Ascorbicacid, 540nm)
NO3-N mg/ ¢ Spectrophotometric method(Ascorbicacid, 540nm)
Free Chlorine mg/ ¢ DPD ferrous method

Combined Chlorine mg/ ¢ DPD ferrous method

pH - Electrode Method(Origon, 710A)

Cl mg/ ¢ Titration Method(AgNQ3)

Coliform MPN/100m ¢ MPN Method
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Fig. 5. CODwm: removal rate according to current density(Initial COD
concentration: 8.2 mg/ ¢ )

(a)Electrode gap(20 mm) (b)Electrode gap(40 mm) (c)Electrode gap(60 mm)
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Fig. 6. CODmym, removal rate according to current density(Initial
COD concentration : 82 mg/ 4 ).
(a) Current density(35.71 A/m?) (b) Current density(71.14 A/m?)
(c) Current density(89.28 A/m’) (d) Current density(107.15 A/m”)
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Fig. 7. The distribution of residual chloride and pH variation in accordance
with the removal rate of COD (electrode gap : 20 mm).
(a) Current density(35.71 A/m% (b) Current density(71.14 A/m?)
(c) Current density(89.28 A/m?) (d) Current density(107.15 A/m?)
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(c)

Fig. 8 NHis-N removal rate according to current density(Initial
NH, -N concentration 0.5 mg/ ¢ ).

(a)Electrode gap(20 mm)  (b) Electrode gap(40 mm)  (c) Electrode gap(60 mm)
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Fig. 9. NHi-N removal rate according to electrode gap(Initial
NH; -N concentration 0.5mg/ #).
(a) Current density(35.71 A/m?% (b) Current density(71.14 A/m?)
(c) Current density(89.28 A/m?) (d) Current density(107.15 A/m?)
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Fig. 10. The distribution of residual chloride and pH variation in accordance
with the removal rate of ammonia(electrode gap : 20 mm).
(a) Current density(35.71 A/m?) (b) Current density(71.14 A/m?)
(c) Current density(89.28 A/m?) (d) Current density(107.15 A/m?)
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