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A study on the Water Quality characteristics

of Aquacultural Effluents by Electrolysis

Moon-Pil Kang

DEPARTMENT OF CONSTRUCTION AND ENVIRONMENTAL
ENGINEERING GRADUATE SCHOOL OF INDUSTRY
CHEJU NATIONAL UNIVERSITY

(Supervised by Professor Yong-Doo Lee)

Summary

This study was carried out to test the feasibility of electrochemical method in
the treatment of aquacultural effluent and to determine the optimal conditions of
operating parameters including applied voltage and reaction time. In electrolysis,
dioxide iridium coated titanium(IrO»/Ti) and stainless steel plate were used for
anode and cathode respectively. Possible optimum range for these operating
variables are experimentally determined.

In experiment of batch system, CODyn removal rate were 32.8%, 44.6% and
57.0%. And removal rate of ammonia were 62.0%, 704% and 79.196. when
electrical density were 3571A/m’, 71.42A/m' and 107.14A/m’. It was observed that
the removal rate of organic matters and ammonia is propositionate to the current
density and the retention time.

In experiment of continuous system, variation of CODu,, SS and ammonia were
respectively 25.8~10.2, 29.3~15 mg/l and 3.57~0.73 mg/l. when the removal of
organic matters and ammonia is conducted at the same time, oxides such

hyperchloric ions interfere the process of oxidation of ammonia. So, the removal
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rate get reduced. After ammonia is removed, organic matters are oxidized.

Therefore it is estimated that the ammonia should get removed first.
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o714 ROE AEH oz PJAHE 443 ol ol o3& 2tstd f7lsdoln] F=F ol
Andre(1995)° <& RauE H7]Ede F71E8d AA WSS v 2o
A2 (5)e YER mRel o] AkslE k(MO =9 ArjEsol o) MAE &

2kel ool FEE I 4 (6)3 #ol oln] WAE Aok wbEete]l o AbshE

(MOx+1)% t—g‘ }\t_)] 1_ E]'

MOy + H:O — MOJOH] + H + e 5)
MOJOH] — MOy, + H +e (6)

F71EA RS A (N3 o] 4bstd ol F2d kst o] 23 wkgsto] o] 4hs)

R +MO,OH] — CO, + zH' + ze + MOy (7)
2) FH4kst

RS R AAEE FrIERY] A7)t A () Zo] dI|Ed T Hae
F=As7E s Aol Ayt Apoldd Agbo]l M= A EH th(Israilides 5, 1997).

H,O + M[ ] + CI' — M[HOCI] + H" + 2¢ (8)

Fol ] AR Aok iibol old) f71B Aol AEEE W 4 ©F 2

R + M[HOCI] - M[ ] + RO + H + Cl + 2e 9
TR = EANS odte] WA G = Al FEARA AAEH= BT A
= YR AsE e AYa gl e ol FRE F71EE Q] obvwmAtely WAl

!
—_>'4—1‘4
ol
o

2] (10), (D)3 2ol Abs} - Eall e 4 AT(HA LK &, 1977).



NH:CH;COOH + [O] — NH; + HCHO + COq (10)
CsHs HC6H4(OH)2 —CgH4Oo + Z[H] — C4H4O4 + 2C0O-2 (11)

Kirt 5(1985) Aniline®] 73] HAS ofefj<} o] e ATt
Benzoquinone® 4FStE|ITh7b Al&ete], o]ibsteb g AbstE=dH e EARES S

AR Wed AABAN gom e Ak FAGNA xuguc $AFHoE

%

Elasia=g

CsH7N + 2H.O — CeH4Oo + 3H+ + NH4+ + 4e (12)
CeH/O2 + 6HO — C4H4O4 + 12H" + 2C0; + 12e (13)
CH,O4 + 4H0 — 12H0 + 4CO2 + 12e (14)



&= 1 2Cl — Cly(g) (Dissolved) + 2e Eo = 1.36V
2H,0 — Os(g) + 4H + de Eo = 1.23V
S 2Na + 2 — 2Na(s) Eo = 271V
2H:0 + 2¢ — Ha(g) + 20H Eo = -0.82V

(15)
(16)
17
(18)

Qo Adugold CABAEE AP FFAH g Astdgel o

E 3 ¥l t}.(Chang, 1995, Mendia, 1982). ¢] F7}4] #A & Fig. 1

" Electron Pollutants

| Destroyed
0 poliut Oxidants

Anode Electrode

o teb At

/NS
VAN

Direct anodic oxidation Indirect oxidation process

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

oxidation process (Chang , 1995).
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Fig. 2. Distribution of HOCI and OCl in water at

indicated pH level and temperature.

SRR A w2 v A (200~ (23)3 2ol I EH

Cl,+ H,O—HOCI+ H"+ CI~ (20)
NH ,+ HOCl> NH ,Cl+ H ,0 @1
NH ,Cl+ HOCl~> NHCI,+ H,0 (22)
NHCI ,+ HOCl> NCl 5+ H,0 (23)

Chapin(1929)el <]3] F& oA 3714 F=Zg71S pHel wet PFAFs =
H A3l gl



pHE tE 289 Ao f78lth(Alabaster 5, 1982). x-S 2873 tjE =24 9
e dryole] thdk A4l FAMIIZE S 1A 10 : 19 WL FH A7 #
o7 EAT Ae g Aol & HE AowE 4dEA A FEEA7F dE Yok}

Wgstel muZRobne gystt weHe 4 3 2

NH3; + HOClI — NH2Cl + H20 (24)

o] Wk&& pH 7~894 Cl : NHs B]7F 5 : 1 FAH] ojstd w dojdr} o] 29

WSS EASE pHOl 99e ZA Wi, pH 83014 714 2 @ 7w 3 oleh
o14e] pHol M & W& Es} g,

3) gZ &7 ¥k (Dichloramine reaction)

gezdue] A4wWee pH 7~8 D Cl: Ny ¥7h 10 1 1 FAuA Qojye,
wwZeene] e el BAHE HOCle] RiwFzehwls) wsste] 2

NHCl; + H:O — HOCI + NH3 (25)
I

HOCI + NH2Cl — NHCIz + H20 (26)

NH:Cl + HOCl — NHCl; + H:0 (27)

2 (25)~(27)& pHol Jae WA e 17

}_
PRAG 27 v Abge) el A mEA Adstu, e e 4 (28), (299 2



o,

NH:Cl + Acid — [NH:Cl - Acid] (28)

[NH:Cl - Acid] + NH:Cl — NHCl; + NH3z + Acid (29)

A (28)9 wkeEHms A (240 Bl F = JAFHH AAHA S A
ot

dEzeve] Eiwge OH o oegnd ojedth ua fzaevo] ohiow

NHCl, — H' + NCly (30)

the OH ¢ w83

fr

F7HA AR [Hh

=gdks : NCl, — N-ClI + CI' (31)
wEWks- @ N-Cl + (OH) — NOH + ClI' (32)

DOHFYEE * NO

2NOH — HsN:Oo(hyponitrous acid) (33)

Hyponitrous acid’} o}itatd g o] B2 4 (38)3 o] A Pt

HoNoOs — 2N-O +  H.0O (34)

_10_



R
o,
rE

$o= QAW A% 1M dart wstd W oMo gavt ReEe ¥ 5

gt 28 Y Morrise ©] ¥bgo] HgFH = ok A4V 2M olstE ALY HF
AARELS Nogbal ®a13kglal, Press (1972)%5 8 #A4W Ryol AAA &45HE ¢
2E 2M olstelH HFAAAHEZA Ny, NO; NCls 2 R arsldch

Q@FHFTALE Ny

NHCI; + H:-O — NOH + 2H" + 2CI (35)

2] (35)9] ®WH&2 T = NOHE E3et= vha 24 (36)~(38)¢] 37H4 B A4

NOH + NH:Cl =Nz + H:0 + H + CI (36)

NOH + NHCl; —N; + HOCI + H" + CI (37)

NOH + 2HOCI — NOs| + 3H"'+ 2CI" (38)

Qo] Fedart EA

e freldavh SAE A5 A G99k o] AT HFAY=E NOe HClo|
AR EG

HaN;O + HOCI — 2NO + H:O + HCI (39)

NEYZE &Y ¥k (Trichloramine reaction)

pH 7~8 3 Cl : NHs ®|7} 15 1 1 FAH] o v dojup= wbgo=z 4 (40)o e
W A

NHCIl2 + HOCl — NCl3 + H20 (40)
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EglF2ehule pH7l 50182 "olxl A 9ol 5Ug Cl: NH; ooy = A4
th pH7F 30]8t 2 stolxd Eg]Z2etvle] A& == A SUHEh o= pH 3
gtell Al EASE Cllag)e] dlF=2edle] digh wkgAde] HOCIY AF&E=RTE ¢
7] wiol},

Egg2epnl Ao qukge FZ pHZE 7014 W dojdth 1 whg&E A

32 x 10° (1 + 5838 x 10°[OH Jo]t},

rir

NCl3 + H:O — NHCIL: + HOCI (41)

Ee2Rebne 99 chlorineo] AT W vi¢ A HoE AT FHEE
"ol ek Tt Bel @ §AEt %] WE] A2 H s F
Bule) AEWSs FEH 2W e 4 42~@H% 2ol vehd F Urklin %,

s

h

HOCI + NH; — NHCl; + H.O + H' (42)
NHCl; + H,O — NOH + 2H" + 2CI (43)
NHCI; + NOH — N, + HOCI + H" + 2Cl' (44)
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2AHA %

L

(45)
(46)

¢} pH

12 2] (45), (46)¢t 2ol F=oll A LA

-+ 20H
-+ 20H

— (Cl
— Cl

+ HoO + 2e

t} (Hammer and Wranglen, 1964)

Apobe) aitst Apobed 2t o) o
ClOs; + 3Hz0 + 6e

0OCl

L
o

o
o

o}
BB
<
4

BR

(A7)
(48)

+ 12H" + 6e

+ 4Cl1
- 13 -

6HOCI + 3H:0 — 3/20; + 2ClOs3

tH(Hammer and Wranglen, 1964; Czarmetzki and Janssem, 1992)
2HO — O9 + 4H" + 4e



2 (49)9} 2ol HHFIoH
3}t (Kelsall

e

bzl Agtel B o

5, 1987 H

S, 1984, Krstajic 4 Czarmetzki®}

Janssem1992).

60ClI + 3H.O — 3/20, + 2CI03 + 4Cl + 6H + 6e

Aol £Auge e ol Hojglat

Fab xpobd 44 o]
I 2M e

o zlo] o] WAETH(Hammer® Wranglen, 1964; Kelsall %,
1984; Krstajic &, 1987; Czarmetzki®} Janssem, 1992).

Solution : 2HOCI + OCI" — ClOs + 2CI" + 2H"

(50)
or HOCI + 20CI — ClOs; + 2CI + H' (51)
o] Mg Mo AL Aobd 2ituh Gaike] o

] Ao g g 7 et
A ka1 40~50TC2] 2= A WHg-3f

A Aoz HrhEa o
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s

Aol FHAR AbEst 2EEATPAC)H A2

AbgET BUy FAES water slurryE4 23 HAAES A A5

rie

o{o

s FE ARSI o, BuY A @94 HAAN ©Aaet die] v
o] ¢ 10% Ar® HuHi vk A ST FFEAges oAz of A=
gl AbgE I e, gdaAzA g os e tH(White, 1992 ; Lee ¥,
1998 ; Lee, 1997 ; Snoeyink, 1997 ; Oh and Wang, 1997).

A e 94-(Oh and Wang, 1997 ; Snoeyink et al., 1974) :

C" + HOCl — C'O + H + CI' (52)

o7]4 C'ob C'Ov AT gaol wwo] Aivh AFH glolth wep Be el
HOCIo] ®hash w$@tha el A3e izt COt COE wEd Zlolth o«
@ eg oledow A 4 (639 2

i

C" + 2Cly + 2H,0 — 4HCI + COq (53)

o] Wk A 1719] chlorine®] 0.0084570¢] ®AE AXRIILEH 1 ol 949 A3
of #3t HFREGd GACTF CO2 57| wiiol © o] AAo] E7Fs3str] wfitol

1992 ; Baker, 1973 ; <, 1995).
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C" + NHCl + H:O — NH; + H + CI' + C'O (54)
C'O + 2NHCl — C" + 2H + 2Cl + H:0 + Ny (55)

2 (54), B5)ell A & = Aol ExmTeeprle A ghEsto] NHs= A #[ gy

T ol dF e = gloy 94 A2Al pHE 6.0-704=E stopA B i
T gFRgvieos M gl ReFEevle] NHz2o $#9uke2 Hister)
5 dn

al
eedng g4 wee e .

2NHCl; + HO +C" — Na(g) + 4HCI + C'O (56)
NH," + 3NHCl; — 2Ns(g) + 7H + 6ClI° (57)

i

tEzels kel v 0E 94 FREG vg oman oy 7 94 3
fob gAdwte] WL NHCL > HOCI > OCl > NH.Cl9 &AE zen
(Montgomery, 1985 ; White, 1992 ; Baker, 1973).

RS A¥e] Faw GACAH FFHa xsteEvh. ZEle] A I}
77F dojuta g2 AP Feldie F2E9 B o ghiol o3 FFo|xnt
HOCI COE A4 7171 917 whgola, =gl 1Y

g4 245 e AstAw HOCI: a3 A 71t}

oo
rlo

rlo

2 F=g
2) Aeration®l] 9|3t &4 FH

gr)o} gt gdae] FHoR Hol A gtk HOCI A g7]2 A A=A

sl el OCl & Ao Ze AAdAEs HAse A A=
F2gne @712 AA Hed ReF2guo] 10-15%, tUF =Nl 20%7F Al A
"ot EYEF R ko] @r]d = A AAF (o], 2000).

ko)

s
o0
o
2
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2 AT AEE HEAAA = Fig. 33 2ok dalxe ANd dl2=A Smm 7

Aol o}mBE o] gate] stEmxAlExEol7l 100x120x450mm A Zske] AA &

A 5440 F FEHFIAE 3042 At 5 ot WET FYFES banE T W
o

W71 5 o] 838t sttt A#HEFHF2 o At 30 Voltage, A7+ 3 Ampere®]
D.C. Power supply® AF&3te] dFUEE 3571A/m, 71.42A/m’, 107.14A/m .2 =
deto] FHatATth Fig. 3014 3 EAAY A9 $FFE 850 A5HH 9
B AAE E&h

FS#H(Anode) S FAT7k: HA B S AANESE fUEE 3% FAS B8
7] f13 "ehE(Ti)ol o]Atstol 2] §(Ir0) e A &3 &84
Anode, DSA)e. % &}il, &= ¥ (Cathode)e ZHQl# 2= 2

[UE _1“
mlo
>
J§°
_ﬂ

)

LI WAL 280cit(28cm x 10em)E, =39 FA+E 01lmzE AZstgon, A
o] 14

A
el

e

2 20mm= 3t

D.C. power supply

-

e
<lc:> %_" —

Fig. 3. Schematic diagram of electrolytic cell.

_17_



A wjEFES BAEr] Y& TS ASste]l AFRES @4 149 MP(Moist
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>
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A
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4
BN
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,
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9
to
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2
+

f MPAHsi: AALESH WIEAIRE webnd wEARe] 2YgRe

A5 pH, CODwy, SS, &=, T-N, T-Pi= FHodTHAAH o3 =
AL AL, = AFAL, FEFRFE L= DPD ferrous titrimetric ol o8] =A 3}
ATt
Table 1. Component analysis of Extruded pellet( Cheil Jedang)
. Crude . . .
Composition ] Crude fat Crude fiber Crude ash Calcium Phosphorus Moisture
protein
% 50 3 35 18 2.5 2.7 20.3
Table 2. Characteristics of raw water (unit : mg/1)
Item pH SS CODyin T-N NH4s-N T-P
Average 7.52 29.25 25.82 6.62 3.57 3.1

_18_



) AFHEEe] mE CODwn Al

Fig. 4+ AFALE 2~102 22 WA 7]3, dRFEEE 365.71~107.14 A/m'7HA] ®
FAZH S W CODvn AAES YEMHZ 13, Table 32 AFHEE 2 A FA 7o w
& CODwn AAE
Ael A %7] CODyn &%= 2442mg/ ¢ o™ HRT7F 102 4w CODw.ol AA&E
AFE=7F 3B5.71A/mf, 71.42A/m', 107.14A/m'Y o} 2F7} 32.8%, 44.57%, 57.0% = A
AFEE7 2555 CODw® A7EE Eotom, A5 FedFds vl

27.1mg/1, 56.2mg/1, 106mg/1= S7Fslth. o] A3+ Chiang 5(1995)¢] IEFTE

A7 ddelM AFEE7E S74gel wel feldae] S7FE CODwmel AAE

Ach
2
i
ultd
B
o
off
!
il
W
o
=
=l
¥°
o

£

Aslurgel sl el AARE AL obdel ANE F A4 gz el
BAE 5 9ok

2NHs; + 60H = N» + 6HO + 6e (58)
NH; + 70H = NO; + 5H20 + 6e (59)
NH;z + 9OH = NOs + 6H20 + 8e (60)
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0.8 ¥ .
0.7 [ g [m] -
© 0.6
Qo5 o
O 04 A
0.3
0.2
0.1
0.0
0 2 4 6 8 10
HRT(min)

« 35.71A/0 oO71.42A0 4 107.14A0

Fig. 4. CODwm, removal rate according to current density.

Table 3. Variation of CODy, removal and free chlorine with HRT

HRT(min)

Current density

Removal rate(%) 0.072 8.66 1968  28.64 32.78

3571
(A/m)  Free chlorine (mg/l) 1314 076 793 346 271

71.49 Removal rate(%) 1.71 16.36 25.37 31.10 4457
(A/m’) )
Free chlorine (mg/1) 2.39 7.81 20.24 27.98 56.2
Removal rate(%) 4.93 20.08 31.42 41.69 57.01
107.14
(A/m’) .
Free chlorine (mg/1) 9.08 26 40.96 70.2 106
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