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Study on the removal of ammonia by switching polar electrochemical reactor and

its application in recirculation of aquacultural water

Kang Ki Moon

Department of Chemical Engineering Graduate School,

Pukyong National University

Abstract

The recirculating aquaculture is a closed system that reuses aquaculture
wastewater. This system has merits of spending minimum seawater and little
change in temperature by external factors. However, it has problems of waste
material accumulation in fishtank and rapid rise in the ammonia level. Now a days,
electrolysis is being applied in the recirculating| aquaculture system which is similar
to chlorination by hypochlorite.

In this study, electrolysis with switching poles were explored to study the
characteristic of removal efficiency of ammonia and the phenomenon of polarization
by precipitates. First, current, which is the most important factor for product of
free chlorine, was lower at the same potential in the electrolysis. By reason of
decreasing current, yield of free chlorine is declined. Therefore, it should be
prevented fouling phenomenon by switching poles. The period of switching poles
equal to 60 second was optimum for high formation efficiency of free chlorine and
low fouling phenomenon.

In the electrolysis of wastewater, the operating parameters of the

electrochemical reactor were the current density and the number of cycles. The

- Vi -



removal efficiency of ammonia and the generation of free chlorine were increased
by rising the current density and the number of cycles.

For 240 hours in the pilot-scale aquaculture system, the concentration of
ammonia in the reservoir tank should be kept below at 0.2 mg/L. For & cycles a

day and 80 A of cell current, it can be kept at 0.2 mg/L.
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Fig. 2.1. Distribution diagram of ammonia in freshwater and seawater at
25 C. (Freshwater curve from Butler[22]. Seawater curve drawn

from equation in Whitfield[23].)
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Fig. 2.2 The scheme of pollutant removal pathway in electrochemical

oxidation process[11,25].
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Table 2.1 Observed reaction rate and relevant breakpoint reactions

) ) Observed
Breakpoint Reactions Component
rate
HOCl + NHs — NH:Cl + H-20 r1 = kiwCN | C=[HOCI]+[OCI ]
HOCI + NH:Cl — NHCl> + H20 re = koCM
HOC! + NHCl> — NCIz + H20 rs = kyCD | N=[NH3J+[NH; ]
NCl; + H:O — NHCl> + HOCI rs = koE M=[NH-Cl]
NH-Cl + H:O — NOH + 2H + 2Cl 5 = koD D=[NHCI-]
NOH + NH>Cl — N> + H:O + H + Cl | rs = kooSM | E=[NCl3]
NOH + NHCl; — N> + HOCl + H + Cl' | 17 = kpSD | S=[NOH]
NOH + 2HOC! — NO3 +3H +2Cl rs = kspSC
6.1x10*
4.6x10™*
)
2
5
5
£
o
=
~

Fig. 2.6 Rate of monochloramoin formation as a function of pH
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Table 4.1 Concentration of free chlorine and efficiency on flow rate and

on current
Concentration Free chlorine
Flow : Current of chloride
rate [A] Theoretical Theoretical Real Efficiency
(m3/hr) Value[ mg/L] Value Value [%]
[ mg/L] [ mg/L]
40 10.59 5.30 3.12 53.90
60 15.89 7.95 4.77 60.03
5 30 21.19 10.59 6.88 64.94
100 26.49 13.24 9.50 71.73
150 39.73 19.87 15.80 79.54
185 49.00 24.50 19.85 81.02
40 5.30 2.65 1.50 56.63
60 7.95 3.97 2.80 70.47
10 30 10.59 5.30 4.00 75.51
100 13.24 6.62 5.50 33.06
150 19.87 .08 3.40 34.57
185 24.50 I?.25 10.50 35.71
40 441 % 2 1.60 72.49
60 6.62 .51 2.40 72.49
12 80 8.83 441 3.30 74.75
100 11.04 552 4.50 81.55
150 16.55 3.28 7.20 36.99
185 20.42 10.21 8.70 85.22
40 3.53 1.77 126 67.96
60 5.30 2.65 2.00 75.51
15 80 7.06 353 2.90 82.12
100 8.83 441 3.60 81.55
150 13.24 6.62 5.50 83.06
185 16.33 8.17 750 91.83

_43_



]

s & 8 W

Concentration of free chlorine[ppm]

0

=

2
Efficiencvl%]

100 —l4
g
&
|
190 R=
S0t
= =
xX o
780'3 o 8t
o]
2 =
5 G
70-% © 6r
= ks
4 = 4
B
160 §27
=
S o
30

20 4 60 &

Current{A]

100 120 140 160 180 200

Current[A]

—12 100 —=10

g V] g d
- =

) S

) 180 % o Of
[0} Q (0]

a6 g =

e a #a
54 e
= —@— Thearical value = =

E . O Present value 160 E ol
3 2r O —A— Ffficiency ) 0
g 8

Qo0 50 Q0

20 40 6 & 10 120 140 160 180 200

Current[A]

—@— Thearical value
O Present value
—A— Ffficiency

=

2
Efficiencvl%]

Curent[A]

Fig. 4.15 Concentration of free chlorine on current

( flow rate: (a):5.0 m*/hr, (b):10.0 m’/hr, (¢):12.0 m’/hr,

(d):15.0 m*/hr, pH 7.9 )

- 44 -

100

=

2

50

20 4 60 8 100 120 140 160 180 200

100

=

2

50

20 40 6 & 10 120 140 160 180 200



_ZTI

godl
R

Yo}

oy

4321 ¢t

& 0.31 mg/Le ¢t yo}r}

H-E

439t

=
Bl

of W& ¢®yo} s Fig. 416 3 o] uEt

N

+

e
<

N

o, %

p==
N

t}t. Fig. 4.16 oA YEY

vobg weA el

oF
)

—

O

—_—

o
il

1T, wea o

7] &

=
T

0.4 mg/L ©]39 SR Yotz FFol

-
1

S88957) 6319 o

hSS

o

B

e
&
ol
G

e

7}.83) (-2 6.67 m’/hr) ©] o],

=
N

£]

H pilot A1 45 £k

20 m*/hr

=

3 HEE-7]e Al 35 mg/LY
TEE 02 mg/L7HA4

7.0

=
Ty,

30 Ve gtz 80 Al A

ol e, ek

o W
=T

ul
=

AN

+

ol

Nr

%0

A

4322 ¢z e FHEd AA =

N

ToR

;Ot

iAo

9]

A g Abo] 7o 9]

S|
=

2ol

]_

fite)

=

=zF

.F_H

_45_



oA

3=

6~ 10

==
T=

505

Reon, wd 10 mm A9 A}

=
=

e Eol

el
o
e

—

)

)

&

el

flom 83057 o ol

£-A]5

KeX
=

tl= W 0.2 g/L

)

3=

7} A

aeel T
w025 g/Le] Fre

A A

[}
=

s

[ N
LU

3} Fig. 417 3 7o) 73]ol| A 832 dol7}

T

A

+

ol

o
o
el

)

—
fite)

_46_



rgb 0.8
g —@®—— cycle no.6
£ 06| v 8
= e
=) 0
Z 0.4 |
s U "
: .
\
=]
o O,—‘ - o e B
E 0.2 v AX%:} v \_\“9——9/§
2
8 0.0 L . 1 ! N
0 20 40 60 80 100 120
Time[hr]

Fig. 4.16 Concentration of ammonia on the number of cycles
in the reservoir

(Initial NH4" 2.0 mg/L, pH: 7.8, current < 80 A)

0.30
=
=0
wn 0.25 ¢
7] M
3 B NN ¥ © &
= o — W~
L | Y S e
_é 0.20 i\\i'>.>£:‘ m——a—— T ==
= —@®—— Cycleno.6
= O 7
g 0.5 f ——v-- 8
- ~—= 9
@) — | — 10
0.10 ‘ ‘ ‘ ‘ ‘
0 20 40 60 80 100 120

Time[hour]

Fig. 4.17 Concentration of Suspended solid on the number of cycles

in the reservoir (Initial SS: 0.25 g/L, current: 80 A)

_47_



1 A

°

A

=
L

e =

(4.10 )

=
-

=

=)

o)

Yo}l o
L 93
]L_ﬂ"t“:“_]_ NH4+9,]_ o]vg_ﬂ_lq
NH,
47 HZO — NH

3t OH

U 4 (41003

2=z 0] of

o
)
_,h R
N N %o
o T T I R
i B oo N 4= —
g _ B ox ol H
£ < N 70 %
5 = 2 %H%Té P L R
e2 < T ooy o o X £
N zn g X o m X 7 2
oo T D Ty @ e T, o< ol
S . o 55 T s oo 5
= i 7/ % =) = K PR A
— — — 0
o0 T . N N o I N
EL —~ o 2 o~ ! —~ -
I Nmua% * HﬁNéw%
‘.:L _ ) | \Lmv OE i AT fny = ,_2 70 e S
- = o S _AL B B o Y S = B o
= Wm 5h z. BB = Sy 5 £ T
_ - bt - e o5 W o) -
TR %0 hy o= | B ﬂﬂ S Mm - % M_W 4 o
o G % s D —_ T o 4
A o g |, | < s o5 % il B
- T P i Sl e 5 %o T X% 0|
gr . ¥ e o E T | g2 = SENCG oz R
= o X VAR = Q o 22 T
o W 4%0L = o) = [ G
A R Yo O R\ % = i o] </ Noo° o U
) A%@ N + oémwﬂmuﬂ@
— z..f ,.# %o oV Elg . Te) 3 oV
T 2 4 NS 41 Frg R ]
= X ° . ﬂmomﬂ oso,ﬁ_fw_o1_n_on1
m X o Mo B & g N, S 7T M g B oy
= Ny < BAE g e =z _x W
AR <4 N ! 5 w T o
o ™ R = 19 7 Jo Y .= "R " o
2 X7 = T g8 8 % I g R =
3 0 ) T W op = pise Moz X ~ 2
) o Ak moxo ~ o mo ) 30 o =) N
o N <A ~ Lo o ) o~ e Nfo 0 = ~
S o 1t 1 N H fane o) = =~ )
g e S s r o S - o N
= ol o St g I T o <
= & < = =) ~ MR w o o U s
T o P NG DT ow iy P w oo
W o P 4.Hqio%w_w 3ME%@OAJ w
o W SIS ,_oé S ;ﬂ&@@zx
T %ﬁomﬂﬂﬁ.ﬂ < ﬂiﬂa@ HooNE
SR ~ BA =0 X Ny L0
S ! N B o S
RGN < ¥ (o — relli~ T
T W Z oy m B X N =
j W% o SRR
0 7o
o ool B ¥
T X
)A
™

— 48 -



o}

-
1

¥ = 7 o 24 Nitrobacter BHH] 2 o}

gl
=

el

Hdelobt Az el A

o
h

jgase]

il

Fig. 4.19 A H.o

Hsts

B pilot-scale 2

I

"R o}

3)

9l

4y

a2 (411 T (4.13)F

(4.11)

+ HO + 2e — NO» + 20H

NOs

(4.12)

> M TAGCHAO

+ 2H30" + 2e

NOs

(4.13)

O Bs NHSj

+ NH4" + 2e7— NO;~

NOs

N

et 244135 ¢ 60 T 70 %, 12041%F &<F 70 T 80 % B AA

o]xgaok

Ey_]__

SEZ AAHA

=
3

-

=
=

o T} HZE 24X %F o]

&

o
o

el

AAF] T3] ol

ol =

o] AA"

_49_



=

=

) 30

£ —@®—— Cycle no.6

§ O 7

B 25t I .

= VT g

S — - — 10

é P 20 [

L *\

: — 15 \

e O W@ O

o — - P\ O O

= Yo\ v g - T —_——— e ————

£ 10 - -~ M —

- o

8 0 20 40 60 80 100 120
Time|hr]

Fig. 4.18 Concentration of non-ionic ammonia on the number of cycles

in the reservoir (Intial Nitrate: 1.0 mg/L, cell current: 80 A)

g 1.0

=]

= —@®— Cycle no. 6

8 0.8 L O ....... 7

= - 8

N

= — = 9

2 0.6 | — 10

=

2

N

1

g 0.4 -

5]

&

=

(=] —_—

O 0.2 ‘ ‘ ‘ e
0 20 40 60 80 100 120

Time[hour]

Fig. 4.19 Concentration of Nitrate on the number of cycles in the

reservoir (Intial Nitrate: 1.0 mg/L, cell current: 80 A)

_50_



2 gopngith,

A

Ab5FZ A E
o= fouling 2

|
—~

el

o)
o

el

o

—_—

0

=
4
o)
o

X

X
%

i1

st ek,

o

1
H

ko)
Cay Cuy Si ¢o2

o] 744 A

I vk

X

717} 60% o] 38}

e

o}
4

B
i)
_zo
B
mﬂ

o] AFUE7F 50 A/ml

Hoke] A7 Z&e] 90

%

Y
50

1

el

—

F o

AO

: 88]) ©

i

o
&

3l
2 £z drUel x5 E 0.2 mg/L ©

°] 6.67 L/hr(

o
o

B

=
=

)

o~
T

KeX
=

&7

1l
=~

7}
A A

j
a-

5
=

=

o}

LA
RS
sheb.

S

bz #A% 5 Ak
=1

AA ZEC oM =7 &
)

°

=7}

1

=z
=

=
s

d

%
o

o)

=

5 HAom, 3.0 mg/L ]9

°] A% 50 A/m’ ©]

ol FEe]

F o
otw

7]

o] A

=

4.

)

23,

249

5. Pilot-scale

_51_



_52_



U?L'

10.

al

Ll

i

Antonie, R.L., D.L. Kluge and J.H. Mielke, 1974, Evaluation of a rotating
disk wastewater treatment plant., J. WPCF., 46 : 2987311
AE&F, 1993, s|dLdAHE ol &3 Ak RYol Ho #Hikste] w3k A

T,

(3
ol
2
&
_e)
El
u
_e)
fo

g
S R - 234, 1998 RBCE ol 88 ol gs dmuel AA., §552

gk3]#], 31 : 622-630.

. Roger, G. L. and S. L. Klementson, 1985, Ammonia removal in selected

aquaculture water reuse biofilters. Aquacultural Engineering, 4 : 135-154.
Miller, G. E., and G. S. Libey, 1984, Evaluation of a trickling biofilter in
a recirulating aquaculture system containing channel catish.

Aquacultural Engineering, 3 : 39-57.

. Nijhof, M. and J. Bonverdeur. 1990, Fixed film nitrification characteristics in

sea—water recirculating fish culture system. J. Aquaculture. 87.

. Carmignani, G. M. and J. P. Bennelt. 1977, Rapid start-up of a biological filter

in a recirculating aquaculture system containing channel catfish. Aquaculture
Engineering. 3 : 39-57.

Meske, C. H. 1976, Fish culture in a recirculating system with water
reatment by activated sludge. In: Advances in Aquaculture, eds T.V.R. Pillay
and W.A. Dill, 527-531.

Vijayaraghavan, K., T.K. Ramanujam and N. Balasubramanian, 1998, In situ
hypochlorous acid generation for the treatment of syntan wastewater, Envir.
Eng. 9 : 837-891

Czarnetzki, L.R. and L.J. Janssen, ]J. Applide Electrochemistry, 1992, 22 :
3157324

_53_



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Ching, L.C., J.JE. Chang and S.C. Tseng, 1995, Indirect oxidation effect in
electrochemical oxidation treatment of landfill leachate, Water research, 29 :
6717678
KAF AT - QA - Ao - wex, 1999, A71setel W] o
AA. Wedeetsl«, 21 ¢ 1171-1177.

g, 1997, A7l od sgwe] hEYof

ro

%

EPA(Environmental Protection Agency), 1976, Quality criteria for water.
Washington D.C.

Lin, S. H., and C. L. Wu, 1997, Electrochemical nitrite and ammonia
oxidation in seawater. J. of Environ. Sci. Health, A 32 : 2125-2138.
EPA(Environmental Protection Agency), 1975, Process design for
nitrogen control. Ohio

Sedlak, R.I., 1992, Phosphorus and nitrogen removal from municipal
wastewater, Lewis publishers

Butler, E. 1, 1976, The determination of ammonia in natural waters, Water
Research, 10 : 567-568

Whitfield, M., 1974, A comprehensive specific interaction model for sea
water, Deep Sea Research and Oceanographic Abstracts 21 : 57-67

Bower, C.E., and Bidwell, JP., 1978, Ionization of ammonia In
seawater . effects of temperature, pH and salinity., J. Fish. Re. Bd. Can., 35
1 1012-1016

Milne, M.D., B.H. Scribner and M.A. Crawford, 1958, Non-ionic
diffusion and the excretion of weak acids and bases., Am. J. Med., 24 :
709-729

Tarazona, J.V., M.J. Mu oz, J.A. Ortiz, M.O. Nu ez and J.A. Camargo, 1987,

_54_



23.

24.

25.

26.

21.

28.
29.

30.

31.

32.

Fish mortality due to acute ammonia exposure., Aqua. Fish. Manag., 18 :
167-172

Wajsbrot, J., A. Gasith, M.D. Krom and D.M. Popper, 1991, Acute toxicity of
ammonia juvenile gilthead seabream Sparus aurata under reduced oxygen
levels., Aguaculture., 92 : 277-288

Lin, S. H, and C. L. Wu, 1996, Electrochemical removal of nitrite and
ammonia for aquaculture. Wat. Res., 30 : 715-721.

Mendia L., 1982, Electrochemical processes for wastewater treatment. Wat.
Sci. Technol., 14 : 331-344.

Wei, I. W. and J. C. Morris, 1969, Chlorine-ammonia breakpoint reactions
model mechanism and computer simulation. Presented to the 157th National
Meeting, American Chemical Society, Minneapolis, 13-18

Thomas H.and HJI  Ilert, 1972, Dinnschichtchromatographie  der
2,4-dinitrophenylderivate wasserdampffliichtiger amine und ihre anwendung
auf die trennung pflanzlicher amine, Journal of Chromatography, 71
119-125

Chapin, R.M., 1929, Dichloro-amine, J, Amer, Chem. soc., 51 : 2112

Morris, J. C., and W. Burden, 1950, The formation of monochloramine and
dichloramine in water chlorination. 117th meeting, J. Am. Chem. Soc., Detroit,
Michigan

Alabaster, J. S. and R. Lloyd, 1982, Water quality criteria for freshwater fish.
2nd Ed., Food and Agriculture Organization of the United Nations, Butter
Worth Scientific, 143-150

Vernon L. S. and J. Davic, 1980, Water Chemistry. Chap. 7, John Wiley Inc.,
New York

APHA, Examination of water and wastewater., 20th., Standard method

_55_



33.

34.

3.

36.

37.

38.

39.

40.

41.

Montgomery, J. M., 1985, Water treatment principled and design, Chap. 12,
John Wiley Inc., New York

Andrzej, B., 1980, Electrocoaugulation of biologically treated sewage, 35th,
Industrial Waste Conference Proceeding, 541-549

Kirk, D. W., Sharifan, H. and Foulkers, F. R., 1985, Anodic oxidation of
aniline for waste water treatment, Journal of Applied Electrochemistry, 15 :
285-292

old<sd, old 71, 1998, M7l HeES ol &3 A= AMereo A% A4, &
HAd 7lEdT A, 97 VE=T oy, 5 277-283

White, G. R., 1992, The handbook of chlorination. 3nd Ed., Van Nostrand
Reinhold Co., New York, 196-205

Baker, R. J., R. H. Barg, L. J. Carroll, H. A. Faber, M. E. Flentje, H. E.
Hudson, R. E., Kjellman, W. S. Kowalski, E. J. Lanbusch, D. W. Loiselle,
and C. V. Roberts, 1973, Water chlorination principles and practices. AWWA,
Colorado, 11-25

Katsounaros, 1., D. Ipsakis, C. Polatides..and G. Kyriacou, 2006, Efficient
electrochemical reduction of nitrate to nitrogen on tin cathode at very high
cathodic potentials., Electrochimica Acta, 3, 1329-1338

Colt, J. E. and V. Tchobanoglous. 1978, Chronic exposure of channel catfish,
Ictalurus, to ammonia : Effects on growth and survival. Aquaculture, 15 :
393-372.

Peter E. Braun and Robert L. Barchi, 1972, Thiamine triphosphatase in the

nervous system, Biochimica et Biophysica Acta (BBA) 255 :402-405

_56_



o

o

Ytk g 2shd wE A5

B
N-

0

—_—

N

el

I yysE A

—
fite)

G

junt

el

ol
G

obA HFeha Ah

(g
B

o
Wr
M

Tor

il

o AFw 3ol A

3}
=

A

i

"o

el
ey
N

ol
G
o

)

Np

al7

el

Np

NR

F

=
=

Aol e (?)

o
_foﬁl

ol | ]

e},

&

R

25
T

of

H]

P A2

3

TH

1

S\

il
T

™

™
W

0
job
L

™

-
=

7 Y R

5}
=

2 A

3}
=

A

2]

Tor

o

0
N
~

3 8l Al...

_57_



B 7 ol oF Al e e,

=z
LN

m, 1047 ol M k<= 7F o

=
=

I

el

HF 71 obES 9

ul
=

mh A 9o 5

Hes AW A

1]

9]

I

FAl S

)

dhoef a7

i} o

_58_



	제1장 서론
	제2장 문헌연구
	2.1 암모니아
	2.2 전해반응에 의한 암모니아 제거 특성
	2.2.1 염소 파과점
	2.2.2 모노클로라민 반응
	2.2.3 디클로라민 반응
	2.2.4 트리클라민 반응


	제3장 실험장치 및 방법
	3.1 실험장치
	3.1.1 암모니아 제거를 위한 전해 시스템
	3.1.2 Pilot-scale 시스템

	3.2 실험방법
	3.2.1 극전환 장치를 이용한 전해반응에서의 fouling 현상 확인
	3.2.2 전해시스템 운전 및 시료 분석
	3.2.3 Pilot-scale 사육시스템 운전


	제4장 결과 및 고찰
	4.1 극전환 전해반응기에서의 fouling 특성
	4.1.1 극전환 주기에 따른 전류밀도 변화 및 유리염소 생성 효율
	4.1.2 극전환에 따른 침전물의 생성 특성

	4.2 암모니아 제거 특성
	4.2.1 전류밀도에 따른 암모니아 제거 특성
	4.2.2 순환비에 따른 암모니아 제거 특성
	4.2.3 초기 암모니아 농도에 따른 암모니아 제거 특성

	4.3. Pilot-scale 전해반응기 성능
	4.3.1 전류 및 유량에 따른 유리염소 생성 농도 및 효율
	4.3.2 순환비에 따른 수조내 수질 측정
	4.3.2.1 암모니아 제거 특성
	4.3.2.2 수조 내의 부유물질 제거 특성
	4.3.2.3 비이온성암모니아의 농도 변화
	4.4.2.4 수조 내 질산성 질소 제거 특성



	제5장 결론
	참고문헌
	감사의 글


