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Water Treatment of Seawater Recirculating Aquaculture System
by Using Three Phase Fluidized Bed Reactor

Byung-Hun Lee, Hyeok Choi and Jong-Soo Ryu

Department of Environmental Engineering, Pukyong National University, Pusan 608-737, Korea

Capacity of water treatment of the three phase fluidized bed reactor as a biofilter in the seawater
recirculating system was evaluated. The water treatment system consists of fluidized bed reactor for
ammonia removal, cartridge filter for solid removal and ozone contactor for disinfection. Mean
concentration of water quality parameters: COD, TAN, NO;-N, NOs-N, SS and alkalinity were 9.0, 0.22,
0.05, 20.0, 9.5 and 70.0 mg/l, respectively; the relevant values were 7.6 for pH and 3.64 NTU for turbidity.
These indicate the maintenance of good water quality by the treatment system.

The influent TAN loading rate in to the fluidized bed reactor ranged from 4.3 to 32.9 g/m’/day, and
averaged to 20 g/m'/day. TAN removal efficiency of each phase of the fluidized bed reactor was 47-60%,
indicating the effective ammonia removal. During operation the effluent of fluidized bed reactors also
maintained the unionized ammonia nitrogen level below 0.002 mg/l.
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Fig. 1. Schematic diagram of seawater recirculation sys-
tem with three phase fluidized bioreactor.
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Table 1. Dimensions of seawater recirculation system

Total
Volume ota HRT
Item Number volume )
)] (min)
)
Rearing tank 56 18 1,008 39.0
& 1a 29 18 52 200
Cartridge filter 16 2 32 1.3
Fluidized bed 24 2 428 165
reactor
Ozone contactor 198 1 198 7.6
Retention tank 2355 1 2,355 900
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Table 2. Composition of the experimental diets
. Experimental diet

Ingredient

Co Cos Cso Crs Ciso Cisoo
Casein’' 25.0 25.0 25.0 25.0 25.0 25.0
Defated WFM? 25.0 25.0 25.0 25.0 25.0 25.0
Gelatin' 10.0 10.0 10.0 10.0 10.0 10.0
Dextrin! 2.8 228 228 228 228 22.8
Squid liver oil’ 5.0 5.0 5.0 5.0 5.0 5.0
Corn oil* 5.0 5.0 5.0 5.0 5.0 5.0
Vitamin mix (Vc free)’ 3.0 3.0 3.0 3.0 3.0 3.0
Mineral mix® 3.0 3.0 3.0 3.0 3.0 3.0
Cellulose' 0.6 0.59 058 0.57 0.54 0.0
Vitamin C (AsPP)’ 0.0 0.01 0.02 0.03 0.06 0.6
Proximate
Crude protein 54.0 54.9 54.7 54.8 548 54.6
Crude lipid 95 91 95 92 91 9.0
Crude ash 75 7.6 7.7 7.8 7.8 7.6

"United States Biochemical, Cleveland, Ohio 44122.

*White fish meal (WFM) , Kum Sung Feed Co., Pusan, Korea.

*E-Wha oil Co., Ltd., Pusan, Korea.
‘Corn oil 45% + DHA, EPA 05%.

*Contains (as g/100g premix): dl-calcium pantothenate, 0.5; choline bitartrate, 10; Inositol, 0.5; Menadione, 0.02; Niacin,
0.5; pyridoxine-HCl, 0.05; riboflavin, 0.1; thiamine mononitrate, 0.05; DL- @ -tocophery! acetate, 0.2; retinyl acetate, 0.02;
biotin, 0.005; folic acid, 0.018; B12, 0.0002; Cholecalciferol, 0.008; alph-cellulose, 87.06

*Contains (as mg/kg diet): Al, 1.2; Ca, 5000; Cl, 100; Cu, 5.1; Co, 9.9; Na, 1280; Mg, 520; P, 5000; K, 4300; Zn, 27; Fe,
40.2; 1, 4.6; Se, 0.2; Mn, 9.1.7 L-ascorbyl-2-polyphosphate.
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Fig. 2. Schematic diagram of three phase fluidized bed re-
actor in seawater recirculating system.

et wiclobe] 4% 4 AAslol Haw HEFFE $
3 t2F71E Agstglon, 371 4%A(DWYER Co.
Air Flow Meter)& Al-§3lo] zAslg o, 7} ub-g-z=H

= %99 7% 44 W2 A BE 25 L/min, UE

Z C¥ 12 L/mine. 2 s}gch

2 243

O ot =
)

[
&S 2

(%), COD(mg/L), NHy"-N(mg/L), NO;-N(mg/L), NOs
N(mg/L), pH, €Z2%(mg/L as CaCOs), HE(NTU),
12} SS(mg/L) 59 ol vheto] FABAE Fast
Sieh. okt Auld ol £AFell W} BAE ¥
A B pHY} LS EHslo] A1) ol §ote] Hlo] L
A FRYokEEE Adtete] F¢EYoKTotal Ammonia
Nitrogen ; TAN)E 2H4Fs}4 ch(Summerfelt, 1993).

[y
]

([NHg} _

(pH—pK,) _ o
[NH.] 10 ,pK,=0.09018 +2729.92/T, K (1)

oA Ao} A AiAE FALA AR
w gi$=Hol wlel Diazoa Method$t #A4ej4 F4FEH
oz BAslga, R A EL Standard Methods
(APHA, 1995)f] w}e} Al 85 E-A18}% ). Table 3ofl= A

- 139 -



Table 3. Analytical methods and instruments

Item

-~ Experimental method

Instrument

Ammonia nitrogen

Nitrite nitrogen
Nitrate nitrogen

Ammonia-Selective
Electrode method
Diazoa method

UV absorption method

Orion Model 720A

-~ SAMRT 190 - DUV
SAMRT 190 - DUV

Turbidity Turbidity meter HACH 2100-P Turbidimeter
pH pH meter Cole-Parmer 05669-20
Alkalinity Titration method

Salinity Salinity refractometer ATAGO

SS Vacuum filtration Glass fiber flters
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Fig. 3. Fluctuations of water quality parameters COD,
TAN, NO-, and NOj' in rearing tank during operation.
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Fig. 4. Fluctuation of water quality parameters pH, Alka-
linity, SS and Turbidity in rearing tank during operation.
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Table 4. Effects,of different dietary vitaniin C levels in olive flounder

Diet )
. Pooled SEM2
Co . Cos Cso Crs Ciso Cisoo
WG (%) 270.6° 460.4° 480.8° 477.6° 543.1% 557.9° 22.0
FCR* 242 1.52° 1.34™ 1.36™ 131" 1.27% 0.10
PER® 1.28% 1.66° 1.73% 1.73% 1.88°" 1.95° 0.06
HsI® 2.01° 1.98° 226" 2.20% 2.69° 252 0.08
CF 0.85° 0.88% 0.89%° 0.91% 0.90 0.93° 0.10
PCV3(%) 204 26.1° 23.3% 19.7° 2.7 253 0.89
Hb’(g/dl) 3.76° 4.44° 3.71° 434° 441° 5.71° 0.25
Survival 76.7 77.8 88.9 88.9 91.1 85.6 2.09

"Values are means from triplicate groups of fish, in which the means in each row with a different superscript are

significantly different (P<0.05).
2Pooled standard error of mean.

*Weight gain (WG %): (final weight - initial weight) x 100/final weight.

*FCR (feed conversion ratio): feed intake / weight gain.

°PER (Protein Efficiency Ratio): wet weight gain / protein intake.
®HSI (Hepatosomatic index): (liver weight / body weight) 100.
’CF (Condition factor): [fish wt. (g) / fish length (cm)’] 100.

*PCV (hematocrit).
*Hb (hemoglobin).
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Fig. 5. Fluctuations of TAN concentration in rearing tank
and effluent of fluidized bed reactor during operation.
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