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This study was to survey proper condition of nitrate removal by hydraulic retention time (HRT) and measured
growth of black rockfish (Sebastes schlegeli) and giant croaker (Nibea japonica) in the seawater recirculating
culture system designed for mtrate removal. Nitrate conversion to nitrogen at 8 hr-HRT was higher than
16 hr-HRT, amounting to 32.2 g/m /day in the seawater recirculating culture system. The removal efficiency
of nitrate 1mproved when dissolved oxygen was situated less than 0.5 mg/L. Daily growth rate (DGR)
and feed efficiency (FE) of S. schlegeli with mean body weight of 108 g in 8 hr-HRT were significantly
higher values than those in 4 hr-HRT (P<0.05). The DGR and FE of N. japonica with mean body weight
of 12 g in added carbon system showed not differing in the values from N. japonica in control system

(P>0.05).
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AEATZNA AislagS T3 Al AE ook 3 (Heales,
1985), Al FGH o2 o] &H= WHoRE A5, fr5F
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go} AEAZGZR oA dE Yotz Xt STl 4=y
o} AkstAlatel o5 ofAste g FafjE F ol 48} Al

o oJaf Aatdow Fr) olBA AshE ANAL AL
A A% 0 271 99, £ e B FEE oluFol

A Al 5 Atk (Ng et al, 1993). L2 22 G E-9
AR AMSS A3l S E A sEE AH Hel
olsf| A AEolok SfE=E o]F 3] FHo] ¥ MEF
AR wdh slEF 9 AAEEA g whol] 9 AiE
EEE gFofof gt} o]|Fd A AETHA @dzgLS #
Z231 A Rt FAlol o3 FalEn ghao) o1 x|

| Aadicya 9 A At} (Payne, 1973; Esteves et al., 1986).
A7t gde #3 AFe T2 A (Eppler and
Eppler, 1986), 28 (Hollo and Czako, 1987), 25 %7 7]
(Hofmann and Hammer, 1999)2 o8 olfojH ) 18yt

=

=

O

A4 e Bolsh AZA ol FE ASSIEA BH o
288 5 & A2H9 A 200 BF APE Tl

A Ao g AAoZ §4 gBa AjaEe] A g 20|
29 977 BRI B & AL A5 wfoln

Aol AN gl sl 48 AN AAN
Astel 4HW g Azde 49 2§ 20 TR

st Fejeh AFAZ] tE 2 AA EES 2ARI
o, &3 2 EE (Sebastes schlegeli) B O] (Nibea
Japonica) o1& 3o 2 34 G A|2wHoA &@d 2714



SRR PP E PR

£ AYols 4L vm 2A}ATH

R

=

£ A o] 83 s T B ALY ARgeze
Asl Az 2 A Az AR T (Fig. 1). A
Z= 27 100 cm, =] 70cme] YE FRP =224 83
L 05m, BESA A} o3z E JIZ 50cm, A2 40
cm, 0] 80 cmEBEA F 8L 0.18m’, 22 oAF(2E A
48 cm, E°] 80cme] 9EFOZ F82L 018 m’o| UL o
7 o) dLe 27to)Eto|E S-S A7 40ems] 9T FHE
Zrz} 30918 A3

Fig. 1. Diagram of nitrifying/denitrifying filter system.
RT: rearing tank, DF: denitrifying filter, NF: nitrifying filter,
P: pump.
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HE o] &3t 24zt BAE3ATE (APHA, 1989). pHE HA”
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Table 1. Water quality in the denitrification filter system
during the first experimental period

4 hr-HRT 8 hr-HRT

Influent Effluent Influent Effluent

CcOD 2.3-7.0 2.9-6.9 2.1-71 2.7-8.6
(mg/L) 3.9+1.5 5.3£1.2 4.0+1.6 4.7x19
DO 5.2-6.6 0.2-14 4.6-6.6 0.3-1.4
(mg/L) 5.9+0.4 0.7+0.4 5.7+0.6 0.8+0.4
Nitrite 0.01-0.04 0.01-0.21 0.01-0.05 0.01-0.29
(mg/L) 0.02+0.01  0.08£0.06 0.02£0.01  0.09+0.10
Nitrate 1.3-4.9 0.4-3.5 1.4-4.4 0.5-3.7
(mg/L) 3.0¢1.2 1.61£1.3 2.6+1.2 1.4+1.2
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Table 2. Growth of black rockfish in the denitrification filter
system during the first experimental period. Values in the
same column not sharing a common superscript are signi-
ficantly different (P<0.05)

HRT
4 hr 8hr
Number 28 28
Initial Total weight (g) 3,018 3,018
Mean weight (g) 107.8+0.0 107.8+0.0
Number 28 28
Final  Total weight (g) 3,492 3,806
Mean weight (g) 124.7+0.7 135.9+5.5
Survival rate (%) 100 100
Daily feeding rate (%) 1.2040.07 1.28+0.07
Daily growth rate (%) 0.40+0.05a 0.60+0.03b
Feed efficiency (%) 33.0+2.1a 47.0+0.3b
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Atk obANA A ghe 8AIZE AFFE 0.05 mg/LolA
0.09 mg/LE, 16A1ZF A FF2 0.04 mg/LolA 015 mgLE 5
Zbstont, AatA Al ke 8AIZE AFTE 42.5 myLolA
31.7mg/LE, 16412 AFTNA 37.2 mg/LoAlA 253 mg/LE
Zastirt o] 23 AladdA AFARPER b Aa
AA &B&F AALE vlustHE Fig 20014 B npel o)
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Table 3. Water quality in denitrification filter system during
the second experimental period

8 hr-HRT 16 hr-HRT

Influent Effluent Influent Effluent

Turbidity 0.3-2.6 0.4-1.9 0.7-4.9 0.7-2.1
(NTU) 1.3£0.5 1.1£0.5 2.6x1.5 1.420.5
COD 3.8-59 2.5-54 41-7.7 0.5-4.3
(mg/L}) 49+1.0 4.4+0.9 57+1.2 2.5+2.1
DO 3.1-6.4 0.4-1.6 4.0-6.5 0.4-2.1
(mg/L) 4.610.9 0.8+0.3 4.9+0.7 0.9+0.6
Nitrite 0.02-0.11 0.01-0.17 0.02-0.09 0.02-0.45
(mg/L) 0.05+0.03 0.091#0.06 0.04+0.02 0.15+0.17
Nitrate 21.1-74.9 16.2-57.7 16.2-63.9 12.2-46.1
(mg/L) 42.5+19.4  31.7x12.9  37.2+17.8 25.3%10.9
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Fig. 2. Comparison of removal efficiency and removal
rate on 8 hr-HRT and 16 hr-HRT.

Table 4. Growth of black rockfish in denitrification filter
system during the second experimental period

HRT
8 hr 16 hr
Number 50 50
Initial Total weight (g) 10,006 10,038
Mean weight (g) 200.1+0.2 200.8+£0.6

Number 50 50
Final Total weight (g) 11,073 10,944
Mean weight (g) 221.5+3.7 218.9+7.4

Survival rate (%) 100 100

Daily feeding rate (%) 0.74£0.02 0.69+0.02
Daily growth rate (%) 0.36+0.06 0.31£0.11
Feed efficiency (%) 74.9+11.3 69.1£17.3
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Table 5. Water quality in denitrification filter system during
the third experimental period

Carbon supply Control

Influent Effluent Influent Effluent

Turbidity 0.4-3.0 0.5-2.8 0.9-2.7 0.2-1.9
(NTU) 1.0£0.9 1.6x£1.0 2.1+0.7 1.0£0.6
COD 5.6-9.1 1.6-6.0 3.6-9.1 2.0-6.4
(mg/L) 7.9+1.5 3.844.4 6.0x2.1 4.6x1.7
DO 4.3-5.5 0.3-1.1 4.4-5.0 14-2.2
(mg/L) 5.0+0.4 0.6+0.3 4.8+0.2 1.7£0.2
Nitrite 0.02-0.04 0.04-1.77 0.02-0.03  0.02-0.07
(mg/L) 0.02£0.01 0.45+0.66 0.03x0.00 0.04:0.01
Nitrate 6.8-13.2 2.0-6.5 11.1-26.8 7.6-29.9
(mg/L) 10.8+1.9 4.3+1.5 17.3+5.2 16.1£7.0

VA
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A ZHe BAHIEA A 0.02 me/Lol
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e
73m
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g o, A dAa B4 TEE 10.8 mg/Lol A
43mg/LE, Q2TE 173 mg/LolA 16.1 mg/LE ZAadte
S4TI9 2o 2282 747 60.2%9) 6.9%F THA
H7bFol wis] dizTe 24 E&o] 3 ofe ¥4 A&
oA &&444F =4 FAEHUY] Wz FHHEG.
Table 6= B¢l Arlo] R ©jE £33} S AHS
ol-&ale] &xlo} X0 Yoz 90Uzt AA-E vlwd Aw
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u, AT N2 HITFAAFL 22 86.2 gt
87.0 g0 2 sl zpolsh A9 giow, ARG ET AL
FEES 27t 1.58%% 1.59% D 103.7%2} 102.5%2 23T
b oA Aoizt A (P>0.05).

Table 6. Growth of giant croaker in denitrification filter
system during the third experimental period

Carbon supply Control
Number 83 83
Initial  Total weight (g) 1,000 1,000
Mean weight (g) 12.0£0.0 12.0+0.0
Number 80 82
Final  Total weight (g) 6,899 7,133
Mean weight (g) 86.2+2.0 87.0£1.2
Survival rate (%) 96.4£1.7 98.8+0.0
Daily feeding rate (%) 1.52+0.01 1.5510.06
Daily growth rate (%) 1.58+0.01 1.59+0.01
Feed efficiency (%) 103.710.3 102.5+4.2
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7229} o] Bl e A E WEF Tt RaE o] ghth (Whitson et
al., 1993; Lee et al., 1995). @& ZU AFAI7to] A HY
(1-2A1ZhEbd, wehg o] AR8-2 2ujo] & Fsairt Unk
Il ¥t} (Balderston and Sieburth, 1976; Whitson et al., 1993;
Lee at al, 1995). WekA] 3 @ Al2HloA AlgES g4
Ao g o] &2 APty AtsEM, & AFA de-g 3
4 2 b e B P S B R = 324‘: Soetah =3 2
e G2 N A8 2 wtjole AT &
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T} (Kaiser and Wheaton, 1983).
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