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Water Quality and Mass Balances in a Culture of Japanese Flounder using a
Closed Recirculating System with Foam-separation and Nitrification Units

Yoshihiro Suzuki,*! Toshiroh Maruyama,*! Daisuke Sato,*!
Takeshi Kanda,*2 and Tamotsu Michishita*2

In this study, water quality and mass balances in the closed recirculating culture of Japanese
flounder were examined. The closed system consisted of rearing thank, foam-separation and nitrifica-
tion units, pH and temperature controlling units, and a circulation pump. Fish were fed commercial

pellet diet for 90 days.

Average values of oxygen saturation and turbidity in the rearing water through the culture were
96% and 3.1 TU, respectively. Ammonia was mostly kept at less than 1 mg-N//, and nitrate in-
creased linearly according to the amount of diet supplied. It is estimated that 33% of dietary carbon
(C) was accumulated in the fish, as well as 529% of nitrogen (N), and 269% of phosphorus (P). The
carbon released as CO, was 63%. Nitrate in the rearing water corresponded to 289% of N-input, and
669 of P was settled in the nitrification unit as precipitate.
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Fig. 1. Schematic diagram (not to scale) of the closed recirculating system with foam-separation and nitrifica-

tion units.
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Fig. 2. Diurnal variation of the air and the rearing
water temperature.
O, air; @, rearing water.
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Fig. 3. Salinity in the rearing water, and added
amounts of water during experiment-1.
@, salinity.
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Fig. 4. Dissolved oxygen level in the rearing
water.
O, oxygen saturation; O, concentration.
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Fig. 5. Concentrations of total organic carbon
(TOC) and dissolved organic carbon (DOC) in
the rearing water during experiment-1.

Absorbance at 260nm

Rearing period (day)

0.6 — T T T i " T
g 05 (b) i
c
S ! |
© 0.4 | §
= i
9 0.3 | V
Q I
8 02} i
8 L (]
g2 01 y=160-10%x (r?=0.994)
O L | L | L | I | L | L | L
0 5 10 15 20 25 30 35
Dissolved organic carbon (mg-C/ 2 )
Fig. 6. (a) Absorbance at 260 nm in the rearing

water, and (b) relationship between DOC and
the absorbance.
O, experiment-1; ®, experiment—2.

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

L5 A DOISBRARTIC KT AMEAKYE 5

YERDBEZ R 3EER LA LItk b,

7. NH&N, NO,-N, NO;-N, T-N NH,-N, NO,N,
NOsN, S5 LUT-NEBEOF AL Fig. 7257 L
7o ¥ T AERIO NH-N 13 0.17 mg-N/I Th Y, =
B 0.12~2.39 mg-N/I ORI CE{L L, F#HT 3
£ 0.49+0.51mg-N/I (n=18) TH -7, HE2HH
D1.01mg-N/I L 1 FE8H H ©2.39mg-N/I % % <
&, ATT 0.5 mg-N/ILLFTH -7, NO,Nit, &5
AWEFICIR0072mg-N/ITH Y, AT LS
0.072~1.99 mg-N/I O THELL, FHT5 & 0.74
+0.51 mg-N/I (n=18) T&H - 7= (Fig. 7)., —F, b
Z APERTD NOy-N i3 1.2mg/1 TH - 7225, BB
DEEH & & BICERIICHENL, ERETRO®EE T
133mg/lic# L7z, £/, T-Ni3, NO~N cH#EL,
FAEBROERE & BTN L, EBRETRICIE 169
mg/lic@& L7 (Fig. 7),

8. PO&P, T-P, ¥k XUBEPO,-P, T-P, Lt
BEOE AZ(L% Fig. 8 IF L, PO-P & T-P i1
OTHRLLAEERL, MEKDY VL, Fic PO~
PLLTHFEL TN I LA bhot, B AREHD
PO~P13038mg/ITHY, 51 AEE ik, HAK
DOFEE & & B ICERANCHEM L7z, MEAKSLARK
EREMED21.3mg/lICE LA, 54 A Bicid 14.7
mg/l £ THA L, ZD#HIF 11.7~12.5 mg/l TI1FIT—
et olce BEICOWTARSE, L5 AMERIE0.9
TUTH D, EBRIWMH 0.4~11.5TU O & <L 1L
L, F#3.1+£3.0TU (#=18) TH -7, BE & B

NH,-N, NO ,-N (mg-N/ 0)
O = N W pH UL

T

i

150 |

100 |

NO,-N, T-N (mg-N/0)

50

0 T R SR R S
0 20 40 60 80 100

Rearing period (day)

Fig. 7. Concentrations of nitrogen compounds in
the rearing water during experiment-1.
®, NH,-N; 0, NO;-N; A, NO,-N; m, T-N.
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Fig. 8. Concentrations of phosphorus compounds
and turbidity in the rearing water during experi-
ment-1.
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Fig. 10. Bacterial cell counts in the rearing water
and the foam separating wastewater during ex-
periment-2.

O, rearing water; ®, foam separating waste
water.
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Fig. 11.

Mass balances in the closed recirculating system.
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Fig. 12. (a) Effect of pH on phosphate (©O), calci-
um (A) and magnesium (O) concentration,
and (b) phosphate solubility in artificial sea-
water.
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Fig. 13. Relationship of nitrate and phosphate to
the cumulative amount of feed in the closed
recirculating system.

o, NO;-N; o, POP before 51 days; ®,
PO,~P after 51 days.

WCEHBRAOFEERA I L AN L2®|E LT
%o

MTRERY- YD AT LNDON &P ORFE
AT ER-1 1T AEERFE L NO;N 5 XU PO~
P OEREBEORGY Fig. 13107 Lz, HEMHAR (1)
¥ NON 4R (v) FaWiEBzxRL, Z DaF
B, y=20.0x (#2=0.977) klxo7, #-C, #aff

Vogk, #E, ET

L7-Be & Ak 1 kg 2472 0 20.0 g-N O NOy-N O &AL
5o Lol b, MBEEBR-2ICKET AREMFREL
NO;N OEBEREOMNIE, y=23.3% (»2=0.977) &7x
e BEER-1ICHT A — A4 ORKMIAERD
795g (84 A H) TH o7, MEKDNHAN & NO,—
Nit, $BoHA®RE, ThZh05mg-N/l &1
mg-N/I L FCH-7= &hb, JOBCIEA L7 NHy
NITIF LA YR NON LRI N/ EFEL LN S,
Fd O, 5795 g OMFHCHYM T 5 NO;-NiL 16 g
THY, H-TC, 16 g O NHN Bz hil Lidk
%o FACHIC T LRk O R E 2 116 m?, KiE-
s YOEBMBEMN 1I6mM> CHHI L» LR LD
vE o7 B (i) EEE, 012 g-N/m?/day
(16/132=0.12) L RAEbHN 5,

WA S A LETE# 2 Hh5b 51 AR TOR
EALEE (x) L POP OEREE () OBRIL, y=
5.84x (72=0.949) ¥ 7c 7= (Fig. 13), #€-»C, f¥H1
kg %7- 0 5.84 g D PO P HNAHEKFICEE S HLE
2 5N5, FBEER-2 T, 4.66gP/kg-F¥ L7x-
720

E | 3

AR FETT ALY, FAREIV/VZT UV
7R SRR v AT AORWE R, MR T3
7 B UIC A TEIC T ERMRRORE T L UHEEF
OB %, @FEEALTIRIICI B G ORE Y, KER
TN ERROBERE - 2. IR IHELZEL
9,

X R

1) FHREC, fd R MRNHO - OO KEER< MY
o7 A (1) St L5 E8HBREDOT L3
. AKuipaik, 531, 15-24 (1978).

2) APHA: Standard Methods for Examination of Water and
Wastewater, 18th ed., APHA, Washington DC, 1992, pp.
8-11.

3) RAEE, HHAKN : SERQEEEOLDLOKESE
{LE#FOBIZ, 11, BRYV AT LOWHRE LR
AL O M. |Ih R ATR S, V93056, 1-23

(1994).
4) SoH R ORETFEEE L%, W, 1975, pp. 134-
136.

5) BAAKEZEERERS  KERKEE 1995 FH, BAK
EERFEERS, B p-19.

6) hILEl, BARL, Wi W, LF %, HEME:
BHEF b 2N 7 B R B L iR R BRIk S
WIC L ARERET 57 N OBEEER. KBUEFEAE,
21, 310-317 (1998).

7Y hilfeE, RESH, HABR, BR R SRS -
TR BT A EESBEOMEEKELE. BKE, 57,
219-225 (1991).

8) FLILfeE, RS, kIS  EERRERSB-SRY
25 AL B 5 ABRKOER. BKEE, 62, 578-585

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

9)

10)

11D

12)

13)

Y5 A OHASERASAHE IC 51 5 M8 kK E 9

(1996).

REHERE, XEMRKY, HhLL, SmMhL, BHE
B BERARAED D OKEELRFOMSR, 5. v
Z A ORMFARRIC I 3 KEEL. BHBRTERHRS,
U90042, 1-24 (1990).

K. Hirayama, H. Mizuma, and Y. Mizue; The accumula-
tion of dissolved organic substances in closed recirculation
system. Aquacult. Eng., 7, 73-87 (1988).

G. Otte, V. Hilge, and H. Rosenthal: Effect of ozone on yel-
low substances accumulated in a recycling system for fish
culture. ISCS Fisheries Improvement Committee, C.M.
1977/E: 27, 1-13 (1977).

S. Takeda and M. Kiyono: The characterization of yellow
substances accumulated in a closed recirculating system
for fish culture, in “The Second Asian Fisheries” (ed. by
R. Hirano, and I. Hanyu), Asian Fisheries Society,
Manira, 1990, pp. 129-132.

BERA, FEES, KTHHE, REBEH . PA=E e
HMROERICRITTEARL Y VAROKE. B,
57, 1527-1533 (1993).

14)

15)

16)

17)

18)

H. Honda, Y. Watanabe, K. Kikuchi, N. Iwata, S. Takeda,
H. Uemoto, T. Furuta, and M. Kiyono: High density rear-
ing of Japanese flounder, Paralichthys olivaceus with a
closed seawater recirculation system equipped with a
denitrification unit. Suisanzoshoku, 41, 19-26 (1994).

J. van. Rijin: The potential for integrated biological treat-
ment systems in recirculating fish culture-A review. Aqua-
culture, 139, 181-201 (1996).

M. D. Krom, S. Ellner, J. v. Rijin, and A. Neori: Nitrogen
and phosphorus cycling and transformations in a prototype
‘non-polluting’ integrated mariculture system, Eilat, Is-
rael. Mar. Ecol. Prog. Ser., 118, 25-36 (1995).

A.Neori, M. D. Krom, S. P. Ellner, C. E. Boyd, D. Popper,
R. Rabinovitch, P. J. Davison, O. Dvir, D. Zuber, M. Ucko,
D. Angel, and H. Gordin: Seaweed biofilters as regulators
of water quality in integrated fish-seaweed culture units.
Aguaculture, 141, 183-199 (1996).

EBEE REOEREARAT RO - mmg » %
BRFTAELE. BokEE 23, 684-695 (1958).

NI | -El ectronic Library Service





