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HREREERETK ZBEERRKECHFEZ - AEEREFAEEE SRR L—
EREHREZ— - AFRTIEEMEYEEREREAKEREEPHRR FLRAENER
REA AR R EEZF KRR #E O KR EENRER, LB ik TRERAHEL -

RBSRERKPETEETRER, TRAEE R-T AW R T @A B8 RIRE -
HANERS T FERREF TR BOARER URBICIFERE ERK pH ENZE -

HAEWRAERBR, AMETRICFRER4BER : F-ERRMZBLENTEZTELU
%K NHy -N ZREEEM - E_ERREMEHEBR T EBREKIOR, BLEL— KR
BTEMEKT NH, -NBERE - EZERRA T T2HAFTH NH, - N, B ERERR
MERRENVEE -  FUNEREAMHHE RFNRIEN ERBNEEETESRIGER
15 -

FHtWREOEREER MRREERDESINERCES - BEERRE EEAERD
FMRARELEENERAWERRERFVRR - WEEEERR BAERARSDENRKE
BENRLRE - ABRAEFY LEINRKKTBCET - 4 20ecm BB SRHTEETRE
HA7BERE 10cm FHRK 52 ATE LRE -

FRACrE FREBBUK T pH fE TR AR E ARSI BB R ERE KT pH EHRREELR
BYRUEE - FEBAZHBMOEERECARFERTURRNEE R ERRERR,
LRARBHENRENEEERRMTT -

PRtk B B D o

Py

E[} =

SELHARLR, AERBAAZEAREFHZIERY - ERRNPLERNEMRH ( Closed or
Semiclosed culture system ) HZ FAKRBEHEZH ( Flow-through culture system ) HERI
BERENEREE BEATEEBNRE T PHAZRRBNEE AR

HRK, BKEZERNEVESRE EHTAEZFEZHE, BEAKGEKRELE
B . MENRER SRR ELDHHRD® NELEBENE ESEMREURRKAE
EMFIMHEERSY

ERBBRAKTERNFTEE - ZREREE (Air stripping ) . BEF X% (Ton exchange )
RAEMWIGE ( Biological nitrification) , =& B & EAERAERENREY B Wild?,
Reeves' % Bower® (I EH B X I RREEFERENRENARARENRLE - HELR

*HUSBRENABREEARRT
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TRIREEZ M, RREEE #EHE XFEE URTHRESEXNNNWERDES, &
%ﬁt?ﬁ%&fﬁﬁ‘eﬂﬁé’ﬂﬁ@(g) - XESBRBHIEEMY RREELSBESR ERPERES 7
éﬁ 10~1 o

ARBEHHERENKEREERZ BREBMARMERENTR T UDBREES FE
WA EHER EE RS RAE N REETIE AR A EREE REMBERRTZHE X
b E BB Bk RS | TERREE | FRERR pH ERURRGR o MO REROFIER | K
TR R, B A S ERE RUERAEFORRER LEREERAREZSS
SRR o

WRIET A
FHBEE01ton FEZEBAFEEEEERE BKE 00 , REEREFHTK ( Gymno-
thorax undulatus ) JEEIE 700g ; M AZEEES 10kg/m’ © T

BREENSEES B/IENKEZHAEABRED UERARNEELETEEER - ®
TSR 1 EIBERARKEEVEREIEEET BRITUEHTRERE - BHLER
EREERLESRANRED BNEE o~smm HRERFRHYCERBEINEN R
E BB EERYEREERCABKKREPIERITELUL -

SEBRSNEEM C AAEE, AERE FEEERTASBHARET SA~SIE S EHE
B BAEEZEEABERERNIIURER - KEERHEBEEZHEETR (Table2) -

SERETET 48 /NEZRE ERARMETREZN, LB, BREMBEERA 470
B IR AR 500ml, BB NH, — N,NO; — N,NO; — N, ERHAHAE#F6+£1°C,ER
KRS DO | pH RAKARR -

Table 1. Requirements and dimensions of filtration system used in this study

1. Fish weight : 700g
2. Water volume T : 70 £
( Total system )
3. Water volume F : 430
( Fish rearing tank )
4. Fish density T : 10kg / m®
( Total system )
5. Fish density F : 17kg / m®
( Fish rearing tank )
6. Flow rate : 8.75 £ / min.
7. Turnover time : 8 min.
8. Filter medium : coral sand
9. Sand bed area : 165 — 330cm?
10. Sand bed depth : 5—30cm
11. Sand volume : 1.65-23.30 £

12. Hydraulic loading : 1273 — 7636m* / m*.day
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Table 2 Summerized capital letter used in experiment for representing
different treatments ( Seawater )

Treatment Area (cm?) Depth (cm) Volume (£) Hydraulic loading
SA (Control) - - — -—— ——
SB 330 5 1.65 7636
SC 330 10 3.30 3818
SD 330 20 6.60 1909
SF 165 10 1.65 7636
SG 165 20 3.30 3818
SH 330 545 3.30 3818
SI 330 10+10 6.60 1909

*SD! 330 20 6.60 1909

* : Different aeration sequence.

7 52 /NFRIRA SRR A, & R E /K E BRI Talbe 3~ Table 12 - /A B TME, HP %
FREVEETBIER AMMUNO; - N¥EBD MEFZ NH, -NHRERZREEZE (Ta-
ble3) « EHEHEFT NH, -N ZRBHEBFHEFHMEERERCHFR ZEFFEROT -
Y ( NH; —N,ppb ) =21.371 +26.241X ( X,hr ) »

FEEFR 330cr B, FEMEE BDEIEI EHCEIRFEZ M E2M NH, - N <R RE
EBD ( Tabled, 5,6 K Fig.1) - EEEEZE 20cn F, EBEREZE, KFTRBESRE
0.08ppm MAT o (EEEHEE 165crf B, R EERIE WERS ZRE ( Table 7, 8) HERFH
FELEE ST, R 20 /NEFTE, H NH, - N 2 ERENE R EMNEE E2EERMBEESMN 1’
4 BIGATE T SR L AR E BB R N E R D 2 8 -

HELANEZ PR BRI TR NEEE /N SAERRYE EEmmaEn s B
ERE EAAEAVEIXRRERENBIENEE EEERERET 20 /M F TR BE
Higfege 7 - BRE/NWRARHEAEEEEAMEREANRREVHEERERZHE, BIE20~24
NEFREERFTREEREEES -

BAREES SR ARNEENRERSBELEEHRNZR EHERT AR HER
EEEE SNBILEFMUERERESBHRAEE (Table9, 10) -

ERBRELHRERBRKINZEE SDE (Table 11) HABHEZ LK S HEELERRE
AARAP_ENEEREZZE ETHBEPEIART BEREFMHEC HRANAREKEBETA
ZEE BoihoR SR REEETEHMHK -

FHEARRTRECEY BRYBAARZTSE 4 BHER ( Fig2) -
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1) BREAELF CRRAEEVHELERS BRREZRELT - EEEABNERBEED
BRY EER/IHSB (Tabled) o

(2) BB EER 12~20 NEEIAREE, TEE 2 B ERK EMRENH, - NEEE
4~8 /NEFRDIR IR EE M AIERI LA - SR B AR BN E A e Ak S
SREMBNESN : SH & SC % ( Table5, Table9) °

(3) BB R RIS 00 /NENE VNS B EEFERRR BT 0.15ppm,8 F 12 /NS
TR BBEMFFE 0.08ppm AT o TR B TR R TR RN, BB EANRERE L
F,E 40~ 44 /T H TEBEORES - EEEAEETEEM RS EESANN : SD,SI
B SD'%Z ( Table 6, Table 10, Table 11) -

4) BREEVERE, REE 8~24 NS TEEEER RS ERENRLERY ERBRETE, TR
BB 8 S B EBIE A « BN 2B A/ ER (1650 ) ZHEE k0 SF & SG
% ( Table 7,Table8) -

BATHERY NHf - N B FEHEEREE 24 /R 48 /N ZHRILE ( Nitrification
rate ) JEEFIR Table 12, B R REHERT L LBEE XTI SD,SD’ K SH Z B 3HE
BRI

Table 3 Fluctuations of pH value, ammonium, nitrite and nitrate during the
experimental period of 52 hours in control tank.

Area cm’
Depth cm

Volume liter

Hours NH; - N ( ppb) NO.-N (ppb) NO;— N ( ppb ) pH

4 49 22.1 153 7.4

8 232 29.3 182 7.3

12 320 28.2 237 7.3

16 481 34.2 301 7.4

20 631 24.3 301 74

24 687 22.5 241 7.1

28 784 31.4 353 7.2

32 826 30.8 373 7.0

36 952 38.9 399 7.0

40 1121 41.5 442 6.9

44 1168 324 572 6.7

48 1272 39.0 685 6.6

52 1327 42.7 740 6.6
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Table 4 TFluctuations of pH value, ammonium, nitrite and nitrate during the
experimental period of 52 hours in treatment SB

Area 330 e¢m?
Depth 5 cm

Volume 0.65 liter

Hours NH, —N (ppb) NO;—N ( ppb) NO; - N ( ppb) pH

4 52 21.7 143 7.4

8 100 23.5 331 7.4

12 92 38.8 687 7.3

16 133 50.9 884 7.3

20 231 53.0 895 7.3

24 202 51.9 1349 7.2

28 230 45.2 1613 7.0

32 311 50.3 1687 7.1

36 426 52.0 1721 7.1

40 491 40.1 1783 7.3

44 633 49.4 1829 7.1

48 827 43.8 1903 7.0

52 941 40.2 1951 6.8

Table 5 Fluctuations of pH value, ammonium, nitrite and nitrate during the
experimental period of 52 hours in treatment SC
Area 330 cm?
Depth 10 em
Volume 3.30 liter

Hours NH, —N ( ppb) NO;—-N ( ppb) NO;—N ( ppb) pH

4 59 20.1 121 7.0

8 101 36.8 309 7.1

12 142 37.9 518 7.2

16 138 44.0 877 7.1

20 193 39.7 1043 7.2

24 107 41.9 1686 7.2

28 105 42.2 2042 7.3

32 101 34.2 2278 7.1

36 82 33.3 2837 7.0

40 66 34.2 3237 6.9

44 78 30.2 3558 7.0

48 58 80.5 3906 6.9

52 62 50.2 4285 6.8
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Table 6 Fluctuations of pH wvalue, ammonium, nitrite and nitrate during the
experimental period of 52 hours in treatment SD

Area 330 cm?
Depth 20 cm

Volume 6.60 liter

Hours NH,; ~N (ppb ) NO;—N ( ppb) NO;— N ( ppb) pH

4 62 24.8 105 7.2

8 122 26.0 253 7.1

12 101 35.9 660 7.1

16 48 39.7 1189 7.2

20 64 41.1 1479 7.1

24 50 34.3 1890 7.1

28 17 34.1 2353 7.2

32 30 39.6 2658 7.2

36 9 33.8 3084 7.3

40 12 27.2 3430 7.1

44 57 25.0 3637 7.0

48 21 20.7 3785 7.0

52 35 22.7 3879 6.8

Table 7 TFluctuations of pH value, ammonium, nitrite and nitrate during
experimental period of 52 hours in treatment SF

the

Area 165 cm?’
Depth 10 cm

Volume 1.65 liter

Hours NH, - N ( ppb) NO;— N ( ppb) NO;~—N ( ppb ) pH

4 70 18.8 86 7.2

8 44 24.7 520 7.3

12 23 26.3 939 7.4

16 72 27.2 1124 7.4

20 156 19.2 1197 7.4

24 187 14.3 1452 7.3

28 209 10.2 1587 7.4

32 225 12.3 2033 7.5

36 261 14.2 2246 7.4

40 280 11.6 2541 7.4

44 222 15.6 3089 7.3

48 268 13.3 3286 7.3

52 321 12.4 3457 7.2
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Table 8 Fluctuations of pH value, ammonium, nitrite and nitrate during the
experimental period of 52 hours in treatment SG

Area 165 cm?®
Depth 20 em

Volume 3.30 liter

Hours NH, =N ( ppb) NO:;—N ( ppb ) NO;—-N ( ppb) pH

4 64 24.3 99 7.0

8 59 29.7 462 7.3

12 49 27.1 849 7.4

16 22 33.9 1285 7.3

20 16 39.5 1645 7.2

24 82 38.9 1775 7.1

28 157 30.0 1882 7.1

32 140 27.3 2301 7.3

36 151 22.9 2617 7.2

40 144 23.5 3343 7.3

44 - 163 27.7 3473 7.3

48 - 186 37.1 3732 7.2

52 196 32.8 3899 7.2

Table 9 Fluctuations of pH value, ammonium, nitrite and nitrate during
experimental period of 52 hours in treatment SH

the

Arca 330 cm?
Depth 5+5 cm
Volume 3.30 liter

Hours NH;, - N (ppb) NO:;—N ( ppb) NO;— N (ppb) pH

4 62 21.0 110 7.1

8 121 18.8 266 7.1

12 173 15.7 444 7.3

16 209 16.3 674 7.3

20 169 26.6 1147 74

24 161 34.0 1513 7.3

28 90 36.6 2101 7.4

32 108 37.6 2395 7.5

36 77 30.7 2857 7.4

40 53 19.8 3301 7.2

44 68 18.0 4001 7.2

48 51 29.9 4231 7.1

52 32 20.6 4429 7.0
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Table 10 Fluctuations of pH value, ammonium, nitrite and nitrate during the
experimental period of 52 hours in treatment SI

Area 330 cm?’

Depth 10+10 cm
Volume 6.60 liter

Hours NH; —N ( ppb) NO:;—-N ( ppb) NO;— N (ppb) pH

4 55 19.8 135 7.0

8 72 18.7 433 7.3

12 138 111 569 7.4

16 111 12.4 1013 7.4

20 101 14.8 1390 7.3

24 58 14.0 1891 7.3

28 405 22.2 2291 7.2

32 61 26.0 2448 7.3

36 64 25.9 2944 7.2

40 47 35.2 3302 7.0

44 60 37.5 3609 7.1

48 49 32.4 4004 7.0

52 41 23.6 4155 6.9

Table 11 TFluctuations of pH value, ammonium, nitrite and nitrate during
experimental period of 52 hours in treatment SD'

the

Area 330 cm?
Depth 20 cm

Volume 6.60 liter

Hours NH, —N ( ppb ) NO;~ N ( ppb) NO;— N ( ppb ) pH

4 72 21.0 76 7.4

8 97 19.7 346 7.4

12 138 22.8 522 7.6

16 81 28.9 1091 7.5

20 99 31.1 1374 7.5

24 50 34.3 1890 7.5

28 42 26.6 2278 7.6

32 71 24.2 2539 7.4

36 b5 24.0 2941 7.5

40 59 20.1 3280 7.4

44 14 22.4 3786 7.3

48 23 25.2 4102 7.3

52 33 20.8 4424 7.2
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Table 12 Nitrification rate of differernt treatments at 24 and 48 hours.

Treatment Nitrification rate

Seca —water 24 hours 48 hours
SA ( Control ) - = - =
SB 68.2 28.9
SC 85.5 95.4
SD 97.6 974
SF 71.1 v 76.1
SG 78.3 85.4
SH 94.5 96.9
SI 87.6 97.6
*SD! 94.2 97.5

* : Different aeration sequence.

3t #®

FEERERYEERE DU EERKE TREENNEENEE HERBE RHEEEE R
REIEREE LR BREAYHEZE - Forster VI8, FTEURMEEE 4 BRBIENTEE
& Kawai™ BEE 2 EF, 7 Hirayama™ B8 H 40~ 60 RIS RER{CEE o« ERMRE DK
tNH; ~-NFIEHEE IS8 8~10 KR 5~12FKY REMFEFEZEN 15 K9, 14
K% . AABFERYMEDECEEAENABETEREN L AETRECEHREE
BIRBILEE 1, E R AU ETIRLIE R - ERERACEBRLENNEN ETERENFRXEESE
& T Heidinger ™ S8 A MR RHF RN, FRICHEEREERNE U EHELE
EMEERKTE BAEEEEXRRN—REE T HEENEE B, BR R R EEEREFERAREIL
BYLUEE FEETRERE RN LR TR ERVNBLLERLTTZE -

Forster' “7E R & th @ BREE ) FR LB REAK H B 2T T8 AR BR RN SR EEN
BB ANEEES 330cm? W RERHE S BHENBE KN AR LM ERLEFEET
B H48/ N THREEEK ERHPEENIVET EBRLIREEEERERS ENESER
A - ER AR EZCNER R THET2/ES -

EARBRBEDA S CRMEN EMGRERE B EER LA EHEREERNEEE
RERE M, B TE 24 ~ 48 /N BB LB R B EE, RTINS EE/NIEH - Wheaton™ 15 1, 44
BN, KEEEL ( Headloss ) TRREZ M0, Wt B BREMAIKBRE, A+ HEEBHEEP
BA EBAENREZ M SR REYRRERENREIEF, LT 2EEAR - AFABEE
EERNEERATFEHERRTERE - £ ERERYERER, B LHERRIEE L8
DNk IR BRI RAKETIREE, URBEARNIATE - Haug and McCarty
UM IR ( Upflow ) BIRETRRIEE M Palle VM EHEERBR &, FHEERKTH
SEREE

HPBREERZRELERN—RB EFEREEHERENE - BR L E€1t 1kg®
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£ (NH; —N) BEE 343kg MEEA 1kg WEBR XFEE 1.14ke LEHEIE ( Availa-
bility ) iﬂmi%ﬁﬁ%?ﬁ?ﬂﬁ?ﬁﬂ[ﬁ‘?Z—‘ - EERE BMTEENESEN ELEHZSE,F
FMEMUBE e FR R BB EE AR ER R R E BRI ZRS -

EEERESE RLERETRS pH TERS BE pH XTI FIRBILERZET B

B LRERBEEM DRSS N pH, Hirayvama W BB RAHESSMHTESE S

& o Rosseland®VBIBERES £ B E 5% ( Shellsand ) 18#, T pH BEEX 4.8~53 5% 6
4~T4 0
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ABSTRACT

Water resources used for aquaculture have been depleted due to over — pumping of
ground water and severe water pollution in Taiwan. It is believed that water reuse after
treatment will be one of the effective ways of solving out this problem. The present
studies deal with the filtering efficiency of coral sand to clear cultured wastewater for
the purposes of recycling and of preventing ground water from over exploitment.
Therefore, nitrifyiny capabilities of coral sand in different surface areas, depths and
quantities are designed and compared. In addition, effects of order of aeration, division
of sand layer on nitrification are also tested, and change in water pH during filtering is
measured. ,

It is found from results that there are four categories of nitrification related to
different arrangements of coral sand filter. First, nitrifying process is not capable to
eliminate the increase of accumulated ammonia in water. Second, ammonia can be
reduced to low level only at certain period of time following build—up and adaptation of
bacteria. Third, nitrification works so perfectly that ammonia and nitrite are nearly
absent in water. Fourth, nitrifying abilities are quite good at the beginning, but it gets
worse later on due to clogging.

Nitrification can be. improved by an increase in depth and quantity of sand,
provided with same surface area of filter materials. It is also time for small surface area
with thicker depth than big area witn thinner depth. Dividing the sand filter into two
layers even inserts better nitrifying result. However, change the order of aeration and
division of filter sand of 10cm depth into thinner layer have caused no significant
improvement. -

It has been proved that pH of treated water are decreased during nitrification, but
utilization of coral sand can inevitably increase it. Clogging of filter material is bound
to take place and affect the nitrification. Therefore, back wash equipment must be
installed in practice.
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