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##4872424123  : MAJOR MARINE SCIENCE

KEY WORD: BABYLONIA / RECIRCULATING / WATER QUALITY
YUWADEE ANTHASOOT : BABYLONIA SNAIL (BABYLONIA AREOLATA)
LARVICULTURE USING CLOSED RECIRCULATING SYSTEM WITH SEMI-CONTINUOUS
ALGAL PRODUCTION. THESIS ADVISOR : SOMKIAT PIYATIRATITIVORAKUL Ph.D.,
THESIS CO-ADVISOR : SORAWIT POWTONGSOOK, Ph.D., 133 pp.

This study involved a development of recirculating aquacullure system (RAS) for Babylonia snail veliger larvae.
For preliminary studies, the basic data for designing RAS including microalgal consumption rate and ammonia
excretion rate of the veliger larvae were investigated. It was found that Babylonia veliger (330 individual/L) fed with
Chaetoceros and Isochrysis had the maximum consumption rate of 2.463x10 and 0.37-3.8)&]O?c:ellsfveliger!day,
respectively. The ammonia excretion rate was 0.00014-0.00044 mg-N/veliger/day. Nitrogen treatment by both
fibrous material (Bipolyma) an;_l--ﬂvuidi’zed plastic biofilter (BCN-009) was found effective, in which the biofilters
could maintain ammonia and nitrite in the larviculture tank within acceptable concentrations and survival rate of the
larvae was similar to control tanks with water exchange. Consequently, culture of Babylonia larvae in RAS that
consisted of semi-continuous algal preduction, fluidized biofilter and water after treatment was reused for the
preparation of algal medium was successfully achieved. Survival rate of Babylonia larvae in RAS was similar to that
cultured in control tanks with 50% daily water exchange in both light and dark conditions. Unfortunately, survival
rate of Babylonia veliger in the upscale L0OL RAS was substantially low (0.39-1.14%) due to the contamination of
copepod and protozoa. The use of mix algal species e.g. Isochrysis and Amplora for Babylonia larviculture illustrated
higher survival rate than using a single species of [sochrysis. Moreover, applying illumination to the larviculture tank
could stimulate growth of the algae and also increase ammonia uptake which lower ammonia concentration in the
water. The larviculture tank with continuous illumination hence easy to be operated with low water exchange but
had high survival rate: The results, from this study illustrated the feasibility-of using RAS instead of conventional
water exchange system for Babylonia larviculture. 'This would reduce ‘the ‘cost of water and algal preparation

throughout the laryiculture processes.

Field of study............Marine science.............. Advisor’s signature. ..... a”f .......... i ;
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Tagrhamsganauuaafinnmenay 220 w1lumwas aUalesmsganaunasinuen
' o~ a a o
AU 275 11 TULAT 03 oua15aza1eNInTsIu luasdnianududu 1, 3, 5, 1ag 10 daansy
1 a ) A q 9 o
Tuasa-TuTasnudeans adenswasgivesaisazate luasa o lylumssiuom

Y 9 o A
ﬂ’JHJL"]JEJGU‘LHJ’ENLIHL@]iG] AININN V.3
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’g y2: 0.1347x A
S 121 R*=0.9565
N~
N
< 0.9 -
o
[¢B)
2 0.6
®©
o]
|-
2 03
<
[
0 I I I T 1
0 2 4 6 8 10

nitrate concentration (mg NO3-N/L)
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MARNUIN A

ﬂ1§1’i15ﬂ§1ﬂ15ﬂﬂﬁ\‘]‘IlBﬂﬁ1§ﬂ§$ﬂ®ﬂ®ﬁuﬂgiﬂ‘lﬂﬂimu

2.5
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2 _
5 4 R’ = 0.955
4
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< .
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YDINTOYLIAGNYBUHIUAIYTZUVNIAT NI IOLUUNIADILDI 1Az TZUY

%

1117AR8610399FINWULLAADUN (fluidized bed biofilter)
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9y [ a [
GU'[;J?J”'@Waﬂ’]iﬁﬂﬂ’]ﬁ]@]i’lﬂ’ﬁﬂuﬁ’lﬁi’lﬂ Chaetoceros VONYNHINITU
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8R3IMINUANIY Chaetoceros VDIGNYRHHNUDIEY 1 TH

Falaail $1UMwad Chaetoceros ﬁv'wuﬂ”luﬁqumamﬂ%mm 2.
1 Veliger SD 10 Veligers SD 20 Veligers SD
0 1.154E+06 2.039E+05 1.413E+06 2.698E+05 1.207E+06 2.518E+05
0.5 2.144E+06 9.913E+05 1.653E+06 4.191E+05 1.834E+06 3.875E+05
3 1.525E+06 3.038E+05 1.478E+06 3.124E+05 1.719E+06 2.559E+05
15 8.400E+05 2.230E+05 9.031E+05 1.561E+05 9.188E+05 2.563E+05
9M31MINUEN1Y Chaetoceros YBINHOBHINUDIY 3 T
Falaai $1M%AA Chaetoceros ﬁv'wuﬂ”luﬁqumamﬂ%mm 3.
1 Veliger SD 10 Veligers SD 20 Veligers SD
0 3.725E+06  0.000E+00 3.725E+06 0.000E+00 3.725E+06 0.000E+00
0.5 3.214E+06 5.260E+05 2.333E+06 6.024E+05 2.459E+06 3.905E+05
1 2.794E+06 8.577E+05 2.448E+06 4.205E+05 2.415E+06 1.849E+05
3 2.674E+06  4.742E+05 2.213E+06 3.460E+05 2.012E+06 3.203E+05
6 2.262E+06 3.271E+05 2.131E+06 2.823E+05 1.711E+06 4.516E+05
0M3IMINUE318 Chactoceros YDINHOLHNUDIY 8 T
Falusdi $1IMBAA Chaetoceros ﬁ"’mudluﬂquwﬂamﬂ%mm 3.
1 Veliger SD 10 Veligers SD 20 Veligers SD
0 4.473E+06 = 0.000E+00 4.473E+06 0.000E+00 4.473E+06 0.000E+00
0.5 3.900E+06.  5.969E+05 3.190E+06 4.603E+05 2.734E+06 4.406E+05
1 3.444E+06  2.957E+05 2.925E+06 7.145E+05 2.407E+06 2.596E+05
3 3.395E+06 3.859E+05 2.448E+06 4.439E+05 1.569E+06 5.752E+05
6 2.159E+06 8.911E+05 1.864E+06 4.068E+05 9.773E+05 3.053E+05
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9M3INSAUENNS1Y Chaetoceros VBIGNHILHNUDIY 13 T

PRETRD S1IMIBAA Chaetoceros Navinaluvigunaneal3anas 3 ua.
1 Veliger SD 10 Veligers SD 20 Veligers SD
0 6.785E+06  0.000E+00 6.785E+06 0.000E+00 6.785E+06 0.000E+00

0.5 5.465E+06  4.039E+05 4.945E+06 8.224E+05 3.840E+06 6.024E+05

1 4.114E+06 8.193E+05 2.387E+06 1.196E+06 1.958E+06 4.172E+05
3 4.975E+06 8.572E+05 4.244E+06 5.149E+05 3.302E+06 6.382E+05
6 5.456E+06 1.013E+06 3.462E+06 1.494E+06 1.941E+06 4.198E+05

Y 9y [ a 1
ﬂ151\1ﬁ 4.2 GU'[;J?J"'@Waﬂ’]ﬁﬁﬂﬂ’]'ﬁ]@i1ﬂ15ﬂuﬁ’l?ﬁ"lﬂ Isochrysis VOGN

BRIIMINUENHIY Isochrysis VOIGNHREHNUDIY 1 TH

et SMIUBAA Isochrysis Nanaalungamanea/3anas 3 ua.
1 Veliger SD 10 Veligers SD 20 Veligers SD
0 4.7TE+06 4.48E+05 4.95E+06 8.38E+05 5.05E+06 1.27E+06
0.5 4.27E+06 1.52E+06 4.74E+06 8.85E+05 4.11E+06 5.87E+05
1 4.46E+06 1.23E+06 4.69E+06 9.67E+05 3.98E+06 3.96E+05
3 3.88E+06 1.51E+06 4.80E+06 8.73E+05 4.28E+06 7.98E+05

BN IMINUEYY Isochrysis VOIGNHREHNUDIY 5 TH

aluai Swvad Isochrysis mualuvgunaaes
1 Veliger SD 10 Veligers SD 20 Veligers SD
0 2.61E+06  2.81E+05 2.61E+06  2.81E+05 1.22E+06 2.56E+05
0.5 236E+06  3.80E+05 2.10E+06 ~  4.86E+05 1.01E+06 2.91E+05
1 1.76E+06  7.00E+05 1.99E+06  4.66E+05 1.04E+06 1.20E+05
3 223E+06 . 1.65E+05 2.04E+06 3.76E+05 7.86E+05 1.22E+05

6 2.29E+06 2.10E+05 1.88E+06 4.12E+05 5.40E+05 7.85E+04
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oM IMINUENSY Isochrysis VOIGNHDHHIUDIE 10 Ti

Fluaf sad Isochrysis ﬁv’mm‘luﬁqumam
1 Veliger SD 10 Veligers SD 20 Veligers SD
0 2.88E+06 1.67E+05 2.88E+06 1.67E+05 2.88E+06 1.67E+05
0.5 2.08E+06 1.02E+06 2.68E+06 7.05E+05 2.74E+06 6.99E+05
1 2.32E+06 1.03E+06 2.80E+06 6.37E+05 3.09E+06 2.06E+05
3 2.36E+06 2.04E+05 2.56E+06 1.83E+05 2.24E+06 1.56E+05
6 2.59E+06 1.44E+06 2.31E+06 2.83E+05 1.85E+06 2.94E+05
ONTIMINUATINY Isochrysis YOIGNHOBNIIUDIY 15 T
s Sad Isochrysis Manualuvgumaaes
1 Veliger SD 10 Veligers SD 20 Veligers SD
0 2.76E+06 9.90E-+04 2.76E+06 9.90E+04 2.76E+06 9.90E+04
0.5 2.68E+06 2.65E-+05 2.34E+06 5.14E+05 2.27E+06 1.96E+05
1 2.28E+06 1.81E+05 2.01E+06 3.46E+05 2.21E+06 2.76E+05
3 2.18E+06 5.97E+05 1.84E+06 6.62E+05 1.32E+06 7.18E+05
6 2.53E+06 2.58E+05 1.95E+06 5.34E+05 1.52E+06 5.73E+05
mai 43 JoyanansfAny10as M TuMIeLoN TuiTlsuesgnrosr
Falasi AN THLNTHE (mg-N/L) 421 1.5 ml ﬁﬁgfmaﬂ 10 ¢
gnvieEly  gnvewely  gnviewely  gnvioueIg gnviosaIYy gntieee1Y
131 37 59U 7 113 133
0 0.037 0.016 0.224 0.081 0.033
0.25 0.064 0.003 0.228 0.149 0.112
0.5 0.074 0.112 0.004 0.338 0.186 0.169
1 0.081 0.113 0.212 0.255 0.253
2 0.112 0.148 0.061 0.311 0.379 0.362
3 0.182 0.224 0.113 0.371 0.491 0.380
6 0.328 0.528 0.839 0.750




v Y
9 9 o af
ﬂ1§1\1ﬁ 1.4 mﬂuyﬁﬂaﬂ'ﬁﬂ@aﬂﬂﬁ]uﬂ'lﬁ@jﬂﬁ@EJ’Vi'J'IL!@3653UUWHHL§6HHWWZLQL!UU1]ﬂ

ﬂ’J"IiJW‘L!"ILLinGUi’NQﬂﬁGEJi%S veliger Gluﬁmuma

ANNHIIHUvsgnHealui (f/ans)

AIUN with biofilter Water exchange
Naa9y

0 500.00+0.00 500.00+0.00
1 380.00+43.59 384.44+48.79
2 320.00460.00 286.67+53.33
3 268.89+34.80 233.33435.28
4 271.11+£86.67 184.44+37.45
5 188.89+36.21 148.89+39.00
6 168.89+53.95 135.56+36.24
7 162.22446.31 131.11+25.14
8 126.67+£34.64 122.22+27.40
9 91.11+33.33 84.44+18.32
10 93.33+17.32 77.78+25.72
11 41.11£26.67 32.22423.93
12 22.224+15.63 24.44+20.61
13 20.00+14.14 31.11£13.70
14 8.89+10.54 4.44+8.31
15 2.22+4.41 4.4446.85

YT Isochrysis TUDIDYNAGNTDY

‘B'J'JINQ:{% u‘lr!‘ﬁ c‘{immwaﬁmm'm x10E4 cells/ml
Nnaang NAaol Treatment Control
0 0.00
1 0.04 16.94
4 0.17
8 0.33
8.5 0.35 27.78
24 1.00
25 1.04 20.28

107
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YTUAMI18 Isochrysis TUDIBYLIAQNHDY (410)

Faluai it NMFAANHIY x10E4 cells/ml
1 [2GGH] G GN) Treatment Control

28 1.17
32 1.33

32.5 1.35 18.67 19.17
48 2.00 1.94 10.56
49 2.04 13.06 21.11
52 2.17
56 2.33 4.17 11.39
56.5 2.35 12.22 22.22
72 3.00 4.17 13.61
73 3.04 16.11 22.78
76 3.17
80 3.33

80.5 3.35
96 4.00 3.75 4.72
97 4.04 25.56 25.28
100 4.17

104 4.33

104.5 4.35

120 5.00 7.22 6.39
121 5.04 25.00 22.50
124 5.17

128 5.33

128.5 5.35

144 6.00 9.03 6.67
145 6.04 25.28 21.39
148 6.17 12.22 21.39
152 6.33 11.11 11.67

152.5 6.35 28.44 23.61
168 7.00 6.67 14.26
169 7.04 26.39 26.11

172 7.17 13.61 11.94
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YTUAMI18 Isochrysis TUDIBYLIAQNHDY (410)

Faluai it NMFAANHIY x10E4 cells/ml
1 [2GGH] G GN) Treatment Control
176 7.33 8.61 10.28

176.5 7.35
192 8.00 6.81 14.44
193 8.04 35.56 21.67
196 8.17 15.83 16.11
200 8.33 8.06 8.33

200.5 8.35

216 9.00 6.67 5.56
217 9.04 26.94 27.78
220 9.17

224 9.33

224.5 9.35

240 10.00 6.67 8.61
241 10.04 8.89 10.83
244 10.17
248 10.33

248.5 10.35
264 11.00 5.83 5.28
265 11.04 12.22 14.44
268 11.17
272 11.33

272.5 11.35
288 12.00 4.17 3.06
289 12.04 13.89 18.06
292 12.17
296 12.33

296.5 12.35
312 13.00 5.42 10.56
313 13.04 19.44 23.06
316 13.17

320 13.33
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YTUAMI18 Isochrysis TUDIBYLIAQNHDY (410)

Faluai it NMFAANHIY x10E4 cells/ml
1 [2GGH] G GN) Treatment Control
320.5 13.35
336 14.00 5.14 10.83
337 14.04 10.56 12.50
340 14.17
344 14.33
344.5 14.35
360 15.00

Usuaen Tuile Tu'lasa lumsaludeeyuiagniesa biofilter

WSanawenTudly Pmnalulasa Winalunse
(mg-N/L) (mg-N/L) (mg-N/L)
%ﬁ-&ﬁﬂﬂﬂﬂﬁ average average average

0 0.36=0.10 0.08:0.02 0.360.06
1 0.61+0.10 0.00-0.00 0.41£0.06
2 0.72+0.30 0.00+0.00 0.38+0.06
3 1.47+1.36 0.00£0.00 0.48+0.11
4 0.97+0.30 0.00+0.00 0.60+£0.22
5 0.90+0.65 0.02+0.04 0.57+0.10
6 0.85:0.81 0.00:£0.00 0.49:£0.06
7 0.78+0.67 0.08+0.14 1.2621.33
8 0.55+0.62 0.0120.01 0.62+0.09
9 0.39+0.56 0.02+0.03 3.89+0.36
10 0.35+0.47 0.01£0.01 8.346.65
11 0.21%0.30 0.010.01 5.5540.63
12 0.10+0.12 0.01£0.01 6.58+0.46
13 0.03+0.05 0.01%0.00 4.15+£2.54
14 0.00:£0.00 0.0120.01 3.132.35
15 0.33+0.30 0.05+0.05 6.56+0.51

16 0.07+0.10 0.05+0.07 7.15+0.44




YsinawenTuie Tu'lasd Tuwsaludieyuiagnvoods water exchange

USainamenluily Pnallulasa Bnalwasa
(mg-N/L) (mg-N/L) (mg-N/L)
ﬁ'uﬁmam average average average

0 0.31+0.03 0.11+0.03 4.11+0.54
1 0.67+0.05 0.17+0.01 4.54+0.41
1 0.63£0.08 0.09+0.00 5.16+1.35
2 0.52+0.11 0.18+0.02 3.32+0.46
3 0.39+0.06 0.23+0.05 3.21+0.78
3 0.60+0.01 0.14+0.04 3.96+0.49
4 0.59+0.09 0.26+0.07 2.9440.58
4 0.54+0.03 0.14+0.05 3.70+0.55
5 0.42+0.05 0.37+0.05 3.45+1.10
5 0.49+0.02 0.26+0.06 3.73+0.29
6 0.16+0.06 0.55+0.13 3.51+0.84
6 0.65+0.04 0.58+0.26 3.05+0.51
7 0.34+0.01 0.65+0.02 4.70+0.24
7 0.49+0.06 0.50+0.12 5.19+1.36
8 0.13+0.04 0.70+0.02 5.65+0.90
8 0.22+0.08 0.49+0.03 4.774+0.55
9 0.42+0.10 0.64+0.02 2.65+0.12
9 0.15+0.02 0.52+0.04 2.10+0.30
10 0.44+0.02 0.67+0.05 6.17+2.95
10 0.13+0.09 0.55+0.05 3.71+0.66
11 0.12+0.02 0.75+0.02 3.46+0.35
11 0:00+0.00 0.59+0.03 3.14+0.24
12 0.14+0.02 0.70+0.03 3.18+0.66
12 0.14+0.02 0.51+0.06 5.06+2.32
13 0.05+0.02 0.61+0.07 2.08+0.48
13 0.07+0.03 0.37+0.05 4.69+2.32
14 0.05+0.03 0.44+0.05 1.89+0.06
14 0.19+0.03 0.27+0.04 4.354+2.50
15 0.04+0.02 0.46+0.05 2.20+0.22

15 0.08+0.05 0.22+0.02 3.98+£2.87




4 { Y a 1 2 1 4
Gﬂi%ﬂﬁ 4.5 ﬂ15mg‘magﬂwaammﬁﬂizﬂa‘ummzunwa@mmwuuuﬁmmﬁm e

5211117 AR8H NI DT IMWULVIATOUN (fluidized bed)

ﬂ’J'IiJWuHL‘LjHﬂIEN@,ﬂWE]EﬁgEJg veliger Glué’qmgma

Tuiinaaos mmﬁmuﬁummgnmﬂﬂlu% @/ans)
biofilter water exchange
0 489.11+46.24 476.67+73.71
1 533.89+20.84 474.44+23.65
2 434.00+60.60 374.44+36.72
3 303.78+62.49 245.56+80.37
4 235.67+88.96 184.444+93 .83
5 146.67+66.92 103.78+47.89
6 125.0050.90 91.33447.03
7 127.00+76.59 66.67+39.60
8 98.56£66.94 62.44+45.49
9 77.00+48.69 43.56+33.20
10 62.22+40.58 32.22+15.57
11 49.22+31.68 22.67£12.88
12 36.33424.25 15.11+8.57
13 19.00+£19.32 2.67+1.33
14 16.44+13.99 10.89+9.46
15 0.44+0.77 0.00+0.00

anunevesgnueslunoyuia

Y
ANNIY (mm.)

'“J'u‘?iﬂﬂam biofilter water exchange
0 0.31+0.04 0.32+0.01
1 0.31+0.01 0.34+0.00
2 0.37£0.01 0.35+0.07
3 0.39+0.03 0.39+0.00
4 0.46+0.02 0.41+0.00
5 0.44+0.01 0.50+0.00
6 0.48+0.07 0.49+0.01
7 0.54+0.06 0.63+0.13
8 0.59+0.06 0.57+0.06
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ANunIevesgnueslutioyLIa (A)

Y
ANNIN (mm.)

ﬁ’u‘ﬁﬂﬂam biofilter water exchange
9 0.58+0.02 0.66+0.01
10 0.62+0.07 0.67+0.03
11 0.65+0.02 0.69+0.00

ﬂ??ﬂﬂW?ﬂlﬂQQﬂﬂ@ﬂiUﬁﬂﬂHU?ﬁ

714813 (mm.)

€

Juiinaaes biofilter water exchange
0 0.55+0.01 0.53+0.01
1 0.60+0.02 0.62+0.02
2 0.65+0.03 0.67+0.02
3 0.71+0.03 0.74+0.03
4 0.81+0.03 0.71+0.06
5 0.74+0.02 0.75+0.01
6 0.83+0.11 0.78+0.05
7 0.77£0.02 0.81+0.11
8 0.86+0.01 0.88+0.04
9 0.92+0.08 1.02+0.04
10 0.99+0.12 1.1940.09
11 1.00+0.08 1.19+0.03

YTIUAMI18 Isochrysis TUDIBYLAGNYIDY

SUFada NI ( x10E4 cells/ml)

¢

=).

AUNNAADY Isochrysis Isochrysis+Amphora

0 0.00+0.00 0.00+£0.00

0 36.97+£9.23 30.86+3.22
1 14.36+5.05 15.89+3.70
1 51.03+20.34 49.81+14.21
2 39.72430.90 10.69+5.21
2 77.92+52.25 73.03+6.76
3 56.22433.92 49.19+7.69

3 74.86+10.06 45.22+16.81
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YTUAMI18 Isochrysis TUDIBYLIAQNHDY (410)

SMBadaHIE ( x10E4 cells/ml)

Tuh
NAavg Isochrysis Isochrysis+Amphora
4 53.17+15.26 37.58+15.42
4 49.81£18.20 46.7549.30
5 65.69+29.99 47.36+17.92
6 51.94+29.91 75.17+47.71
6 97.47+13.36 51.39+30.11
7 111.53+84.72 58.97426.21
7 66.00+£27.15 66.31+6.76
8 123.14+103.65 80.36+52.15
9 112.75+£75.93 64.47+44.01
10 24.14420.44 25.97+£20.13
11 82.50+£55.51 77.62+57.20
12 101.14+72.91 83.11+56.22
13 52.86+35.29 23.22+14.27
14 34.53+£25.2763 34.83+34.82

YsinawenTuie Tulasduay Tumsa ludseuinaanviesds Biofilter

Wanawenlie Pnadlulasd PSanalunsa
Sufinaaas (mg-N/L) (mg-N/L) (mg-N/L)
average average average
0 0.085+0.101 0.733+0.012 3.465+0.197
1 0.062+0.013 0.689+0,014 3.544+0.172
2 0.1340.077 0.697+0.020 4.851£0.918
3 0.036+0.024 0.675+0.016 5.743+0.976
4 0.062+0.040 0.679+0.008 6.123+1.799
5 0.062+0.037 0.70140.007 7.500+0.809
6 0.082+0.120 0.740+0.004 5.288+1.495
7 0.155+0.122 0.76120.013 5.265+1.441
8 0.135+0.195 0.787+0.036 4.085+2.216
9 0.190+0.294 0.843+0.077 2.667+2.294

10 0.219+0.355 0.876+0.080 3.260+2.695
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a J [ @ J
YsmnaweuTuile Tu'lasaunas lumsa ludsoyuiagnnes Biofilter (s10)

Wunawenluiie Pnallulasa PSanalunsa
Suiinaasa (mg-N/L) (mg-N/L) (mg-N/L)
average average average
11 0.194+0.324 0.856+0.102 4.545+1.450
12 0.250+0.405 0.905+0.025 4.74242.917
13 0.316+0.496 0.963+0.212 4.02343.468
14 0.484+0.244 0.921%0.225 5.102+3.802
15 0.448+0.495 0.778+0.198 3.754+1.939

a J o @
YsmnaweuTuile Tulasanaz Tumsa lunse11agnnoons water exchange

YSanamelaiie Pnallulasa PSanalunsa
Sufinaaoa (mg-N/L) (mg-N/L) (mg-N/L)
average average average

0 0.01+0.00 0.00£0.00 0.08+0.10

1 0.12+0.03 0.05+0.05

1 0.02+0.02 0.02+0.01 0.06:0.01

2 0.13+0.05 0.03+0.01

2 0.09+0.04 0.0340.01 0.13+0.08

3 0.13+0.07 0.05+0.01

4 0.16+0.14 0.0520.00

4 0.05+0.06 0.0320.01 0.0620.04

5 0.06:0.04 0.04+0.01 0.06+:0.04

6 0.11+0.02 0.05+0.01

6 0.03+0.01 0.0320.01 0.08+0.12

7 0.0240.03 0.040.01

7 0.0120.01 0.0320.01 0.15+0.12

8 0.03+£0.01 0.03+0.02 0.14+0.19

9 0.02+0.02 0.02+0.02 0.19+0.29

10 0.13+£0.19 0.02+0.02 0.22+0.35

11 0.09+0.14 0.0240.02 0.19+0.32

12 0.18+0.29 0.02+0.03 0.25+0.40

13 0.12+0.19 0.02+0.03 0.32+0.50

14 0.19+0.23 0.03+0.05 0.48+0.24

15 0.18+0.28 0.02+0.03 0.45+0.49




9
Ysnmeaaialunieyagnyios

Enadamanalusi (ppm)

Juiinaaes biofilter water exchange
0 110.00+0.00 110.00+0.00
1 110.00+0.00 110.00+0.00
2 103.33£5.77 96.67+5.77
3 113.33+£5.77 96.67+28.87
4 123.33+5.77 110.00+10.00
5 113.3345.77 103.33+5.77
6 103.334+5.77 103.33+5.77
7 110.00+0.00 96.67+5.77
8 120.00-£0.00 93.33+11.55
9 110.00+0.00 106.67+5.77
10 103.3345.77 100.00+0.00
11 120.00+10.00 120.00+0.00
12 133.33£5.77 120.00+0.00
13 143.33£5.77 130.00+0.00
14 136.67+5.77 120.00+0.00
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a = = = oy = Y A~
M1319% 3.6 ﬂ1§L°1JiEJ‘]JL‘VIEJ‘]Jfﬂi’E]"L{U1ﬁgﬂ1’i®EJW’J'IHIL!?%“U‘UWHUL’)EJHUHL“U‘U‘]J@ NUIZUUNY
= v g’ A Yo =2
msuagune m”lmmmmawuum

mmwmuﬁummgﬂwaaizﬂz veliger Gluﬁilﬂiéﬂ1ﬁ

ANNHIIHUVsgnHeal i (A/8ns)

v A
IUNNAABdN

Biofilter Light Dark
0 795.56+51.99 805.56+65.98 796.67+49.50
1 725.56+33.95 784.44+53.18 646.67+39.69
2 687.78+49.94 768.89+73.73 643.334+66.33
3 701.11+81.62 741.11+£79.28 670.00+95.79
4 674.44458.55 548.89+195.54 644.44+63.07
5 618.89+60.51 572.22+105.92 530.00+52.68
6 594.44+45.86 514.44+149.34 523.33459.37
7 524.44+52.70 540.00+84.71 487.78+48.42
8 420.00+29.58 408.89+49.36 443.33439.37
9 448.89+62.74 418.89+135.04 411.11+61.94
10 442.22+58.69 320.00+63.64 414.44+65.98
11 327.78+50.94 211.11459.25 296.67+44.16
12 282.22+40.55 158.89+64.12 297.78+32.32
13 177.78+51.91 143.33+46.10 216.67+35.00
14 115.56+68.03 94.44+29.20 188.89+50.85
15 81.11+51.83 50.00+31.22 148.89+51.59
16 35.33+13.23 70:22+71.21 185.56+35.04

anundvesgnuesludseyina

€

=h.

Vv
ANNNINE (mm.)

AIUNNAABY Biofilter Light Dark
0 0.27+0.04 0.24+0.02 0.23+0.02
1 0.25+0.03 0.25+0.03 0.27+0.03
2 0.24+0.04 0.25+0.03 0.26+0.04
3 0.26+0.03 0.24+0.03 0.28+0.06
4 0.25+0.03 0.27+0.04 0.26+0.05
5 0.28+0.04 0.30+0.06 0.29+0.05
6 0.30+0.06 0.28+0.04 0.31+0.06




ANunIevesgnueslutioyLIa (A)

118

Juiinaae

Vv
ANNIE (mm.)

Biofilter Light Dark
7 0.33+0.04 0.34+0.06 0.31+0.04
8 0.36+0.05 0.32+0.04 0.33+0.05
9 0.34+0.06 0.39+0.03 0.39+0.11
10 0.41+0.05 0.38+0.03 0.34+0.06
11 0.38+0.04 0.36+0.06 0.33+0.05
12 0.34+0.05 0.38+0.06 0.38+0.06
13 0.39+0.06 0.43+0.04 0.38+0.03
14 0.38+0.03 0.40+0.05 0.40+0.05
15 0.39+0.02 0.46:0.06 0.45+0.06
16 0.40+0.04 0.42+0.05 0.41+0.05
ANVIVRIgNHRY luGIoIIa
ANNY1I (mm.)
Suiinaans Biofilter Light Dark
0 0.55+0.03 0.54+0.04 0.54+0.04
1 0.5240.05 0.51+0.06 0.51+0.03
2 0.50+0.03 0.51+0.04 0.53+0.08
3 0.51+0.06 0.53+0.02 0.54+0.04
4 0.53+0.04 0.51+0.07 0.50+0.08
5 0.54+0.04 0.54+0.04 0.54+0.04
6 0.58+0.09 0.58+0.09 0.58+0.07
7 0.6240.08 0.57+0.09 0.62+0.08
8 0.64+0.06 0.67+0.08 0.61+0.06
9 0.59+0.07 0.59+0.05 0.60+0.05
10 0.67+0.11 0.71+0.05 0.66+0.08
11 0.76+0.07 0.69+0.03 0.67+0.09
12 0.74+0.09 0.7120.10 0.68+0.06
13 0.68+0.08 0.70+0.05 0.71+0.04
14 0.74+0.09 0.74+0.06 0.73+0.05
15 0.73+0.03 0.79+0.05 0.77+0.08
16 0.76+0.03 0.82+0.09 0.82+0.08




YTUAMI8 Isochrysis TUDIBYLIAQNHDY
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Juiinaae

SIUFAdNHI Y ( x10E4 cells/ml)

Biofilter Light Dark
0 0.00+0.00 0.00+0.00 0.00+0.00
0 28.11+6.44 34.2244.33 37.89+11.96
1 5.19+3.22 4.58£3.67 7.64+5.05
1 27.19+10.86 35.44+8.66 25.06+5.05
2 5.81+4.13 6.42+1.59 7.88+4.52
2 29.9446.63 25.06+5.21 36.67+3.31
3 12.53£2.31 7.64+2.31 10.6942.95
3 42.17£16.73 38.50+7.83 45.53£15.67
4 10.69+4.23 6.11+5.89 4.5843.31
4 35.60+13.33 60.50+18.54 15.2844.33
5 6.42+3.31 21.3947.90 5.50+2.75
5 28.72+5.37 44.00£10.57
6 4.58+4.85 1.83+0.92 6.72+5.53
6 23.22+17.92 22.00+6.01 11.61+1.06
7 4.58+4.76 8.25+4.85 6.11£1.40
7 26.2845.53 22.00+4.20 13.44+1.40
8 13.14+5.60 4.5842.43 3.36+1.06
8 34.53+£23.30 30.56+11.09 40.3349.57
9 14.67£14.55 7.33£5.10 6.72+£2.95
9 39.42+11.99 14.97+7.90 20.474+4.13
10 18.03+£14.27 9.47+1.40 3.97+2.31
10 29.33+£17.46 18.64+3.82 18.03+1.40
11 7.33+0.92 10.85+9.40 2.44+1.06
11 25.67+6.42 25.67+2.43 30.25+2.75
12 10.69+13.79 10.69+3.82 3.67+£1.59
12 36.67+21.67 27.50+4.20 37.58+7.50
13 20.47422.40 7.94+5.53 3.36+1.91
13 25.06+16.10 28.42+11.99 18.33+£7.50
14 22.31426.06 4.58+1.83 3.06+1.06
14 28.42+10.41 25.67+7.16 24.1446.88
15 12.22+12.21 3.06+2.12 2.44+1.40




YTUAMI18 Isochrysis TUDIBYLIAQNHDY (410)

120

Juiinaae

SIUFBAda NI Y (x10E4 cells/ml)

Biofilter Light Dark
15 23.53+13.29 27.19+9.80 20.1742.75
16 11.92£10.57 5.1942.31 2.14+1.40
16 33.005.10 27.50£12.02 26.89+1.40
Usunamen Tuile Tu'lasduas luasa Tudtouinagnresis Biofilter
Ysmnamoalaniiy Fanalulasd Psmnaluasa
;’quﬁmam (mg-N/L) (mg-N/L) (mg-N/L)
average average average
0 0.2940.01 0.0940.01 4.34+0.02
I 0.2540.01 0.0840.01 6.05+1.55
2 0.42£0.13 0.090.00 42743.12
3 0.54£0.12 0.09+0.02 3.9140.68
4 0.74+021 0.14+0.04 5.6740.12
5 0.60=0.12 0.15+0.06 5.45+0.42
6 0.52+0.01 0.1540.08 11.2741.10
7 0.33£0.10 0.1940.11 11.5341.85
8 0.300.06 0.20£0.13 11.95£1.03
9 0.60+0.35 0.26+0.06 10.54+2.03
10 0.35+0.16 0.27+0.12 9.97+0.76
1 0.5240.23 0.4120.19 13.26+1.28
12 0.2540.21 0.32£0.15 7.4148.13
13 0.402031 0.37£0.15 13.6942.11
14 0.40+0.43 0.31=0.09 14.2942.67
15 0.69+0.73 0.2240.06 11.0243.36
YsinawenTuie Tulasduas luesa Tudseyuiagnveods Light
YSanamenliiy Bainalilase Pmnalunsa
Suiinaaea (mg-N/L) (mg-N/L) (mg-N/L)
average average average
0 0.26+0.02 0.090.03 4.26+0.19
1 0.20+0.02 0.06+0.00 4.69+0.25
2 0.20+0.05 0.06=0.00 6.95+1.06
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YsinawenTuie Tulasduay luesa ludseyunagnyesds Light (se)

Wunawenluiie Pnallulasa PSanalunsa
Suiinaasa (mg-N/L) (mg-N/L) (mg-N/L)
average average average
3 0.29+0.04 0.08+0.01 3.6240.21
4 0.48+0.09 0.10+0.01 4.14+0.14
5 0.44+0.04 0.13%0.01 3.92+0.20
6 0.42+0.11 0.13+0.01 8.73+0.19
7 0.45+0.13 0.15+ 8.71+0.14
8 0.52+0.12 0.18%0.01 8.56:0.42
9 0.66+0.23 0.27+0.13 6.31+1.34
10 0.55+0.14 0.25+0.06 5.51£1.29
11 0.58+0.19 0.58+0.19 8.08+0.34
12 0.14+0.05 0.60+0.27 1.63+0.71
13 0.86+0.99 0.5740.25 8.84+0.47
14 0.51£0.35 0.33+0.10 7.21+0.62
15 0.23+0.03 0.36+0.09 9.11+£0.69
16 0.4020.11 0.31%0.10 9.44+0.33

YsinawenTude Tulasduay Tumsa ludseyinaanvesds Dark

WBunawenlatie Pnallulasd PSanalunsa
Sufinaaas (mg-N/L) (mg-N/L) (mg-N/L)
average average average
0 0.30+0.02 0.08+0.00 4.46+0.10
1 0.3120.01 0.0720.02 4.570.12
1 0.27+0.02 0.07+0.01 4.8240.43
2 0.39+0.04 0.0820.02 4.9940.17
2 0.24+0.01 0:05+0.00 5.46+0.28
3 0.54+0.03 0.08+0.00 3.22+0.27
3 0.30+0.02 0.070.00 3.19+0.16
4 0.500.09 0.0920.01 3.30+0.14
4 0.400.05 0.0820.01 3.38+0.45
5 0.40+0.32 0.10£0.01 3.63+0.18
5 0.48+0.14 0.100.02 3.8540.17

6 0.53+0.07 0.09+0.01 8.76+1.47
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YsinawenTuie Tulasduas Tunsa ludseyunagnyesds Dark (o)

unawenlantie Pnadlulasa PSanalunsa
Sufinaaas (mg-N/L) (mg-N/L) (mg-N/L)
average average average
6 0.4140.02 0.07+0.01 8.14+0.65
7 0.55+0.15 0.12+0.01 8.67+0.73
7 0.400.10 0.0920.01 8.24+0.87
8 0.48+0.01 0.1220.01 6.59+1.28
8 0.33+0.04 0.08+0.01 3.84+0.80
9 0.63+0.06 0.2240.01 6.2120.20
9 0.50+0.01 0.18+0.02 6.43+0.24
10 0.68+0.04 0.29+0.04 6.20+0.82
10 0.41+0.07 0.17+0.04 5.0420.93
11 0.68+0.05 0.42+0.02 6.7620.06
11 0.80+0.11 0.35+0.04 7.09+0.32
12 0.2040.18 0.51+0.29 1.84+1.06
12 0.15+0.06 0.35+0.07 1.84+1.12
13 0.38+0.14 0.62+0.25 7.18+1.41
13 0.25+0.09 0.37+0.10 5.50+1.10
14 0.510.11 0.88+0.32 9.22+0.94
14 0.2120.03 0.400.15 7.40+1.80
15 0.210.03 0.61£0.17 9.92+0.98
15 0.64+0.44 0.4120.15 9.08+0.98
16 0.35+0.06 0.5120.22 9.42+0.85
16 0.30+0.14 0.38+0.18 9.05+1.25

9
Usnadmatalugieyiagnioy

WEanadamanaluiii (ppm)

€

=)

IUNNAAY avere average average
0 136.0+0.0 136.0+0.0 136.0+0.0
1 141.749.8 141.749.8 130.3+9.8
2 136.0+0.0 130.3+9.8 130.3+9.8
3 136.0+0.0 136.0+0.0 119.0+0.0
4 136.0+17.0 136.0+£17.0 119.0+0.0

5 130.349.8 124.749.8 119.0+17.0




a U Q‘Qtﬂy QU 1
Ysuadmataludieyiagnios (7o)
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€

=).

Eunadamaialusi (ppm)

AIUNNAA0Y average average average
6 130.3£9.8 124.749.8 119.0+0.0
7 136.0£17.0 119.0+0.0 113.3+£9.8
8 124.7£9.8 119.0£0.0 113.3£9.8
9 102.0+0.0 113.3£19.6 102.0+0.0
10 107.749.8 107.749.8 107.749.8
11 113.3£9.8 113.3£9.8 102.0+0.0
12 113.3£19.6 107.7+9.8 102.0£0.0
13 102.0+0.0 102.0+0.0 102.0£0.0

s1ei 4.7 ﬂTi‘V]ﬂa@Q@Hﬁ1ﬂgﬂﬁ@ﬂﬂ’31u1uﬁﬂﬂluiﬂ 100 an3

ﬂ??ﬂﬂﬂ?!tﬁuﬂ]@\i@,ﬂﬁﬂﬂﬁgﬂg veliger 11!5\1’0155‘]_11@

Tuiinaaos mmwmuﬁummgnmﬂu% A/an3)
Isochrysis Isochrysis+Amphora

0 444+88.8 440+53

1 288+35.9 325+76

2 240+59.2 240435

3 248420.5 249+134

4 122+18.0 10017

5 90+16.2 69+27

6 69+10.1 84420

7 50£8:3 47+8

8 204.0 1345

9 8+4.0 5+2

10 13423 122

11 27423 142

12 5.342.3 0+0




v A o
ﬂ’NiJﬂDNGU’ENL‘]JﬁﬂﬂQﬂﬁ@ﬂiuﬂ\iﬂuﬂ'm

Uwﬁmam 7130119 (mm.)
Isochrysis Isochrysis+Amphora
0 0.23+0.00 0.28+0.03
1 0.28+0.03 0.27+0.03
2 0.32+0.03 0.28+0.01
3 0.32+0.01 0.35+0.07
4 033+0.02 0.33+0.01
5 0.38+0.04 0.3340.06
6 0.43+0.10 0.41+0.04
7 0.42+0.06 0.42+0.04
8 0.42+0.06 0.40+0.05
9 0.38+0.04 0.42+0.04
10 0.43+0.04 0.49+0.04
11 0.48+0.02 0.48+0.04
12 0.52+0.01 0.50+0.02
13 0.51+0.01 0.52+0.01
14 0.53+£0.01 0.53+0.00

anwenvewtlaengnresludienina

Suiinaaes 7214817 (mm.)
Isochrysis Isochrysis+Amphora
0 0.38+0.04 0.40=+0.04
1 0.38+0.03 0.43+0.01
2 0.48+0.05 0.48+0.02
3 0.54+0.01 0.49+0.01
4 0.48+0.01 0.53+0.09
5 0.67+0.05 0.57+0.08
6 0.59+0.05 0.49+0.04
7 0.78+0.09 0.76+0.06
8 0.60+0.07 0.65+0.03
9 0.70+0.03 0.68+0.01
10 0.67+0.06 0.72+0.04
11 0.71+0.01 0.73£0.01
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= [ 1
ﬂ'NiJEJTJ“lIfNL‘]Jaﬂﬂgﬂﬁﬂﬂﬁluﬂ\i@H‘UTﬂ (919)

Uwﬁmam AN (mm.)
Isochrysis Isochrysis+Amphora
12 0.79+0.05 0.84+0.05
13 0.78+0.07 0.78+0.04
14 0.78+0.03 0.78+0.04

YTINUAMI18 Isochrysis TUDIDYLIAGNHOY

SUFBadaHIE (x10E4 cells/ml)

’QJJuﬁTIﬂmN Isochrysis Isochrysis+Amphora
0 0.00+0.00 0.00+0.00
0 5.13+0.58 3.48+0.76
1 0.3740.58 0.37+0.58
1 1.10£0.00 1.10+0.00
2 0.20+0.28 0.37+0.58
2 3.30+1.00 2.93+0.58
3 1.28+0.29 0.00+0.00
3 2.20+0.50 3.85+1.32
4 0.92+0.58 0.18+0.29
4 4.03+0.58 3.30+1.00
5 0.73+0.76 0.73+0.29
5 6.05+0.87 4.03+1.44
6 1.83+1.04 1.65+0.50
6 4.40+2.00 5.50+0.50
7 0.92+0.29 2.57+1.53
7 4.03+0.58 3.67+0.58
8 0.92+0.29 1.28+0.79
8 3.85+0.87 4.22+0.76
9 1.10£1.00 0.73+0.58
9 4.58+1.26 4.22+1.04
10 1.28+1.04 0.92+0.76
10 5.32+2.36 6.78+1.89
11 0.39+0.56 2.75+0.87
11 4.22+0.29 4.58+0.29

12 0.92+0.76 1.28+0.29
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YTUAMI18 Isochrysis TUDIBYLIAQNHDY (410)

° d
mmmmaamm’w x10E4 cells/ml

5’u°7’;ﬂﬂam Isochrysis Isochrysis+Amphora
12 4.40+1.00 5.87+0.29
13 0.55+0.50 1.65+0.50
13 4.95+0.50 5.68+0.76
14 0.55+0.00 0.55+0.50
14 5.32+0.00 5.3242.31

Usunamen Tuile Tu'lasd lumsaludweyniagnyosns isochrysis

WSanawenluiie Pamnallasa WHanaluasae

(mg-N/L) (mg-N/L) (mg-N/L)

5’uﬁﬂﬂam average average average
0 0.03+0.00 0.01%0.01 5.24+0.01
1 0.08+0.01 0.02+0.01 6.34+0.05
2 0.07+0.00 0.02+0.01 7.69+0.06
3 0.04+0.01 0.04+0.00 9.09+0.05
4 0.02+0.00 0.02+0.00 8.28+0.01
5 0.04+0.01 0.02+0.00 8.59+0.03
6 0.03+0.01 0.01+0.00 8.93+0.03
7 0.03+0.00 0.03+0.01 9.91+0.02
8 0.05+0.00 0.02+0.00 10.43+0.02
9 0.03+0.00 0.02+0.00 11.22+0.02
10 0.04+0.01 0.03+0.00 11.57+0.03
11 0.01+0.00 0.02+0.00 11.05+0.02
12 0.01:0.00 0.02:0.00 11.50+0.08
13 0.01+0.00 0.02+0.00 11.28+0.04
14 0.02+0.01 0.02+0.00 12.10+0.04

a J o [
UsnawenTuiles Tulasa lumsaludseyniagnnesd Isochrysis+Amphora

PSanamenlaniia Pnallulasa PRnalhuasa
(mg-N/L) (mg-N/L) (mg-N/L)
%uﬁﬂﬂam average average average
0 0.03+0.00 0.01+0.01 5.27+0.01

—_

0.07+0.01 0.00+0.00 5.90+0.01
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a 4 @ @ 1
YsmnaweuTudle Tu'lasa Tuesaludseyuragnesd Isochrysis+Amphora (910)

USanamenlily Pnallulasa WRnalluasa
(mg-N/L) (mg-N/L) (mg-N/L)
ﬁuﬁmam average average average

2 0.09+0.01 0.01+0.00 6.86+0.01
3 0.07+0.02 0.02+0.00 7.68+0.02
4 0.02+0.01 0.02+0.00 7.67+0.04
5 0.02+0.01 0.01+0.00 8.46+0.01
6 0.01+0.00 0.01+0.00 8.8440.02
7 0.01+0.00 0.02+0.00 10.04+0.01
8 0.01+0.00 0.02+0.00 10.23+0.02
9 0.02+0.00 0.02+0.00 9.58+0.01
10 0.01+0.00 0.02+0.00 11.24+0.06
11 0.01+0.00 0.02+0.00 11.16+0.00
12 0.01+0.01 0.02+0.00 11.52+0.03
13 0.02+0.02 0.02+0.00 12.13+£0.02
14 0.01+0.00 0.03+0.00 12.21+0.06

ANUHUIMUUYBIGNNBETZET veliger 11UNIDHIA

$udt m1wumﬁmaagnmﬂm§1 (M/an3)
NAavg Isochrysis Isochrysis+Amphora

0 361.33+83.17 466.67+£100.58
1 436.67+41.63 493.33+55.08
2 261.33+47.72 218.67+54.01
6 145.33+48.88 225.33420.53
9 85.33+6.11 48.00+6.93
10 78.67+8.33 28.00+8.00
11 54,67424.44 16.00£6.93
12 41.33£14.05 4.00+4.00
13 6.67+11.55 2.6742.31

14 0.00+0.00 0.00+0.00
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WA Isochrysis TUDIOYUIAGNHDEY

Yui mmwmuﬁummgnmﬂuﬁ (/an3)
NAavY Isochrysis Isochrysis+Amphora

0.00+0.00 0.00+0.00
0 4.22+0.76 2.57+£0.76
1 0.75+1.14 0.55+0.50
1 2.75+0.87 1.65+0.50
2 0.00£0.00 0.00+0.00
2 2.93+0.58 2.20+0.87
3 1.10+0.50 0.37£0.58
3 4.95+1.32 5.87+0.58
4 1.83£0.29 0.73+£0.29
4 2.93+1.04 3.30+1.00
5 0.37£0.58 0.55+0.50
5 2.57£1.04 3.12+0.76
6 1.10+£0.50 1.47+0.29
6 6.23+0.58 5.13+0.58
7 0.55+0.50 1.28+1.04
7 6.23£1.15 4.03+0.29
8 1.65+1.00 0.37£0.29
8 5.13+0.58 6.60+1.00
9 0.37+0.29 0.37+£0.58
9 4.40+1.00 3.48+0.29
10 0.92+1.44 0.04+0.03
10 4.58+0.76 4.58+1.26
11 0.92+0.76 0.55+0.50
11 5.68+0.29 6.23+0.58
12 1.10£0.50 1.10+0.50
12 7.33+1.44 7.70£1.00
13 0.37+0.58 0.92+0.29
13 16.50+1.00 11.55+1.80
14 1.47+£0.58 1.83+0.58

14 12.10+1.00 11.73+1.15
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YsinawenTuie Tulasd Tunsaludseyuiagnyesds Isockrysis

unawenluiie Pnadlulasa PSanalunsa
(mg-N/L) (mg-N/L) (mg-N/L)
un average average average

0 0.02+0.02 0.02+0.00 0.09+0.02
1 0.07+0.07 0.05+0.00 0.14+0.01
2 0.07+0.07 0.05+0.00 0.16+0.02
3 0.13+0.13 0.05+0.00 0.10+0.03
4 0.18+0.18 0.05+0.00 0.33+0.03
5 0.11+0.11 0.02+0.00 0.52+0.13
6 0.16+0.16 0.21+0.01 0.58+0.01
7 0.10+0.10 0.04+0.00 0.71+0.01
8 0.09+0.09 0.05+0.00 8.01+0.01
9 0.06+0.06 0.04+0.00 7.76+0.02
10 0.07+0.07 0.04+0.00 8.75+0.01
11 0.06+0.06 0.03+0.00 7.68+0.01
12 0.04+0.04 0.03+0.00 9.11+0.28
13 0.034+0.03 0.02+0.00 7.34+0.33
14 0.02+0.02 0.02+0.00 9.40+0.44

a 4 [y Y]
YsmnaweuTuile Tulasa luesaludseyuiagniiesis Isochrysis+Amphora

WSainamenliniia Ynadlulasa PBnallwasa

(mg-N/L) (mg-N/L) (mg-N/L)

;’quﬁmam average average average
0 0.04+0.00 0.01+0.00 0.34+0.04
1 0.14+0.01 0.02+0.00 0.37+0.08
2 0.22+0.02 0.03+0.00 0.64+0.02
3 0.36+0.02 0.12+0.00 0.66=0.01
4 0.57£0.04 0.06+0.00 0.65+0.01
5 0.30+0.06 0.09+0.01 3.31+0.01
6 0.14+0.01 0.05+0.02 7.70+0.23
7 0.12+0.02 0.21+0.01 0.66+0.00
8 0.07+0.00 0.11£0.01 8.54+0.04
9 0.04+0.00 0.04+0.00 8.57+0.02

10 0.04+0.00 0.03+0.00 8.34+0.55




a 4 @ @ 1
YsmnaweuTudle Tu'lasa Tuesaludseyuragnesd Isochrysis+Amphora (910)

130

USanaweaantie Pnallulasa Bnalwase
(mg-N/L) (mg-N/L) (mg-N/L)
’ﬁ!ﬁﬂﬂﬁ@ﬂ average average average
11 0.03+0.00 0.01+0.00 8.354+0.10
12 0.02+0.00 0.01+0.00 7.79+0.08
13 0.05+0.01 0.03+0.00 8.36+0.28
14 0.02+0.00 0.02+0.00 8.65+0.55

d' = = J 2’ a\ d'dy 9
MmN 4.8 Mmsnlsemsuseranamseyagnruesnuluszuihwuulan@es Tagld
Y
R IIFHAREIN UM TR AN I BN TUTDIVIIA

ANUMUWUUVBINDBIZEE veliger T1UDI0IA

ANuKHIIUve sgnrealuii ((aneans)

Junnaaes Isochrysis Isochrysis+Amphora
1 677.3+63.4 756.0£50.6
5 432.2+61.0 426.7+53.2
7 307.8+39.9 354.4£71.4
10 94.4+82.0 116.7£50.7
13 0.0+0.0 27.8+31.9
15 0.0+0.0 0.0+0.0

v A o
ﬂ’JnJﬂ’JNGU’BNL‘]JﬁﬂﬂQﬂﬁ@ﬂGluﬂ\‘i’f)HU'lﬁ

Y
ANNIN (mm.)

'“J'u‘?iﬂﬂam Isochrysis Isochrysis+tAmphora
0 0.18+0.02 0.19+0.03
2 0.24+0.02 0.24+0.03
4 0.32+0.05 0.28+0.04
6 0.32+0.08 0.38+0.06
8 0.39+0.07 0.41+0.06
10 0.39+0.06 0.39+0.07
12 0.41+0.04 0.44+0.06

14 0.47+0.05 0.49+0.03
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anwenvewlaongnresludioyina

AN (mm.)

5’1&‘7;71916163 Isochrysis Isochrysis+tAmphora
0 0.36+0.17 0.38+0.05
2 0.49+0.04 0.49+0.03
4 0.66+0.09 0.61+0.08
6 0.65+0.11 0.68+0.10
8 0.76+0.13 0.76+0.11
10 0.74+0.10 0.78+0.10
12 0.77+0.05 0.78+0.04
14 0.80+0.06 0.80+0.03

YTIUAMI8 Isochrysis TUHIRUAYN DY

USanaa1risie (X10edcell/mL)

’?Wﬁﬂﬂ’slﬂﬂ Isochrysis IsochrysistAmphora
0 25.99+2.20 34.83+1.37
1 30.25+1.39 24.44+1.55
2 26.58+1.64 22.92+£1.52
3 26.89+2.15 27.50+2.78
4 40.33+£2.21 48.28+1.54
5 55.3142.04 52.56+2.26
6 89.22+7.64 64.4742.55
7 35.44+2.08 23.22+1.84
8 51.03+2.65 76.69+3.46
9 49.19+£3.11 49.19£3.11
10 59.89+3.86 76.39+3.75
11 44.00+2.99 39.72+3.14
12 58.06+2.62 53.78+1.95

13 45.22+2.03 42.47+2.09
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YsinawenTuie Tulasduas Tunsa ludseyunagnyesds Isochrysis

YSunamealaniie Pnadlulasa Panalunsa

(mg-N/L) (mg-N/L) (mg-N/L)

5’uﬁmam Isochrysis Isochrysis Isochrysis
0 0.00+0.00 0.00+0.00 5.63+0.00
0 0.00+0.00 0.03+0.00 6.73+0.43
2 0.02+0.03 0.03+0.01 5.154+0.12
4 0.04+0.03 0.05+0.03 5.74+0.43
6 0.11+0.06 0.02+0.00 5.60+0.82
7 0.17+0.14 0.03+0.00 6.25+1.08
9 0.21+0.12 0.05+0.03 7.80+0.90
11 0.24+0.11 0.05+0.01 7.79+0.58
14 0.21+0.12 0.04+0.01 7.57+0.58

a o [ @
YsmnaweuTudle Tu'lasauas luasa Tudsouiaannesns Isochrysis+Amphora

USinawenlaniie Hanallulasa Wanaluasa
(mg-N/L) (mg-N/L) (mg-N/L)
’ﬁ!ﬁﬂﬂﬁ@ﬂ IsochrysistAmphora IsochrysistAmphora IsochrysistAmphora

0 0.00+0.00 0.00+£0.00 5.63+0.00
0 0.00+0.00 0.04+0.01 7.04+0.09
2 0.03+0.03 0.03+0.00 5.61+0.28
4 0.03+0.04 0.05+0.01 5.80+0.72
6 0.08+0.02 0.01+0.01 5.60+0.82
7 0.09+0.07 0.04+0.01 7.31£0.98
9 0.06+0.05 0.05£0.02 7.87+0.45
11 0.20+0.04 0.03+0.01 7.80+0.22

14 0.21+0.02 0.04+0.01 7.87+0.22




133

a a J
Usz IavenInentHnus

2 o a o s Ao o = Y
UNAYPIA FaUNgAT INATUEITN 17 wrleu WA.2525 N3anIalsiauys Wy
= [ &Y = Y v = d' ~ = [ = [y [
MsfnpIIzALToNAnE MUz TeuAnnouaen TsaFeusdudamal Tanda
Usus WhdnmszaulSyaneitaazmaluTadnemea unianerdeysn 1l 2544 az
o < = A~ o 3 =K 9 X 1 o a a A A
AUTIMIANEULDY  W.A.2547 HaInINTUIANANINRTEAUYTYRN TN LUNIITFIIN
a a J a a J a J L4
AUNFPINNNAATNNNZID  MAIFINNNAATNNNID  AULINGIFAAT  JW1AINT Dl
a @ = Yo 9 1 ao 9! Aawv 1 A o
winanende il we2s48 wazlasunudaiieditonie]dlnsanisitedos 1Foamsian,
a a [ 4 ) o L a a J o w
mANANINANQINUTREU AN dmsUMadszgnaldFomaiyd  andninau
AMZNITUMIIVONHNA Tusgninemsany laimaiuauenanuidelumsdszginms

Y
faao 11/l

QJ [

o 1 ] a ] a A
gIR dUNGAT, IUNT A NWEedld, 165 Aoukile, a3IA IH MY 1Az auinysA Yoz
$A2370.2549. 805 IMINULAZENI NI TUD8UON THEVDIQANBENIY  (Babylonia

@ a a .’ = 3 z A
areolata) 3$YIYODU. ﬂﬁ‘ﬂS%"]ﬁJ’Jﬂf'lﬂﬁ’J‘V]fﬂﬁWﬁﬁi!La&’L%ﬂiuiaﬂlmﬂﬂizmﬁqﬂﬂ ATIN 32

Q

4
aa

w guINMTUsEEuUMaNATINA AFUNNIMINAS SUil  10-12 qaAy W.A. 2549, (iudue
WALV T818)

gIa damgns, IuNTail uresld, @3 aounitie, @538 wWnenw, daun Fosunl Sqni
wag dunesa Ve535A257a. 2550. mimgmagﬂwasmamﬂaaizuuwuumuﬁmmmmu
Tadidimsndadmsronuuineiios. msdszauinmsinemansuazina Tuladua
Uszma'lne afadt 33 m3nenderdodnuel Sasaunseisssusis Suil 1820 AaIAY WA,
2550. (HUAUBNANUHUUVTTEY)

4
~

10 OUNYAT, AT I W INOIRY, Tunsadgs ardesla, 165 aeumile, au Fesu1Igns

q

o2

9
1AL aunNesA ﬂﬂgﬁi‘ﬁﬁﬂiﬁ]ﬁ. 2551. miaumaqﬂw@wmuﬁ’aﬂi:Uumguﬁﬂuﬁmmmmu
1] ] 9
. msﬂim;mmmmazmuawamm%’fﬂ L??N fﬂﬁ’J%ﬂuﬁ%ﬁ@llU”ILWdi’)ﬂﬁL‘W1$LLa$L§ENWBEJ
Aa a 4 n’j d‘ 4 ] o A
W’NHLGHQ‘W”I‘EM“FEJLL‘]_III?‘ITU’J\iﬁ]iﬂlﬂﬂﬂixlﬂﬂ"l‘ﬂﬂ AIIN 1 Iiﬂllill]lﬂll@uﬂ‘WﬁWﬂ DUNBDIND

[ @ J A v oA o ° J
WHIATITHYTIU IUN 16 QUAWUD W.A. 2551. (mmuawammmﬂﬂamm)



	ปกภาษาไทย
	ปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1 บทนำ
	วัตถุประสงค์ของการวิจัย
	ประโยชน์ที่คาดว่าจะได้รับ

	บทที่ 2 เอกสารและงานวิจัยที่เกี่ยวข้อง
	2.1 ชีววิทยาของหอยหวาน
	2.2 วิธีการเพาะเลี้ยงสาหร่ายขนาดเล็ก
	2.3 คุณภาพน้ำสำหรับการเพาะเลี้ยงสัตว์น้ำ
	2.4 ระบบหมุนเวียนน้ำแบบปิด (Closed recirculating systems) สำหรับการเพาะเลี้ยงสัตว์น้ำ

	บทที่ 3 วิธีดำเนินงานวิจัย
	3.1 การศึกษาข้อมูลเบื้องต้นเพื่อพัฒนาระบบอนุบาลลูกหอยหวาน
	3.2 การทดสอบประสิทธิภาพของถังอนุบาลลูกหอยหวานที่มีระบบควบคุมคุณภาพน้ำ

	บทที่ 4 ผลการทดลอง
	4.1 การศึกษาข้อมูลเบื้องต้นของระบบอนุบาลลูกหอยหวาน
	4.2 การทดสอบประสิทธิภาพของถังอนุบาลลูกหอยหวานที่มีระบบควบคุมคุณภาพน้ำ

	บทที่ 5 สรุปผลการวิจัย อภิปรายผล และข้อเสนอแนะ
	อภิปรายผลการทดลอง
	สรุปผลการทดลอง
	ข้อเสนอแนะ

	รายการอ้างอิง
	ภาคผนวก
	ประวัติผู้เขียน



