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SUMMARY
I. Title

Development of abalone recirculating aquaculture system (RAS) optimized for the East Coast of

Korea

Il. Objective and significant

One of the most difficult things for abalone culture in Korea is the maintenance of optimum
temperature during winter season. High heating cost is needed for increasing natural sea water
temperature to optimum temperature during winter season. It is especially so in the Gangwon coast
where average water temperature is lower than that of West and Southern Sea of Korean peninsula.
The optimum growing temperature for abalone is kept only from May to October and it usually
takes over up to 3 years in the flow-through culture system for abalone to reach market size.

Recirculating aquaculture system (RAS) is well known for fin-fish culture and one of the big
advantages of RAS is controling the rearing temperature relatively easily, extending optimum
growing season for year around. However, unlike fin-fish culture, RAS for abalone culture is not
much developed. Therefore, for the proper design of RAS for abalone culture, it is essential to
know how much wastes, feces and ammonia are produced by abalone along with the efficiencies of
water treatment equipments. Also It is needed to establish the model for pilot scale RAS in basis
of design and operation factors derived from waste excretion rate of abalone and waste removal rate
of water treatment equipment, and test the pilot model system in order to develope the commercial

RAS model for abalone.

I1l. Contents and scope

First, the feces production rates and ammonia excretion rates were measured with 3 different sizes
of abalone, 3, 5, and 7 cm in shell length, under 3 different water temperatures, 12, 16, and 20C,
and 2 different feeds, sea mustard (Undaria pinnatifida) and kelp (Laminaria japonica) to estimate
the waste loading rate of abalone for the system.

Hydrocyclne, foam-fractiontor and fluidized sand filter were tested to remove the waste excreted
by abalone.

The efficiencies of hydrocyclone for removal of settleable solids were tested under the conditions
of 3 water temperatures (12, 16, 207C), 4 solid concentrations (1, 10, 50, 100 mg L), and 3 inlet
water velocities (1.3, 2.6, and 3.7 cm sec™) and multi-regression model equation was developed.

The efficiencies of foam-fractionator was tested under the conditions of 3 solid concentrations
(SS: 1, 5, 10 mg L™), 3 superficial air velocities (SAV: 1.1, 1.5, 2.1 cm sec™), and 3 hydraulic



retention times (HRT: 1, 3, 6 min) at 16°C and multi-regression model equation was developed.

The conditioning pattern of the fluidized sand filter (FSF) and and opimal superficial water
velocity was examined feeding the artificial nutrient at first. After conditioning the efficiency of
fluidized sand filter was tested at temperatures of 12, 16 and 20C for TAN laoding rates of 250,
500, 1,000 g TAN/m3 sand/day at optimal superficial water velocity.

With results, the pilot scale abalone culture RAS was made and growth performance was assessed
under 3 different stocking densities, 700, 1,300, and 1,910 individuals/m>. And then the pilot model
system was reformed through trials and errors happened during the pilot model system to develop

the final model system for commercial system.

IV. Results and recommendations

1. Waste excretion rate of abalone

Weight-specific feces production rate of abalone fed sea mustard and kelp were ranged 0.19~2.64
g feces/kg abalone/day. Smaller size abalone fed sea mustard had higher production rate than that
fed kelp. And feed-specific feces production rates were ranged 10.8-22.6%, and the fecal nitrogen
productions of the abalone were ranged 18.4-22.4% and 15.9-17.7% of total ingested nitrogen
respectively.

Abalone had distinct diurnal TAN excretion pattern so that it excrete TAN from 17~20 hour to
5~9 hour for long time up to 10 hours. Weight-specific TAN excretion rate of ablone fed sea
mustard was 3 times higher than that fed kelp.

The rates of feces production (g feces per kg abalone per day) and TAN excretion (g TAN kg
abalone™ day™) of the abalone (3, 5, 7cm in shell length) reared at 3 different temperatures (12,
16, 207C) with 2 different feeds (sea mustard and kelp) can be expressed as following
multi-regression model equations for shell length (L, cm), temperature (C) and feed (S, multiply by

1 for sea mustard and multiply by 2 for kelp).

Feces production rate: f(z) = 0.645 - 0.794S + 0.159T - 0.169L (r* = 0.812)
TAN excretion rate: f(z) = 48.453 - 52.66S + 7.24T - 6.59L (r* = 0.809)

2. Waste removal rate of water treatment systems
A. Performance of hydrocyclone

Solid removal efficiency of hydrocyclone was most influenced by the tangential water inlet
velocity (TIV), having wide range of 1.9~34.4%. In spite of that the maximum removal rate was
presented at the TIV of 3.7 m/sec, the head loss was up to 20% at the TIV, so that it would be
hardly applied in field condition, So it is recommended to apply the TIV of 2.6 m/sec, which

-8 -



showed low head loss and similar underflow rate with the TIV of 3.7 m/sec

The efficiencies of hydrocyclone for removal of settleable solids were tested under the conditions
of 3 water temperatures (12, 16, 207C), 4 solid concentrations (1, 10, 50, 100 mg L), and 3 inlet
water velocities (1.3, 2.6, and 3.7 cm sec’) and multi-regression model equation was developed.
Daily removal rate of feces by hydrocyclone were ranged 0.18-26.1 g solid m® day™® and its
efficiencies were ranged 5.1-34.4%. The multi-regression model equation derived from the results of
daily solid removal rate (g solid m™ day™) for water temperature (T, C), solid concentration (SS,
mg L™), and tangential inlet water velocity (TIV, m sec™) was as follow:

Daily solid removal rate: f(z) = 4.465 + 0.809TIV - 0.375T + 0.217SS (r* = 0.976)

B. Performance of foam-fractiontor

Daily removal rate and removal efficiency were varied with experimental conditions and were
ranges of 0.14~2.33 g solid/m*/day and 8.9~96.7%, respectively. The highest solid removal rate
of foam-fractiontor (FF) was presented at hydraulic retention (HRT) of 1 min and superficial air
velocity (SAV) of 2.1 cm/sec. The particle size striped by FF was ranged 1.589~1261.915 um,
corresponding to from suspended particle to settleable.

Daily solid removal rate (g solid m® day™) of foam-fractionator for SS (mg L™), SAV (cm

sec™) and HRT (min) was described by the following multi-regression model equation:

Daily solid removal rate: f(z) = - 0.118 + 0.422SAV + 0.094HRT + 0.141SS (r* = 0.873)

C. Performance of fluidized sand filter

The fluidized sand filter (FSF) fed artificial nutrient was fully conditioned within 22 weeks. The
maximum nitrification efficiency of FSF was achieved under the superficial water velocity (SWV) of
1.0 cm/sec. After fixing the superficial water velocity at 1.0 cm/sec, the nitrification rate of FSF
was assessed at 3 different water temperatures (12, 16, 20°C) and 3 TAN loading rates (250, 500,
1,000g TAN/m%day). The concentration of TAN in the simulated culture tank was ranged from 2.87
to 9.72 mg/L when TAN loading rate was 1,000 g TAN/m*/day™ while that in the tank was ranged
0.45-1.26 mg/L when TAN loading rate was 500 g TAN/ m’day. The ranges of TAN
concentration in the former was too high for aquatic organism and those of latter was acceptable
range. Therefore the safe range of TAN loading rate for the FSF was decided as 500 g
TAN/m®/day which is corresponding to reduced efficiency by 50% for freshwater condition.
From these results, daily TAN removal rate (g TAN m™® day™) of FSF under the conditions of
water temperature (T, C) and inlet TAN concentration (C, mg/L) was calculated by the following

non-linear multi-regression model equation:



Daily TAN removal rate: f(z) = -1,311.295 + 655.714LnT + 225.775LnC (* = 0.962)

3. Development of model for abalone recirculating aquaculture system
A. Design and performance of pilot scale recirculating aquaculture system for abalone
(1) The growth of abalone (short term culture - 125 days)
The growth performance was assessed under 3 different stocking densities, 700, 1,300, and 1,910
individuals/m®. Daily growth in shell length of the abalone was ranged 67.7-78.6 um/day and no

significant differences of growth were found among the stocking densities.

(2) Performance of water quality
Average TAN and solids in the system during test period was remained below 0.2 and 2.7 mg/L

respectively, so that the system provided proper water quality for normal growth of abalone.

(3) Fitness of multi-regression model equation for water treatment equipments

The multi-regression model equation for solid removal rate of hydrocyclone predicted the real
solid removal rate in 5% of significance level, while those for solid removal rate of
foam-fractionator predicted those in 1% of significance level. And TAN removal rate of fluidized
sand filter was also properly predicted by the multi-regression model equation for TAN removal rate
in 1% significance level. However the multi-regression model equation for TAN removal rate of
fluidized sand filter might overestimate the real TAN removal rate upon the high inlet TAN
concentrtion, resulting high mortality consequently. That is why it is recommended to maintain the

temperature up to 16°C and the TAN loading rate below than 500 g TAN/m® sand/day.

B. Development of model for application of commercial abalone recirculating aquaculture system
(1) The growth of abalone (long term culture - 529 days)

Feed conversions were ranged 26.4~28.8 and daily growth in shell length were ranged 57.3~61.4
um/day, which means the growths in all group by the stocking density were included in normal
range. However daily weight gain of the group with 1,910 individuals/m® slightly decreased. So it is
recommended that stocking density do not exceed 1,300 individuals/m® In the experiment, final

shell length of individual was 56 mm and production rate per m> was 22.8.

(2) Performance of water quality
Average TAN and nitrite concentration in the system during 529 days were 0.18 and 0.01 mg/L
respectively, while nitrate concentration slightly increased to 14.3 mg/L by proper nitrification

process in biological filter. Solids in the system was remained below 0.2 and 2.7 mg/L.
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(3) Energy efficiency of recirculating aquaculture system

The centrifugal pump was the highest energy consuming equipment in the RAS and it occupied
56.1% of total power consumption followed by air blower (18.4%), heater (15.2%) and chiller
(10.3%). Energy consumption rate in the RAS for maintaining water temperature at 16°C during

winter season was 1/13.3 of that for the flow-through system.

V. Application of results

Gangwon Abalone Culuture (GAC), cooperation company installed the commercial scale
recirculating aquaculture system (RAS) for abalone by a realtime technology transfer from the result
of the present study with operation technique for foam-fractionator and biological filter was well
educated. Practical system managing technique and abalone culture process for RAS is transferring
to GAC, which will be applied to the system to enlarge the production rate per unit area. Indeed
new venture companies by graduates will be incubated by a realtime technology transfer.

The data derived from the results of performance test in the study can apply to other species,
such as seawater fish, shrimp and other shellfish. With these results, researcher of the present study

is starting up a venture company concerning with RAS consulting and system installation.
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H 1 & M52 i 54 =4}

A1HEAE
P ARl ols YL A wmoEe T2 old s s Ao, WA ol

bl
A Azl e wMiEE &, Hol I= T B2 nFEe] FHeh & dHe 24y
-

TAN S°] Ath(Ackefors and Enell, 1990, 1994; Losordo and Westers, 1994). o]2]gt tjA}
HAEs0] A" WA A&HAHow #=28 A9 F59 TAN, A4k A4, ojibsiebs) 1y
&, ¢, 7718 Y 343 s WsE g6t (Clark et al, 1985) At #8745 oF3pA 7],
dHow wiEdE A% dHAds 27/E F U
E3] 92 HEo] wjdse dae B % TANY e Al =dq & wjds S F2 o
Fo] A iL(Jayaram and Beamish, 1992), F°F%] &2s 3T 45 &2 A" W oldg 4
A FH0] EAE do7]7]% grh(Avnimelech et al, 1992). T3 AAMA g2 AikaFeo] A=}
Aoz F7FI7IHA, F2 A& Ui wFHEd ot AZbst FAEe] #A uide] Ha
wZlok AR AAZE At A Al Az S Fe 29Y FAR AAHE

o, %
4o o
UM R

A HDe Pauw and Joyce, 1991; Barg, 1992; Stewart, 1997).

of el wpew, Aol A% Azt LES FAolFsb MEat Aot oo ol 247

B

A F 0.87 0.1 kg (Maruyama and Suzuki, 1998) 0.2 o] 72 739 o] Alzho] wj&3sl= &
of sjatn, WAzt F AikeFel] tis) AlgletH F S o] wiEste | FshEFe]l A o
ol olall fol wiEH vk gk o] ok o] kA wmHEol ofjh g HohdE AHAsH A
HoFd Al Alzdlol A HdE Als 84S FAG] e ddeR e dA A=
o WiEFS obe Aol Fastth 53 oI Abs Al xglolA 2 AL og =HE
A AAg] AadA e v Fsty, =HE] uid 54 digh Ao R AF
Aol s e vk vk 2y wdE 8w SAC B3 A dFE ool FH S H o

o (Fivelstad et al, 1990; Kelly et al., 1994; #, 1994; Bergheim and Asgard, 1996; <.,

2001), BEFS] wAE WA S0 i ATE vl ABHoz oo, FAsE0] 44
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Crude protein
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1.12+0.7

U. pinnatifida

0.5£0.1 35.812.3

6.7£1.0

L. japonica

"Values are means (%)+STD of triplicate trials.
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ol ojgh Ai wiE v &(%)
= [{(F, x Cp) + 625} + {(S x Co+ 6.25}] x 100 (# 3)
Cr ul @ k(%)
Cst ®ol W &d 3FeH(%)

2wy gARE FFS dEe By TAN wWjA® 23S 93 7 499 A% 58
25
Temperature (C)
Designed 12°C 16C 20C
1%‘%% Shell length Gy length  welght longth  welght
(g) (cm) (g) (cm) (g)
U. pinnatifida
3 3.06+0.18"  4152+1.8" 3.03+0.23* 4135+0.8" 3.10+£0.22*  4145x0.9%
5 5.14%0.18" 411.1+1.2* 519+0.21" 411.6+1.0" 512+0.24" 411.1+0.8"
7 714+022°  413.6+3.3% 7110.25° 413.4+1.0* 7184023 413.9+1.4"%
L. japonica
3 2.96+0.33"  402.8+4.9 3.01£0.29"  403.4+4.9 2.94+0.28"  402.7+3.9
5 5.15x0.21"  403.1:4.6 512026  402.9+5.1 5.08£0.27"  402.9+4.9
7 702+0.38°  402.7£5.3 7.10£0.31°  403.3+6.0 6.98+0.31°  403.1%3.7

Values are means (cm, g)+STD of triplicate groups.
"Means=STD within the same columns for shell length or total weight, respectively having the same superscript are not

significantlyly different at p<0.05 based on LSD of mean comparison.

5 w 73 AES A, F 24 AVld wE dE TAN wjdzFs 2AFsS
T TR AE AR 4Rl 24A17E FF ANTE Ao R S AE T AAEHHA996) e o] 3
AHE FxY Fdge 57 Wl TAN 55 S48, A5 &9 Al @ TAN A &S
Leung et al. (1999)%} _%(2001)7} ol &gt W u o] AEES FE3HA ¥ UExTE VIEH
o7 WASY] AAFATE o] A4S Windows Sigmaplot 8.0% o] &3te] 182 =233 v}
5, Y ol Fe] HAS ALl A7 TAN vl ®F(mg TAN/kg abalone/day)E 74 3}



ATt

AlZF & TAN A & (mg TAN/kg abalone/hr)
= [(Co-C)Q(Cc-CQ / W (2 4)

949 TAN ¥ %(mg TAN/L)

Ci A8 &% &9 TAN s %(mg TAN/L)

Cer &7 ¥Wl&5¢9 TAN s%(mg TAN/L)

Q: A% x5 Av= FF /M)
o
A

Qcr =75 AW7k= % (L/hr)
B

Co:

2. BA A
Window-& SPSS 12.0& o]&3ste] =23 Zdo tis] two-way ANOVAE A A|ste] 4=

3 Zbgel A¥el B wiE ¥ TAN wd S4el vA: 9@ Brhshgow, Duncan's
l|

ht

[e]
multiple range test® ©]-&3to] H 1Fe] FoAH(p<0.05)E AASFAT Egt v ohAqf
S HolZ Fuet A& AS gy 72 AV]d mE 1y E 2 TAN Fa#s u53]
t

7}
wAste] AR S =& A5 & HWEE student t-testE AAIS] FgHe]
q
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2o A% Y ¥ MEFe FeA 2%

WA ste] w9
= H&(sum of square mean)® H|&o] w3} ThA]
nhol A Zbz} 7549 77.0%S F&o] AA|Fal Qo) AF P B wETe 244 Wilng= &
Aol Hg, & 12, 16, 20TCoA As & & dl==F(pooled mean)> 7+7F 0.50+0.11,
2.02+0.62, 2.13+0.48 g feces/kg abalone/day® R E FLoA] zFol7} g ow, 20T A 713
WktH(P<0.05, 1% 3). &3k 24 3, 5, 7 cm A& AT T & wE=HFS 77 1.95+1.01,
1.65+0.84, 1.05£0.54 g feces/kg abalone/day®= Z}% =7]7} ﬂo} A5 7 A oHP<0.05).
Thalake] A s 2 wste wel w3 A3 FFSs el = 12, 16,
20CoNA Az T & WiEFS 27 0.26£0.06, 0.85+0.29, 1.17+0.24 g feces/kg abalone/day =
Fo] AFstHA ol om(P<0.05, ¥ 4), A4 3, 5 7 cmel tial ZzF 0.99+0.52,
0.32 g feces/kg abalone/dayi Zkxy A7) 7F Aol d & S 7FsE tHP<0.05).

4+
Z5 el A& AT F & ST Aolrb AJeH(P<0.05), HdAvHE T
o]
l

T P P PUa

=<
i

ol
o
rlr
=
o
[oN
@,
w
s
-
Q
&
=

Msep7t 7} vrol Ao AF 7 & wEFS dSst]d 7 Adsisinh meA] 2 1
2~20Col A mga A ulE ‘:’doli THE A 3~7 em HES & 1YE wMEH(g

7)
feces/kg abalone/day)= WEIU = tsdAXHAREDA L Hol F/(S, nd=1, tAn}=2), F
2(T, C), Z+&(L, cm)ol W3l (2] 5)F 2k}

f(z) = 0645 -0.7945 + 0.159T -0.169L (#] 5)

_39_



E 3 "9y gAetE FEe A5 4Ry F2d mE AT F o wER 2 24l
w423
Tem%:)%r)ature ; Shell5length (cm) - Pooled mean™
U. pinnatifida’
12 0.61+0.03 0.53+0.02 0.37+0.04 0.50+0.11"
16 2.61+0.06 2.21+0.09 1.24+0.14 2.02+0.62°
20 2.64+0.05 2.21+0.02 1.55+0.07 2.13+0.48¢
Pooled mean™ 1.95+1.01¢ 1.65+0.84" 1.05+0.54" 1.55+0.8
Analysis of variance
squSalllfren rgian df square mean F value P value
Overall 19.86' 8 2.48 568.99 0.000
T 14.97 2 7.49 1715.93 0.000
L 3.79 2 1.90 434.58 0.000
TxL 1.10 4 0.27 62.72 0.000
L. japonica®
12 0.32+0.02 0.27+0.01 0.19+0.01 0.26+0.06"
16 1.17+0.07 0.87+0.02 0.50+0.04 0.85+0.29°
20 1.47+0.03 1.12+0.07 0.93+0.01 1.17+0.24°
Pooled mean™ 0.99+0.52° 0.75+0.28" 0.54+0.32" 0.76+0.44
Analysis of variance
S qfal;? rgi an df square mean F value P value
Overall 5.00 8 0.63 426.21 0.000
T 3.85 2 1.92 1,311.46 0.000
L 0.90 2 0.45 307.93 0.000
TxL 0.25 4 0.06 42.73 0.000
U. pinnatifida and L. japonica
12 0.47+0.16 0.40+0.14 0.28+0.10 0.38+0.15"
16 1.89+0.79 1.54+0.74 0.87+0.42 0.87+0.428
20 2.01+0.64 1.67+0.60 1.24+0.34 1.65+0.62°
Pooled mean™ 1.47+0.92° 1.20+0.79" 0.80+0.50" 1.16+0.79
Analysis of variance
Sum of df square mean F value P value
square mean
Overall 33.37 17 1.96 673.34 0.000
S 8.51 1 851 2,917.69 0.000
T 16.67 2 8.33 2,858.81 0.000
L 4.15 2 2.08 712.64 0.000
SxT 2.15 2 1.08 369.53 0.000
SxL 0.54 2 0.27 92.79 0.000
TxL 1.18 4 0.30 101.04 0.000
SxTxL 0.17 4 0.04 14.33 0.000

"Values are means (g feces/kg abalone/day)=STD of triplicate groups.
“Pooled means+STD within the same row (temperature) or column (shell length) for each U. pinnatifida, L.
Japonica, and U. pinnatifida and L. japonica, having the same superscript are not significantlyly different at P<0.05
based on Duncan’s multiple range test.

_40_



0.7858)

-0.586 + 0.204T - 0.226Y (r’=

/ =

(z ‘Kep | suofeqe B/ S3

ael uononpolid sa28} 91}199

99} B)
ds-1yb1aM

- 41 -
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e, 724, Hol Fqol e A¥e AFY B oEDe] OFAAANA U 5074
=]
RUN

Parameter estimation of variables

Model: f(z)=8 + BS + BT + BL

Parameter Estimates of G Standard error t value P value
5 -1.389 0.410 -3.387 0.001
Model 1
yeZ 0.159 0.025 6.335 0.000
5 -0.199 0.358 -0.554 0.582
Model 2 L -0.794 0.123 -6.462 0.000
5 0.159 0.019 8.461 0.000
5 0.645 0.318 2.031 0.048
Yo -0.794 0.096 -8.225 0.000
Model 3
yeZ 0.159 0.015 10.770 0.000
B3 -0.169 0.030 -5.712 0.000

Analysis of variance for the model

Sum of
square mean df square mean F value P value
Regression 14.58 1 14.58 40.134 0.000
Model 1
Error 18.89 52 0.36
Regression 23.08 2 11.54 59.68 0.000
Model 2
Error 10.39 51 0.20
Regression 27.19 3 9.06 72.09 0.000
Model 3
Error 6.29 50 0.13
Fitness determination of the model
R’ adj R’ MSep
Model 1 0.436 0.425 0.603
Model 2 0.690 0.678 0.451
Model 3 0.812 0.801 0.355

«{. pinatifida=1; L. japoinca=2; otherwise=0.
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£ 5 vT AnkE FRE A%e] A3 fed wE wol HAY % B ey % war
Al 75 jL].
Tem%a%r)ature . bhelé length (cm) - Pooled mean”
U. pinnatifida’
12 194.5+0.8 189.5+4.6 183.2£5.5 189.1+6.1%
16 194.0+1.8 183.5+2.6 177.6+4.5 185.2+7.7%
20 225.7+17.7 220.9+6.2 205.9£5.6 217.5+13.38
Pooled mean™ 204.9+18.1% 198.0+17.9* 188.9+13.7° 197.2+17.3
Analysis of variance
sqfalig] rrolfean df square mean F value P value
Overall 6,889.37 8 861.17 16.67 0.000
T 5,647.79 2 2823.90 54.55 0.000
L 1,129.87 2 564.94 10.94 0.061
TxL 111.70 4 27.93 0.54 0.708
L. japonica’
12 111.7+4.9 111.5+1.3 109.1+1.5 110.7+2.9%
16 110.7£1.8 110.5+1.5 110.6£3.3 110.6+2.0%
20 109.9+2.9 108.3£4.0 109.4£1.0 109.2+2.6"
Pooled mean™ 110.8+3.1° 110.1£2.6% 109.7+2.0° 110.2+2.6
Analysis of variance
Sum of
A df square mean F value P value
Overall 29.84 8 3.73 0.48 0.854
T 12.99 2 6.50 0.84 0.450
L 5.53 2 277 0.37 0.705
TxL 11.32 4 2.83 0.36 0.831
U. pinnatifida and L. japonica®
12 153.1+45.5 150.5+42.9 146.1+40.8 149.9+40.6"
16 152.3+45.6 147.0+40.0 144.1+36.9 147.8+38.7%
20 167.8+64.4 164.6+61.9 157.7+53.0 163.4+56.5"
Pooled mean™ 157.7+49.9" 154.0+46.9" 149.3+41.9° 153.7+45.6
Analysis of variance
squsaﬁzn rgfean df square mean F value P value
Overall 109,185.10 17 6422.65 216.14 0.000
S 102,265.90 1 102,265.90 3,441.50 0.000
T 2,564.88 2 1,282.44 43.16 0.000
L 644.41 2 322.21 10.84 0.057
SxT 3,095.90 2 1,547.95 52.09 0.000
SxL 490.99 2 245.49 8.26 0.091
TxL 36.09 4 9.02 0.30 0.874
SxTxL 86.94 4 21.74 0.73 0.576

“Values are means (g feces kg seaweed day)+STD of triplicate groups.
“Pooled means+STD within the same row (temperature) or column (shell length) for each U. pinnatifida, L. japonica, and U.
pinnatifida and L. japonica having the same superscript are not significantly different at P<0.05 based on Duncan’s multiple

range test.
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E 6 vl kg B AR 2ga sed e BAL E ug ¥ 2R
3}
Tem%:)%r)ature ; SheHBlength (cm) - Pooled mean™
U. pinnatifida’
12 19.3+0.1 21.0+0.5 22.4%0.7 20.9+1.4°
16 18.8+0.2 20.2+0.3 21.5+0.6 20.1+1.2°
20 18.4+0.4 19.2£0.5 19.8£0.5 19.1+0.8%
Pooled mean”™ 18.8+0.5° 20.1+0.9" 21.2+1.2° 20.1+1.3
Analysis of variance
Squsal;ren rgian df square mean F value P value
Overall 42.14 8 5.27 25.58 0.000
T 13.78 2 6.89 33.45 0.000
L 26.24 2 13.12 63.72 0.000
TxL 2.12 4 0.53 2.58 0.073
L. japonica’
12 16.70.2 17.3£0.2 17.7£0.3 17.2£05°
16 16.6£0.3 16.8£0.3 17.0£0.2 16.8+0.38
20 15.9+0.4 16.3+0.4 16.7£0.2 16.3+0.4"
Pooled mean™ 16.4+0.5" 16.8+0.5° 17.1+0.5° 16.8+0.6
Analysis of variance
S qfaliren rﬁg an df square mean F value P value
Overall 6.75 8 0.84 11.62 0.000
T 411 2 2.01 28.32 0.000
L 2.38 2 1.19 16.38 0.000
TxL 0.26 4 0.06 0.88 0.497
U. pinnatifida and L. japonica’
12 18.0£1.4 19.1£2.1 20.0+£2.6 19.1+2.1°
16 17.7+1.2 185+1.8 19.242.5 185+1.9"
20 17.1+1.4 17.8£1.6 18.3+1.8 17.7+1.6*
Pooled mean™ 17.6+1.3 185+1.8° 19.2+2.3° 18.4+1.9
Analysis of variance
sqfalllr? n(q)fean df square mean F value P value
Overall 194.26 17 11.43 82.05 0.000
S 145.37 1 145.37 1043.88 0.000
T 16.46 2 8.23 59.10 0.000
L 22.20 2 11.10 79.70 0.000
SxT 1.43 2 0.71 5.12 0.011
SxL 6.42 2 3.21 23.06 0.000
TxL 1.18 4 0.30 2.12 0.098
SxTxL 1.20 4 0.30 2.15 0.095

*Values are means (%)+STD of triplicate groups.

“Pooled means+STD within the same row (temperature) or column (shell length) for each U. pinnatifida, L. japonica, and
U. pinnatifida and L. japonica having the same superscript are not significantly different at P<0.05 based on Duncan’s

multiple range test.
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Fecal nitrogen production rate (%)
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2. TAN ®j A
T 12, 16, 20ColA mH 3 tAlatE F3% 214 3,5, 7 cm A5 Az T TAN 8|4
WstE 29 110 e

qdS FHET A9, 4F 3,5 7om AES BT 933 AdF7] TAN wjAd 4 &S YeR)

o
ATH F2 12T A= 169 20Tk vluste] 7] A ko] F8lshA ko, &

_1

&

Lo,

=

A ed 9ANE 124747 AEAow datt olF das
ged oA 97X AsHE AgolAr. 167 WCANE Batd A7) e B2 5
slof, 16T A5 24 3% 7 cm AR 9ARE FFakel 124 Hu) A7t F TAN WA
e Ve F, 174714 gastdd 2% 5 om ARE 35 7 cme} FAeA 1746] Az
2 vERRgo, oF ONE das] AsErh BE 2 A A7 ¥ TAN w1 o]

Hoz 4ath 24 3 em AR &Y 9AA A5e

UAvEE e 4% 3,5, 7 em AE GA M9S 3HT A9 FASHA 457 MstE
veb o, me s g Az 3 TAN sjd o] HE o] A, = 12T9 4+, 8
g3k A7) S gldal, Al g TAN v ko] vl Aqvh. A2 o=z n oA eh fAL
Al 9A ~124] Abolel H o) WA FE yEhaL FAasdvr 2143 oA Asskidnh 1
6T A5 Ze AFoA AFE 122744 e et 5 4% 3 om FdEES 214,
4 59 7T em AES vad AH 1AC HA A F TAN i &Fs detli o5 4
sotol 244 3 cm A&ol A= SAIZMA Bl Asstdnrt sk iar, A4 59 7 ecm ol
A= OAZHA] A &Aoo 2 Attt 2 20CANA &5 Az & TAN #jA 432 16T

o
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10 ——
12°C, U. pinnatifida scm

12°C, L. japonica

20°C, U. pinnatifida I 20°C, L. japonica

TAN excretion rate (mg TAN/kg abalone/hr)

me
I 11 99y gAatE Fad A5 e Z4Ad mE ATY TAN v ZH(mg
TAN/kg abalone/hr).
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AR A7 AlF F TAN WA RS 23 2424 B5dd 43S wsten, ng oajatd

a 7). A9 A ukE HH S AdEe Uzt
AE 7 TAN mjd=e & 12, 16 20°coﬂ%1 7bzk 255%5.0, 99.1+25.1, 110.1+21.9 mg kg
abalone day$} 9.5+2.1, 285+9.6, 39.6+7.6 mg kg abalone day® YWEFI(E 7), 0] 453}
WA S7FFATHP<0.05, 28 12, 13). %3k Z- W3t st A3t Al & TAN WA =S
Ao R, ZHg 3,5, 7 cm o] U3 TAN wid e w3t vhajupel] oisf z42zh 938+482,
84.6+43.5, 56.3+28.7 mg TAN/kg abalone/day<} 33.1+16.6 26.1+13.0, 185105 mg TAN/kg
abalone/day® YElY, F dlZF EFolA Zbgo] FolxwH A F7FEAtHP<0.05). dEo o
AT T TAN WA S BolE&/, 2, 2ol tal dF3AdAste] &3 A 714 &2
GG ¥ R UEYTH Al 7FR WM4E BT 2335 Model 39 ) adj r© ©] M =1
Msep7} 7} srol H&o] Azt AF T TAN sl HFS =370 74 A gskdoh w}a}/ﬂ
T2 12~20TolA wF3 gAarts Holz FH3 4% 3~7 cm FES] TAN HjA &Hmg
TAN/kg abalone/day)s UEIE T =k TS, M=l "Au=2), &=
(T, C), 7L, cyell tal] (2] 6)3 Z3keh

X
(\]
o
g
3
o0
X
fu
N
o,
b
*
=5

f(z) = 48453 - 52.66S + 7.24T - 6.59L (%1 6)
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#7993 A vtE 5 A5 A4 2o ©E TAN #iE% 2 #E4 43
Tempoerature Shell length (cm) Pooled mean™
3 5 7
U. pinnatifida"
12 30.3+2.0 26.7+2.5 19.6+0.5 25.545.0"
16 118.7+4.3 112.5+1.6 66.3£5.3 99.1+25.18
20 132.4+6.5 114.8+1.7 83.0+3.0 110.1+21.9°
Pooled mean™ 93.8+48.2° 84.6+435° 56.3+28.7% 78.3+42.6
Analysis of variance
S qf’al;g] n(;g an df square mean F value P value
Overall' 46,946.91 8 5868.36 465.05 0.000
T 38,118.13 2 19,059.07 1,510.36 0.000
L 6,861.93 2 3430.97 271.89 0.000
TxL 1,966.85 4 491.71 38.97 0.000
L. japonica
12 11.6+0.4 9.9+0.8 7.1+0.1 95+2.1%4
16 39.2+2.0 29.1+1.7 17.3+0.7 28.5+9.6"
20 485+2.3 39.3+1.2 31.2+0.8 39.6+7.6°
Pooled mean™ 33.1+16.6° 26.1+13.0° 185105 25.9+14.4
Analysis of variance
S quSal;ren rggan df square mean F value P value
Overall” 5,376.17 8 671.41 396.86 0.000
T 4,176.16 2 2,085.56 1,233.12 0.000
L 956.80 2 478.64 282.52 0.000
TxL 243.21 4 60.72 35.91 0.000
U. pinnatifida and L. japonica®
12 21.0+10.3 18.3+9.3 13.346.9 175+9.0
16 78.9+43.7 70.8+45.7 41.8+27.0 63.8+40.7°
20 90.4+46.2 77.1+41.4 57.2+28.6 74.9+39.6°
Pooled mean™ 63.5+46.9° 55.4+43.3" 37.4+28 6% 52.1+41.1
Analysis of variance
SquSali? niﬁ:an df square mean F value P value
Overall’ 89,357.12 17 5,256.30 734.79 0.000
S 37,038.95 1 37,038.95 5,177.78 0.000
T 33,347.55 2 16,673.78 2,330.87 0.000
L 6,384.44 2 3,192.22 446.25 0.000
SxT 8,941.69 2 4,470.85 624.99 0.000
SxL 1,434.77 2 717.39 100.29 0.000
TxL 1,729.24 4 432.31 60.43 0.000
SxTxL 480.48 4 120.12 16.79 0.000

t}/alues are means (mg TAN/kg abalone/day)*STD of triplicate groups.
“Pooled means+STD within the same row (temperature) or column (shell length) for each U. pinnatifida, L. japonica, and
U. pinnatifida and L. japonica having the same superscript are not significantly different at P<0.05 based on Duncan’s

multiple range test.
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El
00
> )

siol WE dEe AFTT TAN v ZFe] ta3]7144d4 3 3]

Parameter estimation of variables

Model: f(z)=8 + BS + BT + BL

Variables Estimates of G Standard error t value P value
5 131.38 17.13 7.670 0.000
Model 1
Vo) -52.66 10.82 -4.861 0.000
5 1551 21.24 0.730 0.470
Model 2 L -52.66 7.29 =7.226 0.000
5 7.24 1.12 6.492 0.000
5 48.45 20.90 2.318 0.027
5 -52.66 6.35 -8.296 0.000
Model 3
5 7.24 0.97 7.452 0.000
B3 -6.59 1.94 3.390 0.002
Analysis of variance for the model
Sum of df square mean F value P value
square mean
Regression 24,953.47 1 24,953.47 23.628 0.000
Model 1
Error 35,906.97 34 1056.09
Regression 45,091.09 2 22,545.55 47.180 0.000
Model 2
Error 15,769.34 33 477.86
Regression 49,257.03 3 16,419.01 45.281 0.000
Model 3
Error 11,603.41 32 362.61
Fitness determination of the model
R’ adj R MSep
Model 1 0.410 0.393 32.498
Model 2 0.741 0.725 21.860
Model 3 0.809 0.791 19.042

«U. pinatifida=1; L. japoinca=2; otherwise=0.
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T = T, e 24 dste] BE Qs

WA o, 3t Zb Wste whel b 3he] Apolm IATHP>0.05). Wk ¢ 12~20T
=3 Zpgel BARlel AH Holol wha dAFeA Bt

9.29+0.61g kg seaweed daye] TANS wjAdstth 28y gAntE FF3F d5-2] HolAdF
Z TAN wjAd e 5= ®gtdd oA JFS TUTHP<0.05). 12, 16, 20TolA A L&
A 8] HoldHF & TAN wid e Z27b 370015, 3.74+0.13, 4.06+0.24g TAN/ kg
seaweed day® £ 129 16ColA = 2ol 7F 193, 20T A 71 2 UtHP<0.05). ThAnlE

Tt A AY AN HAELS Hit 3.83+0.24g kg seaweed dayg TANS wjdste], v
a5 AHAT dEo] dARtE AT AR sdF Fo] HolE atl= w oF 24v) o
W TAN wjAdst o (17 14)

ndol A9 F23 7 Wbyl AEo] TAN A vl &o] 9IS FATHP<0.05). &3
Zbg askel o G A4z 4533 45.1% = ey fARSITHGEE 9). 12, 16, 20T

A ABLE 7b7F 405423, 38.8+1.8, 37.5+1.5%9] H|&=E TANS wjdatlal, -20] &7 3slHA]
A W& F7FE A THP<0.05, 19 15). 2 163 20T HiF 7Hol
12CoA 71 E=hoh(P<0.05). 24 Adte 49, 3, 5 7
39.7+2.1, 39.9+2.4%¢2] W] &= TANE H|A3te] ZHgo] #AAS:E w4 ]
458 7 em AES zol7b §l, A 3 em AHo] Y w2 HEE T

(P<0.05). thAlwke] A9, mlod s 22 dEeo] TAN v v go] 714 wWalol] ufe} JFs
) oFQH(P>0.05). 22y £ wsle] wE ik wol 12, 16, 20Tl A 22 38.9+2.0,
355%1.0, 34.3+1.0%°] Hl&S vERe] TAN A v v o] o] aAstHA F7HsH3
(P<0.05, 1 16). "9 ¥} FA3A thAnte] F9-% 167 20T A& 2ol 7k gl 2 12T
oA 7FE = ReH(P<0.05). Bo] 5ol w}ﬂw &9l TANe| 98 A4 wjE v &o] o]z}
Aol (P<0.05), WY& AAT AEo] tha #& HEZ TANS At
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TAN excretion rate (g TAN)
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# 9. "9 H gAutE g3 A8 24 2o wE TANe| 9% A4 wjd Hj& 4
AR A A 7
Tem%)%rflture - Shell5length (cm) - Pooled mean”™
U. pinnatifida"
12 37.9+0.7 41.9+0.1 41.7+2.6 405+2.38
16 37.0+0.6 39.5+2.2 40.1+0.6 38.8+1.8"
20 36.8+0.6 37.7+0.9 38.0+2.8 37.5+15"
Pooled mean™ 37.2+0.7° 39.7+2.1° 39.9+2.4° 38.9+2.2
Analysis of variance
Sum of
square mean df square mean F value P value
Overall' 59.24 8 741 3.08 0.057
T 26.82 2 13.41 5.58 0.027
L 26.71 2 13.36 5.55 0.027
TxL 5.71 4 1.43 0.59 0.676
L. japonica®
12 38.2+0.3 39.7+3.5 38.8+2.6 38.9+2.08
16 35.1+0.6 35.1+1.6 36.2+0.7 35.5+1.0
20 33.4+0.5 34.8+0.9 34.9+1.2 34.3+1.0%
Pooled mean™ 35.6+2.2° 36.5+3.0° 36.6+2.2° 36.2+2.4
Analysis of variance
S qf’al;g] n(;g an df square mean F value P value
Overall” 74.25 8 9.28 3.43 0.042
T 67.70 2 33.85 12.52 0.003
L 411 2 2.05 0.76 0.496
TxL 2.44 4 2.70 0.23 0.917
U. pinnatifida and L. japonica®
12 38.1+0.5 40.8+2.4 40.3+2.7 39.7+2.2°
16 36.0+1.2 37.3+3.0 38.1+2.3 37.1+2.2%
20 35.1+2.0 36.2+1.9 36.4+2.5 359+2.14
Pooled mean”” 36.4+1.8" 38.1+3.0 38.3+2.8" 37.6+2.6
Analysis of variance
S quSal;ren rggan df square mean F value P value
Overall’ 199.64 17 11.74 4.60 0.001
S 66.15 1 66.15 25.90 0.000
T 88.93 2 44.46 17.41 0.000
L 25.88 2 12.94 5.07 0.018
SxT 5.60 2 2.80 1.10 0.356
SxL 4.94 2 2.47 1.00 0.399
TxL 3.80 4 0.95 0.37 0.826
SxTxL 4.35 4 1.10 0.43 0.788

iValues are means (g feces/kg abalone/day)+STD of triplicate groups.

"Pooled means+STD within the same row (temperature) or column (shell length) for each U. pinnatifida, L. japonica, and
U. pinnatifida and L. japonica having the same superscript are not significantly different at P<0.05 based on Duncan’s

multiple range test.
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Nitrogen excretion rate by TAN (%)
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PSE=1-NeR
= =

ox
192,

Ag T 2 el et A7 e A7 sHeR oFox ston duEFol 3
AT A= A4l 8t Clark et al. (1985)2 3t 703} 120 go] A7 Fol& o= A
T B & wEES 2AE e, A4 4339 350 g/kg fish/day® oA =717} ZopA =
= &o] Srtekith Ud"eyole] ATl wE & wE"e 24 219943 2.(2001)9
AAANME AAZE AAEA AT T E viE ol st 2 A Aot fFAsAT & A
Pl I gArtE AFHAS A& Aed & w2 47 06~1.559 032~093 g
oA o]l Fsetar A4e] Hotdgs kst
5

A}

feces/kg abalone/day®] 1, F+ =+

Ko, oamtE T mE A dEe] o B2 ¢ BS vlEs Atk o3 o

sHAl A717F 2 JRAZE =2 oA AT & ol A o] B wEolH, A&
Blo] 7134 Aol A 7lQlshe Aom Azt =3 2
Clark et al. (1985)% < (2001)7} X

offel Hlal Hx FHoR AT T AHASFE ol Fo] A7 wWEom AZHEr. Malone
(1990)2 %177+ <2 red swamp craw-fish®} blue crab?] & T & wjEHo] 2zt

golm, 3=/l dE2l rangia clamo] §F % 7|Zo 2 oF 245 oS wiEE Tt wrehA] B

g
A% Assh waste] ABE PR FAG MER B2 wEAL, A2 FAS el @)

Hol A I wlEFe 45, Clark et al. (19852 703} 120 g2 ¥X7W Fo7F zhz 265
7} 280 g kg feed days ®lE3tctar shdct 2(2001) AdlM= @A g 30%9 AR
Tws Jw AF 82, 516, 1935 go yddetyjolrt 747k 167.2, 182.3, 2094 g kg feed
day®l &5 wiEste], FA/ Fojek vdddayjoto] & wiE v &2 oF 16.7~280%° MU
th Wester (1989)¢} Iwama (1991) & o2 A5 FAMN Fols e A3 o /77t
Adurx oz HHFHS Holo] s of 25~30%E o= wEdria stk Adurie] A9
Page and Andrew (1974)= & W& Hl&o] Ho 18%etal 31 2 vf, Wimberly (1990)& ©F
43%9] =2 H&S B v grh & AdelA dE 9 ¥ g 2 MEFE 19y
chAlmboll thef ZhzF 177.6~225.7 g kg seaweed dayd} 108.3~111.7 g kg seaweed day ¥
2, 433 Holo e 27 17.8~226%<F 10.8~11.2%2] H&= S wEsle] o] AFHAF
g 2 W= vEe] MYs FESENS A9 0 BT e Ae 2(2001)7F Bargk yd
depaole] & ujE B & FAbst o, tiAIA o ® m g gAutE Fae A5 ol A
He & B wjEFo] o]Fo Hls] HAtt Fleming (1995)& ¢

Laurencia botryoides, %<1 Ulva australis, 2%+ Macrocystis angustifolia,

i

olol
i

%72 Jeannerettia lobata%}
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Phyllospora comosa, Ecklonia radiatas Z+7 85~12cm W19 Haliotis rubra®l| &a3tx Y
of HAZF T & HiE HE&H} & A& vlE HlE&S ZAEAY 6714 dlxFE AFAT H
rubra®] ol AHH & & wlE ¥&2 21.7~76.0% WAE HEH AFHS= dWE2FY F
ol wel & Aol7b Ao, W giantE A& wolg yud # AdolA yEd
17.8~22.6%%F 109~112% Xl ¥a2 =9kt 2 A3 % Fleming(1995)¢] Aol A 2}
2ol vAmtEn s A dEol ¥ =& HER & WlEste Ho] TR wet &
HjE ] &o] AA @Rtk E3 Fleming(1995)9] AdolA # AAx wiE vl &S o] o whulyd
kel wE AT A flo] 252~649% WHHE EATE Neori et al. (200009 A3 ol A
Ulva lactuca®t Gracilaria confertas 33 s A&Ho] Ht oF 261%9 AdA4AE w22 &3

ot 2 Aol w3y gAntE Fueh 85 A A7) 9 g2 web ZH2E 184~22.4%¢%)
159~177%%°] vl&=Z A4 wWEste], 7 AxFolA Hetd & Z4 wlE vl &o] Fleming
(1995)3 Neori et al. (2000)2] Az}r ) vttt} Fleming (1995)3 Neori et al. (2000)3 & 21
A AR Bop ARFE dfxF W dd dFRg A 7o SRl wek 2 o)

=

T A
(Polisini and Boyd, 1972; Lowe and Lawrence, 1976; Montgomery and Gerking, 1980)¢] 3
25 Tl WE xw f A4 AsEo] zolo] tis) Hargk vp gl

T3 7 Wsle] wE & A4 wlE YS9 A9, Barkai and Griffiths  (1987)<}F
Emberton (1982)& Z}Zt H. rubra®} H. tuberculata®] 1A, B A& Axel g /4A =7]
o Fo webA & Aa vlE vl o] Aozt gAY wimsttka Sqith ey 2 Aol A

| wel B A uE v Lo 2E xolrt o™, H midaed B A
3

& Wt 9k Dixon (1992)8] A 3ol AT AR= o] 79

B, ARTFE EES 4G 240 weh Aol & Ao Amdd ®

= .

oo Ai astes FAI o] AFAEe] Aol ostd, ydEetdolrt 883~96.0%
(Yong et al, 1989; #, 1994; <, 2001), FA7/H %17} 87.0~94.2% (Watanabe and
Pongmaneerat, 1993; Oliva et al., 1994), Atlantic halibut®] 82.0~86.0% (Grisdale-Helland
and Helland, 1998; Berge et al., 1999)¢] A4 4A3}&S vehdtta e, 4.0~18.0%9 24
g &stebA] Zata o wiEatth o] wrel ATAERE Ao, Fol, FE, FAM Fol,
getgjol Fo] 36~35%7tA ofFel mel b2 HIR ® AaE wEota sk oh(Porter et
al., 1987, Hakanson, 1988; Pillay, 1992; Johnsen et al, 1993; Siddiqui and Al-Harbi, 1999). &

Ho| nodS Yol FF3 B A Ula lactucat Gracilaria confertaS 35 3+ Neori et
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al. (2000)¢] AgoA HAE2 Z+7F 159~22.4%9F 26.1% AAE FOo2 HjE3ste], & <
Az WE vge] ofFru vwE ¥e o AzE

Auel B WEs 248 4% woldw &3 2o e Wwel Aols ggien e
3} chalukel] s 217 B 1 = glo]

& AzgoRRE nFES FUH] WFL 598 ATHChen et al, 1993), FAA ol
B oUEsh SR S 2 1195 vehie] B A9l Ashe A
2. TAN w4

n 3 gAvE A A5 AT TAN WA e Aeks Avrd, giAzo= 174 ~
2121l A TANo| ZF53at7] Al#fsto], A8l 5A~9d 9ol Hof wid S YeblAoh oA
IA ~12A1 58 vhA] ZEAshr] Alztsto] 174 =214 704 A s %S Uetdls 98e d5
7l AEgs Btk ey AvtE 3 A5 A @ TAN s e nj oS
W wBu Wgo] Fap wjd o] Aol HEo wo] o] no] ¥ ki, Hol
FFol O =ob TAN vidZ: o @7l Witow Azdn. 2443 a7]d ned= 7
717F 78 A4Sk 3 em AEo] AEHH 0w w2 AZME TAN #jd @S A8k, 242 714
b H Be o Hols AHFHsta ¥ B2 TANS At AHolE /Mo Fsh=
Hol o AAG ol A3 F TAN HjEES A&sts AdS A3 gotetr] =y, 17~
21710l A TANo] Zd<53at7] Alzbste] ohgd 5~9A17HA] ¢F 10A17F A% A &HH= o=
of, ol A3 Algto] wl-¢ AW A &£ o R TANS HlEd= Zlo® AlRHL
0ColA talmke] B4 AIZF & T | =1
AFE] Asste Ao® Hop AT & F wEFolA UEukol m e YEAe] o F2 A
o8 JekEn

AR vt At oz FFE ABe 77 A% AF P 196~1324 g3t 7.
1~485 g TANZS wjdsto], mogS AHHAT A&l 20 FFstHA of 2.81311 o 2o
TANS wjAstIth w3 A5 AT & TAN v 2
of, 0] 12TelA 20C=E 53t 7%
MiAd e S7kekdth. AEolql U]‘—’wﬂjﬂr A mbe] @A steke b7y AFE V)eo=
151+1.3% 6.7+1.0%% "ol @A ghefo] o Edtth 5, & FolA @ud ko] =
2 Hgs A e A7) HAEo] ¥ B2 TANS #E3Art oA =2 oy 3§
= 7F mg s AHE A2 JRAY dEe] ¥ B 4o HAE AFGA] MEoRE AlRE
tt. H midae®t H. fulgensE ©]&3to] 20 & TAN wlAd H¢S FAFS Barkai and
Griffiths (1987)¢} Farias et al. (2003)¢] A3, o] AsstHA AFd TAN wjd=Fo] F7}
st 2 gl Aol dX ettt S Evans and Langdon (2000)2 H. rufescens?} Z}7o]
S7tetA AT 7 TAN A o] ZAthal sto, dEFE ARt o oA T g A

E
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2 A wFo] Al Wkn) et A o] 7 (Clark et al, 1985, Kaushik and Cowey, 1991;
Jahan et al., 2003)e] WA A& rE A3t Southern rock lobser, Jasus edwardsii<}
Westren rock lobser, Panulirus cygnus®l 23 7§A =Z7]o] wE TAN wjAdFS FA}sH
Crear and Forteath (2002)¢] 7 Ao A% Fo] Aseta M| =77 ZoldF2 A F
g TAN wjAd o] F7tsttta R ustqdrt. ARk oz AzolfFeol oA TAN wjdZFS A
Aoz ol W &@d HFe FuaAr don, &3 dHow Ah dAMEE S A
IS T T8 AAZ FEITH(L, 2001). A3 FA9 TAN wjd e JaaAAE A=
o] Fol A 2 A Eo] gth(Beamish and Thomas, 1984; Kikuchi et al., 1991; Dosdat et al.,
oA ®ol W Wil gheko] moldaE TAN wjAd o] EZopxltes ZARE

WA sheko] FASMA da Fdel Fre] WEew nasm vk A%

=

d

CERFE a1 TAN WAl 4 s %A}é}ﬂl, Fe aud g3 4 vgs

HAG Aol hAvE HAD ASuT o Be Fe TANS wAasgc
Gee A AR TAN Wlie] e Fi Fo 9% 29 Fo spEAl, ¢4 4B
A

FRe Fe Wl webd guwAsl ek F gou, dwdor feo gl
TAN wjdsfe]l Z71@cta o F, ¢4F, FAF ¥

(Quarmby, 1985, Regnault, 1987; Chen and Nan, 1993; Chen and Kou, 1996; Zhu et al.,
1999; Ruyet et al., 2004). ¥ A g Yehd o w2 A5 TAN wjAd A= o]} X
staem, 53 A& AT & TAN w2 v grvts w3 F 45 Z5o04 24

T Hue & Wt ¢ & 9IS Wtttk
Davis and Carrington (2005)& < 20CoA Za#i<42l Ulva lactucas %33 244 1.1

A

cm H. iris7F 43F A% F 9F 10.8 mge] TANS wjdatiar s, 2 Ad Axwc o
ok, w3k Palmaria mollisE 3# 3 H. rufescens®] A3+ A5 T TAN vjd=S FA}SH
Evans and Langdon (2000)% 7% 1~8 cm® H. rufescens?t & 12TCoA A3+ 7.3~17.3
mg kg abalone®] TANS HjA#HS B dle] E AdoA wdS HFH3 dEo] wjAsl 19.
6~1324 goll= A A A st o, dAletE AT dEo] widg 71~485 go= AL
319 th Neori et al. (1998)2 Zs# <<l Ulva lactuca®t 7A@ 714:2 Gracilaria conferata=
Hol2 Fget 2% 3~6 cm® H. tuberculata?t 2 16.9~269TCol|A Hit 767 mg kg
abalone day®] TANS #jAdsttia sto], 2 Ad Ao vds AFHg A& TAN w4
W o ¥3H Rt Grouper % snapper (Leung et al, 1999), black seabream (Ove et al.,
1989), Atlantic cod (Rammarine et al., 1987), Gilthead seabream (Porter et al., 1987,
Echevarria et al, 1993) 59 ZZolfF<o 4zt TAN A& A5 374, Ho] U dwd 3
&, ol ¥H H“ﬂoﬂ et 2 zpol 7t ARAAINE, A3 A & 353.0~799.2 mg TAN/C 4
E Y], & A3dolA vehd dEe] A3t AT 7T TAN wfdZFR o vfg E8kth o] 3

e

N

N
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f
K-
ok 1 %

w AACE b Bl whet g o5 AztHn

T2 12~20TolA 24 3~7 cm A5 HoldHZF & TAN S v g3 tpautd
3 zZ+zb ot 9.29+0.613 3.83:0.24 ¢ TAN/ kg seaweed day® "3 A3 A
MAE T TAN wjd o] o @kt a2y F sizfolA s34 244 og d53
o] %’101 T AFE wolFo] oEA R TANS HjAdsd. ndg ‘jr’\]‘j}
kg seaweed)ol W& TAN ®jA = (Y, g TAN/)S 1|93} thanto] tjsf 7}

W

Y = 8829X + 1.0760 (r* = 0.9925)
Y = 3587X + 0.4424 (* = 0.9950)

o] ZZ HolHH T TAN A ZFS $dF 7 7eoz Stsid, ngz
[e)

g A& AFAT Hol Fwkel sl of 0.8¥ 04%¢ TANS Hldstgivh drbd o= oad
S 25%%0 AFRE TEE ol 7Y Ag, 43 AR Al oF 3%l dfdste= TANS i
A3tk Huguenin and Colt (1989)¢} Tucker and Robinson (1990)¢] ZAx}e} v udle] wj-$-
o vl goldrh AFoFe HolHHH T TAN IS offe dd o883 Als
Y el 2 gheko] whel gElxthal Tucker and Boyd (1985)7F A3k vl glv}. wheba] 7 o]
Fob vaste] A& vre wolAHH o TAN wjAd#e vy} tajep ] @z & ko]
of 7 AtR o vl ghwko] wrol st Aol do] AUV o= e

Aol TAN g v &S 23 & Wstol] J3Fs WokAvt 3] e 24 LU
T Wste] A, F AR F BTl 12TolA wiA Bl &o] 7 #9kan(P<0.05), 167 20T
NA = Zol7b FATHP>0.05). el 2 Wste] weba = WS 3 cmol A HiE v &
7b Wk an(P<0.05), ThAlvkE ZHgel wE zkolrb glo](P>0.05), A& TAN Hjd Hl&2

7}
2Rt ol ofgh o] vk 2y 2 Wt WE Foj¢ TAN Hjd Hl&& %
AFeF Ruyet et al. (2004)2 =< 13, 16, 19, 22, 25Ceoll A sol7} zh7; 23, 26, 28, 38, 45% <]
Hl &2 TANS #jAdstar, =0 4EstiA TAN #lA vl &o] F7tste], & A3 dE A
of At tixzAolfdet. d=ojFe AW dWd FAHAES Fo] AsstvuA SrkEH
(Loughna and Goldspink, 1985; Watt et al., 1988). 47}#] =94 Marine wolf fishel| %H&
TS ota dwE FAES FAS McCarthy and Houlihan (1997)¢] -+ Axfol] ¢]3hd,
oA e ZH¥ HojA o @A P Eo] HAA Fo s @A AFHoR Frtsita

rlo

B 13k Loughna and Goldspink (1985)¢F Watt et al. (1988)8 =3} whwla g o] A
HdA= 3 2 wet dd 4 o, 53] 2 Wsle uid &x9 AL uwet AA
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starh BTk BAAEIY A%, WelE A TFAAL TFAA wo

77 g vleke AL b erevta stk el 2

o

ool AsetuA v FAEo] Frbsht wol

of MAss wAe] o Aol 16T AL A THFE B A
WA 4 Z7bo] me TAN 24 W dg s
¥ HEANA S 12~20CAA MG e HAE 243
3~7 cm® AES AT F Ao dis] 27 36.8~41.9%¢F 33.4~39.7%5 TANS = wjAd
3! =]

shel, Mg AAT A%ol thr we wER wWAsdHod S WIS YU 743

o~

& FAFSE Neori et al. (200002  Ulva lactuca®} Gracilaria
conferatas HF T HAEol 2 18T AF HAe oF 365%= TANS = wjAdgdtia 3t
:I

o, & Ago] e Ao TAN ulA W&o Aseh §A1ahr
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=<

10. AEF 2 7e B 79 A5F TAN #jA4 ZF(mg TAN/kg abalone/day)

TAN excretion

Rearing condition

(mg TAN/kg Species n Author
abalone/day) L(cm) T(C) Feed
Abalone Davis and Ca
10.8 (H. iris) 1.1(0.2 g) 20 Ulva lactuca (2005.
Abalone Artificial cookie .
250 (Haliotis diversicolor) 35(7.3 g) 20 (with Kelp) Qian et al.
_ Abalone 1/2~8 . .
17.3/7.3-12.1 (Haliotis rufescens) (0.1/11~80 g) 12 Palmaria mollis Evans and Lang
Abalone 3-6 cm 16.9 Ulva lactuca . |
6.7 (Haliotis tuberculata) (41~326 g) -26.9 Gracilaria conferata Neori et al.
. Abalone 3,5 7 . . e
19.6~1324 (Haliotis discus hannai) (38~51.7 g) 12, 16, 20 Undaria pinnatifida The present
_ Abalone 3,5 7 L .
7.1~485 (Haliotis discus hannai) (38~51.7 g) 12, 16, 20 Laminaria japonica The present
Mussel 2/35 cm . i
11.2/6.9 (Perna viridis) (12/32 g) 20 Phytoplankton Qian et al.
Clams 10/18 |
5.8/33.4/16.6 (Tapes philippinarum) 21g /10-13.9 Phytoplankton Zhu et al.
19.6 Clams 44g 20 Phytoplankton Srna and Bagg:

(Tapes philippinarum)




=5

11. A5F 2 7]e} o]F<e] TAN wiAd v (%)

Rearing condition

TAN excretion :
. Species Auth
(% of ingested N) W(g) T(C) Feed

_ Rainbow trout . .
29-44 (Onchorynchus mykiss) 50 18 Starch diet Kaushik and (
32/36 ( Onc%girg%";l o ss) 10/100 16 Dry pellets Dosdat et
28-34 ( Onc%sirr;gggu;r%kiss) 80 12 Dry pellets Dosdat et
30/35 s allgn{z(;wt(;?tt;arojl‘clztrio) 10/100 16 Dry pellets Dosdat et
30 Gégggigssgizgs)m 3~9 24 Dry pellets Porter et
35/38 (Dicentrammass i) 10/100 16~20 Dry pellets Dosdat et
21 ( Scophtha%{g‘)tmx i) 10/100 16~20 Dry pellets Dosdat et
Abalone 023 g Ulva lactuca . .
365 (Haliotis discus hannai) (1.1 cm) 181 Gracilaria conferata Neori et ¢

_ Abalone 3.8~b17 g L .

36.8~41.9 (Haliotis discus hannai) (3.5, 7 cm) 12, 16, 20 Undaria pinnatifida The prese
33.4~39.7 Abalone 38017 8 19 16 20  Laminaria japonica The prese

(Haliotis discus hannai) (8, 5, 7 cm)
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1. A&
Hydrocyclone> H4lie] HdzlE& A& 1ydE AAEA
QE-ERY FHALIFoR S
3 FAdTe A FAAER FYE DY ES AMSTFEHY EEsti(Svarovsky, 1977a;
%!

Tchobanoglous and Burton, 1991). Hydrocyclone®] 7%, H|x 2% H|Fo] & =2S #| A7

g Aol sEeh MFol FAE LHBLS AANF S BolE AATE] A Ha
T 5 gon], A ol FF HAL Folok Hum I FEEMe] WASE WAL AW
olth. 71} hydrocyclone® 559 SAel it o) E5ta SRG Fob AL AAH R
of gl 7here Fele] DA AALAZA(Chu et al, 2000), £FAT ALE Az U & d

Hzoll os gHH= FHE ol&ste] deA HAFE 4 o= =2 (Chu et al, 2002), 13k
&

< 7FA AL ot o] 2§t hydrocyclone® @ E AA & FA Y x4 T
gebd 4= i (Chu et al., 2002).

ek 2 AZAME dE s8R A A="l W prefilterE2A o]8 TS5
hydrocyclone®] ds<s 1d= v%, T, #4579 FAFAFEd wat Frispaieh bAoA
w3k vkel o] hydrocyclone® 4 X9 724 SEAN FHTA o w G
T derng 2 dAgdAe Hlud HFo] e Af 2 dZ 55 EE5E EEse
hydrocyclone®] +Z (UBC, Mechanical Engineering CFD Modeling Group)< ©]-&3lo] A%<
Brrstar, £33 AbS Al2®l U] hydrocyclone?] A7l AApe} &4 S AAlstaAF s
t}.

2. Als 2 Oy
7. 24 A (Hydrocyclone)
Hydrocycloneo| 23t 1 & AA &

o

= =4
At} Hydrocyclone= WX 72 2 d3 ngEo] A Aee] #A#o] folge=E ofad
2 AFsA T2 17, 18). &= W 3" g€ S =o]7] 98] U457 A5 cylinder &4 F&
of A Wgor FAHEE Yt o]AS Z FgY oly EA Hutslel FUH FHY
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=
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18u
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= oro| B2, (4 9= (

'O/] @—Zl:i}‘i ) Vtan

A4

(2 10)

2
tan

xZ(DZ—Dw)V

18u 7
AxLe] HA EH%=(m sec)

P =

Vtan :

s (A4 1D

H
4r

3
ral

Ao

1 HE% 22 hydrocyclone W

)

bl 4]

2 Aog 4 9k

(2 11)

2
_ Y tan

g7
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2
_ Y tan
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W ]
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18u

i
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(2 12)

tan

g7

(2 13)

¥

g
SES:

14 tan (min) —

y

=
=

U5 (m sec)

A

Vtan( min) -

7k mEA (4 13)

sk
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s
2 °F 05 m sec©|t}.
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= %7 1, 10, 50, 100 mg/L7} =

il
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tol A4z Z45-¥ hydrocyclone
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=
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-
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2] 7}E ] o]

= SE
5y =

=2 °F 100 L9

7 A v g

5}
=

TE =3

<
T

s =< 12, 16, 20C=

7

i

)

| A Z(solid removal rate), ILHE |

o

—_
o

0

X
.ZTV

Ay

ol g3ke] 7}

o =
= =2

obef o] (2] 14, 15, 16)

=
=

7 & & (solid removal efficiency), underflow rate

ATt

AS

A%

A A (g solid/m3/day)

(2 14)

<Cu X Qu) - Vwater
Cu Underflow W

%)

= T%(g m

il

Q. Underflow rate (m' day)

Ci:

(2] 15)

(G x Q) - (Cy x Qu} + (G x Q)] x 100

(%) =
(g m")

Ry

= AA

g

o
Ho

i

g
=
¢

(2 16)

(Qu + Q1) X 100

Underflow rate(%)
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10

12

a8 19, Hydrocycloneiﬂ s H7EE 9t A9 /\]i%‘, R A% 1: hydroclone, 2: ®jZ:
T3 YT, 4 B, b JAAER 60 A, 7 2dWB 8 FixL 9 B
10: R’i—rJ_, 11: oo E 2 Hair blower, 12: o o] A},
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Z. A4 A#

Window-& SPSS 12.0& ©] &3} three-way ANOVAES A sle] =2 135
4%l hydrocyclone®] IHE A EA vA= d&FS H7Isk 2w, Duncan's
multiple range test® 3w o] FxH(p<0.05)E HA AT

T b AE A FYAVE JE AS T, 1¥FE TR, FAFYRTHl
hydrocyclone®] ] & o 47t =

S =Z39r).

-|~
k]
oftt
Y
ol
=2
=
rlr
of
o

= Al

3. 2%

Hydrocyclone®] A&l &% & A3t 1P E AALFS 5=, 1= F A
of @S wkow, nPE oF FIFol M AHE 12). EE F2oA
Al 7 F L3 1¥FE AAZFE LEE FEIF ZobA L AT HAARrdrEol wikA
WA Z7FsFE THP<0.05, 29 20). = 12, 16, 20C A hydrocyclone®] # 2]
AHE AAZFS FF 7.70+7.78, 9.35+9.14, 10.70+10.00 g solid/m’/day & tEIL}, RE F&
Al it ghell Zfol 7k A THP<0.05). 3 1y E F%7F 1, 10, 50, 100 mg/L=E 7}l HA]
A7 AHE AAZS ZHzF H 0.30+0.07, 2.75+0.63, 12.09+2.88, 21.86+2.89 g solid/m’/day =

RE AYPE FRoA H groll Aolrb AATHP<0.05). FAF+Y Sl

AAHES AHrd dAFYF50] 1.3, 26, 3.7 m secd Azt 1 E AAZFS 247 Fo
+10.05 g solid/m*/day® YERow, AMHA4 137 26 m sec
oA LFE AAFS Zol7F §l L, 3.7 cm/secoll A 7HE 3=k oh(P<0.05).

—

00
I
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I+
00
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0
oo
©
00
I+
00
~
e
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=
%)
N

T2, AAFAdRTS, 185 Fxol il hydrocyclone® A 2 o A7 1HE A AF
= dEst7] 98 g3 EA s At 7 W] g Al 7hA] AdEEA S =&
g 13). Al 7HA Bd FoA F, 1¥E L, JAFYFEY BgE BT Xdete
Model 39] 1% adj r* ©] 7}& %3, Msepe]l 7F4 o} hydrocyclone® A& 3 & 43k 1

= FE27F 1~-100

FE AAFS HHEs] d=5T F AT wEpA T 12~20To A 213
mg/L ¢ ™, 1.3~37 m sec?] HAFHFEFELZ &3 hydrocyclone?] * 2
1 E A7 (g solid/m’/day) RHAS (T, C), LAE H%2(SS, mg/L), AAFU+E

(TIV, m sec)ell dial (2 17)3 2kt

=
1
g £ g A0

_u

f(z) = 4465 + 0.809TIV - 0.375T + 0.217SS (2 17)
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¥ 12, ¥, 1¥8E T, HA
A (g solid/m’/day) =

Y-Sl WE hydrocyclone?] 47 g FH#9d 18 E A
=]
LN

=]
AHEA A3

12T
1.3 m sec 2.6 m sec 3.7 m sec Pooled mean”
1 mg/L 0.18 0.24 0.25 0.22+0.04
10 mg/L 1.73 2.17 2.30 2.07+0.30
50 mg/L 8.68 9.17 10.63 9.49+1.01
100 mg/L 17.73 1791 21.37 19.00+2.05
Pooled mean 7.08+8.00 7.37+0.00 8.64+9.60 7.70+7.78*
16T
1 mg/L 0.30 0.28 0.30 0.29+0.01
10 mg/L 2.62 2.70 2.88 2.73£0.13
50 mg/L 10.97 11.01 14.31 12.10+1.92
100 mg/L 20.36 21.77 24.73 22.29+2.23
Pooled mean 8.56£9.10 8.94+9.71 10.56+11.24 9.35+9.14"
20C
1 mg/L 0.39 0.37 0.38 0.38+0.01
10 mg/L 3.23 3.56 3.58 3.46+0.20
50 mg/L 11.96 14.38 17.69 14.68+2.88
100 mg/L 22.66 2417 26.01 24.28+1.68
Pooled mean 9.56+10.03 10.62+10.84 11.92+12.04 10.70+10.007
Total pooled mean
1 mg/L 0.29+0.11 0.30+£0.67 0.31£0.66 0.30£0.074
10 mg/L 2.53+0.75 2.81£0.70 2.92+0.64 2.75+0.638
50 mg/L 10.54+1.68 11.52+2.64 14.51+3.53 12.09+2.88°
100 mg/L 20.25+2.47 21.28+3.16 24.04+2.40 21.86+2.89°
Pooled mean 8.40+8.28* 8.98+8.78% 10.37+10.05" 9.25+8.85
Analysis of variance
sq11SaL1lrIen rggan df Square mean F value P value
T 54.25 2 27.03 13.27 0.000
SS 2,603.98 3 867.99 424.49 0.000
TIV 24.57 2 12.29 6.01 0.007

“Pooled means*STD for tangential inlet water velocities, solid concentrations or temperatures having the same
superscript are not significantly different at P<0.05 based on Duncan’s multiple range test.
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¥ 13 &, 185 52 ZAA F9H5d ©WE hydrocycloned 47+ A %93 1IFE AAFEF
o BEaAARAY L B Ae] AR At
Parameter estimation of variables
Model: f(z)=% + GBTIV + BT + 5SS
Parameter Estimates of G Standard error t value P value
5 0.511 0.492 1.039 0.306
Model 1
53 0.217 0.009 24.787 0.000
5 6.514 1.402 4.646 0.000
Model 2 5 -0.375 0.084 -4.462 0.000
e 0.217 0.007 30.920 0.000
5 4.465 1.379 3.237 0.003
5 0.809 0.246 3.291 0.002
Model 3
5 -0.375 0.074 -5.083 0.000
53 0.217 0.006 35.225 0.000
Analysis of variance for the model
Sum of
square mean df square mean F value P value
Regression 2,596.38 1 2596.38 614.396 0.000
Model 1
Error 143.68 34 4.23
Regression 2,650.44 2 1325.22 487.970 0.000
Model 2
Error 86.62 33 2.72
Regression 2,673.10 3 891.03 425.830 0.000
Model 3
Error 66.60 32 2.09
Fitness determination of the model
R adj R’ MSep
Model 1 0.948 0.946 2.056
Model 2 0.967 0.965 1.648
Model 3 0.976 0.973 1.447




Hydrocyclone® i@dE AAZELE &, 1¥8= 5%, JAFAFSE Z7d &S F%e
U, A3t 19 E AAGEH 22 HAFAREel o dFol M ARG 14). 72 s u
£ hydrocyclone®] 1dE AAELELS T2 12, 16, 20TColA 22 H 12.3+7.2, 18.0+7.
245%971% = YEY, F2o] ASetHA SRt (P<0.05, 19 21). =3 1P E Lt
10, 50, 100 mg/LZ F7tstA] AAEES 2h7 Hat 23189, 20.4+8.7, 16.0+9.6, 13.0+7.8
2 Yey gaskan 138E % 13 10 mg/L, 283 502 100 mg/LellA AA=
2y 7y Zpol7F Ao (P>0.05), F Tt = #Felzb 9le], 503 100 mg/Lell Al Xﬂﬂﬁ%ol
7H SEktH(P<0.05). AlA &S 7MY Aol Y HARY RS A, 1.3, 26, 3.7 m sec
ol Al Z+7} Hat 97485, 20.746.5, 24.146.0% =, FAfFrdfFrso] WA HA AAEES FolA
oH(P<0.05).

Hydrocyclone®] underflow rate= I3 & F% HAAFLAFEd g8 9SS 2= o=z 1
E}E}Qb} F2o o3k g YUATHE 15). 20 wWE underflow rated] W3S 2y H WA,

= 12, 16, 20CoN Al Z}7} 87+4.7, 9.245.1, 9.4452%= YEIY, 0] J53tH A underflow
ratet S7FeFtH( g 22). 2 129} 167C, 28l 167 20C 7+9] underflow rate:= 772} =}
ol7b gidlal, F FZb Fhell= Aol AATHP<0.05). ¥ = FEe A5, 1, 10, 50, 100
mg/Loll A underflow rate’} 247} 8.6+4.3, 8.7t4.4, 9.3+54, 9.7459% %, 13 &
WA underflow rate”} S7FsFRATHP<0.05). 1, 10, 50 mg/Le ¥ E FElA underflow
ratex> 37t roll Fox7F fIATHP>0.05). =& 503 100 mg/LellA %k @it kol 927t
ot 100 mg/Le 1¥E FEoA underflow ratex= 13 10 mg/LHE = =gkt
(P<0.05). &3 138 % % W3lol w} underflow rate®] zko]7} wjw|gk ¥ F 150 1}
Eff o], AAFdfFEel WE underflow rate Wsh= ek ¢S Boh A9 HAFY

1.3, 2.6, 3.7 m secollA Z+Z} 15.7+£1.6, 6.210.2, 54£0.2% 2] underflow rateE e H

?ll—‘
59747 w252 underflow rates 7H4 39 tHP<0.05).

X = w

rlo

do

S
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#1472, 18e §%, JAFdFEel WE hydrocyclone?] g & AAE(%) B Ak
5 A
12T
1.3 m sec 26 m sec 3.7 m sec Pooled mean”
1 mg/L 5.1 19.3 20.7 15.0+8.6
10 mg/L 3.8 16.7 18.8 13.1+8.1
50 mg/L 2.0 13.2 17.0 10.7+7.8
100 mg/L 19 12,6 17.0 10.5+7.8
Pooled mean 3.2£1.54 15.5+3.14 18.4+1.77 12.3+7.2%
16T
1 mg/L 17.7 23.3 26.4 22.5%4.4
10 mg/L 13.7 22.1 24.8 20.2£5.8
50 mg/L 6.6 16.8 24.6 16.0+9.0
100 mg/L 2.9 16,5 20.5 13.3+9.2
Pooled mean 10.2+6.70 19.7+3.53 24.1+2.52 18.0£7.3"
20C
1 mg/L 28.1 33.2 34.4 31.9+3.35
10 mg/L 20.8 31.2 32.0 28.0£6.31
50 mg/L 8.2 23.9 31.6 21.2+11.93
100 mg/L 51 19.0 21.7 15.3+891
Pooled mean 15.5+10.76 26.8+6.57 29.9+5.62 24.5+9.7°
Total pooled mean
1 mg/L 20.07£11.5 25.3£7.2 27.2£7.0 23.1+8.98
10 mg/L 12.7+8. 23.3£7.3 25.0+6.6 20.4+8.78
50 mg/L 5.0+3.2 18.0+5.4 24.4+7.3 16.0£9.6*
100 mg/L 3.3t1.6 16.0+3.2 19.7+2.4 13.0+7.84
Pooled mean 9.7+8.5° 20.7+6.5 24.1+6.0° 18.1+9.3
Analysis of variance
sq11SaL1lrIen rggan df Square mean F value P value
T 828.78 2 414.39 43.23 0.000
SS 548.65 3 182.88 19.08 0.000
TIV 1,370.41 2 685.20 71.48 0.000

“Pooled meanst*STD for tangential inlet water velocities, solid concentrations or temperatures, having the
same superscript are not significantly different at P<0.05 based on Duncan’s multiple range test.
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%15 T2, 18 E %, GAFUFS5l ©WE hydrocyclone® underflow rates (%) 2 HEAME
A A
- =

T}
12C
1.3 m sec 26 m sec 3.7 m sec Pooled mean”
1 mg/L 13.7 58 5.0 8.2+4.8
10 mg/L 14.0 6.0 5.1 8.4£49
50 mg/L 15.7 59 5.2 8.9+59
100 mg/L 16.1 6.1 5.3 9.246.0
Pooled mean 14.88+1.20 5.95+0.13 5.15%0.13 8.7+4.7%
16T
1 mg/L 14.6 6.2 5.4 8.745.1
10 mg/L 14.6 6.2 5.4 8.745.1
50 mg/L 165 6.2 5.4 9.4+6.2
100 mg/L 18.0 6.3 5.4 9.9+7.0
Pooled mean 15.92+1.65 6.23+0.05 5.40+0.00 9.2+5.1%
20C
1 mg/L 14.6 6.2 55 8.815.1
10 mg/L 14.7 6.4 55 8.915.1
50 mg/L 17.1 6.4 55 9.746.5
100 mg/L 185 6.4 55 10.1+7.3
Pooled mean 16.23+1.91 6.35+0.10 5.50+0.00 9.4+5.27
Total pooled mean
1 mg/L 14.3£0.5 6.1+0.2 5.3+0.3 8.6+4.34
10 mg/L 14.4+0.4 6.2+0.2 5.3+0.2 8.7+4.4%
50 mg/L 16.4+0.7 6.2+0.3 5.4+0.2 9.3%5.44P
100 mg/L 17513 6.3+0.2 5.4+0.1 9.7+5.9%
Total 15.7+1.6° 6.2+0.2° 5.4+0.2° 9.1+#4.8
Analysis of variance
squsali? n(?;an df Square mean F value P value
T 3.19 2 1.59 2.70 0.084
SS 8.46 3 2.82 479 0.008
TIV 790.15 2 395.07 670.83 0.000

“‘Pooled means+STD for tangential inlet water velocities, solid concentrations or temperatures, having the
same superscript are not significantly different at P<0.05 based on Duncan’s multiple range test.
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a9 22 A FYRE 13

5 T %9 wE hydrocyclone?] underflow rate. a) 12C, b)
167, c) 20C.
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A U nFEL BE Absek HlSol A8 fAFSke] hydrocyclonee] A AEd 7]sS
Ha}eko] 7bs A oF o}, whEbA] hydrocyclone®hS o] &3¢

FAE W ¥ =s F8% Adste AL 7Idst] ogE Ae® AZErh Scott and
Allard(1983)= FAMEAE A58t w3 ALS ’\]i‘%ﬂoﬂ hydrocycloneg |3t &&
21 A3}, hydrocyclone®] 43t Al2=®l W] F 1 EZ9 °F 56%E A AH S

o, AEeE otz A 7|7HE 490 352 AFEATy BRusgdu. =3
microscreen® #Zo] ZsHA F 1 ES 97%E A A3Fe] hydrcocyclone® prefilter = 4]
Z484s Baugh vk Aok B AP A¢ , AEE TR AT AR RSl wet
hydrocyclone®] & E AAEZEE 19~344%E, x4 wat & o]z} verwteh 118
E AAEES AR AfFArEol 7 w3 37 m secl
A 7MY =& AALES UEHAT B A3 Ay & 13 E AALFY] A, M =
S HAAFETSANA M Bol AAZET 43t 1FEF AAZFS EFol7] 3= & FFE
= Tl A st ok skl el 3.7
q

AN oF 50~55%= 7HE v

3l underflow rate®

Lol MotdasE AR uPES AAY

2.6, 3.7 m secol Al Z}7Z} ¢F 5 12, 20%9] FF=2o] TAste] HA

© oEE oz dAdHET. Yoot Eeyol F& g eZ 400~1,000 mL sec (0.6~1.2 m

secd] HAFUREH)Y FFozE g A& hydrocycloned AAE&ES 2AFS Lee (2004)<]

A4} hydrocycloneo] dole} detgol o sl Z+7; 36~60%%F 41~63%2] AAEE
A

= e, A3 Aol wlaste] AAREC] EUT ©]AL2 hydrocyclone®] A2
Aol s nd=S AT wdds AAolBnR, Tt "ol vl HlFo] wol g et

Aol % Aot FUHOE Fasels] dEow Yz
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1. e
AubH o7 Fael AL AlzdoA A H5E 2 wPESL o X 1P AAR
AEe ol gate] AASIL MmA H, YA S A Bi nPBL §T A F

= 5
S AAS = A gA ol Al2" U F45H= 4Eo] Ath(Timmons et al, 1995). Al
o] X 5EAS ZAS Chen et al. (1993)2 Al U
At 2@ =9 95%7F 20 ym IREE] A AV)E THA, Wi 22 dAEe] FRE ]
Avtar stk w9 wAlEte] HAEA] Fota AlaFlowmEH A7 ole Fi L E
< T8 AbS Alzdlo A g AEo #HALY FH Aol 2 AvH(Timmons et al,
1987). ol¢} ## 3t Major (1988)F 44 mg/Le Hf 1FEQ FZAAA ofFe of7in| 7t
ERdETAL §lar, o] Wk o AFAES B L@ Eo] oprtw EAN ofFo WA A
o] @Al Jes Frla B 119t (Stickney, 1979; Wickins, 1980; Chapman et al.,
1987). =8k 3} Al Al2®o A Ff g &9 3§ ko] it BFE3 VEES glon

WA o® 15 mg/l oldte] FEE %x]a}{— Aol npFA stk s THEFIFAC, 1980;
]

al

4

%

Reinemann, 1987; Timmons et al., 1987). 7F¢ A3 40 13JE AA < HHdEE 100 mm
o HE dA AVIE A AYEES 11]743}%Fﬂ aRHel AR v =9 HAd FEE

THAE B 2¥8ES o HARE AAG=E AL AE&FHolx 3 (Rudolfs and Balmat,

1= T1
1952). 71AIA o3 RS S T+ LHES AASE A vlg A2 4R o3 wjH o]

=]
U mAgt WS VMR = 2a3d WS AREstojof g Hj&o] Wol] 51 2 ANV Ho
st Ao FA47F B 4= At (Chen and Malone, 1991). ®3F Muir (1978)&= -+

Lomax (1976) theFeh =3¢ kol a Abs Al2dls AN A3, Hl&3 381 lo
A AESA odtxet xdiEE]v]e] xeel M AAFH W FL AA Wyeldtal it
Dwivedy (1973)v & &2 Al=gloA @277l 1d &5 AlAe pHE 43t a24
ot Higk nf vk ES IRV T3 ALS A"l pH 2-H} FFe

2G7] FA=2A 9% 8T 5 At (Chen et al, 1993). 3l

gas 8 AL 98 A5RH
S s me AEsh 9

2, 95 23 waste] £uRes)e] Ggol o Fobd & vk EF TLRY)
]

3z |
ZNAIA A glo]l AR = 9o, sl A A A& rtee FHE AL
1214, Huguenin and Colt (1989)& A A o7 o]&d 4 = TUEE7 Y 1dE A7
e aie B4y AEd uyESY S93 54 got 2 AFstd g AsvF F=5t
thar 915E vk vk Spotte (19792 E#ie]71e] s %S T 2952 7
AFAZY, F71e A7), 7] 7%, FAIS AR o], i r]e] FH Seo] vt



2o slREded ] FsE AT, BV AEEE, 59 1R FLd we
wRe)ve nFE A A5 BAEw, SR S AzE g xRR Y 27 A%

7b. EEgEE7)

xadEYriel ngE AA SAHS 2ARE] Aol A4 20 cm, .

Z}o

_

dAA LS g

WA U7 E S St TH( L™ 24). AR WFolA FAdE ETo] AR
!

1500

1000

47 60 mm PVC #< ol &3te] wieto2RE 110 cm ¥®ol9 vl e ———
S a%_

g ztzF A A8, overflow T4 A7 50 mm7t == & ——

gk A\ ARSI EAAA MEHE g6 o8 wEo] W f%\“ﬁj

A G2 ulg o ®RE 145 cm Eolo AXAE A s H %

ATE wAs . oWl TAIR A4 25 mme] U2 AE A

L35 Z} = B Zola a2 B = sl 5| a9 23 Agel o] g% &

Fokol 4 Wl FUT/F w2A BAHES Sk Aol wrelsle 24

Z 9 (HP-80, TAKATSUKI, JAPAN)E o]&3}o] F7] TA 33 =

s TY
om 7] FEA(T510, Dywer , USA)E ©] &35t Ay fFFo=z

AY FNI5EEE A
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4(%), overflow rate(%)

be] 2 16TC= =4
2

Al A

°

Q

o

3 column HE Y AFZE A}

9

_(H
o
3=

=

=

1E

T 1,5 10 mg/LolA =gt

of o
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o

)

37t

gl
=
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(# 19)
(2] 20)

(Qo + Q1) x 100

A A &5 (%)
= {[(Ci x Q) - (Co x Q)] =+ ((Ci x Q} x 100

Q.- overflow rate (m' day)

p=
=

(e}
Overflow rate (%)

al

0

il

i)

—
=

4

=

2 2R AA 1Y
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e
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r

23l pilot TFE-2

37+

5 %

2l7]¢] A3

2201 A

o
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o3} AHS A

%

B
o3

=

(Mastersizer 2000, Malvern Instruments Ltd, UK.)

& (%) 3

A ksteeh,

©
=

H] (%)

B
iz
H

o

-

= 0]
&tof a1g

]

500 mm,
< 16Tl A
b,
2 A

°

=

=

o

Bl

2=

shwiA] A}

Ak
[}

12 &3

(e}

| three-way ANOVA

AR

oAz 1 a2 AA
i

AHS A 2Ee 40mx0.8mx0.6m (¢F 1.9m) ZL7]¢]

shof 3}

AFS4Z 1270, 1.8mx3.5mx2.0m 7] <]

=

%
eel7] 12 445

=
=

Ay
fn el

—current®
Window-8 SPSS 12.0& o]&3te =23 Z-7d o

42.8 mm A& =3 <F 10,0007}

2.5m<| count
ul, B4 A

el

bl o,

)

0.88+0.567% 0.79+0.61 g

2Hp<0.05)E #HA
kA,

o

T

o

o &

T

A A =

7

E Ry
1
=

by

0.29+0.17, 1.08+0.35, 1.58+0.45 g solid/m3/day©]
[}
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gy 1 El

zkel7F - gl A THP>0.05).

solid/m3/day® H+ 7ol

o

oA et

=]
RN

1.28+0.67 g solid/m3/day® vtel}, 33 6

(P<0.05), =] st

S& oA

A}

HHH 1107 150 cm/sec? & 7]

© b
= =

AA &
F 0.81£0.537 0.92+0.54 g solid/m3/day= -+ H vt kel Zfol7F g1

1.22+£0.79 g

A A 7ol

q e
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al
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tH(P>0.05).

solid/m3/day=® YE, 1.107} 1.50

IS THP<0.05).

7}&

=
[}

—_
fite)

N
Ho

i
me
B

Al 7EA]
Model 3¢] %, adj r* ©] 7}& =31, Msep?} 7} vto}

17 ERH AT

=
= aLrL

o 1 A%

eEL

= 57 =L =] -
2% ¥3E=

Ho

AA g

A5+ A1 ZHHRT,

cm/secl A

solid/m3/day)2] t= 3
min), 37]7%4 %= (SAV,

1.1~21

1

2]

ATt

=

cm/sec)ol tsf (2] 21)3

(2 21)

f(z) = -0.118 + 0.422SAV + 0.094HRT + 0.141SS
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1 mg/L
1.10 cm/sec 1.50 cm/sec 2.10 cm/sec Pooled mean”
1min 0.34 0.56 0.59 0.50+0.13
3min 0.15 0.25 0.26 0.22+0.06
6min 0.14 0.16 0.16 0.15+0.01
Pooled mean 0.21+0.11 0.3210.21 0.33+0.23 0.29+0.17*
5 mg/L
1min 1.16 1.35 1.69 1.40+0.26
3min 0.81 0.98 1.46 1.08+0.34
6min 0.75 0.78 0.78 0.77+0.01
Pooled mean 0.91+0.22 1.04+0.29 1.31+£0.47 1.08+0.35"
10 mg/L
1min 1.73 1.79 2.33 1.95+0.33
3min 115 1.10 1.76 1.34+0.37
6min 1.02 1.32 1.99 1.44+0.50
Pooled mean 1.30+0.38 1.40+0.35 2.02+0.29 1.58+0.45"
Total pooled mean
1min 1.08+0.70 1.23+0.63 1.53+0.88 1.28+0.672
3min 0.70+0.51 0.78+0.46 1.16+0.80 0.88+0.56*
6min 0.64+0.45 0.75+0.58 0.98+0.93 0.79+0.61*
Total 0.81+0.53% 0.92+0.54° 1.22+0.79° 0.98+0.63
Analysis of variance
squSaL;ren rggan df Square mean F value P value
SS 7.59 2 3.80 99.96 0.000
HRT 1.25 2 0.62 16.42 0.000
SAV 0.83 2 0.41 1091 0.001

“Pooled means+STD for solid concentrations, hydraulic retention times or superficial air velocities, having
the same superscript are not significantly different at P<0.05 based on Duncan’s multiple range test.
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E 17 1BE = FAGH Dahy, 37 550 wE xaRes)e 9% 79 3% ¢ 13F
Aol v 3] 21 9 3] Aol FAREA] A3
Parameter estimation of variables
Model: f(z)=% + GBSAV + BHRT + 3SS
Parameter Estimates of G Standard error t value P value
5 0.231 0.120 1.922 0.066
Model 1
5 0.141 0.019 7.627 0.000
5 0.543 0.137 3.952 0.001
Model 2 5 -0.094 0.028 -3.355 0.003
yes 0.141 0.016 9.057 0.000
5 -0.118 0.208 -0.569 0575
5 0.422 0.112 3.758 0.001
Model 3
yes 0.094 0.022 -4.173 0.000
5 0.141 0.013 11.264 0.000
Analysis of variance for the model
Sum of df square mean F value P value
square mean
Regression 7.29 1 7.29 58.165 0.000
Model 1
Error 3.13 25 0.13
Regression 8.29 2 4.15 46.641 0.000
Model 2
Error 2.13 24 0.09
Regression 9.10 3 3.03 52.808 0.000
Model 3
Error 1.32 23 0.06
Fitness determination of the model
R’ adj R* MSep
Model 1 0.699 0.687 0.354
Model 2 0.795 0.778 0.298
Model 3 0.873 0.857 0.240
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F= kol o3 FFo] M AJTGE 18). 1HE F= 1

mg/Lol A AARES ZH7) 5364255, 47.9+30.5, 31.3+19.6% =, 13} 5 mg/LalA = zko]7F ¢l
A3z, 10 mg/Lel A 7Hd SEkth(P<0.05). e A Al FAIZke] 1 #ollA 6 &2 F7HstHA
A nPFE Al A v, 1gE AAEES 1, 3, 6 o st AF AR A
F2b 24.7416.6, 45.4+26.0, 62.7+22.3% % YE} F7FeATHP<0.05). ¥ = AAEES 1.10,
50, 210 cm/sec® F714EEE7F SUFSEAA ZHZE 25.3+13.2, 42.2+20.5, 65.3+27.7% = L}E}
¥ E AAFHR FdstA F7FsEHE THP<0.05).
2719 overflow ratew 1HE FLE7F EFolA 1l V| GESETE WA AA HapH o
= S7tetou, et AR AR Wt i = Bed e Aol fIATHE 19). 1
=5 FE 1.0, 50, 100 mg/Loll A overflow rate= 22} 0.099+0.144, 1.082+1.482,
1.861+2.385% = YEeSth 18 E % 13 5 mg/l, 183 5 ¢ 10 mg/LollA overflow
rater= H1t 7ol Z+z xpolzt gl ok (P>0.05), 10mg/Loll A overflow ratex 1 mg/LE.th=
A THP<0.05). ELE 79 overflow rate®l 7]’” 2 9IS T FNESERY A, 37
4527 Wl H A overflow rate’t | 2438HA stk 1.10, 1.50, 2.10 cm/sec?] & 7]
A& oA overflow rate= ZHZF 0.048+0.038, 0.300+0.267, 2.694+2.188% ] t}. 1.107} 1.50
cm/sec®] F717dsE LA overflow ratex= 1t Fell ZFol7b §llan(P>0.05), 2.10 cm/sec
NA = FoetA =deHP<0.05). Fe A AFAZLY A5, 1, 3, 6 & FEFAAFAILT x
7oA overflow rate= ZFZb 1.028+1.578, 0.750+1.499, 1.264+2.185% = Ht It zfol&= §lS)
HP>0.05).

)
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¥ 18 LHE ¥k £ ReE 3] AeSEd mE TR ndE AL e
A4 8 g e] BaARA A3
1 mg/L
110 cm/sec 150 cm/sec 2.10 cm/sec Pooled mean”
1min 17.8 39.6 60.2 39.2+21.2
3min 24.0 54.3 79.3 52.5+27.7
6min 43.2 66.9 96.7 68.9+26.8
Pooled mean 28.3%13.2 53.6+13.7 78.73+183 53.6+25.5"
5 mg/L
1min 12.0 189 325 21.1+10.4
3min 25.3 42.0 90.4 52.633.8
6min 47.0 66.0 96.0 70.0+25.0
Pooled mean 28.0x17.7 42.3+23.8 73.2+35.4 47.9+30.5"
10 mg/L
1min 8.9 12.0 204 13.86.0
3min 17.8 234 52.3 31.2185
6min 31.6 56.5 59.0 49.3+15.2
Pooled mean 19.4+114 30.6+23.1 43.9+20.6 31.3+19.6"
Total pooled mean
1min 12.9+45 235+14.4 37.7+20.4 24.7+16.6%
3min 22.4+4.0 39.9+15.6 74.0+19.6 45.426.0°
6min 40.6+8.0 63.3+5.9 84.1£21.7 62.7+22.3°
Total 25.3+13.2° 42.2+20.50" 65.3+27.7° 44.3+26.4
Analysis of variance
Squsalfg r?éan df Square mean F value P value
SS 2,403.39 2 1,201.69 12.22 0.000
HRT 6,501.07 2 3,250.53 33.06 0.000
SAV 7,248.02 2 3,624.01 36.86 0.000

“Pooled means+STD for solid concentrations, hydraulic retention times or superficial air velocities havin

same superscript are not significantly different at P<0.05 based on Duncan’s multiple range test.
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19 1YPE FE, FYGH Fat, 37 desEEdd wE xdE 7] 9] overflow rate®] T}
F371944) 2 574 B 23
1 mg/L
1.10 cm/sec 150 cm/sec 2.10 cm/sec Pooled mean”
Imin 0.004 0.028 0.382 0.138+0.212
3min 0.003 0.027 0.092 0.041+0.046
6min 0.009 0.040 0.310 0.120+0.166
Pooled mean 0.005+0.003 0.032+0.007 0.261+0.151 0.099+0.144*
5 mg/L
Imin 0.043 0.494 3.103 1.214+1.652
3min 0.039 0.222 1.467 0.576x0.777
6min 0.081 0.299 3.991 1.457+2.197
Pooled mean 0.055+0.023 0.338+0.140 2.854+1.280 1.082+1.482*
10 mg/L
1min 0.070 0.806 4.332 1.736+2.278
3min 0.081 0.261 1.556 1.633£2.53
6min 0.104 0.527 6.011 2.214+3.295
Pooled mean 0.085+0.017 0.531+0.273 4.966+0.912 1.861+2.385Y

Total pooled mean

1min 0.039+0.033 0.443+0.391 2.606+2.021 1.029+1.58*
3min 0.041+0.039 0.170+0.125 2.038+2.286 0.750+1.500*
6min 0.065+0.050 0.288+0.244 3.438+2.891 1.264+2.190*
Total 0.048+0.038* 0.300+0.267% 2.694+2.188" 1.014+1.724

Analysis of variance

Sum of df

square mean Square mean F value P value
solid con. 14.02 2 7.01 5.92 0.010
HRT 1.19 2 0.60 0.50 0.612
SAV 38.38 2 19.19 16.21 0.000

“Pooled means*STD for solid concentrations, hydraulic retention times or superficial air velocities having the
same superscript are not significantly different at P>0.05 based on Duncan’s multiple range test..
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Eara e od AAR nFEe A A7) W 159~1261.92 m=(1d 29), 5 Y
At A FE HH Thse dAAA W Mo aPEo] AAHAT dAY B AAS Ve
O F 14611 mm A7) YAZE dA L] oF 44%E AA st Ao FHPAAT. g 7] 9
sl AA b5 9 av)e] BENEL
_ 0.606 _ 1.606

v=0.576 + 2.8211[ 2540 5051 T — o] F5EL 40,5051

(r* = 0.9928)
o AuuAAL o

E3 A5 F ALL JFoE 10, 50, 90%7F AAHE Qe A= 247 1768,
100.01, 328.28 = LFEFLH(12 30), 32828 /m o]+l 9} 7oA A A Lo] wrgkth urR

gl71o] 93] AAE nF=e] T4 Y= BEHES eI 2ol

= 204 + 101.3(1-e ") (+* = 0.9999)
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Al 121, 23.7, 380, 49.3, 624 mg/L<]
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minell 3F&Th g Peng (2003)9] A3 Aol n FetAAFAINS g7 dsEEd o
2 11.8~236 g m’ min® AA#FE Wiste], 31(2002)3% Peng (2003)¢] A= 4
o Hluwdte] iAoz =L AAHFS UERNAT oA F AFAte] Ao
TS 7Y LEE FRolA olFolAY] wwor AT 53] 31(2002)¢] <
T2 A8l 1 L]l 29 TR 7IE ol &5kl ddsled, ditqor a7
5] 5 ¢ =2 &% Yepdta s tH(Know, 1971).
Overflow ratev EEE#7] &2 FPE= T2l sl o] JAEUA overflowH = %
o] nl&2 YehAL Overflow raters L Z9 Fxof F7|45% &
Atk 53] EAMEA A3 gU)dsER odl b 2GS wkow, e s A F Ak
o &2 A9 gle Aor gyt AAFHAAANAME st A 7Y Wstel] el
overflow rateZ7} =to]l7F fIATh 2] 4 A 7~
1

AYgE FrAA e

A @d Be ude wR7F Sk HH, gvlek A Al FEEE dd B a0y
=9 o] FUstHA Eo] fHA I E R kol thEe] overflow rateE A= o=
AZE

Overflow ratedll 7}g 2 &S F= Aoz ved a7dcHE 45, o715 57
o] A
AA

=7}t Al overflow rate: A

holdup®™ Z7FFATHE 20). o] A& Eels] W B/ 45w} ShGEN FYHE F)
of o] Frhstu, LRelY] ) F719] FEgel FAALE +H

i

o] Fsst7] wioltt. o]l uwhef A
22 overflow rate’} 37|14 &%E7 AssldA Frkste Aoz AZbEtTh Peng (2003)9]
ATANAE E2 F7|FEEFEAA gas holdupe] S7FetSlaL, o]o we} overflow rate:= <7}
sto] 2 3ol Aol A8 h E3 overflow rate®t gas holdup®] A A3k whe} 2

, FEAAFAD = 2GS WA Fe v, FUEeERd g8 R 9FS

)

] = [e] h
Hkokt) o) 9} A #HEle]) Chen (1991) 9 A gas holdup®] TEEHVIZ FYHE FHHT &7
FeEEe Bdo] v Ava sho], & A Ayt {FAFsE
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E 20 1FE sE, FHUTAE AFARL, 7] AsEEd e 22EE 79 gas holdup
HRT (min) AV °8 tmerl)

(cm/sec) 1 5 10

1.1 2.4 35 35

1 15 3.8 5.2 55

2.1 6.1 75 8

1.1 - 1.3 1

3 15 1.7 29 2.5

2.1 3.7 4.6 4

1.1 - - 0.5

6 15 1.3 2.7 2.2

2.1 3.1 4.3 3.8
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TANE 4 Ao 44 Asl 2 AAFAL S AAE AT WD S 55
o] @4 256 949 TAN AAEZ 98 AFe] #49g 7k
B84 of3xst F2 F4 AsgelA TANS AA 78 Wyow o g

Ot
2

(o

&
o

1 wAE A ol gH A Ak FAA, A

&
A
A, AR, 755 5 T e AestH ofdzrt NEse sl AL AL

=
and Gelman (1977)2 a7l A A4 4
o 2y & oy AT7ARES g RAoAE e Akt Aol dojdria &4
™ (Bower and Turner, 1981; Forster, 1974), &= A7olA o8 o3} A& o] &3 a5 &
oy} Abs Alzdle] 7sA S Bask vk lth(Davis and Arnold, 1998; Menasveta et al.,
2001).
AStA7IE e s st AESHA Adxs e FAkst
THe Az Yol wet dso] ZA EekI tH(Nijhof
and Bovendeur, 1990; Lekang and Kleppe, 2000). = 3-4% F7rel] o3} nmAdEo] ¢ Ho
2 = e MEdS AY ¥ Aol sask, widR Qe FF7F WeA] erofop gkt
gy o3 AAS Helr] s FEAE Al BEsHA oAdxE e A2 A A
&5 A e FAdET ek d4E Sl B oA gHAS AlFstr] fEiAd, o
I owjE e 2715 AA o] FLdE &F o WA =& HEEASs AT F Slojob Frh
aEu wjd e A7 FolEW, A HWolAY mjdite] F=Eo] Fol50 1y Eo] 4
A 23] dAbo] WA A FtH(Wheaton et al, 1994a; Lekang and Kleppe, 2000). = <+
o] dast 2FS HJ?'SHO}‘ﬂ A3 W o3 AEEe] A Es At 22 ¥ F

Summerfelt and Sharrer, 2004). 23 5% 04»}7\“ v Ask RS oy wjAR A}

o, mel7t G4 B SelA sbeed €3 FE@ ¢ QES AAstelop gtk e
A

W P b
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F 21 Aol o] &7t of 3} wiH (R =2l H

=
574

Media

Specific weight

Average diameter

Specific surface area

Total surface area

Silica sand (>Si0O, 95.15%)

2,604 kg/m®

469.0 1m

9,842 m*/m’

98.4 m”

E 22 AF o 8F T4 dFA HY o

o o

I

Z*) (modified after Zhu and Chen, 1999)

Ingredients Mass ( mg/L)
NH,Cl1 768
NaHCOs3 1,968
MgSOy - TH20 20.08
NazHPO,4 55.64
KH>PO4 85.28
FeCl; - 6H20 2.79
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F 250, 500, 1,000 g TAN/ m” day °]$lth.
23)

W NO; -N9] &% (mg/L)

o}

Al

a
= >~
=T

(

=
[e)

R

=l
Y & =(mg/L)
H

}o] TAN

[}

Ah AA
2ol ASZ W NO, -N9| & %=(mg/L)

/=X ¥(total alkalinity consumption rate, TACR)
2L hr)
Vsand: EEHQ/] %@(L)

At A2 AA (g NO; -N m’ day)
VTR + (Crinozn — Conozn) % 1000 x 24)Q/(Vsana *x 1000)

(2000)2] A4
(volumetric TAN removal rate, VTR), &4 A2 % (oxygen consumption rate, OCR)

= {(CLa - CO,a) X 1,000 X 24) Q}/(Vsar}d X 1,000)

o

)

Cr 29 A}5% W TAN % %(mg/L)

a: TAN, DO, total alkalinity

Cino2-N
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S

S48 AAZg TAN/ m’ day)

z WEFE A5
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0cCcser,
Beecher



% 241
wd §5% outze olBEsS Yt Avtz MESE A5l 7 &
AAAES ATk TAN 2 obadt dht AFBAT PN U969 wet T2

-

% spectrophotometer (Zenesis 2000, USA)E o] &3lo] A5t F=, £544 pHL DO
2]

do
o,
>
Ho
N
fo

mg CaCOs; Le] D‘rﬁi 74]*}0} 7T}

ul, A A
Window% SPSS 120 2213 0% one-way ANOVAE AAsta HAF224A(LSD)S
2 74 AeEE ¥ mE AMSE U TAN % oAl w%, 28 Zhzte] Al A e
Bk 7943 (P<0.05)S HAste] HAA 73y FsSH
HA Fyatd A& E aAST &34 TAN F-st

h
2ol i3] two-way ANOVAEZ 2 A

A st s
lo] o3 TAN B o] AFSZ U S-S xol A A nx= s 7713
9 om Duncan’s multiple range test® HiF 79 o2 (p<0.05)S AASS

ek 7 AY ZANA 23 F¢ TAN =0 W& 2 f55 oz 47 TAN A
A#FS Window-§ 37 43 Z233 Table-Curve 3DE ©|-&3lo] 329 AL S 2t
gttt

- 113 -



me §5% ol#ze ofn 4%S W] Astel WA me £EF oz W o3t v
Q1w FE3 WA Aol WANEE olhx2E FHAR £ 0TAN FFUZE

o] 250g TAN/ m® day9] ¥ &2 TANS & FFaarh o u oux ) AF§Se
sl

5] 1
ofdAt A4 sk WIE st B F5F AAxE FHdHA TANY v+ A3
AZE & 548 7t e, 8F A TAN %7 oF 162 mg/LE Hi Fxo =dstadth
7h, 115 Aol = 72 mg/L2 skt d 33). o] 3 15541714 35 mg/L® A&H oz 7h
Zst o, 18F A= thAl F7kete] 108 mg/L7hAl TAN ¥ %=7F 5atdeh 19578 =
28 mg/L7HA FASA skl 215 Aol E 36 mg/LE thah A5selth o] & 22~23
AH-E b H o] sAHANeH, 2F/7tA] 04~1.2 mg/Le WA F& Fo F

b}, 43F A FH = 0.26£0.04 mg/Le] WHHelA wig- 22 TAN $%5& FA 83t TAN
7F ¥R HT] ANA = AEHowm S-S WHESII o, AlZto] AFIstHA X3

I -lN
ol

s
7 08 mg/LE Hil FLo =Gttt 20574 o] FREE A &2 o

4o radtda, 25
ElE 0.02:001 mg/Lol Mool 44 =5 FAHA AU TANS opdsk A
£ VEoR, B §53F oFdxs F2 20ToNA of 225w SAHN F&3] 49 F
Y dAbe sAE7] A el vasto] daksl Ayl Bl ofe] e FE AAES H9)

(19 34).
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T 20ToNAM FEgs ofHn st g o3z sEF9 Alsx il TAN §5&= W3t
£ % 239 YERAT 0.7, 1.0, 1.3, 1.8 cm/sec®] FE|8H4 s EolA]l oz wiEFo AL
2 U TAN F%=7F 77z 0.11£0.00, 0.11+0.01, 0.21+0.00, 0.25+0.00 mg/L<} 0.26+0.00,
0.22£0.01, 0.30+0.00, 0.31+0.00 mg/L% YWetwth o] o B {535 oz ofs] A Hl

=59 TAN ¥%+= 07% 1.0 cm/sec®] FE]e3 FeEHEoA Hd o] zpol7b gldlon
(P>0.05), 1.33% 1.8 cv/secoll A= ¥%7F S7Fa A vh(P<0.05). Absx W] TAN ¥%9 -9,
0.7 cm/secol Al 1.0 cm/sec® ]84 54557 A53tH A TAN 55271 srolby o 1.37
1.8 cm/sec® T 8% FsEET Aot A Al TAN ¥ %7F oA th(P<0.05). %3+ 1.3
7} 1.8 cm/sec?] FE8Hd A5E& oA TAN =+ 0.7 cm/sec@r Hl w3dle] o Egton 1.8
cm/secoll A 7HE = keH(P<0.05). 28 #F Azl A Y &49 TAN AAZFS 1.0
cm/sec?] 8 A HAEES oA 2463 go & M wWka(2¥ 34), 0.7, 1.3, 1.8 cm/secd] &
g3ty s wo A Zbzh 23754225 237.6+2.45, 231.4+4.3 ¢ TAN/ m’ day® i 7+l

ol)ll
&

obdA AA ko A, Az viEFe Al Wl obdA A4 sRr 47 0.7, 1.0, 1.3,
1.8 cm/sec Y FSEoA ZHzE 0.034+0.001, 0.026+0.001, 0.035+0.002, 0.049+0.004
mg/L<} 0.032+0.001, 0.022+0.001, 0.033+0.000, 0.051£0.002 mg/L= YElY, TAN %< A}
g S YEhAT(GE 23). A =x Hﬂ% W oA A4 FREE ST AeSHETE 07
cm/secl Al 1.0 cm/sec® Wb AA] 7FASHA T 7HP<0.05), 1.3 1.8 cm/sec® t] #a}A]H
A oA s stel 1.8 em/sec —rﬂﬁm FeE ol 7HE E=dth(P<0.05). AbsE W opE A
A Tk o@x WEFet FdaA 1.0 ecm/secol A FE=7F 7HE wEeEaL(P<0.05), 0.73% 1.3
cm/sec Ht groll zol7t glelew (P>0.05), 1.8 cm/secoﬂ/ﬂ 7H =R THP<0.05). o HF 9
B2 4G L3 ofAA A AAHFL 0.7, 1.0, 1.3, 1.8 cm/sec] G214 AsS&EolA 7zt
7} 233.3+4.6, 239.7+4.5, 232.3£1.3, 2276434 go 2 1.0 cm/sec?] &3 AsEHEdA 71
Wkt (Fig 36). 0.7 cm/sece] G218 4 dsHEoAl A3 ofdAil AA AAZELS 1.0, 1.3, 1.8
cm/sec?] FE]E A AdEEH oA UEhd A AR Aol 7t Aok P>0.05), 1.32 1.8 cm/sec
o FEgtA FsEEoA YERG A7 ofdAE A4 AAFS 1.0 ecm/sece] FE A A5E
Lol vt AlAFR T SEATH(P<0.05). A2 W TAN 3 opdAl see 28ty s
25 7F 1.0 cm/sec & W 7HE Sk AAEE 1.0 ecm/secol A 7 =0k, 1.0 ecm/sece] 8]
SHA] eEH oA e 55 ARt A Hee dErddth

o
s
=5
2k o
-

A

- 116 -



=3}
03
3
)
Ho
offt
ol

of3}ze] felse WES ) TANT ol a4 dx = W5

Effluent of Sand filter Culture tank (mg/L)

SWV (mg/L)
(cm/sec)
TAN NO; -N TAN NO» -N
0.7 0.11+0.00 0.034+0.001° 0.26+0.00" 0.032+0.001"
1.0 0.11+0.01° 0.026+0.001° 0.22+0.01° 0.022+0.001%
1.3 0.21+0.00 0.035+0.002" 0.30+0.00° 0.033+0.000"
1.8 0.25+0.00° 0.049+0.004° 0.31+0.00¢ 0.051+0.002°

*Values are meanszSTD (n=3) for each treatment.
Means+STD within the same column having the same superscript are not significantly different at P<0.05 based on
LSD.

. F3 TAN §3&Fe o 5
3210 YEld A3E EQE, Fdd deHEE HH FJAks 288 2 1.0 cm/secd

aAsta, 23 A3+ TAN

il
tx
&
Ho
of
o
&
o
N
o,
X,
¢
>
l:'qr
o

s =

P AP Ag, £ 12, 16, 20T A} T 7H7h 3.85+441,
1 mg/L(3E 24, 1% 36)2 o] AsataA AR THP<0.05). o %=

T FEE 7F FeoA 3644430, 2.05+2.54, 0.92+1.12 mg/LE A% Ul TAN % ¥

A, o] Ze7buA YrolHthH(P<0.05). U7 B &3 TAN AAHFS F&

12, 16, 20°Col 4 77+ 484.54261.3, 519.3+283.2, 5585+324.1%, 20| A5atHA] Wolxgon,

it groll RF Aol 7 AATHP<0.05, 1 37).

o 3
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AP2= A
o o 1 -
2 49 TAN A AZ

oA 3 TAN Fsko] mE Abgx9 o3tz

TAN con. in culture

TAN con. from

VTR3
(g TAN/ m” day)

Temp. TL
(C) (g TAN/ m’ dayl) (r;agn}i) biofilter (mg/L)

250 0.57+0.03" 0.48+0.03 186.8+7.8

500 1.26+0.12 1.07+0.12 423.7+17.0

= 1,000 9.72+0.17 9.36+0.16 783.2+46.8
Pooled mean 3.85+4.41°" 3.64+4.30° 484.5+261.3%

250 0.27+0.04 0.16+0.04 232.5+12.4

500 0.76+0.09 0.56=0.09 451.9+135

10 1,000 5.84+0.23 5.43+0.25 873.6+44.5
Pooled mean 2.29+2.67° 2.05+2.54" 519.3+283.2°

250 0.22+0.01 0.11+0.01 246.3%5.1

500 0.45+0.12 0.24+0.11 456.1%9.7

. 1,000 2.87+0.15 2.41%0.15 973.3+12.1
Pooled mean 1.18+1.27° 0.92+1.12° 558.5+324.1°
250 0.36+0.16*" 0.25+0.18% 221.8+28.1%
el 500 0.83+0.37" 0.62+0.37° 443.9+19.3"
1,000 6.14+2.98 5.73+3.02” 876.6+88.7

Pooled mean 2.44%3.15 2.203.06 514.1+282.1

Analysis of variance (F value)

Overall 1,896.25" 2,026.19° 452.40°

T 1,046.01° 1,018.03" 35.28"

TLR 5271.32" 5,840.53" 1,755.16

TxTLR 633.80" 623.08" 959"

i}/alues are means=STD of triplicate groups.

“Pooled means+STD are compared temperatures and TAN loading rates respectively, so that pooled means within the
same column having the same superscript are not significantly different at P<0.05 based on Duncan’s multiple range test.

*P<0.001.
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A7t TAN shg Aol M B #6535 oAzl AHFE W TAN $=+ 243t TAN +
sheFol F7hslA A zobA T 250, 500, 1,000 mg TAN/ m® day9] U7+ TAN H-a}gol A AH%

W smel FASA 7 U7k TAN Falwolx 025:0.18

R EICE

J

C Bl
(g TAN/ m” day) ThsAREA 2 (4] 24)9F At

f(z) = -1,311.295 + 655.714LnT + 225.775LnC (2 24)
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removal raté
(g TANIM’ sand/day)

Daily TAN

a9 38§99 TAN v 2 2 B §53

.

Z=-1311.3 + 655.7LnT + 225.8LnC

(r* = 0.962)

‘»‘ 18 .G
‘ 16 @Q”
>
14 &
4 Q

ol

o] Az =

) &4 TAN A7
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. 2y F5F 9dF3=x9 F23F TAN F3Fd mE NO, -N v& W3z ¢ &3TF
NO; -N A A F

T AFET Ae, 72 12, 16, 20CoA AbFxS} o3z wiEs o ofdA dA vEE
Z+7y 0.60+0.42, 0.61£0.79, 0.25+0.24 mg/L$} 0.65+0.44, 0.58+0.74, 0.20+0.17 mg/L=Z }EL}
(3£ 25), 0] st solAth Abs 2 o ofdl A& & 129 16TColA zkol 7t ¢l
RIL(P>0.05), 20Tl A 7Hd SR THP<0.05). A#HE wEF U] v55 5= S/t wE A3
o] B& W&s] yElyton, 20TelA A 7H SRrh(P<0.05). 2 & ZdA 43t ofd
A A A AGS Zb7b 386.7+234.7, 567.5+379.8, 611.7+408.0 g NO; -N m® day® Hi 7ol
R o]z don, & 20T A7t A A ] 7 BATHP<0.05).

250, 500, 1,000 g TAN/ m® day®] 97} TAN ¥-aleFel A A& ze} o]z W& o) of A
A A FEE ZHzE 0.07+0.05, 0.28+0.22, 1.10+048 mg/Let 0.08+0.05, 0.31£0.26, 1.05+0.51
mg/L2 U7+ TAN §3tZFo] Z71etHA]l =olxth 18y 1,000e TAN/ m® daye] A%, $&
o] 12ColA 16T =2 A&stdA oA AA %7} 110001 mg/LolA 1.65+0.08 mg/L2
2 23|y F71ed il =2 20C7F WA 056+0.03 mg/LE tAl A eH Iy 39). o
b oobAA A AAFS 250, 500, 1,000 g TAN/ m’ day®] TAN H-a}gkolA  zhzt
206.7£32.9, 383.9£91.9, 957.4+218.0 g NOy -N m’ day® e} U3+ TAN HF-3lgko] Z7}sid
A gl A tHP<0.05, L8 40).
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¥ 2 cm/sec?] FEIE A e oA 23 TAN Foldo] 2 ALSz9F of 3z )
%# Ul ofdAbd Aa vk g Ry &84T ofAAAd A AAF
Temp. TLR NOz -N Cton'km culture 16, N con. from VNR
(C) (g TAN/ m’ day) (nfg“m biofilter (mg/L) (g TAN/ m’ day)
250 0.14+0.01 0.15+0.00 166.5+12.0
500 0.54+0.05 0.65+0.05 263.35+16.2
. 1,000 1.10+0.01 1.15+0.01 676.245.26
Pooled mean 0.60+0.42" 0.65+0.44° 368.7+234.7
250 0.06+0.01 0.07+0.01 213.8+2.6
500 0.11+0.01 0.12+0.01 432.3+17.6
10 1,000 1.65+0.08 1.57+0.08 1,056.3+57.1
Pooled mean 0.61+0.79" 0.58+0.74" 567.5+379.8"
250 0.02+0.00 0.03+0.00 239.7+45
500 0.16+0.01 0.16+0.012 455.9+105
. 1,000 0.56+0.03 0.42+0.02 1,139.6+60.7
Pooled mean 0.25+0.24* 0.20£0.17% 611.7£408.0°
250 0.07+0.05" 0.08+0.05" 206.7£32.9*
500 0.28+0.22" 0.31+0.26" 383.9491.9°
Total
1,000 1.10+0.48° 1.05+0.51% 957.4+218.0*
Pooled mean 0.49+0.54 0.48+0.53 516.0+352.4
Analysis of variance (F value)
Overall 806.13" 77657 460.63"
T 329.09" 456.46" 173.017
TLR 2279.45" 1986.59" 1589.82°
TxTLR 307.99° 331.61° 39.85"

*Values are means+*STD of triplicate groups.

“Pooled meanstSTD are compared temperatures and TAN loading rates respectively, so that pooled means within the
same column having the same superscript are not significantly different at P<0.05 based on Duncan’s multiple range test.
*P<0.001.
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offl
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o
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¥
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oft
2
=
e

ol

10+0.64, 6.63+0.73 mg/Let 7.42+0.68, 6.19+1.14, 565+1.26
T AP gbel| FRo] TUFsHA &EAL

: SEATH(P>0.05). otz W& W EEAA
zo et FAsHAl, 2 F2olA 7.42+0.68, 6.19+1.14, 565:1.26 mg/LE F&
UTHP<0.05). 2l &4 T AAARFOCR)S
F2F 1,732.24964.0, 1,940.4%1,075.4, 2,1165+1,237.4 g DO m’ day® '}E}

o] AestuA Azt AaARFE FUFslaL, = 20T T AARE Wl AR

olo
riN
3
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e
&N
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N
w
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S
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S
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2
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N

ol

AL

¥ oz

2 L

T A 250, 500, 1,000 TAN/ m® dayol A Ab§z9 o]z )

>
Z,
4z
ol
ol
ol
112
o

|
520+1.08 mg/L oItk AFFES WS U] §EA BEE A TAN Fahae] 45w
T 3

>
<
3
(o
Q)
<
2
X
op
i
e
B>
lo
i
1
N
N
2
v
s
=
e
A
o
o
S

2 U7F TAN Fal&F Aol web Azt Abai o] S7sF A th(P<0.05).

H 5= Ahae G(OCR/VTR)S 423 AzF TAN &}k W
sto whal & QPG WA Yol £ 12, 16, 20T A OCR/VTRLS -2t 3.74+0.07, 3.72+0.09,
3.78+0.08 go 2 it Zrol Aol7F YUAATHP>0.05). T3 A7 TAN ¥-a%e Ffw 2 o
TAN st 374+0.08, 3.76+0.08, 3.75+0.09 go =2 e} zol7h glof, F23 o
TAN 2-3tao] #AGle] TAN 1 g A3A7]7] el T 37548008 go] AA T %9

aE 2t

N

3

v 2 §F5F5 93z F23 TAN F3Fdd =w
24LYE 22 F

P AFFY] A, 7 12, 16, 20TolA Az A3z MESF U FLZYEE 474

113.8+115, 102.7+6.2, 92.3+125 mg/Let 112.0£12.5 100.7+7.2, 90.4+136 mg/L ©ATHE

2. AH&E W FABYRE] AR, £ APT Wl ool FRUA FAVYE Hwo}

94 ¥ ¥H3 2 239

e

Zastgon, 2 20ToA 7Hd WEth(P<0.05). 3z wiES U 24T R ALS
Zol et FAEA & A FA gase, $£2 20TAA 7 SATHP<0.05). I3 2
g 84T FLZAYE ARFVTAR)S 2 12, 16, 20TelA Z+zb 3709.7+2,106.4,
4,2255+2260.1, 4471425602 ¢ TA m’ day® e, &0 A5aHA Az 2azae

1
Pt ar, € 20T A 7 Be 294852 2R3 THP<0.05).

o
td
oft
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E 26,10 em/sec®] A FEEHENA FE3 TAN Fahare] wE Agze} oz
MES U SEdE TR D R 849 §E4L AR
Temn Ttk bt p @ Uik
day) (mg/L) (mg/L)
250 8.48+0.06 8.16+0.06 700.0+24.7 3.75+0.08
500 8.24+0.18 7.49+0.17 1,600.0+101.3 3.77+0.10
= 1,000 7.96+0.25 6.60+0.11 2,900.0+192.1 3.70+0.03
Pooled mean 8.23+0.25° 7.42+0.68° 1,733.2+964.0° 3.74+0.07*
250 7.73+0.03 7.33+0.04 857.1+42.9 3.69+0.04
500 7.28+0.07 6.49+0.06 1,685.6+24.7 3.73+0.09
10 1,000 6.29+0.10 4.76+0.22 3,278.4+2835 3.75+0.14
Pooled mean 7.10+0.64" 6.19+1.14° 1,940.4+1,075.4 3.72+0.09*
250 7.57+0.03 7.14+0.03 9285+24.7 3.77+0.11
500 6.36+0.13 555+0.12 1,721.3+32.7 3.78+0.09
20 1,000 5.97+0.08 4.25+0.12 3,699.8+105.7 3.800.09
Pooled mean 6.63+0.73* 5.65+1.26° 2,116.5+1,237.4° 3.78+0.08"
250 7.93%0.42” 7.54£0.47" 828.5+105.0% 3.74%0.08*
500 7.29+0.82Y 6.51+0.85" 1,668.9+76.8" 3.76+0.08*
ol 1,000 6.74+0.93 5.20+1.08% 3,292.6+390.17 3.75+0.09*
Pooled mean 7.32+0.88 6.42+1.27 1,930.0+1,066.9 3.75+0.08
Analysis of variance (F value)
Overall 299.65" 353.85" 229.94" 0.52"
T 727.07 507.60" 20.79° 1.07%
TLR 382.407 845.90" 886.31 0.18"
TxTLR 4457 30.94° 6.33% 0.41%

leueb are means=STD of triplicate groups.
“Pooled meanstSTD are compared temperatures and TAN loading rates respectively, so that pooled means within the
same column having the same superscript are not significantly different at P<0.05 based on Duncan’s multiple range

test.
"significantly at P<0.001,

#significantly at P<0.05,

i d
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3 27. 1.0 cm/sec®] T4 ASE A 23 TA Hopekol] mE AbSxet oz wE
T U 48 E v 2 Y §A4Y ¢4 E AR
Temp A TAbfsf%-teinm LoV Y
day) (mg/L) (mg/L)
250 126.6+4.8 125.9+4.8 1,487.8+103.1 7.96+0.31
500 114.10.6 1125405 3,392.3+309.2 8.00+0.47
= 1,000 100.6+1.7 97.7+1.8 6,248 9+643.7 7.96+0.39
Pooled mean 113.8+11.5° 112.0£12.5° 3,709.7+2106.4* 7.97+0.34°
250 108.5+2.2 107.6+2.3 1,904.4+103.1 8.19+0.14
500 104.5+0.6 102.8+0.5 3,749.3+309.2 8.29+0.45
10 1,000 95.0+15 91.7+15 7,022.6+412.3 8.04+0.06
Pooled mean 102.746.2° 100.7+7.2° 4,225.5%2,260.1° 8.17+0.26°
250 102.6=0.1 101.620.1 1,987.7+41.2 8.07+0.31
500 98.3+2.2 96.6+2.3 3,680.8+103.1 8.09+0.13
. 1,000 76.1+35 725435 7,736.7+206.2 7.95+0.31
Pooled mean 92.3+12.5% 90.4+13.6% 4,471.4+2,560.2° 8.04+0.24°
250 112.6+11.2° 111.7+11.3 1,793.3+244.0% 8.08+0.25%
500 105.6+7.0Y 104.0+7.0° 3,610.5+279.1" 8.13+0.36%
ol 1,000 90.6+11.3% 87.3+11.6* 7,002.7+756.3 7.98+0.25%
Pooled mean 102.9+13.4 101.0£14.3 4,1355+2,249.1 8.06+0.29
Analysis of variance (F value)
Overall 101.87° 112.78 171.45° 0.407
T 184.20° 186.24° 14.37 0.917
TLR 201.94" 243.31° 664.86" 0.47%
TxTLR 10.66" 10.78° 3.31% 0.98™

Value% are means+STD of triplicate groups.
“Pooled meanstSTD are compared temperatures and TAN loading rates respectively, so that pooled means within the same
column having the same, superscript are not significantly different at P<0.05 based on Duncan’s multiple range test.

*significantly at P<0.001,

"significantly at P<0.05,

" not “significantly at P<0.05
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AZF TAN F-atgk Febae] 29 250, 500, 1,000 g TAN/ m® dayoll A AbS-ze9} o] bz )
= ¢ U g9ZEx FxE 7z 1126£112, 1056+7.0, 90.6£11.3  mg/Le} 111.7+11.3,
+7.0, 87.3t11.6 mg/L oAt Absxet viEs Wl T4 E vE+ Y7t TAN Fob#F
o] AatwA wroldi, 1,000 g TAN/ m’ dayolAl 2LZ8 % %27t 7H4 wehP<0.05).
VTARS 250, 500, 1,000 g TAN/ m’ day®] <zt HahFelld zkzh 3709.7+2,160.4,
4,2255+2260.1, 44714425602 ¢ TA m’ day® 947+ TAN ¥-atzko] A5t Frhato]
1,000 g TAN/ m® day®] 97t TAN Ralgolx 714 B S es 2meh
TAN 1 g& 2F3lA715d 20 EHE 292859 FH(VTAR/VTR)S 2 12, 16, 20Tl A
7}7) 7.97+0.34, 8.17+0.26, 8.04+0.24 g & 3t 7o) Zo]7p fIATHP>0.05). F=& U7k TAN
Bkl ALw 7 Az TAN H3atZe|x VTAR/VTRS zHzE 808:0.25, 8.13+0.36,
798+025 go 2 zFol7t glof, =23 A3 TAN Hal=zl #Agle] TAN 1 g= 4HsA|7]7]
el Hit 8.06+0.29 g AAF Fo| FLAEEE AneTt

o
_l
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ofo
ax
ofl

T 20CAAM BFE B%E YEE 1.0 cm/sece] FE|3HA oS A,
3

97k TAN AIAZHVTRIO] 2463 g TAN/ m® day® 7b¢ =gkou], wel Ab%2 U] TAN
T 7P BHA fAlske] Zeo] TP Fow, ofdAal Aae AAFE 94 1.0 cm/secd] F
g7 Ao 7bg =gkt welbd 1.0 cm/sece] FElstd HFoEHEoA Yy 5=
of 2= TANF opdat dae] Al AAZFS JetlwA, Alsx TER 47 0229
0.022 mg/Le wi-¢ 22 FEE FAS] HHY oS HAAU AW oR Ry fEF
of Bx= 25~100%9] WHAEANA A=, BFEC] woldsE o B2 7Y A Yot
o] "asttH(Lawson, 1995). A3 Aoz sFFo] FristuA] R HHANA AFsta Jd&
Aaksl Aol 7t A= Add=E ) 2 ks ko] mpEE o] FUEEkA Hof, B x| A

L

Absl Aatel HEd S8 WA S gl AR Hakslh Alw FE §AF 4 th(Fan et
al., 1987; Jeris et al, 1974). 18y & Age A9, WL 5] 5%E 27stHA TAN 2 of
A Az AAFo] i FZasTh 05, 1, 247 Fe A A FA A 1, 2, 3, 4, 5
rpm?] 3 A&wo] wE RBCY o3 E8S AR ©(2001)¢ Ado] oatw, BE 283
AFAZ A 7 w2 5 rpme®2 13 RBCe #Atsl §&0] 4 rpmeZ 73 RBCO

Anst e vaste] o3e gastyli 2% 3 pmoE $AT A FAEIG o2
o wE UG QNS AT SYEEs} RAEENG AN Ao $HH] Qi

o3} Algto]l EeElEo] 2~3 rpm¥ W o] o3} Alwt Fe A ol 7] wjitolgbal gk wi
qom 7 5(1998)7 Hochheiner and Wheaton(1998)%= o]} A3 A3E Hustgct &
g 53 ARz F9%=, RBCo #FAtsHl, BE] 5%E ZIstHA B 9o 4% st
A= Hikst /‘ﬂ&oﬂ A A= A= e ko] npErE o] R EstA FrhetdaA dAbst
Aol del&ert FaREewn o A wel Aikst 526 2l
3 By &3 Addxes B9 fe5S A8 A =& Festd Fobd 2ddA 4
% (Wimberly, 1990), ol& g ddo] B & wizksiA dAE + U=
HA g4 FsH5E 1.0 cm/secoll gt ASHEE A, T2 TAN F
stFel WstE FHA By fF5F Rz dis 5&S Wik 23, 41t TAN AAZ
i TAN F-3}=Fo] F7tstiA] F71et % th Srna and Baggaley (1990)
& Sl Aatst B8-S ARG A3 Fo] of 4T Fsst TAN 3 opdalh A 4bs)
Aol Arst Zgo] 747t oF 503 12%7HA Ak, 1~15C s-7skd 247k 303 8% 2
kst g &0 frasttia sto], o] wE g8 A Ao B A¥EH fAFskA E=g
Zhu and Chen (2002) 9A] & C ) g
43% Z=7}stcta &g om, Wortman and Wheaton (1991)% o]¢} H U3t AdFS MW a1d}o],
Ay dAEATE AFSE U TAN 55 42 AE9 dabet Asdd 240 #AE
ZFA L low WA wE2 Qs Ax HAFE 2T 4 J o= 2Z(Colt and Armstong,
1981; Russo, 1985; Jeney et al., 1992), =34 oz H5& H7Ist7] flaiAes I3t 2
Abst @& g&Eo], AASxE U AA TAN §5 F4 oF5 o] Hrpstojof gt 2507

A
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500 ¢ TAN/ m® day F3al&e A 2o AFS 4% U TAN? H&i 42 12CAdA 714

ol Z+7F 057¥ 126 mg TAN/ L %5 YEF AT Colt and Armstrong (1981)2 o &
ol &2 A=Eol oF 25~95 mg TAN/ LollA AzstAl Aol Asfetial Hilstg e
™, Harris et al. (1998)2 H. laecigata’} 2.7~6.2 mg TAN/ LolA wtAdH oz »-=4

773 A el =Ezlvkar gk gk oy RSl ofFo Ao, §A4, T,
W7 5ol fAHeR vo]23td Yol A V|F=o 7 0.04~0.96 mg FAN LA = o] A
g Al Aol AsE Wt Bk vl ok (Epifanio and Srna, 1975,  Allan et al.,

1990; Russo and Thurston, 1991). o] A2 pH7} 84 A%, ¢F 27 mg TAN/ L o]Fe 5%
gFsls Aoz U4 AE AFS 9JdidE TAN HE7F 27 mg TAN/ L vvtez {4
st Zo] mbghA & Zog AZEnh 2 AdelA £ 12~20T WA, 2o AFSZE
TAN TE=Z Hol R {53 oxx7F A3t 2 Im F 500 g9 TANS sdHoz A
ot sl & A=s AAFetrlel AA TAN =85 AT & de Ao
Bt 2y 1,000 ¢ TAN/ m’ day Fat#e] 49, & 12, 16, 20TolA 2] A=
W TAN sZ7F 217 972, 584, 287 mg TAN/ LZ % =gt} 74 =& Loz %

Farstgld Fe 20ColA % ow AT ole] ATAEo AN WA 4

hA

—_

DR 9 Al ek AERadA A 5 AR 90 AdT 3
TANS| & tha 43t o

AL We F2olA B 53 ARxE A7 Wi

z o] g8 A (Richardson,
1985)3k31 7] W&o = & B, A4, Sd2E g9 sdds AL PE
e o]fsto] sjedolA Zzhe o3 wjH e TAN AAZFS ARt =], o] o o3
fdEe] At o3 wjd 84T TAN AAZFS 192~451 g o]tk X3 Nijhof and
Bovendeur (1990)& 42 24TC9] sl Z~E v & (Filterpak CR 50) ©]-&3F 2<=2] o
Pz d7b o3 xAA G 025 g9 TANS AASITHL st ow, oA &4 559 ¢
o] TAN= AAZ Aol gt oo Hlal, T oA A2 ofxeh A2 oz
o] TAN AAZFS ZAGE o] AFAEL o] g xS0l 23 &4 o weh 25t
ARk ggAor &4 7 A3+ 200~1649 g TAN/(97 mWA T A7 0.14~075 g)9]
TANS A A%} B 138Fe] (Nijjhof and Bovendeur, 1990; Remmerswaal, 1993; Lekang and
Kleppe, 2000), dxdelx TAN A7 &&co] Aoz Hadfien, & APAHRE 3
FExAA B 53 AR oA Z&o] A FasAH 2HY B FEF AHRE

1t

W wol Z1Ee] AAY olshzEut A5 ozt §49 A3 TAN AA
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A7t TAN AAZFH fFARSHA 2o W 7baA A3k opdith A4 AAZFS FAasd
Al 2 Ul oA Aie] FRE o] dpAetal diF TAN Fapdfo] Boldss £9ko
1 (P<0.05), 1,000 ¢ TAN/ m’ day-‘ﬂ ot o o = 129 16T
ZF 110 mg/LeF 161 mgl= 16TolA t =0 ¢ &2 =221 16TAA o}
A=t Lawson (1995) of&dAb A4 4bs) Algte] TAN At
af o wzetA whEsto] d&o] FASA "Hual shlth 2 APoA R o] A3
o}, obdAE A kst Mt &Ao] FHAstel 2 129 16T Ko Al

X7 20CoAAMET B =4 yved Aoz Azdd. w3 o A
TAN/ m® day H38t&e] A 16TCoNA o} @A A FE7}F 127
TAN F-atgkell A 16CY 7 -5-olli= TAN 418t Alate] @4go] obdalh A 2hsh Aol ddw
o ol W ol TANo| otdal dAag Abste] = vk, opdAl AA4rh S/s] A4 daw
Aeke]#] Fstal A% 7] Wdolw, o] ¢ sHitste] 12T7F HWA TAN 4kt Alte] &

Aoz AstE A gok7] wise
=2 "37—}%‘3}. ggroll Al oA Ao gk b wE VES WEE FoEA i k. of
A Are] AAL s ofF, A7), EEH 2 HE FE 253 FuuAd w2
gtk g @4 o] Fol tha] Russo and Thurston (1991)2 48~96LCs =5 o Fof we}
0.19~190 mg/Le W2 WE Hagk vk Qlth Meade (1989)= w $HAolA of&dAt A4
7F FA AEoA Fald G FA F7] 918 01 mg/L oldke] vl w2 ofHAE A Ao

R
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= =
el ol @2k Aao HE: 42 127, 1,000 ¢ TAN/ m® daye Hshakel A vERE 1.10
A

SEAM AHE mpol o], A& oz Hikst &2 g2l wel 4ds xolrh 9o
Fo] atistHA 7HAsAl ®vh. Ebeling et al. (2003)2 < 25ColA 15C= sAstA 4
W, °F 30~40%°] E&o] ATt sGth E AR F2o] srelAHA By FE5F
ol ghzo] Absl g&o] Fastal, 12ToM = thAld o2 TANI opdt A7 vjas £/

SAFRoH, 3] 1,000 g TAN/ m® daye] Fslaol A= k2l AE xS Hde 52 3
Ae A Zetdth wekA sleRddA Ry fes oz HAis &8 VT E,
S 16Ol FA18kaL, TAN F&tFo] 500 ¢ TAN/ m’ dayS WA FEZ &
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th o] AS B3 12, 16, 20CellA TANS 2tstrl o
0.24, 0.11. 006 mg/LZ AME & Atk F o] F+T52 23 7H5d TANS Hz
NA BEE 7480 Y = 0.041 + 4.794e ™ (Y: TAN 5%
WATH T 41). ol A& o] Axahua, Aas Awte] @Ao] Frhstel W& TAN ¥&
A& Atstrb dojur] wjE o2 Alsdtt o]¢k #ste] Zhu and Chen (1999)2 A<%#
Aust ez olgste] ABA oFze] HA TAN 714 vEE FAEAnH, £
271.2TCoA TAN H%7F 007 mg/LY w, HA& 714 22 YEMYIT o] AL 2 239
F& 20CoAA YERG Aol fAFSEA
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28)3 & =% 3 (reduced model) & HFE 4= it}

Yierl + Bixiy + & (2 28)
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gal & dff = (n-2) + (n2-2), dff =(n1-1) + (no-1)S 22 SAREY =40 AFe
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te, o w HA SAFS

Yy — y—

SSef] dff

7 P, FOF(g, 2 nitnp 4ol #95E oA ARMEE 148 £ Ak w7 53
So) A} PRe dehiE F 89149 /12719 2 F
tol % rkatsiet
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7F, A8 £849 7 pilot Al 2d 34 7
(1) A& £33 pilot A" AA

h A5 AsFx

Ao o] &3t AlSFEE o] 80 em, YH 50 cm, A°] 2 m A7|(700L
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FEEA FEHS o 700 LY 3 vie |Ae 1 m’ otk F 9] A f£x2E AAsge
B AMGFRY F FHES 63 m’ otk B RAUS o w9 WA F ANFS Ho]Y]
el Ul oF 40° 42 AdS AASUTHE 44, 45). 3 o] AdS o] §sto]
F7F ke wEE RS F3oEA adwe] IAHA Fa AeHer A yEd 5
A= fFES FAZ F A AT & A Eo] AF 2 vbgel JAdEA @7 SfeA =
10~40 cm/sec] fr&o] #astth(Boersen and Westers, 1986). whebA & A gollA oF 10
cm/secol’del &S A7 9o, vt e =R H ¢F 05 cm Eo|7HA Aol UH =S
dAetal, fFdFES 24 L minZ FA St Ao o oA I H= F50] oF 16
cm/sec”t ¥ =% AT
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Dimension
ratio mm
Cyclone diameter 1.0D 60.0
Inlet diameter 0.5D 30.0
Cylinder length 1.5D 90.0
Cone length 6.0D 360.0
Vortex finder diameter 0.6D 36.0
Vortex finder length 0.6D 36.0
Spigot diameter 0.16D 9.6
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(2) Pilot A =" 9 A5 F7HAEH U A5 Z3)
1

12597 A5 Tus8 Hols AAGES, 5% VIR AT T oF 10%°]

o
>~
>
Ho
ol
ol
ne)
N

\]
I+

041, 7.9+0.21, 7.7+0.16% = +&
Aot o, Hat kel Aok glATHP>0.05). o] W HF FA VI
p A, B, Col tial ztzt 2.2, 41, 56 kg m* °] 3]
#ald oF 054, 099, 1.37 kg m” °| Atk
T group A, B, ColA HF FA 2 27t
0.8, 33.8+1.6, 33.1+0.9 mm= YE(E 29), AT
7k 441 “74]54 Zt ko]l zpoli= AATHP>0.05). ZF groupdl Al FE5EFS ZH7 6485+13.9,
1,134.9+£30.3, 1,505.2+28.9 golA i, MA| S5 F2 1.22£0.06, 1.21+0.07, 1.
A STHE LT M $e group Aoﬂf\i 7V g F8E T FUFebAA Ast
9}21/}, Ht o zol= GATHP>0.05). 2y A3 FA AFELS group AdlA
0.29+0.08% = el group B} C2] 0.26+0.013% 0.25+0.00% Xt} = A tHP<0.05). Hol] A
o] A9 =, group AClA 245+04% 25.7+0.07} 25.9+0.42 2o] A+ZS H group Bet CHT}
SJTHP<0.05). Z2HY L3t % AAFS group A, B, ColA Z}Z} 786+4.1, 75.6+11.0,
677474 ym day®= YERY, FEHDETt SUbetHA va dasigl o, Hat ghel zbol= gl
THP>0.05).

AEEl AS, group A, B, C7F 7247} 929+1.9, 91.2+1.5, 87.6t1.7% 2] A<EES YEHYUE=
g, A5 BE7F 7H =2 group CY AEEo] 7H wekai(P<0.05), group A%} Bitel &
kol 7F gl A THP>0.05).
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329, 1253t m8hefa AR Al AE ) =

Group A Group B Group C

Total wt. (g) 1549.3+400°  2962.0:174°  4,103.0+53.7°
Number 700 1,300 1,910

Initial
Individual wt. (g) 22140.16° 2.15+0.13" 2.28+0.11°
Shell length (mm) 24.9+0.3" 24.4+0.3" 247+0.3"
Total wt. (g) 22138+129°  40625+483°  5610.4450.1°
Number 646 1,185 1,673

Final
Individual wt. (g) 343+0.27° 3.35+0.29° 3.43+0.22"
Shell length (mm) 34.7+0.8° 33.1+0.9° 33841 6°
Datly feed infake rate 840.4° 76+0.2° 76+0.2°
Total weight gain (g) 648513.9°  1,1349+30.3°  1505.2+289°
Individual weight gain (g) 1.22+0.06° 1.21£0.07° 1.15+0.01°
Daily growth rate (%) 0.29+0.02° 0.26:0.01° 0.25+0.01°
Dally Increase ot sihe shell 786+4.1° 75.6+11.0° 67.747.4°
Feed Conversion 24/5+0.4° 25.7+0.0° 25.9+0.4"
Survival rate (%) 92.2+1.9" 91.2+1.5 87.6+1.7°

Values are means+STD of triplicate groups.
Means+STD within the same row having the same superscript are not significantly different at P<0.05 based on
LSD.
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Temperature (°C)
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Power consumption (kwh)

5000 - L] Pymp

Air blower

B Heater and chiller
4000 -~

Total power consumption: 8776.3kwh
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Salinity (ppt)
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pH
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12597 AFAE S AAstHA B =
T2 E poolingste] Wt gks Hl W THE 30). oJHx 54 o]F, TAN §% p
B, CollA 7t7F 0.16%0.19, 0.20+0.23, 0.20+0.23 mg/L°] #< ESth 7zt A2 e TAN 5%
= 7 A7t 9kd group AClAl 7FE wESkan(P<0.05), group B CE xbelzb glalth
(P>0.05). o}dAt A4 F%5 Al group BF wlg 92 FEE zol7t §lo] fAFsE T
(P>0.05). Group A, B, ColA A4t A4 T+ 27 1.79+0.81, 2.04+0.86, 2.64+1.07 mg/L=
el group A9t B Hat el zko]7F §laL(P>0.05), group ColA 7H4 = thH(P<0.05).
BeugBo i b7k 204+108, 2.88+1.56, 3.11+156 mg/L%, TAN E% sl vhel
& AR FAEHA ARE 58 AL group Aol 7R WEkan(P<0.05), group Bt C=
2ol 7F AR THP>0.05). 2 A oA ofHA Aafs AlSHER mE JdH3 g glo] FAFS
@il TAN, d4F A4 BRI E see AMSEE7 S7stiA AMS =2 W 4 4 89
%!

&9l SR A A

=
= iH#é}o#, TAN, opd2t é‘i, Ay Aa, FragE =25 SAsAT oA
o] =
=

3, Szs} AE £A

A7+
=% A% W TAN H%5E 020021 mg/LE b}E}\Jr A4 ZFZ5E hydrocyclones 7 x4
= o3

Al TAN #%7F & gastg o, H gk zpol= IATHP>0.05). =3z oa) A4
%, hydrocyclone, 28] fr535 A3z, L4 7|E AXHA, TAN s+ Aoz TFa
stlom, B f5F oJRxEHE wMEH AMST Wl TAN ¥%7F A2 W TAN &5
o wrol, BsS o dxo] o] TANe| Z¥Ao=m AFstHdut. obdit A4 ke o
Z =4 olF, Wiy mEA dikddow AbstEo], 5 0.01£0.01 mg/L °lske] i v s
S5 A "t 7ol Zol7k flATHP>0.05). Hat AAx FEE R f5S5 JHFEHY
Wl Aol Al 3.00£1.11 mg/LE 7FE =93, hydrocyclone & 258 wjE& ¥ AL A
1.90£055 mg/L= 7Fg S THP<0.05). AFzolA wiEd AT A5 AA FEE
2.75+2.03 mg/L%E hydrocyclones AXWA 1.90+055 mg/LE Yol A tHP<0.05). 23 %
T oy, Ak A sEv 3005111 mg/LE 2RI fE5F Az Y vxd
1.90+0.55 mg/LEt}h ol ow(P<0.05), Xdie 75 THstHA ti gihstgoy Hit
Zroll Apo] =7+

= YAthHP>0.05). F418E 25E £A47 FAES EFstHA W
e YehAY. Az FHugEe] $%=7F 338+t1.20 mg/LZ 7HE =9
4o A 161 mg/L=E 7}% uk ok th(P<0.05). Hydrocycloneol ¢ 2% A}

[e)
= T
S W FF18E 55 2301058 mg/LZ ATE W FF2dE %59 3.38+1.20 mg/L

K
g

Moo oo

&
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Hop A tHP<0.05). Hydrocyclone 238 w&H AlSTE 2 53 322 F9)
E]Sd%ﬂ, o] W] RHudE »r= By 5= oyxE AxHA thA] 251+0.81 mg/Li
sl o), Hir g 2ol 9l tHP>0.05).

TAN Nitrite Nitrate suspended solid
mg/L
Group A 0.16+0.19" 0.01+0.01° 1.79+0.81° 2.04+1.08"
Group B 0.20+0.23" 0.01+0.01° 2.04+0.86 2.88+1.56"
Group C 0.20+0.24 0.00+0.00 2.64+1.07° 3.11+1.56"

Values are means+*STD of triplicate groups.
Means+STD within the same column having the same superscript are not significantly different at P<0.05 based
on Duncan’s multiple range test.
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3l 2y fEs A 54 5 4 dabd Ax,
Az PHIPE TR W
TAN Nitrite Nitrate suspended solid
mg/L

Sump 0.23+0.22" 0.01+0.01 2.75+2.03" 3.38+1.20°
Hydrocyclone 0.20+0.21 0.01+0.01 1.90+0.55° 2.30+0.58"
Sediment chamber  0.20+0.21% 0.01+0.01 2.41+0.87% 2.24+0.70"
Fluidized sand filter ~ 0.17£0.21° 0.01£0.01 3.00+1.11° 2.51+0.81"
Inlet (after FF)* 0.17+0.21° 0.01£0.01 2.13+0.85" 1.61+0.84

“FF: foam-fractionator
Values are means+STD of triplicate groups.

Means+*STD within the same column having the same superscript are not significantly different at P<0.05 based on

Duncan’s multiple range test.
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(4) Pilot —r‘?ﬂﬂ A2 As FH7} 1:1\—:4_4 AFY HAE
27l =23+ hydrocyclon®} X% 7

o aI Al Ad T = 5] 7] 2} 9
71719 dHe] FEAS "Hrtsky] A AASAGESE e f8 ﬂﬂ”oﬂ g SR
Py 45| 2R AIE hydrocycloned} ¥R 7)o ths| zhz % 329} 339 e}
ol

Hydrocyclone®] 7-9-, & 320 Weld IApA 35S o] &3to] Alatbst HAA FAFS

(2.198 —1.950)/(48 —46) _ 293
1.950/46 '

o9tk ol a7t 5% 1%91 Fla, 2, 46) gel 27 3209 51024, Fy gol 5% ol 5ol A
Fla, 2, 465tk 2o} 5% Fe| 5ol A 71&71s dHo] Lok, 234 =& hydrocyclone?]
qe) % g A3 0PE A 2ol o dZe] dskgrh

Fd2e 7o A, & 330 yEbd AAAE e ol &k ANE A SAES

F0=

ol

(0522 — 0.MD/(B0—=58) _ 4y
Fo= 0.449/58 !

ofAtt. o wl a7} 59 1% Fla, 2, 58) #kol Z47} 3163 4.99= 4, Fo kol 1% o<l A]
= Fla 2, 58)E 1 #gkot 5% ool Flg 2, 58)ET U Rt webs 434 =&

@ wREesle 27 2% 3 A% nWE AAFL 5% folFrdAE 71€7]9 dno]

At oot A AAFL AFsA Raga, 1% FAFEAN Rael 7 FUY
g A7 nGE AARE A8 6Z

3 o] S7F o
Aadte vAdE #AS dEddh webd RdAs A5 Ha grks 98], 9
TAN 525 log A= °l&ste] W Wgsta 7 udd 445 Ad9em Ak (1
58) %, 7I&71st Ao B4 AAS At B 2% Byl el 74
Sl M B frEs Azl AA Aol YElYs HA TAN sX= 12, 16, 20Tl 2H2)
0.24, 0.11, 0.06 mg/L ot wekA 7 37149 Has F2 16CTE 72 9 TAN
FE7F SARE T 011 mg/Lol 3l A& o8-8kl A st3l

sto] AR HA FAE

flo
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35 | + Observed values hy experiment
< Predicted values hy model

2.0

1.5

1.0 -

0.5 A

Solid removal rate (g solidm E day '1]

u-n T T T T T T T
1 2 3 4 5 L T

Inlet suspended seolid concentration {mg/L)

a9 56 Ao 93 hydrocyclone®] o4t #) A %3} pilot A ~E
W AA AAZFY H]a

¥ 32. a2 93 hydrocyclone® oA} A A= 3927} pilot Al2=8l ] AA| 2 A= 3
A4 29 F AA (5EA8 H2A)

Analysis of variance for full model
Sum of square mean

Parameter df Observed removal rate Predicted removal rate
Regression 1 4.337 2.372
Residual 23 1.950 0.000
Total 24 6.287 2.372
Analysis of variance for reduced model

Parameter df Sum rgl(;aanuare square mean F value P value
Regression 1 6.562 6.562 143.280 0.000
Residual 48 2.198 0.046
Total 49 8.760
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2.2

& Observed values hy experiment
2.0 4 < Predicted values by model

1.8 1

1.6 -

1.4 1

1.2 1

1.0 1

Solid removal rate (g solid m N day '1]

I].B T ] T | )
1 2 3 4 5 i}

Inlet suspended solid concentration {mg/L)

Y 57, R ok xubitelv)e] o4k AAZT pilot Al~E
W AA A A v

3 33 EEldo ofgh xRyl o AAYF A pilot AAF W Al AAZFE 3]
_]

Analysis of variance for full model
Sum of square mean

Parameter df Observed removal rate Predicted removal rate
Regression 1 1.441 0.692
Residual 29 0.449 0.000
Total 30 1.890 0.692
Analysis of variance for reduced model

Parameter df Sum rgiaanuare square mean F value P value
Regression 1 2.065 2.065 237.263 0.000
Residual 60 0.522 0.009
Total 61 2.587
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600

&+ Observed values by experiment
500 A < Predicted values by model

B

400

300 4

200 4

100 +

TAN removal rate (g TAN m N da‘y'1]

-2.5 -2.0 -1.5 -1.0 -0.5 0.0

Inlet suspended solid concentration {mg/L)

Iy 58 RAAe o3 By fFes A}z o4 AAZFH pilot
28 g AA AAZe] v, (from X to Ln(X)).

3 34 Ao o7t B feT oz o AAFE BAFAA pilot AT W AA A

394 e F A4 (24 A4

Analysis of variance for full model
Sum of square mean

Parameter df Observed removal rate Predicted removal rate
Regression 1 196,572.473 32,3128.393
Residual 11 35,012.797 0.000
Total 12 231,585.271 32,3128.393

Analysis of variance for reduced model
Sum of square

Parameter df mean square mean F value P value
Regression 1 511,878.502 511,878.502 277.838 0.000
Residual 24 44.216.794 1,842.366
Total 25 556,095.296
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o I~
BT

A A3FAth. Underflow ratex 1, 22pd % A7 Ao A 4 16T, 3.7 m sec? HAFY
=

A3 hydrocycloneoll 4 WYERY 6.2%7F H 2 WHE o]&3le] AT

¥ 35 FF ¥4 22 A~"E Y hydrocyclone?| T4

Dimension
ratio mm
Cyclone diameter 1.0D 125.0
Inlet diameter 0.5D 62.5
Cylinder length 1.5D 187.5
Cone length 6.0D 750.0
Vortex finder diameter 0.6D 75.0
Vortex finder length 0.6D 75.0
Spigot diameter 0.16D 20.0
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% Al2d A% HIH(AEY ZF-F7] ALS)

529 71 AR AR ARS AAE 23 48U AP group A, B, ColA
HE FA A2 77 284+1.7, 284+0.1, 249+0.1 g3 57.2+0.4, 56.2+0.8, 54.7+0.9 mm=
YERHE 36), AFS Umrt b E=kd group CollA 7Rl FAI9E Zhgo]l RfelskAl sttt
(P<0.05). 2} groupell Al WAl &5 %% group A, B, ColA Z+zF 26.2+1.7, 26.2+0.1, 22.7+0.1 ¢
o =2 group CollA 7F& AUk Hol AF9 A%, group ColAl 288+1.1= 26.6+0.0.29F
26.4+0.2¢] Hol AFE HQl group B CERT Y oH(P<0.05). 28y 4+ 24 442 7+
Ao tis] 27 61.4+04, 59.8+1.9, 57.3t24 um day® ASRE=7F F7MelHEHA YA A
s Aol o, A gztel 2ol sl THP>0.05).
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E 036 HAFT o B Az oA 52047 AF A A5 A B AEE
Group A Group B Group C

Total wt. (g) 1,549.3+40.0° 2,962.0+17.4 4,103.0+53.7°
Number 700 1,300 1,910

Initial
Individual wt. (g) 2.21+0.16" 2.15+0.13" 2.28+0.11°
Shell length (mm) 24.9+0.3" 24.4+0.3" 24.7+0.3"
Total wt. (g) 15,512.4+31.8° 28,177.5+124.3" 36,106.0+1259.8"
Number 547+32° 9917 1,452+58"

Final
Individual wt. (g) 28.4+1.7° 28.4+0.1° 24.9+0.1"
Shell length (mm) 57.2+0.4° 56.2+0.8" 54.7+0.9”
Total weight gain (g) 31,987.5+1,325.5" 25,211.5£101.7° 13,983.4+32.0°
Individual weight gain (g) 26.2+1.7° 26.2+0.1° 22.7+0.1°
Daily increas(eﬂ n?fdg;? shell length 614405 50.841.9° 57342 4%
Feed Conversion 26.6+0.1" 26.4+0.2" 28.8+1.1°
Survival rate (%) 78.2+4.5" 76.2+0.5" 76.0+3.0°

Values are means=STD of triplicate groups.

Means+=STD within the same row having the same superscript are not significantly different at P<0.05 based on LSD.
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Temperature (°C)

25

N
o

=
(6]

=
o

’ B Temp.(culture tank)
v V\"\f\/\“\) 1 Temp (seawater)

‘,,,p\l

- Seawater: 5.2~23.9C
- Culture tank: 18.1+£0.9C

Days
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Power consumption (kwh)

16000
E Pump
14000 A Air blower
B Heater
12000 - Chiller
10000 -
8000 A
6000 -
4000 A
2000 7
N \\\"\’\
0 -

- 176 -



40
Range: 32.8 ~35.6ppt
g_ *1 Average: 33.940.9ppt
£ 5
>
x
=
©
N
177 30
8.2 1
I 8.0 1 |
o
7 Range: 7.85~8.11
Average: 8.01£0.04
7.6 T T T T T T T T T T T T T T T T T T T T
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 50
Days

a9 64 HF v 2d Alad Wl 93 pH WshE29Y).
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—e— TAN
---O--+ Nitrite
—-v— Nitrate

14 -
A~
A |

12 -
(-
© 8-
&
w2 6
G
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4-
g 2-
@)

» Average concentraion
after conditioning
- TAN: 0.1840.16 mg/L
T - NO,~N:0.01+0.03 mg/L
- NO,~N: 4.26+3.81 mg/L

Al

...............

«————
>d
!
4

Léad

Days

A B A Ag(A4x) U TAN, ofdibd A4 AAbd 44 &
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Suesyienldesh setit tiog LM g/L)

» Average SS concentration after conditioning
: 2.30£1.20mg/L
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3+ Neori et al.(2000)2]
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— 1= SARRE N A —1 o O o X
shell length (cm) NO Total weght (kg) Survival
. . ) . . rate
Initial Final (per cage) Intial Final (%)
U. pinnatifida 40.4%2.0 47.8+2.6 150 1,155.8+23.7  1,476.7+33.6 87.7
Red seaweed 39.3£2.8 46.5+2.7 150 1,156.3+31.2  1,457.6+36.7 96.3
AgFzE MES W) Wit dEUel da Fri FxAm Aduls md da 7z

dEYol A4 =S FASATGE 38). AAHE A Al FE Yol A
A TR A A Fxds AFYolE THEE HAE ASTFRAA o 2 vEE
FrA 8tk Colt and Armstrong(1981)2 thi-#9o YA E=E0°] oF 25~95 mg/Le ¢EY
of Wi wxmolA Azl Aol AsEcin wustdon Haris et al(1998)& #EFel
Haliotis laecigata?} 2.7~6.2 mg/LollA w2 o7 w5 uw 233 37 o] = Zcta
stAth ol 7o Aof, §Ao], 7R, dAF Tol AFH R Ho|2stE YEUl VFOo®

0.04~0.96 mg/L*°] %”‘Eoﬂf\ﬂ Tk Aol Aol AE Wt HaE vh At (Russo and
Thurston, 1991; Allan et al., 1990; Epifanio and Srna, 1975). ] A< pH”7} 8¢ A%, 4&EY
of AA FwEE 9 28 mg/Lold Fkol et Aojth 2 Ao TxUR AFHol =
7 A EE A HE

=
¢}
& FAsA

TAN Nitrite Nitrate SS
U. pinnatifida 0.57+£0.08 ND 1.03+0.06 1.510.3
Red seaweed 0.48+0.07 ND 0.66£0.52 1.0£0.4

- 181 -



3}

od

e

A% A7 A8 5

.

20
X

o] 7]& w2t

5

AEe A Aehd d7e)

}

FRLA AL

)

Mo

A

T AATHZLH 68, 69).

o

ro
Ho

]

"

%

- 182 -



26 Mool E3H= tom Alzd oA dEo] A4 AT Aom AT 5 qUvh EI
5 AetA 7H L=t @k group AolA 7HE skt A3
2+ A= group ol Frojabe I ou ARSI ETE S7FEHA tha FHAdte], AR W
ZhEnh 2 ARelA A3 A S 69.4~795 ym
1.1 cm® H. rufescensE A2 &2 3k Rosen et al. (2000)%}
Hyt 214 1.1, 1.6, 44 cm? AES Ao =2 3 Neori et al. (2000)2] 23 Ao et
51.6~62.8 m day$} 40.0~66.5 um dayR t} 23k or; Hahn (1989)3 Yoo (1989)°] 2laf X i
H 80~120 m dayRE ot = AFS YeERAY. ol o= FF el HolEnt ol g}
AbxHA, Hol T, Al 271 R A2 Aolol A TletE Aow AzbHET. I dE
of AL 2o wet 2A ddd ¢ dow, dx{ ol ¢id e dxFe TRl o
g} w¢ o7t 2B ' HFHst= ol wel Aol 24 debd = dvkal &t (Tzeng,
1975; Yang and Ting, 1986). 53] A &-& & f 3 43 45 7R o, 4 =3
I A Al Fakol] o Hol HAEI Aol Gt o, 2 A o B H o
E AFgva sto] A Z7]el wE Aolo] tha] o AgellA EE uE Atk(Jee et al,
1988; Marsden and Williams, 1996; Shpigel et al., 1996). L o] oJg] AFAEL HEF
FA W F& ded wE A4 AFE Askd e, A5Y F =
of we} 49.0~140.0 ime WS W 2 AFES RSkt iR A AlSE R}
S7tetH A 2 el At Bustglow, A "ETt
52% 7ol zHAdttial sl th(Huchette et al., 2003). ©]¢F @A} g HFF 45, A
S "WE7F F7HSel wep Holok I3 AA dojyt o] AdE vl sk th(Hughes, 1986;
Jarayabhand and Newkirk, 1989; Foster and Stiven, 1996). ¥ A 3o Wio] w2 XAAE
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