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SUMMARY

TREATMENT OF EFFLUENT FROM
INLAND FLOW-THROUGH AQUACULTURE SYSTEM

1. Introduction

Aquaculture effluent from flow-through aquaculture systems requires treatment with
sedimentation tanks before discharge to natural body of water. Surface area of the tank
must be 20% or more of the total cultural surface area of fish farms and water depth of
the tank should be 1-1.5 m. The water depth of the sedimentation tank can be less than
1m if residential time in the tank is greater than 1.5 hours. The concept of this regulation
1s to reduce the solid organic wastes such as feces or uneaten feed in the effluent before
flowing into the receiving water system. However, this regulation is not much effective to
reduce organic loading to the receiving water system because it only concerns the surface
area of the sedimentation tank but not the amount of effluent water flow through the
sedimentation tank. Therefore this regulation has two most distinctive problems.

One problem is that if water flow rate in the sedimentation tank increases, residential
time become shorter, then higher percentage of solids in the effluent water flow out with
discharging water. Moreover leaching nutrients from accumulated solids in the
sedimentation tank are also dissolved and flow out with discharging water. Another
problem is that fish farmers have to prepare 20% of total fish rearing area for the
sedimentation tank. This means that fish farmers have to reduce 20% of their production
capacity to prepare the sedimentation tank.

Recently, swirl separation method for solid removal from liquid is applied for removing
suspended solids from aquaculture water. Centrifugal force of the swirl separator acts to
remove the solids from water. This is very efficient method to separate solids from water
but needs high energy to produce centrifugal force. Even though, there is a high possibility
in adapting the concept of swirl separator for the effluent treatment of rainbow trout farm
if the energy consumption can be reduced. If swirl separator is adapted to effluent
treatment system of flow-through aquaculture farm, the surface area of sedimentation tank

can be reduced to 2-3% of total rearing surface area. This helps not only for increasing
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production efficiencies 2} fish farmers but also for protecting natural body of water that
receives effluent from fish farms.
To achieve this goal, a series of experiments were done as follow;
1). Determination of feces production of rainbow trout and common carp.
2). Determination of efficiencies of pilot scale and on site scale swirl separators.
3). Optimum conditions of treating solid wastes collected from rainbow trout farm.
4). Removal efficiencies of micro solid wastes.
5). Design of effluent treatment system for inland flow-through aquaculture farm.
6). Economical analysis of effluent treatment system.

7). Proposal of an effluent treatment policy.

2. Feces production of rainbow trout and common carp

The feces production rates of rainbow trout were significantly different (P<0.001) among
the 3 different feeding regimes. Amount of total feces production of the fish fed 126, 2.5%
and 5% of the feed per body weight over 24 hours were 2.11, 574 and 10.39 g/kg fish
respectively. When the rainbow trout were fed from 8 AM to 8 PM, the fish produced
feces continuously for 24-hour period. This means that collecting devices of rainbow trout
feces must work continuously for 24 hours. However, when feed was not given at 8 AM,
the amount of feces was dramatically reduced at noon time. The amount of feces
production of 1%, 2.5%, and 5% groups were ranged 0.115 - 0.287, 0.311 - 0.562, and 0.494
- 1.242 g/kg fish per day, respectively. Feces production and distribution of this fish
during fasting period were measured from 14hours to 114 hours after the last feeding.
The amount of feces production from 5% feeding group 14 hours after final feeding was
34 and 2.9 times higher than that of 1% and 2.5% feeding groups. However, the amount
of feces production from all the treatment groups at 48 hours after final feeding reduced to
2.9% - 9.7% of the amount collected at 14 hours after final feeding, and the differences
among the treatment were also reduced.

The feces production rates of common carp were significantly different (P<0.001) among
the 3 different feeding regimes. Amount of total feces production of the carp fed 1%, 2.5%
and 5% of the feed per body weight over 24 hours were 1.64, 3.70 and 9.10 g/kg fish,

respectively. When the common carps were fed from 8 AM to 8 PM, less than 3% of total

_11_



daily produced feces was collected. Over 65% of average daily collected total amount of
feces were collected between 6 PM and mid night, and over 86% were collected between 4
PM and 2 AM of next day. Between 92.9-98.3% of all feces collected for 72 hour perio
were collected within 24 hours and 1.2-1.5% of them were collected for the next 24 hours,
and rest of them, 0.5-1.8%, were collected for the next 24 hours. This means that
collecting devices of common carp feces must be big enough from 6 PM to mid night.
There were significant differences in the three feed regime treatments on the feces
production and weight gain of both species tested, but did not show any differences in

moisture, ash and protein content in fish feces.

3. Efficiencies of pilot scale and on site scale swirl separators

The total suspended solids removal efficiencies of the swirl separator, a circular conical
bottom sedimentation (CCBS) tank, were ranged 30.9%-41.7 % with average removal rates
of 1619.0-7536.5 g/day. Efficiencies of the CCBS tank increased further to 75.6%-83.9% and
the average removal rate ranged 968-8374 g/day when settleable solids were considered.
However, the removal efficiencies of non settleable solids in CCBS tank were not effective.

Average TAN concentrations before and after CCBS tank were ranged 1.12 - 2.01 mg/L
and 1.11 - 1.94 mg/L respectively. The removal efficiencies of TAN in CCBS tank were
ranged 2.4% - 3.7%.

The lowest and the highest average NO: concentration before and after CCBS tank were
same as 0.18 and 0.22 mg/L, respectively. The removal efficiencies of NO, at CCBS tank
were ranged 4.24%-3. The average NOjz concentration before and after CCBS tank were
similar with ranged 3.37 - 4.04 mg/L and 3.38 - 4.03 mg/L respectively. The removal
efficiencies of NO; at CCBS tank were ranged 0.099% - 2.139 %. Generally the average
PO, concentrations in CCBS tank were not significantly decreased with after CCBS tank
with concentration ranged 0.323 - 0.478 mg/L and 0.331 -0.470 mg/L respectively. The
removal efficiencies of PO, in CCBS tank were ranged 2.41% - 163. Average COD
removal efficiency ranged 11.4%-23.49% while average removal rates were 1308-7813.3
g/day. Average COD removal efficiency increased when the COD concentration in influent
water of CCBS increased. Average COD concentration in August and September (summer

season) remained lower than during October (autumn season).
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According to the above results, the efficiencies to remove SS and other solids from
CCBS were very effective. However, there is one obstacle of CCBS tank. Since the CCBS
tank is circular and conical bottom, there is much difficulty to build this tank in the fish
farm. There must be circular mold to build completely round wall and must have very
skillful carpenter to build conical bottom of CCBS tank. This needs too much cost to build
one for fish farmers. Therefore, rectangular shape, alternative structure of CCBS tank, is
recommended. This should have almost the same efficiency but requires much lower

construction costs.

4. Optimum conditions of treating solid wastes collected from rainbow trout farm

The moisture content of collected feces was 86.4%6 and its specific gravity was 0.9995.
For drying the feces by air in a drying tank (8 m length, 1.2 m width, 0.5 m heigh), it
needs 12 weeks to reduce the volume to half. If collected feces in the CCBS tank every
month, at leat 3 drying tanks are needed with this drying condition. This is not economical
for fish farmer to treat collected feces.

Even when some bulky additives, such as saw dust or rice husk, were mixed with feces
in various volume ratios (1:0.5, 0.75, and 1), drying speed were not much changed.
Therefore, to find out the optimum mixing ratio between feces and the additives to handle
the wastes for removing from drying tank to other place such as a compost yard a series
of tests were conducted. The tested mixing ratios of feces with saw dust were 1:0.25, 0.5,
0.75, 1.0 and 1.25, and the ratios with rice husk were 1:0.5, 0.75, 1.0, 1.25, and 1.5. The
minimum mixing ratio with saw dust for removing was 1:0.5, and that with rice husk was
1.0.75. If fast drying is needed, or if using feces as a fertilizer, the minimum mixing ratios
of feces with saw dust and rice husk should be 1:0.75, and 1:1, respectively. Time needed
to move half dried feces (1.4 m’) mixed with 0.42m' of saw dust was half hour by 3
persons. When the feces was mixed with 0.5% of bread yeast for fast fermentation, no
efficiencies were found. It seems the high moisture contents of feces (>80%) prohibit the
activities of bread yeast. When the feces was mixed with saw dust at the ratio of 1:0.25
and let it dry under natural condition, fecal smell and black color disappeared after 2
months.

The moisture, crude fat, crude protein, and crude ash in the feces were 86.8%, 0.26%,

_13_



2.56%, and 7.6%, respectively. The crude ash contained Ca, P, K, and Mg at the ratio of
2.2%, 0.97%, 266 ppm, and 973 ppm, respectively. According to these analysis, there is a

high possibility for feces to be used as a fertilizer.

5. Removal efficiencies of micro solid wastes

In the pilot scale test, foam fractionation showed good efficiencies to remove protein,
suspended solids, COD from rearing water of farming tank. However, when the foam
fractionation was applied at the effluent water of rainbow trout farm, foam production was
low. Therefore, IBK biofilter was tested to remove the micro solids in the effluent water.
When the effluent water was 65 m'/hour, removal rate of settleable solid from IBK biofilter
was 0.85 kg/day, and that of the non settleable solid was 2.0 kg/day. According to this
results, IBK biofilter was very effective to remove micro solids from effluent water of
rainbow trout farm.

In the IBK biofilter, parts of TAN and NO; were removed but NO2 and POs were rather

increased.

6. Design of effluent treatment system for inland flow-through aquaculture farm

Brief final design plan of effluent treatment system for inland flow-through rainbow
trout farm and its function are as follow.

When the effluent water with settleable and non settleable solids flow into the
sedimentation tank, most of settleable solids settle down there. The depth of sedimentation
tank is 2.2 m and residential time of effluent water is around 2.4 min when water flow
rate is 100m'/h. After the settleable solids settle down, non settleable solids are
over—flowed into the pumping tank. Then water is pumped into the inlet channel of IBK
biofilter. Settleable solids settled in the sedimentation tank are pumped time to time into
the sludge storage tank by submersible sewage pump.

When water pumping rate of the pump is 100 m'/h, water flow speed in one of the IBK
biofilter becomes 0.4 cm/sec. This is enough water velocity for the settlement of the micro
solids in the effluent water. Then clean water flows out to the receiving stream out side
of fish farm. The IBK biofilter tank is cleaned time to time depends on the amount of

accumulated solids. When one tank is under cleaning, the other
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tank is used. Most top water is removed quitely, and remaining solids are moved into the
sump through drain pipe. The drained sludge water in the sump pumped into the solid
storage tank by submersible sewage pump. Collected solids in the storage tank is let it dry
under sun light and wind or decompose in the tank.

In case of emergency such as failure of pump to IBK biofilter, water flows out through

the emergency drain pipe.

7. Economical analysis of effluent treatment system

This effluent system is much economical than using micro screen drum filter or disc
filter. If fish farmers have to buy micro screen filter, they must pay not only for the
machine but also maintenance cost because they have to change micro screen and nozzle
time to time. However, this proposed effluent treatment system 1is once constructed,
farmers need to replace pump only every 2-3 years. The cost of a micro screen filter, the
filtering capacity of which is around 2000 m'/day is 60,000,000 won. Maintenance cost for
screen and nozzle is around 10,000,000 won and is needed one year after the machine is
installed. While the construction costs of this effluent treatment system is 150,000-200,000
won per 3.3m’'. Therefore the construction costs of this system is around 3,750,000-5,000,000

won. Two submersible sewage pumps are 700,000 won and one vertical axial pump 1is
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1,200,000 won.

8. Proposal of treatment policy of effluent from fish farm

Fish feces or solid waste from fish farms are not accepted in the human feces treatment
plant. If this is accepted, the treatment of collected solids from fish farm will become very
easy. If feces or solid wastes are accumulated in fish farms, fish farmers ask the human
waste treatment company to pump up. Urgent discussion and policy agreement is needed

between the Ministry of Maritime and Fisheries and the Ministry of Environment.
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Fig. 2.1. Schematic drawing of waste water treatment system in Norway

(Bergheim and Cripps, 1998)
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FAMNE] LEF3NF AT - ARTF T & dRYot & EujdF
7. ATy
(1) A5 A 2
AgAzde wRelRon AAHgon, RAtm FAFAAYA] Bxste] 492

AN A THEIg. 3.1). AXH AASFFEE 23x25x395 cm § %ol 1,154 ¢ £ A4

A5 FA g0 (Oncorhynchus mykiss) X0l 3ol $1x1a o450l 44 %

Jegolgold FFHNOM, HE A& A AFA sG] HeAA ol AEEAY 35% W

WA e AEARE FHekel AP Atk AP AF Aol AT 933 g oo

dEol= 9] ol A7 vy F8&eto] 3R o® ALSElal, 2F vy AFES =
Atk A S 05% CrO35 ARl H7bete] 43ste $48& F3 AMtHEATH

m

T
L,

Fig. 3.1. Schematic diagram of experimental system used for collecting feces of rainbow trout

and common carp.
A: aquaria; BF: biofilter; DC: drain channel, H; heater; LR: lower reservoir;
MF: mechanical filter; P: pump, submerged; UR; upper reservoir
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(4) EMEEF S 8H

(A) (B)

Fig. 3.2. The TUF Column System for feces collection.
(A): TUF Column attached to a culture aquarium; (B): dimension of TUF Column

(6) ¢EYo} wjd ALY

TAN (mg N kg™'h™) = {(Co - C)(dv/dt); - (Cc - Ci)(dv/de)2}/W

= (C1 is the ammonia concentration (mg TAN 1'!) at the inflow.
Co is the ammonia concentration at the outflow of the experimental chamber.

Cc is the ammonia concentration at the outflow of the control chamber.
(dv/dt); is the flow rate (1 h'') through the experimental chamber.
(dv/dt)z is the flow rate of the control chamber

W is the wet body weight (kg) of the fish.

(6) TAEXN
A dryol 9 FujdEe] o HSES SPSS AZZ IS o] &3e] one-way
ANOVA &A1& 33t

. Az

_35_



D HZE

FANEAE 244 oFE wls @ds ARHAH dF dies deEddde =3 o AT
S7ket A AR FEE S ST AlR g E R e A ES 255 dAZ Aol
5 Ho] Hi AAFT FTUES AR FE T 5%, 25%, 1% 77 70.9%, 40.5%<F 154% 5

T 5%, 2.5%, 1%°lA4 ztzt 66.5%, 42.1%

il

JEU 455 BE o AF FEe AR B
W 118% % GETh ol A F AANEE, AmASel B 43S Table 3101 VeI

Table 3.1. Fish weight, weight gain and FCR in every two weeks

Changes in 2 week intervals

Feeding Number

Initial

BW (g)
(%6 BW) Each tank 1st SWG 2nd SWG
FCR FCR

(g) (%) (g) (%)

regime of fish in

102.57 175.3 70.9 0.843 291.9 66.5 0.973

5 11
+ 0493 0709 0473  +0.006  +1.997  +1.015  +0.015
55 1 102.63 144.6 40.5 0.863 205.4 42.1 0.817
' +0.462 +0.781  +0.723  +0.021  +1.365  +0929  +0.021
1 1 102.73 118.3 154 0.920 132.3 11.8 1.177

+0.289 +0.737 #0513  +0.026  +0.513  +0.289  +0.023

BW: Body Weight, SWG: Specific Weight Gain, FCR: Feed Conversion Ratio
(2) FFEU} WU Z
oAAF 12-28 g9l AN FoiF ol g3l 3N WA AR
Srmuol WA %4 Avhe Table 329 2tk
ol WAHTe 5% ARFFTI 25%5 1% ARFFTRG S B4 vhesion
EEFY WANA ARFFT Meste] guior MUBE Frsd
3]

o}

woll W& 247 144 ¢

AY 224 AAE gEUel WAge] BE Am FFTIA F71s)

U7 24X F-H = sk ddS HER i
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Table 3.2. TAN excretion (mgN/kg/h) when fish were fed every 3 hours from 08:00 to 20:00

Treatments (Feeding Rate)

Time
1% 2.5% 5%

08:00 7.95 10.49 16.04
10:00 12.79 21.18 34.69
12:00 15.75 29.10 40.29
14:00 22.51 32.88 42.72
16:00 26.59 35.10 41.86
18:00 27.67 36.33 43.14
20:00 30.39 39.96 44.36
22:00 31.37 40.35 45.35
24:00 28.57 33.53 41.53
02:00 23.22 31.80 39.30
04:00 19.54 25.96 34.53
06:00 15.56 24.57 32.16
08:00 7.63 13.79 18.71
Mean 20.73 28.85 36.51

AtRE UEEE e wWe dEuyol wjAd kel tie A3E Table 3.3 WERHSIT. &

et

AR BTN BEIFE Guol AR et} 24 10474 Ao o F
Fashs e deiddth 497 AAAR FAANE]S uel MHFES BE AR

Table 3.3 TAN excretion (mgN/kg/h) of rainbow trout fingerling after satiation following 4

days starvation
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Treatments (Feeding Rate)

Time 1% 2.5% 5%
15 49 45 3.9
16 8.2 8.2 7.7
17 9.2 8.9 9.9
19 12.3 14.4 13.8
21 145 17.8 20.7
23 174 18.2 21.2
1 20.8 21.7 23.3
3 20.3 20.8 23.0
5 189 17.8 224
7 14.4 16.8 14.7
9 16.4 189 16.5
11 15.2 12.2 204
13 114 125 114
15 11.8 12.0 10.3
17 9.8 9.1 75
19 9.0 9.7 7.3
21 6.1 5.0 6.3

Mean 13.0 135 14.1

(3) Euj X2 =F
Algm FFTE 2447 Feote] AlgFFol wE Eujd o] st Z3E Table 3.49] YERY

Table 3.4. Changes of feces amount (g/kg fish) during 24h at standard feeding

Treatments (Feeding Rate)

Time
1% 2.5% 5%

2 0.287 0.444 0.816
4 0.222 0.342 0.968
6 0.115 0.311 0.763
8 0.179 0.520 1.096
10 0.159 0.557 1.242
12 0.155 0.502 1.027
14 0.170 0.562 1.203
16 0.181 0.542 0.782
18 0.170 0.518 0.707
20 0.149 0.529 0.628
22 0.200 0.503 0.664
24 0.120 0.410 0.494

Total 2.109 5.740 10.391

2 Adad A A gFell tjgk ZA3E Table 3500 WEHATE A2 A7He] &

Fhel wheh Euja e Ae] vErA) 2k,

2

(i
M
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Table 3.5. Changes of feces production (g/kg fish) during starvation period. Feces

collection was started 14 hours after the last feeding.

Treatments (Feeding Rate)

Time
1% 2.5% 5%
14 0.183 0.216 0.637
16 0.102 0.157 0.493
18 0.078 0.105 0.264
20 0.060 0.074 0.212
22 0.077 0.057 0.140
24 0.074 0.043 0.136
26 0.049 0.040 0.056
28 0.032 0.044 0.059
30 0.024 0.025 0.033
32 0.034 0.023 0.052
34 0.046 0.033 0.031
36 0.035 0.027 0.027
42 0.011 0.016 0.021
48 0.017 0.021 0.019
60 0.009 0.010 0.010
84 0.005 0.008 0.005
114 0.004 0.004 0.004
Total 0.838 0.902 2.199
(4) &38t&

A AR T wWE Lsted Al ol tigk 23S Table 3601 YEFU A

Table 3.6. Daily of feed, feces and digestibility
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5% 2.5% 1%
Feed Fec Prod ) Fec Prod ) Feed Fec Prod )
Day o/ke o/ke leest Feed o/ke leest o/ke o/ke leest
fish/d fish/d o) ® fish/d o) fish/d fish/d o)
5 39.832 6.709 83.2 2484 4.563 31.5 9.971 1.159 88.5
6 39.832 9.049 773 24.8%4 3.981 33.9 9.971 1.266 874
7 49.790 9.379 831  24.854 4.466 81.9 9.971 1.285 87.1
8 39.832 11.214 719 24844 3.417 86.3 9.971 1.392 86.1
9 39.832 10.194 744 24854 3.971 34 9.971 1.353 86.5
10 39.832 10.748 73 24.854 4.369 324 9.971 1.519 849
11 39.832 11.786 704 24854 4.252 829 9.971 1.461 854
12 49.790 10.583 788  24.8%4 3.922 84.2 9.971 1.315 36.8
13 49.790 11.126 T 24.84 4.000 83.9 9.971 1.412 85.9
14 49.790 10.107 797  24.854 3.330 86.6 9.971 1.168 38.3
15 49.790 13.680 725 24834 3.330 86.6 9.971 1.490 35.1
16 40.076 9.886 7.3 24931 4.959 30.2 10.025 1.369 86.3
17 40.076 8.280 79.3 24931 4.564 81.7 10.025 1.023 89.8
18 40.076 9.463 764 24931 4.495 31.9 10.025 1.310 36.9
19 50.095 10.783 785 24931 4.703 81.1 10.025 1.784 82.2
20 50.095 13.566 729 24931 4.149 83.4 10.025 1.488 8o.1
21 50.095 11.143 7.8 24931 3.672 35.3 10.025 1.555 84.5
22 50.095 12.954 741 24931 3.499 36 10.025 1.378 86.2
23 50.095 11.589 769 24931 4.212 33.2 10.025 1.437 85.6
24 50.095 11.011 78 24.931 3.714 35.2 10.025 1.471 35.3
25 50.095 10.360 79.3 24931 4.599 81.6 10.025 1.767 82.3
26 50.095 12.280 755 24931 3.893 84.4 10.025 1.589 34.1
27 50.095 12.726 746 24931 5.076 79.7 10.025 1.767 82.3
28 50.095 11.131 778 24931 4.689 31.2 10.025 1.598 34.1
29 50.095 13.943 722 24931 5.360 78.6 10.025 1.724 82.7
30 33.800 17.800 684  25.0%4 3.759 35 10.023 1.451 385.5
31 38.360 11.038 712 2504 4.990 80.1 10.023 1.451 82.5
32 36.828 10.295 2.1 2504 5.034 79.9 10.023 1.512 849
33 38.641 10.490 729 25054 5.628 715 10.023 2124 78.8

(5) NO29F NO3 Hj A =
AgA 2R obdatal A4k BE Z4ANE Fig 339 Fig. 3400 UEhigich o}kl

Ao FrEE 05 F2RolA Aolsh Ael e gttt

=

rr
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Table 3.7. The peak of ammonia excretion after meal in different feeding time periods

Feeding time / Time period | Time peak value Concentration
) . Reference
Protein conc experiment after meal (mg/kg BW)
i 8, 10, 13 h after Kaushik and
Daily / 50.9% 72 hours From 10 to 22
meal 1, 2 and 3 Gomes, 1988
Kaushik and
Once for 2 d /50.9% 72 hours 12 hours From 12 to 30
Gomes, 1988
Kaushik and
Once for 4 d /50.9% 72 hours 14 hours From 12 to 35
Gomes, 1988
Every 3 hour /35% 12 hours Every after meal |Tab. 2 This study
From 2.8 to 22 )
After 4 d starv35% 30 hours 10 hours (Tab. 3) This study
ab.

BE AtREE oA AAAZ Foll= gRYol Wil FFoll & o7t EhA] Stk A
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Fig. 3.5. Correlation regression between daily feces production and daily feeding
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Z=
10709 frelszst A9 Agelaz, adn 249 A522 THE A29S AHESarh
o
-1
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Table 3.8. Growth results of common carp(Cyprinus carpio) for feces collection experiment

Treatment | Stocking [Number| Harvesting Wt Gain Dai'ly Total FCR
Number* | Wt.(g) |of Fish| W@ |pepication| ' R?U;m Fee(d )F N Repication | Treatment
Average g g Average
5-1 2524 10 461.6 209.2 12.70 355.6 1.70
5-2 254.3 10 453.2 198.9 204.20 12.70 355.6 1.79 1.742
5-3 253.8 10 458.2 204.4 12.70 355.6 1.74
25-1 253.8 10 318.5 64.7 6.40 176.4 2.73
25-2 251.5 10 335.1 83.6 73.37 6.30 176.4 2.11 2.431
2.5-3 251.7 10 3235 71.8 6.30 176.4 2.46
1-1 250.7 10 264.9 142 2.60 72.8 5.13
1-2 250.9 10 259.3 8.4 10.20 2.60 72.8 8.67 7.631
1-3 2529 10 260.9 8 2.60 72.8 9.10

* 5-1: 5% daily ration group, replication #1; 5-2: 5% group, replict. #2; 5-3: 5% group, replict. #3
2.5-1: 25% daily ration group, replication #1;, 2.5-2: 5% group, replict. #2; 2.55-3: 5% group, replict. #3
1-1: 196 daily ration group, replication #1; 1-2: 5% group, replict. #2; 1-3: 5% group, replict. #3
(2) & vjA=F
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o] v HTL A7 AR TS oAF9 1%, 25%, 5% = dHagS w 7tz &F Hi 252g,
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Table 3.9. Changes of the amount of feces excretion of common carp and average percentage
of each treatment by every 2 to 4 hours. Feces were collected by TUF Column
system during 24-hour period
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Treatment | Feces Amount (2)
4h 6h 8h 10h 12h 14h 16h 18h 20h 22h 24h
Number* Total | Trt. Av.
5-1 2.2070 0.0413] 0.1287|0.3016|0.3506(0.3226| 0.413|0.3639{0.2138{0.0310|0.0325| 0.008
5-2 2.3158| 2.3088]0.0404| 0.1887]0.3074]0.3998{0.3481{0.3604|0.3839|0.1892|0.0662{0.0162{0.0155
5-3 2.4037 0.1402] 0.2002|0.2420/0.5699(0.4071]0.2960|0.2607{0.1715{0.0920|0.0123|0.0118
2.5-1 0.7807 0.0139] 0.0319|0.0969|0.1335[0.1512]0.1202{0.0997|0.0670{0.0488|0.0085|0.0091
2.5-2 0.9734| 0.9336/0.0126| 0.0146| 0.085|0.1211| 0.162|0.1553]0.2211]0.1455]0.0379{0.0097|0.0086
2.5-3 1.0468 0.0098] 0.0078|0.0855/0.1917(0.1729]0.1386|0.1656{0.1740{0.0665|0.0205/0.0139
1-1 0.4986 0.014] 0.0008|0.0143|0.0686]0.0794]0.1006|0.0877{0.0837{0.0271|0.0160|0.0064
1-2 0.2894| 0.4135]0.0092| 0.0034|0.0115|0.0343|0.0561|0.0691{0.0414]0.0310{0.0197{0.0073|0.0064
1-3 0.4524 0.0068| 0.0033/0.0111/0.0595]0.0841]0.0778{0.0671{0.0717{0.0358|0.0154|0.0198

* Consult the explanation at Table 3.8.

Table 3.10. Percentage of collected feces to the total amount of collected feces excreted by
common carp from 800 AM to 8:AM. Feces were collected first 4 hours at the
beginning and were collected every two hours thereafter.

Treatment Total

Numbers Feces(g) 4h 6h 8h 10h 12h 14h 16h 18h 20h 22h 24h
5-1 2.207 1.87| 5.83| 13.67| 15.89| 14.62| 18.71| 16.49| 9.69 1.40 1.47| 0.36
5-2 2.3158 1.74| 8.15| 13.27| 17.26| 15.03| 15.56| 16.58| 8.17| 2.86| 0.70| 0.67
5-3 2.4037| 5.83| 8.33| 10.07| 23.71| 16.94| 12.31| 10.85| 7.13] 3.83] 0.51 0.49
Average 3.15|  7.44| 12.34| 18.95| 15.53| 15.53| 14.64] 8.33| 2.70, 0.89| 0.51
2.5-1 0.7807 1.78| 4.09| 12.41] 17.10| 19.37| 15.40| 12.77| 8.58| 6.25 1.09 1.17
2.5-2 0.9734 1.29 1.50| 8.73| 12.44| 16.64| 15.95| 22.71| 14.95| 3.89 1.00] 0.88
2.5-3 1.0468| 0.94| 0.75| 8.17| 18.31| 16.52| 13.24| 15.82| 16.62| 6.35 1.96 1.33
Average 1.34| 2.11 9.77| 15.95| 17.51] 14.86| 17.10| 13.38] 5.50| 1.35 1.13
1-1 0.4986| 2.81| 0.16] 2.87| 13.76] 15.92| 20.18| 17.59| 16.79| 5.44| 3.21 1.28
1-2 0.2894| 3.18 1.17(  3.97| 11.85| 19.38| 23.88] 14.31| 10.71] 6.81 252 221
1-3 0.4524 1.50| 0.73] 2.45] 13.15] 18.59| 17.20| 14.83| 15.85| 7.91| 3.40| 4.38
Average 2.50| 0.69| 3.10f 12.92| 17.97| 20.42| 1558 14.45 6.72| 3.05| 2.62
Grand Average 2.33|  3.41| 840 1594 17.00| 16.94| 15.77| 12.05] 4.97 1.76 1.42

* Consult the explanation at Table 3.8.
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Table 3.11. Comparisons of feces amount and percentages of feces of common carp to the
total amount of feces collected for 3 days. Fish were fed daily rations of 5%, 2.5%,
and 1.0% of body weight from 8:00 AM to 8:00 PM. Collection of feces were
started from 12 hours after the last feeding and were measured at 24 h, 48 h, and

72 h.
Treatment Total

Numbers Amount 24h % 48h % 72h %
5-1 2.2339 2.207 98.80 0.0157 0.70 0.0112 0.50
5-2 2.3692 2.3158 97.75 0.0411 1.73 0.0123 0.52
5-3 2.4396 2.4037 98.53 0.0261 1.07 0.0098 0.40
2.5-1 0.8123 0.7807 96.11 0.017 2.09 0.0146 1.80
2.5-2 1.0041 0.9734 96.94 0.018 1.79 0.0127 1.26
2.5-3 1.0847 1.0468 96.51 0.0296 2.73 0.0083 0.77
1-1 0.5308 0.4986 93.93 0.0252 4.75 0.007 1.32
1-2 0.3216 0.2894 89.99 0.0242 7.02 0.008 2.49
1-3 0.4823 0.4524 93.80 0.0204 4.23 0.0095 1.97
Average 95.82 2.96 1.23

* Consult the explanation at Table 3.8

Table 3.12. Comparisons of the amount of collected feces of common carp by two different
collecting methods.
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Treatment The First Treatment The Second Treatment .
Numbers Method*x* Average (1) Methods##x Average (2) Comparisonz==+
5-1 1.139 2.207
5-2 1.231 1.1963 2.3158 2.3088 51.8%
5-3 1.219 2.4037
2.5-1 0.448 0.7807
2.5-2 0.472 0.5447 0.9734 0.9336 58.3%
2.5-3 0.714 1.0468
1-1 0.326 0.4986
1-2 0.276 0.2857 0.2894 0.4135 69.1%
1-3 0.255 0.4524

* Consult the explanation at Table 3.8.
*x Feces were collected once in 24 hours.

wx% Feces were collected every 2 or 4 hours and added for 24-hour period
sk (1) = (2) x 100

Table 3.13. Characterstics of blood of common carp (Cyprinus carpio) fed 3 different daily
ration levels.!

Diet HSI * CF * PCV Hb
ie

(Hepatosomatic Index) (Condition factor) (Hematocrit) (Hemoglobin)
1 (5%) 1.26 £ 0.24 1.55 £ 0.04a 40.8 £ 1.5 5.68 = 0.5b
2 (2.5%) 1.54 £ 0.32 1.43 £ 0.11ab 447 £ 2.4 7.45 £ 0.3a
3 (1%) 1.08 £ 0.03 1.33 £ 0.04b 442 £ 1.9 8.13 £ 1.3a

Values within the same column with different superscripts are significantly different (P<0.05)
“Hepatosomatic Index (%) : liver wt.x100/body wt.

*Condition Factor : (wet weight / total length3)x100

A FEA Ao A FwlE A2 E(hematocrit) = 39.5~47.3% W Z YeEl=dH o] A=
FANEo o AQojA 32~42% =A k(Alexis et al,1985)¥+= ZF i, AF7] doA(EH B
1995)¢} =3 &2 5, 1996)e lojAl Harsk 44%¢9} vz 43
(hemoglobin)®] &2 5.09~9.16g/dte] WHZ YESom oyt FAHS & 5 (1995)0] &
ES oo Aol 9~10g/dd HueE $re AE¢FS B3, Kikuchi et al, (1994)0] 233k X
o 5]9] 3.6~53g/dl HUe =2 AIdS BT HE 1438 ofFfe I =ZH 42 10g/
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we AAES Wdar 7] W&ol (Watanabe et al., 1981; Murai et al., 1982; Cowey et
al., 1983; Wilson et al.,, 1984; Mosconi-Bac. 1987, Babin 1987a; Garrido et al., 1990) ©<=3]
o mnk Hlast= A2 Fefsirhal Azt
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Table 3.14. Proximate analysis results of whole-body of common carp (Cyprinus carpio)
fed 3 different daily ration levels (% of DM basis)'

Diet Crude Protein Crude Lipid Crude Ash Moisture
1 (5%) 62.4 = 1.89c 30.9 £ 0.56a 8.94 £ 0.68b 73.5 £ 1.97
2 (2.5%) 69.7 £ 3.80b 21.3 £ 2.75b 11.28 £ 1.35ab 76.4 = 0.73
3 (1%) 79.5 £ 0.65a 16.1 £ 3.66b 14.26 £ 2.69a 77.9 £ 1.10
yalues within the same column with different superscripts are significantly different (P<0.05)

Table 3.15. Percent apparent digestibility of DM and CP

Diet DM apparent digestibility(%) CP apparent digestibility(%)

1 (5%) 447 £ 1.1 87.94 £ 0.65ab

2 (2.5%) 46.3 £ 0.9 88.50 £ 0.47a

3 (1%) 45.2 £1.0 86.35 £ 1.25b

values within the same column with different superscripts are significantly different (P<0.05)

ZEDOM) 2 @ H(CP)e ZH7]438HE (apparent digestibility, AD)E #4413 A3 =
Table 3.15°1 WEFHATE 37H4 A= t& 19 Absd Ago- o] AdE43t&S AE 719
el A7k gldon, ANk oR 44~45a 0= wAl uhgka, wEe 25% A9t

wARTHTY FelAon ¥& AL 25% AW/ BuA 258 SHow B ou, AU A

5 FFgow wa At
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©: cone; du: underflow diameter; H: height of cylinder

Fig. 3.6. Schematic drawing of tested swirl separator
di: inlet pipe diameter; do: overflow diameter; dd: drain pipe diameter;



Table 3.16. Geometry parameters and dimensions of tested swirl separator

S) D H du di do
(mm)

66° 335 131 50 30 100

265 50 70

358 60

489 50

30

Table 3.17. Dimensions and geometrical parameters of tested swirl separator
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i O D Hs ‘ du ‘ di ‘ do WV
Series
(mm) )
£30-100 66° 335 131 50 30 100 20.4
=70 70
-60 60
-50 50
-30 30
f50-100 66° 335 131 50 50 100 20.4
=70 70
-60 60
-50 50
-30 30
£30s-100 66° 335 265 50 30 100 32.3
=70 70
-60 60
-50 50
-30 30
f50s-100 66° 335 265 50 50 100 32.3
=70 70
-60 60
-50 50
-30 30
f30m-100 66° 335 358 50 30 100 40.6
=70 70
-60 60
-50 50
-30 30
f50m-100 66° 335 358 50 50 100 40.6
=70 70
-60 60
-50 50
-30 30
£301-100 66° 335 489 50 30 100 49
=70 70
-60 60
-50 50
-30 30
£501-100 66° 335 489 50 50 100 49
=70 70
-60 60
-50 50
-30 30

* Cylinder height; =** Water volume of each separator dimension

2 A= A FE +dxx

0.71-143 cm/s= 47 7-10cm ¢ o B FA7hFo| 7k vidd A weqo] wid=o HdH

® 0.61-125 cm/s¢h fARE Wglel Atk QAN EE AZEE $30.9%0.7%0.55 mh)ell 0.1%
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Fig. 3.7. Schematic diagram of the experimental apparatus; (1) hydrocyclone, (2) settlement
cylinder, (3) submerged pump, (4) holding tank, (5) feed slurry tower, (6, 7, 8 9)
valves, (10) measures.

(3) AAx

B AAA Y A= A4 50mm viHS Fske] A4 90mm, Zo] 945mmSl of= ™

AAxE AAA Hel gdou, of FAzolA Axte] AAdesh 2 molE A = W
sharh
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Fig. 3.8. Schematic diagram of experimental equipments; (1) hydrocyclone, (2) settlement cylinder,

(3) rearing tank, (4) outflow raceway, (5, 6, 7) valves.
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AEHE MARGA LELBESS)Y AUAALE L olue] ANLAEAL FHFAL
() 28 RARAEA - 14 dwel 7] wag 307h40 28 SRR 4
%700] o1& 474 +QEES Table 31891 vheblulop 2o,

Table 3.18. Total separation efficiency (Et) for each apparatus and inflow rates.

Cylinder length (Lc)

. S-type (250 mm)

DIDO* ™6y | fiED) | fi(EY | fi(EY) | fi(EY) | fi(EY) | fi(EY | fi(EY)
30 | 350 (0.99) | 430 (0.99) | 547 (0.94) | 620 (0.93) | 750 (0.83) - - -

50 | 351 (0.99) | 454 (0.99) | 567 (0.98) | 620 (0.99) | 708 (0.99) | 851 (0.98) | 970 (0.98) | 1111 (0.98)
30 | 60 | 350 (1.00) | 507 (0.99) | 585 (0.99) | 615 (0.99) | 751 (0.99) | 849 (0.99) | 982 (0.99) | 1105 (0.98)
70 | 355 (0.99) | 427 (0.98) | 600 (0.98) | 616 (0.98) | 756 (0.99) | 823 (0.99) | 915 (0.97) | 1099 (0.96)
100 | 358 (0.99) | 450 (0.99) | 617 (0.99) | 621 (0.98) | 738 (0.99) | 830 (0.98) | 916 (0.98) | 1160 (0.83)
30 | 360 (0.99) | 460 (0.98) | 500 (0.95) | 610 (0.87) | 748 (0.81) - - -

50 | 348 (0.99) | 447 (0.98) | 510 (0.99) | 620 (0.99) | 791 (0.97) - 915 (0.96) | 1059 (0.95)
50 | 60 | 365 (0.99) | 463 (0.99) | 529 (0.98) | 604 (0.98) | 710 (0.98) | 859 (0.99) | 919 (0.98) | 1083 (0.97)
70 | 350 (0.99) | 446 (0.97) | 578 (0.97) | 610 (0.97) | 738 (0.98) | 842 (0.98) | 922 (0.98) | 1031 (0.97)

100 | 358 (0.97) | 400 (0.95) | 587 (0.94) | 595 (0.94) | 735 (0.93) -/- 967 (0.92) | 1100 (0.91)
M-type (345 mm)
30 | 360 (0.99) | 450 (0.98) | 522 (0.97) | 663 (0.97) | 770 (0.94) -/- -/- -/-
50 | 350 (1.00) | 462 (0.99) | 505 (0.99) | 643 (1.00) | 753 (1.00) | 855 (0.99) | 970 (0.99) | 1110 (0.99)
30 | 60 | 348 (1.00) | 430 (0.99) | 500 (1.00) | 589 (1.00) | 706 (1.00) | 898 (0.99) /- 1101 (0.99)

70 | 355 (1.00) | 473 (1.00) | 589 (1.00) | 640 (0.99) | 732 (1.00) | 864 (1.00) | 956 (0.99) | 1138 (0.97)
100 | 351 (0.99) | 446 (0.99) | 510 (0.99) | 650 (0.99) | 737 (0.99) | 820 (0.99) | 914 (0.99) | 1100 (0.96)

30 | 357 (0.96) | 459 (0.96) | 550 (0.95) | 645 (0.93) | 700 (0.92) | 778 (0.92) -/- -/
50 | 357 (0.98) | 474 (0.99) | 582 (0.97) | 650 (0.97) | 740 (0.95) | 803 (0.97) | 950 (0.96) -/-
50 | 60 | 361 (0.98) | 421 (0.99) | 493 (0.98) | 620 (0.97) | 710 (0.98) | 826 (0.99) | 980 (0.99) -/-
70 | 360 (0.99) | 427 (0.98) [ 578 (0.96) | 630 (0.97) | 728 (0.96) | 835 (0.97) | 950 (0.96) -/-
100 | 360 (0.98) | 478 (0.92) | 517 (0.91) | 670 (0.90) | 740 (0.92) | 810 (0.93) | 945 (0.89) -/-
L-type (442 mm)
30 | 355 (0.99) | 450 (0.99) | 540 (0.99) | 639 (0.99) | 755 (0.99) | 810 (0.96) /- -I-
50 | 361 (1.00) | 477 (1.00) -I- 605 (1.00) | 793 (1.00) | 847 (1.00) | 918 (1.00) | 1050 (1.00)

30 | 60 | 350 (1.00) | 471 (1.00) | 550 (1.00) | 630 (1.00) | 766 (1.00) | 869 (1.00) | 970 (1.00) | 1120 (0.99)
70 | 355 (1.00) | 461 (1.00) | 530 (1.00) | 605 (1.00) | 769 (1.00) | 870 (1.00) | 970 (1.00) | 1110 (1.00)
100 | 340 (0.99) | 450 (0.99) | 552 (0.99) /- 700 (0.99) | 807 (0.99) | 923 (1.00) | 1050 (0.99)
30 | 352 (1.00) | 440 (0.97) | 519 (0.96) | 690 (0.94) /- 816 (0.94) - -

50 | 365 (0.99) | 455 (0.98) | 510 (0.98) | 673 (0.96) | 753 (0.96) | 865 (0.96) | 998 (0.96) | 1102 (0.97)
50 | 60 | 362 (0.97) | 478 (0.97) | 550 (0.96) | 638 (0.95) | 750 (0.95) | 870 (0.94) | 1010 (0.96) | 1180 (0.96)
70 | 357 (0.99) | 400 (0.97) | 580 (0.94) | 631 (0.94) | 725 (0.92) | 840 (0.92) | 946 (0.92) | 1150 (0.93)
100 | 371 (0.94) - 520 (0.89) | 662 (0.86) | 740 (0.90) | 815 (0.87) | 950 (0.87) | 1150 (0.88)

*Di, inflow diameter; Do, overflow diameter; fi, inflow rate (ml/s); Et, total separation efficiency.
228 Ao o] FoA £ 285 U 18714 48 973 Ed3x9 Sdx0d ¢

AR ass Y% 7 330~1200 ml/sellA & FaE7]e AAEE=TE FARE A4 05

2006914 97% E&el WS e ATh(Table 3.19 7
go 2 Feagusga vs e BdagusgAds 0 =2 debt 53, 59

# A7 o] 30 mml FEFA 7 A o] 50 mmel FEFA BT & Eo] 20%N A 52% =AU
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Table 3.19. Total separation efficiency (Et) for each apparatus and inflow rate.

Cylinder length (Lc)

Di*|Do* S-type (250 mm)
fi (Et) fi (Et) fi (Et) fi (Et) fi (Et) fi (Et) fi (Et) fi (Et)
60 | 322 (0.67) | 441 (0.71) -I- 686 (0.77) | 775 (0.70) | 869 (0.72) | 969 (0.60) -I-
30 | 70 | 331 (0.48) | 412 (0.52) -I- 693 (0.46) -I- 872 (0.38) | 956 (0.37) | 1051 (0.29)
100 | 373 (0.36) | 492 (0.44) -I- 671 (0.39) | 770 (0.47) | 845 (0.46) -/ 1086 (0.40)
60 -I- 409 (0.40) | 573 (0.36) | 658 (0.36) | 760 (0.34) -I- 952 (0.34) -I-
50 | 70 -I- 414 (0.39) | 566 (0.31) -I- 721 (0.30) | 873 (0.28) | 955 (0.29) | 1039 (0.26)
100 -I- 466 (0.36) | 587 (0.29) | 650 (0.28) | 728 (0.26) -I- 928 (0.23) | 1032 (0.23)
M-type (345 mm)
60 | 335 (0.90) | 454 (0.90) | 555 (0.90) | 651 (0.90) | 767 (0.82) | 888 (0.66) -/- 1053 (0.59)
30 | 70 | 365 (0.87) | 456 (0.86) | 517 (0.86) | 686 (0.78) -I- 803 (0.67) | 930 (0.63) | 1049 (0.59)
100 | 365 (0.78) | 446 (0.74) | 560 (0.70) | 695 (0.58) -/ 820 (0.47) | 967 (0.44) | 1120 (0.40)
60 | 329 (0.56) | 493 (0.48) | 569 (0.38) | 645 (0.39) | 710 (0.40) | 815 (0.38) | 900 (0.37) | 1050 (0.34)
50 | 70 | 389 (0.32) | 450 (0.36) | 594 (0.37) -/- 760 (0.34) | 834 (0.33) | 969 (0.30) | 1102 (0.29)

100 | 370 (0.39) | 486 (0.37) | 578 (0.32) | 662 (0.28) | 758 (0.24) | 862 (0.23) | 989 (0.22) | 1110 (0.20)
L-type (442 mm)
60 | 349 (0.91) | 450 (0.94) | 579 (0.95) | 648 (0.97) | 760 (0.93) | 807 (0.90) | 920 (0.86) | 1018 (0.85)
30 | 70 | 393 (0.88) -/ 519 (0.96) | 667 (0.94) | 797 (0.91) -/ 899 (0.86) | 1093 (0.74)
100 | 373 (0.71) | 450 (0.77) | 550 (0.82) | 645 (0.90) -/- 800 (0.88) | 900 (0.86) | 1000 (0.77)
60 | 342 (0.71) | 474 (0.64) | 572 (0.50) | 650 (0.54) | 749 (0.60) | 814 (0.62) | 984 (0.63) | 1090 (0.62)
50 | 70 | 345 (0.68) | 448 (0.58) | 508 (0.50) | 684 (0.42) | 766 (0.50) | 887 (0.54) | 934 (0.57) | 1096 (0.50)
100 | 386 (0.54) /- 503 (0.46) | 617 (0.42) | 727 (0.36) | 850 (0.60) | 943 (0.65) | 1045 (0.62)

*Di, inflow diameter; Do, overflow diameter; fi, inflow rate (ml/s); Et, total separation efficiency.

Bt

Ir
po

(]
fit
i
o
3L
)

N
=
1o
o
o
tlo
°
o
=
rir
N
g3
=
o,
1t
(Y
)
iy

olwk 250, 345, 442 =
575mm=z WA AL w, A FHEES Z7F 77%, 90%, 97% =D 99% = HF 600 ml/s
A= FolA e

_58_



Table 3.20. Total separation efficiency (Et) for each apparatus and inflow rate.

Di|Do| Lc | fi (Et) | fi (Et) | fi (Et) | fi (Et) | fi (Et) | fi (Et) | fi (Et) | fi (Et)
322(0.67) | 441(0.71) | 567(0.76) | 686(077) | 775(0.70) | 869(0.72) | 969(0.60) -

M | 335(0.90) | 454(0.90) | 555(0.90) | 651(0.90) | 767(0.82) | 888(0.66) - 1052(0.59)
L | 349(0.91) | 450(0.94) | 579(0.95) | 648(0.97) | 760(0.93) | 807(0.90) | 920(0.86) | 1018(0.85)
XL | 340(0.97) | 503(0.98) | 598(0.99) | 690(0.98) | 798(0.96) | 892(0.95) | 990(0.95) | 1100(0.93)

w

30 | 60

*Di, inflow diameter; Do, overflow diameter; Lc, cylinder length;, S-type, 250 mm; M-type, 345 mm;
L-type, 442 mm; XL-type, 575 mm; fi, inflow rate (ml/s).
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Fig. 3.9. Effect of bypass ratio (&) on the total separation efficiency (Et) for fine organic
particles according to the four different inflow rates (400, 600, 800, 1000 ml/s).
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Table 3.21. Waste production by common carp and separation performance of hydrocyclone

according to the inflow rate and bypass ratio (R).

Operating variation Feeding rate Feed waste Performance
Inflow rate (Ry) % of fish wt. % of feed Et E't
400 (0.25) 3.120.07 4.68+0.071° 0.67+0.016 0.56+0.022°
600 (0.25) 3.1%0.14 4.78+0.306° 0.71+0.012° 0.61+0.016
800 (0.20) 3.2+0.28 4.82+0.401° 0.63+0.002° 0.51+0.003°
1000 (0.10) 3.1+0.28 4.07+0.236" 0.59+0.012° 0.45+0.0016"

Et, total separation efficiency;, E’t, reduced separation efficiency.
Different superscript letters in columns are significantly different (P<0.01).
w AAY] FALES FUTFEF L S FETFHHR)7E 22 600 mi/seF 25%0l A F o

T2& 60%E HEFHIATH
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Fig. 3.10. Separation performance of hydrocyclone for fecal solids of common carp according
to the inflow rate and bypass (Ey) and collecting duration (3, 6, 12h). Different letters
on bars in each variation are significantly different (P<0.01). Also different capital

letters on each variation were significantly different (P<0.01).
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Fig. 3.11. Separation performance of hydrocyclone for suspended solids in fish farm according

to the different operating variation. Different letters are significantly different (P<0.01).
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Table 3.22 Diurnal variation of water quality in a rearing tank of rainbow trout (ppm)

SZ(mg/L)

(Fish were fed at 06:30 and 19:30)

Time BOD COD SS Ammonia Nitrite Nitrate PO4-P
06:00 AM 6.26 6.0 2.73 2.096 2.642 1.405 0.329
07:00 AM 6.63 7.2 3.89 2.037 2.585 1.493 0.362
08:00 AM 6.87 8.0 1.82 2.636 2.500 1.805 0.379
09:00 AM 6.38 6.4 1.27 2.366 2.642 1.405 0.379
10:00 AM 6.02 52 1.38 2.336 3.182 1.093 0.346
11:00 AM 7.11 8.8 1.55 2.546 2.557 1.627 0.379
12:00 PM 6.26 6.0 2.00 1.947 2.642 1.527 0412
03:15 PM 6.14 5.6 1.61 0.988 2.671 1.559 0.379
07:15 PM 6.99 8.4 1.96 3.504 2.728 1.593 0.444
08:15 PM 6.75 7.6 2.46 2.186 2.756 1.474 0.395
09:15 PM 6.99 8.4 3.05 2.546 2.756 1.549 0.346
10:15 PM 7.24 9.2 3.27 1.408 2.728 1.047 0.391
11:15 PM 6.99 8.4 3.52 2.306 2.699 1.470 0.346
12:15 AM 7.11 8.8 3.70 2.186 2.699 1.849 0.346
03:15 AM 6.99 8.4 2.86 2.366 2.614 1.904 0.361
06:15 AM 6.99 8.4 2.59 2.306 2.585 1.841 0.346
07:15 AM 6.38 6.4 2.00 1.168 2.728 1.335 0.406

Min 6.02 5.2 1.27 0.988 2.500 1.047 0.329
Max 7.24 9.2 3.89 3.504 3.182 1.904 0.444
Avg 6.71 7.5 245 2172 2.689 1.528 0.373
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Fig. 3.20. Diurnal variation of water quality in a rearing tank of rainbow trout

Table 3.23. Diurnal variation of water quality of inflow in circular sedimentation tank (ppm)

(Fish were fed at 06:30 and 19:30)

Time BOD COD SS Ammonia Nitrite Nitrate POsP
06:00 AM 8.09 12.0 8.33 1.887 2.529 1.398 0.362
07:00 AM 8.69 14.0 8.75 1.348 2.585 1.023 0.379
08:00 AM 7.96 11.6 7.33 1.078 2.529 1.413 0.379
09:00 AM 6.87 8.0 8.18 1.198 2.529 1.337 0.395
10:00 AM 6.26 6.0 8.07 1.617 2.529 1.216 0.379
11:00 AM 7.36 9.6 6.32 1.617 2.443 1.180 0.412
12:00 PM 8.21 124 7.68 1.857 2.529 0.958 0.428
03:15 PM 7.96 11.6 7.54 1.737 2.387 1.430 0.379
07:15 PM 7.72 10.8 17.05 1.647 2415 1.577 0.428
08:15 PM 7.11 8.8 10.00 1.228 2472 1.456 0.428
09:15 PM 7.96 11.6 7.54 1.887 2.557 1.611 0.412
10:15 PM 8.21 124 7.35 2.067 2.443 1.708 0.331
11:15 PM 7.48 10.0 711 1.917 2.330 1.806 0.376
12:15 AM 7.11 8.8 8.11 1.767 2415 1.497 0.391
03:15 AM 6.87 8.0 5.43 1.887 2.358 1.857 0.391
06:15 AM 7.48 10.0 10.53 1.527 2.330 1.950 0.421
07:15 AM 7.60 104 8.86 1.587 2.273 2.023 0.421

Min 6.26 6.0 5.43 1.078 2.273 0.958 0.331
Max 8.69 14.0 17.05 2.067 2.585 2.023 0.428
Avg 7.59 104 8.48 1.638 2.450 1.496 0.395
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Fig. 3.21. Diurnal variation of water quality of inflow in circular sedimentation tank (ppm)

(Fish were fed at 06:30 and 19:30)

Table 3.249} Fig. 220 el viol o] ok 7d = ZxdA miEHe vWlE59
& Z24% A3 BOD/} HA, Ax 27 651ppm 2 7.72ppm, BT T.12pmOE eI
COD 5%+ #HA7F 6.8ppm, 17} 10.8ppm Hir 88ppml = FAFE I SS9 7 A
4.12ppm, o 11.43ppm, B 6.56ppm o= WEFHIL fFEYolel ofd Ak A4k 9l

T3S Zh2F 1.702ppm, 2.490ppm, 1.428ppm % 0.413ppmo. & W3}E o] I x| grokt}.
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Table 3.24. Diurnal variation of water quality of outflow from circular sedimentation tank (ppm)

Time BOD COD SS Ammonia Nitrite Nitrate PO4-P
06:00 AM 7.36 9.6 4.26 2.216 2415 1.641 0.346
07:00 AM 7.11 8.8 5.93 1.557 2.330 1.207 0.379
08:00 AM 7.24 9.2 5.91 1917 2.529 0.649 0.379
09:00 AM 7.24 9.2 5.36 1.647 2.387 1.454 0.379
10:00 AM 6.75 7.6 6.33 1.707 2.387 1.542 0.379
11:00 AM 6.63 7.2 6.67 1.647 2.330 2.030 0.362
12:00 PM 6.99 8.4 6.61 1.228 2.443 1.812 0.412
03:15 PM 6.99 8.4 5.74 1.707 2.585 1.598 0.428
07:15 PM 6.87 8.0 11.43 1.857 3.012 1.132 0.461
08:15 PM 6.51 6.8 741 1.947 2.699 1.588 0.461
09:15 PM 7.72 10.8 6.67 1.348 2472 1.903 0.444
10:15 PM 7.24 9.2 6.76 1.647 2.642 1.621 0.421
11:15 PM 7.36 9.6 5.59 1.587 2.529 1.176 0.406
12:15 AM 7.11 8.8 6.45 1.797 2415 1.050 0.421
03:15 AM 7.36 9.6 412 1.797 2415 1.210 0.436
06:15 AM 6.99 8.4 8.13 1.617 2472 1.329 0.466
07:15 AM 7.60 104 8.13 1.707 2.273 1.336 0.451

Min 6.51 6.8 412 1.228 2.273 0.649 0.346
Max 7.72 10.8 11.43 2.216 3.012 2.030 0.466
Avg 7.12 8.8 6.56 1.702 2.490 1.428 0.413

Removal(%) 6.13 14.77 22.67 -3.87 -1.64 456 -4.77
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Fig. 3.22. Diurnal variation of water quality of outflow from circular sedimentation tank

(ppm)
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Fig. 3.23. Removal efficiency of each water quality variable in circular sedimentation tank

19 Adge Azxgko 799kgo] Ut 27 A9 ¥ dAzxAFow Wy Ax AAZ e
5520L 3l o] HAEel FEFHo] 85.0% (Table 327)0]al HFS i =
827.63kgo = e 19 HHFE 1452kgel et 3xF A= A2 S5 A4S 9 282
ZAME Bt 12019 HAES ZHAA AHsA=H FEg ol 81.17% (Table 3.28)% Y5
S 1Ed AxFHoRE 250%kg ollon, 43k Al ME FRE S Eo] 5136L, FEI

2ol 84.4% (Table 3292 HAExFTFOZ+= 800.86kge] L=o] FxH ol 3z} 425 3 1Y
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HAFS T4%g oAt wehA] o

=2 Hdstd A

AAEE= ASZ et (Table 3.30).

z#Fog 1Y 9

Table 3.25. Moisture contents in 1st collected feces and settleable wastes of rainbow trout

(2003.8.11-20)

Sample No. Mass (g) Dry matter (g) Moisture (g) Moisture (%)
1 15.92 2.34 13.59 85.32
2 34.37 3.18 31.19 90.76
3 32.89 2.42 30.47 92.65
4 27.49 3.37 24.12 87.76
5 31.18 2.46 28.72 92.11
6 13.50 2.68 10.82 80.14
7 37.65 3.25 34.40 91.36
8 32.83 2.57 30.26 92.16
9 21.38 3.01 18.37 85.93
10 15.74 2.49 13.25 84.19
11 33.69 2.29 31.40 93.21
12 22.43 2.59 19.84 88.45
13 30.34 1.46 28.88 95.18
14 33.31 3.02 30.29 90.93

Avg. 39.30

Table 3.26. Weight per volume of collected feces and settleable wastes of rainbow trout
(wt/2,000 ml)

Sample No. Bucket wt. (g) Total wt. (g) Mass (g)
1 331.4 2330.2 1998.8
2 333.1 2333.5 2000.4
3 331.5 2329.9 1998.4
4 333.9 2333.6 1999.7
5 331.5 2330 1998.5
6 332.7 2332.4 1999.7
7 333.2 2333.2 2000
8 333.5 2331.8 1998.3
9 331.3 2329.9 1998.6
10 331.7 2330.3 1998.6
Avg. 1999.1
Mass in 1000 ml 999.55

Table 3.27. Moist contents in 2nd collected feces and settleable wastes of rainbow trout
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Sample No. Mass (g) Dry matter (g) Moisture (g) Moisture (%)
1 18.46 2.88 15.58 34.40
2 20.64 3.06 17.58 85.17
3 20.26 3.04 17.22 85.00
4 20.18 3.06 17.12 34.84
5 20.85 3.05 17.80 85.39
Avg. 84.96

Table 3.28. Moist contents of out layer of feces and settleable waste mass of rainbow trout for the
drying speed estimation (2003.12.12)

Sample No. Mass (g) Dry matter (g) Moisture (g) Moisture (%)
1 16.08 3.19 12.89 80.17
2 17.11 3.23 13.88 81.12
3 18.05 3.34 14.71 81.50
4 18.26 3.33 14.93 81.78
5 1757 3.29 14.29 81.30
Avg. 81.17

Table 3.29. Moist contents in 3rd collected feces and settleable wastes of rainbow trout

(2003.10.16-2004.2.3)

Sample No. Mass (g) Dry matter (g) Moisture (g) Moisture (%)
1 21.55 3.11 18.44 85.58
2 21.00 3.52 17.48 83.23
3 22.42 3.61 18.81 83.89
4 23.87 3.73 20.14 84.36
5 18.70 3.36 15.34 82.03
6 25.60 3.79 21.81 85.21
7 19.62 3.17 16.45 83.83
8 21.68 3.28 18.40 84.87
9 25.90 3.64 22.26 85.96
10 22.09 3.38 18.71 84.70

Avg. 84.37

Table 3.30. Daily collected amounts of feces and settleable wastes in circular sedimentation

tank
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. Duration Collected Moisture . Dry matter |Daily collected
Period Gravity
(days) volume (L) (%) (kg) amount (kg)
1st 9 672 89.3 0.99955 71.87 7.99
Z2nd 57 5520 85.0 0.99955 827.63 14.52
3rd 0 120 81.2 0.99955 22.55 19
7.
4th 110 5136 84.4 0.99955 800.86
Avg. 176 2,862 84.97 10.00
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Figure 3.24. Schematic diagram of waste water treatment before discharge to environment,

Circular sedimentation and biofilter as primary and secondary treatment
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Figure 3.25. Schematic diagram of effluent pumping chamber. 1, Water waste effluent
from fish farm. 2, Axial flow vertical pump. 3, Over flow pipe. 4, Effluent

(out flow) to a circular with conical bottom sedimentation tank.
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Table 3.31. Average of TSS (settleable + non settleable) concentration (mg/L) before

and after a circular sedimentation system

1st Trial 2nd Trial 3rd Trial 4th Trial
(August) (September) (Early October) | (End of October)
TIME Before | After | Before | After TIME Before After | Before| After
6:00 341 2.25 2.84 191 11:00 17.16 11.19 14.65 6.86
9:00 3.69 1.99 3.26 2.32 14:00 9.56 5.24 9.36 5.70
12:00 2.46 1.26 2.55 2.70 17:00 10.15 5.73 14.41 8.61
15:00 3.26 2.03 3.21 1.89 20:00 9.64 7.31 13.08 7.74
18:00 1.40 1.43 4.38 2.74 23:00 10.69 6.16 11.39 6.39
21:00 1.91 1.14 4.64 355 2:00 9.19 5.37 10.31 6.79
0:00 1.70 0.64 4.7 3.14 5:00 7.59 6.22 13.14 7.83
3:00 2.85 1.01 6.96 3.26 8:00 13.96 7.80 12.75 7.59
6:00 2.60 1.82 3.29 3.24 11:00 11.60 7.24 10.37 6.74
Mean 2.59 1.51 3.98 2.75 Mean 11.06 6.92 12.16 7.14
SD(+) 0.796 | 0542 | 1.369 | 0.604 SD(+) 2.890 1.838 1.887 0.881
Remove (mg) 1.079 1.231 Remove (g) 4.141 5.024
Remove(g/d) 155.4 177.3 | Remove(g/d) 596.3 7235
Efficiency (%) 41.72 3091 | Efficiency(%) 37.44 41.31

Table 3.32. Average of non settleable SS concentration (mg/L) before and after a circular

sedimentation system
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1st Trial 2nd Trial 3rd Trial 4th Trial
(August) (September) (Early October) | (End of October)
TIME Before | After | Before After TIME Before After Before After
6:00 2.40 2.00 2.40 1.80 11:00 5.20 8.60 5.60 5.80
9:00 2.40 1.60 2.40 2.20 14:00 4.40 4.40 4.20 4.80
12:00 1.60 1.00 2.20 2.60 17:00 5.00 4.80 6.20 7.00
15:00 1.80 1.80 2.60 1.80 20:00 4.80 6.20 5.60 6.60
18:00 1.00 1.00 3.60 2.60 23:00 4.60 5.20 5.80 5.60
21:00 1.40 1.00 3.80 3.40 2:00 4.20 4.60 4.20 6.00
0:00 0.80 0.60 3.60 3.00 5:00 4.00 5.20 6.20 6.60
3:00 2.40 0.80 5.80 2.80 8:00 5.80 6.40 6.60 6.40
6:00 1.80 1.60 2.60 3.00 11:00 4.40 6.20 5.20 5.80
Mean 1.73 1.27 3.22 2.58 Mean 471 5.73 551 6.07
SD(+) 0.600 0.490 1.142 0.552 SD(+) 0.558 1.304 0.849 0.663
Efficiency (%) 26.92 20.00 | Efficiency (%) -21.70 -10.08
Table 3.33. Average of settleable SS concentration (mg/L) before and after a circular
sedimentation system
1st Trial 2nd Trial 3rd Trial 4th Trial
(August) (September) (Early October) | (End of October)
TIME Before | After | Before | After TIME Before After | Before After
6:00 1.01 0.24 0.44 0.11 11:00 11.96 2.59 9.05 1.06
9:00 1.29 0.39 0.86 0.12 14:00 5.16 0.84 5.19 0.90
12:00 0.86 0.26 0.35 0.10 17:00 515 0.93 8.21 1.61
15:00 1.46 0.23 0.61 0.09 20:00 4.84 1.11 7.48 1.14
18:00 0.40 0.14 0.78 0.14 23:00 6.09 0.96 5.59 0.79
21:00 0.51 0.14 0.84 0.15 2:00 4.99 0.77 6.11 0.79
0:00 0.90 0.04 1.11 0.14 5:00 3.59 1.02 6.94 1.23
3:00 0.45 0.21 1.16 0.46 8:00 8.16 1.40 6.15 1.19
6:00 0.80 0.22 0.69 0.24 11:00 7.20 1.04 517 0.94
Mean 0.85 0.21 0.76 0.17 Mean 6.35 1.18 6.65 1.07
SD(+) 0.365 0.097 0.275 0.117 SD(+) 2.506 0.558 1.365 0.261
Remove(gr) 0.645 0.587 Remove(gr) 5.163 5.583
Remove(g/d) 92.9 84.5 Remove(g/d) 743.5 803.9
Efficiency (%) 75.56 77.14 | Efficiency (%) 81.34 83.90
(2) & F4E AA 28

A A& &S Table 3.34-37° YEFHSI T A7]7¢F
FEE L11-201 ppmZ UEE oW, NOs, NO;, POy 55 W3
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Table 3.34. Average of TAN concentration (ppm) before and after a circulation sedimentation system

1st Trial 2nd Trial 3rd Trial 4th Trial
(August) (September) (Early October) | (End of October)
TIME Before | After | Before | After TIME Before After | Before After
6:00 1.63 1.54 1.48 1.47 11:00 0.85 0.85 1.50 1.50
9:00 1.62 1.58 1.65 1.60 14:00 0.97 0.98 1.70 1.70
12:00 1.71 1.67 2.15 2.00 17:00 0.99 1.05 1.72 1.81
15:00 1.80 1.79 2.03 1.94 20:00 1.05 1.06 1.84 1.86
18:00 1.76 1.75 0.98 0.95 23:00 1.16 1.10 1.96 2.02
21:00 3.34 2.78 1.0 1.00 2:00 1.19 1.25 1.99 2.04
0:00 2.81 2.75 1.02 1.04 5:00 1.29 1.20 1.93 1.97
3:00 1.89 2.02 1.02 1.04 8:00 1.29 1.21 1.80 1.88
6:00 1.57 157 0.99 1.03 11:00 1.32 1.31 1.76 1.81
Mean 2.01 1.94 1.37 1.34 Mean 1.12 1.11 1.80 1.84
SD(+) 0.623 0.492 0.476 0.421 SD(+) 0.169 0.145 | 0.154 0.169
Efficiency (%) 3.7 2.1 |Efficiency(%) 1.2 -2.4

Table 3.35. Average of NOs; concentration (ppm) before and after a circular sedimentation

system
1st Trial 2nd Trial 3rd Trial 4th Trial
(August) (September) (Early October) | (End of October)
TIME Before | After | Before | After TIME Before | After | Before After
6:00 3.95 3.93 3.25 3.17 11:00 3.31 3.31 3.53 3.51
9:00 3.90 3.90 3.27 3.52 14:00 3.30 3.14 3.58 341
12:00 3.98 3.97 3.35 3.23 17:00 3.38 3.37 3.63 3.58
15:00 4.02 4.01 3.42 3.34 20:00 3.19 3.34 3.54 3.55
18:00 3.97 3.95 3.52 3.40 23:00 3.37 3.37 3.63 3.58
21:00 412 4.11 3.57 3.43 2:00 3.42 3.4 3.66 3.61
0:00 4.14 4.11 3.60 3.49 5:00 3.42 3.44 3.71 3.66
3:00 4.15 4.14 3.65 3.50 8:00 3.50 3.56 3.73 3.70
6:00 4.15 4.15 3.70 3.58 11:00 3.48 3.47 3.76 3.72
Mean 4.042 | 4.030 3.481 3.407 Mean 3.374 3.378 3.641 3.591
SD(+) 0.098 | 0.098 0.165 0.137 SD(+) 0.097 0.117 0.082 0.097
Efficiency (%) 0.302 2.139 | Efficiency (%) -0.099 1.373

Table 3.36. Average of NO: concentration (ppm) before and after a circular sedimentation

system
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1st Trial 2nd Trial 3rd Trial 4th Trial
(August) (September) (Early October) | (End of October)
TIME Before | After | Before | After TIME Before | After | Before | After
6:00 0.162 0.166 0.180 0.187 11:00 0.176 0.177 0.172 0.177
9:00 0.170 0.173 0.188 0.196 14:00 0.178 0.181 0.170 0.174
12:00 0.174 0.179 0.192 0.203 17:00 0.178 0.182 0.182 0.177
15:00 0.185 0.189 0.205 0.213 20:00 0.252 0.187 0.200 0.183
18:00 0.192 0.196 0.220 0.228 23:00 0.191 0.194 0.184 0.183
21:00 0.193 0.196 0.231 0.242 2:00 0.199 0.198 0.183 0.187
0:00 0.194 0.199 0.236 0.243 5:00 0.202 0.205 0.189 0.190
3:00 0.189 0.183 0.239 0.252 8:00 0.211 0.206 0.189 0.188
6:00 0.171 0.174 0.249 0.255 11:00 0.208 0.207 0.186 0.186
Mean 0.18 0.18 0.22 0.22 Mean 0.20 0.19 0.18 0.18
SD(+) 0.012 0.012 0.025 0.025 SD(+) 0.024 0.012 0.009 0.006
Efficiency (%) -1.56 -4.24 | Efficiency (%) 3.30 0.79

Table 3.37. Average of PO4 concentration (ppm) before and after a circular tank

sedimentation
1st Trial 2nd Trial 3rd Trial 4th Trial
(August) (September) (Early October) | (End of October)
TIME Before | After | Before | After TIME Before After | Before | After
6:00 0.42 0.41 0.27 0.29 11:00 0.50 0.49 0.35 0.39
9:00 0.43 0.43 0.28 0.34 14:00 0.51 0.48 0.37 0.39
12:00 0.45 0.47 0.30 0.3 17:00 0.47 0.49 0.41 0.40
15:00 0.49 0.45 0.30 0.32 20:00 0.42 0.45 0.44 0.42
18:00 0.5 0.48 0.34 0.32 23:00 0.45 0.45 0.41 042
21:00 0.48 0.51 0.34 0.33 2:00 0.46 0.45 0.40 0.39
0:00 0.51 0.48 0.36 0.35 5:00 0.42 0.44 0.45 0.40
3:00 0.52 0.52 0.34 0.35 8:00 0.45 0.44 0.40 0.38
6:00 0.5 0.48 0.38 0.38 11:00 0.42 0.43 0.39 0.42
Mean 0.478 0.470 0.323 0.331 Mean 0.456 0.458 0.402 0.401
SD(+) 0.036 0.035 0.037 0.028 SD(+) 0.034 0.023 0.031 0.015
Efficiency (%) 1.63 -2.41 | Efficiency(%) -0.49 0.28

A FEIAZE AgYS 53 COD AAEES 3 Z3= Table 3.389] HERATE
COD AAZEL 114%-234% % A7F AAFL 1256-750.1 g/dayel Tt W&+ COD 3=

of 718 5= AgehFAAze] COD AATLE F7hste], B oA7d] olg8 U4 9479
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Table 3.38. Average of COD concentration (mg/L) before and after a circular sedimentation system

1st Trial 2nd Trial 3rd Trial 4th Trial
(August) (September) (Early October) | (End of october)
TIME Before | After | Before | After TIME Before | After | Before | After
6:00 7.80 5.96 10.90 9.48 11:00 26.14 19.55 17.40 16.14
9:00 711 6.88 10.19 7.11 14:00 15.91 17.95 19.08 15.09
12:00 6.57 6.19 9.72 6.40 17:00 15.68 1591 14.47 17.40
15:00 9.86 7.34 13.03 10.66 20:00 32.24 17.76 21.79 14.81
18:00 7.05 6.82 19.91 12.80 23:00 18.20 15.79 20.08 17.15
21:00 8.64 .27 11.61 12.09 2:00 19.52 18.42 15.48 16.32
0:00 8.37 7.16 9.72 9.00 5:00 17.36 16.70 4477 19.25
3:00 7.27 7.27 8.29 853 8:00 16.48 16.92 20.29 19.46
6:00 6.36 6.29 7.82 7.58 11:00 32.73 18.41 27.02 17.86
Mean 7.67 6.80 11.24 9.29 Mean 21.58 17.49 22.26 17.05
SD(+) 1.119 0.525 3.617 2.200 SD(+) 6.937 1.253 9.210 1.643
Remove(mg/L) 0.872 1.948 | Remove(mg/L) 4.093 5.209
Remove(g/d) 1256 280.6 | Remove(g/d) 589.4 750.1
Efficiency (%) 11.37 17.33 | Efficiency(%) 18.96 23.40
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Fig. 3.27. Relationship between TSS concentration with removal efficiency of
a). TSS, b). settleable, c¢). non settleable, and d) between settleable solids concentration

with settleable removal efficiency.
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Fig. 3.28. Schematic diagram of IBK system used for the waste water treatment of rainbow

trout farm. A’ Plane view, B! Side view

[u—

, Wastewater inflow from fish farm. 2, An axial flow vertical pump.
3, Inflow water to biofilter system. 4, Biofilter. 5, Outflow from biofilter.

6, Water discharge pipe

Table 3.39. Average of TSS concentration (mg/L) before and after IBK system for the

second treatment of waste water effluent

1st Trial 2nd Trial 3rd Trial 4th Trial

TIME (August) (September) TIME (Early October) | (End of October)
Before |After |Before After Before After | Before After
6:00 2.25 1.02 191 1.44 11:00 11.19 5.39 6.86 3.27
9:00 1.99 0.85 2.32 1.44 14:00 5.24 3.96 5.70 3.07
12:00 1.26 0.81 2.70 1.84 17:00 5.73 4.62 8.61 3.69
15:00 2.03 1.01 1.89 1.46 20:00 7.31 5.20 7.74 4.09
18:00 1.43 0.24 2.74 2.31 23:00 6.16 3.39 6.39 3.97
21:00 1.14 0.63 3.55 2.26 2:00 5.37 4.38 6.79 3.91
0:00 0.64 0.34 3.14 2.23 5:00 6.22 3.32 7.83 2.87
3:00 1.01 0.80 3.26 2.46 8:00 7.80 5.43 7.59 3.70
6:00 1.82 0.48 3.24 2.31 11:00 7.24 4.79 6.74 3.37
Mean 151 0.69 2.75 1.97 Mean 6.92 4.50 7.14 3.55
SD(+) 0542 | 0.283 | 0.604 | 0.426 SD(+) 1.838 0.804 0.881 0.424
Remove (mg/L) 0.821 0.780 |Remove (mg/L) 2.420 3.590
Remove (g/d) 118.2 112.3 | Remove (g/d) 3485 516.9
Efficiency (%) 54.42 28.35 | Efficiency(%) 34.98 50.29
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Table 3.40. Average of non settleable SS concentration (mg/L) before and after IBK

system for the second treatment of waste water effluent

1st Trial 2nd Trial 3rd Trial 4th Trial
TIME (August) (September) TIME (Early October) | (End of October)
Before | After | Before | After Before After Before After
6:00 2.00 1.00 1.80 1.40 11:00 8.60 5.20 5.80 3.20
9:00 1.60 0.80 2.20 1.40 14:00 4.40 3.80 4.80 3.00
12:00 1.00 0.80 2.60 1.80 17:00 4.80 4.40 7.00 3.60
15:00 1.80 1.00 1.80 1.40 20:00 6.20 5.00 6.60 4.00
18:00 1.00 0.20 2.60 2.20 23:00 5.20 3.20 5.60 3.80
21:00 1.00 0.60 3.40 2.20 2:00 4.60 4.20 6.00 3.80
0:00 0.60 0.20 3.00 2.20 5:00 5.20 3.20 6.60 2.80
3:00 0.80 0.80 2.80 2.40 8:00 6.40 5.20 6.40 3.60
6:00 1.60 0.40 3.00 2.20 11:00 6.20 4.60 5.80 3.20
Mean 1.27 0.64 2.58 191 Mean 573 4.31 6.07 3.44
SD(+) 0490 | 0313 | 0552 | 0.414 SD(+) 1.304 0.782 0.663 0.410
Removal(mg/L) 0.62 0.67 |Removal(mg/L) 1.42 2.62
Removal(g/day) 89.6 96.0 |Removal(g/day) 204.8 3776
Efficiency (%) 49.12 25.86 | Efficiency (%) 24.81 43.22

Table 3.41. Average of settleable SS concentration (mg/L) before and after IBK system for

the second treatment of waste water effluent

Table 3.42. Average of TAN concentration (ppm) before and after IBK system for the

second treatment of waste water effluent

Table 3.43. Average of NOs concentration (ppm) before and after IBK system for

the second treatment of waste water effluent

Table 3.44. Average of NO. concentration (ppm) before and after IBK system for

the second treatment of waste water effluent
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Efficiency (%) 78.71 65.30 |Efficiency(%) 34.19 90.32

Table 3.45. Average of PO, concentration (ppm) before and after IBK system for

the second treatment of waste water effluent

1st Trial 2nd Trial 3rd Trial 4th Trial
TIME (August) (September) TIME (Early October) | (End of October)
Before | After | Before | After Before After | Before | After
6:00 0.41 0.42 0.29 0.30 11:00 0.49 0.50 0.39 0.40
9:00 0.43 0.46 0.34 0.31 14:00 0.48 0.50 0.39 0.42
12:00 0.47 0.47 0.3 0.31 17:00 0.49 0.49 0.4 0.43
15:00 0.45 0.5 0.32 0.27 20:00 0.45 0.5 0.42 0.44
18:00 0.48 0.48 0.32 0.33 23:00 0.45 0.45 0.42 0.45
21:00 0.51 0.52 0.33 0.36 2:00 0.45 0.45 0.39 0.44
0:00 0.48 0.52 0.35 0.37 5:00 0.44 0.46 0.4 0.42
3:00 0.52 0.52 0.35 0.37 8:00 0.44 0.45 0.38 0.43
6:00 0.48 0.53 0.38 0.39 11:00 0.43 0.44 0.42 0.44
Mean 0.470 | 0.491 0.331 0.334 Mean 0.458 0.471 0.401 0.430
SD(+) 0.035 | 0.037 | 0.028 | 0.040 SD(+) 0.023 0.026 0.015 0.015
Efficiency (%) -4.49 -1.01 |Efficiency(%) -291 -7.20

Table 3.46. Average of COD concentration (ppm) before and after IBK system for

the second treatment of waste water effluent
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1st Trial 2nd Trial 3rd Trial 4th Trial
(August) (September) (Early October) | (End of October)
TIME Before | After | Before | After | TIME Before After Before After
6:00 5.96 5.28 9.48 9.48 11:00 19.55 16.82 16.14 11.11
9:00 6.88 5.05 711 6.64 14:00 17.95 16.36 15.09 14.26
12:00 6.19 4.13 6.40 7.35 17:00 1591 16.36 17.40 12.37
15:00 7.34 7.11 1066 | 10.19 20:00 17.76 14.25 14.81 11.33
18:00 6.82 6.82 12.80 9.95 23:00 15.79 16.89 17.15 10.88
21:00 7.27 591 12.09 | 1043 2:00 18.42 16.45 16.32 12.97
0:00 7.16 5.68 9.00 9.00 5:00 16.70 13.19 19.25 1841
3:00 7.27 5.34 8.53 8.06 8:00 16.92 14.95 19.46 15.48
6:00 6.29 6.36 7.58 8.29 11:00 18.41 19.32 17.86 12.20
Mean 6.80 574 9.29 8.82 Mean 17.49 16.06 17.05 13.22
SD(+) 0525 | 0930 | 2200 | 1.324 SD(+) 1.253 1.767 1.643 2.461
Remove(mg/L) 1.06 0.47 |Remove(mg/L) 1.43 3.83
Remove(g/d) 152.2 68.2 | Remove(g/d) 205.4 551.8
Efficiency (%) 1554 510 |Efficiency(%) 8.15 2247
o 1
B AgA §F 771909 EE IBK AEowz A F 033-0.47 ppmel A 0.33-0.49

ppm= S7tsle AEdS Yegded, et oz IBK Al &"HoA &= o]e} e 8& F7)9
9 AHEYE Yol FHAEL o] &= 99 Zeolite & o] &3 o (Bolan et al. 2004)% Q)

o 2 AdZdy [BK A2 AEE &3 FHEF1IEY COD AAAEZES =3ko, 85 4

YA POs 2 NO39 AATES AAHA o, FASE &S Arbiv and Rijn (1955)-
Haskal Qo B2 A oA o] Foj3 IBK A&z ot =42 HE elEde Aite}

]

Hlarske] Table 3476 vEbiigieh £ QA TAME] F4F wF
COD, TAN, NO3; 52 IBK A&7z AHeEs B3 aad4oz AHgd § dve 322 e

=3
S

Table 3.47. Comparison between mean concentration of BOD, COD, TSS, and nutrients in the
pond effluent, and the percent removal of these components by the two-pond
treatment system (Bolan et al, 2004) and before and after biofilter IBK system in
this study.
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Bolan et al, 2004 This study
Parameters Anaerobic Oxidation removal | After circular After removal

pond inlet pond outlet (%) sedimentation IBK system (%)
TSS (mg/L) 320(+35) 85(+22) 74 4.58(+2.88) 2.68(+1.69) 41.54
COD (mg/L) 950(+152) 453(+78) 52 12.7(+5.4) 11.0(+4.6) 134
NH4-N (mg/L) 115(+15) 95(+12) 8.3 1.56(+0.40) 1.45(+0.37) 6.74
NO3-N (mg/L) 5(+1.8) 15(+3.2) 3.60(+0.30) 3.55(+0.38) 1.41
Dissolved P (mg/L) 21(+2.3) 18(+1.6) 14 0.42(+0.06) 0.43(+0.07)
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Table 3.48.

Water quality changes before and after foam fractionation (mg/L)

Before foam fractionation After foam fractionation
Inlet Outlet Bémoval Inlet Outlet I.%e.moval
efficiency (%) efficiency (%)
COD 15.69 14.12 10.00 17.09 14.53 14.98
TAN 1.16 1.10 5.20 1.43 1.38 3.49
NO: 0.09 0.10 -14.01 0.09 0.10 -12.49
NOs 1.1005 1.1023 -0.16 1.1004 1.10342 -0.27
TSS 6.11 3.39 44.52 6.17 4.13 33.06
NSS 5.30 3.30 37.74 5.36 4.04 24.63
SS 0.81 0.09 88.89 0.81 0.09 88.89
PO, 0.009 0.0086 4.44 0.0088 0.00886 -0.68
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5520L% L o] HHE] FRFeFo]l A9 85.0% (Table 349)0]aL HlFS 1L
= 82763kgo® UERY 1Y HATFS 1452kgol ATt 3 RAboll= Az £ APS 99 *&
2 2AFE Bto] 120L9] HAES ZHA A= TRl 81.17% (Table 349)% H]
S uHd AxFHoRE 259%ke oo, 43 AN E FHE Q=] 5136L, FE
Zko] 7] 844% (Table 349)% HxFZHo 2 800.86kge] QEo] A o] 329} 4245 ¥
d HHFES T49%g oldth wEkA olE5S HwstH UxFeR 1Y Hr 10.0kg H L9

AEo] AARE Ao = e (Table 3.51).
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—
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Table 3.49. Moist content in 1st collected feces and settleable wastes of rainbow trout

Sample No. (Peiod) "MF(g) “DF(g) Moisture (g) Moisture (%)
1 (2003.8.11-20) 27.34 2.65 24.69 89.30
2 (2003.8.20-10.16) 20.85 3.02 17.06 84.96
3 (2003.12.12) 17.41 3.28 14.14 81.17
4 (2003.10.16-2004.2.3) 22.24 3.46 18.78 84.37
Average

*MF : Total weight of feces (g);
“DF : Dry matter content in feces (g).

Table 3.50. Specific gravity of feces and settleable wastes in rainbow trout (wt(g)/2,000 ml)

Sample No. Bucket wt (g) Gross wt. (g) Mass (g)
1 331.4 2330.2 1998.8
2 333.1 2333.5 2000.4
3 331.5 2329.9 1998.4
4 333.9 2333.6 1999.7
5 331.5 2330 1998.5
6 332.7 2332.4 1999.7
7 333.2 2333.2 2000
8 3335 2331.8 1998.3
9 331.3 2329.9 1998.6
10 331.7 2330.3 1998.6
Average 1999.1
g/1000ml 999.55

Table 3.51. Daily settleable wastes amounts collected in circular sedimentation tank
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Diurnal dry

matter (kg)

7.99
14.52

7.49

10.00

Total dry
matter (kg)

71.87
827.63

22.55
800.86

Gravity

0.99955
0.99955
0.99955
0.99955

Moisture

(%)

89.3

85.0

81.2

84.4

84.97

Collected
volume (L)

672

5520

120
5136

2,362

Collecting—day

57

110

176

Period

1st
Z2nd
3rd
4th

Average
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Table 3.52. Changes of volume of collected feces and settleable wastes in drying tanks placed
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in a green house for air drying

Dry tank Dry tank A Dry tank B
Initial wastes height (cm) 31.0 225
Final wastes height (cm) 145 9.9
Initial wastes volume (m') 2.976 2.160
Final wastes volume (m') 1.395 0.953
The rest (%) 46.9 44.1

oloh= MER Azgd A% FHEL 0L §719 22 3L 4 P Fue Aaze] g
1o tiste] 025 05, 0759 = Al A= AdE] &7 1o diste] 05 075 1.0vj2 42 +

dufd FAE Gol AxH= £S5 SASAT (Table 353). 1 23 15U § 59& %7

e 84.8%, S 86.3%, 279 Fol= A7 685% Bl T39%E &L 3FY Foll= 74

57.2% 2 663%%, 45 ol 247 495% B 60.8%E FANTh o] wl o}FAE HA Fe
WETe FHe 1550 45774 Z47F 849%, 680%, 543% B 441%E Hadte] 7] 159
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e He AR 150l AvEAREE fert v AdT i
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Table 3.53. Changes of weight of feces and settleable wastes treated by sawdust(S) and rice

hulls(R) as formative materials
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Daily Control Sawdust (%) Rice hulls (%)

No. (%) S-0.25 S-0.5 S-0.75 | Average | R-05 R-0.75 R-1.0 | Average
1 98.0 93.2 93.2 97.9 98.1 93.1 98.0 93.0 98.0
2 95.6 95.8 95.8 95.1 95.6 95.9 95.9 9.9 95.9
3 93.0 93.3 93.1 92.3 92.9 93.4 93.6 93.6 93.5
4 90.3 90.7 90.2 89.4 90.1 91.0 91.2 91.3 91.2
5 88.8 39.4 33.7 87.9 88.7 89.7 89.9 90.0 89.9
6 87.3 879 87.3 86.3 87.2 33.3 385 33.7 88.5
7 84.9 35.6 84.9 83.9 84.8 36.2 36.3 36.5 86.3
8 82.6 83.3 82.6 81.6 82.5 84.1 84.3 84.6 84.4
9 80.3 81.2 80.3 79.4 80.3 82.1 82.3 82.6 82.3
10 77.6 78.6 715 76.9 77.6 79.9 80.0 80.4 80.1
11 75.2 76.2 74.8 74.5 75.2 78.0 78.1 78.6 78.3
12 72.9 74.1 72.6 72.5 73.0 76.5 76.6 77.0 76.7
13 70.6 71.9 70.3 70.5 70.9 75.1 75.2 75.6 75.3
14 68.0 69.3 67.7 68.4 68.5 73.7 73.7 74.2 73.9
15 65.9 67.3 65.8 66.9 66.7 725 725 73.0 72.7
16 63.9 65.4 63.9 65.5 64.9 714 71.4 72.0 71.6
17 62.0 63.5 62.1 64.4 63.3 70.3 70.3 70.9 70.5
18 60.1 61.6 60.4 63.2 61.8 69.2 69.2 69.9 69.4
19 58.0 59.5 53.5 62.0 60.0 67.9 67.9 63.7 68.2
20 56.2 57.8 57.0 61.1 58.6 67.0 67.0 67.8 67.3
21 54.3 55.9 55.5 60.1 57.2 66.1 66.0 66.8 66.3
22 52.4 53.9 54.1 59.3 55.7 65.1 65.0 65.9 65.3
23 50.8 52.2 52.8 53.4 54.5 64.1 64.0 65.0 64.4
24 49.6 50.9 51.8 57.7 53.5 63.4 63.3 64.3 63.7
25 48.4 495 50.9 57.1 52.5 62.7 62.5 63.6 62.9
26 46.3 474 494 56.0 50.9 61.5 61.4 62.7 61.9
27 44.4 45.6 48.2 55.1 49.7 60.6 60.5 61.9 61.0
28 44.1 454 48.0 55.0 49.5 60.4 60.4 61.7 60.8
29 42.9 44.1 471 54.2 48.5 59.6 59.6 61.1 60.1
30 41.2 42.7 46.1 53.5 47.4 58.7 58.8 60.4 59.3
31 40.1 41.6 45.3 52.8 46.6 53.0 53.1 59.8 58.7
32 38.7 40.3 44.2 51.9 45.5 57.2 57.3 59.2 57.9
33 37.3 39.1 43.3 51.2 445 56.4 56.7 58.6 57.3
34 35.9 37.3 42.7 51.2 437 55.9 56.4 58.1 56.8
35 35.5 37.0 42.4 51.0 435 55.5 56.1 57.9 56.5
36 35.2 36.7 42.2 50.8 43.3 55.3 55.9 57.7 56.3
37 34.8 36.5 42.0 50.6 43.0 55.0 55.6 575 56.0
38 33.4 35.3 41.1 49.8 42.1 54.0 54.8 56.8 55.2
39 32.0 34.1 40.2 49.1 41.2 53.0 54.0 56.3 54.4
40 31.0 33.2 39.5 48.6 40.4 52.2 53.5 55.8 53.8
41 30.6 32.9 39.2 48.3 40.1 51.8 53.1 55.5 53.5
42 29.7 32.1 385 477 39.4 51.0 52.5 55.0 52.9
43 28.9 31.3 37.9 472 38.8 50.2 52.0 54.6 52.2
44 28.0 30.6 37.2 46.6 38.1 49.4 51.4 54.1 51.6
45 27.2 299 36.6 46.0 37.5 48.6 50.8 53.6 51.0
46 26.4 29.2 36.0 455 36.9 47.8 50.3 53.1 50.4
47 25.6 28.4 35.3 44.9 36.2 47.0 49.7 52.6 49.8
F3A] Hl & &3

kA AZA7I™E AlzEe] YA e Al FEAE £fete dxdte Afode g
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Fig. 3.35 Slump test of feces and settleable solids collected from circular conical bottom
sedimentation tank of rainbow trout farm. The sludge was mixed with various level of
either saw dust (left, 25, 50, 75, 100, and 125% of sludge) or rice hulls (right, 50, 75,
100, 125, and 150% of sludge).
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collected from circular conical bottom sedimentation tank of rainbow trout farm.
Rate

Table 354. Results of proximate and nutrient analysis of feces and settleable solids

Ingredient|Moisture

P, K
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Table 3.55. Total amount of feces produced daily in the Chungri rainbow trout farm

* Amount of feces calculated with digestibility of feed:
300kg feed/day x 18.74%/kg fish/day = 56.22 kg/day
*[Amount of feces calculated with fish biomass by feces production rate:
20,000kg fish biomass x 3.92g feces/kg fish/day + 1000 = 78.4 kg/day]

Amount of feces retrieved in different parts of the system

TSS inflow TSS outflow Flow rate Deposit

(g/m") (g/m") m'/day kg/day

Inside biofilter 3.64 0.928 12000 32.54
CCBST* 7.4475 4.58 1500 4.30
Outside biofilter 4.58 2.6775 1500 2.85
Reuse water for fingerling - 0.928 1000 0.93
Effluent - 2.6775 1500 40.16
Total 44.64

CCBST=* = Circular and conical bottom sedimentation tank
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Figure 3.37. Schematic diagram of IBK system was used in the rainbow trout farm waste

water treatment.

1, Wastewater inflow from fish farm; 2, An axial flow vertical pump;
3, Inflow water to biofilter system, 4, biofilter; 5, Outflow from biofilter
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