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Development of recirculating water system for ultra
high density sea cucumber culture
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SUMMARY

[. Title

Development of recirculating water system for ultra high density sea

cucumber culture

II. Purpose and necessity of research and development

The sea cucumber which is called as ginseng from the sea has been
discovered as a new species for farming in Asia , most especially in China.
The demand has been dramatically increasing owing to the economic
development of China, where 90% of the sea cucumber is consumed recently
in the world. However, the shortage of artificial larvae supply becomes an
industrial bottleneck. This is due to the fact that, because of the sea
cucumber's  physiological characteristic, in which it undergoes aesvitation
during summer, the animal's whole year round production cannot be
ascertained. In 1983, the sea cucumber production in Korea reached a peak of
about 3,966 tons. However, in 1990, it started to decrease rapidly to
2,025tons; 1,979 tons in 1996 and 836 tons in 2002. It is sold as processed,
dried sea cucumber, a typical Korean delicacy (sashimi). Faced with this
demand for sea cucumber, there is a need to oversee its high market price,
and a stable production technology must be established. The technology can
be imparted to fishermen and probably be useful for the next generation's
farming industry in order to generate high income. This is referred to as
sustainable fish farming . The demand for consumption of sea products as
well-being foods has been increasing these days. People have resorted to
healthy lifestyle by eating healthy foods. The mass production of sea
cucumber is a task of utmost economic importance, since it has a high

potential for export in the world market, specifically the rapid increase of
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consumption in China. The development of a stable, massive production of sea
cucumber In relation to production and processing iS a pre-requisite so as to
consider sea cucumber farming as a scale merit industry. Currently, produced
larvae are connected to larvae farming for artificial larvae releasing business
in resource improvement in the coastal farming cooperatives or bank type
farming method. These farming methods cannot exceed the natural productivity
because it is the extensive culturing method, which is dependent on the
natural productive capacity without feeding. That is, the natural productive
capacity is 300-400 kg/ha(average 0.1kg/3.3m’) because the quantity of natural
prey is limited even the quantity of discharging is increased as much as it can
be. The extensive farming has the same condition. These are exposed to the
predator animals like star fish because these are in the condition of natural
environment, but only it is easy for capturing to prevent from escape and for
preventing the theft of sea cucumber. These cannot produce more than the
purification capacity of the decomposing bacteria dwelling in the bottom even
a part of supplement forage is supplied. It is difficult to expect more than 2-3
times of production comparing to the non-feeding farming method. Every
necessary environmental elements necessary for the growth of sea cucumber
are forced to be exposed to nature , because the extensive culture method is
in an open environment. The growth of sea cucumber is active in water
temperatures of about 18-20C, but it does not try the prey or eat a very
small quantity even if it takes the prey when the water temperature is high.
Therefore, the digestive organ is atrophied and the digestive organ becomes
the smallest in water temperatures above 25T, thus, the aesvitation period.
The quantity requirement must be nature—-dependent in industrial viewpoint as
the period of growth is short in the natural environment of Korea due to the
ecological characteristics of the sea cucumber. The land farming method has
been suggested as an alternative for this and has been tried extremely
partially, but it is blocked by the technical barrier due to the high density
rise, consistent supply of the complete mixed forage, water contamination due
to vast excretion, fish disease prevalence due to organic emulsion substances

by the powder forage which is the characteristic of the sea cucumber forage.



Energy consumption is a business problem in maintaining constant water
temperature to prevent too much heat during summer.

Accordingly, our research staff found the possible solutions to the above-
mentioned problems through consistent experimental results obtained via
industry—academy collaborative researches. Ultra high density farming which
can give far higher production quantity compared with domestic bare ground
farming production density will be made by utilizing the circulation filtering
system on the land as a method to solve the problems of domestic sea

cucumber farming.

[II. Technology development and scope of ultra high density

land sea cucumber farming

1. Loading experiment in the Lab-scale(50L)

This experiment was designed to obtain the basic data for the general
farming of sea cucumber in the artificially-adjusted environment by deploying
the organism's rearing method known from archives of references and
domestic reports (Ministry of Land, Transportation and Marine Affairs, 2006).
This is because there is a scarcity of literatures and not much available data
for sea cucumber loading experiment. The highest density to be accepted in
this environment, mortality problems due to handling, change in the physical
scar, survival rate of sea cucumber, discharging of the sea cucumber
excrements , reaction to light, influence from the copepods, accumulated
ammonia inside the system, bearing of the dissolved organic substances after

feeding, the liquid forage and the dissolved oxygen were monitored.

2. Loading experiment in semi pilot—scale(300L)

The fact that sea cucumber eats the artificial forage at the bottom and
grows at high density was proven in the circulation filtering system in the
lab-scale(50L) experiment, but the barrier of 70 kg/3.3m*® was not overcome

by the structural problems for removing the excrement in the rectangular
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water tank. The ultra high density rearing was tried by utilizing the advantage
of the cylindrical water tank to overcome such problems.

The highest density rearing result per unit area was obtained because the
quantity per unit is big not only the immediate emission of the excrement
coming out of the rearing container but at the same time in the water inflow
in the cylindrical water tank.

The target of this experiment is as follows.

(1) Challenging to the experiment target, ultra high density of 1,000 ke/3.3m?
(2) The loading test was performed to check whether it can be continued in
the ultra high density inside the circulation filtering system by discharging the
bio quantity of 1,000 kg/3.3m”.

(3) The availability of the oversummering of water for the sea cucumber(skin

is very thin) was checked by using water sea cucumber.

3. Loading experiment in Pilot—scale(1,000L)

The experiment on the growth rate of sea cucumber in the 1,000L
cylindrical water tank, then, scaled-up to ultra high density loading in 719.5
keg/3.3m”? in the semi pilot-scale(300L) loading experiment.

4. Loading experiment for checking the feeding ecology of sea cucumber
depending on the farming pattern (Bare ground and wicker basket).

The results showed a very poor loading rate, with a total growth quantity of
1.0kg and forage coefficient of 14.1. This means that the nearly stop of the
growth is not expected, in spite of the high survival rate and the good water
quality environment in the previous pilot scale(1,000L). From the summary of
the experiment up to the present, the fundamental hypothesis was suggested
that there can be a close correlation between the shape of the loading tank
and the feed ecology of sea cucumber in the ultra high density condition
because the growth in the cylindrical water tank was nearly stopped in case
of semi pilot-scale(300L) and pilot scale(1,000L) even fairly good forage
coefficient was shown in the rectangular(50L) water tank. Therefore, the bare

ground loading and wicker basket loading were done to prove this hypothesis.
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But, the feeding ecology of sea cucumber was identified depending on the
loading pattern by performing them in the specified hatchery for sea cucumber
in Shandong district which was conceptualized in China because such

experiment is quite impossible to be performed in Korea.

5. Loading experiment in SRS(Shallow Raceway System)

It was found that the growth of sea cucumber in the wicker basket system
was stopped in the loading experiment for checking the feeding ecology of
sea cucumber depending on the loading pattern (Bare ground and wicker
basket). The hypothesis was proved because it is identical with the result
from the cylindrical water tank in ultra high density condition. Therefore, the
sea cucumber loading experiment was tried in SRS(Shallow Raceway System)
in consideration of the feeding ecology while maintaining the growth of sea

cucumber in high density condition.

6. Loading experiment for verification at the site

The economic feasibility analysis was performed based on the loading
density and energy efficiency inside the water tank on the land through the
loading experiment for verification at the site in the sea cucumber hatchery
located in Sanyang—-myeon, Tongyoung city based on the obtained results from

the laboratory.

IV. Result of the technology development for land ultra high

density sea cucumber farming

1. Loading experiment in the Lab-scale(50L)

The sea cucumbers in body length of 3-5cm(average 4.1cm) and body
weight of 1-3g(average 1.5g) were released for farming and they were raised
for 180 days in the circulation filtering system in 18C water temperature and

they were grown to 17.75g in average. The final produced weight was 3,833
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g/water tank (0.18m?). The limit of density per unit area in case of
rectangular water tank was 70.27 kg/3.3m?. The forage coefficient was 4.0 in

this case.

2. Loading experiment in Semi pilot—scale(300L)

In this experiment, 4,273 sea cucumbers in body length of 15-25cm and
body weight of 18-30g(average 24.1g) were discharged for farming in the
cylindrical water tank and they were started for rearing in ultra high density
of about 103 ke/0.34m?® (=1,000 ke/3.3m?). They were grown to average 20.2g
in maintaining the density inside the circulation filtering system for 90 days
storage. The final produced weight was 74.1 kg/0.34m*(water tank). The
density per unit was 719.5 kg/3.3m? It was shown that about 720kg is the

limit when it is converted by 3.3m? in the cylindrical water tank.

3. Loading experiment in Pilot—scale(1,000L)

In the pilot scale, 3,014 sea cucumbers in body length of 22.1cm and body
weight of 24.59g in initial density of 74.1 keg/1.0m* (=244.53 kg/3.3m® were
discharged for farming in 1 ton cylindrical water tank. They were grown to an
average of 27.65g with high survival rate of 90.1% after 60 days. The final
produced total weight was 75.1 kg/1.0m*(water tank). The density per unit was
247.83 ke/3.3m’.

It is peculiar that it showed a very poor loading achievement of total growth
quantity of 1.0kg and forage coefficient of 14.1 in spite of the high survival
rate and the good water quality environment, as what is expected in ultra high
density. The data of 14.1(building conversion) of forage coefficient means less
use of the forage. The fundamental hypothesis in this experiment is that, good
forage coefficient can be observed in the rectangular water tank, but there
can be a close correlation between the shape of the farming tank and the
feeding ecology of sea cucumber in the ultra high density condition of sea
cucumber in semi pilot—scale(300L) and pilot scale(1,000L). Therefore, the
bare ground loading and wicker basket loading were performed to prove this

hypothesis and the feeding ecology of sea cucumber depending on the loading
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pattern which was identified.

4. Loading experiment for checking the feeding ecology of sea cucumber
depending on the farming pattern (Bare ground and wicker basket)

A similar experiment was performed in the same environmental conditions
except the feeding condition by setting the experimental groups of the bare
ground loading and wicker basket loading in the same hatchery for sea
cucumber(Area 22,500m? located in Shandong in China to identify the relation
of the feeding ecology of sea cucumber and loading tank shape for November
2008 till August 2009. A non-feeding system and the feeding by the inflow of
periodical inflow and the naturally created feeding were tested. The
experimental results showed that an initial weight of 3g of sea cucumber in
the initial part of the experiment were grown rapidly as they were grown to
average 120g in the bare ground loading and the growth was reduced for
25.6g of sea cucumbers in the initial part were grown to average
29.8g(16.0-32.0g) in the wicker basket loading. It means that the growth of
sea cucumber is impossible with the filtering feeding like the shellfishes in the
open water system (Natural condition). Such result proves that the growth
cannot be expected with the loading method (or the loading tank shape)
neglecting the feeding ecology of sea cucumber as a reason for sea cucumber

not to grow in the cylindrical water tank in ultra high density condition.

5. Loading experiment in SRS(Shallow Raceway System)

The loading experiment in SRS was performed in the culture laboratory in
College of Marine Science of Gyeongsang National University for 3 months
from August till November 2009. The loading tank was rectangular type glass
water tank (L2.0m X WO0.5m X HO.5m). The filtering tank (Same water area),
sediment tank, foam separator and other equipment were same with those of
pilot scale. 18 C was maintained for loading temperature and the circulation
ratio of the loading water was 52 cycles/day, and the same fermented forage
used in the previous experiment was adopted.

1,471 sea cucumbers in body length of 16.4cm and body weight of 18.15g in
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initial density of 26.7 kg/1.0m® (=88.1 kg/3.3m?) were discharged for farming in
1 ton cylindrical water tank. They were grown to average 37.36g with high
survival rate of 82.6% after 90 days. The finally produced total weight was
45.4 kg/1.0m*(water tank). The density per unit was 149.8kg /3.3m”

6. Loading experiment for verification at the site

The loading facility located in Sanyang—-myeon in Tongyoung city was the
concrete water tank of 4m(L) x 6m(W) x 1.8m(H). 1.5m of water depth was
kept for farming. The floor was designed for convenient cleaning and easy
collection of the excrement to the center drain in 10% slope of floor. The
circulation filtering system was operated to maintain the temperature of the
water which is the biggest problem in the sea cucumber hatchery on the land.
The water temperature was kept in 15C and heat pump and boiler were used
together. The fresh sea water was collected for the supply of supplement
water and the suspended materials was precipitated in the sediment tank
(300tons) and the mixing of the copepods was maximally inhibited by passing
through the 1st sand filtering and the 2nd sand filtering. The circulation of the
culturing water was 48 cycles/day and the same fermented forage which was
used in the loading experiment by the hosting organization was adopted.
The 2 step plates (30cm X 40cm X 30cm, Height) for sea cucumber and
hoisting the onion sag was performed to increase the feeding surface area for
sea cucumber based on the result from SRS experiment. 30,000 seeds in body
length of 2.3cm and body weight of 1.8¢ in initial density of 54.0 kg/24m?
(=7.42 kg/3.3m? were input to the rectangular concrete loading tank (4m x
6m) and discharged for farming. They were grown to average 23.2g with high
survival rate of 68.6% after 8 months. The finally produced total weight was
478.5 kg/24m® The density per unit area was 65.8 kg/3.3m°.

V. The plan for application of the research result

The plan for application of the result from the development of sea cucumber
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farming technology by the ultra high density circulation filtering system on the

land are listed below.

1. The result from the loading experiment in lab—scale(50L) and semi
pilot-scale(300L) which were developed in this study will be utilized
frequently in the universities and sea product related research centers which
are oriented for basic study for sea cucumber farming. The sea cucumber can
be kept and farmed throughout the year through the environment adjustment

system.

2. The loading experiment result in the SRS(Shallow Raceway System) which
was developed in the course of this study suggested the possibility to
overcome the contamination of the organ substance due to the supply of the
mixed forage which is regarded as the biggest difficulty in the sea cucumber
raising on the land. This method can be utilized in the fish culture, shrimp and
biological animal culture of animal plankton which create the water
contamination from the organic substance type forage supply in stead of the

circulation filtering type at present.

3. The result from the loading experiment for feeding ecology checking
depending on the raising pattern (Bare ground and wicker basket) will be an
important determinant factor for the decision of the sea cucumber farming
system. This result will reduce many trial and error in the bard ground
farming and wicker basket farming and it will contribute to the sea cucumber

industrialization.

4. The technology for ultra high density oversummering on the land for
water sea cucumber which was developed as the first in Korea solved the
problem for the sea water sea cucumber which was long-cherished wish of
the district. The production quantity of sea cucumber up to now was reached
only to the production quantity from natural fishing. There was a seasonality

in the processing of dry sea cucumber and sea cucumber export due to supply
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stop of the production material in the fishing prohibition period and summer
and it made the limitation on this industry. Also, there is no way to solve the
treatment of the water sea cucumber(Holothuriidae) which 1is produced
massively at the same time. However, such bottleneck was solved at once
owing to the completion of this technology and the saving on the industrial
entailing cost from this is tremendous. The related technology will be utilized
for farming, logistics and processing industry through the technology transfer

to the sea cucumber farming and participant companies.

5. The high density sea cucumber farming technology in the circulation
filtering system on the land which was developed in this study will make an
epoch making turning point in the sea cucumber farming which has a strong
seasonality. It will be used generally for sea cucumber seed production
business, sea cucumber raising hatchery, sea cucumber farming and logistic

site.

6. The high density sea cucumber farming technology in the circulation
filtering system on the land suggested new farming method out of the routine
bare ground farming method. This study has a less opportunity for verification
experiment at the site due to the short research period for 2 years(Nov
2008~0ct 2010), but industrial development of more economical sea cucumber
farming on the land will be induced by the consistent study after termination

of this project.
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At 4 dsd ATl 3
17.75g0. 2 AAstglon], HAFH oz e FFHFLE 3,833 g/FZ2(0.18m)EA T2
HAY 5= 7027 kg/33m ol |GEAT) ol AALFFEEAHE 33m 2 T4k

S ] 70kge] SHAIQl Ao Z YERTH

3E 2. 180 =gt AAbS A 2 Yol Ao sfiake] AR
Aquarium-1  Aquarium-2 Aquarium-3
Total wt.(g) 427 486 462
Number 300 300 300
Initial
Individual wt.(g) 1.43 1.62 1.54
Length (mm) 32.4+15.31 33.2+£17.31 32.7+£15.24
Total wt.(g) 2,082 1,480 3,833
Number 129 78 216
Final
Individual wt.(g) 16.14 18.80 17.75
Length (mm) 142.1+25.31  202.1£35.37 133.1+25.31
Total weight gain(g) 1,655 994 3,371
Growth times 3.88 2.05 8.30
Feed Conversion 4.6 5.2 4.1
Survival rate(%) 43.0 26.0 72.0
ol g Aol E2EA B olfEAE 48 A AAAT 1 FoAE £ A
ol AHgE ArgzE AXNAEY FzEA HolNAZIU JAEF} AFES ULE
A AASEH A domg FF A%sze) Fejo WPl WA aTHA,
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AZEHAT(LH 3).

AEEL 26:72% A HFEES HAMAE Adx7] AESdd 3 3 FFAKSkin
ulceration syndrome)ol] &3t AW o2 HASATHIH 4). I FAALS] T3P 349
®y FENA B HA} F A & dFE FAEHIJY. o FAAE HAT
A Ag F8ete A HYE sdou, IEEe Al == dEd =1
2 Ao o3k v ALe] o] A et

O™ 3§ agaxodM AR Hol di &

¢}
(A Fol A shatel AFM B, B FOIF el U4FW me)
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2. Semi pilot-scale(300L) ol A1 &] A543

1) A &

2 AP2 Al AFoA AAAE A WA EY] AATE F2HoR

%
AR, dE8FTEze TATS A A=l AMSE BT 2 A HiEE 5 UAu
A, 4B drxe DHHo g FFo] Br] Wi dHdd A 1Ex
A A3E S F Ut
dgA B AFoAE B AFAGANY A =% 1,000 kg/3.3mPe] =@ 1A
st AP -0 = 1,000 kg/3.3mAY A &S Whekst (loading test), <=3
L AL o] dEE FAStEIIE sttt & AR ETE 4%

2A0] o Aol wajere] Bae 796 BAM B Aol fhFo Yy
g7t erdow AV AR sate] g duEA 98 Fnd Be ol gol
on], W3 sjAsord TAoln, WAL B Aestel Balate Yal

(BE)AFTE FAol &dstAHLd 5).
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AfEE FF I3} Wtcld AgHAT FF wivot ZE A7 lan, Aol
leme] PPRHE AHGSIITHE 3) F714) wtiolk ABSA ofshzafel s ABF 450] H=
= stk AEHA of3} wtlols 1E FRPowze] 3% n3sigon shel on 423
WA ofs) viclole] FRAL 18m’2A 34 vitlolo] W) WE B DAL A
of 4Pol AgHATE BB ol3fe] izt AF lldom, %ol 100cme] FRPE
gow o FFY FRAE ololxES ATk E71%E 180 Limino.2A szt %

Media PP(polypropylene)
Specific weight 20 kg/1Ton
Average diamter 12mm
Specific surface area 2048 m*m*
Price 24,000 won

AA L &l ] A=
Sediment tank TPHAAEAH)
Foam fractionation tank =TI (AR, FrAdg=dA g, §)
Biological filter tank FEY ol A w)
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£ 5 =SA A =E AA ALY
T= AL H| 11
A8z 65 X 120cm, &5%:300 | A} 7} A
A A& 68cm X =©°] Im(of=7E=|4) 2714 %)
A ES A oz e bol 1EYddET-ZE Uz =9 Z}7Fd A
= o0 o 2 z)] %
S A& 40cm X = ] 180cm( }.EL 4 A A) 2712 3]
- LG €434 220 L/min)
D3t A 28" B4 o3l H DAZFA A
- 1ym7IEZIAEH A4 349 oA
- UVAre o 4%
e
Slepa) 2) _ | 2)7-ul}
- LG 4<% 32(120 L/Min)
DFLeAESH RUE P HA7HEA
DA F A EF T A DA} 7} A]
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FAZ1dd AFFatol A sATtEE At T =dAES AHEEAH. A
2 TIAGNAE A5 dAHE YERHIE A AEAE A SAS
zk3 9ok o] E3ite] A7l A 15-25cm, 18-30g(H 24.1g)E A&t Y% Y
Fzol 4,273118] 2 WoFste] Z271WE 103 kg/0.34m” (=1,000 kg/33m)E WkEtdl o
™, 909 Fol AENA AF-E FHsA0

(5) Ad4d

ArEAME E 60 UERA ukel 2ol A4 15-25cm, 18-30g(B it 24.1g)E YFH
Tzl 4,2737H2] S WFste] U= 103 kg/0.34m” (=1,000 kg/33m)E A 239
o} =328 ol siite] IEE 90Y B FAF A Ho 202802
AAstd o, AFor Aad FFFL 741 kg/034m(FX)EA GHHY Ux
£ 7195 kg/33m’0l B3 Ah ol 95 FFzdME 33m'E YL W <F 720
kgol AN Ao R JERRT
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tank' - matter

(16%)
Dissolved
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6. 907 = AAGA2E YolA slate] 2uuE A% A
Aquarium(300L) B.W(kg)/3.3m"
Total wt.(kg) 103 1,000
Number 4,273 4,273
Initial
Individual wt.(g) 24.1 -
Length (cm) 20.2£5.1 -
Total wt.(kg) 74.1 719.5
Number 3,014 3,014
Final
Individual wt.(g) 24.59 -
Length (cm) 22.1+5.7 -
Total weight gain(kg) -28.9 -281
Growth times decreased decreased
Feed Conversion - -
Survival rate(%) 71.0 71.0
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o Holl whsty s} Bm 720kge] FAIHC =sHA H olwEAM= oY 7HA
7F AAR 2 FeAME AA, B A AeE Agxs A5 AT
FHM = A2 7—5'1‘11“’1] s|ato] Toz o AV WEd wWiEEY FHo] ¢
= oy dMen, 2 AV TAYS 1 oS AUE3| AAS)Y

7] W2l B2 HARE Yetd=d dF dle] st A7 f?it} 71E A A
A omkel o] a2 771 dEYotel o3k o FH AL
2005), AEH7Iol old& Aty AsiA HERe AFuMEESs AAHC= 211743‘
T A= BA .7dHH ).

-lN
_1_,
rO
ﬂ
w)
o
=)
oQ
@
&

SA, ool AAAE AQzsld BEPe] oF WRI Aol ojF APoz HA

stk AP A9 AR BeA gHol @ wRAe] o] A
B a3t

B AP0 b 2 oot AR FIAGAMNE B Lo sato] YNHoE

t @gol mid HEol Hu glovt olE AT Wl Utk

B 4Ee Fiel 2uUEE BN WS bssAs] MEANCY 9 AF Y
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3. Pilot-scale(1,000L)o A1 ¢] Al &

D A&

[33m’Es 21U TR Ry} s15gy] wie o] AxE ZARZ pilot-scaleTF el
12 48520 4AAge Bxe san
w3, 2nAEAHE AR §A7] dAHE 958 A=Az v

A=l HastAr] Wil ol& MAFT AF7HA S Al A2xdde 4
FA A F T

A ALSSEE el A 74.1kg S 7] WIHEE=Z A}
THEIUA 1ELIF20gE s Im)olx ANoL=47] F4Te 5%

[e)
stttk =, 74.1 ke/1m*(=244.53 /3.3m°) 1,000 kg/3.3m*7}A FAEHS 2R g 3}

i)
i
of\
]I.?[_:
oh
£
P
2
1=}
bl
R
N
N,
N
=Cl)l_1
X
filo
o3

) ddZA ¢} 2

gt st st s I Wil FAE FE2AF B ATPEA
st AlzEle st em AlzEe ofF= AAE2 ol

DAz

Az FEART 95 Fotadex(=E116cm X £0]120cm)EzA 2 1,000
L& frAstgen, ofgfZol oladAde dEs ddsta &9 wWjEo] &olst==
st e dedes Ao A A8Ye Fo 7UsrY z5FH A HE
doz wjEH e e sk Ae Al FAHAe @ol Ayl dEE F
ez FAE & AEE St A sl 2¥9 FITEEHE HA st 4
AFow +7E TYNIIES AT

WEES R EES

BEGA ozt 4% ofuutelE: ASSIETh #F WMol =/l: A% lam, ol

lone] PPEHE AL83HSITE E7)4) vitobt ABSHE olnzuleld ABE 50 HES &

At AEEA o7 Wtiols 1E FRPITz) 134 REaigion shlel ol 523 A%
x

847 ol3} wrjote] WAL 18km'EA 14 wtiole] 3] A5 BE WAL ALste] A
Fol ALgalTh AESHH e olnze] B 1ldem, &0 Ime) FRPES ALgalgom of
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AT FRode dojzEe s F71FL 180 Limno2A o7t S&3] wrt

<

A 3ol A A3 pilot-scalee] L=k Al~E2 T8 9, 10, 1100 YERA vk}
2ol 393t FRATEE AMESIT. AlrFAsEs TRl A2rfAsEs e

HlEA 7] by-passT5F, A3TFFATEE 7E BEFRASER TAS T

o

AFFATEE A2 > TREer] = UFORE = WEalzie o A0 2 3}
% = A2 AANPRAREY > AZFAAYIACHAY) > «TPL > Agxe £33

AT=olH, UFOZH = ZHAd=T = ASEE HH7EES 7AF Utk

rr

= AZEg]7] = UFOZE = Alxpz =2
ERAEF0BxAE) = SFYE = ALSRE

8k AsEolH, IXHE = s = 1Y =we]7](hydroclone) = discard= 4= o] Q)
.

A3TFFATEE FrfASEEA AT = HFEE > B3] = 7tEALH =
A4 = W] = ARSZE FA4E 3

{0

AR 4FH AzE TS SRSk Aol SR BASES stk ARl AEd

O

T ool At S A2AdFNA AR A Fdsith e ddE E
Al g20e] AA Ax ok AR ) 2/lle] AAGS A2 PAA AR A

gAH s Fdai)

ARERE WEH F53 Grrioks YESIHeiztzg ANUA AspATol s skt
go] ohbwA NHy = NO, = NOs= A8hshs) Wehg AAwA B5 dUdNoyeR A

STk Ty, of ARSAEe SHol Ui dmUclE: RE Yue ANdoR iy

o>‘

of Wl WA FE YA, dro FEHL gAAAAE FAT DA o5 FHL
22471 4ol Bast, B A A09Ue Azne ddden FHAAY 9B
2x08 ¢RI s AP HEFE PG B Ade] 48T HxFE 4FFE
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o el 1 uvﬂ%—(Pore 2 H Bene olgdtel A mx A ol £
St §EEASERE H9HA Bt Hsd BY FHOE AE @ & d(ad
12). @A APl AEHT e ARE BEAREA 4R FEje] Agelt ol#d
AAGeje] ABE BEA B3 A Aol £2 WO GA MEHE el wA
H9ith ol s BAE SAshy] 9Askel Ao BA@e] o weh BN
ZZA0 BHE A3t AR $AFS Ha sto] AREE FHE =S,

Aol AT FZAL BEE (F)FojAWHN Tujste] AgTh BHE

e o] Mo} gt I3 MAE A
o] Fold ok 1 7Y A/
o] 5o WAE AA EFH ol

ofgfo} 2 A4S AL YThE
224 I Bdols ~WAe} o] B3] ©
0.01-0.001pm= " YA} g
o} Agol AFES UFON | AlxEle] 9L 27| AAF 508 = 108 9A 744
S Asor FYPstA Z2aYR sttt A3l A3 UFOE UFOZHE S QM &
Aste] wid o}F] 9A17A 13] A (Backwahing)S AAISHATE dAH ] HAH L A
A 1087 ZsA71H CIP #A 2 2023 F38sta, A HFTHo =2 H2E 10
Faste] AHRIE YF o) EXjete olEZdES AASA "k UFOZH &9
S 1A% H}E} 50% =%l 1083 dMEHE HA s A}%—é}‘ﬁﬂr. UFOZH 9| &
21 F79 FF2 20 ¢ /LMPLE, 942 1.8 barZ A5t =F3FAT
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Y
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LAY

of

a9 12. T34 2H WRES
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M
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2
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Ho] Alg% UFO ZE 9 A

ot

2 E(inch)/ =& 2 ] (mm) 6 / 1350
Al 2 74 /2] 74 (nm) 2.1
frae WA (ol 18

8] 22} FF(Dalton)/ 3% -7 (um) 0.1K / 100K

A% D <53 (ni/hr) 1.8
2) AA 3 % (ni/hr) 0.8
A 5 ¢Hkg/n) 3
A8z Ho AHE 25(T) 50

ph *H< 2-10
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Q) Al 1w

2 Ao AT A3 A2ARAA Aol g5d T F2 i AAE A
g3ttt o] sate AYE AR 22.1cm, AF 24595 ALEEte] YEY 1E
71U = 74.1 kg/1.0m* (=244.53 kg/3.3mHZ WroFalg om, 60

ol
2
o
I
=
2
=
5
i
[N
or, —
p‘g
32
i)

B ARe 4Fe BEER o] R A28 PE el A Fold 3EH
NS 2AA AT AAe TaA o] W ARe FFL AFARTIINE A
gotol FFoE ARFo|

GaE 48 UGG FEVLTE 5 pmoldE FANEE o
Ak A 288 W) A BEERURE A4 FUPE 204 Limne= B

2 4] A8 ARE AA AR BEABEA AL 24P A48T 2
FAT AL ASFHAT AR Folt AFY %AATFIPE AFABTIE
AHgatel i Folstint. AR s AL 289 A9 SUsA Sk

A 2R EESARA 2 &9 Foll YEhd d A= & 8, 17 15, 1600 v
Hhol Zro] %33k ZHS Btk £228 18+1CE AFFUh pHe WM 94 7.8-8.2, DO=
5.8 mg/Lol o2 SR EULE AEEE 32+2%0.2 ey

ZIRER g Al A"l A e TANS W32 HA 1.1+0.21 mg/LolA FHaL 2.4
+0.19 mg/LE YePGTtHE 7). FJAZoA 24+0.19 mg/Le2 7P =4 Yelton, AESHH
o7z E 1.1+0.20 mg/LE 7HE @& x5 vehitt

@AAE B COAAE AT lx=FY &
2

A 2 COxe &3 AAE 9ot tgdd sSx2FE ARSI oy AlxE
5% F 25 ool tiFEEo] Zo} glojHth AW AAHOE AT AAst= S
Z5 24 g2 (Enteromorpha compressa)7y 7V &3 1 9] F& o] £}

o AN BT AUA BshAtHad 15, 16, 17)
dasae] 4% o dde £x=dl 18TAE Aol /14 $4% Ao HAT
Ao 5E, 2004 Fe7Hsstdrt
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20.0
18.0
16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0

0 max
B min

1% 128 14 24

——max —&—min

a9 13, TN AT oA HA 2T e s
(T IN AL, sheFAHAN 2 F2)
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DO(mg/L)

9 14, A3AF A 1Y

w8 HA 289 pH, DO, Salinity2] 3}




%8 ARTUE st Thal 28 o) Ae] TANZS] W3

A A W TAN (mg/L)
Sediment tank 2.4 £0.19
Foam fractionation tank 1.6 +£0.22
Biological filter tank 1.1 £0.20
Rearing tank 1.8 £0.24
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BUFOBE e I3 Holsh dmuote] FelA=

A 3% DUE Aol FEAY BB Foote] gsigo}, BRARS AL
YA Z71E O 100mol SR A17h Aa ARde] WHARLR FEHE FE
o UFO 9iMelle] 38 o} segio] Astslo] sa@ge] wstA H9
9% @yo ddstel LYNxYY HA Fguc AN ¥ 24-28bar®
29de] BAMCl opHth. A sbA AAgee AESEAY, B aRdYS
AAstA Eally] WEol UFOREZA ajtelolg ormyo
Aol Zagly] Wil s wBiPadde] Hge TAF Ao BEHA

of
i&

Ir
o

$ATH= F 9o] LR k) o], AR 221em, AF 24597 E AFEake] 9
SH1IETZ 3,048l & Wl =79 E 741 kg/1. Om’ (=244.53 kg/3.3m2)§ \g
01%°] B YEZLEA B 2765502 a2

o]
= =
W, HFHo= *@’L% ZFZ%C 751 kg/10m(FR)EA @9 HA Y D= 247 83ke

7
M= 7“/\}7‘%‘#2&01]/‘1 FET AT E]“i",\xl‘?l’, Al 22 A A 3xEF o A
P T |

S ABPSE YA slake] Aol uHel B3
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kd

9. 6097t E=FAAAFAZRNAE)NA e nEE A% A

Aquarium(1,000 1) B.W(kg)/3.3m’

Total wt.(kg) 74.1 244.53

Number 3,014 3,014
Initial

Individual wt.(g) 24.59 -

Length (cm) 22.1+5.7 -

Total wt.(kg) 75.1 247.83

Number 2,716 2,716
Final

Individual wt.(g) 27.65 -

Length (cm) 23.2+6.5 -
Total weight gain(kg) 1.0 -
Growth times 1.02 -
Feed Conversion(dry basis) 14.1 -
Survival rate(%) 90.1 90.1
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B AP Al 2Ad A AfT
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2ol Aol defell &
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o] A2l AAEHIU] wlZel
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/1\_]__

A% 37°29'10.50"N, 74 =: 118°51'49.14"EEZ T =

SFATHIHE 18, 19).

ol A AA

h2¥ 20, 21).

ol FH3HI
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o

150m) 24 171 k21ae] WA-e 22,500m20] QATHLE 22, 23, 24, 25). 34+ kAL
=A s 3R AT Mo AT FHPUOR FUSRPTHIY
26). Folt FFolRHoE sPom, H5A FUF dtel AAHoE FFHE
1=} = o
s

Ach. Tt s FHe] Bu: Aol ofzte] HEAE

N

Holgfo] A

25072 & ksl AT) At AT sl TskdlA B
Ak AEL Aol 0em, A 40emel 57 YL A, o] AEoE 150 S &
At 29E(AR) LS 150mAe] 35S AASH oM, 2ud 24me] Ao YR o
T 7)o ABS AAS, & 18679 AT ALAT ALY v F4L

ImSATH 1™ 26, 27).

i

A
A
L |
A
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(4) 2343

A4AHE B A 924 e
3g#el 7t 1070 A3 & B 120g0.2 A3 v, A
7} ¥4 29.8¢(16.0-32.0g) 2

A G AN 1070 skl AT 408l E Hlste] AT Ay A
< A9 AAE= Aol EAEAH. LrEF A& 444 AHSediment
feeden¢} HE= 4d2)AHSuspension feeder)= thH(Buchsbaum et al.,
1987).
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S5 AdAdd, site Hol AHOAE HE5T Hols: H{H HolE A4
(Filter feeding)S 3t Ao= &4eA Utk I aiae] A$ dzF 1,000m*e] 2 E

2502 HE 50mm 71A HolZ o]&sl= Ao A AthHUthicke, 1999). =,
e =ABFRAFIANE AT} ol ¥R TolF oy i Aozt
Aol 4RY & gloke A duidnh e Ase U el A2% 8 A3%

=
des@r=d o AR dde ABss 2% DAV Ao FF 4tk
=2

Olnitial ®Final

120 §

Average weight(g)

A 344
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5. SRS(Shallow Raceway System)ol| A e] A}

1y A &

%2

il

}el SRS(Shallow Raceway

S

oA el AR A5
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e
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&0l & 54017l Wl HHsHo] SEMoF . 1
& WieSA T Al 22 FRAE U7l WEo

o] AFox= | AbSoll AR
AR5 F3] &FQ efof A o7t o]FE o] HIFNM= /714 HE(TN)=
COD=4ol= TaFAIH R AT 78 5L o dd3) sd3 e

WEBSA vzt 71EY §5% ofFultel ¥ e 1Y Agsgen, At
LDaEAEE A3 5t AT 3%(dry basis)E F©] st SRSAIAHY] +=3-&
48 A /dayoltt. 223 d4te] H4S mste] Mg ABute mE A

2.0m \

UV sterilizer Carlridge Filter Pourmp

B
ﬁ \ Rearing tank ‘

Circulation I _
puUmp ¢ )
g . { | ——
solenoid e’ | ~
valve Phnysical filtar e B .
Foam fractionation
lank
” | 5
Monitering box e oo |
T |
Control box |

N A

| L
| Fluidized bed reaclor
|

Recycling tank

Main pump *

7% 31. SRSAIZE 2GAEZ9} WA AxE Hes
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() AP H} e
of AP AET HAES FYA NG A HFFAFANA ASFOIQR A
Mg StaTh HEUW ASS st smolA e Felsgon(aY 3), L

Lo o

O
% penicllinAl €9 polymycins ©]&3F 100 ppmoﬂ/\'] 204 9}“—9;-?3']'04 A2 A

~

-

S
A71= A% 13-21cm, 15-21g(H
o 14717+8] 2 Wkt ATh. 2710 E 267 ke/1.0m® (=881 kg/33m
90 T AEMA AF-E SAHSAT

) Ag4d
ASATE E 1000 JERA wvkel o], st AR 13-21cm, 15-21g(F o 18.15g) %

g & AR&Ste] SRSAIZEIS X1 AR Fxo 1471V & WSkt 2VIEE 267
kg/1.0m* (=88.1 kg/3.3m)=2 WaFdle], 90Y F SRS w=3ho] A 28 oA o] I
FAZ Ay FF 3736g0 2 ARSI HFHoE YN F5HLS 4599 kg/1m’
24 gouAg Ux= 15176 kg/3.3m ol aG3ATHIE 33).

SRS FZxAAE 33m’E A 151.76 keol Al Ao 2 UEhyTh o] F£3&=
A kA ] HFo] kAW AJAFEEQl 0.1 keg/3.3m’ 1,5008] & F=X|o s
T AEEAAE 70%01d o8 sl YT 5, oISRSAI2HEIE 7]E 1% A 2H]
o] 2 AE 58 dAolge F Y EVE S 7 e 83 Wbelgt AEThE
10).

28y SRSA| 2HlS e A}

m{m

S ICE PP 5

ML FRATE 298 AA A2 onze] AT YL oy Tgo] FL

Nadle SAstAT. ol SRS wHARA LY £FAY A PRE & 1139 1
2 340 ztzt ®7) T

NE AY A 1R AL 285zl Aake] HE 4749 otk T AWE
Aeo AL WE, £, grycl 2Edsl AUdoz 9 9y MEY Ao F
A

AT, olfol YIME ASUET Fe5E, AEET YFEO SFeiTis

°ﬂ/‘i+ AEEo] HlaA %—’F%J 70% ©lFo2 YERT o] g ol A2
]

de o3 m&edo] ARE FHdME GAdHA &, TEARE ARSEl wet
FAA 7t o] skl A 1.7 olgte AR 821%e AE=&ES FAl G4

@ Aoz Aze)
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% 33. SRSeEAFAA 2H o= G 34t AFFARR




£ 10. 90U 7 SRSAI=ElUol A slate] 2% A% Az}

Raceway(1,000 1) B.Wi(kg)/3.3m’
Total wt.(kg) 26.69 88.07
Number 1,471 4,854
Initial
Individual wt.(g) 18.15 -
Length (cm) 16.4+6.4 -
Total wt.(kg) 45.99 151.76
Number 1,215 4,009
Final
Individual wt.(g) 37.36 -
Length (cm) 28.1£8.1 -
Total weight gain(kg) 19.30 63.69
Growth times 1.72 -
Feed Conversion(dry basis) 5.4 -
Survival rate(%) 82.6 -

# 11. SRSAI 28l 9) A4z 423

Item Culture Tank
Temperature(C) 18+2.8
pH 8.1+0.6
DO(mg/L) 6.4+0.4
Salinity (%o) 32+4
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N

COD (mg/L)

(0D

aalll!

Culturetank

19 34. SRS

Sediment tank Biofilter tank

siompa) 2wle] 7 A2 TN, COD
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A 1203 = AgA ol Pilot-scaledl A =&FH AFdAANE ZAZ &
st gk Al 1xbd % A3 oA Lab-scaleol 4] Pilot-scale &
< TAH ] EEFHAY] ol oW AGESHFAAE Pilot-scale
Scale upA 9 YetUeE ZAAS E=Ft At ston, 53 A4

s g

AP AsddEaAE Bz AAAN E4s A=A AT o7]dA =9
AR S0 FF FAMAAS Tleide] T2 A E Al BHElo] HES S
=

BA bR FATIdR (A& Ano] 9 AAFAIE dFE AHES)
= THsAT. 71 ofF Aol AMESIAE dRkF <l ¥

|3 w¥o] ARAT. g o] AFdAE V&Y T2
St A 2"l E=YSATHLE 35).
o] AFo AL3 F2E= 13E(CIE4m X AE6m X Zo]lbm)oler, &% u}
10%°9] BAEE 7HA L oA A EF BAStE AARY A7 7], ikl T

S E3sle] AlSxz vlog AL HEEEE 39t 36).

vtz 71Ee APFHL FAG PHoR AARE AH FFFE AEH
2R 24m X Fo] Im, £%F 13B)R o|&3dte] drUotE AAT S OA L5z
A 52 Be] A5EE 4Y9A Atk ¢ 4 Bels AA2CHESm X A

Z 10m X =ol2.0malA HZHAA 1 um 7}Eﬂxl%E1§ AYRgE T LEFHAAYAAE
AR ArFFzol] BFSHATHLE 37).

AGAPANA AT AA 225 FAG7] AsiA SAZIESE ARSE TFA
A 2A A8 ®A2(100,000 kcal/h)el FFa5E2 42 Limin(A40)olt. AL=ZH

shroll o3k deo] &AL FHAssr] At HlE4olA Heat pump(e]s7t2R22)
AHgste] A AME HAsEHn Y] Setddle WARAE Ao,
Zt7] T8 56,000 kcal/lh2A W] &3k 240-320 L/minolw ¢F=7] Hazeo
g2 24 Kwolal AC380V, 3%4eolth. ol& Ab&ste AEHol+ 15C, AdFHA= 1
8CE TYF3tAtH(aE 38, & 12).

oo o%
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a9 35 AR ASAY AA HHE(XEH, 2009)
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6. AHSFzo] W E (A7 5, 2009)

43
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L]

£,0m

w287
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4.0m

1.0m

SERINAZ
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T ALk
AP = 6E(CFEZ6m X AZ4m X =°]1.5m)
Az 300E(7F220m X A E7.5m X =0] 2.0m)

Fixed filter media
13E (A1 E4m X F4 1m) 37}

7F259: 100,000 kcal/h

259 42 L/min(A 40)

oft| rfo

B
of x| of

S
o
off

LA

: 96,000 kcal/h

: 240-320 L/m(A 15)
: 24Kw, AC380V, 3%

B of o

2
i)

e

:R22
© 4,000 Mcal/day (A 10)
2:49 KW/h

of off off [po L
~
[>

of

Heat pump

%o o o

o
3
(e}
-
=

Eef o 3

A4 4E: 2.0 kg/cm

917 A& 50 mm
A e

7HE 2] A 2 H AHg FE: 1 xm(1271)
# 2] €% 100 L/m
A8 A b9 2.5 kglcm

_58_



Aol AFEZF afahS 2009 12€ 49 HFAE 23cm, BAAF 1.8g%EE A4
o] ALY ZIAYE AAFFE@Em X 6m)ol 30,000mH] S P25t 27|UE 540 kg
/24m’ (=742 kg/33m)E WFsIGTh 712 AF AT ARE dHlg o RUAL Y
Al 7] PCAE Aol Eds ARSI Y. Aol ERE 7FE 38cm, AE 28cm®E 7}
ot om, detolExR 148 £ AE-& PPCOIJTHTH 39).

Ao M E ATFALE DY F& UE9 22 MAFEY olf=E v Etd 9%
Akl A A b Y @d 84 F shutolth A Xk 9)F AHE A—ra%}
59 o] HrI= & v ofygt gEyote] FHekdk it 4A2EH 2 8
7V A A7lel ZHEThe] o3 e Has 3] fske 19 13 JAsAT =
HE FF= PSS 2Fs] 20 luxo]3H(Tokyo, ANA-F92] =773}l 4
Aok ol e Fg dAeog FHS uFo BUS ng »
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= AFH] YHoEA FASH Y olefdE HER o]y

A BHZ2IE ol 8ste] sidte] AFe AY SAsAT ATHA Aok A
ot S0 AlZte] ol 289 Wk ofyg} AHaw Hl

A5 AHEE A Eat 2HEE o] APME ojmA A ZEIWA Axio

Vision Le V 4.3(Carl Zeiss)E ©|&3t 1em® AAE o] &stq ARXEY F 343t
AYE BHAsIY sate] dolE FAsAn. o F, SPSS Ver 16.0< ©]-&3F] T-test
42 Fsto] A4t AAuHe 4 stz SATHLE 44, & 13).




(6) A%}

D=

Agsatel AHEE 4k 20099 12€ 49 HFAH 23cm, BEAS 1.8g% T =
Zzyol HAAAE ZIAYE AFFEEEm X 6m)ol 30,000mE] S Jlsle] 2r|U=
54.0 kg/24m’ (=7.42 kg/33m)2 FFsigich A@ZA, 20109 7Y 19U BEES
on, AFHog AYNYE FFFL 4785 kg/24m’
24 S EAY = 65. m’ol 3 F3ATHE 13).

oA AdPAF 729 HES sHAL FAY ALA zoldl st a7}

™ A

¥

A BASRGOR, dEYol WA AP FERT § A Ueth od# ol F
 EUAL WA st RRAA Aol Aolel A, F& whgold Rele] AEH WE
97 ogtr] WEel AW By H B guuel A8 Ukl e g
ARHoEE A AU ARA HlE0] §o| A @S A, A AEALE
£ e Aow daEn. ey $24a5E9 pHYA oo WE] A% o
g oapgslzh WAS S Sl o FBTHE 14)

satel MY EAS 98t 7] WA 2 12 A4 T F 23] sub-sampling
£ steu, A

AAZ e e BR B4

ol HAYA O AR A AANRL B a4 FH1A Bol i
Ae BYAA 307he) 1O 63 WESFATHLY 44, 45). o1F 53 SA4ol9)
ol A glol e A4 e ZHFNA ASATHE 15)
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X 13 @ ASAFAA Y aUE ALS A

13,000 L

Total wt.(kg) 54
nitial Number 30,000

Individual wt.(g) 1.8¢

Length (cm) 2.19+0.5

Total wt.(kg) 477.2
Final Number 20,580

Individual wt.(g) 23.2

Length (cm) 28.2+8.5
Total weight gain(kg) 423
Growth times 41.76
Feed Conversion(dry basis) 5.7
Survival rate(%) 68.6

¥ 14. SRSA| ~HI o] AbS+Z 3

[tem Culture Tank
Temperature(C) 17+4
pH 8.2+0.9
DO(mg/L) 6.9+0.8
Salinity (%) 3242
TN(mg/L) 13.0+1.3
3 15. A4k AR zbo] 4

e % 7 (cm) FF=UA}

HFH 5 60 2.19 0.52
19 43 = 60 3.718 0.74

t=12.919, df=105.849, p = 0.001
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ut

ZHo] BEMANE 7Y 44, 45004 RHE AT go] Azte] Ao upgt T
Ao 2 eyttt 53] 584 #3 HE

™
L
flo —
>
u
v}
rt
ox
o}
1o
B
o
flo
s
o
Ir

A 9] gho] 1282 ugd wet F Jd ko] AFVIES AYsy] oy ARE B
of Fth 129°] AR dAFolAE HEF7E 2 FAE B Fa 3o /AT
Aol zpol7t LAStE Ze B & Jdoh WA HE TE YHAYdE 2FE AAUL
0.52cmolF o, 120] A3 AFoME 0.742 AAe] Aozt vSH Alsty

I e & 57 Uk
slatel Astels AAMUANAE E3 WAT Wk ofig A FA A

=
AR o] H@ ol fE Holo] BE AFWA Mol Ule] Ak F, F

kA T A il

d TN AIREPE} B2 HolE HAW JHAs AR H Akl B2 AUAE A
st & JiAlE Eu o & Ade AN 28y He|REddEs Add AE
< AFHA A E HE3E AA ARFAC e dn. F5, 43 =30]
AAEE GgA Bole Fol&gol A=Hor Fofste] A B2 oUAE ol &

N

o]th(Robert J. Wootton, 1990; Peter Castro and Michael E. huber, 2008). 124}
IEE g el A s FolAl AT HolE wol sHA &, FAFAIE 7Hsst

a1, Aol o] FoR= FHAF A FolE 7] wiel wold AFHoE FosA
2 A A4 FoAE T NAESTY Aol AFH AolE B g e §lE
7 7;

Aoltt. o3t o]fr 2 FAA Y sat ABAYLS e & F7F e A otk

@A "=

T3 YA &S SAAT7] #18] Heat pumpE A3 T
I Vﬂi A A Dl AASTEFol 878k EERDS BFo F 9‘]@

of AT ANUAE aHlsta Aot 2L oA AHlo] A3 A
7= B2 %= PAL du. 53], siae] A w47 < sk 342—11_5%
259 W3yt 10Tl 7‘%ig sfof gttt =3 stE7]e 75
F7] f13ted W71 E AHgste B2 duAE ARl AHE oY
= 53FA 9, Heat pumpE AH&3tY oy Ao &4 HAssto] oY
A5 Y5 247, A3 53T o) YA AR vgo] FHET. dyA

3o 718 =1 9 AEIAE £ 163 179 YERA uvRe} 2o
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16, YA A7 vl E4

T B Al 2~® A ] A] 2 Ay
& F 6,4214 % 63,1584
10 I 51373 -
ARCNCR= 6297 -
A 12,187 63,158
) 50,9717 <
¥ 17. YA dHda34E AS5sH7] s 712z
SO A 225 A XA 2o L
A& L 3,6004] ZF 3,6004] 7F 24X 7 * 309 * 570 €
A7 Wy 2,880 7+ - 24X ZF * 30U * 470
Abg 2 A71(FEAHE 1) =
o= - 1A RAdHe| H¢
v T A7) (A -
B (6 i Y4 Brbsstns 49
dAsd JESE 1,0709/kW
1,000 / 2] E]
47t AHge T 36.49 /kW
g = 860kcal/ kW 9,500kcal/ 2] €
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(1) A A

DAAY Bhe @R 4FHY ANE EYE —?%7@ 1,000 X 3.3m2<>1m zh
A 50ES A4

TH(E18).

ok
n~)
>
o
rE
=2
o
i
o
N
rr
o
(@)
aQ
2
lo
r°1'
_\1
rlr
N
N
o
o
é
_L4
[
T
£

@449 A e AFAPe A7 AA 44 250 Y/vHIE Bk FF R
sto] BWEA o) FolHA AAS FE sHARTHE @AF sHFol AsY e §Y
itk @AY wmAFAT F4FA Ao AGH ARLE Fo| St Wbl FE
Aotk FF thitmel Aol H7] AsNAE el FHANC] o Foi gy FA
AAAL L el BYu WA,

OAEAF TAA Bk YHUFC=57) : 57 x 50%= 285(AEFTTF 71¥)° AT

¥, WEAS PAZ=0% DALY FES PR FROE BUTF FE=50%

GALRFR AHE7HA
Ab=7HA: A4FEE(50,000kg)-2 717 (1.8g x 800,00071)=48,560kg(5 5 F)
48,560kg(S 5 #)x 2.85(AFEAF)= 138,39%6kg
138,39%6kgx 2,000 /kg= 276,792,000 ¢] H T},

@sl 4k Fujzbs @Al AAQ 20000%/kg2.i st S A 2~ E)
of AR Ad dulel N7 =& W Bwirt 7hsstr] wEel o] ARG

_70_



2 dZ4dS4d 23, @9 1,000,000,0009(104), 9] 316,630,180 0.2 LHEFRE

7] wjEel A

A

, B Agol 23hd el 18149] Fe 717he AgoR sl WA

3 el ake] ms, AgAzE e o] 5}

of ozt

7] W&

A=,

S ool Aolm Ag7)&e] AdT AL

AdolA e
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% 18. a2kl SAALEA AAY BA

il

ol
2h

Bl = (RF==A])

A 1,000x3.3m>

o A2k 1 50,000kg © AFFEF  AAFENIF)IE RETFET ALE
o ¥ 7] : B+ 60gol’d

TEFAAR) ©F800,000 7] oHFAEY S - 1270 L (W 137hH)=Ad 11¥€ ~3310¢
A I AFALE F(A) 10,000,000 o Al EY AR Z 10,000,000 /3
A T4 vl 200,000,000 o %] 4+800,0007] x250 / 1] =200,000,000
A2 H] 276,792,000 OFC=5.79] ZA$-(& A3). As5%7} 2,0009/kg =276,792,0004
274444 (B) =R 25,574,400 oolojB 29 BAY BE, 7| et EH 5 74kw/ Y x24h/ D x30Y / L x12¥ x40 /kw  =25,574,400
610,338,400 -7 1l 10,400,00090 | o AF(1tH), FEF(10H) 1,600 ¢ /D >x5Lx1,3009/ ¢ =10,400,000
T Q1N 90,000,000 o2, U832 5%x1,500,0009 /™ x12¢ =90,000,000
F4l1] 4,800,000 o A&, HAFEFA 5 400,000 /L x12¥ =4,800,000
Z7)ekd T 2,772,000 0231,0009 / ¥ x12¢ =2,772,000¥
OFZ AR 5,000,000 o % A, YA, psbs 500kg( £ )*10,0009 /kg =5,000,000
ZHE A 4H8](C) FH 21] 18,250,000 010,000 /32] /21 /L x52] /A x365Y =18,250,000
30490 000! W5 8] () 3,600,000 030,000 /Y <30 / D=4 € =3,600,000
A Z A EA] ] 1,000,000 0200,0009 / Ex5€ =1,000,000¥
A4 ] 7] 1) 2,640,000 08009 / m'x3,300m’ =2,640,000¥
7| Epxre| (D) 32,541,420 0 650,828,400 (A+B+C)+5/100 =32,541,420¢
5 Rl 683,369,820 0 683,369,820 (A+B+C+D) =683,369,820¢%
Ehe| A Ar e #t(ke) 13,6672 0 683,369,820% ~50,000kg =13,667¢
el = 2 1,000,000,000%! 0 50,000kg % 20,000 /kg = 1,000,000,000¢!
0| 9| 316,630,180 01,000,000,000%- 683,369,820¢ = 316,630,180
A4 &%) 46.3 0316,630,180% + 683,369,820% X 100 = 46.3%
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A1d 7= 531 2A4AS

(1) Lab-scale(50L)o| A &) A543
2 APE S ARA A 2E ol A9 s dabsAdd S AT vl Ao A A
AXo =z A77} ofF 7] ol AF7tA9 ExH £ 2 I B A G FFAHE,
2006)5 st AF7HA] L ARSHEH =
2He] AW d

A a)atel

7
%ﬁ%%*% 3,833 g/5Z(0.18m)EA AL EF2e] H$ 7027 kg/3.3m”

i)
b
N,
N
>
Ho
m—?{-“
4>
s
rlr
_|>L

>
o
2

o
u
ot
[-'O
o
i)
32
iy

(2) Semi pilot-scale(300L) ol 4] 2] /\}v:r A3

IUEZ HﬂdEP Zlol SHEAAT, AAGFFzd e T2
AAZ} FxH o2 TEEA 70 kg/33m’e AHS TGx Eeoh ol#d EAH
= A

S8y A5PFxe oS Bl 21

o,
rlr
B
Jo
o
,_\
8
=~
&
QJ
QJ
BN
_VJi
rlr
B
k1
inz)
b
2
b
=
ol
pass
o
Ay
r (
£
.|
>
-
i)
=
K-
>

T}
o} & .%37_‘?:1.:—«] A& A RIS RAE RSt loading testE A A AT
A7 15-25cm, 18-30g(H o 24.1g)M Bl & UTI 5= =
=2l 103 kg/0.34m” (=1,000 kg/33m)Z A &3t Th 90U Foll BT 202g0 2 A
now, HFHor AN FFTFES 741 0
7195 kg/33m> 24 AP 2fo 21UEE §A5t=d AFEAch

o] Ao ZA3IA l ALsl o] sAArgeld o 5H iAo RAEA, AHFTA VI
o ERY Y, =FgE 2 =AY EAE SAY g Ads HolA AdH

|9 == w20

-

N

(3) Pilot-scale(1,000L) | A1 &] AL54 3
2 A3 2 Semi pilot-scale(300L) AtSAPANA 2AHEZ9 AS( loading)©] 7Hs
7] WZol o] AAE ZHE scale-upste], 1,000LHF TN st AFEAHS
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A=At
gy, Austs 2 e AEST F5d FABHE BFen FAFFE 10
AEASE 14108 F8 Azd AR »}Emm. AEERS ﬁgaw} ) 4ke] A

m
A FLI FAAO A bt AP AT G APTFE AAst] AHolxx
ool BT A3 SA MM HudFs A
APAT =R G NM= =7 3gREl7t 101€ A & Hd 120g0.2 A W
S o Wk, A FA FAeAE 7] 25.6gEI7F B 29.8g(16.0-32.0g) 22 A&}
Aol BAstAY, Fdasdnh ole e ANEFARAGEH) S WEed dEdA=
]

2]
ozt A= sfiitel AHolAHE FAT FHLH(EFS AsxFH)cEe d4FS
71 & o flaol SHEANT. FF g AYHLE BAs= A4dd 7=

(5) SRS(Shallow Raceway System)ol] A 2] A}-&43

EAGE A AT A2 dEel AAETE AMde]l SHEV] i 1EE
el A elakel RS FASHHA AdolAEeel We aEste] AJide] SRS
(Shallow Raceway System)ol A &l A A& Al =38AT

O AR AT 18158 7 0L Foll WEE 82.6%EA] Bt 37.36g0E At o
AT 149.8 kg/3.3m’l 33} = AT ole FF S siFFAl 1=

= 4
o Mgae e A FAPHE AT HUk
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0099 12€ 49 BFFAA 23cm, BHA S 1.8g5 ZH7te] AAZE 23 E
(4m x em)ol 30,0007t2]E AA Bt 871 Fol= =

AAste] GHAT WS 658 kg/3.3m’E 4 82 oA AFAS
}Oiﬁ} B AT7EAE Adste] futgtelA §Atol 2 sfardale]l 7t
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A5 AFNTHAANA =T eS| =E 1

1. s HOMEY GROUP(Lf 5 2 4 [H#)

(1 It s

D Homey Groupe A =3< FAlog 3wWo] wafut uithel e glow <

= dHFFEH AN/ =T 1% A LEFTAAA AA.

@ 284 71y 50MA 1 F W A 18704, A=A 5043, np
214 4.3Fmmu), FHFTEASA 80,000nt, FAMEA 30E50(3,9009 ) A
12,000%3.

@ F A4HEFL Homey(irEFK)ehe FEZA JI-HENF, WeFE, olf, Ad, W

Y E *@’&O]E}lﬁ: 32 HACCP H= #rtb ofyel v=FDA 1%, 1SO-14,000

ry
2

o
o2

flo

TAFAJDSAAE 7=, HEAQ 7Idez dedFe T2 Aiste Lutls
WRAEMAREEA AL FASAHS FESE R LR ICERKRAHRATZE 9

19 46. Homey 152 3 A7 13 47, A A ZEAS A

& 3

RIS
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(2) Sl Akekal Tl AP AL 3}

e

2]
D F2WA : 400kr(20kn x 20kn x 5-7m(ZF4) , 4%ha,
19238924, -yt Alsts F7]

@ G - FAANGANOE AT AT S, TR,
F52 s FHde 5EFEA
@ AbEHo] ¢ FEol(AAA A o F)
@ FEYF 1097 1] /d(25,0007] /ha, 257 /10m7]1F) 5€ AEsdE 104 5
o 100gal 4t 30% 5 AMH 3, U A= o] LA A =, 7holl AH A4
® AAF 1,500 B/ (S 4R 1.25kg/10% /)
® A4t 29462609 9)

1% 48, FAE TEHE 19 49, SR FA R A

e A= %

198 50, EE vy H3 2o At
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FA: SR A2 g2

ABFF HZEL20%)+AE 2 5(80%)
$H.37]: 200 v /kg(@5.0g), 67N L3 AHS
AY2keF :50,000kg /E/ AFAARE /2R
Akl - 2 AW E26919), 205/ W)
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(4) A FAYL A&

Az AHH ),

3 abAl & A
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[Namo of product] Liguid ses cucumber
{rrseiton] Wi s carions e shinesas, sugs sl
Ispecification] 30miX10 pieces

[math ity of use] m—-‘

[ Standard)
[permit of the hygiana ] Rang Wai -zhang Shizheng-2i No1639(2005)

Distribuor:ShanDong Homey Seafood Vendition Co, Ltd.
Ltd

Tok: 06317438888 7438158

Fax: 0631744780

Wabsits: Htpfww. oy, com e
Email: saloghomely.com.cn
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() A B 4

DAFAA FUR Ashare] BAHE NG ngkrh A5
A9l Bae s

@ue Ag HUA F571 AYsHe Aol DFFoIh

BN FEE TYFUA F57L AU AYHA Wt

(BEL 750l £2)

8 74,

A A g3l a8 75 64 AGFe] 3FTF SiAEH
(3080] AUHA ZAsjaz guaae =4 (A PR FEEo] HolA| o,
7 AAFAE A7) ZRake Zoo] Ayl ddAelME ofgtel FEe] Helr] AlAE

o] 7FAA ] Z=ZEo| AW H, A7) T4k A9l 3
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@) sNAEe) Mot g 9 oo Es
DAE L s AFE FUOE ABFU HHAEL ABEIE FHOE

deletl =

£ 19, Sake) BB AP % ey R

T 7 & ZF H 1

IR E 100.0%

e 76.0%

chal 21.5%

) v} 0.3%

gerdhe 1.0%

32 1.2%
HEt 2 7719

H] €} 71 B1 246 mg/ ¢

H)E}YIB2 0.129mg/ ¢

Ca 50.69mg/ ¢

P 154.42mg/ ¢

Fe 0.45mg/ ¢
opbm] -2k B

ASP 303mg/

VAL 159mg/ ¢

MET 41ng/ ¢

ILE 144mg/ ¢

LEU 194mg/ 7

PHE 129mg/

ARG 139mg/ ¢

LYS 183mg/ ¢

TRP - ARME
Ad 2 grle=4

AT F Acidic Monopoly-saccharide I 22 05 26 it

HZr 2o|z Chondrotin sulphate EUGED
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3.

2)
@
@
®
@ TLHA =D AT AT 125 kg/H/ @
®
®
@

AFA AT AAE R

(D FEANIR

O TEANE B3 . SUFAHW A KEE)
@ FTEAL3IA WA ¢ 6.6ha
@ HiF BA : 4m x 6m x 1.5m(¥E°l), 255 /7%
@ HIAAHF : 50,0009 (250kg) /78 /B 2, (@5g/ fE)
© S AT A4 ;- 35ke/H
® oJdsATFd7HE 1 2,0000C/20%H0] / kg (6.5 /5mg/ Hl)
@ ArEFol : TEAFTY 5-6%/Y, 3MAE s Fole
70% wolgt
FA e
- B Agole WY 2xkdE SesiH AASFY 1/33ER
4R HAE 5Y itk AA g

- &&4HA : Bmg/ 4 (ppm) A
- Y] 18-22TH A

- AL =S &4 w OE
5

4% AHFEE A%

€ FH =7] : 200-2,000 "] /kg
U= ;109205 7]/10,000% (10-207] /33)
[e)

=
AT 10 E/4TH /2A7F S BEgg AR
&

Ats wol sl 2R, 2/ EY] 2 Ao S WA R
A lom W EA A& 22

P . AF27)ol= 27-28CT /A A5sta AL

U A& e A Aol gloka 3k
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2 2

1% 80. Higol =Ed sfiatke

2(50%-)

3.3m

S
=]

A717F & = 2l
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ol

1 FF APAE 3

=

FBL

i

(D A&F= ofusfidAts
O A FAECEREED
ChEAdutchE 59%, A 14%, =90l 7.14, STFE 2.38%,
SAM =7 23.8%..... A 106.32%
WA A A 4:18%2] S7HAAAE 5.9%)

@ BEZALEh KR

A Fol(Bl R iFE) =T 80%, & 15%, ALTFul/b+# 5%,
BEAGENX-794 2 g )37 FE3] =
=7 E o A AT ROCHRESD4,000 7] /ml 3
@wol®F : AF 10%

Ghgol A« 28] /U(d 30%, AGFH 70%)

YA ARG 48%—TINE F(F o] AALL 5.2%)
AR S0

2) TEAE AR
O AAALSGEAEED
ehAFol(BlREiE) W H Y 10-20mg/ nd
PujgErE ol : 10-14 mg/m
PANEER : 6-8 mg/m
@l 24 3)/Y
EpE-o| Ak - A Fol el & =g
@BpA] Fol & o o A= ¢ AlA
of BH3H W=AAZIE AEs) d o NX-709] =2 Azl
ChAIFolga A o ALY - AR -FA Ao/ RERH 7] o7 E-oTa
A (Bacillus subtili)—>NX-702] Q=2 ZAHH NX-709] Q= 28 d-aF

@ BRABW A
DFEAE OB, AEBY, AAED, FnTF
Waol& : 20-40 mg/v]
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gol3g : 3-43]/d

@HAE : 50-10.6g7hA Z7+

@BAZE - 1Y H 90%7HR A=

@iols F2 oRtel AAHER ofzke] Relge F3he) 22 Fol T
(3) Bogogg wo|yE

O FR(ETEAAE THLE)
oDy Ere(FF2F, Chaetoceros mueller) 23S A A
T2 18-20C ANA 7 & WA
Ok i (25, Phaeodactylum sp.)
©ES W (Dunaliella saling): A~38olH 4380 45
@I A& - Y] A
EIGTERER) - B EaRE FEFD A
@DIG R i (AR, iAol R Aket, H|E ) AL 5,
Sargassum sp.)
CHE R (R 0],  Sargassum thunbergi)
Ch NI (A M 2, @S2 &, Zostrea marina)
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5. A=xsate 7t EA

(D sfake] =2

e BEdgoz 1del 23] A3 Jo AMFIE A JalHd-592)0g
sith, Baate BEXo] T4T Hol ouvg HEJIX/) vHwE =t} /1S ks
9] sfiak, ARk o= 10-12€ %) FJo] ofa FHo] ¥rh MY BE A
o

@AM

2349 42 1AZF Wl ZE FERE go
AMNA ZAA7F SAFES St S|4 AAE o
StEE 7)ol et

QA%

Ago] ML aake Wule] B

Zo] g W yyrAow 2

A pEo] MAXA %=

29l 5 9o AEL ATl U, ol

2 5 siare] Aol weksta Aol 27
!}
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