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SUMMARY

Development of technologies for livestock manure treatment
and high quality compost/liquid fertilizer production

We did Carried out in oder to investigation so that discharges and liquid fertilizer production can
use activity sludge clarification facilities we were introduced and we crawled to livestock wastewater
disposal processes. Introduction modulus was increased gradually of a stock raising farmhouse at the
same time, and we attempted livestock wastewater resources anger and that improve movable modulus.

It was Investigated the operation present situation to running farmhouses and that method of
investigation proceeded high level disposal experiment to background. High level disposal experiment
did to Pilot experiment of Lap-scale. Used the sample which we drove Pilot and it was happened at
excitation and that proceeded adhesion and chromaticity ablation experiment as we classified whether
or not Pilot experiment was HRT and inner return. Put a sample of too each experiment and that
inquired into budding state of Chinese cabbage seed.

The operation present situation of farm households the concentration such as three places of farms
and a screen, deposition cistern effluent BOD of two places of farms that dealt with physical method
First - Last treatment, the SS which we used coagulant and dealt with First - Last treatment to physical
chemical methods large contrast along most effluent water quality standard treatment method was not
to an activity sludge process to bases.

As a result of F/M was empty and having driven to return inner 0.01~0.08 kg-BOD/kg-MLSS - day
about 10Q as a result of high level disposal experiment, the average BOD numerical disposal, the SS
concentration each 57mg/ L, 81mg/ L, T-N and PO,”-P concentration was able to deal so as to be
able to be satisfied with an effluent water quality standard as each 108mg/L, 29mg/ L in stations
whether or not there was general. Be judged to what as a result of we introduce an adhesion process
chemical treatment and having dealt after coagulation, average concentration is measured to 36mg/ L
each BOD, SS, T-N and PO,’-P, 42mg/ L, 104mg/L, 15mg/L and we can deal reliably an effluent
water quality standard and that below with in quality of water conservation districts.

F/M ratio 0.01 ~ 0.08 kg-BOD/kg-MLSS - day was drove and as a result of having investigated
characteristic of liquid fertilizer, average concentration of T-N, P,Os, K~ operated inner return in case
of disposal numbers if we do not send back the inside and nitrogen concentration is measured 4.5 times
ideal to high than cases use anger toward liquid fertilizer is enough and be judged.

It was showed with a germinating rate more than 85% except a HRT 20day case at the budding
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experiment which chromaticity above-mentioned disposal chief of state contrast 96% became ablation

and that used Chinese cabbage seed at experiment of chromaticity ablation.

As a result, this study was initiated to examine the feasibility of underground anaerobic digestion
to convert swine waste into biogas energy. To observe this matter, we constructed a mUGAD at farm
scale and operated at mesophilic temperature using swine slurry and subsequently monitored enhanced
biogas production and biodegradation of organic wastes. In this study, the basic design standard of
anaerobic digester was examined. To enhance the biogas production and quality of liquid fertilizers
from swine slurry, modified underground anaerobic digester(mUGAD) was operated at mesophilic
(30~35C) temperature for 33 days HRT with organic loading rate(OLR) of 8 kg VS/600L/day. The
average production rates of biogas and methane (CH4) were observed at 3.04 m'/day and 2.02 m'/day,
respectively. The relative average production rates of biogas and CHs were explored 380 L/kg VSadded
and 252 L/kg VSadded. - Significantly, reduction rate of the parameters were as follows : TS 30%, VS
38%, TSS 48%, TCODcr 54%, SCODcr, 57%, NH3-N 18%, available P 19%, fecal coliforms 98%
and Salmonella 100%. The baseline operation parameters for UGAD and liquid fertilizers from
mUGAD using swine slurry were obtained for the entire seasons. The quality of liquid biofertilizers
of UGAD is proven to be good enough, which can be used as an eco-friendly liquid fertilizer. This
study shows that UGAD is a greatly desirable for anaerobic digestion for swine slurry with regards to
high methane yield and biodegradability.

Farmers directly spread the composted manure on their arable land as a powered compost. However,
there is difficult problem to solve. Application of the current powered livestock manure compost to
crop land is very difficult work due to its heavy weight and its powdered shape. For this reason, this
study was carried out to develope pelletized livestock composted manure. In pelletizing process with
composted manure, the optimal water content of law material for pelletizing was around 30~40%.
When rice bran was mixed with 5% as a bonding agent on volume basis, the effect of pelletizing
process was improved. On a dry matter basis, the contents of N and P of composted manure as a
primary material were 1.31%, and 0.58%, respectively. After pelletizing, the contents of compost
pelleted were 1.37% and 0.54%, respectively. The same parameters of pelletized compost made by
screw type instrument were 1.37% and 0.53%, respectively. The other hand, N and P content of

pelletized compost made by pellet mill type instrument were 1.06% and 0.68%, respectively.

This study was conducted to investigate the effects of fermented swine and byproduct liquid

fertilizer in fertigation on the growth and yield of lettuce growth. This study was conducted in a
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rain-shelter house which was installed in the agriculture farm. Plants were fertilized with swine liquid
fertilizer, byproduct liquid fertilizer, mixture of swine and byproduct liquid fertilizer, combined organic
and chemical fertilizer and with conventional application as control. The plant weight of lettuce in
treatment of SCB liquid fertilizer was severely decresed, but that in treatment SCB and chemical

fertilizer(SCB+CF were decreased 8% compared with control chemical fertilizer.

A novel process for the control of N & P ingredients of liquid compost was designed, and the
efficiencies of ingredients control and the changes of composition of liquid compost under various
operational conditions were analyzed. Conditions affecting crystallization of N and P were examined,
and well-planed experiments were also conducted for the development of slowly releasing solid
compost. The control efficiencies of N and P in the designed process were in the range of 11 to 22%
and 92 to 97%, respectively. The control efficiency of phosphorus by the addition of Mg source was
70%, showing approximately 20% P control without the addition of Mg source, and most of it was
due to the formation of crystal of MgNH4PO46H,0. The average removal efficiencies of TS, SS, Cu
and Zn 23%, 48%, 37% and 43%, respectively. The monitoring data of ORP and pH(mV) showed that
a specific feature was found on pH(mV)-time profile, but not on ORP-time profile, and the specific
point on the pH(mV) curve was considered to be occurred on the completion of crystallization of MAP.
The recovered crystal-solid mixture had 26% TS, 39.7g/Kg TN and 50.3g/Kg TP. Although Cu and Zn
level were higher than others, the heavy metal content of the mixture was very low. Scanning electron
microscopic observation showed that the crystal in mixture had a typical rhombic structure with various
sizes. X-raydiffraction study revealed that major portion of the mixture was MAP crystal and 65% of
the phosphorus could be recovered in the form of pure MAP crystal. The optimum molar ratio of Mg
and PO, to the total nitrogen(TN) in swine manure was studied. The temperature profiles revealed that
no organic matter was decomposed when 0.1M or more Mg and PO, salts were added and that when
0.05M ratio of Mg and PO; salts was added, the addition inhibited the composting process. However,
the thermophilic condition was readily established if only Mg salt was added. Further, the addition of
only Mg salt easily established an optimum thermophilic condition even at a higher level. More than
approximately 0.07 molar ratio of Mg with regard to the TN content was acceptable for the proper
decomposition of organic matters and the continuous formation of struvite during the composting of
swine manure. The MAP crystal formed in the compost during composting could be detected through
light microscopic observation and XRD analysis. Also, the rate of ammonia emission was reduced
when Mg and P sources were added, and the quality of the compost was enhanced by the recycling
of compost and the quality was proportional to the recycling times. Higher N and P ingredients was
found in the size of less than 2.8mm and XRD data revealed that this was due to the higher content

of MAP in that particle size.
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Concerns have been increased to remove odor from livestock manure because of adverse effect on
both human and global environment. Recently, non-thermal plasma application to remove odor has been
widely used and its feasibility has also been evaluated through several researchers. Therefore, the main
purpose of this research is to evaluate odor removal efficiency of pulsed corona discharge plasma
(PCDP), one of non-thermal plasma, and to develop odor removal system for field application. The
results of our research are as follows:

Removal rate of odorous compound, acetic acid, with different PCDP reactor type, screw-type and
cylindrical-type, was 40 - 70% and 24 - 58% respectively. The reason for lower removal efficiency of
acetic acid with cylindrical-type is that electrode can be converted from streamer to arc due to space
limitation in plasma channel of cyclindrical-trpe reactor. As electrode is converted from streamer to arc,
plasma channel is converged to one spot and possibility of confliction between electron and odorous
compounds is reduced resulting lower removal efficiency. Removal rate of acetic acid from livestock
waste was 28 - 58% with screw-type reactor. Compared to standard acetic acid gas, lower removal
efficiency was observed. In order to improve removal efficiency of odorous compounds with screw-type
reactor, previous reactor was modified and removal rate of volatile fatty acid (VFA) and ammonia was
evaluated. All tested VFAs and ammonia was removed over 70% and 37 - 78% respectively. Voltage
and frequency were varied to examine effect of PCDP condition on removal rate of VFAs and
ammonia. Difference of removal rate with varied frequency was minimal while higher difference was
observed with varied voltage. This result indicated that voltage is more affective than frequency for
removal rate of odorous compounds.

In general, higher removal rate was observed as voltage and frequency were increased. Optimal
voltage and frequency of PCDP was 2.5Kv and 1,000Hz for removal of odorous compound. As
treatment capacity of PCDP was increased from 10 L/min to 1,700 L/min, removal efficiency of acetate
was decreased about 12 - 24% due to increased flow. Estimated operation cost for PCDP that has
treatment capacity of 50 L/min was 1,572 won/month - 4,245 won/month depending on power
consumption when 20 of PCDP was connected in series. Since pulsed corona discharge plasma
technique has several advantages such as high removal efficiency for odorous compounds, low power
consumption, less heat generation, and no harmful by-products, this technique could be adapted for

odor removal from liquified fertilizer storage, composting facilities etc.

This study was carried out to investigate the effect of enzyme complex on odor emission from swine
slurry and the process of making swine liquid manure. Ammonia and hydrogen sulfide concentrations
were significantly decreased by using the enzyme complex of liter per ton level of liquid swine slurry
in the manure storage tank according to the time.

Characteristics of liquid swine slurry were affected by the enzyme complex, total nitrogen and
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ammonia nitrogen contents were reduced compare with control. Ammonia and hydrogen sulfide
concentrations in the finishing pig building and offensive odor compound on the boundary line of
swine farm were significantly decreased by spraying in swine finishing building.

In conclusion, the results obtained from this study suggest that using the enzyme complex of liter
per ton level of liquid swine slurry for making liquid swine manure may improve the quality of swine
liquid fertilizer and reduce odor emission. Also farm scale enzyme complex treatment may improve air

quality in finishing pig building and deduce offensive odor compound of swine farm.

Corn stalk pellet was evaluated as a bulking agent for composting of swine slurry. As bulking
materials, corn stalk pellet, sawdust, and corn stalk pellet + sawdust (50:50) were mixed with swine
slurry to achieve the moisture content of 70%. Composting materials were filled up at a cylindrical
fermenter (56L, high 80cm, diameter 30cm) and the fermenter was ventilated 10 min per hour (150 L
/m3/min) for 15 days.

Moisture and ash contents, pH and temperature were investigated at every day. The temperature of
the corn stalk pellet treatment was always higher and maintained longer compared to that of the
sawdust treatment (P<0.05). The volume of pile was decreased by twice (P<0.05). No significant
difference of pH value and moisture content were found in each pile. Total organic matter losses were
by 10.53%, 0.72% and 3.14% respectively (P<0.05). These results suggest that the corn stalk pellet is
more effective than sawdust as a bulking agent in composting of swine slurry.

Several bedding materials, such as sawdust, sawdust pellet, corn stalk pellet(CSP), palm kernel meal
pellet(PKMP), CSP+sawdust (50:50) and PKMP+sawdust (50:50), were bedded at the rate of
25kgDM/m’ in a 3x6m pen for Korean native steer (10~15 month-old, mean body weight : 375kg) and
the changes of chemical components of bedding materials and behavior of steer were investigated for
40days of experimental period. pH, moisture and organic matter contents and concentrations of NH3-N
of litter were analyzed every 10days. And the location in the pen and posture of the steers were
measured every 20 min for 24hrs at 0, 20, and 40 days after bedding.

At first 10days of experimental period, significant increase (p<0.05) in moisture and significant
increase in pH were observed. While no significant differences were found at the rest of the period.
Organic matter contents of bedding materials were decreased gradually during whole experimental
period. NH3-N concentrations were increased up to 30days and showed significant differences between
bedding materials. Korean native steer had a tendency to move toward the back part of the pen
containing relatively less moisture and took the posture of sitting or lying rather than standing, whereas
the he bedding materials did not have much influence on the Korean native steers’ behavior.

In conclusion, corn stalk pellet is more effective than sawdust as a bulking agent in composting of

swine slurry, as well as bedding materials for steers.
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For livestock manure's economical and efficient treatment, a proper solid-liquid separation of manure
discharged preferentially shall be preceded. Proper and enough solid-liquid separation can treat
economical livestock manure by reducing the amount of moisture control such as sawdust. Enough
solid-liquid separation increases treatment efficiency with reduction of load in the final treatment of
livestock manure.

The existing solid-liquid separation apparatus needs professional knowledge in maintenance and
repair. However, most of solid-liquid separation apparatuses until now are a solid-liquid separation
apparatus for water treatment not considering the reality of livestock farm. Therefore, the study tested
livestock farms for a long time, installing solid-liquid separators with simple maintenance and operation
as well as with good efficiency in treatment.

Generally activated sludge with microorganism is applied to treatment of livestock manure
discharged from livestock farms. However, in the event of livestock manure, it is necessary to supply
enough oxygen for its enough and stable treatment since it has high density of organic matter.
However, the existing oxygen supply method with air stone has a demerit of long treatment time since
it has a low efficiency. The oxygen supply method with microbubble has a very good merit to make
biological treatment of livestock manure in time, space and efficiency. Therefore, the study researched
on how to increase biological treatment efficiency of livestock manure with oxygen supply method by

micro bubble.

A major problem within the agricultural/farming community concerns the enormous amount of
manure produced by livestock; one possible solution to this problem is to use the animal slurry as a
liquid fertilizer. While there are several areas where this fertilizer could be used, one promising area
of application is within chestnut tree fields. However, since most of these fields are located on slopes
of varying grades and not on flat land, a different spread system is required. Generally, chemical
fertilizer is spread in the chestnut field manually by hand; not only does this require a great deal of
manpower it is also very difficult and hard work.

In our lab experiment, we investigated the relationship between the amount of fertilizer spread and
the length of pipe used at varying pressure levels. The hose in our system utilized PVC piping with
evenly spaced holes for the fertilizer to dissipate. We initially found that the amount of spread was
greatly reduced by reducing pipe pressure. While the difference of the amount of spread during
fertilizing was not great, we did find that the reduction of the spread could be correlated to the
frictional resistance of the inner lining of the pipe. Based on this, we hypothesized that an increase in
pipe pressure would yield a consistent spread. Additionally, a similar outcome could be obtained by
regulating the distance of the holes in the pipe and their diameter.

Another area we investigated was the development a spread system for a vinyl based greenhouse
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used for planting vegetables. These types of greenhouses are normally six to eight meters wide; the
spread system must be contained and capable of operating within this area. The system we designed
for use here consisted of the following parts: 1) a reel for the hose, 2) hydraulic motor and cylinder,
3) discharge unit, and 4) a frame with a 3-point hitch link. With this system there are two types of
hoses that can be used, a flexible flat hose that can be mounted directly to a tractor or a solid firm
hose which usually separated from the tractor. In either case, the discharge unit remains on the tractor.
The results of our areas of investigation were promising. We found that by using our spread system

overall efficiency was 5 times greater than spreading fertilizer manually.
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weuhE o] 85t Lﬂ 7ol A Ao m AQtE 7] AlARE A2 1953 S22t thehe] Reid
W7E u) o] YRR s s ©@ae3tE AQbsHHARE AIRFE Gl oW 27]9] uhEy}
S£4° 1 L/mhr (LMH)Oﬂ S5 Th 124 1960 Loeb®} Surirajan®| F£1-8-<450] =31 4
AAEo] & A4FE B Ndstal o o224 sjawpdt uhie] F4o] AAdS 2
Agst= A717F = A O]U H2 A E0] st A= e FHol= s
o|e]o] Ao 1 &8O WeZF WAL = FAll ok ey RREE] B
TDS (Total Dissolved Solids)7]- =2 A ee vrEE 342 A8517] Y= ARl &8
= Hlgo] An Eeut BE9 § = HMo] HA dojuA EHof R Al Hat w77t 4
of W& FAHEol &7 HSloh

webs] BREdo] W Hgols 12
anpFolglov, Eeu WY vk £55< £0)7] {3 AAg
5] B2 A9 gl Hashy g | Ao |, 2001).

Sibtrol| A8H Iduy vt we 19 FelE SARERY o1t 5 F8 dUie

= FH £ 229 2Eo| AEEon
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7 WA MY = T4 F-= 2 (suspended solid) @FFo] ot AUl A 74| Alg-f
Taonls fHAuE o= S-8517] QoA THAL] O] By o

7R A RHEAY ol AA 70 ez ofipEm Frjole ko] vt A2 oy
7F frEfshthal HASEATHY &, 2003). 12y EH|Th oj37] oy B 7wl AEE S5t
of FR=29 AA7F 7Hsstt)

=Uol| A 7ierE Eju]gho] 2bolH](compost leachate)= U SCB(Slurry composting biofiltration)
ojgfil stm E|B|The] MR A (SR o4 D)olA SRl sl ofifelo] EjH|d nlgo = U
2 o] HH|E ittt Eu|ojibps vefe] 84 f71Ed HH Pok 4 55 &
skal glom QA e wow Ffago] Aof w|, oo &-go] 7hssith EHT
Ftole| = N2 HE 22T g SEE HAAL S84 okH o g JLAK|o] 9ith

SCB (slurry composting and biofiterration) i H]+= 7|& &8 2] EH|S} Al Q] vlgS 7j235}o
E03 A& Anjst 75 Fke o s AAHE dujolth SCB o wolln] o] E42 A
Aapujo] wlste] o), 2As} 1, o7 Ae) glov] MEgR Pl U ABE o
olof a4 ol vhg e AWAY ulolrt. Hulg ojzhelu| S A5k FHE] Fu|A
$3 0] % iAol ol o] sakA Hek. Ul ofzh Aol A wEEE ofsojuls 7t
Fo| BB} vjFasse] deEo] i opuel 714 aol

Neg olgat WA 5, 1997 ; U 5, 2000)2} FARAE wEAU S o] gt Thul7

2 Ho
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o]

Hj(Z Z, 2000 ; 3= 5, 2001)] 3t A7} Uk Jarecki et al (2005)%= EJH|th o] Ffolu]E o] &
Aul& 03_ g A7t Qo eyt s ThERERE 85 A tig A

(HISMIRZHHD 712k El - HH] S SHYEE o7l i

F22 hepe] Wae} A TYRL Q7] o] Bl ATT AP AT 2Gget S
e B4F BAS WYAIK). thebd 40z FUMe] M AT Helrt aF Ak Huls
LA R4 7S olgatel ATAA BAE YAl o8 F Y MRS YA
3 S B A ol MR o7 5714 Bt RS 4 WAAA R}, WU
3} 5he] £35S AEAI Hull GUE 2R 2 GBS SAste] Eokel Beld 4
& PPN, Hulsh g e, SR, pH, F71FF T2 ONYI, RS, G,
A4/ FHFASYE S B3 Mol GRS Wrh(3). B Hub B P2 AA, £ §7)
B 37 EORY) WANE AF AR A3 AV FH@) 59 olHS AW, Hulshi
57 e EHol} nlehy Hult 03]

Struvite:= ©}I1UY<E, dEyol 1E Hl
MgNH,PO,-6H0)7} =m el =xsto] 4 Hrh Struvite= APEAA F22 24 3HEH
wskdo|L Ao 7 gt FE| B HAE SR 7o moko g AL} Struvite=
BEUS FRAR 179 WES YL S0 27
=0

Ae A 5=0H0). Stuvites 1M Aol w2 Bl B oI (6), Bl 4

Al % HEW
oL, EF F47h 2 Aolo] JEAoz Aol sisw ghad Wl AHEEA
struvite®] ARE WS wro B ol H|RE HQ R sl ZHEo ]85k Aloju, ARt
v ol FRE 7] o] AR l &l AREEEHT). W25 E ged
struvite= 2184 A v| 522 AFRE T oy AR Q9] Unitika Limited7} AP Z S 2 struvite H|
25 Aibste] o= Bl= 3]k AT Sha QIk(8 ) Munch®} Barr(9)= S0l Al struvite ©]-8-f
Wl AGSHHA struviter= Y, W B, A, ofAl] 1E|al E3o] HEof 2ol Hlg®
£ 4 ATk S Sriete A B9 oS LT SRR SAEIo] ALEE FF
o FatEe] e Ev S 22 24 jlo] 2o ddES ol o o Ao
2 A% BET Rsk grh T ol B oS TN AulelE Ee) AL UehtAl 9
Loh10), BRI e WE SED Eof] AAE FEshs whe] gmiel 9u
(26.5-29.4%), HIEZ O] $2(2.6~7.7%), HZ(4.0-5.0%), FH ArZ(4.0~53%) 121 =S5}

=
(437~5.0%) 5] Zgow we ool Ahst AAET APl 10%E AFRER gor o
382-44.8%2] A gk AREO] o] RFTH1D). ALHQ Hao] g 2L A7 AL %5

st 242 ol HaL ok wWEkA TS Fieo) w2 FE struviteo
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el o] blgh SN §71EA0] e BekElo] T oNHe 2 Tl 4
7} 9ESH=T, Kithome et al.(13)2 A1R-S 2591 ok =u|s} & NHH 2 £AES & Ao
Fol 47~62%etal Eilskal Qlrk NH; A2 vle =i Eu|o] F45 Wil of Al 249
YQlo] Hrt

= o] 243 g 23
7 EE Boths i WAIE e BTk £, 20055 4, 2006; 4 5, 2007). 53] o] 2 o
G BAES S 2L SR AE WAHS A/ el BARCH: thkat B3 BAS
o8 Qzke] F2t J|He AFstel BAS WAALICHE 5, 2005). FHY AL s )
A HAAA, SAE 27 B 2] YA go] R ulRe] Wae] ofs) WA
Fol glom Afstelaal, Aeea U WA 53 ol thitm Alu|oA WAt 4
97} SIEK(Sutton et al., 1999, 4, 2006). E3] ol HAbikel 7k hRs Hlof ZAet 742
BAE Aol A e oV AR Qlom 1% RANES ofgste] RS AATH: Hy]
A 79 Aoje] o} F) wedo] WuEH AR ol . 2009)

ojef Z2 ofF =AY mE el welE {8 EuEtel A= 19959 Hi7| & BAAH o o3
A =42 gt en 20057 oA o] AR o] ofFof digh HE 4t
=L |- = 2010\ 714 ddxpd oz orHEAES Aso] 2 0E
A=A Aol (3 ).
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E
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AL TIE AEetEEE A xiFers 23
Qe o}

v EoighE, B8ked, tholu| e dutelS, thoju ko] dufol=
20059 | Eefolu] ot

opHlE 5=

Zetoll

20089 | £, Aol WA HAE, Wolols Hel2AE, Hel2opeol=
N C e e e

= eotslol=
el 2ekstol=
n-e| 2 tejstol =
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1. 7IE52R XtEst R UFH E - AH| METIE HE 39



R FFYA M= FF S Al TAA L VEAF R et wiE V|Ee A

H 2. X|IFAF SH| HiESE7IE(HIE)

S iS58 1= 75 HHESIS7IES He
B SEUXIH 7|EFKIY (ppm)

1 | gmyo} 10 o]3} 5 o|5} 5-10

2 |vgozier 0.1 o3} 0.05 0|5 0.05 - 0.1

3| sk 0.5 o]a} 0.25 o|3} 025 - 0.5

4 | co|ygdMutel= 0.1 o3} 0.05 |3} 0.05 - 0.1

5 |trolmgto) duto) = 0.3 o]a} 0.15 0|3} 0.15 - 03

6 |Eztolmeolvl 0.1 o3} 0.05 0|5 0.05 - 0.1

7 | oHHEYTHSlo| = 2 o]} 1 o]&} 1-2

8 | 2Etoldl 30 o|3} 15 o]3} 15 - 30

9 | ZRuuUdsio|= 2 oJs} 1 o]s} 1-2

10 | FEEYUTslo|= 0.3 o]} 0.15 o]3} 0.15 - 0.3
N ez ergeto = 07 olat | 035 oJa 035 - 07
§ 12 |i-gt 2oty st = 02 o]a} 0.1 o]a} 0.1 - 02

13 | EFA 900 o|3} 450 o)s} 450 - 900

14 | =pal 30 o]3} 15 oj3} 15 - 30

15 |HedgAE 440 o)}t 220 o]3} 220 - 440

16 | Hgolo]AREZAE 200 o]a} 100 o]5} 100 - 200

17 | FE|Zotgo]E 8 oJa} 4 o3} 4 -8

18 | ZRu] 24t 2 oJs} 1 of3} 1-2

19 |n-fE| 24 0.07 o]t 0.035 ©]a} 0.035 - 0.07

20 |n- =4 0.1 o]s} 0.05 o|3} 0.05 - 0.1
21 |- =2 A 0.05 o]} 0.025 ©]3} 0.025 - 0.05
2 |i-HEzedae 10 o]3} 5 o5} 5-10
I 3. XHAUFISEL| HESE7[E(EXIEAM)
as HESE7 1= A5t HIEEIR7IZ0| WS
B ZAUX|H 7|EFXIS (ppm)

1 oo} 2 o]3} 1 o]5} 1-2
L2 [z 0.004 °|3} 0.002 °|3} 0.002 - 0.004
I] 3| Fskea 0.06 °]3} 0.02 o|3} 0.02 - 0.06
- 4 | co|yEdutel= 0.05 o|a} 0.01 o]a} 0.01 - 0.05

5 |trolmEdo)dute| = 0.03 o|a} 0.009 °|3} 0.009 - 0.03
fj] 6 | Egtolm oyl 0.02 o|3} 0.005 ©]&} 0.005 - 0.02

7 | oHEAT S0 = 0.1 o3} 0.05 |3} 0.05 - 0.1

8 | AEtola 0.8 o]3} 0.4 o|3} 04 - 0.8
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(7<)

E HHESE7 1= Hzst HiSsIE7|ES| He
= ZYX| 7|EFX| (ppm)
9 |Zzueoy o= 0.1 o]3} 0.05 °]3} 0.05 - 0.1
10 |Hel2dgstol= 0.1 o]a} 0.029 ©o)s} 0.029 - 0.1
11 |nalgEetysto|= 0.02 o|3} 0.009 |3} 0.009 - 0.02
12 |i-gg oy sie)= 0.006 ©|3} 0.003 |3} 0.003 - 0.006
L1 s 30 o3} 10 |3} 10 - 30
T 14 A 2 o]} 1 o]} 1-2
2 15 |HEEAE 35 o|s} 13 oJs} 13 - 35
S 16 | HEojolarE EAE 3 o3} 1 o]s} 1-3
fd] 17 | FE|[ZoMEo|E 4 0|3} 1 o]3} 1-4
18 | =23t 0.07 o]a} 0.03 o]} 0.03 - 0.07
19 |n-HEZA 0.002 o]s} 0.01 o]s} 0.001 - 0.002
20 | n-akEAL 0.002 o|3} | 0.0009 |3} 0.0009 - 0.002
21 |- EAr 0.004 ©]3} 0.001 o3} 0.001 - 0.004
2 |i-HEgEzgdae 4 o)a} 0.9 o]a} 09 - 4.0
o|e} T2 o FEAE sfasty] flsl o7l 7HA]l AFHAA TIiwo] AFEIL Jlom F= ARE
i Qe A= dad, I S5, S0 AR Fol Sl SRR 71Ee A e
AAREC] =2 FH2 o AH|9 &3y} ofgal A IpAoflA 22 e Yo] UAS 4~
Uth= TAIF] Qlo] FEol= AAH oY na&A ] A2 EetzutE o §st= A7 S
|

T ]
5] Y=L ATHA 5, 1999).
Z 2= ul(plasma)Tt Tl -5(Collective Behavior)S s} o], A} W A AAZR FLAH o]
2348l 7} A (lonized Gas)o| ], 7L WHY 7] 2ol ket Abolat BACHA £, A UK, o] &5
£) AU Sk B3], G71eF Sekn} €49] A9 SIHDe-SOx) U W](De-mx) 5 o

Fho] Hahel AR ulgEY A Qb AW Fo| glom, nF mActehm A o7 A(Los
Alamos National Laboratory)E SHO=2 A3}t HoAe nAlE U 54 549 EH61- A=
(Decontamination) 2 AF(Sterilization) A% Z18) Fof Qth # 4= olg st 7| Zh=n}f

(atmospheric plasma) 2|2} o] 59| EA& HolFal §lal, o]F o]&sto] {3 7t~ AHYE &

- Zh2bel Eet=ukd o) A aaS vljalste] Awstal Qlek o] yyol Eet=utE o83k o
:rLi% A5 LAY} HAsto] E7pR(Tokamak), 2~®2}2] o] Ef(Stellalator) 52| A7} 4]
o, &A IJYoAE =¥ ZHE EFIH(Korean Superconducting Tokamak Advanced
Research)o] 7}t zoﬂ O“’% A T4 Eetznts @A WA 9 AR 5ol A1ZF (Eching),
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H 4. 7] LE=EE M75h7| flet S2la0f X H =4 =4

Plasma Electron Gas Electric Treatment Flue
Density Temperature | Temperature Field Gases
Electron Beam Very High | Extremely High Low Very Low | Acid gases, VOCs
Dielecric Barrier Discharge ) . . Oxidation of VOCs
. High Medium Low Medium ]
(silent/surface) or acid gases
Pulsed Corona Discharge . .
High Medium Low High VOCGCs
(PCD)
Pulsed Power Very High High Medium High Acid gases
Capillary High Low Medium Low VOCs
Extremely . . ODS/VOCs toxic
Arc/Plasma Torch ) Locally High | Extremely High Low
High gases
RF Discharge High Medium High Low ODS/VOCs
Microwave
oW High Medium Medium Medium ODS/VOCs
Discharge

3 AL}
A EAr5 ore]
I

5k ¥ 5= Plasma

3 404 Bl e} Zo| WA ;L b Bepanks Zepav WEst
Froln] 7k 227} W A71Ae] W B of J

1=

Yz =
Fath AR A 9718 e) Helo et mgo

» H
_o,;g
—“w_z
H:‘_u

Soojole] WS Bk A FHS 29 =X AE - W71 VOCsel A&
F15+f pulsed corona o] AAH S F IREFH & 5= 9lon AuHY=R 5o B 571 &
FE7F ok 7] 2ol & 20 A<} o] ool A= pulsed corona o] 9/ VOCs<| |7 o
e o e i

q

< ANUAE 7HAA = A
= Oﬂbixla 7W7ﬂ Qoi B2 2ol AY] AdApel w2
ARt olu), =& oA AATE FAL AR E S VOCt
25 BolHEle 42 diA HAE Alrske Aol

i
o
)
Lo
o
N
1
L)
i

o ru K x

H 5 E2tA0rR} 7|} e2iEQl XM2|7|&e S84 Hln
uv Glow |Barrier
Target UV—=C| Photo |Ozone Electron| Gamma Dis— | Dis— Pulsed |Pulsed| Sound CI/CIO»
Pollutants Beam | —Ray Corona| Arc |Gravel
catalyst charge|charge
Micro- © JAN © o © o o © © JAN o
Organism *
Oxidation
X © © © © © © (] © X ©
Power
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(7<)

uv Glow |Barrier
Target UV—C| Photo |Ozone Electron| Gamma Dis— | Dis— Pulsed |Pulsed| Sound CI/CIO,
Pollutants Beam | —Ray Corona| Arc |Gravel
catalyst charge|charge
Algae
8 . o X A X X X X A © A X
Destruction
Urine
Components | X o © © © X A © © X °
Destruction
VOCs
) X o o) © o X A © o X X
Destruction
R l of
et x| A N A A X N o o o X
Inorganics —

(©: Good, ©: Adequate, A: Partial, X: None)

O9 12 & 404 BHoFal Qs F8% Sekbnt AR 9] AFeo|n 2=y e 7|
plasma®} @2] HA=2] FF27F bHe # oYzt 7]ee] Q17F 449 % (Power Matching Network)
N2we a7sx ekt b Zahant gurh AR A0 Erh ol Sol, e Zohan o %
A2 AT )5St A2 28-S 7HA= AR A Y(electron beam source)] -9 ZekAnt 2
A, Ton Reflection Part, 72|31 Electron Acceleration Part= UHFA O 2 LA Eo] Q18 W olg},
ZetAul WAy FEof glo] Fg-of wE Matching Network®] @ (e.g. RF ®3)e} A= &4 e.g.
g E W) g Eo] HAL] A48 A 7 Z(mean free path)S T 74 o] Qof] A AlA
do] WER aEolACkT 8 4 ook ofo] wha| B2} WHE A, = W29t Voltge
Power Supply 5 B2 &41A 1 1AL & 4= glo] AR A1) oFF] A A Ht AR o))

HIGH VOLTAGE CABLE

POWER E-BEAM

SUPPLY é é ~~ GUN
- FILAMENT ACCELERATOR

CH

\3 TUBE
X SCANNER €<\ACCELERATOR

COIL \Ei ELECTRODE
Y SCANNER WINDOW :
COIL
ELECTRON
BEAM
PROCESS VESSEL

(a)
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I l— ‘
L T\ aathH
O
(b)
Pulsed high voltage
Corona wire O-Ring
\
\AA 1PN
| | | | Gas flow
] I
—— e \ ] '
= —  —
-|_—E3 — | —
(C)
Electrodes
) "\
S J
[

|
Pulse Power S

(d)
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arc

inlet outlet

“\
[ electrode

power supply

(e)

HF wave

HF power
generator

amplifier

surface wave plasma wave launcher

N

-
N
- .
inlet T T T exhaust

air cooling
(f)
a2 1, Z21=0I2 0|28t @Y 2| EtX| (a) electron beam source,
(b) Barrier Discharge, (c) Pulsed Corona, (d) Pulsed Power
(e) Arc/Plasma Torch, and (f) RF/Microwave Plasma

Hol 7=
1, 3RAAA
43l7) 2o DRI AR S 7HE0) WA el FaRS XL 53] AEdag A W
L 47181 o7l hEo] @aFe] £ AR A Ytk A F AYH AR SFFEY &
7% W Weso] GRS MACEA fAUF L faa 482 s Hek.



A%e =9 A nAES AR FUE= HYA v E diste] U=t w9 =
< 3 &2 MAHske EEEA FAA

(antibiotics)7} 2] AFE-E o] gkou} FRA|7} AR JREO AlgolA 4y =r] S A
S ¥27]= EAl(Sedlaceky} Rucki, 1976)¢} ZAMHE-S §3F 7H A Q0 FAAEL L A7 A<
59 EAI(Wu, 1987)7} 1= 4= 9L

= Al digt A7t FReA %

=, BAE Ul*“%ﬂ «IoH EJ% ARERER Aost7] = sh3lal A4 ]
of 7]ofst= Ul*ﬁ%ﬂb} =dolgtal st o, Fuller(1989)= A4 =42 i
U ﬂl*g%iﬁ Azt o83t W AAES AHAE Aokl
S HFAAEARE QAT 7HEolAl FolA] AUl AAshs si2e nAES a7

A
=
T, 4 S5, 23071 B0 B $AL AMste] ARl XS FAAY 5 ek 8
o
AX

TAR F2 o|8Y= 5+ Lactobacillus acidophillus, Lactobacillus bulgaricus, Lactobacillus
sporogenes, Lactobacillus plantarum, Lactobacillus toyoi, Lactobacillus casei, Lactobacillus lactis,
Streptococcus faceium, Streptococcus thermophilus, Clostridium butyricum, Bifidus themophilus “5©] ™,
WA O T ol e FHRES o §RA o] eyl Wlgkat 5 ALRo] H/lsHe WHOR o gEL,

AAAR o] &5 = rAESEY AE87dE5S ASH, () B9 ¥ 29sHA +HS ¥
gsto] ok fafAlatol AT AYshs AS Yr=rth(Fuller?} Brooker, 1974). (2) -4k A8/3
sto] pHE ASHAIA fralitt AlatSolAle FAe &4e 245, FAtoly 242 21 A
7b 2% 5/3+toll thste] gt o] e Ae® deA lth(Underdahl 5, 1982). (3) f-Akatoll
ol5)) AT FAYEAT AR Lactobacillusd) 23] YA E= Akl 22 A9 2418
A=Y FAHHC R Lactobacillus acidophillus+= acidophilin, lactocidin %! acidolin/d &<,
Lactobacillus plantarum-2- lactolind 52, Streptococcus+= nisin} diplococcind 2] YA E AYAE
SrehHill 5, 1970). (4) Wstol o8 AitE= =4 oftle] e AsfistAY Aitd
endotoxing 3l E55h= 28-S Jtth(MitchellZ} Kenworthy, 1976). (5) eHAEFe] HHAS S A|51aL
FAANE A= 58 = 75 SAETH ARasS =7 e, 1989).

7FEo AP R o] gEe AR Y A gEel 83 (Lyons, 1986y AASHH (1) ARRAIRAL
Hy gl 2otk ol A ¢ c*,"é(stability)g A 4= Qlofof gt} (2) HAEA Soll= A=
Aato] EA st ok gttt (3) 7hsoll High Hgd(safety)o] lofof qtt. (4) AF=E Aol 4l&s)

A S 7HAEA AAEEC] Eolof st {74k AAstolofeith (5) &R B At =

FoAart A AT ES FASH okt (6) A ol &t HETAE EEEE
=8 A dF= FAAAT Tk (D) AFE vdEe]l A el = 5}04 &l
F et (8) xstato] EAsts 29 22 W8=52 dxyot &
sh= 50l Slofordttt. (9) FAAIY 71ERe ﬂf’—?ﬁtﬂxﬂg} 2ol ol&

2 3¢ YRGS Aor)H G Rololof Ak

(@]

=

2
<«
f
ot
ox,
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2
s
9

(¢}

N ol
ofs
ol
X
o
o
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oo"
fr mlo

S, 3 F(197)S G FES 15 AR, AR T, OB, 8T Fol 3
wron|, olo] ukel o] AbkiEel pH 5o 27lo] Gebx7] o] B ARAIE
AR BEAFAES ol §ote Aol o wigrasteta @ uh gluk.

0150 of
ofs

°]-§-3}

AaAE A= H7Pehe 542 ARY FIFAAE E&H o Fffsto] AARFFaY
olg&e Eoled dow, @i Eajas MUk Al A= SAlE AlREEo] VA
FZolle oA 71&ol FAlol 2HEste SRALATE AT E Lot H3d=dl, 1 S(1992)
A

of oot SAu|SE EFALAE HE AFRE Fold 23 49 SAFH AFRAEC] A
AElglon, AEALRY BAAE H7KE Aat Aol A=Yt Ruskglch ey
Cunningham¥} Brisson(1957)2 THi A3} Zh BESaAE Hrlsto e SAH&0 AlREg&o+ A
o|7} ¢qlrhal Rilstgit

€H1 o) 5 A protease) = TALES kS THAL FEO] 9ivt AROIA] SEte] A
%5} (Beynon} Bond, 1989; Neutrath, 1989), /i, o] 73 dl OjQ{Lee 1986), Ea17] AA9] &

A A (Suh 5, 1996) 5ol o] &=L glom, gAY, ZuRANY & AFFl Ee o8&

011:].

)\]\ .

2. EAAE ZAF BAAAAY o] &E3}

dHHA o & FEA| ol A Th AT} ofn|le Al 5o] FEoljEHA] WAL= YYo= urea Ei=

uric acid2 A= o] v x| 11 A= urea E= uric acid?] 20~25%= Aol A AU b|YEo| 2

slo eFruyolz o] njAE A ol o] HAY B or AF He Aow U

Z Qi Wrong 5, 1981).

5/\}01]/\1 Y= ST dAE %H%} =S4 758 oo
yol, galehE, ofvl 5 o8] 7HA7F 1o, tEA] AE
¢1& 9| th(Spoelstra, 1980). /\“—?n’-xﬂ HAA] FEY o}, 35laa,

ME F88he 8ol YAlE= 22 Hill(1970)5 &Jsf Hile u

2|2} 2{(2003)= B A A E HEjA| L} HAE HlS=oll Folsto] A4

Aol BlA] = Pk sk, BlS= AbEe] HAAY HujA] o

ALl ERtsto] ARGSHH Ao A, EAI E A 430

AE A7Fskels o sEolA WA= WY fai7ks IS €4
4 5(2004)2 AHAE X]'ﬁ\—@gi ot uf A9 4%

A4 g "5 n|A= dFS AR Ak A 7= X

AN7F e ghgtont X]é?‘@'?l A Y] FoE Foto] &4
Aot skl=dl, ol Ait= AT Aol 48, SAT 4=

II

i
rlr
N

[

aHA Sd=dl, o710l
FrHC2-C5), H=

o
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=
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offl
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24, ulg710] 4 L Aol 318 Holet stk
Z 5(2005)0] gt H]E-E AFRE W Bacillus subtilis 717} A4, Eﬂﬁ g Baf] ¢Fru]ofe]
Aol AL TS B, By gEuolt) Wik Holrt golen B ussis
U 506 A VIR fe B B ELAS S E 04—6—}04 A, ob] At 4
She, AANA, SUEA T B FY A Guiokd) Wa TS RAG A 2
S AL FEUobe WA Il G uAA Yot HFE P ofu it &
&2 A ek SHe
Smithe} Jones(1963)= FEAFRS AT 7L Gl Buzol ggas tash fARS
/b2 4B AREEE ANMAACHE Sheich Collingon $(1988) AFA7E ol f4HES)
gk AR TS AT SHUT, Newman S(1988)% SAHES] 448 AHARTT 5
STk B3, 3 5Q000)& SHEAR B3 BFAZ 05% W7kt AgFAFl Frkshu
0.5%2} 1.0% H7I=2 B35 37129 NH39} H2S WAy sFo] 4ot thal(p<0.05) sF3ict.
WLl YA Fol Eut fol3 AOR ol ATAE] o) musw gt
Kochowiez(1976)= 0~ 1028 2] %o} 2|olAl LBCE 2Haet B4 88 ol 27%e] 242 /)4
a3k glom, 2 S9NE FobAlo] HAS WIS W) ABYHYY ARER] F
A T(p<005), £HFS] E. coli $7F 743k B3k U9

»

3. FEEk9] Huizt

AN A A /e Aelol 2 /1 GRS AT AL o4 Slol, o
2 9l3to] WAE 1S Et Hoje - ou) 2 s} 5, AU} ojee A gﬂﬂ&%—' A
SER s Aotk UARIAIBAE, 2006). o] 7|xo] utel HEEw HAH A
57,000711 2 2 91.6%7} E|B|8K<2=5]H]|3} 79.6%) 9 oHu]sH2=2=on| 3} 3.5%, =|u]s}te}l oiu|s}
B8 8.5%)0] O 715 R AU S ARSI QT ol 8% AUs D IS He
3L Qltho] A&, 2005).

& ou|sle Bl £e)e] 52 W A4 7HEERS o] A%E Y4 5714

Lo @rlHom Azl Ty nRAYeRA AR o] Axshe we B

e e A S WLow 2006d A Asel AAE o
2,1600] Aol o2 glon, FFolE AXH O I £A7F Sold ACE HolAthA
2006). LU AE SN FERLS Hu|siste] SRS A, GRshL 9 BAHS A
A 57t % AN ol4kel 2205 7K(54.1%)7} oFH R Qlek EA gk shelon, 22.1%0) 90%
DB el 2 e A R S, AR IS, A a4
MG 29%(12%7h, FF4 LI%(T 57D, $18 1L0%@s7h, 718k 0.2%(1%7h) ol ik A
£, 2006). Tebd] AE b0 oul A BBk SIBAE ol WAl oF 7t ¢

=2
AT ABE BAbste] Fastal, e AEsEo] Qe A v FEdAE S

=
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etz 7P A3e Ao g ddEna skl

BEE7H7 A E AHESHA | 5715 = = S}
Ao7} 1215712 AA| Q] 29.7%S A|F 7P Wk, sk A7 102%7H25.1%), 57}
éigmvaﬂmiﬂmu%)$%q3069qumm@ EoF H] 2% 27 38%7K9.3%), 7|
B} 35 7H0.7%) 9] o] ATH & 5+&, 2006). oo} T2 A= 2T Mgt sibEs Yok 4H A
O &7} F7betaL, A 7HA Y s, &, shhH| R tidh ApER A 9] H 2| 9F FakebA] o
A0 8 AtrHETIL st¢lt) o] whef HH|9] FAS Eo|AWH &, 2005), AH| A F-E&E=3
= Ipshe 7ol BE AL T, 2005; 2006) = ZESHA o] oL glo] dn]o] §-8/0]
5 Eobd Ao g 7|gErar sielct

[oJRE= |

A =AE AFS BHo R
S|

et

N

4, A

oFFE e B4 Soll BxE ZUTt AN A EE A or AR wet 30F
oA 2000]F0] o2 We 50| Holstal QJrtal 319 th(Spoelstra 1980; O’Neill@} Phillips
1992; HartungX} Phillips 1994; Hobbs 5 1995). Table 1-2 Hobbs 5(1997)0] &]3}o] A|A| % =5
w 0] ezl 2 Sl

g

Table 1, Odor detection thresholds for odor ants present in pig slurry

Compound Odor detection threshold (mg/m’)

Acetic acid 25 ~ 10,000
Propanoic acid 3 ~ 890
Butanoic 4 ~ 3,000
3-Methyl butanoic acid 5
Pentanoic acid 0.8 ~ 70
Phenol 22 ~ 4,000
4-Methyl phenol 022 ~ 35
Indole 0.6
3-Methyl indole 04 ~ 038
Methanethiol 0.5
Dimethyl sulphide 2 ~30
Dimethyl disulphide 3~14
Dimethyl trisulphide 7.3
Hydrogen sulphide 0.1 ~ 180

ARl 3719 AL HA] ARt YARE DA FFL vATh EAA] wEL
o, 2% fal7ke W WAL HAle) Agn 4% W S0 Yo JFS v -
|

le] =
Uy Bl ul, A AR A B FEY 2RARY A o1 Aot



= 2003).

B4 BE EAelq 2t eae] A% Adu s EA 8ol at Aol Fobxu
A AR A B oh3ls B galvhio] st o] AE sidstelor & BAIR i
=g,

FEAN WE-gre] EASHE F8 7FASe] et AaFe Table 29} 2t
£5] QrmUjobz FEAMC| A WARE oFFH FolA JHE 2 FS XS AoR HAkE
22 FEAM BEANAE ofg b4 A G vk @ ATAESo] AFFARo]
ot o] AnkH o o} A MR B

op
o
ba's
o

Table 2. Effects of the most common sources on air quality in swine building

sources Description
EARIA WAEE 7P dbEel Tk 3,000 ppm oldoldl XY S8k

Ammoni .
o 25ppm. 212}k 2iAfoll Tigt 21 10ppm ola}.
o Zele] hAl cher WAL HRlat 587] Aae a4 57k WA 20ppm =
Hydrogen sulfide NA AAZF =E&2EW WS Hojsla, FAAS 9 ARy 24 Bl 38okdx

25ppm ©]3}.
Carbon monoxide 4,000ppmof| A A= HAL 100~300ppm =0l A B R 2] AAto] 25%7 4.
3} g-2k22] 5,000ppm. E K12} ZHJ 7ol thigt 337] 1,500ppm oJa). UREH Rl EARY 4
22 1,400~ 5,000ppm.

SA9F Atoll 30] A8 557] AW A 7E. v YAk P4 v
Dust % AR AE WAL ehUjolel Zo) 7 Loz
o] o5

Carbon dioxide

ehm ol wAlsh gl FEAL Wi 2719 AE AHFHE Fa o] thAamink 1997)
SrEUolrl YL A FoA % A BAE 6 A% A WAkl shgen, pel
2] A7 = ypritial 2| & 54 th(Donham 1989; Preller 1995). Donham(1991)2 =AF W ¢F2y
of 5825 AL, ZA=ol AL Tppm o4, HAo] hEHE vieto 2RE 12m
o]0l 1lppm, 20cm zo]of A 25ppmolH A7 ZAI7F A EH L sFith

13 219998 FEoLE ARt B2 HiAe] A5 A4k § 9ol L
IS S8 A 1A AT AR ARERE BT SYA PYOR YEAAE Aok

O

= =
A %*%‘4—% Zﬂ%ﬂl?lﬂﬂ 3k %Lg oqqusur ] TE ik &t

1 0.15ppm ~FO &2 Z{ﬂé}j’_ H}E}QE—,—H 1.8m %—5—

=
b, L&A= dRYol s=& 58% daA A=, ‘?ixl% 60% TEWW =ol=%== &t
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e 5(1995)8 DR AL BE G4 U 4 Bn) o7 forks By A Qs
of AL%E AHEITE glov, olo] wE A Gy EA BHAN BNE AT 5 9ot
T sk

79 BE SFHAGARE B BEY, TAGIE, #A HFE, AR A4 L 4% 3]
RS 2 HAAE 5o 24F WM AgET ek
(HIHISTH) THIS 4SS SHEHIME SEXTMRS| BET|

= M

SHAEAG ZPOE F2 ol g gt BUE AT 27
S, S, palm kemel, 315 E S)o] FEE o] oL} TS pShS SRR
o] &5 7|43t AT AT FheolA HobE 47t
22 FEo] Selueiet du FAo4 ol gHol o

of ge] ol g ¥ Xt Eahech

Seuetol o] $R2AR B ATE F2 B 94 58 FH0R AWl

W AAS AT AN A LA, BAYA, o, 430, WA Fol AEs o] gk,
o]

e ‘:'v‘:‘rﬁq XHEZS T i#%ﬂr A 250 B Eaf&olM Fitoll vl

£

o
+ o

o 2
ol
- %
= 1%
14
i
2~ i;:
5
" rr
A EE‘-‘ OE:L,
o
3R
ol
A Ho o
4> n

30 1E
rlr
at(l
i
R
N
N
N
o|N
i
ol
o
N
N
o
G2
oA
B
i
]
N
N
to
ﬂ‘l (
S
ul(f
i
o

o
N
2
o
st
i)

(98] e Asioieh o) S40] che) el 98] £ o
aglo] th=A yepdth o=ollA W AFAES 0|9k B2 2%S THA]
1 7138l gFch(Misselbrook 5, 2005; Chambers 5, 1997; Helle 5, 2000). o|& &=
37HA 2 A E (S AwA, BE 22a dyiihE dEF 23 Q=g
£9] -‘:—E‘ri’ 5} 9 4, Goodrichrich 5 1988)1} Temple 5(1989)2 Al &2 7
Qziol Q= AfSTHYR Te] S4EHo] wE B & Yrks BAY
A&-83 Ao o2 A 7o) v Sy olr) wo| vjE & w(Misselbrook 5, 2005), 71
AgsT gl BukIl WS Bl wWol Wum, 4B Bhfe] 24 dutn Wik
(Fleming, 2008).
A5 Yabol YRS Subel 2 Slol4 Bul7] ool 2L 9] BAE Brlshe A
o

7¢
=
#59 shuoltt. &9 BAl= 7159 A7 Al S8 9T ttk(Phillips &, 2000;

)
(NN
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o
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, Ward (2000)
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Duncan, 1978; SCAHAW, 2001; Irps, 1987; Jones &, 1996). Z3-2 E=of|A| HSHS Al&dlo]
AEYAE Zojzm, HES} LES 2Aste] 2L Y BAL AHAI oedt BHoR of
|5 = 24 9] ezl itk kB & F48fof shal, &1lo] Aofof st FEo] #

b/
=
3o 7ok 3hTH(Steef 5, 2008).

(HIOMIFtdl) Oo|3Z2HE 0I8 1&E uAE2|J| SIHES

ufo] AR M BE o] G TARGAL FHYHOE B F% L FA7} AL HFEoIA
otk et b A S 919 DRl AN He] Egol Wi, eHxzo] ojegn %
Pe7ke] AL w9 Alo] HhREolth Egh vt AR MES o §3 AAFFYAL
SAe) Hopoll AR EQE T ot 7t HeAHe] EUF ol A9 gl Aejolct. E
3 FARI Y B w

(H1OMIF A ZISEk H| AZFX| JHR

NUATHHO R FH Mt Auagjel s o ReHESL YAE HAA Lol MY
1 AR EdEo] Adste] ARITHEL, ol i BB W AYHES s gy ol
ek, AHjo] S5} DY Aol BAALAL, AR S ABHORA WA
SARS WA T 4 ek ool M FAIAE §7e] H9o] e mEge] ofo] gE:
d, DA R FEYAE AMSET ook FT, A1) AL 36, 24mmo] o], ALY 7L
8~17mm 3131 GIth AZHS H§EE GEAI} Holo} ©7] o], 2 FHA 200m7t

ML

ooy

Forl 2o o | 24k ozt 9on 42594 hath 39+ 33 kel
4

ehgich. g FYolg W HRE Bl F H& 9 A By
el %%Alﬂl% 23 ofdf o] £ whu MRS Fhd Wl AHINE Deste] Euk
WAEe 239 Qo] T o] L, Ful 89 12-13U0] H7jolth. ol T(36%), T
(3%). xlﬂc}(o.6%) 5 S| YFAs BNE GRS Uk ohe Bl M AN A FE1FY

em) & e otk
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B 1. AH|7IEH (102 152 AXH)

A3
MEEE | WM | sua | e | jomM | ey | 2ou
N 1 4 6 8 10
P,0s L5 5 6 8 10 12
KO 0.5 1 2 2 3 4

AEe] FRE e R RS Hu A7 Aue] RES R ok

7IHl= 7 9 S7H v | NG A7ER 9 Afolof EuH|E €2 wl FAlo Aulgtth &
Hl= 7|87k B8 uf ARgshs Aoz A 797 70l GTH W AAAES Hol 7|2
FE 1A ol Amjgtth Ao W o® Ml wid #2919 30-50cm Hrol Zlo]
15-30cm®] AJH|FE TAL Ei= 4 (IIfLo= WelE vi|d vpito] ukal EH|e} 318} Bl R 5 A&
3 Fo gtk

oHl:l]/\ L7 ] 2= %1—
£ A% 4 Aok @
Vetter 1982, Luoma 1982).

REERED mm% oul A jo 4 IO R ATHETL BAS HAA ol AT A
2 EgF| ddsto] 4 éﬁ‘r‘:ﬂ Oﬂ e 2 3 FUEES
= o835t FHOR A WS Yot Hir]E it w {9

71&8] dudET= 2 %%*.:JE Ee 4P orA 4
o] Az |y AR 2 Z AF
Ch(Isensee & Thamsen 1984). /E\.Eialﬂ— 2= SHALE] 7| ujfo ofFE
SpehH| ROl M= A2 LEE UEHU = HolA 10%E 7IEL2 o)
1 9Jth(Mannebeck 1983). A X FAEE NAsl7| ote] FGEuAA] 7} Qs STAX AT
T el ow HolAlg 7-8%2] STt AME HoFa QITHL 5 2000). E3F, ofFa
The gy o] 77k 409 1, WAL L7 8
T & 7 2001). Hule] Bwrt TR Aol SAXFALS], Hu|FEY7] S A
24 WA o] Bake WAE 4 9tk

9=, Preazx So| AgHch olejas YAREL AH MO B2

= el
el T 2}o] A AR EE= FEe BHE 0.5-1.0 bar Y E=o]thKowalewsky &

(HMIE2EH) 71520 XM2|Aldo| it LCC Tt a4t

Dell’Isola(1995)= LCCE-A]S- 7+ A A ¢
7F ARG GO Toke] BAYE Bt
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A= LCCEA 2o ul&, A, @744 S 39 FAAQ 245 18Tt H717) o] FolA
of gttt KW stgich

n] 2o AHbH oA WA Y HItko 2 71| EA](Value Analysis)S A A LCC (Life-Cycle
Cost)2 =3, Tt A=, tietdta 2 Y57 AR i sh= Z2IHS 7 - AAlst
1 Q& AE7HEE(AIA)= 1L o] LCCEA] A& AlFHEs dSAket HdHAHESA 71o]
=

2hele AgstaL, "06d HFASOA il 1A Y =Y, ZRAE A A4 FPdee A

fio

5 Fol M FHAE Heke] LCC =8 AFekT Sk
el A9t LCCY|Mel BEnt 483E AREAT, A5HY] Bope] LCCRFE BH0

sHeAs F2 A%, 28 Foll e LCCH7F Hi(1E W HTAILE, shF U 2l A]
A, steERA LA, AdETE HHs Sl At St F
LCA(H 14 H7hH ek LCC H A4+ 2
gk B RSA gndy By 58 AATOEN AL TE o= ok
ARE 9 FTALAR] B85 TN S T AAFY 5009 o]4F tiE SOC(Social
Overhead Capital) At 2] 749~ EFFARAF 9 7] A A A o A HE LCCEA S Q38 e S
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e
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X drASH < al >4
H3& dJHEY HE X 21t
M1 AFHLSH LS
= = = =
(MR 2D 71E2k P2 ™HEA A 0|28 1M A
1 53ed 9% 24
NENEE R b
HdeysAs For FAAE AHESto] S8t o R d - & APsts 34 5
Ao 259, PAEE FelH PHO RN A - F ALY ik $HOR LHt] SALE %
AbSRATE 22t sape] AR W AR, BwAele Al W] vl RRsk] 4o
AaAE Fol 2ASATt. EAY) BuA@e o 15n~s0ong sk SIhRA 5o
Fel 2o Exeh Adem EAS A8 ol
H 2.1 ZAKSE $ig
T = ST(STMALS) SH2ASTNMALE) SHI(STNMALE)
ARSTFEL A 6,000 A 8,500, 9IE 2,500 | 8000+
A & 2]85%, A~ e 2H5% < 2](100%) S e|=AL
By A ek 15ton/day 50ton/day 50ton/day
AR 2 W E g o|7rel + WE e W E s
F42] 7RI k] 7k
A R L R R L C R
T8 SEI(STN FAE) SH5(STN FAE)
A AT 40005 4 6,000%
S FH SeEl2%) + 23t B I=SAO8%) | AE57(100%)
e A2 e 25ton/day(3] A4~ 323 40ton/day(3] 4]~ 323}
_ _ L e el i)
1 |
AR 2 e B2 AP 237 o3 P et
T4z : :
2) 7t 2 41 24
77t 5o Ao, 1A 2, B\, BReS Aaoto] BT BHTZLE pH, BOD, S5,
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4314 TN, PO,"-P, Na', K', Mg, Ca™" o2 3},

2, 1=AT A

D AFTA 9y
Pilot AFS Fa FAYLUFTHAAY] AL B H22de Fohal Ul ¢
Qlo] Hli= M=S AAG FAlo A WRIES @l
9ste] AFS WAtk
2 ool AHg-H pilot plant®] FHEE 2 19 Y gle) B2 F5mme] £ of=
597 £ 4HETS Y5te] AN S A
~3.0L/mino 2 X

g2 Agstgon Wexe] §ugAe 3Lojth Hexdt 9
A5, $EN9 /1A GA T3 A B o] gdte] 75
stoich. Aok PumpS ol 43t S ATEA sk,

LH=HEE motor
7 =)z =% G L]
L ok pas
jz‘ ‘ _7_ ERiES
2y X
/ w07 o V ~

a7 2.1, PilotARX| JH2fe Y AX| AFEL

st el Ae] HkES A 2 A4S 48(OUR : Oxygen Uptake Rate)Al3-S 3to] nj &2 Ak
2FTE 7L 7P S A9 S AE ARkl en Hhgxo] SR A[¢t FddeE 4
Z} 80%, 20%% EFHMLSS 5= oF 3000 mg/L)sto] Hz 1dol= 357 24 *8}2"121:4 -2
_‘

7]
1A A7 A 7H(Hydraulic Retention Time)2 10, 15, 20, 25, 30day® Z73}o] ofH]-&- sl Tt
T % 82 29] HRTS 20day(-9-91-8-2F : 1.65 L/day) - 25day(9-2]9-2F : 1.32 L/day)= H]Lo}oqeg
Fol e Aol FHL LARAL YRIEL U4 FUF 100(10QF WEHES
o

AR o RukEe s Feeel QR sk

1. 7t52R XHst ¥ uFH B - AH| MZEJ|E HY 57



H 22 2H¥=A
OO0l H=
CE I #& 7ol
T = © Jaay) | uta | =F | oy | SS | BOD | TN PO, P
y) | &S o -
= ) | P [(ma/e)|(mg/e)| (ma/2) | (mg/0)
Casel 17.8 772 5339 | 15034 | 4271 34
HRT:10day | Case2 33 18.8 763 | 13,750 | 66408 | 6,862 50
o Case3 20.6 738 | 2433 | 6567 | 2307 30
H; Casel o 17.8 772 5339 | 15034 | 4271 34
:; HRT:15day | Case2 22 18.8 763 | 13,750 | 66408 | 6,862 50
L
Case3 20.6 738 | 2433 | 6567 | 2307 30
HRT:20day 1.65
Cased 278 8.12 8,553 | 8390 | 2,136 196
HRT:25day 1.32
HRT:15day 22
H 21.7 817 | 15911 | 10321 | 2,363 176
HRT:20day 1.65
vk x
HRT:25day 1.32
AJeF 279 8.29 12,265 | 10,694 | 2,146 183
HRT:30day 1.1
Casel : =R =& TE ©esH] E88o2 At
Case2 : H|SA} Exsejg]el 2 5% &8 g
Case3 : EREHIE B - o2 AHegh Y
Cased : =R =& E Dol EYXo2 A2t g
Q) 7718 € M=AA AY
7= AA AES flstke] 212+ Piloto] Al A FHE A5}t 57F Aol - Q=
Z7|zoA YHE ARS 7ML F8HE] AP E sto] vla BASAE 3F84 22| FeCls,
PolymerE ARSI 1L F-71&0] AAE Z17+e] A= MEAAE fsto] e A= Y
AA AES A8 33t
(3) AEAFH L =4
Ao AFHEE SAME = AT sheA o] Au)E 3008 o] Y4 g2 HE 5000
{715 o|&sto] AEHG oW Ao Hystgom Ao HystHA Ao ARSI
500L &7]of AFE -5 =3 1:19] vjgE 3|A3sto] o] &35}t
A FHE sample-> 4 Co|3}e] WYakalo] Hyste] o 47k BAgE| tjsto] vi2 4319
t} pH % &%= pH=% 7](Mettle-Toledo:Sevengo pH)E ©]-&510] =45} 3L T-N, POs"-P, Na',

K', Mg, Ca®"& o] &= 7|(Millpore:Waters 590)2 0|23} ). D
DO)E o]&3slo] DOS =A3}9al BOD: zHzhe] AgE 3435}
Cyberscan PCD 6500)2 %7] DOE &% & 20C 2] QlFH|o]g oAl 52
&t A== UV-VIS T"‘—‘—}74](OptlzenUV VIS spectro photo meter)=
paper(Whatman:47mm GF/C)Z Filtering 3 105C2] @ Eojx 247t
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0=74 7| (Mettle-Toledo:Sevengo

L ZAA-=4] 7] (Eutech:

]

17k 23 F ZAsto] T3}
=245l MLSS+ Filter
s AP & SHsHh



3. Wohug

D AEYY 2 A=

oHIBE URUEE Y RS AT AL0l A2 L SRaAE Aot A
50 A9 15U B4, BEEHA ] 45 1~204) 5j45te] APARE 2 A5 11 Petri-disho]
AL 23 FEA SO A4, Blank(Z RS 2 AR S 10m1 e ste] 32~34T o]
AU} HPAA WoleE 2ot

(HI2MIF2HAD 7198 EE 018t 7ISE AHlgl 7ls i

v

£ Q1o A= 20m’ 9] pilot mUGADE A& |3t A ] &8 o) AFAES
th Wrazo] F7|nPES HEslo] ofF 2719l ¢HA3 A AX F, YESE 600/ ~
1,000//¢ (=OLR 13.3~22.2 kgVS/m’ VS FASHIGHEAL) - 7F(hnith) - 7HeE s (InK )-fiF) Z of A
24X A5 [”-1]0A & 4 §lzo]l mUGADE 1Y Hth.

[

——*Liguid flow

@ X - pGas flow
o

1} Influsnt(feed sludg=)

1) Solid szparator

3} Homogznizer with heating water jackst

4) UGAD (Under Groumd AnserobicDigestar)
5} IDE.{Inoculimdansifier actor) with poly vinyl media
£} Effluent stomes tank

T} Water displacement gas appamstus

8} Gasholder

9) Racyels of concantratad dipzstad shudge
10)Biogas water boilar

11) A=ration tank

12) NP recovery

21, pilot mMUGADS| AMBHE,
A= MD(microbes densifier)]]
n| =

o A WERE WY
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i 2l = = ZFeasl ek 71 Ui edEet 2de
wASto 2N S8Po REE FUSsto] HiolertA A SHieidtth 53] AEHE

5 = wAl0)7] e, vk s 1/3%]5
g vpo|z 2 dEsrh 7RSS B 24 vho| ek RN 35

1) Homogenizer withhesting water
jackst — Prhasting system

2) UGAD (Under Ground Anasrobic
Digastar)

3) IDE.{Inoculum dansifisr reactor)

4) Asmtiontank

5) Biogasholer

solid separator

Biogas water heater

@ UGAD BGP &ldT

18m

om®

volume

3m

om”

volume =19m~

volume

Depth 2.9m

® BGP MIH=(xE) & Z7|=(HIO|27tA ZH0|EFX)

22, pilot mUGADS| AlAE

Composting

LIQUID FLOW-mUGAD

[ Aeratlnntank> Eﬁ'luen1>
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(HIBMIR2td) = ElH|dL 7l 0
2 dFe 7SR FYERE A2T 5 e 248 A flste] dE FE A"
71E ol-&ste] AAEH] 7hgit BT V| 220E FHshe AS SACRE shaL Y H U ¥
X3 7H712A= 45 2373 FHE Ad 7H719 2dd FHE Ad 7heriaea
F3 A B 7H71E o &5kt o] AdEANA = HLERT THETIE 085te] 7hed
A En] o] 22 3}5HE] 54 #Aste] M9 7S AASHES stolth o dARA
© 7HA FEAEAA S 917 BE e ad V| 2AE S AARRe R AVkEE AT AE
7191 FejE At Aolth AdARENE skt SRS Taste Ax3 7HREHEE
T ARR stal 7)o mAE AR 2E2A AAFY swydes Ruriees £tk
7hsa BB vR FA2 WA fiste] wAEIA], AE B 54 ARE Al Artst
of B9 7kgan 9 7hg & Eu|EALS EAsh Bl 7H Aol Imm 2719 A& o]
g3t AT = AE T 2L HE7RETIol FAst e EMIE ARsH Al2AA
© T8 AFF GE7IE ol8sa R Y WAlY Bl e 7 71‘3 o]-gst] =T EH|
o 7 ads B4tk 8 AR dE7e 98F 5A¢ o] 559 SYFHl HAE
ol A Bl dste] el WAAI7]= A% 44mme| o] %?J AT, I’-Eli AP o] En|
7F A EAA = Z9 A7o] 6.95mme] YEFE FAEEATh Mo £ WY By 7
7l EFHE AR GER o] YEHS 25 il%i?}% A El‘ﬂlxﬁﬁg =oA EE Ey
A7l 222 2! A5}

800

e e

A LR

1. ALET : 3mm, Smm, Tmm, 10mm, 15mm
2. DEE= 1501
3. 2H&H| - 20:1(87RPM)

a1, AFSS A[FEX

a9 1o vehd ARy A AAE SEY AT gAY A2 1501 FHe
23320 1 1 9] 347)8 AATFORN AA w;: L 87 RPMOE 115te] AES 44|
stk 9% Twe AW7]Y WETES 248} § TYoln S ER ARS NE/Y AE =
Folth. the WARA £8Y A sle] AT Feje] AF7|E ol gdte] 4EE Hul 74EA

1. 7520 XHast % uFH B - AH| MZEJ|E HE 61



a9 2 9 o] mAE TS 48y Bel BAY el 279 wgoln o8 1y
=}

2 3 Hd 7719 Bgolth A EE AREe Tart dRd ERERe SEEHE AR
sttt A2 B4 al 7haE MES AFHT T AEEF vfiof gol AFAR ubst
AL ATHATY @ FREA Y| F5to] ZA] B2 AASHATHAOAC, APHA) . yZ 8
28 913}0] Orion 920A+H(pH), AA280FS(F-7]%), YSI 3100(4 7] A=), CARY 300(&F4=r
A) 59 71715 o853k

(HaMS2td) 7158 duldit 7l WY

1 g aoulsh o EF Heszel e Ents oA

) BEAu Az 2 olstety 54

2 oTe] A SHul AT O el Uie Me) ELee s5uE ALg e,
e B SEoEY olglety SHS B 13 2ok HHY 42 (suspended
solid) TS 152mg/L 2 v wo} 519 ghu] AuA] w3l EAZE AR ek aolgich

55 ou]0] WAFFLS 1588my/ Lo|9o0] 592 Fu].§0 R o §o] 7Hsdh SEo] EasL
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H 1. oi2al 55| ol3fatx S

T-N NOs—N NH,~N T-P Ca Mg K sussf’ji"dded
(mg/Q) (mg/Q) (mg/Q) (mg/Q) (mg/Q) (mg/Q) (mg/Q)
(mg/Q )
1,588.2 2 216.0 84.4 4002 852.5 5,885.1 152
2) AlE A=

EubE QA FS 2007d0] ZAUE FAT e 7t adsteadA L. Eoks
Lot FHALY £HY EFE ol §31UT BOR BEEYRAYEIE)EFS ALY
H

N A= 18hge] o] 7] Al
]

spsiet
oAl e el oA A 288m°(12 x 0.4 x 6 my=7]e] wl=g AZatolct. oz

=
© UNATLO] EobE w7 FAAH G #oFA O =( NPK-CaMg = 9-2-542
Fastleh. wioFle] A7 AR EEC): 4% Z7]0] L6 mSkm, 455710 1820 mS

Z71 1.8 mSlemo.2 FH3}9ct.

ox
Ho

2 Ao ARESE A|sharo] JRESEFS 1 29F ot FAA Y sTtof o] &&= Yo AR
A Ay} ECEFeFo] 82.5us/cmo]| ¢l om ofol Ao z|5l4=0] 7| & heFe 118ste] RASHIT)
H 2. M8 X5l dEet=z

T-N T-P Ca Mg K EC
(mg/Q ) (mg/Q ) (mg/Q ) (mg/Q ) (mg/Q ) (us/cm)
0.655 0.013 28.1 451 0.49 82.5
3) A&

2 Age] Ay ge mao Lrh 7k A2l T A8 Ah AuBRE JEoR SEolu|e)
oAt E Baatol gl XFAE T, Ae)PE 2] HEH el
(CS 100%), 5=9H] 80% + 2FM20% &3}+A] 2] 7H(CS 80% + NS 20%), 5=HH] 60% + FH40%
Z5HA 2] FH(CS 60% + NS 40%), ‘s=MH] 40% + FH60% E3+# 2]7HCS 40% + NS 60%), 5=
olH| 20% + FM80% E3A Z]HCS 20% + NS 80%), &l 100% = 2]5H(NS 100%) 5 671
EEEECS

4) 2ARE
RARFRE 24, 27147, AR AAE U ARE AR, 954 W% 52 28T
o] ALEAE B, 1E HRASHE 2SI ARERS FEATH) AN

1. 7IE52R XtEst % UFH E - AH| HMETIE HY 63



AT AT A 25 A, 1995)0]) ] As o] Akt

2, AFYu| 9 BAE, g Y9 EntE A

1) FA]

B Ao] A ol oW AXare] Hulc ofvtolu|ol AT SLE W AHE B B
2o A2 £59e) v 5

ofmou o} %ol o] HHAFE Folu FEI HES ME] gIste] oulo] FArRS
B3t} 2AS T ol FAarEe] Eaolu] ZAMML 180L 9] ofmpoju], 3 olu|o] 2y
04L, FBACH|=AHB0E, G 190g, ZRFSE g, H2UH 04L 2 A7tste] 24514

o EE G2 oAbl Sefskith

jus)
i
>
oo
ot
3
o

)

HHS=YY HIE DR

2) A8 A=
EukE AujAEL 20080 AUE AT WEe b deS oA 4
515 59 250 AASHA ErtEL A FRALY Y EEE ol§3
BEEA(EAETE)ESS Gtk HAL e Ao 15he] Zo| 57] Al&sHs 20081
79 21900 AR HALS 200m 7H 02 174 Aol 4177t 140x 20em7} HES 314
ok A% 7172 20084 79 21904 20081 109 159 74X skt
QoA YA A FAR I T0L §e] FOYFo] AT 40Lmin] SF LS

o2
QL
x2
5
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AHg-Slo] EoRtt vl TAIZE wieh 1554 ol ==& Selth AHufA> 800x70x15em(Z o]x U Hlx
Zo))o] FHufA Y Bhetel] 0.05mm =72 PED & ZSIth AlE e JuiA Y 3HHE O & uf
Astet 20 FHE o4 0] EutE vix| 7 FAAful -8 ujFH( N-P-K-Ca-Mg =
9-2-5-4-2 me/L)= Fa ottt B e A7 HE=(EC)= 5 Z7]°| 1.6 mSem, H5F7]
1.8-2.0 mS/em, S 710] 1.8 mS/emO = A} ch ujofl o] pHE Qakgol o2 2 AHsg 0

o pHE 5560 % GA|3H%ch

= Aol AGR Ashe] ARIFE 30t 2k oAy o) ol §E U SAR
A At BCFol 752uslemo| k. £ AT FAARAE Ashe] T8 FFS vefstel 2

st

Total nitrogen | Total phosphorus Ca Mg K eletronic conductivity
(mg/Q) (mg/Q) (mg/Q) (mg/Q) (mg/Q) (us/cm)
0.66 0.012 26.2 42 04 752
3) A&

AR AR UE2 H29} A AT Ah ANEE VS22 ofndu], s5duof 7
AbE W oA E St 2A TS T AR A u](CL100%) T 2]

SHH] 100%(CS 100%) A 2], o] T b+ Aba(CLHBP) A 2], &= H|+F-4H=(CS+BP)
3t 2], ojThau] 50%+FH 50%(CL 50%+NS 50%) &3] 2], 525 H] 50%+%H50%(CL
50%+NS 50%) &3+, hRTE FA 100%NS 100%) T 272 Tk

i
=
[€)

DENEES

2GR 24,

1. 7IE52R XtEst % UFH E - AH| HMETIE HY 65



o,
Wi

=

QL
8
o 2
N
m
ox
_tlo

lm
oX,
rlo
OPF
rN
ololt
o
©
)

)

2 AT FA] A= olHT NAEH AHE AMES

< E13 Pk EH]d of ypefn] o] Ff-=H(suspended s

HIAL 213l A 7F A A] o= ol itk of ipen] o]

i T oA R Ee vt A A A §5F B =
, Akl Hste Ao 2 S UER I

H 4. SA| EH|E ooiedd|o| HEalE

-, IS, MEHFIE AR BErtE A5
A 27 2|(SPAD reading value)= 7o J = A=A

oh S99 AAE FH9 dom stgon whEY SR, 159 1054 34
2]

ZAF= A2 2070412 A A sted
Z]( Minolta Japan, SPAD-502)

o
AR 5 A B AT R EC5 2T,

stk BAI ool olstabs 5
olid) §FF2 352.5mg/L & o} oFol zj
A A3HFL 528.6mg/ L o]l om FL7]E]
wolth, RO 1,447.6mg/L o2 A
ofhou]o] elatgtaro] 159.3my/L 0.2

tems T-N  NOs=N  NH,~N P»0s
(mg/Q) (mg/Q) (mg/Q) (mg/Q) (

Suspended
Ca0 MgO K20 solid

mg/0) (mg/Q) (mg/Q) (mg/Q)

Compost leachate  528.6 98 176.6 159.3

45.5 22.7 1,447.6 352.5

A A E-E 20080 A FAE TF
A

=
S~
o
¥
o 4 T
o,

e X T
|o
g
N

[e] R
(EC):= 1.5 mS/emO. 2 A3} jcjolo] pH: QlAF

skt
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W Qg ) W sherolA] Sas)
EFEH) ARESHATE A 412 2008 8 3040 AAISHATE
stolgeel S AN A) 2.2 shalck 474148 At
Wi 2= SR 2 2 45cm, 2 0] 6m, =©| 60cm AHj == Tt

Sl

o7 FRom Yujx Fgo) PVC Hfo|ZE Hijs

1/8 HPS| L EHZ



AREL 3. olH] Ll AIF=ZE (SCB UHIS 77H XMEIAI).

3) AU-E

B ARG AW E20k Ak 2 AT AL A AHFE | EOR ofwolu o}
Ao A7 ol 2 s

¥ 5. X2/

e E[HIEH ofzlotH sfatoroH
Tl 100% 0%
T2 80% 20%
13 60% 40%
T4 40% 60%
TS 20% 80%
T6 0% 100%

1, wpEelolst/sucrelqulot SR, Seteke] BN 1F FAH AIY

1) 8] A=

® AFe] FA| SCB Huldolzteul F7]% o] HF N5l ofutlu]E o] gatgion]
SHQUE PP T AUS S qRe He) ELelel $EAuES ALgshach ol
ulo} Eolulo] RTINS ol AT ARE BFY] ste] oulo] RAHES BRI

180L o] ofgohu], fsZolulo] TRO4L, %

o
/g0t e 4t80g, B2 190g, s|2FFE= 24g, FAE 04L& HUIste] AT S

1. 7IE5ER XtEst % uFH E - AH| MET|IE HY 67



2) Ald A=
a5 AEiAIE 2 2008 of] A= Bt W2 F7F vl sk Lo ekt e 2
& FETE Ol ESIh AF e 59 250 Ao A2 FEA AHEjA = 2008

¥ 79 21900] AAISHIEE AEL 200819 74 21900]4 20081 109 109 74X estgic.

=
OFoNA vl BFAlL Ui R FMAuf = 7T0L FoFo] oFolZ o) FTF 40 L/ming] =%

o) E
= Ajgsto] ok u) 1AZE mhe} 1584 o] FES alolt) AulA-S: 800x70+1Sem(Zo]x1]
H[xZio])o] FHuj]/4+e] vietol 0.05mm F7 ¢ PEEES ZQth F42 20em (Ao = 154
Kol AAAL 140x20em7} HES SRR AT WAL QoA ke wAskoc 2t
Aol avkE Blustr] 9fsho] taate] FHE Ao Ao 15 ujA A A E] 218 Hy
oie FHalelch 19 FARAFE 29 12102 sheleh. wjolel A7 AEEEOE A%
z7]9] 1.6 mS/em, AJS=7]9] 1.8-2.0 mS/cm, AJS27]0f 1.8 mS/cmO. 2 XAt} Hjjejoi 9]

.6
pHE olalg o @ A3} om pHE 55608 92|39 c)

3) A&

2 A AElyg-2 320 gk 7 A2 Al S A4 AH[FEE 7|Fo 2 ofytoiu| e}
eZzofulo FAET} Yoo s E3ste] A|8E Ae)2 =olch el o 1ol
] THE 2] 2] H(CS 100%), E=o0n] THE 2] 2] HCS 100%)2 Flu)

oy

rlo

lr
1101'

| .

Eg PArEe] ERNE
oroliiy] $fatel olztajul, sEAulo] RAES BHSH A2l TE T B3 iz,

&= =
S HH] 50%°] FAE Aa7|EO R 50% E3sh= HEtE FAUk 2T
(NS 100%)E F3Atk
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5. SCB @Eou|o] A4 W 45

SAA A7

D wEeu] 24 33 2 A8y

(1) 1A SCB A&

=
() 29A: #=d FR7E

yS|

Al
AR B HA, &

o o O» %OO]:QL’] A(‘)L_E—:)
(3) 3TA:: SCBAH|o] 71 W2 A& 7EIEEE VIEeR FE% AR I vER B2

S(OrEda 2A)sto] ghsvs o4

I 6. oH| dAMSHO 8
oMH| EF e E=/F0
e SCBYH| - 3] Al
SCB ‘%E‘QEH] ZFEw Bz H = OFoH
= A=l W B - G Ay

SCB & =

SCB+54H= vl A
(e zrobulith B4 -
= Bacillus, -S4+ = vjoF

e AR 28

5B i S - fla50] B8
SCB+compost tea 243 - Wi A4 23}

SCB E|H|z}eHH] (B8], opn|ieil, 3%, T'H) - |, oAUl
- 37|14 9a - F71AHh

SCB 7|57 A8=37F HH] |SCB + A, AZ2vkE & - 715574 A, Aa A4E

2) SCB Hu|Z F&7 AxoAu] SAA AF

¥ 7. SCB LAY X2

X 2

MeEl &

SCB 9H]

- SCB oHH]

SCB g0l

- SCB +AJFofol| 202 HESL AR TU)H vae 24

SCB 3k ]
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Fig. 1. Pictures and schematic diagram of process with on—line monitoring system,
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ES o EEUl MgNHPO, - 6HbOMAP) ZA A §do 55 dhofslr] #5ke] Xray
Diffraction study®} =A}4*}3 1] 7 (scanning electron microscope)E FAEA A|HS =351
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Runl ~ Run VoA 119FE ZA-& continuous flow mode2}t batch mode2 &3} o™ &
AEAS 123L2 FASH (WRE7RE=E 7l Fa842 2720). Fdet Mg
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;)— Run1~50ﬂA19} & A3t d&5272. 5L/rmn)o} S} RunVI, VIO A= B H&oj
2 AH|sto] A7 1A 02 7HE 27| (2L/min) s} 0. E5F 274 2 7S batch mode
el 2410 QA0 Al 8 MRS §SHCKFE 2
A FAZHHRT) . 2= RunVIQ] 2% 4A|7h RunVIIS] - 240A|7ko| ¢l om] Mgd-2 o]
Y &aA ¢l ® 7|E 1.2ME] 2 ¢35t RunVIe} VoA Q] &7 sequence?} ZF A, BE
o ey 9 ouleh Mgl U HE Table 30 e g

f
(2
o

Table 1. Operation conditions for the designed process

Run | Run 1l Run I Run IV Run V
* HRT (hr) 4 4 4 4 1
Aeration Rate(L/min.) 2.5 2.5 7.5 7.5 3
MgCl, (M ratio to O-P) 1 0 1 1 1.2
Operation Mode Continuous Flow | Continuous Flow | Continuous Flow Batch Continuous Flow

* Based on aeration compartment

Table 2. Operation strategies of the process

Run VI Run VII
* HRT (hr) 4 240
) . A 2.5 2.5
Aeration Rate(L/min.)
B 2.0 2.0
MgCl, (M ratio to O-P) 1.2 1.2
Operation Mode Batch Batch

3) ANEAF H 24 YH

>
oh
<
>
o
it
oo A
ri

A2 sample & 4Co|3ke] W o] Wpslgon] Fpsar zizke] BA hEof isko] u}
2 ZA5=E sttt AFHE sample> 12} Y4JEE]E S}al Filter paper(Watman, NO.
1541.110)& o]-gslo] TE Y & FA35}%th Orthophosphates (OP), Ammonium nitrogen(NH4-N)
o] BHLe F4A BA7|(Zellweger:LACHT, QuikChem 8000)E AFE-31% S ™, TOC(Total
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organic carbon)®] HAS ekAEA 2HEHA 7] QITOC-5000A (Shimadzu)S o]-&aho] K433
ot} 1 ES ESHe BE FEA BHS Standard Method(APHA: American Public Health
Association, 1998)¢f F&3&lo] Attt ZAASE HEgof o) JF=dn|ZHE HA/F4H

struvite E¢HE0] S 915l FeFEn] % (Olympus AX70) W AW (SEM)©] ©]-8-5| St}

o x

2. SEEHuW ERZALE Alo7ls AL A
D ARE A A W ey
(1) Lab-scale F-<=#F=] Gtz 9 AH]

=of g2 o]-&=il Sl §7]X—1 wHHA] 8|3}k Al dof A-go] 7t S FE[U A/
QU Aol7| &5k o Lot 22 ha A Hu] AA|ES AL A8l Fig. 3ol 2
o] 5719 AHA FE 9] composting reactor(%%k 8L)E AH|5}% ).

Composting reactor+= plexiglas® A|2I= ¢l o TS o] A= 10cm F7| 2] plystyrene
upsujel] AulEI9ich Arcatoreh 47| 8-& Aulstel A% Hon o)t FHHES shglom
HE Algo] QloA] areation flow rate> 0.25L= -G-A| % Qi)

2r PYEHS 3 &%= ZZHEE reactor] o] AH|SFAL computere} A4S
2 2571 AE71E HEE 314 th Composting reactor®] 714 W 7] v
H2SO4 trap S o Wi EE B7IY EUo} 7AS ZsiRon AT ATE Wex =
N Fig 30 vhehglck
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Fig. 2. Schematic diagram of the process for
run VI &ViII,
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Table 3. Operational sequences

th | 2n | 30 | an th | 2n | 30 | an
A Air on Air on
B Air on ‘ Air off Air on ‘ Air off Air on ‘ Air off Air on ‘ Air off
feed&MgCl, off ‘ on off ‘ on off ‘ on off ‘ on

2) AdoAtel 2
(1) A QA 71 A%

5712 Buat Z o)A A2/l AEACNE 5
shol wulst THgF WAl AEe] ARt HAS hofs)

B3 9 Hu] YA 7SS AEstr] 9
o} o2 ¢l8] B TN/
A

o]
S
035M $zo s Hiwol Byl gEo] Mge W7lela Hdas) opatwl Haahgol Aol

MAP AR F4ois mherstsich
AYA B4 AL BT Folk Hujst By W, QYR AYst =
3 TN 712 24 Mg®l 3 PO:AIS stobshiia Mgflat PO Y] 4%

A AW AWETE 7 Tab. 40149} o] UL Astel Mgl W5 A7} Mgl

PO,o| HEHAH/I7E sk BAge] nlAE AaFS wolshar

(2) Ev|o] AAFEA g elg A HA

Me§l 9 PO.S] APt Elule] Belaksla gapdstol mlx Ak stebsls] $lste] i
st E z—c:»-; of Mgfls MgPO,Z H7Het A9t wulabrt $2E o) 24209 HEE A

Ae astnh WA Eust da 3o e v &

o A 9] 3}etA AE HIlE BASgon 2|FE A& 2] X-ray Diffraction A g1} Hw|7
Fe Foto] gt Bol o) MAP AHA B4 olRE ATHAL

E3 Mg9S H7hste] AAbe EHule Saide A5st] 9jste] pH} o2 2 g

55 H7ste] Z"FAIZ & pHO| WHEkel &5 = Al ¢ A8 ¥3tE 7otstdl

>
of
ol
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7

oH LR

10 cm

i — 8

1. Aerator 2. Air flow meter
3. Air diffuser 4. Temp. probe
5. Valve for gas emission 6. H>SOscolumn
7. A/D converter 8.Computer

Fig. 3. Schematic diagram of composting facilities.

() Aa/el 8 Aolol] e ofFury PamT B4
b4 W% composting reactorE ©]-8510] Bl ESHES Fa AlZ|WHA HjE 5= 74U 9
FgElolgls gmuol A olRo] AT HSO, ol trapH =S shoich 7} Mgflwh

POSIS H7Het Aol 2ve] A9l 2oiA e HSOs) ol ofmuol jael Fre
u) /R A ske] Aokl Alojo] mhe obxury EYlE shelalgith

AAA a
= SH& E)H] 9] recycle
931:}- MAP ?’_: E|n] 9 recycl e T AR S0%E A

(5) EH] JAPE AAHEA 9 VSC(Vibration Sieve Convey) -8 7HsAd 24

Composting F/F9] 9t 217] 2 QAar]8 AL/ANE BES RAlso] VSCE o] §F
JE2E 9 7S Tobskith. o] E918) vibration sieveE RPM 25000 4] 227t %153k <
AZ7|E 3.5mm>size>2.8mm, 2.8mm>size>1lmm, 1mm>size>0.5mm, 0.5mm>size2 AHs} ¢

23718 R BExel Qxtar|d RS A5t
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3 NBAH 2 B
B Zup 30] A]F7} ZF composting reactor 2 5B Y FH =gl om 4TCo] YA Adl2 Bt

SHH A Q7] E(OM), 28 A(TN), Z9I(TP), NH4-N, PO43-, pHE KA 5o =

252 o] gsto] SO BA/AAZ F ZHFGAT OME 550TAA 44]

A8t% Tk NH-NZ} PO 2]

|

Fi
Fﬁl
£
1

BHL FHR4E YA & A5 %4}]7]((211101( Chem 8000,
LACHAT)E o]-&3}o] 24519 2 TP Block Digestor(LACHAT, Model-BD 46)2 ©]-83}]
A7 the AEEA7E o]gsle] BEASIYE TNE AEE A 7|(rapid N, Elementar
GmbH)E o] &3] BEAslgom HE 7|g HA-2 Standard Method(A.P.H.A)o] Z3}o] o]
ol Al

Table 4. Layout of the experiment

Salt addition Molar ratio to TN of swine manure
Batch test No

Mg P C Ty To T3 Ts
1 Yes Yes 0.00 0.02 0.05 0.10 0.15
2 Yes Yes 0.00 0.01 0.03 0.06 0.09
3 Yes Yes 0.00 0.01 0.02 0.04 0.06
4 Yes No 0.00 0.01 0.03 0.06 0.09
5 Yes No 0.00 0.01 0.025 0.05 0.075

Table 5. Layout of the experiments for compost recycle study

Materials Control T TR

Mg source 0 1.2 1.2
Sawdust 1 0.5
Compost 0 0 0.5
Manure 1 1

(HIBMISTIR) 2L Batx0IE 0183 SiHEko| AHHSH HIA
el

1, PCDP(Pulsed Corona Discharge Plasma)®} %]

oA EZA A7 aeAS 717 €3 PCDP(Pulsed Corona Discharge Plasma) %2 = 18
2- 4o vreRd viel o] ggFut vk3-7) o] Fejrt thE Al 7§ PCDPE AR8-3F3ith.
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Imjaor Irstldor
Grounded Hecrode
Cylicrical Anode
Gasin Gas Out
— Power Supply
B 10kV, 40 mA 0-20 kHz
: Sinusoidal, Square, Triangle Wave

Gas Out Gasln
Grounded Bectrode Insulator
| [&n |
‘ Screw-Type Anode
e ﬁ
)
&
| Power Supply
p— 10KV, 40 mA, 0-20 kiHz
: Sinusoidal, Square, Triangle Wave

J2 2, A% B2 WS JHRtE Y HIST| (A) MISY ERY HITEO| PCDP, (B) LIMY
Ef) H=F=2| PCDP,

O 204 HoAR|= 2879 Be7]= €8 F (cylindrical) 3! WA E (screw-type) 2] &<
= (anode)ol] LA S-S QI7E, o] F ML = 549 A A= (Grounded Electrode)2}+2] w4
= o EehErtE WA S50 = Abolo A2 1 mmE 5F¢lon HYITME o= AL
8%l Power Supply+= 0 - 70 kHz o] & 9] ubro| A Zdff 10 kVE 1713 4= QlaL, o]of wE A
F AR 2742 20 mAR AT

22hd ol M= 11 33 o] 1Abd ko] AI2HE H PCDPE oF H A4 a8 4= Al &

1
S
o AT UY BUL ol g3l ARFORH FF ST Aolo] FA Blectric field) S o] 1

2o Ao R Yol M5t Es AASG. Ba Helrkas] FUT LIS 95 ks
FUB £ES AR RO WA AYS A IKvE REORA oF 20 wane] A A%
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72.4

8l 3. M2 PCDP2| (A) JhEt= ¥ (B) B=Lt Sat
=0t FxI.

A A glon], ol dise 10742 TAske] (B)A ol ute} o] shite] A3
GAsl7) "k whebd] Aol cylindere] Aol 2~3704 AR 7] white] 5

60749 disc7} R = A Hrk (el H 9k 2ol 7 disct LA 0] TujE ZpA T G of
7] wEo] ofEAo] UEY UXolq eBXom Fi W mmu ¥de W 4 gl
cyclone HEE SAFER HRES ST 4 9lon] Eak £IE Power supplyls 220V,

200~400W A2 A5k}

39 404 BolRt oy §aro] whgvlE AR disc platec] A TEL WO WA 4 9]
o
=
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FHA APEX

(C) ¢S¥™ <
[X[7{E cylinder EX| prototype.

A4 W EEH BN HAEY T
meu Behack w3719 AL EEE WA SIS F 87bA] FEA APAHVEA,
S wgAROn dELot AARE

Volatile fatty acid)2] EFEENE AL&5to] oFF7IAS WA Z O
ZF IM9] A3k E(NH ) =4St E F(NaOH) 2 AHE-3FITh Ad o] ARE-E A A4t

69 YrERITE

= 2]0
E42

o) 29 - 5o}y

2 uFH E| - HH MEI|E Y 79
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H 6. 5 X|urAto] 22| - 315t £

S e EONEL s HZEQ A
Otx|=2 K1 SHAI =rlo o = =3x X
—|'I‘|EE gl'—|—| (g/mol) (g/cm3) (%) o I‘?'

Valeric acid CsHi00, 102.13 0.93 99.0 \/\)CLOH
(6]
iso-valeric acid CsHi00, 120.13 0.93 99.0 )\/U\OH
OH  on
Phenol CsHsOH 4.1 1.07 9.0 © @
9 HH o
Propionic acid CH;CH,COOH 74.1 0.9 99.0 gy e
(0] H o
Acetic acid CH:;COOH 60.05 1.05 99.0 )1\0H H*Q*Cfo )
0 -
p- Cresol CeHsOH 108.13 1.03 99.0 CV @
3-methylindole CoHoN 117.0 1.22 99.0 @ﬁ\}
9 HHa o
Butyric acid CH;CH,CH,COOH |  88.11 0.96 99.0 A, e

o501 2|7 ¢b7] wite] Heero] o
0CE 7hdsto] 7}2% WAt

A APARS THE of H 1l =& o H]E %%ﬁﬂr S7190] Eol A2olM= F71del 9

2o
90

( % 2007) SAtes 2 AR5l AAR Ay dasdelA A=RE AHFfst] A

Clean Air = =
Flow Meter
D_Q Corona Discharge Reactor
’_‘:&EI A ] N\ |
[ - ) W — ol O {E
[ Wastes ]_1 L2 pymp —3 0
Power Supply Transformer & A|

(A)
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a3 5. F=2L HSE I8t AFIEE F R =Xl (A)7HE!
= & (B)2UEX|

3. SHAEA 2%
Fryjol 74 =Aolli= LMSxi gas analyzer

SR 8719 SUAT GUT WS
JEEEREEER RS

(Kemic Co. Korea)S AMg-35}9l o m 87Fx] 9] F|HhA] Z|HFAF B Ao =
235} H<=7|(Gas Chromatography-Flame Ionization Dector)& A}F8-5}o] AT 24 WHS-A
Wl (tedlar bag, 1L, Supelco, USA)o] 3EZ] 3| = A1 o] A~ (Head

kel
o
bich. eFRlE B0l AbE

I} FY ARE HE 3
t}.

POz AlRE GO FUste] 2 kB $EE 57

Olv

space)

H GC-FIDO] 271 3 7o Yetfiqlct

H 7. GC-FIDe| 2M=xH

BMxEA
= DB-5 (30m x 0.32mm x 0.25um)
QHOT 60°C-3min/ 10C4 150°C/ 25CH 250C

Zol3 W AZy] L% Z=01°L: 220°C, A=7]: 280C
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2obx) e YRR Lo} QFER L] Afulstabg el A%
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dshs ot
B AR AAEAE AT SO Ao AR 379 At el 44 A
BAAAANA Y] Bt FE=E H| s
G AH[S o I EE ofFE=o] AAA HSE AR fltte] SE &
Zele) Ao Bies AgolEA T, 73, 142,
2 20| WSS Al HW s3It
H AJF o] o] &5 aAE3HA|+= amylase, lipase, protease, cellulase, phytase, urease 52 Z 313t
HgAIN 2T Aotk ALRTAL B BY L 4202 Aot
e SHPS| VIS olgstel /4l A9 £ an's) 7190 FTe shlch
; 17, Al 7 F A0l £9) grele] ojg 2HE A4
A
]

719 A e8] A 9 FABAACNA 2 EakebH

N

ALEE EALSE BABES A AT O Al SAHSE 30055 E5Hs WY $4
HlSEARTh AlRo] S EAbe] HEjoh B YA Be PAE RREAL 9 Lol
HpAo] k.

AR Aok FERO oulst o] HAH wate ks $lstel okFle} wHig
oo, Bahg2 }AhE 2O m, ouleh 9l oful 4 Eat B pH, LE, £

l‘
K

B2 P $A4, B0l Quoby A4S BAsch

FEA AREANN Y BLEGA HENE 24T st TauTA A2 A7 Fo
Fmyol, Repd HE D RAAAMH Beol FES ulasil.

gty oo} sl B =42 URE B AZA 7| (GasAlert Micro 5; BW Technologies,

USA)E ARESFA o, =ALR RO SR7] 55 13toA A5k, =AW RS 7Has AR
NNELR T AT 4F T A o =Y =AY T T3olA iR E 20em Y
120cm EoloflA @A 1044 11A] Afolof z+zF xA}sHSith

ERF AR A 25 Yl 45 3 S8 AlRE AT 6, EERdEE LS
T4, 2006)0] 2] 7] A40] 5= pH meter(SG2 -FK, Mettler-Toledo, Switzerland)2 AR5}
Aetgon, TIPS ARE YA Z FHAZ| L & HFES 105CE 247 ARAA &

N e
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#5298 2T ARUPIALNNE AR SO, of g ALNON), F4
(Total Nltrogen) 4l Z9](Total Phosphorus)-2 4P EH O 7 ZAG A A(NO-N)= o] 2F Zul e

ﬁ
MR 35 FURIALH 1A A 20542005, 2)9] “oHHF I B el o
BE VY e A0R BHEE FAAAMNN B8 BES B GRuEue] TYote
0, BB MBEHOR AT ARS AFANA WAL A8 g FAE WAL A A

FE wbA SAsEE e TS AMSE et 2ol WSkt
A B LAY AR F Hojghn HAgE AAT U AS 715 BT ¢ B
Hejz sk o ARSMFIY T A A, 0 WAFY B A @

o o
)
i—“;
10
ok

_ 1Xt "7t i oo
oEHe P pp pp 2} "7t 3xt "ot
= = = X30 X100

T (x10) (x10) ( ) ( )

A X o
(@]
B o o o
(°]% A B3| Hufja=5 7} FXA])
C o x
D ¢} o ¢} X
E ¢} o X
(S| Ajufa=APHEH (A ATEE) )

IEQ P bz Pl v H|Z HMA|e| s[AMuH4-
A a=/ (3x10)= 5.477 Z|2(A1 )
B b= 100 (&

akla ) ¥ (5.477%30%10)
C =/ (3x10)= 5.477 — g
D d= 30 — '
E e= 10 d
Il A|=m 3] A ul ol A THR|BFA] SEoF WA Q1] AXES 3F thA| ot o] Al=m S| Aula Gh
2-83H(of]: 10uollA o A A 3= AHA)
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(HSMIE TN THMR44THel SEEHINE $EXUNZ| ST
F

= JHY

1., A1
D) sk gsTe] Bela, sty 54 B}

UAE, g, Fol2X2H5H(CEC), 845, 57148 59 =84 542 245 &%
9 palm kennelZ} H|W 3 7}5}It). 3 Total organic carbon, Total nitrogen, Total phosphorus,
Fiber fractions(cellulose, hemicellulose, lignin 5)¢sF 2 pH 59 34 EA4LS &5 2 palm
kennel¥} B]n H7}s}ict.

2) e =250 AR sE2EARY HE7e Y

AP slurryo]] skt (BS)E 9 B FHa 20 9129 HER 3
< 2485} pilot scale?] A Z EH|S} HA|E o]&5lo] 7|4 CRE WAAA F
799} w1 F7hsATh ™ 1), AAAE 0, 5, 10, 20, 309 2 TL7))o 2 B E AR E,
sheba)S AL, Alxd Hele] Hde S5t sE2EA A, daas ¥ HHEd

=22
2t & wESHT, BUIY BUAE RS PEs

o =X
=
g

ﬁ

ox,

3) 5T EREH A% SRR HSEE 44 D AAY B4
Aet 48714 e B aSeTe] 2R wnA% Hule g0 dat 2Eag

o] AGH(Ehslury E)y= AASHL Al 22482 S Hla 245t FAHS B7FsHA

(a) (c)
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(b) (d)

4]
o
e
ol
r
|.
H
o
=
nx
o
l_'_l
T
Hu
o
04
i
)
El
£
to
4>
+4>
)
e
o
o
=
1]
I
o

Z 4047t g4t Hzl(corn stalk pellet, CSP), S4%(saw dust, SD) =5} & 2l(sawdust
pellet, SDP), ## g™ H3l(palm kennel meal pellet, PKMP)Z} SD+CSP (50:50) X SD+PKMP
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4_138,(/P-1)Q,

HHE Jlolo] Ao . g SO (1.4)
p+101.35
P(atm)=——
o, (atm) = 101.35

¢ Ao A A/S(mg &7]/mg L& F), S(mL/L), = 7F4= &= PY o9
E 03~0.8, S(mg/L), OrS &3 71tk m’d), 0= -5 2Hm'/d),
2 12)7] QI8 3MHA|g0) 1, TEUY|(-1)2 EArET} 17]d5te] ¢AE
g (kPa)©] c}.

D) 71E9 Mol B A FF aE

eay 27) el Z15H AEL vz wEel ick WEEE vlHy|zE B3t
HE EUAS Z7A Ad AY B8 F7HAICh Table 10 7| Q7o w2 EAHS
wato] Lhehygict

Z{Z(mm) 7|2 7|20 & Rul(m) | 7I=o| & BHX(m) | EUH SIE
254 1 8,584 2,028 1
12.7 8 8,584 4,055 2
6.35 64 8,584 8,109 4
3.175 512 8,584 16,221 8
0.254 1,000,000 8,584 202,765 100
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Fick®] SHAbH2o] utet ol E&rt Tt Zo] Fojdd;.
dc
N=-D-A—
dx ...................................................................................................................... (15)

2 (L) 2% AuAe AeahE, ArolE&EE 4 (167 2o] Hrk

C.-C D
N=-D-A= === (C,-C)=K, - A(C,—C)
5L 5L ........................................................ (16)
N-BIHAS S5 AAOISEE, kg/hr
D=2t A 2, m?/hr
A=D| HEEE q?
dC/dx=D| % T =PI 0ff [f B O R 84 8FO| &5 & Y, ke/m’ - m
5, =HH 0| ST, m
K, =2 0/S 32, mhr
Co=D| M HEDROA HAH MO EBHAA ST, ke/m’
C=0HAFO| A AT ko/m’

A (Lo AWM Abrolg&Es Tefstd
A/ V=a(l/m)7} Ec}. 28 a, K; 0] AZ2 mgtsly] i, Aoz K, . Alv= Ka
24 AAFAAAN AraolsS Asich

D8 AT ArpolELEE BT AMYel e sE Wskg oujstrg 4 (1.7 2
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(Z7|5X}, SHH|, SX|E5H], R 5)
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LCCo| Y7HEA 7
(i A=, Q1 E2 0| M

| ryors

2 1. LCC &M SEE.

2, FAHI(PV) AtE U

LCC &4 9] WL ofzfje}
o FAFH| PV = F x 1 /(1+d)'
o &9H] PV = A x X (1/(1+d))
PV* = Ay x X [(I+e)/(1+d))]
o AJAmAH PV = F x 1 /(1+d)
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A= FH = 49, 64, 8¢, 100 A|7|H M| LHAG 7HeAIRE 212} 10, 12, 8, 371
o AHstel & 39 AFste] BAARE AL ALY,

2) Au|o] FF4 BA

] % Fo4 THS SPeAdTHA e o7 te] $4g on] 20 nlE 250 nl kjeldahl
flasko]l % F conc. HNO; 20 nl 2 713t & 812 ] & delwo] Leim A5 Lrg

0] 250C oA 2417 71 & Wzl o3t T 7| 7| BAA R R ALYt 28 A9t
ZFH49 42 ICP-OES (GBC Integra XMP, Australia) S ©]-8-3}0] Z43}ith 429 49 2
=40 B A7) (Direct Mercury Analyzer, DMASO, Milestone, Italy)o]] %% oHu| QoL =
213} CHEPA method 7473).

3 oulol ulgE 2AL 9T AR

olH] 25 mlE buffered peptone water 225 mlo] ©71 HF% stomacher bago] g o] 101 343t
F ol stomacher (easyMIX, AES CHEMUNEX, FRANCE)E- ©]-835}o] 287t #2554t #+2s}H
% sample-2 buffered peptone water & ©]-&3}o] 10u|#] <L S| A5 C)

4) 257|137, AT WAL AHFE B4

Z 3 7|A 5 (total aerobic bacteria) o] A=z HAL i oA &3 AJE 1 ml &
Petrifilm Aerobic Count Plate (3M)¢]o]l EF35}o] 37Co)A 24-48A17F vkl vieF =
Petrifilm 9Jo]] F A% colony & A543} colony-forming unit(CFU)/g. &2 e T EoF A
aF(coliform) X A wF(Esherichia coli)®] A2 EA4-S 93] 4]+ Petrifilm E.coli/Coliform Count
Plate (3M)o]] £33} 37 Coj| A 24-48A| 7t vl oFstgith vjoF & 7| 3EE 717 blue colony= E. coli
Ao, 7|3ZE 714 red colony &} 7]32E 7}Zl blue colony £ coliform 94 072 7HE51o] Al

ahsict.

_l

5) Salmonella Typhimurium F74 U Qg,-F0 AAAZ B4
S, Typhimurium®] 47 BA4e A& Wo] ojs] A Hrk. 2 ﬂ 25 % BgHo
2 F5}o] buffered pepton water (BPW, Difco, USA) 225 ml o] @A 2 Ht% stomacher bag o]

Ho] stomacher & 0| 835to] 287t #2353} 3l t}-& 37 Col|A] 24X 7F & ?_1- incubation 3}tk =+
% 919] 1 ml & Buffered Rappaport- Vassiliadis Broth (Difco, USA) 9 mlof o] 42°Cof| A 24A]7F
=l uj OokH“E}. 22} Z4F vjoFEl M2 Xylose lysine desoxycholate agar (XLD, Difco, USA) ]
streaking 519131, 37 Col| A 24X 7F Z¢F wjoF=] et wjeF & oAl =)= colony+= latex test & <1
SR, O AE3E 4L 93) colony = Ttyptic Soy Agar (TSA, Difco, USA)of| Ath3t 2, API
kit (API 20E) 9} Real Time PCR A}go] 2J3}| S. Typhimurium & Z& 3215}t
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6) Esherichia coli O157:H7 574 9 2 dL-F2] AAZ £EA
E. coli OISTHT 4 42 AF39] o] o8 AA =Sk A4 25 nlE FtA o=
#|3}o] novobiocin antimicrobic supplement (Bacto'™ Oxford antimicrobic supplement, Difco)S 7}
3l EC Medium, Modified (mEC, Difco, USA) 225ml 7} ©AH % Ht% stomacher bag of do]
stomacher & ©]-&3to] 287F F#ATH F 4204 24417k 52t incubation SFSITh FwH N2
Sorbitol MacConkey agar (SMAC; Difco) ©f streaking 5}1L, 37 Cof| A 24A17F Z<¢F wjoFE] Qi
WjoF % o] A1E|: colony™= latex test 2 S}olatgl L, tlS HEket 29S 9I3) colony = Tiyptic
Soy Agar (TSA, Difco, USA)o| Althst =, API kit (API 20E) 2} Real Time PCR o &J3] E. coli
O157H7 & #F stk

o

H2E Aydat

(HITMIE2H) 7IS2x Sd2L1EtA 4] 018 M A+

20079 6 27URE 20099 4 147HA] Z} 3o Ao UFAHE ARE AYgshe] A
AE # 3.19] YRyt

), C, m/L)

pH BOD Ss
e IXME]| Z7|x=| da | B (XX B[] WR | s 1XR2]| E7|x | 2R
e2H 752 | 771 | 617 | 547 | 9874 | 2315 | 4062 | 61 | 11251 3401 | 24 9

T2 7.87 8.03 7.38 6.33 | 28,786 | 2,729 | 3,680 30 | 32,509 | 7,321 106 17

A3 7.63 799 | 7.25 6.24 | 39,147 | 1,779 | 4,663 38 | 26,541 | 6,185 68 9

=24 8.47 - 6.88 693 | 2,118 - 5,041 40 2,842 - 56 32
=215 8.33 - 7.90 798 | 2,820 - 5,748 162 7,003 - 67 71
am 231 T-N PO43_—P Nat

eip [ixtxal 271z | we | wp [xmal201x] we | e [1amal20x] we

SAH 1,492 | 1,484 | 258 273 66 71 41 34 240 286 255 249

A2 3,195 | 2,157 | 648 561 132 31 24 14 201 253 269 267

43 3,076 | 2,194 | 684 685 139 43 115 18 290 250 328 31

A4 724 - 152 157 70 - 34 12 124 - 86 86

A5 2,593 - 156 250 133 - 30 29 177 - 138 145
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~ K* Mgz+ caz*

TE e [1XRE] F7|= | Y e 1XRE]| Fo|= | 4R | He 1XRE| BI|x | SR
41 1,588 | 1,803 | 1,272 | 1,169 | 330 164 91 79 526 305 138 130
AR 2,617 | 2,241 | 2,181 | 1,857 | 791 236 127 165 945 455 179 224
A3 3,131 | 2,035 | 1,932 | 1,712 | 716 506 343 185 1,016 | 426 233 181
4 551 - 440 424 109 - 27 34 306 - 94 97
A5 2,163 - 836 846 263 - 67 59 454 - 153 149

ey AS SR SHAE MRSt SElstetd HeR A - & Aske 34 5
A - 3 Aske 2714 78 R BOD, SS9 F
A =

2l Afolof] wE 2 ol glglch S A (FeCl™)

=
o

[>

H

ri

iy

)

N

ol

il

)

)

o

i

lo

x hu

=2
F3lolzzo] (I o]& Ll 2%

BHA
3 o7} Wasitin Yz

H 1

=
ppmO. A ERNS ofulz AHESRIA T A5 CF o] 2o of

2) 34E FMulo| 42 WF{4 BODsE W}

60 300
*sT1 UsE2 A5y ®sEe WsEs
50 250
1<) =) | |
“.é‘a 40 = “?é“a 200 -
= A " = = u
Q3| e L ol 2 150 =
£ @ ] O £
g [ X 4 A [
H_::' 20 [ ] ] m O “—::' 100 J [ ]
i .\: ™ A = = % Ly
10 P ° . A = 0 9 ‘ ¥ '.
[ ]
. ﬁ g o Seot Ml ney o

0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20

F/M Ratio (kg-BOD/kg-MLSS.day) F/M Ratio (kg-BOD/kg-MLSS.day)

J2! 3.1. F/MH|(BODESHO| = di=4 BODsE HS}

7} =21 F/MH|(BOD¥-sho W4 BODEEE 1 3.1 Yehygich

FIMB| 9] o= SSHate] HA™ SR ARfrireks 2 Zpol7h flglem, $E0.01~
0.17kg-BOD/kg-MLSS-day fo‘ st gl ZEu o= fEvEt st A
F/MH]Z 22 0.1~0.2kg-BOD /kg-MLSS-day H¢Jo A 43t gtk AL 7hobsts 6}-,—ET:}
© Al ARstE 2AEAL Qlrks Ae & o o, wEbd sl tesReEd vt dE
sigolets A= 282 5+ Atk
Y2 BODF e 1A 49 57 S0mg/ L ojstz gz g A Elen, SHAE
_g_ o

AFRSHA] 9= =40 A9 5~82mg/ L 2 ZA 5 o] o]z} A9 glo] ety Ao r AeE|wal 9l
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glovt 550 A9 14~2lemy L= Zgwo] Aol net wkol s Uehee o
S olglom SUAS A8sHE Sael A9AY simg/Lolske] Al Helade tehyn
917 3k

3) A4St g st

19 3200 NiEsho] wE HJ%#A Ns=2 debygich

NE3}o] ALox & ?ﬂxﬂ AR GRo= 2 2ol 7) gigio, =& 0.01~0.10kg- N /kg-MLSS -
day H$12 -3t g9tk 218y Eolgt 2 SSut BOD2 7 $-2k= 22 HHF42 Neks
SIS A8 e ] A e 497 @e ol SUAE AH8eA P
Ao 3| A4 AFR OB Q40 N Lrt Woby] fjEo g AZtEr) 19 338 NRslo] i
AAEE Udebd Ao 2A FHEAAEC] 67~84%=E LEFGTE

3000
CsTh U AsEs O 5T U
— 2500 ]
2
‘g Jee]
= 2000
(=
§ 1500 A A o
olo AAy A
£ 1000
. 4 . -
E 50 @ A Ags
] [}
iy
0
0.00 0.02 0.04 0.06 0.08 0.10

F/M Ratio (kg-N/kg-MLSS.day)

T3 3.2, N(EAM) 2510 w2 W T-Nsk Hal

100 ®=xh
"5z
Az
@57
Usas

40

Nitrogen R.E[(%]

20

0.00 0.02 0.04 0.06 0.08 0.10

F/M Ratio (kg-N/kg-MLSS.day)

a3 3.3. N(EL)Fstof| mE 2 H7HE Hst

1. 7tEER XHst % uFH B - AH] MZEJ|E HE 109



) WREks 38 A

(1) §UEsIUE 2 §Use 44 2 MLSS W}

= %‘qu plot lan &2 A8 Zpities) S 1Y 2400 Heuisleh

Al 2z A0 w2 YSAJAFS Al HE —?—/;j Casel 2] 79 H<t BOD 15,034mg/ L, SS 5,339mg/

L, T-N 4,271mg/L0]111, PO, -PX 34mg/L 2 ure}l;kguq, ol EHL 478 vt 2837
ol He]zo] Hi Hr 2 AZFEC} Case22] S B BOD 66,408mg/ L, SS 13,750mg/ L, T-N
6,862mg/ L, PO, -PE= 50mg/L 2 S o] Hert AfE oz 2 u|SAF Bndale] A4 &
AFSHA LFEFO. ), Case32] 7% 4 BOD 6,567mg/ L, SS 2,433mg/ L, T-N 2,307mg/ L, PO, -P=
30my L2 SAEo =RsddE & - 3edor A3t AT HsssHAl et
npz|eko & Cased2] 7%, Caselo] =8} o] th=dbA B8 o= Aejgt Y& FH+ BOD
8,390mg/ L, SS 8,553mg/L, T-N 2,136mg/L o|™, PO,"-PX= 196mg/L 2 &=t}

a9 3594 FdEstEsel wE MLSSs® ®3HE UEhSloh Caseld A9 %27]
3,000mg/ L & AJZsto] 13,000mg/ L 7bA] vl A o2 A58kl on, o= w2 719 SS9 4
gFel Zolgt WehE|m, HRT 10, 15day zHzh i 7,733mg/ L, 8,306mg/ L &2 A=t} Case2
o] A< HRT 10, 15day Z+z+ H4 13,800mg/ L, 15,120mg/ L 0.2 A% ¢ 01, Casel T} G-AF3}17|
99l SSof wat HF oz Zrlel dAyo] UEelgth ESE Case3o] Ao 7k Hit
6,169mg/ L, 6,348mg/ L © & A= o, tt2 7o =8l ¢HF A<l n|YEAE & Pilote] &4
o] o]|FHLS o 4~ Utk HRT 20| thE Cased?] 73 -ol= H+ MLSS5 =7} 6,802mg/ L,
6,726mg/ L 0 & ZA =3l om, Case3] -0 FAFSHA A<l nAEAEHE FASH &4
ol ek

80000 18000
ess . @ HRT-10day
70000 #BOD 16000 49 # HRT-15day
£ g B HRT-20day
o o 14000 +0 —HRT-25day—|
650000 PO4A3—-P— Casel . é Case3
— 12000 -
& 50000 <3
= % .:.' Cased
E Casel Case?| Case3 Cased E 10000 @ case2
[ 4ooco e
) Y sooo 4?:. Al
{F 30000 = ‘
& G| & ot Tadm |
Ok 20000 E\r 3
4000 2
el
cun ®
10000
OO |+ e [ i ol 2000
m_ [ (U | COYyuyym
0 i PR 1L LR UL UL LU o
2/2 3/23 5/12 711 8/20 2/2 3/23 5/12 71 8/20
e/ Ao/
OOoIL2|A S B S oold= = 5
O 3.4, feddEse| =Y sHs) T8 3.5. REsKHS M2 MLSS sEHS}

I 110 2009HE ZJHsS R&D A|EHTAIEEDTA _ Agenda 11



ONOs + 5(Hz) — Na + 20H + 4H,0

25oAdls 59 f7IEeld EATE el HH, & oA RERE fAdE=
S o] &3al7] o] &) gd ko] Q3 BODS/NOs-N+= 2.86 02 Al4HE T whaha] Al
Zo)| A= TBOD/T-NH|7} 30]44 0 &2 E|X| ¢FOoH {7|& §E5 Folv WHoE 4%
stojof gttt 1§ 3.6004 UERd vEe}l Zro] & AF oA ARE-EH 4=2] Hat C/N(TBOD/T-N)
H|= Casel 2] 7% 3.5, Case22] A% 9.7, Case32] A% 2.8, Cased?] A% 392 Vel } & x4
A= HAagE SES] AAT & J& AeE ThEL, Case2?] -0+ Haof v {-71E2

AA B2 ofE=el & Aoz detdn.

4

120
® C/Nratio
10.0 -
[ ]
2.0 Casel Case3
)
-
Em. Case2 Cased
= 60
—
3
40 L
L]
© D
20
0.0 T T T T
2/2 3/23 5/12 7/1 8/20
Ao /Y

2! 3.6. Pilot plant SI¢&4=2| BOD/T-N Ratio,

() $1HeHHE % HRTO) e HEws

FYESHE =AY E Casel, Case2, Case3, Cased= F=QI5}al ZZ HRT(Hydraulic Retention
Time)Z 10day, 15day, 20day, 25day® 3}, BHg-% &% 26+3°C, DO 02~52mg/L, pH 7.4-822
SRS o, =4, 718 S84 9 A4 19 AA-E(Removal Rate %)= dobH Sttt 11

= 19 3.7~3.89] YRR

b
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700 700
@ HRT-10day ® HRT-10day
co0 # HRT-15day 00 * 4+ HRT-15day
*% M HRT-20day B HRT-20day
A . HRT-25day Casel v | Cos=2 4 HRT-25day
500 e s00 -
*
=3 Casel Case3 & *
.- .
£ 400 g 400 ?
ﬁ' Case2 Cased 'é' * ™
:;‘:'. 300 - : 300 -t -
% ° +* E ® ‘.. * Case2 Cased
] [ RN £ | e 0§
200 - £ 200
() *
oy  ® " o b4 o8 e
100 > '. P o Lk tfl; 100 ® ." * °
4 - oo g pre o o o ]
2 'T $ 'y =
*» 2 .‘0*: Q‘o - &% \ i‘q
o o ]
272 3/23 5/12 71 8/20 2/2 3/23 5/12 1 8/20
Hop A/ R =Y
2l oolH= = O] l=lx| o] AHE2 SR O E_

A 2T H A FAIZHHRT) S| F7to] whE §SHE BH A FAIZHE] F7te] wheta] vl 2o
A Aol %
, 718 A5 Casel,30|4 Al
1t} Casel,3of A

B-Euk I AlA o] oF 20~50% 7R = Al
249 AR} WRerl s vzs g Esl 4
o2 Azr=EITh npx|uko
©]99.5% 98.7%
?1e] 7ol
FsE A7 A

& AA7E o]t

2 RGEE e TEe 2 39 AAL0] %—ﬂﬂﬁiﬂk HA FpEe
%7} HRT 10dayo]] w]sf 15dayoll A a4 @A S
AZbo] 10dayd wjo] A| 7ol 15dayol Blsf oF 15%C] ¥ A& & +
T-N9| 79~ A FAIZko] 15day<l 79~ 10day<l]
2 yepgdth 28y flollA Agwt At o
27F HAGEE & o o] ol Bt A 5,
2 Cased®| 4-¢- HRTE 20, 25day2 S7HA7|HA 7= B Fiede
UEhd o2 Aol Blsl] diidos 52 58S e
© o 243 2 AolE HolA| qskth e
FYE 2 AARY TR 73?%%
Aol AANE & A7} ‘ai%

A

A&

Z/\

tgog glislo) e W
aholl Wk 1 40 FEE &
A =900, el Yot e

H =
20| ojeigit.
2000 250
® HRT-10day - ® HRT-10day
1800 - # HRT-15day # HRT-15day
1600 & H HRT-20day 200 W HRT-20day
Casel * Ccase3 HRT-25day Casel Casez » HRT-25day
1400 *
— L —
% 1200 S-E 1s0 -+
E E
= . = <
E 1000 ) ‘?; Case2 Cased
E 800 L > 2 100 @
2 Case2 -
£ oo ® ase. Cased _§ P ." o0 .
* s & ES . o 9 * -
a00 r s0 P ...
S, o ° e @ ° L) ¥
200 - . U I . - I ] T
At -I.‘Lvﬂ‘ > & _
0 AN .y a .%‘. 208 . ®2 - o=
2/2 3/23 5/12 7/1 8/20 2/2 3/23 5/12 71 8/20
dn /e a2/
a co|H= o = = =xI —N) @l o o 3-_ 5
3% 3.8. RUFsHHS 2 HRTHS!O| M2 = E—+—(T N) 2 QIAtH |_|(PO4 P)Egl'.
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HA Case2®] 79 HatA2]sX=7} SS7} 525~568mg/ L, BOD7} 423~458mg/ L, T-No] 1,28
2~1294mg/ L 2 ZA o] Bl gAY Bio} -2 52 ko] §92 A nyEAEE T
2 gleo wojz=1 Qir) thedl 2uF 23t 22| Y50] Caselo] AL HoEx o y)Eglx] Y
7|22 o) wESH| 245 %o BODSF T-N7F 150~ 186mg/ L, 184~384mg/ L 2 1}o} 7]
EFA oA = ot Al X7} ojEe Ao R Holn, B} orA A2l A& ¢4 HRTE 20
A7F o]Aro 2 fAHstojof & Ao F wotEch Eadkerd A e Azl Y-S SA}SE Case3

o] 79-o]i= BOD2} T-No| 77} 64~107mg/ L, 135~162mg/ L 0.2 =4 %o} 7|efx| oA 9] v}
F4 712S BT uEse 232 24T 2 Casel, 39 202 AR oA BRI}

7}—8}5% Helstr] el HeA7ke] F7ke HE Hee] 23 Hejrt wiEA] el ofof
o2 wodEch npRuto g =wrt AR os =wrl e Ealdzg] Y4s AR

Case40ﬂ/\1v‘: BOD®} A 490 A7z H4t 31~36mg/ L, 152~157mg/L 2 SA & o] = ]9
A 2 Sl S e slo, 55 49 2 105 ~108mg/L 2 Vbt Ol 49 w3t
919 A9} b 2 HEA o)A RS AFUFSS 23 Aelstolor T Aoz B
ek,

4 FAFstHEo| e FMH| H3F 9 HRT, FMH]o]| w& 5=r3}

/MH|E 7] =(BOD)o} Aat-gof wel A4ksto] 3 3.23F Z193.9~3.109] Lhet
U 2} sl 2 &) A BOD—,Jo‘]»— Z& 0.1 ~0.2kg BOD/kg MLSS-day ¥ $]o| 4] &
%} A= AQstH, Case 1,39] -9 Ut st 2o HlssohA| ST UASS 2
4= Qa1 Case 29] 79 HRTO|| whg} Ht 0.29/day®} 0.49/day = &7 =)o) BOD7} I}5-351=2 &4
= 202t} Case4 2] > F/M7} H4 0.05~0.06kg BOD/kg MLSS-day 2 UE}L} Tf
2 2 visfARet= SAEHHS & o Jddlon, dutHo s ERkxsdo] A5 T
o /d =20 wWol shFEofqle] ®e FAaRste] A e 7oA 0.01~0.06kg N/kg MLSS -
YE= Ae= ye dafste] g Aela AAMSt= F3le 43S U

2.
P
alfe
o
il
o

a4 82 g = Caset Case2 Case3 Case4
HRT-10day 0.22 0.49 0.11 -
HRT-15day FM 0.14 0.29 0.07 -
HRT-20day (kg BOD/kg MLSS - day) - - - 0.06
HRT-25day - - - 0.05
HRT-10day 0.06 0.05 0.04 -
HRT-15day FM 0.04 0.03 0.02 -
HRT-20day (kg Nkg MLSS - day) - - - 0.02
HRT-25day - - - 0.01
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A HRT-10day
# HRT-15day
050 ' B HRT-20day
E A A HRT-25day
T Casel Case3
ﬂ 0.40 "
E‘h . Case2 Cased
Y
‘E‘ 030 - -
] . N
@ LY *
g 0.20 .i
[-] - %
= '
& ’0’. %‘xf‘
Z 010 (4 bl
= MRS ™ ™
0.00
2/2 3/23 5/12 7/ 8/20
/¥
oo lld= o712 =

:’-FElnl 3.9. w:lTOI'H:IE(o / IE)O'" [[I': F/MHL

W5k 29 3.10-3.110] Yehioich 2Rol trehuite} 2ol FMul 7 wobdss

F/Mu] 9] Bisto] bigh AlAaes AR

016
A HRT-10day
4 HRT-15day
A
o W HRT-20day
= A HRT-25day
m 012
o
4 A Casel Case3
s 0.10
& * Case2 Cased
= -
= 0.08
] v\
T o006 L]
2 %M@‘ !
0.04 % LA T
£ " L B S
'
TE T s |
0.00
22 3/23 5/12 7 8/20
A /Y
[@]e) =
T2 3.10. FUSSIHS(ZEA)0 MHE F/MH|,

913l

WA FMHE|(§7]2)0] T2 BOD UT-Ns &

= Aels 4

=] =} O o)
o] Zhashe AW Holw glrk. Aho] A% 1 @Ao] ) FeishA] Lk glon], Fvu]
o =AW= ~ . (¢] 5= o 590 O S A
(771%)E 0.05~0.10kg BOD/kg MLSS - day®2 3-X|8}= Aol 7MY w2 AARZES 942 o+ 3
o —
< Zo® woEh
700 2000
4 HRT-10day A HRT-10day
wop | #HRT-15day . 1800 175 HRT-15day a
B HRT-20day 1600 | MHRT-20day hd
® HRT-25day ¢ ® HRT-25day * .
500 1400
A A — A
£ ’ A s ¢
E. A A zI 1000 ry
S * =
@ hd £ 800 * A,
o **, A . 5
g *a "l £ s -
E 200 +* N & At A
w
P Y A . 400 v&.&ﬁ i &
100
A && : A . 200 1@ “A ;e,'
0 Q
] 01 02 03 04 05 06 02 03 04 05 06
F/M Ratio(kg-BOD/kg-MLSS.day) F/M Ratio(kg-BOD/kg-MLSS.day)
37 3.10. F/MOj| IHE %24 BOD. 7 3.1, F/Moll T2 X2l TN,
700 2000
A HRT-10day 4 HRT-10day
+* # HRT-15day 1800
ee W HRT-20day . ¢ HRT-15day
. @ HRT-25day 1800 . B HRT-20day
500 _g- 1400 * a @ HRT-25day
% 200 ** . _ 1200
EE_ Ah % 1000 * ry
2 300 "’ ':.E' 800 + =
E * .: A, |: A
3 200 - A £ 600
E M A E . 'S ~
100 #f‘?s . 2 A z ¢ b, N A ¢
kA L 200 1*
Ay o+ "o @LetiTET
. j . R
] 0.02 0.04 0.06 0.08 01 01z 014 0.16 o 002 004 0.06 0.08 01 012 014 016
F/M Ratio(kg-N/kg-MLSS.day) F/M Ratio(kg-N/kg-MLSS.day)
07 312, BARSIO) M2 X2l+ BOD. I 3.13. WAL G2 H2l4 T-N,
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E3 AAHslo] w2 BOD 2 T-N%E H3l2 72 3.12~3.130] el it xA4|5] Alwm
H HRT 10, 15dayoA+= H+t 0.02~0.06 kg N /kg MLSS - day2 AA7F FUE RO =33
BOD, AAA|AZEFE HolFa Qxt groh, 9ol A QF3t uhe} o] BODF-te} ul%
FIMH| 7L G2 |7 &o] Z7bsHe 21 o 4 Q9ich T3k HRT 20, 25dayol A= B 0.
0.02kg N /kg MLSS - day= 3-¢]%]o] BODQ} A7} GA1SH Adko gz A7 o] de o &= g
o, A4 Aol BF 12-15Tmy L2 ZHEo] PYHOR A2AATL ofF )
S olgleh AE AL 1000mg LolOR b RS WARSIE Qs wAa Ao] ofue
BODH517E A fr9)slo] A4e] AAZ AR o Fojx|A| ekek7] ujEolet Azt

(5) BOD-§-45-5}o wh& F=r3}

B A% o] BODEAE3lE 2AERZ AAksto] & 333 19 3.
st @ALLUWoA F7)x9] &4 1m 5FFof A2 4= Sl= BODO| kgeo|tt. dutAlow
AN E7129] A7) ﬁngs}% ZQ3F QAR AFREHI glon, BE 0.5~0.6kg BOD/m'.day7}
Aobstrtal g A Utk MA| A o2 4] Ao W 2 YolA = & WMol glo] 2l

ODE AR A9 WEel gl AL & 4 Ugow, Case 19 A$ 22 7 FFol 19,

4] ek gich. BOD§# 5

=1
=

o)

P33

=

1.3kg BOD/m'.day 2 A4k=|of £ G&Fof w3 d-73te] #7l=o] FU=HANS & = U3

o1, Case 29| 7-p-oll= 8.5, 5.7kg BOD/m'.day ] gt o8 77]=0] FU= 1A A3t A 5

Axot DA S o # AReH, o|2 QI3 7|27t v e 2AEMNE AR

FrE ) 3, Case 379 0.6, 0.8kg BOD/m'.day 2] B3-S WEF L @13, Case 49| 7 -$-of =

P 0.4, 0.6kg BOD/m'.day2] §7]E0] =A% o] Case 3,42 ZHAo|A Pilot Z7]% 8o
St

3 FYS7t BYslo] eSS & 5 9l

H 3.3. £7|= BODEX{L5}

T = g = Casefl Case2 Case3 Cased
HRT-10day 1.9 8.5 0.8 -
HRT-15day BOD-&-& =35} 1.3 5.7 0.6 -
HRT-20day (kg BOD/ - day) - - ] 0.5
HRT-25day - ] _ 0.4
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100
HRT-10day
4 HRT-15day
M HRT-20day
7 °° A HRT-25day
= Casel Case3
E
E 6.0
: -,
9 L
k-,
% Case2 Cased
40
I+
38
oo
]
] 20 b bbb b i
SurEE
+ sntine | IEEERED
00 T T
2/2 3/23 5/12 7/1 8/20

duE/e

% 3.14, =748 BODEX{F 4L,

700 2000

s HRT-10day A HRT-10day
s00 | * HRT-15day * 1800 + HRT-15day
W HRT-20day . 1600 W HRT-20day +
@ HRT-25day @ HRT-25day *
500 1400 ¢
‘% 400 $ % 1200
= 5— 1000 hd
9 00 * * - N
- M s 800 *
$ * g
3 200 ¢ 4 2 600
£ [N &
; ] 400 +— —'—
100 3
ik -4
Nl i e
0 2 4 6 k) 10 Q 2 4 6 B8 10
BODZ2 X Y 5Hkg-BOD/m?.day) BOD2 = K5} kg-BOD/m?3.day)
3 3.15. BODEXFS10]| [HE Xq2|+ BOD. 13 3.16. BODEXRS|0] [ME X2l T-N.

BOD&-# X5} wslo] i3t 42 = Alg 27| ¢]a) BODEZ Ha}o] wZ BOD 2 T-N&%&
Wsle 19 3.5~ 160] ek ZE‘OM Uehiete} zo] 82 @54 BOD&Ra}

b @A) £UESE Aes dol thaske 4FL Mol 9t BODEH RS} 0.8k BOD/
m.dayolste] 5 BODS} Az 22t HF 110my/L, 170mg/L 0|5k S E|o] {78t o

7)
2h FFHT AAN= lﬁ—% FEE eI e & 4 Utk e g 8} 1.3kg
BOD/m’.day<Ql 7% BODS} & A7} 247} 150mg/ L, 180mg/ L o]at2 ZA w0} 2jo] AL vt =

= AN SARA vFl F5e A FEFS HoJFa IR S} 1.9kg BOD/m'.day 2] BOD-E4]
H3}ol| A= BOD7} Bt 186mg/ L, A7} 392mg/ L 2 ZA = 0] QLA Q] X &]7} o] 2o]z| x| &
U= & AUl U}X]Umi 5.3kg BOD/m'.day©o|Are] &2 23loj = 7 BOD 423~
458mg/L - A7) 1,282~1294mg/L 2 A w0 S BotysHA B o UT AL LAY
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o

[e) A~
e o 5 Ak

_l

6) FUYRINE U HRTO| W2 v]ABEE U TS
3491 I 317904 {55k} HRTo| wh2 | Aatslse 9 28-S vehfolek. b

ST o] AL B3 o] ZF 0.03~0.11mg NHy -N/mg MLSS - day®} B 35}91-2 w] HRT IOday.J
79 HWHF 0.04~0.05mg NH, -N/mg MLSS - day2 UuH2 ¢l AASEE S el ar ) , Al
Z|7F0] Ko} 71 HRT 15day, 20day, 25day 2] 7--0.02~0.04mg NH; -N/mg MLSS - dayi 2 Ak}

>

LE7b 2g @2 0 Yy ou, dadAde & o] ¢l Ao wdHr e g
2891 7% HRT 10day®] 7 B4 0.07~0.09/day, HRT 15day®] 7% 0.05~0.06/day, HRT
20day, 25day— Z¥Z} 0.06/day, 0.04/day= 4=2]8H2] A|FA| ko] dojd45 A8 HAsh= A
o g yepyitt

H 3.4, 2= A ALK QUK BIE K=

T 2 g = Casefl Case2 Case3 Case4d Reference
HRT-10day 0.05 0.04 0.04 -
SNR
HRT-15day . 0.04 0.02 0.02 -
(mg NH,'-N/ 0.03~0.11
HRT-20day - - - 0.03
mg MLSS - day)
HRT-25day - - - 0.02
HRT-10day 0.09 0.07 0.07 -
HRT-15day =@Hg 0.06 0.05 0.05 -
HRT-20day (1/day) - - - 0.06
HRT-25day - - - 0.04
o2 HRT-10day o8 HRT-10day
—_ # HRT-15day 016 # HRT-15day
£ oo B HRT-20day B HRT-20day
E A HRT-25dya 0.14 pr A HRT-25day
] . Casel Case3 Casel Case3
£ oos _onw o
? ¢ Case2? Cased TE 0.10 e‘ cose2 coset
Z o006 o
E— * % 0.08 ry Ty wa——
:Ir a2 o 0.06 K .q*—
004 - ] G
g Ky ‘*u - L r“ 0.04 :~u o' 2 .MM‘;‘-“
X » YWl el 7 N
T 002 o~ W— von
0.00 0.00

2/2 3/23 5/12 7/1 8/20 2/2 3/23 5/12 7/1 8/20

2 e/ dmad

O 3.17. KYUFSHHS & HRT B30 M2 HIZMSIEZ(SNR) R SHEE H3L
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(7) ARG - ke 27

BB M2 B0l 9o H Ahk TS 57] 20040 BODA AL skl ofste] 2
A

¥4 BODA|Zo] Bad AdaTFe 4] Lio] os) Lajzich

D = (Cpopin = Coopert*Qin X107 ° = (Lyox —px ~Liox —a) X 20X 045 ovesveses (AL.1)

o17]4, Ds  : BODAMS}o] Hagt Abadk
Ceopin : % BOD&EZ( mg/L)
Copett : 3% BODEX( mg/L)
Qu ¢ RUBHHmday)
Lyoxon @ FAFAHEGA] NOx-N5-5}(kg/day)
Lnoxa @ FAFAC] NOx-A-f-=o(kg/day)
20 ;T AT =0 ok BODZ(keBOD/kgNOx-N)
045  : &% BODAIAY Hagt AA#(kgkgBOD)

¢

AARsto] " agt Ak of3 A 1.29] o A& 4= Sl
Dx = aCrninQin % TOZ X 457 eereereeemneeeie et (A11.2)
o]7]A, Dy : A4sto] Fagt 4basF
a :07~08
Crvin @ Y T8 FEmy L)

4.57 : ©F$] NH,-N&| ZAbslof| I @3t Ab4wf(kg/kgNHs-N)

A WSSOl 2adt AAE2 o 4 1322 73 4 ok

i

DiE = X X Vo X 0,12 X 1072 crererserssessnmnsusmsnsissssnisisissssnisismstsisisssasistsesssssisistsissssssasses (411.3)
7|4, De : EA HAZFol| AT 2k,
X : MLSSEZ( g/L)
Va ¥R E7H( L)
0.12 : T MLSST YAIZ & ZQ3E AAAH|EF (g/gMLSS/day)

S T FAO] BRI AT v A 140 o8 7 o Sk
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Do = Coa *Qin K72 oveereereee ettt (X11.4)
7|4, Do : &&AA FE FAof BAdt AT
Coa : B7|WHGA] 884k 5% (2.5mg/L)
Qn : FUFH
IHER, 37| 4] Ho DO 2.5mg/ L& A-gslo] AAkshd
Do = 2.5 x0.06 x 10° = 0.00015 kgOy/day
W A4 R D)
D =D 4 DN DE & Do (A11.5)
wpeba AR 37 aPRe A 16T 2ol ASE EAATIAIRS ALHY BRE %
T 2719 2718 AAS) 915 A4 QAN AN o] bHASE 22 ofe)
gt 7] o] Abagiero] RAMIRE 23.3%, 2719 H|Fo| 12kgm’ o dfo] L& 4 Qlrh
Dair :[ D+ (a X n X f)] X G e (“1.6)
A7|A, a: F71Fe A9l FAH](0.232)
n : AFA-8-3)-8-0.05)
f: 2782 (1.2kg/m’)
S QPEAS (2)
B 3.5. 37|72 ALt st 21Xt
ag SR | Csopin—Ceopett | Lnox-DN Lnox-A MLSS Va Crn-in
- (Q:0Q /day) (mg/Q ) (kg/day) | (kg/day) | (mg/Q) | (¢) | (mg/Q)
Casel 33 14,848 0.00152 0.00166 7,733 33 4,271
HRT-10day | Case2 33 65,985 0.00011 0.00040 13,800 33 6,862
Case3 33 6,460 0.00215 0.00234 6,169 33 2,307
Casel 2.2 14,934 0.00247 0.00269 8,306 33 4271
HRT-15day | Case2 2.2 66,308 0.00003 - 15,120 33 6,862
Case3 2.2 6,567 0.00077 0.00083 6,348 33 2,307
HRT-20day Cased 1.65 8,355 0.00263 0.00139 6,802 33 2136
HRT-25day 1.32 8,349 0.00201 0.00106 6,726 33 2136

=1
ES
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o L2272 kg O./day) 22371
= Ds Dn De Do A Im® Air/day|Q Air/min
Casel 0.022 0.048 0.031 6.6E-06 0.10 12.1 8.4
HRT-10day | Case2 0.098 0.078 0.055 6.6E-06 0.23 27.6 19.1
Case3 0.010 0.026 0.024 6.6E-06 0.06 7.2 50
Casel 0.014 0.032 0.033 4.4E-06 0.08 9.5 6.6
HRT-15day | Case2 0.066 0.052 0060 | 4.4E-06 0.18 212 147
Case3 0.007 0.017 0.025 4.4E-06 0.05 59 4.1
HRT-20day | 0.005 0.012 0.027 3.3E-06 0.04 53 37
HRT-25day 0.004 0.010 0027 | 2.64E-06 0.04 48 34

H 37 AN SUTIIY ¥ 012X TeIZy|eTYol |

. olEx WeZy|2na MR =TI
= (0 Air/min) (0 Air/min)

Casel 8.4

HRT-10day Case2 19.1 6
Case3 5.0
Casel 6.6

HRT-15day Case2 14.7 55
Case3 4.1

HRT-20day 37 5
Cased

HRT-25day 34 4.5

o|22 HaFT|a S ALt AR A7 vlugt AaE & 3.7 UEh Sl
Casel &) A9 3715 aF°] 1020% .2 FE5t0] f7]&E W A0 A2 =7t =4 54
+ Y9 R =, Case 29] H$-oll= AAHA A2 Vo] FaE o AR A7t
A2 o] Fo A A LSS & = AUtk 919 F B9 AFoA S5 Tl FAHA &
< olf= A= FI)2 e AR Ao R AR AdE 3 5 ¢l "o, &
712Fo] 6L Air/min°]ste] 2SO & Pilot2 ]
e HE AFoA 6L Air/min2] 5’—7] . ]
25HA sa 5ol BOD 9 Hax7} 242 : 135~162mg/L§ Zﬂﬂﬂﬂ A7t ¥
gotA o] FoIR L YS & & ‘21‘212% Cased 2] 7 9-o| %= Casel 9] 7-9-2} npz7pA| =2 Z5-3t
T717F FFEOAHEA FEY f71e 2 dATF 42 Hit35~4Img/ L, 152~157mg/ L = 1}

1
ehut oAl Helvh ol Rl T S & 4 stk

ﬁioﬁ o
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2) YR S A

(1) Fdshel g4k 9 oNe) st

2 A9 pilot plant Y2 AMGH PSR A4S 1E 3.180 YEh Sl

Az w2 YA Are AR 94 HRT 25, 30day] 7% 37 BOD 10,694mg/ L, SS
12,265mg/ L, T-N 2,146mg/ L o] 1, PO,-P:= 183mg/L 2 L}e}yrom, HRT 15 20day2] 7% %
BOD 10,321mg/L, SS 15911mg/L, T-N 2,363mg/ L, PO/ -PL= 176mg/L & ZA o] o] =R

selelg vad Bedel AelTe) Wy wEe AzE

18000 100
@55 mWBOD AT-N PO43-P _a.0®g ®C/N
16000 L L 2]
L]
* 80
14000 ° ® ry :
[ ] Y i
L ]
__ 12000 -.#-. oo ...- — -
) mm )
~ u ] u = 60
E’moooi.g. Ll .'-.. u .. = ] P
= O =z CY L ® [T 1Y L]
u 8000 n T ° eteeec ¢ ® ® o
4 40 L] .
<k HRT- 25,30day HRT-15,20day ’ hd
ol 6000 L ]
ok HRT- 25,30day HRT-15,20day
4000 20
2000 hhAAMAAAAAAAAA, 44 AAAAAAAAA
0 08000800400000000000400000000, 0.0
B/18 B/25 9/1 9/8 9/17 924 10/1 10/22 10/29 11/5 8/18  8/25 971 9/8  8/17 9/24 10/1 10/22 10/28 11/5
a2/ Hup /e
OO A S = .
O3 3.18. SUMTe| =Y s 2| 3.19. Pilot plant F224=2| BOD/T-N Ratio,

1% 31994 Lehdl upe} o] B AR ALgH 949 B ON (TBODT-N)u]&= HRT
25, 30day®] 7§ 5.0, HRT 1520day®] 79 442 vpeh} mE 2700 48 S8 AAT
4 9le Ao wuE

(2) HRTHZ}o| wE A4 5=}

Z3 HRT(Hydraulic Retention Time)S 15day, 20day, 25day, 30day & 3}a1, WH2% &% 26+3C,
DO 03~2.8mg/L, pH 63~8.12 3}%<S uf, H9=7] T7]g4 ER AP I PAR~ %91 ey
S YobRgtth 11 AaE 19 3.20~3.210] YElith A 2 HA A R AIZHHRT) 9] F7}
of WtE H3lE B HotA 25 =7F SSQ 79 HRT 15, 20day 2] 749 Z+2F 323mg/ L, 273mg/ L,
HRT 25, 30day®] -9~ 227mg/L, 155mg/L 62 =A% ¢l on, BODY 7 HRT 15, 20, 25,
30day 2F7F 226mg/L, 189mg/L, 133mg/L, 109mg/L o8 ZAE o, TN Aow zhzt
768mg/ L, 646mg/L, 511mg/L, 406mg/L ©.2 =40} HRT7} 27180 whel 424 &7} uld)
Hoz Wolg o 4 Uitk QAH <19 A9 HRTS) wslele] QMg A UAglo]l B

35~5Img/ L o2 =Aw9lch
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400

400

@ HRT-15day ® HRT-15day
350 A = ° L] 350 BHRT-20day
A HRT-25day - L o® A HRT-25day
300 * HRT-30day 300 # HRT-30day
e L J
g:: 250 Y i“ A “‘. - liI—.! Q: 250 ]
s Ata A 4 Y
E P ry E w0
A A A o, * 2
- ] . @ e %o @ A
E 150 —#ége— — & =0 * B AA
o
2 M 5 Asa g 13’0 . N
=100 & 3 100 i‘?—‘
b = ¥ Ld ..’
[11)
50 50
0 0
8/18 825 9/1 9/8 9/17 9/24 10/1 1022 10/29 11/5 8/18 B/25 9/1 9/8 9/17 924 10/1 10/22 10/29 115
2t/ Hup /¢
5 = Hoo o =5 5
:En‘:'l 3.20. HRTESI‘O'" [[I': TIr= I(SS) :‘:I gﬁﬂx*ﬂ'—ﬁ?eg(BOD) ﬁgl'
1000 120
@ HRT-15day ® HRT-15day
900 B HRT-20day W HRT-20day
500 A HRT-25day - [ ] .1 100 A HRT-25day
+ HRT-30day L] o ® + HRT-30day
700 14 b = a8 50 .
) - g _80o ) A L]
?n 600 yvY H m= :5 A A »
E Ay g A“““” ok E wle A =
= o A A iz}
o e Ay _o%%e ¢3’ Iy Y YA AL
- *%ee% o ** o Ay o A °
¢ 300 * o A A | I
= € * * + ..‘ A L4
=
o 200 g * R m Hel,
= 20 * O g
100 w * .
0 0
B/18 B8/25 91 9/8  9/17 9/24 101 10/22 10/29 11/5 B8/18 B8f25 9/1 9/8 917 9/24 10/1 10/22 10/29 11/5
-7 Hap 2/
2 3.21. HRTHSM0) M2 SEAMT-N) L QIAKH QPO —P)H 3,
- -
(3) F/MH|of| & Fx= 3}

i A FMEIE |7|E(BOD)et AAawgol el AArete] & 3.8¢] Ve glct. 9-2uhat
s 2] 49 BODR3HE F+2 0.1~0.2kg BOD/kg MLSS-day® 9104 38}l Qltk= 2
< ARrehH, ARt st A AT} vet Al SHEL S & 5 AL, Ao R ERRS
219 A9 FEeAd 4ol Wol Rl B AaRste] A9 e 24 001~
0.02kg N/kg MLSS - day® AAs1A 9= 2Tt
I 3.8. BOD, RAESI0]| M2 F/MH|

T 2 HRT—15day HRT—20day HRT—25day HRT—30day
F/M
0.11 0.10 0.07 0.08
(kg BOD/kg MLSS-day)
FM
0.02 0.02 0.01 0.02
(kg N/kg MLSS-day)

122 20094k =7t5Y

R&D AHHTZAIHE A

___Agenda 11



F/MH| o] Wzlof thgt AARES AHEY] 93] HA F/MB|(F7]&)°l o& BOD ¥ T-Ns%
WS 19 3.22~3.23¢ YeER It TRl A UEpdEre) Zo] FMHE| 7} ol aeg A g4 o=
Aol 7taste A Ho|m glth FME|(S-7]E)= 0.05~0.08ke BOD/Kkg MLSS - day® 9-%] 5}
£ olo]l M ke AARES 98 4 U ACE BT

1000 400
200 ® HRT-15day . @ HRT-15day
W HRT-20day Y - B HRT-20day
8o A HRT-25day ®e o % R 300 4 HRT-25day
700 SHRT30y 4 " u + HRT 30day °
1<) .l & 250 L]
= 600 A o ®
E A 4 £ " i Y
= 500 i i » = 200
=z A * [a] l' | ]
E s A Qb a0 2 axd
£ “’. > " 150 .ii .
8 300 g A.‘* . 0 »
= 3 100
o 200 E + ':. *e
50
100
0 o
0.04 0.06 0.08 010 012 0.14 0.04 0.06 0.08 0.10 0.12 0.14
F/M Ratio(kg-BOD/kg-MLSS.day) F/M Ratio(kg-BOD/kg-MLSS.day)
a3 3.22. BODESI0] HE X2|+ BOD. 13l 3.23. BODESH| M2 X2|4~ T-N.
400 1000
@ HRT-15day 200 @ HRT-15day
=0 W HRT-20day B HRT-20day o
300 A HRT-25day 800 A HRT-25day &. °
+ HRT-30day ® 700 @ HRT-30day ry 2
@ 250 ) <) [y |
= ° ' = 600 f =_n
O L ]
£ .. ol E . YV J—
a al z A g ‘e
[} Og 400 ' {3
@ 59 A ﬂi - *
= " . c o
g ERY s g s
3 100 ." =
E * W 200
50
100
0 0
0.00 0.01 0.02 003 0.00 001 0.02 003
F/M Ratio(kg-N/kg-MLSS.day) F/M Ratio(kg-N/kg-MLSS.day)
— — A - -
38 3.24. ARSIl W &2|% BOD, a3 3.25. ARSI D2 Mals T-N.

E3F RS w2 BOD W T-Ngk= W3hE 19 3.24~3.259] Uehfglct A6 A i
A A o2 HF 0.01~0.03 kg N /kg MLSS - day® A7} 9915 ¢lom i3t BOD, 244

Fe& HoFA QA= o, QoA daghate}l 2ol BODRsEe} HS=sHA FMH| 7} W
¢ T A SR WRErEe] 1E Ayt Hwste] & uf
A5 Al w27t 254 =A S =N, AR A2 43S UEY

RugO R A3k AAA Tl glolMEmR Akl A fgo] F
StEl A0S o 4 otk Ae4e] Wh WP ES HRTER 406~768mg/ L 2 Lhekit
2o He5E GyulR Rl o g7t S AR 915 WoldB L
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2

£7]

O.L;

L

HL %4%494 BOD%qu o= 521‘%& AArste 3 3.9 YERITE BODE-2| 5-5k= 2%
HollA] £7120] &2 1t ko A2|e 4= Qli= BODY| kgo|th. URbA o2 HAA|
o] 7] AASH= F Q3% AR ARRE T glon, HE 0.5~0.6kg BOD/m'.day7} 2&3}tctar
H A el AR HoZ Ygro] Akl Wyl 2 WEo| ¢l o, HRT 15, 20, 25, 30day2] 7
%!
&

l-N

Zy7y W4t 0.87, 0.65, 0.54, 0.45kgBOD/m'.day?] 7]=°] £UE AL o] HRT 15, 20day 2]

1
e 52 —‘-?'—T_)‘]-i SAEAHS S & 9\,191 ™, HRT 25, 30day2] 7-$-oll+= Pilot Z&7]%
Z

of Ho Ho m2

H 3.9. £7|x BODEX{L 5}

2B HRT-15day HRT—20day HRT-25day HRT-30day
BOD-&-2]:5}
0.87 0.65 0.54 045
(kg BOD/m' - day)

400 1000

@ HRT-15day 900 @ HRT-15day
330 B HRT-20day B HRT-20day °
800 - -
300 A HRT-25day 4 HRT-25day ® . ® '.
 HRT-30day ) 700 TS HRT-30day B I
—_ - —_
‘:\: 250 B ° % c00 5 A- l'
E u A X N £ AAA A
= 200 % — 500 ot
5 -y : ¢
A
2 e R 29
E % 5‘ AL ] PS
L] A 300
3 100 ‘“ E:_’
E w 200
50
100
0 o
030 040 050 060 070 0.80 090 1.00 0.30 040 050 0.60 070 080 090 1.00
BODE = £ 3}{kg-BOD/m?.day) BOD& & H 3}{kg-BOD/m>.day)
12! 3.26. BODEXE5}0]| = X%{2|4= BOD. %l 3.27. BODEZXEsI0] L= &2|4= T-N.

BOD-&-# 55} #zte] thgt A 2| e & AwH 7] 913 BODE-Z K 5}o] w2 BOD ¥ T-N5%=
HBHE 19 326270 UER ST LR ollA UEbdekel o] = 3k HLFof 4 BOD-§-4 H5}
7h @A BdEsE A o] adhs A Holal 9ltk. BODE-& 57 0.6kg BOD/
m'.day©]s}le] 74 BOD7} H+ 109~133mg/L, 170mg/ L 0]3}l2 &A= o] =& §7|&E AALES
UER L Q153 & 4= Stk follA A3t vhel o] Wiukdo] o] F2|x] gkor g »] 249

% 5 UL, dul Y FEF o8I Y Helr A
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(5) HRT-20,25day B] il
AYE AP wioR sto] wrh HeE LAELS Yobry] $15te] HRT-2025 day= 5

=
o AP W] vl RSkt

ok

b R5el 44

H 3.10. #5429 EM

&= THe Egs
CN 29
FM kg-BOD/kg-MLSS.day 0.05
pH ¢) 7.75
Temp. (¢ 24.8
SS mg/L 8,285
BOD mg/L 6,001
2314 TN mg/L 2,117
PO;"-P mg/L 150

5= °]-8&3t 7P°W © = /N EE G HAEo|th & 3. 1001]*1“ Pilot &1 4
¢lt}. C/N Ratio?} F/M (kg-BOD/kg-MLSS.day) Ratio+= Z}Z} SH4t 2.92} 0.059] o7 AEA
om, SS, BOD, £34 T-N, PO,"-PX H3#285mg/L, 6,001mg/L, 2,117mg/L, 150mg/L 0.2 0]
stel 4He AT
(th EMH]of whg A2 AAst
120 100
.
N * *e *e
100 '3 * e 80 $ o
* * —_ *
S w. NIRCLE LR TR S *etg Y, o
Ei o £ 60 * ¢ 3.
Fol saeete ® 5 N7
7O okt g .| @&
S ¢ t °
i'._::: s ¢ HRT-20day
20 + HRT-20day 5 ® HRT-25day
@ HRT-25day
0 0
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
F/M Ratio(kg-BOD/kg-MLSS.day) F/M Ratio(kg-BOD/kg-MLSS.day)

3 3.28. F/MH|0]f| 2 X2|4 SSs&= ¥Hst OBl 3.29. F/MH|0]| LIE X2|4 BODSE HEt
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1) 3283 3.290|= HRTS} FMuJo| w2 )<= SS W BOD =2 uvegct = 3t
5 FMBEZF S71ge] whet vl A es Aela 27t S = AR A3 UEtlle
HRTO|wE 7} H H2]4 S % 20day] A$- 81lmg/ L, 68mg/L & A= ¢ o, 25dayo] 7
$5Tmg/L, S3mg/L = S5 o] dnkx|Ho] WRs #AVES TS & 4 AT

19 3.309F 3319 HRT2F FMu]o] mh2 #2]429] &84 T-N&Ee} PO, -P H =5 ehy]
ATk 919] SS9F BODO] 7 -9-¢F AR Agke 2 veton, FMH| o] wE vl Y =7}t o F5
s YebES & o qlglew, HRTo| wE &84 T-NO| Bt AZ|4 Fle= 20daye] 3%
108mg/ L, 25day2] < 80.3mg/L & =A =] 0 MPO, P Ao HFs w7} 22k 29mg/ L,
18.5mg/L 02 ZAE|o] AR F 0] vpas7]20e] T-N 260mg/ L, T-P 150mg/ L o]3l2 22

=
5 2~ [eXie] 2~
o dES & AT

160 50
- 140 e o 30 hd
2 ¢ 40 e
‘E“’ 120 ": _ ¢ * 0t .
> AR T 8 e oo .
T 100 - oo
~ e "3‘ £ 30 *
X0 o8 * ) - o %o ® ¢
= 30 ] o . * & *
o ° » % 0%
g ., % ’ o ° g 20 - S e
- & o e "°
S + HRT-20day - ® oo
s g HRT-20d
E ® HRT-25day S5 1  HRT-20day
20 & @ HRT-25day
0 T T T \ 0
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
F/M Ratio(kg-BOD/kg-MLSS.day) F/M Ratio(kg-BOD/kg-MLSS.day)

7121 3.30. F/MHlofl 2 B3t T-N =& #sh 38! 3.31. F/MH0]| 2 854 PO, P 5%

(T $71% % ARAALS g7 nwAe -S4 ° DA Az
H
=]

o8 YESH HYrE S
A% F WS o] 83 bachAH S AASHAL WA SHEALS AHY FeClkE 79 5to]
pHE 5.5~602 WFI@nl/L o] F¢)a) Auksgold RALoR Agsta g wEA $7
AK-350)Z ol §3te] SHABL ATk NEAA U Ao (4S5 919 gH=
AOR SUT T ASSE TYote] BARS Ikghon?] &R FYsto] 1 Hese] 4R
SRRl

3 3,110 HRT 20day®] 4920049 Pilord@le] 4814 Hej42 o] 83t gAA e U

FAGH 0] BES 25t AUARE 242 e ek Az 49S Aune 10450
ZolA] gRHE] F 19212 81.6%2] AARES Uehyglon, SHHHIE T 4
AA 78 96.6%<) 356E2 S E o] sora A el F BAGH L FAFo|1 EkHel A
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50mg/L < 1t

=_w= =2
A HES A7lel Y

S B3l 22 52%, 50%7F A A =
s

Raad 712

_l

B 3.11. XME|TAE SEX=
CHd x2|33
2 =5 prr—— omiza e
MESHE X 2| STXzE| EMERX
A = 10,450 1,921 356
SS mg/L 89 42 39
BOD mg/ L 66 36 34
TN mg/L 114 104 98
PO;"-P mg/L 69 15 15
3. Yol
1) 5ZA = ot
B 3.12, AMEMF Al STHE dx
(9] - mg/L)
2 o STA AIBsE STA DA SE
B SZEH SER SE3 ST SE5
50D 12} 3,520 7,120 4,640 2,570 7,880
23} 2,560 6,630 9,880 2,205 5,560
soje  |sg 12} 2,100 1,400 1,750 1,800 2,500
T ya T -
27} 1,850 840 2,667 1,440 2,750
284 |13 2,321 2,611 2,200 785 2,649
T-N 23} 1,598 904 1,856 503 1,271
HRT(=2]8H4] A 2A)7h 45day 20day 26day 14day 20day
W oo F 4Q 6Q 8Q 5Q 6Q
T A T F o 5=
TAAEAS Z} 3074

1. 7158k Atast &
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(-, ms/em, mg/L)

2 g 1XHAE 2XHAE
= EC | T-N |NH'—NINO, —N|NO;” —N[20}284| EC | T-N |NH.**—N|NO, —N|NO5* —N|2t0}2i4
blank 0032 23 | 04 | 12 | 04 30 0031 1 02 | ND | 08 29
A= 1388 | 206 | 77 20 | 109 | 29 1497|315 | 9 | ND | 225 | 29
g 2 722 ] 95 | 40 9 46 29 | 776169 | 39 | ND | 130 | 28
° i3l | 499 | 73 25 14 34 30 | 535 | 69 11 | ND | 58 29
! 49 | 335 | 50 16 6 28 30 | 402 | 48 9 | ND | 39 29
sufl | 3.07 | 41 13 5 23 28 | 330 | 28 4 | ND | 24 29
A2~12275| 24 | 147 | 67 10 28 | 1381 43 2 36 5 24
g (21182 ] 117 | TS 32 10 29 | 721 | 25 1 20 4 30
O3} | 814 | 72 | 49 20 3 30 |49 | 20 1 15 4 26
2 4u) | 618 | 52 | 34 16 2 30 [375] 12 | ND | 9 3 28
sul | 498 | 43 | 29 12 2 29 |308| 9 | ND | 7 2 27
1= 12748 | 1,487 | 1470 | ND | 17 0 |1873] 221 | 4 | 167 | 10 3
g |20 | 1456 | 724 | 719 | ND | 5 0 | 974|139 | 39 93 7 29
° %13} | 994 | 576 | 573 | ND 3 0 | 664 95 38 49 8 29
3 49} | 7.62 | 391 | 390 | ND 1 2 | 506 70 | 26 41 3 26
sul | 625 | 306 | 303 | ND | 3 6 |412| 63 | 24 39 | ND | 27
A1 528 | 144 | 141 2 1 25 | 365 | 27 2 15 10 29
g (2 276 | 77 | 74 2 1 29 | 191 | 13 7 5 28
°CC3m | 191 | 52 | 50 1 1 29 | 131 11 1 6 4 29
4 4u) | 145 | 39 | 37 1 1 29 09| 7 | ND | 3 4 29
su | 123 | 33 | 30 1 2 29 |08 | 4 | ND 1 3 30
5| 887 | 310 | 284 | 14 12 13 |607| 12 2 5 5 21
g 2 470 | 176 | 162 | 11 3 26 | 354 | 10 5 4 27
°5° b | 325 | 8 | 82 3 1 27 |243| 7 | ND | 4 3 27
4u) | 245 | 71 65 2 29 | 18| 7 | ND | 4 3 29
sul | 201 | 36 | 32 3 1 30 [ 151 4 | ND | 3 1 29
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a3l 3.33. Zt ST HEAM=E LorE

2} 5AEE RS A4stel WoldHs A Y 3330 Uehigich SHAE AHgate
5719 A9 QBT Hvt SREE AFNPER 7|20 Y50 SYAE AGIA gL
57e] Aol WRAT U 5

% ° UNRE AwREete wopd A
S7h 13~2970 2 ekt AR R o] §A] HIRRA O] §-840] FEShL Tekuu, iy
A9 A7) 350mg Lolstit S5 w0 ofu| o] g4 AuH O AGEL ofulo] uls Be
oFo] s Elo] ojulgEol T HAHo] WAT Ao BehE, 27l 217 9e AL
LEo] AhE a5k Aol Aol ATE A o] §at e Yat MuT AEE Had A
om pehE

2) PilotA] & Hto}Al 3l

(1) Uuks melE A

HuksS Tele A9o] AES At WolRS AW o) 2AT AT ®

3.14~3.15, 19 3.34~3.359] LEHSITh
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H 3.14. AZXHFA| PilotA&H=4

o= = 7 x -2
BOD 6,650mg/ L 8,310mg/ L

Eols SS 2,470mg/ L 9,000mg/ L
L AIT-N 1,723mg/ L 1,809mg/ L

HRT(:2] 3k A5 417h 10day, 15day 20day, 25day

oo E 11Q 11Q

T A T F ° A | =

FAAE AR 7k 207 2t 30

h =4-1 A g

HET.-15day

%‘?’4('7 mS/Cn'], mg/ L)

T e pH EC T-N P20s K* Mg** Ca®t | oz
blank 7.55 0.03 0.1 0.6 5.3 16
B 8.05 31.29 1723 83 1,967 10 213 0
2] 8.12 16.84 873 71 1,023 7 152 0
3] 8.16 11.58 736 47 878 5 94 0
Ao | 4] 8.15 8.81 439 44 499 43 100 1
5 8.17 7.28 432 49 531 4 55 0
104 8.23 3.83 222 29 270 2 27 5
20u] 8.24 2.01 93 18 117 1 23 12
A4 8.92 22.96 347 132 5,667 7 148 0
2] 8.95 12.11 173 86 2,962 5 82 1
3] 8.96 8.83 118 47 2,061 3 56 3
HRT-10day |44} 8.94 6.42 64 47 1,107 2 25 6
54| 8.93 5.20 59 17 1,000 2 29 9
104 8.92 2.73 27 6 459 1 16 12
20w 8.91 143 19 1 251 0.5 13 13
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(7<)

=) pH EC T-N P.0s K* Mg™* ca® | el
EIES 9.02 16.69 177 140 4,159 125 83 9
24 9.02 8.89 91 83 3,286 8.6 46 10
3] 9.02 6.09 69 64 2,156 6.2 35 13
HRT-15day |48} 9.02 4.65 51 51 869 3.1 21 16
5] 9.02 378 36 29 767 24 18 11
104} 9.02 1.94 2 27 387 1.7 12 14
20w 8.96 1.03 12 15 230 1.6 23 16
(Wh 212 A4yt
U=
T3 3.35, X742 ZopAE.
I 3.16. Zt A E FRa= S™An
(-, ms/em, mg/L)
T pH EC T-N P20s K" Mg** Ca®t |aiopia
blank 7.55 0.03 0.1 0.6 53 30
EIES 8.07 2223 1809 552 1372 670 1986 0
24l 8.17 11.72 872 135 674 311 1042 0
3 8.01 9.18 817 105 445 233 693 0
Aawm] | 4u) 8.05 6.83 505 56 336 122 389 0
5l 8.03 5.75 424 17 275 102 300 2
104} 8.06 3.00 205 20 131 59 170 12
200 8.12 128 86 12 53 26 69 23
CIES 8.22 10.15 147 47 1544 224 216 30
2] 8.2 539 70 20 782 122 126 30
3] 821 3.75 44 25 539 78 99 29
HRT-20day | 48} 8.09 2.87 38 27 388 55 58 30
5] 8.05 231 27 27 308 44 47 30
104 7.78 1.22 15 17 159 25 28 30
204 75 0.53 8 25 63 9 13 30
1, 7158 X5 U TEE E| - ofH| MZE7|E N 131




(7<)

=N pH EC T-N P2Os K* Mg** ca™ | otz
4 8.28 11.17 168 69 1758 161 229 29
24 8.23 5.89 80 29 886 81 115 30
3 8.18 4.07 52 17 590 56 79 30
HRT-25day | 44} 8.08 3.12 39 10 435 39 55 29
5uf| 8.01 2.53 30 10 352 34 53 30
101} 7.56 1.33 17 10 177 16 27 30
204} 7.31 0.58 8 5 71 7 14 30
20 # HRT-15day 35
18 CIHRT-10day
W | tERsEE . . )y B 8 g B B B
14 * 25
* m} L
i * 4+ # HRT-25day
= 10 * = [IHRT-20day
o * e 15
@ 8 1 ® Ax2eE
.
6 O 10
.
4
[} 5
2
O ® ®
0 . ° ° 0 . . ® °
FES 24 3t 4t 5 4 106§  20bf EES 2 34 aj SH 106f  20bH
MEF(E4u$) A= B4 u=)
a3 3.36. Z7-12] Az E Lord At 07 3.37. 2729 HPAzE HojaAn;

£71-19] 4% Y=<, HRT7} 10day, 15dayol| A o] HFAe)g=of FAHSAE o]-&3te] &

obddstR e, 1 AIE TIF 29 YER T e ARoA HotE = FFe] FASHAl LER
wom, g 4 208 0]4, HRT 10day A| &0l A= 10u]o]/d s]43tofof 107 ]3]

FA7} WobE 9oLk, HRT 15day A2t 26) 8)40]4ke] 8140 =5 107 o]4he] F4}7} o}

14=2efe], HRT7} 20day, 25dayoll o] HEX ) 0f 2T o] ote] A 2429
ol AME 17 of et Afeiels 2419 A9 W9 fARE A0S ey
QLo HRT 20, 25day A1E9] 9ol 5738 Wold@st 2ot 4k Uehitom, &
£ Asol 4] 207 o|AFe] ujEEA7E Woplo] ojul @A o] X7k FHstcta ghebEct,
Blank AW 2ol 4] Lhehdt uhe} Zo] §31547h 5] 1]3) Wobkselo] Hojx
1A wobEl A4t A ZAHAS TPe Al Yok, Brsee o el 2a-10)
A2 B OR o] ojn 2720] AR FRE HlRAR] ol EFEo] 9]

ES I
2o f7lE ol ot HotA e AA Hol 212004 B B2 FAE HotE e A
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H 3.17. NExHE|A| PilotAExA

7 = = &= -2
BOD 10,480mg/ L 9,870mg/ L
Fle Ss 13,000mg/ L 8,500mg/ L
L3 9T-N 1,874mg/ L 1,269mg/ L
HRT(3:2]5H4 A 5F-A17h 25day, 30day 13day, 20day
HoE o % - -
A F R i
F A S AR 4 3078

oy )

1% x - "
e

77 3.38. &Z1-1 opA,

7 3.39. &=74-2 ol

1. 7520 XtEst % uFH E - AH| MZE7|IE HE 133



Z22-19] 45 Y= 2], HRT7} 25day, 30dayo| A 9] 2|FA] ]2} vl&=FAE o]-8-ote] 29]
Faem, I 235 7 40 YEp Ity e A=A HotsEs Aol FAF
SHAl YERg S, HRT 25, 30day Al 22] 9ol s Holdde o 2k} FASHAl Websd
o, L ARA 207 o] o] uijEFArt EotE o] din|2A 9] 7hA| 7} %%’5}451 TehE

Y& 2], HRT7} 15day, 20dayol| A o] 2|FA 2] wij5FAE ol§slo] dad =24-29

=2
l

)
2
(0]
9
>
oot
Olr

wrob Al w— a9 sofl dehpolch A5seet 27019 A9 W9 SARE 2uE vet
Yt Qovk, fs&eele] 79 1050]4, HRT 15day, 20day] Al=o] A 2ufol 4 8]45tofo}
(07} olA8) 47k stolsio] SRulsEAs] ol 47H7) Fiokekn BRI, Z1Ee] B4 A

4 eAzAL ks 2abste] §89 olulaabe] Zbssteta e,

(-, ms/em, mg/ L)

= EC | T-N | P,0s | K' | Mg® | ca®" [atojzis
BLANK 0032 | 2 0 | 325 | 02 | L1 30

4| 3285 | 1,827 | 385 | 1,450 | 985 | 594
5 | 9297 | 369 179 | 291 108 60

]| 10uf | 4397 | 133 | 133 | 106 | 42 | 36
| 154 | 3.064 | 91 110 | 73 29 | 28 10
20uf | 2442 | 63 71 61 32 | 29 22
25uf | 2.058 | 54 60 49 26 | 27 23
1 4= | 1682 | 386 | 229 | 1,275 | 110 | 216 28 L 0D g = .
2} % 20 | 8744 | 196 | 128 | 518 | 39 | 76 26 %:} s *
A oy 39 | 603 | 132 | 89 | 415 | 29 | 60 27 H Wl )
2| 4u | 4645 | 98 55 | 35 | 26 | 51 29

*

58 | 3.739 78 57 208 14 30 30

2= | 1868 | 487 | 277 | 1385 | 112 | 229 | 2 =
= 2 | 935 | 251 | 135 | 714 | 45 | 101 | 28 N .
2 jjy 3u | 624 | 187 | 110 | s01 | 37 | 69 | 29 ;} .
| 4 | 468 | 129 | 80 | 433 | 24 | 45 | 29 z e E;;g;‘;
se | 362 | 98 39 | 254 | 16 | 21 27 | EEENR)
18] | 40.68 | 1,963 | 350 | 1,505 | 186 | 250 | © : '
suf | 9905 | 380 | 195 | 289 | 44 | 72 e st et o e s s
o | 108] | 5381 | 200 | 112 | 154 | 23 | 31 0 NS4
Slisep 3577 134 [ 60 | 102 | 20| 3] 6 T3 3.40. =Z1-19] HeA=E
2 208) | 2745 | 97 | 57 | 73 13 | 15 23 dolaladZat
2 o5 | 2205 | 78 | 48 | 61 | 13 | 12 | 20
;Ej 18] | 1536 | 353 | 204 | 1349 | 123 | 143 | 28
C 2u) | 801 | 145 | 105 | 633 | 58 | 69 | 27
015w [ 536 | 143 | 30 | 42 | 41 | 5 | 28
day

4u | 432 87 23 276 26 31 29
saf | 3.02 45 11 147 16 17 29
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2+

T EC | T-N | POs | K' | Mg* | ca®* |[dopzig
18 | 1595 | 442 | 224 | 1439 | 129 | 158 | 29
% 2 2 | 8404 | 231 | 126 | 669 | 51 | 78 27
A zjjy 36 | 5808 | 154 | 94 | 409 | 33 | 54 29
(R 4} | 3623 | 118 | 55 | 276 | 23 | 36 28
suf | 1918 | 93 | 27 | 149 | 12 | 19 29
1) | 276 | 2529 | 218 | 6079 | 341 | 2460
suf | 663 | 625 | 96 | 1578 | 79 | 501
2| 108) | 359 | 280 | 48 | 651 | 36 | 253 | 10
=158 | 25 | 175 | 37 | 415 | 27 | 169 | 29 »
208 | 1.9 132 21 316 19 | 128 26 s m ® .
25 | 161 | 105 | 11 | 252 | 15 | 102 | 27 )
19 | 1591 | 595 | 41 | 3330 | 115 | 858 0 % .
=7 2uf | 851 | 288 | 23 | 1.866 | 69 | 421 14 w0 ®  eunrisi
2 ja(; 3 | 581 | 196 | 14 | 1,105 | 47 | 344 | 26 : :TZ‘O')
4ef) | 422 | 152 | 14 | 851 | 22 | 215 | 28 s —
suj | 361 | 115 | 16 | 365 | 17 | 185 | 29 N
) | 1707 | 797 | 34 | 3,058 | 142 | 628 0 a7 3.41. Z74-29| AlSA=H
20 | 895 | 382 | 18 | 1,684 | 8 | 32 | 15 HiotAIS Zn}
;:y 3u} | 618 | 286 | 14 | 1,085 | 46 | 221 | 28
4uf | 478 | 204 | 11 | 877 | 32 | 165 | 28
Suf | 384 | 171 | 11 | 598 | 18 | 124 | 29

(3) HRT-20,25day "o} 413
3 3.19, 3.209} 19 3.420] Al A HIlo| wE A4 W == , -
ejstar. 2AY Yiurs of o] w2 A 29l Wobe-S Aw R, HRT 20dayd) 45 vhsut
S B e He40] A9k 260l BlAFHAS A Wolrt AAH O o] 2AE A &

Q19100 YRukES AN He)4o] Ao o

s
A< L
T -
o # A%t HRT 25day94 Oﬂ% iekEo]
)
=
o

b

32 kAL 95%0]4; Wolrt H o]

Algle] Bl AsHA] gLt 85%0]
19] Aol Ao fARRE 3
|4 82}l b7k A= glom,
A 92 Alsol M 85%0] /3 <]
ob&ol TS & 5 Jglen,
SH71 744 2=
5 w3}

uy o ox
o
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>
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>
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HHT-20day
2! 3.42. HRT-20, 25day 'LO}AIE,

H 3.19. 7Y LA =E sk
Hi(mg/ L)
T B T-N P,0s K* Mg ca**
YRS TR 24 871 371 3298 132 178
IZRE)IB AR E) B 186 128 3434 203 294
HRT20day IS s %%%IT
R e e e B 857 614 1916 131 98
e e e s 429 813 1868 99 162
eSS TR 24 752 352 3256 152 169
Hakd7 s 2] 24 98 108 3318 156 254
HRT25day ISl %%%IT
YRS ths=52 A 775 599 1905 144 105
I i 436 789 1777 112 136
H 3.20, ZZHs0| U2 Yols
2 HRT—20day HRT—25day
= groL7H4: L0 FE(%) gtopS 2H0FE(%)
1] 13 26.0 43 86.7
2uj 9 84.0 47 93.3
S ]
i 34 44 88.0 43 86.7
THA
4n] 48 96.0 48 96.7
5u]] 48 96.0 49 98.0
14} 48 96.0 45 90.0
24 47 94.0 45 90.0
ek
o 3uj 50 100.0 47 94.0
7FsA el
4nj] 48 96.0 48 96.0
5u]] 48 96.0 50 100.0
1] 2 4.0 0 0.0
RRRE) R o) 12 24.0 12 233
EEYA 4uj 2 84.0 40 80.0
6] 46 9.0 45 90.0
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(7<)

o = HRT—20day HRT—25day
= ol 2HOHR(%) ol 2HOHS(%)
P L 46 92.0 46 92,0
;‘:;; <100y 47 94.0 43 96.0
°e= 20 47 94.0 48 96.0
18j 45 90.0 43 86.0
24 46 92.0 44 88.0
e 4nj] 44 88.0 45 90.0
;‘:E"m ° el 46 92.0 45 90.0
°e s 46 9.0 46 92.0
108} 47 94.0 47 93.3
204 48 96.0 50 100.0
100 (@] 100
O o a 'E & @
2 @
90 |;| ? n 90 9 9 ? ﬁ
80 80
70 70
g 60 g 60
;ﬂ 50 ;ﬂ 50
e A LpeSA ST+ 20day o “UF S S TS RI-200y
1 a O Ly sta 7 S 7 2 2200y % N Oy shaTt S 552X 200y
2 W | Hhe 2= O 2] 2=-25day 20 ¥ L ESrE S THe =22 X|-25day
10 O Ly s 84 7} S5 2] -25day 10 A Oy earts s=2a%-25dy
0 0 —
= 24| 3H| 44} sH e 2 44} sHl suf  108f zowj
SIS SIS
g 3.43. 2T =70 [L}E o=,
4, A Q9
) YIS o2 SHAE AHEete] Z8jskshy o R H - & AHedt= 34a
AL AT, ARG 294 wHoRw A - 5 A= 2714 542 v BOD,
SS9 s HHE YRS olWEA Ay Adolo & F Zfol= gllct
2) SS 8,285mg/L, BOD 6,00lmg/L, T-N 2,117mg/L ¢l =Ex&22]E F/MH] 0.01~0.08
kg-BOD/kg-MLSS - day, W55tE oF 10Q= —3— A9t A3} Ae2lgr W BOD, SS s 7+
7} 57mg/L, 8lmg/L, T-N 2 PO,”P %= Z7F 108mg/ L, 29mg/ L 24 Qukx] o] A o
Hae SAVEE UEE = JEE ?q‘j/]% = AR
3) SA 224 SS W BOD Al AZHORE dukbxor de] AFEE I Ql= 3k ST =

Ysto] gt A3t A9 BiF $E BOD, SS, TN B POSP 242}
104mg/ L, 15mg/L 2 Z7g 5|0 SR 5o o]l 4] 2]

1. 7%

2 X

22X A
HOP‘IT_F‘ TXE]

=

71&

36mg/ L, 42mg/ L,
olelz QMo 7
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) AT} 1045050] RS Aol A ARG H Y SAF AT BT A
g Av Ae4e Am wek slebd SR A F L2IER MUl w3
8L6%7L AIAR G on], BT Mo o MEL 36w 2w o] X2 As thu] 96%o]4
AAGO RN MES BeA0R AT & U Ao et

5) F/MH] 0.01~0.08 kg-BOD/kg-MLSS - day2 &7, WHHlES 312 9k 7S oyl
ARG 23 Ao 40] A9 TN, POs, K'o] Bt YRu5e 7HEat 4 onct o
$ol Ak FEE 45H) o4 £ ZA o] yuREe] ofgA4o] FEstth

6) Ml TAE o] 83 oA B AT, Hele] A9 HRT 20day 492 A stk
2 et B glol BE 845 I 85% ol 4e] Wolgg Uehfgli, H55

A WSS FHER Aol Heldet ol 345t G 85%0]4pe] Wl

Ao

WSS S Aol 4] ol Sluslolok sovol ol %o}%ur.
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8) webd THOUBHL olgste] oS ALY $IsiAE B EMH] 0.05kgBOD
KgMLSS - day® £3FA, WRo5S Faste] vagiel Azt AAHA Yws
el SIuIs Atk S0 LESHE Aol SIS, ol AL B eIk VI8

(H2MIR 2] 7|98 ES o8t 7ISEn HH|g} 7|& e

1. 3447]

ey AR FRA O oyt
A opeck WRA RS T
o] AERRE AskR
o1& F4200]8t= HZ%
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o .
Yae evhol=ol &2|al AW STAR HolEth(dR, CTCH M <=, 594

- A|& o
zele)
g o B Bes & AMad 9o Wolmar
S 10098 0] Sodze FAAnAL o e Fue A
- CTCAH 7 | 5398 Aolstat 3@l Hdd Aolth

ARNEE ¥ WEY ZuA T JuE Bom, ol ARAR/} F3In A% g
AT BH Q) (Methanosarcina). ©]&= A3} o|A 23 HEtAH 5 slvbo|th

=399 54

E&ee|o) Hit Bz EAL ®-1m gk =&Y VYTSHIE oF 71%,
CODct/NH3-N (C/N)H|= 25:1 A=gx E&ees 7h53 42 9l YR ol Hct
(Gerardi, 2003). =&52{2|2] pHe 6.6502 274 ¥ 9ol L3trh (AHg/dufe]2fore] g g9
+= pH 5.0 o]Afo]ojof 3, HEFYAIHFS 6.2 oo A= dojuR] &=tt, Gerardi, 2003). Ht
TSZES 3.32% (348 96.7%)¢1 HAFO 2 UGADE o]4o] fo]sltl. SCODere} BODSH| &2
TCODer(66592 mg/L)2] Z}2} 50%, 25%= BAw ¢t B+ E&eja]o] Hus 24
A FEZA(US EPA, 1992), 5914 EH ) A7+470 CFU/ML)T} A= 4 2}(3100 MPN/mL)E H-4]
SEALE [#E-1]9] B4 2= =&dEE A LEd=E Y AATE)A A= B8 A 7N

Holl WREA ohES & 4 9tk
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H-1. =5gi2|e] sHE7| =2|aetd &4

=o|3etd Hay &2
pH 6.65
EC (mS/cm) 21.5
TS (%) 3.32
VS (%) 2.35
VS/TS (%) 71
COD/NH;-N 25:1
TSS (mg/L) 13,788
TCOD,: (mg/L) 66,592
SCOD, (mg/L) 33,002
BODs (mg/L) 16,914
NH;-N (mg/L) 2,623
Avi.P (mg/L) 2,012
Fecal coliforms (CFU/mL) 470
Salmonella (MPN/mL) 3,100

2) &3-Astetd W 124

(1) &=

[3E-2]0 A2} o] UGADA| AT oA 40U 9] 4817|3F Fot v Aol A At =aeie|e &
ol el aRret Eo]-Aeketa] Weks yehdinh =, pHe {4 6.65914 f& 8.032,
UGADZ 2| 2] 9} DSRO| A= 212} 7.64 9} 7.60.0.2 LJEbdt), o] mjebgd o] 233t g0
[Z29-11¢] F7Iv8E2 Hisoll ol DSR| Hiro] 33 €. ECO| 7, 215 oA 13.3 mS/em
OS2 {9 - & Y Wsletaon, e Aashs ol EC7F nlEo] Holz HE 4 Sle
SEFYE (NH3-N and K 5 Fol2)ol 2|&E3H7] mZot.

1= BA1# UGADR =, F2k, 712 59 HelE etk g4 g 2=s 28.

4Co| A gk 23tz 0] N (W) 33.7CE 97| eHt} o 53T Hwo| Eoprt o= 25l &7
astxo] AHor Agastrr Ae(fel) d&do] H5S 4 4= Qlok (Philip, 2007).

(o]
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T 35 -

E . o O

= *-X : gy . -

™ . -

2 30 - LA

jE‘ o % %

] % * b x
25 = ) . i

--+- Ambient Temp (28.4°C) b &

20 ——Influent Temp (43.5°C) ke

+ mUGAD Temp (33.7°C)

—
2

‘
2pg88822228888833353
GEEELELL LA EEE LS5
-t W) > S = tn WS =t u =) WS
DD D D D e e e = N N N

Sampling days

-4, UGADAIARIOIN ZAIN 258

ZHlEAE, solid 542 UYet= FY42 TS TSS+= 2H7F 3.32%, 1.38%, F&+= 22t
1.06%, 0.29%= A %] ¢ltt. DSRE] slHof A H TS} TSS+= HAA OS2 4.13%, 2.69%ZA] 9]
£ A= (consortium) B2 SHSHY] ff5to] {2 REEAIA FYvELAS Siekst
o] inoculum® 2 AjARESHCh

[3E-2]9 A et 2ol 7] HEFY+= TCODcr, SCODcr, BOD5 5%+ ZHZ}; 66,592, 33,002,

Aol A 242 Bt 2,623, 2,012

16914 mg/L, =9l om, oFoFelel NH3-N, S-aQlAke
mg/L, FE5llA 1,184 and 414 mg/L2 H4 =t FErolde Hd8dwe THEA G
mebA d7ast =ePEle A AANER ARE 5 ATk
H-2, UGAD2| U] X Asilof HMalsty £

SISt Hy T @UGAD @DSR @FRET
pH 6.65 7.64 7.60 8.03
EC (mS/cm) 215 132 10.4 13.3
TS (%) 332 1.48 4.13 1.06
VS (%) 235 1.00 2.43 0.62
VS/TS (%) 71 68 59 59
CODo/NH;-N (=C/N) 25:1 10:1 42:1 8:1
TSS (mg/L) 13,788 3,733 26,861 2,922
TCOD,; (mg/L) 66,592 15,032 43,52677? 9,045
SCOD, (mg/L) 33,002 5,735 2,053 3,593
SCOD«/TCOD; (%) 50.0 38 NA 40
BOD;s (mg/L) 16,914 - - 3,290
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(7<)

st Hae @RYUx @UGAD @DSR @RET
NH;-N (mg/L) 2,623 1,469 1,050 1,184
Avi. P (mg/L) 2,012 713 1115 414
Fecal coliforms (CFU/mL) 470 - - <10
Salmonella (MPN/mL) 3,100 - -
(2) pH
He §7]) n]iE9 5o IS X 22 o]E monitoringst At &8 2] ¢ pHE= 6.13~

6.85,@1 KA PSR byt i) A 58 738841 Alol e pit 912 2
H9iek S5 UGADO A% pH ¥ 7.60~825 Aol = wh$- A5 W92 fAstark of ¥
9 O EAA T E Bt okl @714 iR U B RAZAAE A5 AR B ol
9lo] UGAD®] @7|48k3% % BAL A79A ¢he Aoz e,

900 - —#—Influent = UGAD slurry
250 - DSR slurry =i Effluent
2.00 4
750 1
I
o
700 4
550 //\*_/‘
G.00 1
5.50 T T T T T 1

July 30th  Aug26th Sep3rd Sep22nd Oct2Znd Octl3th

Sampling Days

J21-5, UGAD system?| ZA|A =X pH H3}

(3) Total Solids (11L& &)/ Volatile Solids (34 1dE)

FTULP (TS [LH-T]olA e o] B&2]E] 2] TS= 3.4%, &= of 1.0%7F =3
A374 2] TSO| A& 68.1%C] o] 2. TST A&7 1F &= EA L F=(VS)0]

St= o, VSH3St= [19-8]1F Zrh A& 2o Bt VS&= 2.35%, &A= 0.62%= &

Ttk VS/TSH| = 60~70%2 UERGTH AZX VST4ALE 73.6%2 A4 UGADA|AH Q] TS, VS

2BEA7F Bagt AoR HehETh

t}. %
2}

Sl
=~

1}

X
e

I 142 2009HE ZJHsS R&D A|EHTAIEEDA  Agenda 11



6.00 1 —4—Influent —W—UGAD slurry
== D5R slurry  =—s=—Effluent

Total Solids %
[¥Y)
(=)
=
1

000 T T T T T 1
July 30th Aug26th Sep3rd Sep22nd OctZnd Octl3th

Sampling Days

216, UGAD AIARIO| ZAIR S34 Towst,

4.00 1 —4—Influent == UGAD slurry
3.50 4 == DSR slurry =i Effluent

3.00 1
250 1
2.00 1
1.50 A

Volatile Solids %

L.00 +
0.50 4

0.00 T T T T T 1
July 30th  Aug26th Sep3rd Sep22nd Oct2nd Oct13th

Sampling Days

J2-7. AAMA X|HH vsHE|

40000 ~

35000 —¥—Influent

30000 4

—l—UGAD slurry

= 25000
= urr
E zoo00 4 urry
A
= 15000 4 —s—Effluent

10000 4

=000 M

0 A T T T T T 1

July 30th  Aug2eéth Sep3rd Sep2Znd OctZnd Octl3th

Sampling Days
JE-8. ZAIM EFE TSS H3l

(4) Total Suspended Solids (FH-F11d &)

THFUFE(TSS) S S4HE A7 T35t <29 Bk TSS+= 13,788 mg/L, Hi=4
o = 2,922mg/LE HE|o] H(2)FA L] TSS HAF &2 oF 719%E Uetylch dutxdos &
717 A" Hagd 95% ool olB® H7]|asksA o] TSS Faas AuE 9% A7t
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a3l

(5) TCODcr (Total COD)/sCOD,; (soluble CODc)

TCODcro] A&e|d]= Bt T 6.65%, &= 0.90%% = AT oF 86%9] 747} 1t
BT} TCODZ £8]7H53t sCOD. = Hlo] o 7FAAR A A e A] ) FQsict A&ele]
= ¥ sCOD FE+= 3.3%, &4 e 0.359%= WE o] oF 89% A= YUElgth o] &2
sCOD ZFa+= Hpo| 7tAMRYARE A& YEeRdTh oyl sCOD/TCODH| = 2F 40 ~50%0°] ™&E5it}.

50000 -
45000 1 —#—Influant
40000 A
- 35000 4 == UGAD slurry
E 30000 A
E 25000 A DERslurry
% 20000 A
3 15000 A ——Fffluent
10000 4
5000 W
0 — : : : : |

July30th  Aug26th Sep3rd Sep22nd Oct2nd  Octl3th
Sampling Days

379, sCoDe| BAIH X|I™HE Het

50000 - ——Influent
20000
- 0000 A == 1GAD S|Llr'r','
S 60000 4
£ 50000 4 DR slurry
8 10000 -
] = Effluent

0000 4

20000 4
10000 1 -
0 T T T - T T 1

July 30th  Aug26th Sep3rd Sep22Znd OctZnd Octl3th

Sampling Days

J3-10. BAIX XY ECODcr Hat,

(6) BODs
BOD®] $1&2]a] b 16914mgl, §E5oAE Bt 3290mgLe HAF 4% &
BODE: &t oF 80.6%2A o] APl &Uth ol F7I4 23t &Y §718

Faagol HHOR £s oudt
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25000 A —#— Raw slurry
22500
20000 A
17500 1 —B—Effluent
15000 4
12500 +
10000 1

7500 4

So00

2500 l—“./‘\l—-

BODs {mg/L}

July30th Aug2éth Sep3rd Sep22Znd OctZnd Octl3th
Sampling Days

=11, ZAIE S8 BODs2| 5t

(7) gEyoby Ak
QFmuloby Al Hul(FEFEI ofet vho] 9 7ka Y Lol Yo% Fadt
Qo] 3, A ol vt Wolxw 7] nlgEel fasith. U&ee Y gEyoby
49 FF BT 2794mgl, FEFOIAE 1,065mg/LO R BAE ek UGAD 43} A|2of A
rmUjoly WAk 549% AT AL FHY whsick PmUoy AaBELE7A Alwel)

w9 g5t

4000
3500 1 ——Influent
3000
E 2500 4 —l—=UGAD slurry
£
= 2000 1 DSR slurry
% 1500 4 B
1000 4 i Effluent
o0 A
a T T T T T 1

July30th  Aug26th Sep3rd Sep22nd Oct2nd  Octl3th
Sampling Days

J7-12, AEL|0F EAO| AN SXY Ha}

(8) 7H&(nI#) <l

7HE Qe ERE MH|(-E4) B oy e} vio] ks YLK E7E)ol oA Fadt 8
olth. A&l ol M FE7HA2 I NA F(HER HaE dEs. e A 71
A FrE 2,l46mg/Le THEE WhH FE5o A= 278mg/Lol Itk UGADA| 2Hlo A 718 <lo]

79% 4% A FE vheit
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3000 A

3500 4 ——Raw slurry

2000 —l—Lagoon
1500 1 —d— Concenrated

1000 A

Available P {mg/fL)

—=—Effluent

[i] T T T T T 1
July 30th  Aug2éth Sep3rd Sep22nd Oct2Znd  Octl3th

Sampling Days

313, ZAE X|IHE K8 2 Hal

3) mAEeE We B4

(1) Amelete} Euvhg

Amdehol BARARE BUHAROR 75 Ee Hol aslel Ytk tebi o £,
270, B 292 7] 913 A& He] AR RE AE] Aol MU AANk 2
o} 291419} o] UGAD A 2] @7]4stololiz W n| ol Mam ] eoteh. @7] 270
A B4 BlgEe] A 4 gl7] whRolth Jenz AeE EaufEis AAA A ol

o HRZ o]gd 4 Y Roltk

2114, UGAD =£22]2] S influent, Z)t SE4(effluent, )
Ol Amdatel Aa AHEL

4) whol o7k AR 24

7k A ZubE T8 3] (HP 6890N, Agilent Technologies, USA)E o] &3}o] CHyet COE B45}
ek 0.6mLe] 7kA AMEL 50T o] £Q] =2 FAEGN, 08 k= 35CER)oA 225TCE
B3 20CH gxlon, AFL 74 SRR £ 30mLy o] 8313l th. UGADS] Hio] @ 7pAg
HEHl &2 oF 67% 2 EA %] AR the HdrE AHESt= ADAIARI HT Hegha-&0]

AT
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Gas production rate (m3/day)

J2-16. HIO|R7IAS &

Data File C:\HPCHEM\1\DATA\MET0811\LAG3.D

Injection Date 8/11/2008 12:02:03 PM

Sample Name Localion : Vial 1
Acg. Operater @ kim yong hun n 1
Acq. Tnstrument : Instrument 1 Inj Volume : Manually
Req. Method + C:\NPCHEM\1\METHODS\SURESH .M
Last changed : 8/11/2008 10:28:20 AM by kim yong hun
(modified after loading}
nnalysis Method : C:\HPCHEM\1\METHODS\SURE0328.M
Last changed : 3/31/2008 4:10:59 PM by SURESH
TCOT A, (METOBTTILAGS D}
250
1800
1800
1400 - a
1200+ i
1
1000
800+
500~
400 o
b
200 5
b
1= e e e 1
5 0 15 20 . 5 i
Externzl Standard Report
sorted By 5 Retention Time
Calib. Data Modified = 3/28/2008 4:57:53 BM
Multiplier : 1.0000
Dilution 5 0000
Use Multiplier & Dilution Factor with ISTDs
signal 1: TCD1 A,
RetTime Sig Type Area Amt/Area  Amount  Grp  Name
[min] [25 uv*s] (&3]
e B | I | j—
10.575 1 PB S  4.78266e4 1.06118e-3  50.75250 METHANE
13.433 1 PB 4.6305Te4 7.486D8c-4  34.66431 CARBON DIOXIDE
Totals : 85.41731
Results oblained with enhanced integrator!
1 Warnings or Errors :
Warning : Calibration warnings (see calibration table listing)
+++ End of Report **+
Tnstrument 1 8/11/2008 12:18:36 PM kim yong hun Page 1 of 1

J2l-15. UGAD HIO|27tAL| HEHSIRE &M GC.

11.00
10.00
9.00
8.00
7.00
6.00
5.00
4.00

3.00

2.00 + K e S ..u_.*_‘*.-'x" Wy *"‘*"*‘x---w-lw,_‘

R
1.00 A e 4/,

0.00 — 77T T T T T T T T
¢ P EEEEREEEEEEEEE EEZEEGS
AR EEEEEEEEEEEEREE
-t W S = ot B S e S = A S =
2 e 2 2 2 = = = = =@ & 60 48 384 0 @ @ @ =@ =@ ™

Sampling days

o
[

I
il
>
1]
10
Mo
HI
x
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1000 800
—+— BiogasL/kg VSadded —+— CH4 L/kg VSadded
900 { - BiogasL/kgSCODadded = CH4 L/kg SCOPndded
L 700
800 A
f’"\-—\ / AT T A -
= /A\ /‘. 3 1‘ Y — _g
= 700 W £
2 2
£ 600 5
o0 w
5 =0
= 500 - =
-+ -
= =
U 400 =
o &)
5 [ -
2 300 . )
= 2
[aa]
200 -
100
o o
0 T T T T T T T T T T T T T T T T T T T T 100
e & B & & B & B & B B B e B T T T T o= -
S Ed2ddsssaa0888828
O Y A - T Y O G
= 8 s 8 2 ™ = = = = 68 6 66 48 68 s s @ = s -
Sampling days
— Clo|S 7|2 o
J%-17. SRR 7I2Y HIO|7tA/H|E MEE.

UGAD E=&d2lo] §7]|48s AAE ubolorkael wete] WA Hm/day)Tt A4d-&(Lkg
VSued)S [1-16], [1-17]2 2t} B vlo] Q7kA0} vt A ero 8,629} 5.78 m’/day (300
MJ/day)2 HUE =T &9 {759 Hio] ertael wgt BAdE-2 27y 7331 BGlkg VSuddea,
495 L CHu/kg VSuddea, 522L BGlkg SCODuitea, 350 L CHulkg SCODuiiea™ AR E)0] 7 2] 0] 27}

WM A g dago] =9t

o

.

148

80
70_/\/4\,47/%\’—’_’\
60 +

£ 50+ ——DMethane % (67.5)

&

540— ——Carbon dioxide %0 (19.6)

£

530-
20—\/»//-\”’4__»//
10 4

0 T T 71T 17T T T T 1T 1T 1" 1T T "1 T T T T T T
B B B B B B B B B B & B & & &E S5 E BS
- th W = eh R = S = S o=
I — I — I — I T B B B Y R B = D — N — I — I — I — |

Samplig days

J2-18. UGAD =42{2|2| HIO|R7IA RS EH|.
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ol @ rtA 2 WEghg e
AEZL X&EFHOoFE ZEMT Thlo] A o] E Ll A7 o7 674 Buw/ft BG &
£ 25 MJ/m® BG Zat o1 % 0]-8-3F UGAD H}o] @7k AJAbe] A-S o
=423 w|EH(1000 Bw/ft' or 37.3 Mim’)o| B2 AR o|yx|ekg 4Pgd 4= Qlch

COy=19.6% AX o]ch A& oA o] EZ g

i e

H-3. UGADZH HI0|Q7}A AHARZE

EY &2ia| Qg2 500L/Day | HIO|R7tA MME | /Day [HIO|R7tA ESMMZE (m°/day)
8-Sep Ql 7,107 14.2
11-Sep Ql 7,824 15.6
18-Sep Ql 7,991 16.0
19-Sep Ql 9,127 18.3
20-Sep Ql 9,284 18.6
24-Sep Ql 8,516 17.0
25-Sep Ql 7,991 16.0
26-Sep QI 8,516 17.0
27-Sep Ql 9,666 19.3
29-Sep Ql 9,091 182
30-Sep Ql 8,994 18.0
2-Oct Ql 9,103 182
3-Oct Ql 8,710 174
4-Oct Ql 8,948 17.9
6-Oct Ql 8,984 18.0
7-Oct Ql 8,822 17.6
8-Oct Ql 8,537 17.1
9-Oct Ql 8,029 16.1
10-Oct Ql 7,982 16.0
11-Oct Ql 6,771 13.5
Bt 8,500 17.0

5) §714 AL AL

UGAD®| E&efe2ie A4EE 4714 A4 9 Haso] AEs|de TS, VS, TsS,
BODs, TCOD,;, SCOD,;, NH3-N, §-7] <l, A +F, Salmonellac] o3t A2 [ -19]9F Zo]
ZYZ}F 68%, 4%, 79%, 86%, 89%, 81%, 55%, 79%, 98%, 100% = A EJTIES|] =2 H QoA |
AHFL At 5 $714 AAL9 biosecurityo] T3t TS S5k glek. & <
V93035 QoA ARG shglo, Yo WUAE 1ok} F B

.‘
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120

100
100 %

] 3
]

J

o
2
~
"=}

Removal (%)

20

219, UGAD SEE ‘d=ietx Ha X HIZ.

6) Hhol o7t 0] A8

vol @ 7kA7t AR B ZhR(BAL £ e% th(eh) ALg S 910K 120 vt
0|97kt grejo] wrol felal Lt /hEd ) Ag Bzt Basty] ue], ekl Fha 2l

Al A ARG-E = Hhol @7t JiAdEojof dhtt. Bio| @ rfAE wpolARER] |3t oA A7)
E AN e QA NAWHER 7hEshE ofe S WY e Stk Y 2 dolyA|E 2

mjZoll At #&(Aa 7w, v Z]hel Hadt drE AME 4 Sk

H-4. 5127| (B-018) =&2{2|0 S 0T FL Malstx Ha 3 0|59 gt

2 =
No TIE Ha Zout o+l
1 UGAD®] A4 20 m’
’ o050 ulg 500 L/day
3 U FA AR 40 days
4B vplests A 85 m/day
5 CH; % 67.5 %0
6 UGAD 25 337 °C
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(7<)

No 7|1E HE "ozt (mha

7 89l=0] COD S 66,600 mg/L
SZHo| COD %= 9,000 mg/L

9 COD 7hAef 89 %

10 TS 33 %

11 VS 71 %

12 Q10| pH 6.65

13 oZ5o| pH 8.03

14 obmjo} A 2,600 mg/L

15 7] o] 2,000 mg/L

A71asol e ool ABAR WAl QA4S - Ak, <, ZF, 1 9 48] 44 Ba
3 mjake] G4 FBE - of AFHo] Yk [E-5]ol & Ao ojulxie] AAIHe] gk pHE
S olth. 3k WAl 9 ApEE

H-5. 20IM HEVIX| E&2{2|0A &2 UGAD HH|e| EM

No MEIEHE - Zald wa B cte|
1 S 98.9 %

2 pH 8.03

3 CN H|& 8:01

4 TDS mg/L
5 LU= 6.2 g/L

6 orru]o} A4 1180 mg/L
7 7] ol 400 mg/L
8 BOD:s 3300 mg/LL
9 Escherichia coli <10 CFU/mL
10 Salmonella <0.03 MPN/mL

8)

UGAD A|AES 5714 #iztde] AR Alal 9 sk wehs Sk vho] 27k A4
F Xl g S v|Hh 2 AGE Ft =&Y 52 HeolA E714AEE A7
H Hgta} vho] @7t A = 27 495, 733 Lkg VSaaad A EH-S HEITH Hio] 27t AYAE 0] 5.78

’ oh Hedt 2 f7E v

B
@
L E o
&
«
»
(e}
(e}
S
i%
ne
£
-
ul
ok
:|o
o
o
AN
J
U‘o
é
o
It
far)
T
H

73 A3k QA QU A1§Y S Gou, of

o1 v

74 02 UGADS| 7]12ql A7|e} Az A4e]

_\.'_
|:r
_>,'_
l?ﬂ
P
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7] v dr|asksAgol e aiwe AuE ASE U

N
flo

2, 47

1) mUGADS] &= Ex

¥7) 28543 BRste] of7te] L& Ao|RoRE WE YRS B JFL WL > 9
o, &171 VHE FAAE 53] ol A9 efelole) Tl A0S 4 slek o B4 el
ZolE T 7hA) 2w WololA

iF.J} 32°C o|5l= "ol W, §
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Temperature distribution of UGAD
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Daily observation of pH and ORP of mUGAD
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o) 7} 1.66 1.08 1.70
4 B 027 0.08 0.19

2 @A BEARZ AGE vl Fashi g DAt Qi el ZEY
wE ol Hs) AR Bo v, B ARIYelA AR A HE
Sl 7} AR BT we F4ee AUn gk W 74ES 4B S AzE AY
o7] $l5te] 7hg e ARHHE oF Immo] & 7|8 47 AFAS o] g3 Ao HEAY
stol S FAA YA4E PYOR sho] AT ABS AAFTh HERFS AX L o]
Aol 2zt =l sety JEEAS E T3 e

=

7. ME8d 2 2zt EH|2] 35X MEFE
(- %, AE7ZD)

2 o= S =(%)
pH N P K
A& FH 7.84 1.40 0.30 0.79
217 1mm ©o]4F EH| 7.88 1.42 0.21 0.74
217 Imm vk Ey] 7.83 131 0.58 0.59
H EH 8.22 1.37 0.54 1.23

ol d=EH Fof i skof o

=

ol

1

=t ol AT AN AAE 5 5l
dEo] Aol delEHlo] HA erE ARl HlollA
A-I oA Eol&l Autg HolFal led 1
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B 8, MdHo|| wWE Zt EH[e] 534 sk
(F %, AE7D)

2 Z32 sE(mg/kg)
Cr Cu Ni Cd Pb Zn
AE By 2.60 10.88 4.76 0.83 5.08 46.64
217 1mm ©o]4F EH| 0.84 11.01 6.01 1.80 8.58 43.49
217 Imm vk Ey] 0.35 8.70 5.11 1.51 6.64 41.61
Ha EH) 3.03 7.39 415 1.05 439 36.26
A 150 200 25 25 75 500

8 WIAA2E AT =g AR FFEFY Soldt Mty HolFw
ek £ APl A Ful R Fo) Immo]d 7] B-2 Ao oA BHAA wEE
v A zbgel] Ewx] gk Bl HolXe 47 Imm oste] £ Fofl IhE F
FE79) s YR H| 2 F7lsHe BAE HolX ol 9la 4R BHAAE 2
38 Fadhs AFg 2olal glek wrdel Bl Alxaby R T wEHE 9% Immolye] =
e Edole FFEFY w57 o B4 TRl Ack ol Alzd AEH e T4 2
Ao A=l BARA RN FFE EA A ok A& 5 vk AL
omgle). o]2jd WAL 2y BHo| FFER BelHor AYSFAAY 2 B 7}
A 33 ol FFERES R3] el vehd @4l Zloz dddc Az AlE o
TS g RFETAYNA Hohe wEr)Ee] FYtte AR EAHU E 9t Hal
Az Fefd v 2R ] WA ES BolRa itk AT Jeo] Aol WY §
Hof AlxgHs Hshe A9 mE Wlst Ao w2 s A4 Yehta g

H 9, HEHZE FEfE HIzEE SEe| He}
(91 1 %, AE71E)

B A2 He Ha ey
T = 2= | | EE He gy

pH 7.83 8.22 1.89 1.73

N 1.31 1.37 0.98 1.06

P 0.57 0.53 0.70 0.68

K 0.58 1.23 0.71 1.10
R 904 W} | Eu]} FRAL U vl 2R Geol Aol vle) 0512 ZoeHE
7§ o _% )y 7}4\9_



Qe fclo] B 4 91 Ao= Foluth WY HuARELS HulANRS] SEFYT T4
o] 27 Qe AL Ao Uehtid Ansule] T4 tE Adey HEYES 1
% 110 =45

120

100
W percentage of completion

80

7= 8(%)

g

T1 : =254 19 + #AEA] 6] 03 + 32 03 + w7} 0.3

T2 : EEEvel SREN] E 19 + AR 03 + sz 03 + v 03
T3 : HAEIXEHE] 19 + 2jZF 03 + 1|7} 03 + E=EEH] e} -EEH] &3 03
T4 : EEER] 19 + izt 1

T5 : =EEH 19 + AZAA 1

T6 : =2 E 0] 19 + #AEIAER] 1

T7 : ==25H] 19 + HAHEXEHE] 05 + 117 0.5

O 1, H=EH|2] F1dol mE BAEH| 7IS5EE.

IF 1o A Hojz|5zo] ujifo] Zobd Eu|YR(T, T2, T3)9] 7h5-&°] B A2+ Hlsf
AsH 2 Aa & 5 Aok vlAol AofAal 7haase] 2 AT (T, T2, )M E =
= ERlEoE Aol AofXl Aol o &2 7eass Bk i47}xH§ AERE S22
SHF2 23| E 56.4%, A4 0.01%, Q1 0.04%, 24 37.2% 1213l GEIEF 29% ¢5=0]al H

HAAF2 0.38%, 19 o2 031% olrk. Al A2 7“5\—9} a2 AEEES
4.1%, 0.03% 18]l 0.157% o]t} 7Fyairt ofa 32 T A2+t v 7S A=
uthH] 2.5% M7 AE B9 7He&0] woMAle AaE Holil ok T4 Ald+-E 7|ELR
F AR Fge %EE a7 129] E=AJSRIT.

x| e

A

L_l.ﬁ:%r-{n:

i‘-?ﬂ o ok ox A

Z
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Al

T1 : EREH] 19 + vjsA =u) 03 + 9)2F 03 + u]7 03

T2 @ =2EH|F SEEH 23 19 + #AEIAIEH] 03 + 32} 03 + w7 03
T3 oAl AN 19 + sh2F 03 + w7 03 + ER e} SEEN] B 03
T4 : ZEEH] 19 + 57 1

TS : =2FH 19+ ARFE 1

T6 : =ZEH] 19 + HAIREH] 1

T7 : EEEH] 19 + HAE|AEHE] 0.5 + 1]7} 0.5

a3 12, M2l FYASE,

Aelshd ERSe] i o2 AR Hu7E S T2 w2 eas BA o A
T6, 45 AT T7 oA vlad 2 s=5 Evh AE] AlzapgolA 523t v
o3| Eu)9] 27t Asshe Ao dvbdoltth 2 Adub oA LAH ofryol Fr B
Ano] EAT 7ty 250 9T W= Ao yepdth kAl dAe Yol s EHEE

I8 139 HER -

70 1

e | ETemp.(C)  ENH3(mg/kg)

20

etz Lol s = (mg/kg,

10

T T2 T3 T4 T5 T6 T7
NEE

a3 13, 7SA| YELIOF HUSE,
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Albo] FgE T2 Aol A Gmujol WAREI b BT FA 4
3 T4, T5, T6, T79] 49 74g-2 =9} ghmujol uhalako] Ao] At
2 ek o 49 49 AR o] 85 Tjze] ZhERAllA Hul A=l pH
oS Sto] rmUjol MAIS FAIF Ao B 4 Ytk §71BFC] Ak &
A% grmuols Wakelo] WEEE Ao] Uvbaeld] ¥ AW

A BAE Ao ST SRAE 20 Aaiel e pHE Web R/ WAL A 2
ke m)7 o ghebEnh B ARe] Balsh el 4 LEwste] ot
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etaLot 3 =(mg/kg,
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a7l 14, 23S 2FEAREHS | e YZLoF SEHSEE

AT ARE 73 BEEOIA S FRU o FEE T 7oA Hol ARe] &
7kl wet Sobske A% Boli giek whebd] ZEEN Bk 2ol A st
FRUo 5=8 Fast] glaie Aol o] SEASh Pers mASAL Wy E gy
obg EAete] MER Aelshs 5o 2A7F AT AoR FAHELh FHHOR 2EI} Folr
W R A, feiAlw B oA, AlRARY Sl ojfelx AR HuHT gon
el Wash Zojt”. & AFE ot 7}
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o
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AN
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=4 7}_1_4;(401]“_,] ;(-];(43]— iE/HFH Ul _1,1-347
FE WEn o] Jes 29 159 =Sk

170 2009HE ZJHsS R&D A|EHTAIEEDTA _ Agenda 11



1% 1504 Hojx] Zo| HElVty EH| 9 A7|= W 5 1ol YEhd oF 7 mmEPE W -
2 199 o 2 mm 747 chgstA Az Hol Xtk Wrbg gL 74?# RAE HE )= o
e o9 717k A WA Rulet Fepsls AXA =Hid I B34S 3 160] =ASch

120
——T1 —|—T2 —2—T3 —>—Volume
100
—~ 80
0\0
Oml L
4%
Nt
20 T
0
1 2 5 10 15 30 35
ME71ZHY)
7 16, HEH| ME7|ZH IE f2alet SEHS

A O Ao Rustae A AAHN | FH AR Faste FFS 2k FH
A g F (2 159 7AE A7k BEo) ulgste] ghasts AFE Hola 1 o FREE
Fago| WolA= 2uE Bttt St hs YR ARG Fadgol Jd3¢S o wHe
H ol AiSEL 2%, 7|F 9 FadE dF A8 Zor woEHg Ruk A7k
5 FTEHSE = 11 ot 27 g2 dukE Keloh &

¥ 10, EIEH[o| LiSA
(9] : kg/em)

Mg T
T T2 T3 T4 TS T6
U =g 28.40 31.55 25.13 27.38 29.63 28.12

78

T1 : E=EEH] 19 + HAEIR] E]H] 03 + 312} 03 + u|7} 0.3

T2 : EEEH|e} SREH] 53 19 + HAR|EE] 03 + 2z} 03 + u]7} 0.3
T3 : WAERR|EH] 19 + 3jZF 03 + 7} 03 + =EEH|e} S-HEH] 239 0.3
T4 : =HEH] 19 + 9z} 1

T5 : =REHE] 19 + AR 1

T6 : =EEH] 19 + HAB|R|EH] 1
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(HlaMIF2HAD 71Sd HH[ELt 7l 0
1, s yu)et oFoo] Egtule A

EntES] 22 MS20+NS80% Z3toNoA] 192.6cm &2 t21el Yool oFl e o]
180.6cm Hr} E=9tth EulE o] A2 CS 20% + NS 80% > NS 100% > CS 60% + NS 40% > CS 80%
+NS 20%>CS 100% =4 & 55 1] 2] S| &o] &5 Wolflth 53] 55 H] 100% AN A]
S9] 22 742em= Q- A 2T

71217 0] 73-9- CS 20% + NS 80%A]- &0l 4] 11.8cm= o 211 FH A ulj Lo} o 531 ATt 55
HH] 100% A-§-2] £7] 242 7.3cm=E 71 A qlth EntE o] 27] 4 42 24 1 A ] Akl 9
A @A gE 2bol & UEFW ] oottt SFete R N A B4t FETte] FE o] dop =
O] SHAIE 74 Lo S NHE 60%0] 4 STt Al§= DAL H A0 Ql4to] HE3t o

pus =
FHYOR QIoto] B S LehlA) 28 A0 AR EcH

B 8. GHE2|oH|o} olo] E5iH|S0 ME M S
Treatments Plant height Index Stem diam, Index

(cm) (%) (mm) (%)

CS 100% 74.2d 41 9.73¢ 74

CS 80+NS 20% 123.9¢ 67 9.0b 76

CS 60+NS 40% 142.4b 79 9.2b 78

CS 40+NS 60% 162.4b 90 10.2ab 86

CS 20+NS 80% 192.0a 106 11.8a 100

NS 100% 180.6a 100 11.8a 100

CS : Concentrated pig slurry
NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.

SPADS02E o] §5to] P:A £ Y X B A zgw E6} Pk A H 2719 GEA ZHH
2] 20%,40%, 60% EFFAI G- A 212} 51.5,54.5, 5S1L9% A ] 7bo] £-2J3t ol S Liekh A

QIIT}. TS CS 80% + NS 20% E3HA| 70} 20 u] 100%A]-8-70] F2AZH 3] .
38.9% Ltehjo] 71 9ol X el 9] 525 Bek o] wrob ATk 1Lk CS 20%+NS 80% EEHA§
T T FA o] A £7 0] YEAZYH S ek et

25710 35500 1] 80% -+ F 20% A §-79] G HAZ YA 7H49.7R F A2 79 59.5 ek vk
oFATE. B3] f5Z0H] 100% A 870 AE2ZHA = 3622 FUPAE 7L S Bakst 02 et
Sk WA OFoY 100% A 2] 0] @E4 A& 5952 4 B £A S ek

_I
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B 9. GhEalofn|e} oto] 5|0 M2 HEA B2
Treatments 10 Aug. Index, 30 Aug. Index
CS 100% 38.9¢c* 74 36.2d 61
CS 80+NS 20% 42.9b 82 40.7¢ 68
CS 60+NS 40% 51.9a 99 40.9¢ 69
CS 40+NS 60% 54.5a 104 51.5b 87
CS 20+NS 80% 51.5a 98 49.7b 83
NS 100% 52.3a 100 59.5a 100

CS : Concentrated pig slurry
NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.

2) 3P
Eute A4 0ol At Jhet 9 ke shiha= F73 Zrh 550 H|20%2F FH80%
EHFAETHMS 20% + NS 80%)94 EutE= A 80¢of 6.5 3ho] mdsto] tf 2l
AEFH 100% A e]te} vk sh5 et itk ¥ 5594H] 40, 60, 80% EHA]-&-
k7 5.9, 5.7, 529 35 YEto] w5 S3tH|Eo] 245 3T WolA = A
o] Tt EZ FFHH] 100%A]-Eoll A= 3.0 Shfof E3sto] JFEdF ol ot BAEH
At e W= 23S UEY Ao

Bolg o] aE sk e Zolu] 20, 40, 60% X7} 2% 7AE 21t 2 2pol7) qlgle
L -559H] 80, 100% SRHA|E-ol A= @A 8] st 53] wFHH] 100% Al-E-of A 9]
z2hty] sk 2470 Eabshgl

12

2 % rr o2 o

H 10. Si22|d4d|et AHo| =eiH|=0| ME 2

Treatments No. of flower Index No. of fruit Index
cluster (%) setting cluster (%)
CS 100% 3.0c 48 2.4c 55
CS 80+NS 20% 5.2b 83 3.5b 80
CS 60+NS 40% 5.7b 90 42a 100
CS 40+NS 60% 5.9ab 94 42a 100
CS 20+NS 80% 6.5a 103 4.5a 102
NS 100%
(control) 6.3a 100 44a 100
contro

S : Concentrated pig slurry
NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.
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3) EvlE BEn B

EntE o] ot 12 CS 20% + NS 80%A] 2] 7ol A 1,396g 0 2 tfj 2191 oFl*je|+t K} tha
Bgrot SAH RS AYEA Yotk BukE F BFE SH0N0] 40%h o 60% &
PG A 118002 2T Blskol 6% AT, SEAu] 60%St 0% EFToA
1,162g° 2 18% A E AT} E3F EntE 152 5=001|80% FN20% 3ol A 691g0 2 45%
WaET B3] SHAu] 100% A§7O) BFL 19580 % thte] utel] 84% Aastgick

1101'

H 1. 9fE2Md|et edo| =gtH|=0l WE 2kSat ok

Treatments No. of fruiting F)F;"Ll";’;'t . Mean fruit  BER
(No./plant) (a/plant) wt.(g) (No./plant)

CS 100% 450+ 195.6d 16 44.0b 0.5b
CS 80+N 20% 6.4 691.8¢ 55 108.1a 0.42b
CS 60+NS 40% 9.4ab 1,062.4b 8 113.6a 1.35
CS 404NS 60% 10.8a 1,1803a b 94 1093a 0.9
CS 204NS 80% 12.0a 1,396.5 1 1163a 0.7
NS 100% I1.1a 1,255 100 113.1a 0.4

CS : Concentrated pig slurry
NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.

** Percentage of Blossom-end rot(%)

4 43 2719 ABF
355009 9] A ol b2 EubE o] AT 571 o] AEFL RS Pk AR E|e) 1B

F-2 CS 20% + NS 80% A 2] Lol A FH 100% A&+ tf 53 A5 AE5S Yepl ik ey
5% olu] EgH]&o] 40% o4} Al Fol 4= AR +E7] ABFo] Y] uste] W3] A
shEgich 53] s Eou] 100% 4] 79 @+57] ARFL 2T vhu] 78% Fasheirh
B 12, BiEc|otd|t elo| =8HH|=0| [E HES
Treatments Dry wt.(g/plant) Index
CS 100% 23.9¢* 22
CS 80 + NS 20% 39.7d 37
CS 60 + NS 40% 53.4¢ 50
CS 40 + NS 60% 71.6b 67
CS 20 + NS 80% 104.2a 97
NS 100% 107.4a 100

CS : Concentrated pig slurry
NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.
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5) AE7I¢k H9 Hl&

£ o

== R h
%’%‘Eol 7 s gaEdn el B ve2 t2ed Fo %EHLOH M7V ESk
SEou] AT Ao R e Agolgith. o|HF Ait 1E R T SHy]
Aol A7 8 :
o wobxl Ao ApmEt.

Stem and leaf Stem and leaf/Fruits

Treatments wt. (g/plant) Fruits(g/plant) Ratio(FW basis)
CS 100% 161.3f* 44.0b 3.16b
CS 80 + NS 20% 29.4e 108.1a 2.77b
CS 60 + NS 40% 376.2d 113.6a 3.31b
CS 40 + NS 60% 542.6¢ 109.3a 4.96a
CS 20 + NS 80% 783.9b 116.3a 6.74a
NS 100% 826.9a 113.1a 731a

CS : Concentrated pig slurry
NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.

2. 7F5BLolulel RAHE 9 ofo] Tato] o EulE ofoiRju Al

_]I__II__
oAk, Zrgr whu|4: SheFo] a7t =3t} F=Au] 9] Ba-EZ(suspended solid)
& 152mg L= ul$ vol 5492 hul A4 whg BEAVE AR ok ol 5%

Hle] WATFS 6202my/Lolgon] shes Fujgo R o)go] Fpsa e mELh

Eulet ofaholule} whie] Eeie] wElu|o] olslshy B4
& gFe
A

& om
of

H 14, E|H|TH ofnied|et atE2| =522 s=MH[2| olastd Y

oms T-N | NOs~N | NHs=N | P05 Ca0 MgO K20 Susf(ji':jded
(mg/Q) | (mg/Q) | (mg/Q) | (mg/Q) | (mg/Q) | (mg/Q) | (mg/Q) (ma/0 )
Concentrated
620.2 12 216.0 84.4 3182 352.5 3,870.1 152
slurry
Compost
528.6 98 176.6 159.3 455 2.7 1,447.6 352.5
leachate
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of w}ou]o} 5o ulo HALES ETT ofu]o] o] SIS & 49} Rk FAl
FEe 7o QUL w24 Aol 79
15, Ofujelid|el s=oMH|of| FAES =efet AH|9| olzteld
ltems Compost leachate+Byproduct® Concentrated slurry +Byproduct
T-N(mg/L) 2,572 1,952
NHs-N(mg/ L) 1,640 1,497
P,Os(mg/ L) 844 787
KoO(mg/ L) 3,040 5,790
CaO(mg/ L) 811 1,347
MgO(mg/ L) 111.1 300.2
B(mg/L) 2.4 2.0
* 180 L of compost leachate and concentrated slurry mixed with 0.4 L bone meal, 180g amino acids, 190g molasses, 24g

ZeA 2l to

seaweed extract and 0.4 Legg calcium
173.4cm

2oln] EA T, FHA AR
H] 100% T=A]8L0] 24k
Z}7} 238, 228cm=

<

o

.

2) B854
e olatolu] GEH e,
Aottt 53] 55
A

2791 FAHe|T W} 2
u} 2L CS 50%+NS 50%, CL50%+NS50% 2 2] Lo A 2] 2%
U CL 50%+NS 50%A]-& -0l A

]
oA el e R

] 100% A]Q—;Loﬂxi 8.14cms 7F A9l
OFol a7} e 55 ek o] 213t A= o] Berofe) 3
o2 ArHr.

EESRI
b aga £ 940 S ane 1A & A
UL AT Aolo] Folat Aol g ehhA] grolch Ee

off
Ay

A<
e

B

m A

A Lol A 112 7F =9k}

£<B

QP FEE Lrehis 1 A stol ot
==0HH

—Q—D:‘ O T 1
:ILQ} o:]jr_].oﬂ H] 50%°9] ] OtoHS()% Eol—/\]

74 0% o3 2ol 2 e 7] o

Q
o)

Son|op HAS o

SPADS02E o] £5}0] Q&4 2|2 2
Y

| A 2ftoll A 38.4% 7P Wk
—TLOﬂH

OFoH
o=

Stem diameter

o Jetxtutoll 2fgt

SPAD502

= o] H B]+H *PE(CU—BP)

60.1, 60.8 2 T =+

Internode length
(1-4 flower truss, cm)

o mt} Tk

o
¥

o E
RELF

EOIE

71.7a

-
L0
3T AN

=

~

A
)

—EOPO 5

2

No. of nodes
(No./plant)

9.3b
10.6a

H 16. 7I=
Plant height

Treatment
(cm)

(mm)
11.0ab

51.0b
38.4c

72.9a

218.6ab*
173.4b

CL
CS

8.14b
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(7<)

Teamen | P PO | Sem dameer gppoggp | ervode et | N, rodes
CL+BP 234.2a 11.3a 60.9a 78.9a 11.1a
CS+BP 213.1ab 10.8ab 57.5a 71.2a 10.4a

CL50%+NS50% 228.1a 12.3a 60.8a 72.4a 10.4a
CS50%+NS50% 238.0a 11.8a 56.5a 73.4a 10.8a
NS 221.3a 12.4a 58.6a 76.3a 10.8a

CL : Compost leachate, CS : Concentrated pig slurry, BP: Byproduct
NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.

3) EntEo] B AL

EnbEo] 13} 8] ABAY BEahel ojmoly] BE o)A 1192 g2 B} thh
Holom ou] H2)e] 4t 462 v Ak EF Tl oA u] AN, o Do)
S0%+aFHS0%, 5% H]50%+FAS0% X2 Tol A teTel tEatalry. ey SEoul+RAl
2 Alg7o] FTe 7h7h 1028 Fojdjxo] Hste] Aotk AHETG ofghoju] S0%+
FHS0%A ST A 102715 718 & 723%0] AESES Uehllth ARG Hge
ke BekA e oA 71 Wl

EnlE o] BFaEL  CL50%+NS50%, CS50%+NS50%, kol x| 2] oAl TA YT t=Zohu]+
Rape e 22T 7h Ak

H 17, 7HE2oH|ot SAKS W ool Stoto| QloURHHO] oSt EUHE TS

Treatment Fruit number No. of . Mgrketgble Ayerage BRE
per plant marketable fruit | fruit ratio(%) | fruit wt.(g) | *(No./plant)
CL 11.9b* 7.4b 67.2a 71.4a 0
CS 4.6¢c 2.9c 63.0a 69.0ab 0
CL+BP 14.1a 6.7b 47.5b 63.6b 0.2
CS+BP 10.2b 5.7bc 55.8b 69.6ab 0.1
CL50%+NS50% 14.1a 10.2a 72.3a 78.9a 2.1
CS50%+NS50% 14.0a 9.4a 67.1a 74.1a 2.3
NS 14.0a 8.9a 63.5a 78.1a 1.0

CL : Compost leachate, CS : Concentrated pig slurry, BP: Byproduct
NS : Nutrient solution, BRE: Blossom-rot emergence(%o)
*abc : Same letters are not significantly different with DMRT at 5% level.

BEUtESY AEAlY IS o BhH] TEAlGo A T86gR Hjztol|l Hske] 28% sk
oh. B52 du|ef ks (CLABP, CSHBP)Eeo A 691go. 2tz Hin] 45% 2 3lth. 53]
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i52olH] 100% A&7 THEE 195002 ool Hlalo] 71% Hasiiet EabEe] AEAt
HAIZE CL 50% + NS S0%A 2| 7oA 1,112602 tz79l pobale) 7 mrk tha SrAgot
74el g0l oAM= ekalrh.

H 18, 7152 xMH[et BAE H Ao =l AL 2lStENES| 1K

Treatment Fruit Wt.(g/plant) Index '\\,/\l,ae?g(ﬁ:?gb/l;;r;l)t Index
CL 785.8bc* 72 678.9b 70
CS 317.4¢ 29 262.3d 27
CL+BP 896.7b 82 606.1bc 63
CS+BP 710.3bc 65 539.8¢c 56
CL50%+NS50% 1,112.3a 101 968.5a 101
CS50%+NS50% 1,038.4a 95 860.0ab 89
NS 1,092.2a 100 963.2a 100

CL : Compost leachate, CS : Concentrated pig slurry, BP: Byproduct
NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.

4 EvtE 3%

EntE Y] 12} $8HA] pefe o pole] eh=A g tol A 7P} kvl 23F kA BERfE Y] 4~
g2 o A H]50%+FN50%A] &Lol| A TRl YA FEFY B} =2 FE YEHe
U AR oAt AR A Gk

EutE o) 12}, 22} FA| S o] T glto A 24t tiE] 91%2] =FE LR o]
o T H| YRS ZHE3F [§7] FAH O THsAE AAISHATE EH o ]+ R4S, F5HH]+
Ak EA 9] Bt puke ti2Tt thH] 22 87, 76% 5 UrER o] of whoiH] The A8t
o] z~gFo]| n| 2| A Ear) EulE 24EFS of ahol H]50%+0FN50%, e H]50%+OFN50% Al
B4 Z42F 1,348¢, 1,297g= 219}t 53t =S UEtUo] o ipofu|e} F5HH| S o]&
shof A ulA] BFeteFo o] 50% hAI7Hs/dS AlAFSHAEE

H 19, 7152502t RBAE 2 o SHioHo| QUHRHHH| 2|et EOtE &
Treatment 1st yield(g/plant) 2nd vyield(g/plant) | Total yield(g/plant) Index

CL 412.0a* 785.8b 1,197.8a 91

CS 209.3b 317.4c 526.7¢c 40

CL+BP 248.8b 896.7b 1,145.5ab 87

CS+BP 287.1b 710.3b 997.4b 76
CL50%+NS50% 235.7b 1,112.4a 1,348.0a 103
CS50%+NS50% 241.0b 1,038.4a 1,297.4a 9

NS 214.7¢ 1,096.2a 1311.1a 100
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CL : Compost leachate, CS : Concentrated pig slurry, BP: Byproduct
NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.

5) 4 &719
of ol n], FAH] 5 Al 2] A, E7] AR T2 FA o= tiH] 54%, 16%= W3kt 1
Ao F7IE AT AATE AT FE59 Zlo] djlo] | Aoz Azt oo+ Rats, w5
v+ AR A 2] AR 27 AT d2 FY A 2 v 66, 46%E LrERY o]
1 BRG] o] FoI K[ A] @ kTt T12{ Lt CL 50% + NS 50% A 2] -0l A &] 2|+ A+E7] 2] A
AET2 G 100% A i8] 242} 14, 35% ot B 7 Gef7F | Ao 2 F25 . of ]
50%2} FH50% ib;}/\l%?”ﬂ A = %‘*«] A.=2719 A B =Tl w3t
EntE 3t 4 = A 2ol A 3752 71 S2 8kt o] ofl H]ske] CL
50%+ NS 50%%] ‘“4%14 SR

A=

e

o
S
ol
>1E »o12

H 20. 7152 od|t HabE 3 ol =gtolo] lixjulo] 2ot E0tES| HEJ IS kS HIE

Treatment Stem/vl\_li?;)Fresh Index StemVCtt?Z; Dry Index |Fruits/Plant Ratio
CL 481.3d* 54 67.9 62 2.49
CS 140.6e 16 21.0 19 3.75
CL+BP 581.1c 66 75.9 69 1.97
CS+BP 408.9d 46 572 52 2.44
CL50%tNS50% 1,012.3a 114 148.2 135 1.10
CS50%+NS50% 845.4b 95 123.9 113 1.53
NS 886.7b 100 109.6 100 1.24
CL : Compost leachate, CS : Concentrated pig slurry, BP: Byproduct
NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.
3. Elulgtolztonule} sstoralo] Eq4E Halo] o AR5AR AY

1) FA & 189 WSEA

3
A0 GRS CL20TNS80% E3HH oA 17.4emE t 2721 9
U BAROE o3 ol ehhA ek
Hr-2 o T H] 100% A 2] G0l A 9.77] = tff 27121 oFol 2] 2] H. o} 2kt CLA0%+NS60% A
879 QS 10.2em7H R T2TCl FONAY ) Lo} 2Tk tha H QO 1k CL20%+NS80% A]§-of| A
11.87} 2 oFN A vl Lo} o S5} . AF3=9] T2A-S CLA0% + NS 60%, CL20% + NS80% A]-&-7Lof| 4] 7+
7} 16.8, 15.9cm= LFEFW o] T & 5Q1 oF ol A 2] 52 9.7cm XE.t} A it}

o ol Ml Wt §3ko
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(418 1o} L IA] SIS, el ofahole] 20% 31 BHCL 20% £ NS 80%)
N E R ES R B EER

I 21. E[H|To{niotH|e} Sistetolo] =ateFE X2[ofl 28t 0|4 18Ye| HF MREY
Treatments Leazclri;\gth Lea(fcr\::;dth Leaf(g:)mber Roozclri;\gth SPAD 502
CL 100% 14.1c 7.8¢c 9.7c 11.0c 353c
CL 80+NS 20% 14.0c 7.2¢ 9.0b 9.7¢ 35.8¢
CL 60+NS 40% 16.4b 9.3b 9.2b 12.9b 39.6a
CL 40+NS 60% 16.4b 10.8a 10.2ab 16.8a 36.8b
CL 20+NS 80% 17.4a 10.5a 11.8a 15.9a 39.5a
NS 100% 16.7ab 10.6a 11.8a 9.7c 33.8b

CL : Compost leachate, NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.

2) A4 409 F HE4

2] F-> CL204NS80% N0l A 27.1em= t2-Ql | Foll A2t} EH%@
HE SIS, 43S ARE CLAKNS 309 83l 13 37 it Spont 4

T CL20%+NS 80%A] 8710l A 207} 2 713 k). of ol v 100% ] 2]+ G4+ 17.37H§ g

Q1 Fol A 2] 7 1} 2] QIek. A 0] GFEFA TAN0| Wejghelof o) s 29 H ) A%o] 2
CL40% +NS60%, CL20% + NS 80%A]-8-7Lof| A ZF2Z}F 18.9, 18. 1cmE- LFEFU] o] tff 2121 9Fol & 2]

53 212 by gl
40930} o]k} H] 80% + OF9Y 20% A -9 @B 27} 34 QoA 2] 2] 32.3 1rh
2Lt o} ko] 100% A -79] G B2 A = 292 GPAFE v cha Bas 2O Ut

BN

4
o 2 o 44 A

N

¥

O

4%
1

t}.

<t

L e
Tﬂ o/

H 22, EH|Tioimoble} Staioslo] SRR HMalol Olat O1A 40UQ| Al MBS

Leaf length Leaf width Leaf number Root length

Treatments (cm) (cm) (ea) (cm) SPAD 502
CL 100% 23.3c 11.6b 17.3c 11.8¢c 29.0
CL 80+NS 20% 24.0b 11.7b 17.0c 12.7b 33.0
CL 60+NS 40% 24.0b 11.9b 18.3b 15.5bc 31.0
CL 40+NS 60% 25.5ab 11.8b 18.3b 18.9b 322
CL 20+NS 80% 27.1a 13.4a 20.0a 18.1a 34.0
NS 100% 27.2a 12.7a 18.7b 18.8b 323

CL : Compost leachate, NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.
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3 A L AEF

A 100% G5 AeITANS $RS| BY PATE 253522 A2TA ANET A
60%2] WAZE Uehigich 4% AREL ole] Eaulgol £24F e Agold
CL100%, CL80%+NS20%, CL60%+tNS 40%, CL 40%+NS 60%, CL20%+NS80% *]&|7tol|A Z+zk
25.8, 27.4, 40.4, 41.9, 45.75 e o] ti=4tQl ok tiH] ZHZF 60, 64, 94, 98, 107% AA|SE L+
EPSITE 53] CL 20%+NS 80%H 279 45 ARFE 27l FohHel7 wek 3% ok

H 23, E[H|THo{ulH|2t fstfelio] =tz X220l 2fgt 0|4 18| &F M| & HEF
Treatments Fresh Wt.(g/plant) Index Dry wt.(g/plant) Index
CL 100% 25.8 60 34 56
CL 80+NS 20% 27.4 64 3.7 63
CL 60+NS 40% 404 94 54 90
CL 40+NS 60% 419 98 5.6 95
CL 20+NS 80% 45.7 107 6.1 103

NS 100% 42.8 100 5.9 100

CL : Compost leachate, NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.

A 5 4000 A0 TG AAFT ABFS Feah ek A 5 ojaau] 100% 4§
2 42, 404) S o] 44

5
[0 e]
(9]
N
[0)e]
lo
fru
2
£
BN
-
=
N
'11‘

H 24, E|H|THouniofH| ot sfstfolo| =5teZFE X2[ofl 2Igt 0|4l 40| &= MA| X HES

Treatments Fresh Wt.(g/plant) Index Dry wt.(g/plant) Index

CL 100% 46.8d 42 5.4e 40
CL 80+NS 20% 68.2¢ 61 7.9d 58
CL 60+NS 40% 79.4bc 71 9.4c 69
CL 40+NS 60% 94.2b 85 11.3b 83
CL 20+NS 80% 106.8a 96 13.1a 94

NS 100% 111.3a 100 13.6a 100

CL : Compost leachate, NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.

4) 5%
w ] of 2o u] of ool o] FgH o] o AFF-2] 13, 23} 31| FhA| L ETw} 2o of
o] 100% AJ£-7-0] 4 2] AF5:0] 4ak-2 koo u] 49%E Lheh 9lch. AF4=ak-e o] 3ol u] o} oFal of
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SR R0] 40 : 60,20 : 80% 4] T T-0 ol Th] Zk2F 90, 98%2] 5ol st

H 25, S|H|Clomlotn|ol sfalosolo] SR Xalol olst Al 4

Treatment Total yield(g/plant) Index
CL 100% 186.3¢ 49
CL80%+NS 20% 248.3d 65
CL60%+NS 40% 291.1c 77
CLA0%+NS 60% 344.4b 90
CL20%+NS 80% 374.2a 98
NS100% 383.7a 100

CL : Compost leachate, NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level.

4, G2/ Eu g gu|et Biba, setgd A nF FAA ] AJH

) ou] AR

° a1
A S zoldiE) HWIS] AATE 2my Lol 900 5 FHFOE ol
3k ol wekaholch ZRUFE S885my/L R A A, QAo BlSte] JrjHom we @
= o} 35-50lu]e] QUARIFo] 844me/L 0 24| Lok, ol Qlte] ik RaE

o]
AX
o 9l7] WEel Aoz Arck

H 26. AE2[0n}, E[H|THo{nieH|o] oj=lety dEREE

toms T-N  NOs=N NHeN  P,0s  CaO  MgO KoO S“SSpoe”’:jded
(mg/Q) (mg/Q) (mg/Q) (mg/Q) (mg/Q) (mg/2) (mg/Q) (ma/8 )
Compost
528.6 98 176.6 1593 455 22.7 1,447.6 3525
leachate
Concentrated
620.2 12 216.0 84.4 3182 352.5 3,870.1 152
slurry

JEAUE FolT HEW MRAES BE5] 9ste] FarEe
7 zxﬂoﬂum olSkab AL wask 2 AEeIulel AN e 150L 8 olsha]
SEolu]o] BR04L, FEA ol mAS0g, I 190g, HEFFEE Mg, WAL 041 A7t
ol EATSI, T VALES Tl ST SAHEE WAT A} 530l

# # 5 8 u2AY el olath

Hl= d=mdn|o wjste] A, A4k &
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H 27, WE2|o{ul/ElH|Tro{zfeld|ofl SAREHIZE FTtol ofgt HEErH
Iltems Compost leachate+byproduct® Concentrated slurry +byproduct
T-N(mg/L) 2,572 1,952
NH,-N(mg/ L) 1,640 1,497
P,0s(mg/ L) 844 787
K>O(mg/L) 3,040 5,790
CaO(mg/ L) 811 1,347
MgO(mg/ L) 111.1 300.2
B(mg/L) 2.4 2.0
* 180 L of compost leachate and concentrated slurry mixed with 0.4 L bone meal , 180g amino acids, 190g molasses, 24g
seaweed extract, 0.4 Land egg calcium
2) A4 F 3099 1F AL 54
39 ZALS o] ol H|+eFH(CL 50%+NS 50%)A] 8-, 20 u]+FoH(CS 50%+NS50%) A] 8-
ol A el (=)t EH—E—?{ 2742 Wb )lek. L2 o vpou] T4 2]+, Hu]ef A
(CL+BP, CS+BP)#| 2] 72| 242 55-56cm = FH(Hf 2+) Hrt A 9kth. 53] 5|2 2 -2 2%
© 423em v)S- Zgriad] T o]k BhEe] B F R Badol BAHY] fEom AzH
(3£ 3).
H 28, HA $ 3029 IE M8 4
Treatments Plant height (cm) Main stem length(cm)  Stem diameter (mm)
CL 55.4c* 20.1b 9.8¢c
CS 42.3d 18.8¢c 8.0d
CL+BP 56.3b 20.2b 10.0b
CS+BP 56.7b 18.8¢ 10.2b
CL50%+NS50% 66.2a 22.3a 12.0a
CS50%+NS50% 63.6a 19.9b 12.1a
NS 62.9a 18.9¢c 12.1a
CL : Compost leachate, CS : Concentrated slurry, BP : Byproduct
1572 oot B} Wk
A
==

NS : Nutrient solution
* abc : Same letters are not significantly different with DMRT at 5% level
3) B4 F 3000 2 W B4
of T 1] 50%+F 0%, 355 1]50%+FAS0% A 2] o] 4 ] 442
out BEAHOE §O3 Xo|S ERHA] hoket. ABAT 4
T, o HH|+ AR AlELo A Z
42H2 oS Berstoict

o) Ao Th
Agenda 11

R&D AHHTZAIHE A
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W20 AL CL50%+NS50%A 2] Lo 4] 64.5mme 7} ZFom the o= CL, CS+BP,
CL50%+NS50%4] 2]+ =M= ZAth 259 3 AA] 5 Hu] A2t A 78 2hdth 37
CL50%+NS50%2] 2] Lol A 7} a1 Z=ohd| & g]Lof|A] 7}AF Zerom o2 X gt Alo]ol=
SAAA FARE gldch

150 P aEL CS50%+NS50% A 2o A 182g0.2 7P EAYOH TS o2 CLS0%+
NS50% 2]+, ofdfefujA 2|4t A2 FA %k

A 5 30 13} $EHA] kS CS50%+NS50%, CL50%+NS50%%] 2] Gto| Al Z+z} 273.8¢,
267g0. 2 219l oF W} 22, 25% =Skt

I 29, FA = 309 1F 1 EY
Treatments No. of fruit Length of fruit Width of fruit Mean fruit wt. Fruit fresh Wt.
(No./plant) (cm) (cm) (g/plant) (g/plant)

CL 11.7¢* 62.1ab 26.2ab 15.2b 178.4c

CS 4.2d 53.4d 24.9¢c 11.9¢ 49.8f

CL+BP 12.5¢ 59.1¢c 25.4c 14.1c 152.5¢
CS+BP 17.0a 62.6ab 25.4c 13.0d 162.1d
CL50%+NS50% 15.0b 60.8b 27.5b 15.7b 267.0d
CS50%+NS50% 15.1b 64.5a 30.3a 18.2a 273.8a
NS 14.4b 62.3ab 27.4b 15.2b 218.4b

* abc : Same letters are not significantly different with DMRT at 5% level.

459 5 mEI}S B4

NEAG Bt 14 SIS T Rl Rtk A el Lol A 1STAR b ek
%0l u]50%+aFols0% A2l ol o] iz 14T olatoln] B e Bt Betth Sy
L olnoln], 5 5otH] THEAI G, of wolul i AR A §Tol A 22} 8.1, 27, 4372 thET

-

¥ of

oFoi ol o] wjsle] WAs| Aol Eak B ofzbolu] 22 Tol A 68dem= T ETo} Ui
S+ o ol H]+OFH(CL50%+NS50%), 520l B|+0Fol(CS50%+NS50%), o] ol H]+HAE(CL+BP)
A2l Fol e Tl oFeiH el mrk tha Wokth B4 of 7hol ]+l (CLS0%NSS0%) A
2ol A 744 7k

¥ 30. 4 45

ol

=lA E
uFue EY

No. of fruit Length of fruit Width of fruit Mean fruit wt. Fresh Wt.

Treatments (No./plant) (mm) (mm) (g/plant) (g/plant)
CL 8.1e* 68.4a 27.0b 18.1a 147.1b
CS 2.7g 62.6b 24.5¢ 11.9d 40.8¢c
CL+BP 4.3f 58.5¢ 26.9b 14.1bc 165.2b
CS+BP 10.5d 63.3b 26.4b 13.0c 165.8b
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A%
No. of fruit Length of fruit Width of fruit Mean fruit wt. Fresh Wt.

Treatments

(No./plant) (mm) (mm) (g/plant) (g/plant)
CL50%+NS50% 13.1c 61.4ab 30.7a 15.7b 251.7a
CS50%+NS50% 14.7b 64.2a 29.5a 18.2a 282.6a
NS 15.7a 68.5a 28.3a 15.2b 277.2a

* abc : Same letters are not significantly different with DMRT at 5% level.

5) FA 70U F nE2AE B4
2710 o Tpol u]+OFOH(CL50%HNS50%), 2520 H]+CFAH(CS 50%+NS50%) A]-8-L0]| 4] 68-69cm = T =
Q) QA 8 BT Th 7T}, o mholu] T 2, O]+ AHE BRHCLABP, CS+BP)H 2| 0] 4 9
2442 717} 63.1, 59em 2 QT2 MTh WO, o] X 2| o] 242 43 9ems ul-$- Lokt
AEAZA ) = 2127 PAFES e 719 A o]tk SPADS02E o] &510] HE A4 2%

S 2 o BA R4S E8HCLHBP)2}, of 2 H]+F H(CS50%+tNS50%) A 2] -

it
BN
>
St
b3
_\3

o A 217 68.2, 722 FAH ok 5T GHASHAE Lehfo] Fadt A G S et
W iek. of Tl ], -5 o] BHEA ol MO AEAF YA 242620, 4585 ) 279 75.10] 1]
sfol @3] Woreh

Treatments Plant height(cm) Stem Diameter(mm) SPAD 502

CL 63.1c* 13.1b 62.0d

CS 43.9¢ 9.7c 45.8¢
CL+BP 59.0d 13.4b 72.4b
CS+BP 59.1d 12.8b 69.4c
CL50%+NS50% 68.8a 15.5a 68.2¢
CS50%+NS50% 69.1a 15.4a 72.2b
NS 66.8b 14.8a 75.1a

* abcde : Same letters are not significantly different with DMRT at 5% level.

6) 34 F 09 1F B} 5

NBAY Wb a7 FxeTold 3034 A wrowl  ofuheuligkl
(CL50%+NS50%), ‘&= H]+9FH(CS 50%+NS50%) A & FLof| A 23-24 7] 2 oFol A 2]t K} & it
Bt AR EGAH | HCLBP, CSHBP)H 2|7k ofghotul el uek Hgleh o] B
AJge] T4t 3672 1A Gk 1] THL o] 2o ul+ ol (CLS0%HNSS0%), 55 o u]+
OFOY(CSS0%NSS0%) M 2l ol 4 7ol QFolxiel ok S5 IS hehgich

T50] BRFIFL 55U CSSO%NSS0%) A 2 T 4] 20g0 2 7P AR ozt
], of Aol ul+FAE(CLABP), ofThelfn]+¢Fe} (CL50% + NS50%) % 2ol A= di=7-Ql 4
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e el st HaatEe ehfolch AEAT ATEL of 7hol u]+ okl (CL50%+NS50%), 5
Z2ol 1]+ OF OH(CS50%+NS50%) %] 2] Lol A Zhzh 492.3g, 480.4g 0. 2 T 2ol oFol A|-g-T19} q}—o}
Ak FFAH| A gqtof| 4] 49.8g0 7 AT HojR|= AHEFolqd

B 32 A 2 70Y 1F i+ EY

Treatment No. of fruit Length of fruit Width of fruit Mean fruit wt. Fruit Wt.
(No./plant) (cm) (cm) (g/plant) (g/plant)

CL 17.9¢* 63.7b 25.7¢ 14.7d 263.7d

CS 3.6f 59.1¢ 22.3d 14.4d 52.0f

CL+BP 15.8d 62.7b 28.0b 17.7b 279.9¢

CS+BP 13.4e 58.4c 27.9b 16.9bc 226.4¢

CL50%+NS50% 24.3b 67.4a 28.4b 16.5¢ 492.3a

CS50%+NS50% 23.9b 68.4a 29.9a 20.0a 480.4b

NS 30.3a 69.4a 29.9a 16.5¢ 498.8a

* abcdef : Same letters are not significantly different with DMRT at 5% level.

7) AFTF

29| 17} $8A] Sk @L4H1+otoﬂ(CL50%+NSSO%, CL50%+NS50%)&-8-o| A tj = of
H| 22-25% =9kth 12} 84 115348k of ulolH] thE A& Lo A TRl QR8T T ]
82%9] e UE Sl eu 5500H] %%Alﬁ%‘ll A FH thH] 23%¢] Eifste] of wpoin]z}
FENH| Ho}p 27|pdo] AASHA w2 2435 UEtlloh 1159 23, 3%} pEhA] RE 9
H|50%+FH50%A]- 8ol Al =21 Yol F=gAH 53t 5 UEh I

O] 1AL, 2}, 33} 20| A AT FFHHH|50%+SFHS50%A &l A 11,0378

2 7MY w2 EE UHEWA ofydn] gEA gqts ti2Tt thH] 59%9] S LER o
AfA B S 2-gsto] {75 A TS AASHR oY aFE Ao w] =] A K5t

e, Ed wHoln] BEAISTO] Ske Ueol pol(h) ou] 14%0] Bkl

1st yield 2nd vyield 3rd vyield Total yield

Treatment (g/plant) (g/plant) (g/plant) (g/plant) Index

CL 178.4¢ 147.1b 263.7b 589.2b* 59

CS 49.8d 40.8¢ 52.0¢ 142.6¢ 14
CL+BP 152.5¢ 165.2b 279.9b 597.6b 60
CS+BP 162.1c 165.8b 226.4b 554.3b 56
CL50%+NS50% 267.0a 251.7a 4923a 1,011.0a 102
CS50%+NS50% 273.8a 282.6a 480.4a 1,036.8a 104
NS 218.4b 277.2a 498.8a 994.4a 100

* abc : Same letters are not significantly different with DMRT at 5% level.
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5. SCBREAH| Az 3 A7 AuAH

0] G, AF, Gt SCBRE AU A GTLAA Rl Aol ool A2l el 5 2
248 ehf ek A4 53620l HE AN § 7Y GEAZ YN 712292 279 224 Hrk ot
=tk 28y SCBRAHE N H|A]E-, SCBEH|A|- &0 A 9] A3 S EAAY 545 A=
ohas B3 A1 0 2 e T
B 34, &4F Mg EM(EHA = 369)

2| S=0H/F) ZZxHcm) G=(cm) L ETHImm) SPAD502
SCBoAH| 15.7 12.8 12.1 0.39 21.8
SCBUF==olH| 17.7 142 13.1 0.39 229
SCBEAMZ ol 1] 16.1 13.4 122 0.41 20.7
SCB E|u]z}elH] 16.2 132 123 0.42 20.1
9)af|o] Ay==oFol 18.4 14.8 13.6 0.35 2.4

o

po) AR5 SCBEE AU A GO A 2T Aol o) H el o] ulxA] Eelo

U o2 tid] 93%9] =S UER Stk 28y SCBRAHE Y H| A8, SCBE]H] A& 4] 9]
A AEsS Fdth
B 35, A My U HES(FA F 369)

2| MRS (9/F) pNES HES(9/F) x|
SCBoHH]| 108.9 70 5.40 7
SCBUrZ=olH| 1459 94 6.97 94
SCBE ANl 1] 119.7 77 5.63 76
SCB E|u]x}olu] 1135 75 5.55 75
9o o] ool 1555 100 7.41 100
H 36. AF ME(™A £ 559)

Xz S+(H/F) H&Hcm) Z=(cm) SPAD502
SCBoAH| 20.5 13.1 11.9 185
SCBUF=olH| 29.5 14.0 13.0 19.7
SCBXARZ-oH 1] 25.4 13.4 122 183
SCB E|u]x}olH] 24.9 13.4 123 18.1
oA ol 30.5 142 132 20.9
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2| A MHZE (9/F) L HEF (9/F) &7 MHIS(9/F) &7] HES(9/F)
SCBoiH| 120.0 8.1 1185 8.5
SCBUrZ=olH| 1525 10.6 138.0 9.9
SCBEAMZ o] 1] 1332 93 1135 7.9
SCB E|u]z}elH] 120.4 8.9 112.0 7.8
Yoo ool 164.3 11.6 150.4 110.9
I 38, Mx £EF

x| 1X 22Hg/F) 2xt 2K g/ZF) E32 (9/F) Xl
SCBoAH| 108.9 120.0 2289 7
SCBUFZolH| 145.9 152.5 298.4 93
SCBEAMEoH] 119.7 1332 2439 76
SCB E|u]x}olu] 1135 120.4 233.9 73
Aol ol 155.5 164.3 319.8 100
6. A 8

1) =

2)

3)

o] wzaam o} el 20 + ool 0% AL el HEel)
ot EnbE 34 oS Ureholch ek ehe] oy ) g
W7t BN 2ASE ErhE AR TEo] M & Ao B
ofzpolu] i o TP tju] FeF 91%, AHER 0% Leko] ofzheln]
o) o EntEo] §7] SAA il sttt BAE wEolu] 100% 42 Fi vk
o A 4Re] Ago] NAW I THEo] hwlo] Bhsrorol tiu] 40%2) S Lhehyglc
wulch ol sholul+RANE, & ul+RANE ERH ) T0) EubE ke fimT oju] 22
87, 76%% Lheko] ojztolu] gHE o] o] ujx %] Eateich
A7) 202 olatoule} & olulo] QFolE 50%: 50% v & Bashel AW Hel
A% EE2GO] At hEA SHE dehyglt. AERHOE EubE o] A%
s 2 o) ouje} Fole] 50:50 Bk AHA o] SAHo] AHEE S &
Zlofulel ofste] statarols 50% ThA & 4 9P Ao TerEt,
SRl A olatolule] it M5 B $Iste] FESTre) Eust By
ofwhe]o] Lot Eju|eto]ubolul(SCBA )2} Botopote] B3 Al§o] AlF(Lactuca sativa
L)o] Agol 0 X Qs FEdt A7t ofsolul gejgtao] AjHoR e AAke A

¢}
&, QIAE Bo] Yol ofdolln] 100%A] 2l4t= e Extd S 2aliste] FHAuoA 4

A=)

s
H

_lolt 01‘ mlo

[‘Il‘

HE
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39 AR %ol AT o] thETel o thu] 60%0] S Lhehfglo] Supgiazt
Ao AF71% A TFsAE AASH

A27)702 o wolulol GFole 40% : 60%ETHA Aol thu] 10%9] Sazrart gl o,
of wholu|of oFol S 20% : 80% Este] A He] & A% el EEFl Hejet ohs
ok 4 L gleh ol Ar) AutelA ofmpolule oIS WA EOR 60% o4 B
3 ) ofrupao] ajaxo] shsheel 100%0] 2ot %S Lehyo] ojzielu] 57
Al o 3 2w

g4 40%9) BRslorolS Arshe wnE g @ 4 U Ao
ool A staterol A bsHE AR $iste] ofutol

) AR BN 15 AR ol vX L BFS AEG

oA 30| PASHE olupolu] ThE ATl Aol FEEFAH o

e o Eotu| o] A9 ol thu] 14%c] Eukstgick

=] kol afolul NS, 5ol ul i RANE 2] 0] Seke 2T vju) 22}

4)

Kl
ot
=)
B
o

o

0,

o
2
ha
~
rr
2
o
il

60, 54%% EF

ol ofmpolu] BEAl e} Bt 43S Uehfo] HARR A7b &bt e ekpet.

5) A% Aol A SCB u] s A2 P g2 7el ool Foli Ago] AstE gl
U Qo) S EAYAE B A Tk 9lglon, SCB wEoul i statarolt of
59 4SS el SCB oJulE o] g3to] LEou|S A|xste] s AR 48 A
3} sfstul o] YA} 5T AE et AlMAHE Zujo] BEA R Fgol
Vs o Ao AzkE

1 Hujg] Ax/Q AE AorE A AF
1) B4 A2/ A& Aolg 7t @ AR} mop

oL
t)AplE A LHQIAE uhorsty] $Jate] ArHbw o] Tab. 13} 2 A7 A <]
i

ZAE Tab. 60l QoFs4ict.

ol
Z 7] 4A]7F HRT, aeration rate 2.5L/min., < AL =504 Mgd& A7}

S A 2213t Run [o]419] /9l Aloj &2 ity obdd A4 29.7%, g3l Q1 92.2%0]1L.

o A
™ Mg H7hgle] Run 13} §d3t &

7} 202%9} 20.1% 4% 02 UrEyTh

)

Z210 4 &3 Run Mof A o] A9}

o Aot gL 7

Run I Eot= 1% 834 Q& 83 dHu|E Y42 AFE-SHH A aeration rate 7.5L/min.

o] 7oA %%k Run IIofA] aeration rate F-7}of W& AJEA o] B& F3
o} 2.5L/min.2] 4==9] aeration> HH|E Ao =3 AEA oo FE3 AL

Runlllof| A o] Al ¢l Aloj&2 22 21.5%2F 93.2%°] k.

I 190 2009HE ZJHsS R&D A|HHTAIEEDA  Agenda 11

A2 BEEA &

2 ooEh



Run L, IL, I, IV A& v g uff Mg
?19] Af-oll= oF 70% Fx=¢l Ao = wetEct ]Eﬂ o= ﬂlﬂ/\%} ﬁ éiﬂ FAoll ot oF
mujod Aol Alolge a4 ol of
oigtol osf| AlojH oty éi% ‘;l“%oﬂ %%“”E}-

Batch mode=Z &Z = Run IVo|A 9] &4 9 o] HlojasL Z+7; 11.4%2} 97%= &34 <l
o) OBk Z7lelE ACR ekt Al 2 Aol wolx gslth ER Aaol A¢
Q4o WAL e B woltd] A S Azte] AWA WAl o o
Lo A0 Ao &S wA| &L AlojH= A0 tffo] air strippinge]] 2Jsf dojutr] wj

ol 3NN oA = AaAoass F2 g 9 Au| 9 pHol EF<l Ao

-lN

3| A ¢1thH] 1.2MH], aeration rate 1.33L/min/L, HRT 1h Z A A 2743t Run Vo
B 96%2] A9l AoleTt 20%8] Lol Wi Aol &L Lrehfick. afetA o
4= HRT 1A17HY] 2404 &4T "o =& &84 Aloaeas €= 5 AUe

S
(e
o
oo

gzpelE &4 011*194 THPE AT TS SS ZH2} 15 ~ 30%, 35 ~ 60% =208 AL
59| flocculationy} A of QJsF Aoz HotEC).

A 7= H”ﬂ% E*ﬂz‘s}ﬂ st 34 94 Tab. 33} Fig.2%} 7%0] &
o]

2 %(Run 6)54 B?Lﬁ off 2715 —}:Ls}x

(RunIV E—% Tab. 62] Run I~V)2 B 2543t o Run VIo|A] 9@% Tz
LERYTE Run 69] 749 A4
Aol& FH ave= T,:]_—éﬂx] )

o g,g
flo

)

(

o o = 2

A
o
rE

8

ig
o,
Lo

52
3.
lo
g
o x
ol

2
o

N

o e
i

RunVIIo| A 9] A9} Q1A 82 7H7F 58%2} 80%= 21 A|
oJEE&L oF 15% A AaAolage 2-38 A= 2A 571
A B #82E HEA R 27)8k= oA dH|F A7 Aojags X717 9

3 A= RunVIIo| A}t o] HRTE AA fA8lokete & o Tk

2) ORP2} pH(mV)-time profile H3} sj&l 4]
INZEAC 2 69147} loading®]= Semi-Batch 2= -$-A3}o] 4 2] ORP ¥ pH(mV)-time
profiles XU B g5t tHFig4). BH-g-2of 4 2] pH(mV)-time profile®] W3} sj&lS AwEd &

o179l el 2 e RA] cycle?t UHBIEAE HHEH AR QIS WSS Hol: 7
o= L}E}‘/PE} pH(mV)-time profile2 A3 H H]Z cycleZt pH(mV) gLe ®H3= I X9t &

Y loading & A|&42 Fasirfrt o =AFo A thA] S71eke /5 7he] A 212 sine
curves YENY = Ao 2 YERTE 124 ORP-time profileo]| A= Eo]&o| Ay &

=1 =05

-

12

Mo
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Q1 wis} sflo] TEEA U

ok},

HH|E 13] loadingd}al 7A| 7 591 0]

crystallization ¥3-0] &5 &=

o2 yehtal o] &7 A]F o] pHmV) curve”} A4sh=
ol = Ae=w ke fﬂrﬂ} pH(mV)-time profileE ©]-&-¢k X547} 7Heeh A

S Agelel 4] PO
g Ag USRS “11—”?— ZA1KFig.5) NAu]e} Mgo] loading

= s e BA)

SRR
& 208y
ot At
o=

E A5t} pH(mV)-time profileof| 4] BHAsl= AA 3} &7 A2 Moving Slope Change(MSC)

kel wiske 24ste] A4E & e Ao vy
Table 6. Efficiencies in each Run
Run 1
Influent Effluent .
parameters Average St. Dev. Average St. Dev. Efficiency%
NH;-N 3769.63 576.21 2650.99 401.87 29.68
PO~ 55.10 22.68 3.05 4.30 92.20
TS 20.8718 2.0820 16.4509 1.2313 21.18
TVS 8.8173 0.8309 7.8136 0.8501 11.38
SS 12.4000 2.8699 5.7909 1.5311 53.30
VSS 10.7318 2.1826 6.0955 1.6321 43.20
Run 2
Influent Effluent L
parameters Average St. Dev. Average St. Dev. Efficiency%
NH+-N 4453.52 405.38 3556.30 269.16 20.15
PO, 104.41 7.17 83.43 12.80 20.09
TS 229511 2.8378 15.5167 1.2356 3240
TVS 14.4911 2.7514 8.4633 2.2675 41.60
SS 16.3222 3.2274 5.7556 2.0317 64.74
VSS 12.6167 2.2088 5.1000 1.5819 59.58
Run 3
Influent Effluent .
parameters Average St. Dev. Average St. Dev. Efficiency%
NH;-N 3464.92 456.37 2719.65 949.33 21.51
PO;” 437.94 18.84 29.61 14.97 93.24
TS 22.8524 7.7591 16.6245 4.6607 27.25
TVS 14.5923 5.7661 10.3541 3.3577 29.04
SS 16.5227 9.9113 8.1918 3.1791 50.42
VSS 13.5221 7.6464 7.6091 3.1372 4373
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Run 4

parameters Influent Effluent Efficiency%
Average St. Dev. Average St. Dev.
NH;-N 2339.65 257.28 2073.62 223.83 11.40
PO~ 270.27 38.877 8.36 4.106 96.91
TS 224124 7.0886 16.3430 0.9741 27.08
TVS 13.6224 4.6685 9.5227 0.6639 30.09
SS 14.0127 6.9534 6.8897 0.7371 50.83
VSS 10.6545 4.6036 5.7876 0.5687 45.68
Run 5
parameters Influent Effluent Efficiency%
Average St. Dev. Average St. Dev.
NH:-N 4791.26 502.49 3726.99 438.70 2221
PO;” 572.20 20.44 23.42 9.04 95.91
NOx 4.24 0.41 3.59 0.30 15.28
TOC 8523.86 1339.67 7772.57 176.89 8.81
TS 18.41 537 15.69 0.55 14.76
TVS 10.15 1.97 8.80 0.50 13.32
SS 8.07 3.23 5.13 0.51 36.48
VSS 5.85 0.79 4.25 0.31 27.32
note: C, N, P conc.: mg/L, Solid: g/L
Table 7. Efficiencies in Run 6 and 7
Run 6
parameters Influent Effluent Efficiency%
Average St. Dev. Average St. Dev.
NH4-N 3028.28 336.86 2697.76 304.46 1091
PO~ 334.72 83.29 40.27 8.39 87.97
NOx 7.76 4.93 7.63 3.50 1.69
TOC 6678.35 2107.68 5802.80 11947.70 13.11
TS 16.39 3.69 14.15 3.37 13.66
TVS 8.47 2.72 7.09 2.31 16.20
SS 5.61 2.73 2.74 1.15 51.20
VSS 4.57 2.20 2.40 0.98 47.52
Run7
parameters Influent Effluent Efficiency%
Average St. Dev. Average St. Dev.
NH:-N 2017.92 303.31 850.42 214.95 57.86
PO;” 176.92 18.95 35.02 9.46 80.21
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Influent Effluent o
parameters Efficiency%
Average St. Dev. Average St. Dev,

NOx 9.79 1.77 7.70 2.48 21.36
TOC 4505.25 1.44.69 2410.90 370.43 46.49
TS 13.6972 0.8049 10.4322 1.2896 23.84
TVS 6.5255 0.5013 4.4180 0.5761 32.30
SS 2.6580 0.5044 2.0782 1.0011 21.81
VSS 2.3580 0.3445 1.7898 0.8457 24.10
= 1 cycle B
A M\. A
S ik HH :-. : HE, A1 0 2%
[00 850 1000 1050 Time‘\‘l(ilnﬂin.) 1150 1200 1250 1300
T 1eyele
S'ZZD
‘ng.—zzs \f*
a00 aso 1000 1050 Ti“:;ﬂ(ﬂmi".) 1150 1200 1250 1300
Fig. 4. ORP & pH(mV)—time profiles.
300
250
%200
‘:150
é'IEICI
30
s T TTTTTT T T 7T T T T T TT T T
Time (min)
Fig. 5. Tracks of OP during crystallization.
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AL AN ARy 2 o] 259] Wsts A AINTaby), WA/l Aojzg oA
= dubr o2 7haske v SO%, CIe9) golee S7kshe A

oAU Ao} 91 A oS 915 MgCle H7}

o|X

o
&
1o
o
I
rr
N
Iy
(@)

C 42} 88 mg/l EOE AR W
grow FAo| A oF 30~40% A= 7r4dt= Ao Uehgth ey Cugt Znol &7t Wi &
gk A 173 o]4fo] AAH whet FEe HH O] H9- Cul Zn Ao & 913 HE=9 3}e)
OFES AR et fle Aom HeE itk

]

oA 3lE ARAS} 1P E e B/ 44 52 5 gestr] 9lste]

THOoRRE I5E SHE NEE AN EFEW AR 4R AT S5 T

ZAFSFTHTab. 9). 37 vieto 2R 348 Sefe] Jefe] a2 1027F 300rpm=7 o A]

st Fede AT & TS gt TN, TKPY| g &A1 A3 TS| ek of

26% =3 om TN 39.7g/Kg, TKP= 503g/Kegol it Hdas 7€ 3h3l& Aol TKY
() ]

S 152.5g/Kgo| 1o TKPO| Haf2 193.6g/Kg 0 2 mll-- 352 ot 9l afa e it
S el S5 g2 WS Rokew AR &5 FollAl copperet zineZ} 22} 17.8ppm
I 96ppm e 2 ThE ol BlE| v A vEbH T I8y 29 15 S5 3% 38210l B
off vl-p- Sof sl EFES AFEY 4R vRUC R ARl Vet JloR ¥
S FHCRRE S SHEs FARA dn)de olgste =94

(Fig. 6) ZL&ollM e} o] tjF-Zol M

MgNH4PO, - 6H,0 (MAP)Ql A2 weltor T e AREgA o] 244 F4°
Aot 2000 2] vl&= et ARle] A mi- Z717F Adigt MAP AAI7E 2
S NA MAP AAHA7E A&HH 02 AT AiE YEdle Ao2A 7S5

de AEH 22 7 AE A3 72 2em A7]71A] MAP crystal /3743 7¢I il Bf Qi

A

Table 8. lons in liquid composts

Parameter(mg/L) Influent Effluent % change
Na’ 313 122 - 61.02
K’ 2681 1386 - 4830
Mg™ 16 29 + 8125
Ca® 180 ) - 60.00
Cu’* 6.375 3.995 - 3733
" 8.77 5.03 - 42.65

1. 7tEER XHst J uFH B - AH] MZEI|E HE 195



(7<)

Parameter(mg/L) Influent Effluent % change
SO;” 83 202 + 14337
Ccr 1079 1622 + 50.32

Table 9. Heavy metal contents of the recovered matter from the process

Legal level for preminum

Heavy metal(mg/kg) Before purification After purification level compost
Copper 17.86 16.06 200
Zinc 95.54 81.44 500
Nickel 0.0 0.54 25
Chromium 0.0 0.0 150
Cadmium 0.0 0.60 2.5
Lead 0.0 0.0 75
Arsenic 0.365 0.295 25

05-DSC-08 X0°@ 00000T MDTd SWW 52 °0KA XT 0k 30Mmy
¥

o}
¥

%
" ); 3

>
=~ &N

2E 05-DSC-08 X0°@ 00000T MDTJ SWW 52 °0KA X500 TSOomy

Fig. 6. SEM pictures of recovered matter from process.
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=

B 345E TP QaEeske] (3000 pm, 10 min) AHSHS

_‘T‘_

Astal IAHE9E 3|45 & pHE 4.50|8t2 2 HstHA A& Galistirt. 1 & thA] ¢
AEeste] 2] 2 1SS AATA e HTS =L pHE 10014408 F7HAA A4
A PS8 o daEgste ¢ AAANS 346t on ZAAY P =9 A
O P =5 A5t MAP 3]p&2 AFSHAtHFig. 7). 21 Ay 3ot ®RS o]&sto] =3
W EA5t= 1F 5 MAP FE|2 FA/E4E HE&2 65%8] A& YEyth shgx2 R
g 34d FE F AEdY &aEA ¢ 584 A A4 HlE2 ZHZF 43%2} 10.7%
2 BAEg o B84 A& AASL &34 dF &4 MAP FEH RO HA|/3|+=E2 68% &
E3l Aor EAE QI

Hre22HE 34 E3ET aQhE WS o]83 FASE AHE9] XRD AIHE H| /A%
Ay} FAollA 2laE ZehE2] XRD peak?t MgNH46H20(MAP) reference peck”7} 7 €] & =] gko]]
et S22 EE 3eH SEUol wle =2 v&e MAPo] EA%hE & 4= AT (Fig. 8).
T3 Qe WRE o83t A2 47t - XRD peak7} 7 A| AL reference®}o] %]/ o] F7}
e 22 Hoh 8ol wet aekE W& o]&-sto] FAI S AHEe diFEo] MAP 2

AFeS & 4= AUt T2 ERE IeH 23=9] FA A/F2] SEM AR Fig. 9] 1

L do

2 3

oo
=

2, SEHY ERZZE Ao7le ML

D H2 5714 =Huist TN Pa/el YA

AR WY We2E olgdtel 5718 Hu|sk el A2el AFA BH AHsHT
2RA BH Gl W Hu) Y MakE 2A]9Iotel HEk) TNIE 03M $E0R
MgCh2 275k Mgl H7bo] whe sulat whsat el shaol Ao Aael 244 94 7t
$4 9 7ol w2 wul el Wats HASHE (Tab. 9, Fig 10). 7 A3} 03M] 135 MgCh
2 W7k A9AAE /1B Walvk Bus olfolA Hulst BYF LEAso] 2UsH o

FolHon Mgle H715o] composting@h -9 8304 219] i gashs Wb TPY Sl

Z7bsHe Ao ug A7hE Mgflnh A W Qo] wgstel MAP ARA A HE Aow
sAEglon ik Hulst BAF Aol Hue AYA FHLS Tl AuA =ule) kol
a2l CEREEEE S
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TS:26.1%
TKP :251.65mg
TN :198.30mg

Dissolve into distilled \X/ater (PH 2.66), and
centrifuge ‘

set\t’led ’TKP:10.74mg C —
Solid -\’TN121.23mg upernatan )»

Adjust PH to 10.57, and
centrifuge ‘

TKP :13.90mg @
TN 62.10mg Supernatant

TKP :163.77mg
TN :132.77mg

Fig. 7. Purification of MAP,

000 - —— Befare purific ation

| mee mfty
oo
8

| mee mfty
oo
8

| e e oy

§oca
B.i72
11,536
14.8
18,064
il.3i8
14,581
17856
3li2
34,384
37,648
40§12
44,176
47.44
50,704
53,568
§7.23i
60,455
63,76
67,024
0,288
73,562
76816

E
E

Fig. 8. XRD diffractogram of precipitates before and after
purification,
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Before purification After purification

29-Dec-08 x0.6 000001 WD23 . 1m

SE  29-Dec-08 x0.6 000001 WD23.1lmm 25.0kV x1.0k  30um E 2 x0.6 000001 WD23.Zmm 25

x 1000 x 1000

Fig. 9. SEM pictures of the MAP before and after purification,

Mgl 2 PO A4 A7HEF 7S floll Mgde &= H7IRE 399 Mg} PO &
g A7kst S0l slojAl 2] Eu|st FAF WIS AlYeE A3} (Fig. 11, Fig. 12, Tab. 11, Tab. 12),
A= oA+ Mg¥ T} PO,Y Q] B3l 7=
qof o] HAF Mgy} P A7 S #5
A} Z7bA] g8t kS A a3t veRget wheba] MgET PYO] TA] H7F Al N BEn
7| 0.05M olst2 H7tsh= o] vie2st Ao =
S AFY 4 Fig 114 & = 3= A} 2o
dojut EH|s} vh-gof AsFRFe] gla= & o Ao Hu|st /e S AT
=1 ol q

wo] B4R A5 stuvite A FHS

S

e
A1}
32
2
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)
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=
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0.07M o]/3l Ao &2 Uehsitt wheba MgdvhE 7tsto] EH|gHE X3P o= TNS 7|
FO2 dlo] Hrlehs A KBk §314PON)E 7|E0R Sho] 1-L.2MH|R H7kshs Ao] vt
AR A ow HehE i)

ojo Mg& &= &34 QI7IE 1.2MH| 2 H7felal Haapg oAl o 2r=wstel 1} Ha
/30 ElH|JAHS A5t (Tab. 13 and Fig. 13). E|H]3} 114 & &7 =0 Ha|7t g3
doju} 2=At5o] GolsHA o] FojXl Ao nig] il §8i4d ¢ 7| 1.2MHB[9] Mg A7}
= EH[gtof] Y-S mAA S & ¢ dlen FH|E S MAP AAA F/do] §olsH

o
ool & o 4 etk LaMu] R Mg S H7HeE 490 Mgl H7HehA) ghe A% vl
o

T o AT FO] Felo] FEo} wsat W §a1eIe) BEE Mgle 7K A5 glof
A ZF25HAA OPITPE] Hl7}F F8E & 4= 9lglom oS §3) 4 4% MAP 40| o]
S Yolkee o 4 Ach

2) Hule AFEA 2 E 2

Mgle HEOR HISAL B0 PN B Hohste] H4g AW AFA Y H4F
o HAFS BAY Mgt PG A E TS Mgl B Aot BAglo] ne 5714 §
H15F B o)A NHeNT} PO Felag P4 v agdos uwglon Mgds P
Ae ARSEoR A HHFELS BAT FA SEAOE ABAAS & 5 AU

2 LA HE QAR HHED B4 A3 Mgl PR ARSE o440z A stol
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Tab. 10, Comparison of composition

Item Time Control Treatment
Before 7.26 7.45
pH (value) After 749 747
EC (dsm) Before 9.78 9.46
After 9.36 9.11
) Before 63.5 64.2
Moisture (%) After 62.5 63.7
OM(gkg) Before 3323 3269
After 341.1 324.5
TN(ke) Before 83 10.6
After 83 24.7
OM/TN(ratio) Before 40.28 30.73
After 41.25 13.13
OP(mgke) Before 57.05 1.06
After 34.78 19.54
TP(gkg) Before 2.3 2.0
After 23 32
Before 1.55 2.71
Kigho) After 2.22 3.24
NHA-N(mgkg) Before 1590.7 971.0
After 410.8 200.8
NOX-N(mgkg) Before 7.3 12.0
After 10.4 12.5
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changes during aerobic composting.
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Table 11. Mg and PO4 both were added

1stexperiment

Parameters C(0.00) T:(0.02) T»(0.05) T5(0.10) T4(0.15)
Before 31.8 31.7 31.6 309 30.8
OM(%)
After 31.7 30.6 31.0 33.7 324
NH, N(gkg) Before 3.198 2.639 3.392 3.436 3.646
i & After 1416 1.554 1.173 2.964 3.071
Before 1.335 1.457 1.418 1.368 1.430
TN(%)
After 1.116 1.422 1.199 1.494 1.468
) Before 23.82 21.75 22.28 22.58 21.54
OM/TN(ratio)
After 28.40 21.52 25.85 22.56 22.07
Before 2.7967 2.5637 5.5856 7.3534 8.2943
O-P(g/kg)
After 3.4095 3.7619 3.6352 7.6435 9.5003
Before 6.1148 6.4724 7.2458 7.7478 8.5880
T-P(g/kg)
After 7.2364 8.5228 8.0452 9.5294 11.2296
OP/TP Before 0.4574 0.3961 0.7709 0.9491 0.9658
After 04712 0.4414 0.4518 0.8021 0.8460
2ndexperiment
Parameters C(0.00) T4(0.01) T»(0.03) T3(0.06) T4(0.09)
Before 32.6 334 33.1 322 32.1
OM(%)
After 29.2 29.2 31.7 30.6 32.7
NH.N(gkg) Before 0.973 1.427 1.378 1.289 0.911
i & After 1.260 1.010 1.297 0.854 1.001
Before 0.849 1.062 1.016 0.996 1.118
TN(%)
After 1.175 1.127 1.166 1.174 1.245
. Before 38.39 31.45 30.61 32.33 28.71
OM/TN(ratio)
After 24.69 2591 27.18 26.06 26.26
Before 2.349 3.259 5.015 6.126 6.249
O-P(g/kg)
After 2.082 2.305 2.120 2.069 1.789
Before 6.5086 8.992 9.177 15.079 11.827
T-P(g/kg)
After 49814 8.812 8.982 11.169 10.052
OP/TP Before 0.3609 0.3624 0.5465 0.4063 0.5284
After 0.4180 0.2616 0.2360 0.1852 0.1780
3rdexperiment
Parameters C(0.00) T+(0.01) T»(0.02) T3(0.04) T4(0.06)
Before 30.7 31.3 30.6 29.6 29.5
OM(%)
After 31.1 31.7 26.9 28.9 27.7
NH.N(gkg) Before 1.543 1.213 1.077 1.061 0.885
i & After 1.423 1.551 1.572 0.900 1.035
Before 1.229 1.108 0.974 0.953 1.004
TN(%)
After 1.167 1.211 1.198 0.985 1.126
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(7<)

3r9experiment

Parameters C(0.00) T:(0.01) T2(0.02) T3(0.04) T4(0.06)
. Before 24.98 28.25 31.42 31.05 29.38
OM/TN(ratio)
After 26.65 26.18 2245 29.34 24.60
Before 1.212 1.065 1.446 1.99 2.097
O-P(glkg)
After 0.959 0.787 0.719 1.239 1.13
Before 8.8335 9.518 9.2735 10.577 10.2945
T-P(g/kg)
After 8518 7.862 8.936 10.7695 12.3815
Before 0.1372 0.1119 0.1559 0.1881 0.2037
OP/TP
After 0.1126 0.1001 0.0805 0.1150 0.0913

Table 12, Only Mg added

4thexperiment

parameters C(0.00) T1(0.01) T2(0.03) T3(0.06) T4(0.09)
Before 335 343 34.1 36.1 349
OM(%)
After 31.7 32.6 33.0 33.6 334
NH.N(gkg) Before 2.515 2.045 1.600 1.455 1.546
& After 1.067 0.969 1.038 0.874 0.921
Before 1.081 1.100 1.132 1.123 1.149
TN(%0)
After 1.114 1.131 1.172 1.194 1.073
) Before 30.98 31.18 30.12 32.14 30.37
OM/TN(ratio)
After 28.45 28.82 28.15 28.14 31.09
Before 3.2606 2.7693 2.3612 1.9656 1.9254
O-P(gkg)
After 5.5374 3.6162 3.0904 1.8042 1.6294
Before 5.1188 5.9622 5.9404 7.1346 4.7068
T-P(g/kg)
After 5.5602 5.5618 6.2336 6.4182 7.9382
OP/TP Before 0.6370 0.4645 0.3975 0.2755 0.4091
After 0.9959 0.6502 0.4958 0.2811 0.2053
5thexperiment
parameters C(0.00) T1(0.01) T»(0.025) T3(0.05) T4(0.075)
Before 325 31.3 32.1 33.2 32.7
OM(%)
After 343 36.8 31.5 33.7 32.7
NH.N(gkg) Before 2.571 1.993 2.782 2.532 2.652
& After 1.596 1.309 1.81 1.749 2.565
Before 1.126 1.300 1.283 1.242 1.259
T N(%)
After 1.136 1.177 1.158 1.231 1.316
) Before 28.86 24.07 25.02 26.73 25.97
OM/TN(ratio)
After 30.19 31.26 27.20 27.37 24.84
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5thexperiment

parameters C(0.00) T4(0.01) T2(0.025) T3(0.05) T4(0.075)
Before 0.344 0.211 0.207 0.044 0.044
OP(g/kg)
After 0.441 0.397 0.276 0.301 0.047
Before 3.0261 3.0314 2.3842 2.3670 22152
TP(g/kg)
After 2.9675 3.5371 2.4975 2.6609 2.5512
OP/TP Before 0.1137 0.0696 0.0868 0.0186 0.0199
After 0.1486 0.1122 0.1105 0.1131 0.0184
Table 13. Only Mg added at 1.2M ratio to soluble P
Parameter C T
NH.N(gkg) Before 0.7760 0.8560
& After 0.6060 0.6394
Nox-N(gkg) Before 0.0130 0.0050
0X-
g After 0.0280 0.0210
Before 1.037 1.263
TN%0)
After 1.094 1.163
OP(gkg) Before 6.9657 6.5878
g After 51311 44388
TR(gke) Before 8.9780 8.1368
& After 10.9288 10.4708
80
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| —C{"C)
70 )
D 60 - '
T 50
g
E
g 40
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Fig. 14. Pictures of the compost with crystals,
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Fig. 17. Patterns of temperature changes during composting.
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Fig. 18. Patterns of temperature changes during composting (exp2).
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Table 14, Recycle effects of composts

Parameters C T1 T2
Before 29.5 30.0 30.2
OM(%)
After 24.5 25.6 28.2
NH.N(gkg) Before 1.325 1.115 0.413
g After 1.154 0.859 0.393
Before 1.240 1.226 1.094
T N(%)
After 1.201 1.276 1.376
0P(gkg) Before 5.1714 3.1802 3.6189
g After 6.0211 5.7875 2.5553
Tp Before 6.601 7.796 7.335
After 7.324 8.005 8.252
C: manure + sawdust, T1: manure + sawdust + Mg source
T2: manure + sawdust (0.5) + compost(0.5) + Mg source,
Compost: final product from composting with 0.03M MgCl, to TN
Mg added 1.2M ratio to O-P in manure
Table 15. Recycle effects of composts (exp.2)
Parameter Exp 2 C T TR
NH.N(gkg) Before 2.9080 2.9780 2.7830
g After 1.1480 1.1330 1.6480
Before 0.0256 0.0256 0.0360
NOx-N(g/kg)
After 0.0633 0.0531 0.0720
Before 1.146 1.197 1.513
TN(%0)
After 1.016 1.152 1.297
Before 4.9230 3.0950 3.1050
OP(g/kg)
After 4.7020 1.7740 1.9550
TP(ke) Before 5.7159 5.6107 9.0752
. After 6.1436 65719 9.7171
. Before 60.63 61.44 60.68
Moisture(%o)
After 62.25 59.16 64.38
Before 36.96 35.65 35.68
OM(%)
After 33.07 35.58 29.12
H Before 7.92 7.82 7.76
P After 9.17 .89 8.97

C: manure + sawdust, T: manure + sawdust + Mg source

TR: manure + sawdust (0.5) + compost(0.5) + Mg source,

Compost: final product from composting with 1.2M MgCl, to OP (table 10, T)

Mg added 1.2M ratio to O-P in manure
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Fig. 24. Variation of composition vs particle size of composts,

. 2 .Bmm<S<3 . 5mm
£ s
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Fig. 25. Picture of the screened compost.
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26. XRD diffractogram of composts with particle size.
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Saw tooth, 1.78Kv, 1000Hz Saw tooth, 1.73Kv, 500Hz
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Saw tooth, 1.78Kv, 1000Hz

Saw tooth, 1.73Kv, 500Hz

100 + 100 4
801 . 80+
S S
> >
2 2
o 60+ Q@ 604
L2 ©
=
i i
© ©
3 40 3 40
: :
o o
20 4 20 4
0 d‘ 0 T T
i \ ;
\ja\e(\ 20 eric 2 P‘V’\e‘g’ iC a?fée“c ac\d G(es‘féfw\\n g)ewnc 30‘&“‘“0“\3 N a\B“ genc ac\d Pge“"})“\c a,%‘ge“c ac\d 0‘950\?‘\\,\\“ aotxe\\!"‘c 30‘&“‘“0“‘3
Sinusoidal, 2.47Kv, 1000Hz Saw tooth, 2.5Kv, 300Hz
100 4 [— — 100 4
_ 804 80 —
> >
2 2
o 604 o 604
Q (3]
= b=
w w
[ ©
3 40 3 40
: :
4 4
20 4 20 4
0 T v v 0 T T T v

NER A Qoo e PP o 22cetc = OV95° v\\“d°\e o a°‘m‘“°“‘a

Saw tooth, 2.5Kv, 1000Hz

\
\Ja\eno ac ?er\ﬁ 208 P‘g\e“c’ ric 8% Nﬁ\\c add oreS°\ \]\md"\ c aG‘N“mO“‘a

T T T

Sinusoidal, 2.8Kv, 1000Hz

100 100 4 * —
s 80 . 80
Iy )
c C
QL 60+ O 60
2 S
& &
i} i}
3 s
3 404 3 40
£ £
[} [}
4 4

20 A 20

0 3 : : 0 r : : : : :
3d \ 3 i
Vaels 2geic 2 Paeieric "‘?i‘ée“c 200 gesO‘e y\m“"‘ew@ 3°‘N“‘“°“‘a Ve eric 29 P;ﬁ,‘;?éd\c a?;‘ée\\c st 0‘es°éew\‘“°é’hewﬂ° 29 oot

a3 13, S0l RSk 2AFI=E

(7] Y55, mgm3, phenol

11.1, propionic

ol thst PCDL| =7

A MH=

236.2, acetic acid

3-methylindole = 271.0, butyric acid = 239, ammonia = 222 ppm)

1, 715

n

S s Y nE

= 212.3, cresol

A g -

102.7,

HH| MZE7|E WL 225



(A)

HEE Frequency 300Hz
1 Frequency 1,000Hz

(G AC o\ < aO\C ey \e \e Ny "3
VAT AT et o op O et B ores i e 8 ™
LR\

\Sf

(B)

HEE Voltage 1.78Kv
[ Voltage 2.5Kv

120
100 -
9
> 80 A
o
c
2
2
& 60 4
()
©
3
g 40 4
()
14
20 A
0
120 +—
100 +
9
> 80 A
o
c
2
2
& 60 4
()
©
3
g 40 -
()
[1'4
20 A
0

Y \C ) O 4y
it 5oV A onet® o o poet® o s
3

T T T T T T T T T
oe a0l 48 one
mexm\‘“ oy pa®

a3 14, =Lt SA=01e| (A) Fokeet (B) MY Halo WE

OISO MUES - SiHL

& o 4 Ast
Ql7bagre] Mate] upe
226

Fpgrt Z7hg) whet oA BUL] A EEol OF % HE AHE

=g

I~

orHEA O A7}t ALY Yoty Q) FuRE 1,000HzE2 AL

2009HE Z7Hs R&D A|HMTAINETA  Agenda 11
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Fig. 1. Changes in ammonia concentration in the swine slurry storage tank.
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Fig. 2. Changes in hydrogen sulfide concentration in the swine slurry storage tank,
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E2 Aog RAEC

S HH|sE 7o) pH HISHE HH, S4B A A, F7] A, a4 E7] FA A
2 o} AFstA] g2 th 2 BE F xfolg YERNA] ¢koron, 2] 7.20~7.38, 45 kS
ot 8.12~8. 728 H|%E 2L UEG

pHE= A4, Toot 22 7245 3kshA vhg-o] Aol S ujx= dRbyo
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Table 1, Changes in the characteristics of swine slurry

Treatment Control Aeration Aeration Enzyme
ltems +Enzyme
Day 0 23.0 239 23.0 25.1
Day 7 25.8 25.9 25.8 25.8
Temperature
) Day 14 233 239 233 24.9
Day 21 21.8 23.5 21.8 24.5
Day 28 19.5 213 19.5 229
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ltems Treatment Control Aeration ﬁgi;;r; Enzyme
Day 0 7.20 7.35 7.37 7.38
Day 7 7.69 8.29 8.25 8.35
pH Day 14 8.05 8.56 8.28 8.47
Day 21 8.08 8.60 8.56 8.68
Day 28 8.12 8.56 8.69 8.72
Day 0 2.24 2.24 2.24 2.24
Solid contents Day 7 221 2.10 1.96 1.92
% Day 14 1.96 1.92 1.86 1.85
Day 21 1.94 1.62 1.64 1.66
Day 28 1.60 1.50 1.58 1.50
2) T8
oFEH e ou)s} TYo] FA4 ftep WEE B Fig 337} 22w, tf2 Hel wE A7ro|
Bapgtol wheh FA4 o] FA Hade AdFE UEr o

i =

2] W G40l Z7] FAAYE BE ol A2 S A &

2o A= HAFO] QF=H 1y, 2= 24 Shafl x]|&£2 0 7 Ho|x| A Hr) gy 45 3

T7F 1,584.8ppm<lT] H]Sto] A4 2,771ppm O 2 A3 Lo o] A

Fol FAE = Ao= Yeth o3t A= i Hu|S; 2 o] of AT} 2[F An] 9
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Fig. 3. Changes in total nitrogen contents in the swine slurry,

1. 7158k AHast 2 DEH E| - AH] HZE7|E Y 233



3) gmyoby A

AAEYA, F7] L EA0 E7] FA Helrh FERL Hu)sh Bo] Gmoby W §F
wsto] nlx RS EARE AT Figash P,

Ohapo] GFEHY W grmEUoly Ak Fape] wste olAe s e aTe F9 15
A3t Foll Z71SHIEE AR Fasks AFE Ue 2 9lout 4% BIF 213pmO = A

& UEhaL glon], 45 AukFelis Zh2t 415.7ppm, 487.2ppm X 4513ppm &S LEHof o
HIS7E A EE Tl hryoby Aaghel 4 Swrh 9RSS e itk olejat 2
M= AAEA APt e H8s o 7P ZAIE = e o FEA sl avtH
o8 2gatT gl HOoR Bhe 4 glon], A% dule] FAoE THH JFE vjAL A
o= yokErt
1350.0
1200.0 4
1050.0 T
900.0 \-\' _ \\ —#— Control
. . \ —m— feration
= Aera+Enzy
750.0 \.\ . Y Enzyme
£00.0 o
450.0 \
3000 1 1 1 1
Day 0 Day 7 Day 14 Day 21 Day 28
Fig. 4. Changes in ammonia nitrogen contents in the swine slurry.
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Fig. 5. Changes in total phosphorus contents in the swine slurry,
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Fig. 6. Ammonia and hydrogen sulfide concentrations in the finishing pig building.
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~
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=
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A= 11>>5 5.6 12.9
(mm) 5>>2 1 36.8
2> 0.2 479

FEITE% 423 254

4|5 kg/m3 480 160
57143 T =

3= stz 3= atet
Moisture,% 9 Ash, %DM 5.02
Organicmatter,%DM 88 As, ppm 0.02
TN,%DM 0.95 Cd, ppm 0.28
TP,%DM 0.1 Hg, ppm 0.08
TK,%DM 0.08 Cr, ppm 0.26
Cellulose,%DM 35 Cu, ppm 1.48
Hemi-cellulose,%DM 23 Ni, ppm 0.36
Lignin,%DM 19 Zn, ppm 11.75
pH 6.62 NaCl, % 0.2
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I 3. +EXEMNE =2EH|9| o|gfetx EM
= =2 | S | S+ | PKM B s | S | S+ | PKM
BT E(%) 6492 | 60.19 | 63.54 | 63.17 | mgke) | BAE | B4 | E4E | B4
2] (%) 055 | 3.01 112 | 414 | old(mgke) | 1556 | 4074 | 2015 | 5842
214K%) 072 | 226 | 109 | 55 | YAmgke) | 181 54 35 10.07
71e)(%) 084 | 206 | 145 29 HE(%) 047 241 0.84 1.82
H(mg/kg) 318 | 1228 | 53 12.22 22E(%) 3148 | 1758 | 2732 | 1542
7l=8(mgkg) | 007 | 034 | 016 | 051 pH 7.58 8.53 8.43 8.05
T2(mgkg) | 1125 | 5593 | 2268 | 10212 | EC(dS/m) 2.67 775 435 7.93
TE(mg/kg) 342 | 2299 | 882 | 35.08 MgO(%) 0.25 1.31 0.52 1.55
Hlamgke) | E4E | 202 | BHE | 2dE | CaO%) 0.52 2.38 0.94 231
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Temperature Veolume pH

@ 4 8 1216 20 26 30 3343475257 0 3 6 1013172024273134384145485266 0 3 6 101317 2024 31384552 69

Moisture Total organic matter
70 78

65

& - —e—sSawdust
5 55 70 —l—Corn stalk pellet

= —&—Ambient

% dry matter

45

40 62
0 3 6 1013172024 31 354552 69 0 3 6 101317 20 24 31 38455269

a2 9. THISAAINE ZFOE AR SE0| ElH|s SA.

1257 2 0E ALERE B AAS WA A4S Aol S WASI Qi W S
Wyl 2 gole S FASAL ol St Walo] ZYOR AFHE ok Hajvt Hi 1
ol HEst ol 2 JolelB AT Ao Bekad

Pilot-scale®] Wi 25 o] §3 S44r) WeAle] Hulat AR S B 2F Huwe]
L% ARpo] UBsHA B o] wzH Ytk

SETb ASEA G ol fk SaaT B 2] AET} ol £AA 2 dolelE WAR
BAZ Golel YRR S8 2717} Sol7HA Yot S/ n A FFHolof I At
REsho] vl ARGl UHSHA FHYL web Hate] AHEA Y] WEOR

T o

¢

otE Aot Euls) Al Aol Jojels e 2
o2 AR Aol HuElst 4=
Aoz FAE

%0 My
o HX
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H 4, TAlS4ci(2e)o| ZFXME

=< o
i = S0 Wal 2 =9 Saarf Wl
& 33.58 34.82 T(mgkg) =4 EHE
R e EARNE) 3325 27.84 o} (mg/kg) 202.67 201.19
2 2(%) 1.01 1.25 Y Z(mg/kg) 4.65 4.98
Q14K %) 1.15 1.26 A (%) 1.06 1.36
712(%) 15 1.7 Z=25(%) 51.61 46.82
H(mg/kg) 7.11 9.19 pH 9.35 9.16
7} =B (mg/kg) 0.31 0.27 EC(dS/m) 498 5.09
T2)(mg/kg) 66.01 70.22 MgO(%) 0.59 0.71
= (mglkg) 11.94 14.91 CaO(%) 1.26 1.4
H]2x(mg/kg) a= B21E
B 5. OSeOie] ZRAE 2 0|F 0188 SEEH|Q M=
= &= HE H|Z
whEgulE 5151
RARRSRS I A G 25kg 71 =/
AR A, 7H719)
) I R B 150L/m?/hr, 142
s o | waow
A A =74 1809J/kg7 5 E9R150/keg A=
o =714 = EH] 9]140%
1. 7152k AHEet ¥ DEF B - HH| MET|E WY 245



4. A 8

)

Az L83 ¢

A
A7

S

_é__’l:

e

4tk Z2 wH| st

=

B

—
o

il

of 2

il

71740l FEetRen, o

i

HA]

9

FBINA F717d0] =

RREEEE

S HEst ko
tol Hulstol ofelo] Qloith. utebd S

]_

S
pe

oo

)

8hA] 3

3}k
=

«

o= whulgrol %ol

ojn

shol ALg

g

2 &

L HE(F 50%)

(MOMIF2tx) ofo|2=H
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5.:

Hl AES 42 15 T 55 o] 833, oldf 42F DO 6 mg/L o]t} 7] 483 %
S22 A3 packed tank FE, 7| A|-GS Y2 ol obFA = A5}
2al 2 A 7]& 8] Hest XWE A7t dEHE :rLTO}‘)% AES A
5 H] 1 5} o}
Fig. 2001]’“ 2= 9 o TE olEF7 l%ﬁﬂa‘cé 1/}‘5}‘—110“’% 15 C0ﬂ 0101/\1 o] 27| &5l
e Aot 2 kedem®o) A 54.3 mg/Lo| L, ¢ Fbol| whet fejFE v ste] F71st 6
kg/em o A= 161.3 mg/L2 R E 1 i}

Fig. 200 Fig. 199] o|23 7] &% 2 7IdaE o83t 37]&deS vlugt 49=
et It o714 371 88&2 olEs 7|8l Blusty] fsto] Aol 23te <
IS AE YW L, o] 2578l d el Hlwsty] fjste] AU g
shof FASFIT

7k Aggg@Agg+nel ol olB2F I geHy vnAd A, &Y 3 kglom’ ol A]
packed tank @] &7|-23=HF-2 61.6 mL/Lo] ¢l 1L, unpacked tank+= 39.5 mL/Lo|} o, 7| x| &&=
= 739 mLLE o] 23 7]-&8l%F 75.0 mL/L¥} A2 FARRE A5 dof, 7|4 &2 4 o
237)89020] 98.6% YA B Salvk Fhsrct QrEEstel et 2t skt glo]
A B7)EeEe oY gl AES Ueglon, 9h 6 kegdem’ofl A o] 2F 7|88 o]
149.4 mL/LQ] Z o] H]|3} packed tank+= ©|2F7|-F3[TF2] 84.5% A L= 83l o] 126.3 mL/Lo| %]
S, unpacked tank+= 8-3TFo] 64.1 mL/LE ©o|2F 7| 8352 44.5%E YEFY St

i

plL
32
T
(i
of
ol
u
Io
S~
K3
[N
fr
f
e
QlL
X
9‘1"
2
© ]
®
(R
ﬂ
K3
5
ﬂJ
ok T
~
PO
)
o
l

240

0t
220 f
=
© L
3 200
2 180 10C
2 1
@ . 160 | 5%
58 20
5 S 140 | 250
23 300
S<120 | 35C
g ] 40C
> 100

s
3w
2
S 60
2
£ 4

20

0

0 1 2 3 4 5 6 7

Absolute pressure, kgflcm2

Fig. 20. 2= 3 gf=of E 0IES7IS3HZ.
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5T

_ 140 | @ Gas dissolving tank(2 & 7| &) ®
(]
- O Packed tank o
3 120 + < Unpacked tank
=
3 100 | 0
£
=
© 80 | o
T
<
o o
L o
a o
< o
S 40 t o
[=
=]
o
€ 20
<
0 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
Absolute pressure, kgf/cm2
Fig. 21. O|237[SaliZxt 2t 713 o] Z7|8slE Hlu.

P, 2 Q0] AL 7| A8 YRAF el whef ol 5718, oRrel Holuk o

S
AR AL, 4 kgdem® o A 97.2 mL/L, 5 kgdem’ o 4] 121.0 mL/L, 6 kgdem o] A] 144.0 mL/LZ o] &%
7| gaekah w LSl 212 97.4%, 97.1% D 96.4%E 7o) o] E4Q1g7) gl Agte 84
A8 ey
Table 20 = ©| 23 71-83F 2 7IYRHAE ol§sto] 37 &a&S vlud 2A3E 425t
e

Table 2. 0|237|&sH&nt 2t 7l 0| Z7I185HE Hlm

Hrher=y 0I=2S7I85HE Packed tank? Unpacked tank? gisk O(ifls';:l;lllg
(kgi/cm?) (mL/L) (mL/L) (mL/L) (mllj/t)
3 75.0 61.6 39.5 73.9
4 99.8 78.2 46.9 97.2
5 124.6 102.4 55.4 121.0
6 149.4 126.3 64.1 144.0
1) A 2d=(Alo#]k=)ollA 1 kgfeno] F7HE e
2) Packed tank : 7FFE 0] 371 8olaE TUHE BHOR & 32 FEW 55 HAT KgYA

=3 o= 2
3) Unpacked tank : QRFZIQIEI= 2 &= o] F7] 8l SUE Y8l A2t 3 Bol
Fej| 7=

2, opolazWE B4 BEQ FYA7|=Z Ao]=

npo|lAREE Hgol ofsl WAE 7|2 Afol=E S| 8l 2uld velARHES
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WA AR AR F 2] AU AX ANE sl BASHE Z|ES Ho) 500
v 2] CCD microscope(Moritex, Japan)S Al8-3to] 25l &= JAro 2 HE 7|20 A4
W RASES Sgeldc

Fh, 4504 7| EE WEA] o8] o] HEo| A5HES 27 Hrh v|Ee] AFAT
Gafjaeo] A FF2 vIAA =HH, 7129 JAF 2row Frapi sFo A e AFAIZE
X 1w gelEeL Fekl Bk Anel &%
gl e e 4 (18)3 o] o] ek

N
ot

J

dv )
r pp.E:Vp ,OW g_Vp'pP'g__CD AP ’DP e (18)
2 (1804 712} A3 d, < s,
zd ’ dv nd ’ xd > 1 zd 2
p_. - = P, O — P, . __C . P, .vz
6 pp dt 6 P8 6 pp g 2 b 4 'OP .................................. (1.9)

wherein, v = terminal velocity, m/sec
p, =mass density of particle, kg/m’
p,, =mass density of fluid, kg/m’
g = acceleration due to gravitation, 9.81 m/sec’

d, = diameter of particle, m
V, = volume of particle, m’
A, = sectional area of particle, m’

C,, = dimensionless drag coefficient

71831, drag coefficient Cp= th23} ZHo] o] =Hh

IR C, =24 24

R, vp,d,
1<R, <1,000: CD=ﬁ+ 305+0.34or:180';5
R, R” R”

e e

R, >1,000: C, =0.34700.40
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10

I3
o

Terminal velocity, mm/sec

0.01
O 1st experiment
0.001 O 2nd experiment
A 3rd experiment
—— Stoke's law
0.0001 L L
0 10 20 30 40 50 60

Bubble diameter, ym

Fig. 22, Ol0|3=2HS2| X0t STEEE9] 2.

oA7| A, A 7] ES]
L e

aEste] FEEE o] F uj
1= Fig. 220 UEtf ATt

Fig. 239)|= A A HEUAF AFZS YEFA ST CCD microscope] &)3f &A% A2l CCD 7}
Wz Sk o] s, AAE holAEuE RAr% R uls) Skt wj&o] ol vl 2ol
Qetet Aol 2% FEs7)E o]k, oF 40 um olste] YTt BE Ao BEE

At+= laminar flowol| Al FA4gtctar 7FgstH, 4] (1.9)9] -2 <070 =
AL ol gstal 7|39 ofg] 7FA] AHof it HAAA Y, BT
MR Q] A7t 5& Tk, Aol A dofzl gt vlwskich 1 A4

Al
al

5000 ¥ mdiv

Fig. 23. CCD microscopeZ &Jst O0|32HE XL
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3. upo|ARHE RAARA Y A 7|1xF

spzel A 72 e 7o) SEE BAEA P FT £AANFY Shitolv,
a7 EL] WS F712 o4 /AR APPSHE Boll tiet 3719] W b 7|24 ojzom

A=Y 711 Ao tiet 3= 4 (1.10)9] Henryo] #2022 A=, Bluke/ 7|49
Soll=e 2 Bl AR

P IN9 835 §E(kPa)
K, :Henry &%
X, - &%E NHI® E&2&(mole fraction)

mole gas

~ mole gas+mole liquid

A9 SAEE LE, FEETYE, Z1H 9 QA uhet JarS won], Auroz Ay §
AEl ead 77 G SEoA SelE ) WA
A (LI0)Z5E 7o) G318 2717 7ok BE e o 9ol g waes 2
7] AT ComglyE FHz HPE-S Honry©] {Hg 7] 22 ske] 24 7
o

[} L
A AR S dske 34 R WA = fle, VAt BAEE

OPO

C &9 AFEE(mg/L)
28

P -T2 02| 2R (atm)

A (LRI A 7k ae] Eg-e 78 4 9l Table 30 OJ5hel fi heke=ie] G40 uper
cheat 2
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S& Factor()
Ho QIH}X{O

HZ wyto]| o3t I7|FY 0.4~0.6 .5
37 F= 0.6~0.7 0.6
Unpacked tank” 0.4~0.6 0.5
Packed tank™ 0.6~0.8 0.7

* Unpacked tank : 2571919 a2 93 o] 271 8e)ag S0IS 1o g Lx2olt 427 gis Uuty
EE BT E]
# Packed tank : 7}Ie 0] 27188l TS o

BHOR wE FO FEW 5L UXI /1Y

i
N

7t & A (Saturator) U of] 0l0l= +719] Tk G T A (112)2 o]&-3hof ALt = Ao

_ 6.89f(P, +14.7)

C,: WY MERE 519 FE(mg/L)
f:ﬁ%
P RN R™(psig)

A (L12)of| A FAz=diollA TAEE 3719 $=(C)E ta A= ol83dte etk

_(C, -C)R, —k

7

C, : BTN 2Y3H= A2 FE(mg/L)

C, :HTI3IN A5 HOIRE M2 &5 (mg/L)

R :MEH&(Q, MEZ RF(m'/s), O RURBm' /). R =0, /0,
k: a8 X9 facter, k =C, -C, (C,: 7253 NHSE)

ARl A FUY 23 e 7 =049 ZIE(C=C)et A Y Z2 gholn g
% 3 W] ufwo] WA 7] o) A A 7]

+ Zlo] AayAolr)

7N ZA R EE(d)= T 25 7HEste] Yo R ppm G9E FRAEY ohga} P
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9, T ENA & (ppm)
o - B89 B (mg/em?)

N, : X8 FE(Numbers/mL)
d, : N EA E(m)

Aol 28 vlolanmE Bz AL, A gA ol e g} Zo] At
1 T+ 1.22 kg/L, Henry A<=+ 4.075 kPa/mg - Lo|t}.
3210 ZIFL(NS 12 AXSIE e, SAYEL 2.5 kgfem®, 28| = 20%2 8T

(9]
@)
i
N
MN
|o
u
ol
gE
ok
N
1o
=}

Table 4. p=2.5 kg;/cm20ilA AE7|&0| Z7|AsE, J|ZH|MsE, 7|24

2= e Henry &%= £3H| C, &, N,
(c) (mg/cm?) | (kPa/mg - L) (%) (mg/L) (ppm) (No./mL)
10 9.727 7,973 564,273
20 17.833 14,617 1,034,500
15 1.22 4.075 30 24.692 20,240 1,432,385
40 30.571 25,058 1,773,429
50 35.667 29,234 2,069,000
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(7<)

2c 371Uz Henry A4 28H| C, &, N,
(c) (mg/cm?) | (kPa/mg - L) (%) (mg/L) (ppm) (No./mL)
10 8.273 7,010 496,163
20 15.167 12,853 909,633
25 1.18 4.989 30 21.000 17,797 1,259,491
40 26.000 22,033 1,559,370
50 30.333 25,706 1,819,265
2 A2 7AW 7=} nho|a2HE AR F7sEe 24 1345 mg/lL

I} 27.5 mg/Lo| L&,

C =134.5mg/L
C,=27.5mg/L °|t}.

whebA, 3719 AesE(C)2 35,667 mgmL7l FHrt.
7N ZAA F = ()= A (1149} Zro] o3t Zho] A4kt

@, = ¢, =29,235 ppm

sat

N, = 6¢”3 =2.069x10" /m’ = 2,069,000/ mL
-d,
o|Ato] AvS HuEFHI} v - A E]5lo] Table 42} Table 5o Ul ich.

Table 5. P, = 4.93 kg;/cm2(483 kPa)i} Z3&E 70% Y US| 7|MLUMsE, HZnt U

=1 =y -11-3 HenryAl4= ZEH| C , N,
(c) (mg/cm?) (kPa/mg - L) (%) (mg/L) (ppm) (No./mL)
2 222 1,720 51,200
5 538 4,170 124,000
0 1.29 2.719 8 8.37 6,490 194,000
10 10.27 7,960 238,000
15 14.74 11,400 341,000
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(7<)

2= 271U Henry A4 ZSHH| C @, N,

() (mg/em?) | (kPa/mg -L) (%) (mg/L) (ppm) (No./mL)

2 1.99 1570 46,800

5 4.84 3,810 114,000

4 1.27 3.021 8 7.53 5,930 177,000

10 9.25 7,280 217,000

15 13.27 10,400 312,000

2 1.44 1,210 36,000

3.50 2,930 87,500

20 1.19 4.179 8 5.45 4,560 136,000

10 6.68 5,600 167,000

15 9.59 8,030 240,000

2 1.33 1,140 33,900

303 2,760 82,300

25 1.17 4.531 8 5.02 4,290 128,000

10 6.16 5,270 157,000

15 8.84 7,560 225,000

¥ AWWA, 19924 A=

N

U2l S5 Bt ok, AlSH] 2L IshAE B30l HEskA ok A el 37t
| 5

b RAEES ZUA71Y) 918 Sm

BN

FRS AT glek QuHQ AR AR el HSFIA TR RyETS
AL 4 QoL B ulo| AR T He | o] Aoz nto] AR o] LS w1 9],
==

3
Fig. 240]= 2515314 E%o] 02 S8 A4 Wk e glek AsHEs 0.5% £
2 R EES Mo 95%7HA Al FRsskelnh $UAY Aol BAFE] Ao EE S o
7] ABHE oF 18% Hme] SHAZE 2250, F/HHOR pH 4L A% NaOH 59| 37
Folw Pasit
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M ax.
20000 T C—— Ave.
l Min.
=
o
g€ 15000 |
c
K]
5
S 10,000 |
[%)
c
[]
o
[72]
® 5,000 |
_
1
0 ‘ ‘ ‘ ‘ A |
0 1000 2000 3000 4000 5000

Electric charge counteragent, mg/L

Fig. 24, TaIES2M| S0l LHE SS M7 Heth

5. AENA AYSE RHOE & AABYY] A% B}

g = MEX2|I(Z71Z4) e
SS mg/L 2,000 33
BOD mg/L 17 3
Na+ mg/L 155 127
K+ mg/L 1,163 989
Mg?* mg/L 137 66
Ca** mg/L 226 84
NHZ*-N mg/L 29 5
NO,*-N mg/L N.D. N.D.
NOs*-N mg/L 242 165
2304 TN mg/L 271 170
PO-P mg/L 65 134
SO& mg/L 229 594
Cl mg/L 852 869
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KU W 2 1Rk L7 2A A SS AAL WS Lehpgim
W2 BOD A A& WS ehfoleh 57k SAY uAsE Aol
YUY WBol Ae A7t Wk uebA] fIRFe) o] e

-

Fig 25014 10 mPhes 2% A2 HA SO ol S5 AAES B RS e
otk BUT MARL/E o FUAKFS 140% FTHAS A%, 559 AALLS B

& = %
97.6%= =AM LAL, FUrFol 180% 71t d-f-ollfe SS A& Fat 954%= 3] &

-

flo

Q1] 83.2%2] Wi AALLS e
, 9950 140%E —7}6 o‘I‘OHL 80.7%= °¢ b AR AL, UGl 180%= AR

1
0|9} Zro] & ﬁ%mﬂ A matsel 9] 45 %7}011*1 Aoz g G Aot
= Aaeo] doAs & Wt glo] I 8 AYaess Rl
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e
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35

—O—W ater film aeration
—e—General aeration
30

25

7 230N EIFsEMA] =

7/6w ‘uonesuadUOd OQA

- (1.16)
- (1.17)
-~ (1.18)

- lH| MZ7|E JHE 259
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3

=, oio] el ek, BARHIAS} BRI JTE W
wheba] o 7] A= AEEARQL A2 20 Cofl QlofA] T Alaols A
A9 Coll AotA KiazollAl KiayyE -8t B-9-olls ool A% o] &3tk
K a,, 21.02420 ! K Qoo (1.19)
webi DO S Ao A Lukz7]of lojA o] T AtaolEs AT Koave tad £t
K,a= 2.303 Jog C,-C _ 2.303 . 9.89-0.32 —8.6(1/ hr)
t,—t, C,—C, (31-0)/60 089-976 7 e, (1.20)
E, A2 20 C o] A <] KLa'Q()%
K,a,, =1.024"" K, a, =1.024"7°° 8.6 =9.3(1/ hr) weovcevvvormreciieerscccieeer (1.21)
7b E3, gty AagaHel] gleldt
K,a= 2.303 Jog C,-C _ 2.303 Jog 9.89-0.11 —12.3(1/ hr)
t,—t, C,—C, (31-0)/60 089-983 T e,
K,a,, =1.024"7" K, a, =1.024* " 124 =13.4(1/ hF) oo
Abgal mE(F,(20))2 A (1.24)9F o] AR 4= Qlet.
EA(ZO)ZC (20)-K,a,, -V x10 100(%)
Go(20)-6 T
wherein K,a(20)=20 "CUHI A 2 SZ LA 0SS S H =, Lhr
C,(20)=20 °COIA O ESIREAAST, mg/L
G4(20)=20 °C, 1| 2ot0 M2l SI1 &, m’/hr
V= 4\—_7.59|7—r£z%5,m
0=20°C, 10N IS AT E
3 a&

2N

A
Qs

1o

ol oA el do] ARt
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9.75%9.3x0.08x107
E,(20)= x100(%) = 7.0(%
A( ) 6x60x1000%0.277 ( O) ( 0) ....................................................... (1.25)

ks AT I3 g BEE

 9.48x13.4x0.08x10 o1 Ao
EA(zO)_ 6X6OX1000X0277 XIOO(A))_IOQ'(A)) ................................................... (126)
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7. ulo]aRM S 9% A& FH S

AR 3715 FFY 4

Fig. 289]|&= AF7] 43} Microbubble module2: ©]-83}0] 4250 5}
DO =98] Al HaE Yetd Zlojth 4714 9] A9, 7] 10 mL/minof| 4 # % 1027+ oF
0.73 mg/Le] DO7} &7}l th o]of H|3f Microbubble®] 7-%-, &7]-F% 10 mL/minoj| A %% 10
27+ 1.97 mg/Le] DO7} F7ksto] 4b7] Ao wlsf 2.7v) A= &2 DO S7Hg=S UeER St 571
G2 100 mL/min .2 ZF7HA1 S A 9-ol= A7 Ao A 1.95 mg/L, Microbubbleo]| 4] 7.29 mg/L

2 DO F7HFo] 372 ¥ A YEt.

=

mMB, 100mL/min
@®AS, 100mL/min
8 I oMB,10mL/min
OAS, 10mL/min

DO conc., mg/L

MB:Microbubble, AS:Air Stone

Fig. 28. Microbubble modulell} At7|AMQo| & AA SEO| H3}
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Fig. 290 tj7]%9] B7] tfAlo] Ak E ol-gato] 4] 43} Microbubbled] DO 23
2 ol %t ALow out 275 o8 ALl 4
9

A714¢] 4, DO F7Fe] 1.00 mg/Lo]

= Hlaste] Rl Aatoloh Ak
= e leh A3 10 mL/mino] 4

Microbubble @] 7-9- 6.02 mg/L= U¥F F7]9] H-f-Ht} DO F7Fo] dA3] wotX= AS ¢
g 4= Al AGEE 100 mL/mino. 2 F7HA)Z] H9-ox= D09 F71ES At 37K}
A =k ow, 4714 9] 297} 10.55 mg/L, Microbubble®] 7d-¢-7} 35.17 mg/LS WEFW Tt o]et
Wol Ak 71 o] §5He AU £AAES o] g3t A9 BIo| A MicrobubbleS o] §5H=
o] %2 DOE Fadhe © QoA ot mIpAQl Wl Ao= 2=l
Fig. 281} Fig. 299]| 4] Microbubble2- ©|-835}= 3%, 10& o]% o= DO 7|7} vlu|st A&
SRIE 4= Sl=tl, olggt o= Fol DO7 &£ o= 4A4E Fd3dt= 2ol &4
ERTE o] ok ATt FaE Hole L ERE R WEEE A EA7E 2
4= Ut} Microbubble ] 78-¢- THA|Zbof| srof IpeFo] ATt FaE| o)X 7] wj ol YAFAITE
3} Foli 559 DO F7ho] A Pashs Zow wekwth
40 ' mMB,100mL/min
@AS, 100mL/min
oMB, 10mL/min
30 OAS, 10mL/min
H
o
o
.‘ 2 4 6 8 10 12 14
Time, min
MB:Microbubble, AS:Air Stone
Fig. 29. =440 8F LA SEo| W3}
o Y kol A4 Ko ol§dte] 43 =2 AASHATh BT Aol AL
A (1273 2},
dC
£ ~K,a(C. -C)
dt L S T ettt et te e et e eaeneneeteeesasensnestananansnsnsnssssssssnsnsnsssnnsnsssnsnsnssssssnsnsnsnsnsnnannes (1_27)
Wherein, C:AlIZ2Hte E&&A &
K,a: 52 2H0|S 22K+
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(A)) IO:! Al_l-)\eét XIOO ................................................................................. (128)

Table 8. &2 MA0|S A2t Edllg=

Clys 71&R2H(mL/min) Ka(h™) 25 S8%(%)
Air stone (23 C) 10 0.54 36.4
= Air stone (23 C) 100 1.61 9.8
7] Microbubble module (23 TC) 10 1.61 98.5
Microbubble module (23 C) 100 12.17 36.4
Air stone (23 C) 10 0.14 10.5
AF Air stone (23 C) 100 1.82 11.1
B Microbubble module (23 C) 10 1.06 63.2
Microbubble module (23 C) 100 9.91 36.9

* g EE2 102004 Aldskatt

271930] 100 mUmin & o, A7]4e] A9 2T AsolE
Kag 1.61 h 2 A4 £ a-8-2 9.8%% 11, Microbubble®] ¢ A2 12.17 h" 2 Ak
&2 364%%ch F7]42F 10 mL/min & wj= Microbubble®] -9 Ka-2 1.61 h'& A7| 49 &
7l 100 mUmind 22 23S YEYidaL, o] o FasES BI%E UEHHA:
Microbubble 2] Z7]-8-2F 10 mL/min¥} 47| A Q] —'—7] 2F 100 mL/min®] Aja©| 1.61 h'z Eost
= YERH LA, ol A= 720 FHAN Jo&rE0] Ao|miE I 37|l 10d
Aol ARt FURt Kaghe 2 Q3 gjas= dtfz 108 & 235 UEfich
g §8) AHel AL A4S 100 mUmin o o, A7]AS] A FB AlsolE FeAS
| %

K;a0] 1.82 h''0]9] 31, Microbubble®] 7Z%- 9.91 h'o]¢lch. AbA-9-2F 10 mL/minof| A= AF7] 4] <]

-
N
-

$- K;a0] 0.14 h'', Microbubble©] 7$- 1.06 h' & Urebut HA| 43 FFL 5715 o]&at 4-5-9F
AR S Aot F7) §39] Aol tiylRRE ) a7t EAI7F S v 4

9] AL 5ol A |29 W&ol EAZL "k 7] tiAlo] AbaE o 8slE B Ka g
ATFE dEhfglon, olgjdt Aubs ik §5) AElolA 7] g5t
719 g-sj2t Wfﬂ 9| Abavt “4171§ I35 auel Aow Az
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Fig 3091 29 H2]ako] Q = 30 m'idayQ] FAbibe x| 2] 4ol A upo] A u| 2 AR <]
LGS SQ 1AL T ABVSHA ) SR WSk e ok

>

AF X 8 O B X
- oo 2 80 ¥ X

D=0 8:.0F magitl

AEUS % 0] 7|2 DO7} 3.0 mg/L o|gloL), €7 2k&uto] o8] DO} 4.5 mg/LE 50% o]

g, vholamuE BAFANE FASHAL Wl DOZL 8 myLE A Zepelzt
Ao 9lo] A= DO7} 8 mg/L7kA] "RSHA] ¢Fal, E3F 27| % Fo
DO9| &3} vht S|4 = B2 AeRhgxo] Aejof wef npoja=w s g FA 9 7k Al 3

SEEFS 29T Bast U
Fig 3194 Fig 4 AL\ 2l chol 228 B NG QAT KUY ol 50

Fig. 310]&= 2} 7] 29| DO %= tﬂﬁ}g »}Emao*u} Amm o] g3t TELAC A 7t vl
20 DO BE7} 32 ~ 3.6 mgL Wolw SO, AL %o vho] ZRMEE =el5td]
27124 A3} A|127]9] DO7} 5.5 mglLg U i, o 2442 DO SE7} FAstel
o Az 2] FHE OS] AgFow o] X720 DOE A4 HE SARTGE B

2 g5k
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= s e omz} 736&% DOS| 27} Fitel i FE AL 445 o P
CODwno] A7 Ei= Aoz 2 A Qleh A 1E7] %] 4 2] CODMn A7 %ke] 2ol 190 mg/L o]
Ao}, A2I7| 2ol A 325 myL B8 Z7FSEAEL, AZET] 2o AL 303 mgLe LrER) gl
B, A43L7] 2 A 337 mg/LE CODMn A|A ] hol7} 714 itk AL % o] Folli 27}
zabno] g0l glolont, AL 2ol 4 S5 DO FFo] o8] nayEe] 80| 27t
T ool Aol FH E/ZR A4 §7180) AL U8 F/Y Ao puE,
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E|H] ” 329,000 222,000 95,000 12,000
S E|H] ” 190,000 10,000 180,000
H E]H) ” 298,930 45,730 247,200 6,000

H 2 MElRHE, #2E g2t 23| M4E AN
(T« 2

oxl | o8 | 7z | TS| oy | mew | omyl | 2mu | T= | atmx | B | e
A = I Az|
B oHd] | 100E/ | 77,546 10,000 | 24,637 240 41,800 869
SM ofH| ” 87,504 | 24,000 | 17,107 | 22,700 1,200 20,309 2,188
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(7<)

oz | <3 =TT orznl | ol | 2 | ooy | 271
il | Y | @R | T ol | mete] | okmul | Al | S | etma | B | TIE
G olH] ” 504,343 | 180,000 | 19,200 90,000 125,083 | 90,060
Gs A5}k ” 466,681 | 98,000 | 21,535 | 163,885 | 7,000 | 31,750 110,802 | 13,709
K E]H] " 640,896 | 22,000 | 17,465 3,500 | 432,000 142,183 | 23,748
H E]H] " 327,773 | 50,000 | 24,241 12,000 | 24,638 212,547 | 3,345
I Elo ” 565,043 | 109,500 | 71,127 120,520 248,839 | 15,057
C | EH4 ” 453,421 | 50,000 | 115,000 | 1,000 36,000 | 20,000 | 222221 | 7,200
CH | &3 " 450,702 | 82,000 | 29,882 | 108,000 | 22,000 | 32,850 | 6,500 | 136,246 | 33,224
D ol H] 58/4 | 77,505 | 10,000 | 4,200 | 3,024 19,396 | 40,885
DS A5}k ” 28,448 | 10,950 | 1,890 | 7,000 7,616 992
EH] ” 124,855 | 21,900 | 9,060 2,000 | 65,000 22,072 | 4,823
S EH] " 42,559 | 8,213 | 4,049 675 28,975 647
E]H] ” 56,507 | 10,000 | 2,389 1,200 1,369 41,301 248
2. F8 HgAE VIE BES)

r {
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o
i
&
%0,
rle
=z
oo
ot
I
1o
el
MN
o
ofx
N
fo
>
ot
flo
2!
(9]
_}:Ll
L
i

o JIA - A7 S BEAL 7R 24
o F8 TP S | FUA 7% 24}

o ATl AT WS B TR AL

o o] 7H WEE 1 A7) 22% Hf 40%

o Hdl APRYIE W A 71E 24

o A7 WA L BE - 1% FAR 0.1%, 1A - A7) BAR) 0.5%

o FHEZPAO et WA WA 1 - (RREEYETAS)

o BIMIGR 1 AUIAEIIAIS} AR 740 B 3.28%(1998~2007)
o ol 1 7] FRAY o &, FuA FEFUREH, 7.713%)

o AWOARTNL) : BF ASE L oE 2 §AI%)

o S \HRY : R HEYN 24 5

3. 7158k TEALSAE U7 LeC A 4§ 74

7SR FEARESAIE S 1Y A 2RFRTE 100281 27]a(Y 36, TE)E 2= A
o] 71&& A85to] LCCEA S A=3ttt b Aol it Aeedees 11 29 A
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<y 28

=85 = =x=AJga = 12 A ANZ =» EE_KL-EEI'ZE » oHH|
!
22T =» @kl
(T 38
EEn = joEEy = ayzaz = Gell
|
el E|H|

O8 2. 38 24k

23 & vlashd AlE(EA S, 271 EA) Yol AE YEHE 2,7008 ekl Hs) T
THE 2001uRH o 24 TEHO 10%HE Egtorh fABuE Yol TEHl vle)

LCCE Abz3s] HH Y32 5 11,383 Wgkdld] s T-3H
Afolof= ztol7h Gl Ao

£ 11,284
2 Uehdt mebd 27] AARLE7H

=0 st ke A7 G| o] zfo] of Bof whel My FH|E-L et HE < U= v
LCCHE-9] 7FsAdol A= AlAKITH
H 4. 7I58x SSAESAE Y 2t LCC 24
(9] : A9
H 2 LCC
78 = T a = A/B(%)
Y 3% T3 Y SH(A) tH(B)

A AL 40,000 44,000 51312 56,443
27| E=218](FA]) 2,659,907 2,857,156 4,533,100 5,037,891 90.0
o Z)#a]8|(E7h 393,852 357338 6,569,137 5,960,946 1102
| 7] H] & 228,963 229011 228,963 229,011
% LCC(RHY) 3,322,722 3487555 11,382,512 11,284,291 100.9
4. A Q8

ZFERE A AL U BA17|e J7 A H 5 14 A A H ] tigh AJAER W AT -]
ZALE AASE A3, FATAE v EAR 7| AL golskg ot ARG H] Fof ) A
= H 84S 7|E 253 9, 53] AJAS Y&, A, REXAR B Fofl sk

E



AP R 2gulel ATy 2AE 98 v gAE V120 et B2k o] WP T Yo
W, @A EEIE 71 Sl 2 SR FEAASA ] TRt LCC R4S A
88 AT YFHo] 271EAp]E T vls) ot FUBOL LCC SHAME F5F 20s
R Glo] FhE R el Al o] BiFt BAZ MO RA shs Aol 9es AR ek

(HH2MIF2HH) 7ISER HH|9| FIEE 22

1 qu)9 FE&F S5 2 30

o ou] ] F34 FeHmel)

d
>
M

FHFEIAIZ| | ZHF K[ As Cr Ni Cd Pb Zn Cu Hg

S-3 0.0024 0.37 0.69 0.061 0.170 74.06 34.47 0.0024

S-6 0.0026 0.01 0.22 0.002 0.010 12.15 7.36 0.0004

S-7 0.0148 0.01 0.17 0.001 0.020 10.44 3.67 0.0001

S-8 0.0017 0.40 0.59 0.052 0.260 157.41 39.43 0.0003

49 S-9 0.0011 0.19 0.44 0.014 0.080 83.29 23.64 0.0004
= S-10 0.0014 0.01 0.16 0.004 0.001 10.93 2.55 0.0001
S-11 0.0021 0.00 0.16 0.001 0.001 1.61 1.09 0.0001

S-12 0.0009 0.42 1.03 0.047 0.160 101.91 39.03 0.0054

S-13 0.0013 0.09 0.33 0.012 0.060 56.79 15.83 0.0010

S-14 0.0015 0.01 0.24 0.002 0.010 12.15 3.75 0.0006

S-1 0.0003 0.14 0.33 0.033 0.020 2.84 0.20 0.0001

S-3 0.0003 0.50 0.36 0.035 0.010 1.05 0.41 0.0001

S-4 0.0508 0.37 0.55 0.066 0.180 83.38 30.94 0.0023

S-5 0.0003 0.19 0.20 0.038 0.048 37.59 6.97 0.0006

S-6 0.0193 0.22 0.26 0.043 0.128 53.11 12.05 0.0022

62 S-7 0.0775 0.02 0.06 0.033 0.036 1141 2.31 0.0001
= S-10 0.0120 0.11 0.09 0.033 0.291 2.82 0.65 0.0001
S-11 0.0050 0.04 0.09 0.032 0.014 1.07 0.77 0.0001

S-12 0.0170 0.03 0.26 0.039 0.089 17.36 5.72 0.0007

S-13 0.0040 0.03 0.17 0.037 0.005 14.58 9.56 0.0002

S-14 0.0545 0.14 0.44 0.041 0.056 12.59 3.12 0.0004

S-15 0.0398 0.24 0.29 0.088 0.097 44.74 13.35 0.0030

S-1 0.0005 0.07 0.16 0.091 0.044 0.76 0.10 0.0001

g2l S-2 0.0145 0.09 0.91 0.092 0.022 2.70 0.07 0.0001
S-3 0.0320 0.18 0.25 0.105 0.095 40.61 15.30 0.0010

S-4 0.0050 0.09 0.15 0.095 0.065 15.84 3.93 0.0004
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(7<)

XHEIAZ] | XHFIX|IH As Cr Ni Cd Pb Zn Cu Hg
S-7 0.0058 0.07 0.06 0.101 0.035 3.75 0.74 0.0001
g2l S-11 0.0040 0.07 0.10 0.100 0.023 1.20 0.13 0.0002
S-12 0.0210 0.09 0.29 0.096 0.086 22.93 6.93 0.0004
S-14 0.0100 0.08 0.14 0.099 0.043 9.14 3.38 0.0001
S-6 0.0113 0.08 0.15 0.106 0.055 23.54 5.50 0.0003
104 S-7 0.0138 0.06 0.08 0.103 0.056 3.10 0.51 0.0001
S-8 0.0108 0.10 0.23 0.106 0.061 17.39 4.25 0.0003

o o] F 7Y % olARF AAAHE W

Cu concentration in liquid manure(mg/kg)

60

——cq
Cu criteria level in LM : 50 mg/kg -

50
g3

—=sa

—*=35-5

40 =
——c5

J—
30 \ R e
]
=510
20 ==s-11
5-12
513
10 S 5-14
— ” 515
N\ ¢ ;
P - - == Criteria
0 %:P—

Apr. Jun. Aug. Oct.

Zn concentration in liquid manure(mg/kg)

180

Zn criteria level in LM : 130 mg/kg ——

160 = -

s
140

——c 5

120 H=s-p

—-—c 7

100 —+=58

—_—cg
80

5-10
\ —+=c11
60

\ \ —;—5 17
/K 513

40 %
)\ 5-14
20 §-15

A
i/ S N =@~ Criteria
; —_—— 7 —
Apr. Jun. Aug. Oct.
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o oiH] Y F+<4(CFU/mL)
Site Apr Jun Aug Oct
S-1 2.53x10" 3.80x10°
S-2 437x10°
S3 1.17x10° 7.57x10" 6.78x10"
S4 1.96x10° 4.60x10°
S-5 2.73x10°
S-6 2.84x10° 2.90x10° 2.40x10°
S-7 2.10x10° 1.27x10° 1.03x10* 9.13x10°
S-8 5.23x10° 4.93x10*
S-9 4.46x10"
S-10 1.53x10* 1.75%104
S-11 1.87x10° 4.90x10° 1.70x10°
S-12 1.19x10° 1.27x10° 6.97x10°
S-13 1.64x10* 1.15x10"
S-14 3.57x10° 4.37x10° 6.70x10°
S-15 3.27x10°
o Ju Y FIv¥E HE
sit E. coli O157:H7 Salmonella spp.
e
Apr, Jun, Aug. Oct, Apr, Jun, Aug. Oct,
S-1 nd nd nd nd
S-2 nd detected
S-3 nd nd nd nd nd nd
S-4 nd nd nd nd
S-5 nd nd
S-6 nd nd nd nd(S) nd nd
S-7 nd nd nd nd nd(S) nd nd nd
S-8 nd nd nd nd
S-9 nd nd(S)
S-10 nd(S) nd nd nd
S-11 nd nd nd nd nd nd
S-12 nd nd nd nd nd nd
S-13 nd(S) nd nd nd
S-14 nd nd nd nd nd nd
S-15 nd nd
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1) 44, 64, 84, 10¢ 43]o] AH AF 3 F-FHH] 335 9] Fa<% T2 0.0001~0.106, L7
0.0001~0.495, 2] 0.067~39.43, U2 0.06~1.03, & 0.001~0.29, o} 0.76~157.41, H] 4
0.00025~0.0545, 4= 0.0001~0.0054 mg/Le] ¥ |2 ZALE

2) 33349 A= F 150] 7hEExdan R ofd 7|EA] 130 mgLe 23ste] |7t &
FEU U] | o] FEd S 7SR Wk

3) G-E o] Zu|PETL 523x10°~1.27x10°(CFU/ML) 2 ZAFE| 91 aL, E. Coli 0157 : H7 42

=3

Il
HEEA ko, 3319 A= F 1304 drdeto] A%+
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H1E : SHO{H| CHelEdE:

GIAIFIAD 758 242 UAA L o] 84 A d+

& Pl MEAINL S5 (%)
o S QUA ,k/K-L‘L7 J_;H A ul LAEHT; XA
1P = 2007 L] = ]_ RICA -° b 100
o Pilot AL gk W U ou] AAS Y5 A 2 LA AR
o Pilot AW B L ov] S ok A U g HE
o Al g_l %;ﬂq_];( HEE 0§-_]. a‘;xl—mz }\z;sj-]
25(]_%15 2008 —27"” . ]’ o= H ‘o_eo ] i 100
o BAOY AT Br]x TR W PFAZ o83 Hu] f
j}_/k—] Z/\]_
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o TG x S| ] %;ﬂg_;( HEE of“;_} :_Xl— AlZ Az‘ﬂu
321_155 2009 1= _1ﬂ 74] = - }’u = ‘r‘]_ b IE=re) ] 100
o ME=APg B v AR AHEE Ve WY
o W u HuAARS SIFF BAe UMl A B o ujd Ay
A2 RTZAD) 714838 018 7|58 A3} 7j& Ad
= MEAINL =S5 SHEE(%)
o 7|4k S A A
e Aok 9] e A}
07 © MaCoL 7|, Als, 71A14 &4, 2t 100
"o o mRume) A5A, A, FE0) Holerls AN 7 AT
AT | o MaCol 5% AoH]l =& 9 o]o] Alojg] x| 00
('08) °© MaCol %78 JAA =4, AFA Al&d 2 o] 24 9= =&
3 © MaCol 5789 A& a&B71= 53 HH&IAA 44
’0; o MaCoLE7A 2831293t F2312HY 100
(09) 0 MaCol -7 A3loHo] EAEAL =3} ofu|zA|o] 2 H7}
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T = M7 S8 SHE(%)
1E | o EuFEAXFHRE TS 24 100
C07) | o YuyHd 7kg 23484
PR | o wEy Eu7ky FY 4% 0
C08) | o HZHA olgd e Ayt 9 rhy EHEAEA
A= o "rEFEH] AR &) 0
(98) | o AR Z7)E
ppas | ° XEEE A w87E i
10 o WP TXe7]4 e 100
O 1o grzgy gy o712 A
A4AI LA 71548 Qe 71 Ad
T = NERA=E S (%)
IR = o o] AJAFA Ffuaf
100
C07) | o FFAu AP ou|o] Apelst
2= | o oHu] AE A
C08) | o HEAZO| AFT ou] FH 2AE A 100
A= | o g 7154 A A 0
C09) | o ofu] AEo| o5t ZEAYA H =3}
AISARIAD 7158k & - A8 F EZAAE A7« AE
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P T‘La Joll=7|v]8 At
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2EE | o HH| F FIEE BUYET
(‘10) o {3l Alet 28 TYEHY
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O A.Suresh. Enhancement of biogas production from swine slurry using modified underground

anaerobic digester (mMUGAD). Journal of the Korea Organic Resource Recycling Association

(=r2], BISCI)

0 A.Suresh. Assesment of compost maturity on their different stages with microbial and

biochemical dynamics. Journal of the Korea Organic Resource Recycling Association (=],

H|SCI)
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o

A.Suresh. Kinetics of Chemical Properties and Microbial Quantity in a Korean Soil Amended
with Raw and Processed Pig Slurry. Asian-Australian Journal of Animal Sciences 2009, 22
(5), 732-739 (=<}, SCI)

A.Suresh. Swine Slurry Characterizationand Prediction Equations for Nutrients in South
Korean Farms. Transactions of the ASABE 2009, 52(1), . 267-273 (=%}, SCI)

A.Suresh. Prediction of the nutrients value and biochemical characteristics of swine slurry by
measurement of EC — Electrical conductivity. Bioresource Technology 2009, 100(20),
4683-4689 (=<, SCI)

Zhu Kun. Effects of Anaerobically Digested Pig Slurry Application on Runoff and Leachate.
Chemistry and Ecology 2009,25(5),359-369 (=+£], SCI)

AL 7t SEARAE L A2 S 7hsAdol B3 A d=FAA A
738F3] 2] 2009,15(3) (=W, H]|SCI)

gk HaEY] YUleEo] SRSt 273 nAe IF d=SAA LS5
S]A] (=i, HISCI)

T HHT o A7} Ao A A=) A el vA= dF =l

4

Al shel 2] 2009, 15(51~58) (=W, HISCI)

FEY Huld ARAuTE SR Ao st e v I HEd
ol fplu|el upZe] SHuE o8t AFuiA Y FAA T A5 A5 |
2= G F=E=ARAAEA S S R 2009, 15(16~170) (=1, H]SCI)

T Eud o o] et F5Hu]E o] g7t FAA 7 EvtE(Lycopersicum esculuntum
Mill) A< 5 =Fo] nA= G T=-R71sAeHE]A] 2009.17(357~370) (=4, BISCI) &
1871

U

g BESHATAHS ol s dnls) Bl HobA 2o Het A+ ket
53]

Swine waste treatment using a new digester system consists of digester + anaerobesrecycle
+ removal of N, P and heavy metals. Renewable energy 2008, International conference and
exhibition, October 13th -17th2008. Bexco & Nurlmaru, Busan, Korea., =+2]

AN 7H5E ulSEAE ] Bste] BE AT BREFEA e

A 7t SEARAEY A2 g 7o 3 A A=A
ots] 5 1471

2|2 9. Integrated Livestock Manure Anaerobic Treatment System with its Production
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