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SUMMARY

I. TITLE

Development of Nitrogen and Phosphorus Removal Process with Iron

Electrolysis for Swine Wastewater Treatment.

II. OBJECTIVE AND IMPORTANCE

Swine wastewater contains high concentrations of organic matters,
nitrogen and phosphorus. Its waste composition varies with size and
operating mode of feed lot. Also, the amount of wastewater generated
varies from feed lot to feed lot.

At present time, swine wastewater treatment facilities using activated
sludge process show poor efficiency of nitrogen and phosphorus removal
because of limitations of treatment process and poor management, Swine
wastewater can be a major source of eutrophication in rivers and lakes if it
is not treated properly before it is discharged to the receiving streams.

It is required to develope a new treatment process for removal of
nitrogen and phosphorus from swine wastéwater. This new treatment system
should be easy to operate and maintain and should produce reliable
qualities of effluent and be suitable for site conditions of feed lot.

New effluent limitations for public owned swine wastewater treatment

plant will be issued in January of 1999, Effluent concentration of
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nitrogen and phosphorus of public owned swine wastewater treatment plant
should be less than 60mg/lL and 8mg/L, respectively.

The objective of this study is to develop a nitrogen and phosphorus
removal process with iron electrolysis for swine wastewater treatment.
Removal of Organic matters and nitrification occurred in the oxic
reactor and denitrification occurred in the anoxic reactor. Iron bar,
placed in the oxic reactor, received direct electric current. This
resulted in the occurrence of iron electrolysis., Phosphorus in
wastewater is absorbed by the iron salts and removed with excess
activated sludge. Laboratory scale biological reactors were operated to
determine operating conditions and design parameters, Pilot plant was
designed, constructed and operated to evaluate the design and operating

parameters which was developed from laboratory scale reactors,

II. CONTENT AND SCOPE

In order to complete the research without any deficiency, work items
and schedule were developed. The work content and scope of this research
for the first year were as follows,

1) Swine wastewater treatment facilities were located in the city of
An-dong, Kim-hae, and Yong-in. The treatment performance was evaluated,
and the composition of swine wastewater was analyzed.

2) The ratio of iron release was determined at various voltage,

surface areas of iron bar, and electric conductivities. Phosphorus
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removal efficiency of iron electrolysis was investigated and compared
with that of chemical coagulants.

3) With the test results of batch reactor, aerobic reactor combined
with iron electrolysis was operated and the optimum operating condition
was determined for biological nitrification. The effect of released iron
salts on the removal efficiency of organic materials and the phosphorus
were investigated,

4) Biological kinetic coefficients Y and kg were determined to
evaluate the effects of solids concentration of swine wastewater and
biological nitrification on the sludge production.

5) The anoxic-oxic biological reactors were operated to determine the
optimum internal recycle ratio for nitrogen removal and to examine the
removal efficiency of phosphorus with iron electrolysis.

6) The effect of influent C/N ratio on the Nitrogen removal efficiency
was examined. Organic materials and phosphorus removal efficiency of the

anoxic-oxic process at various operating conditions was evaluated.

For the second year of experiments, laboratory scale the anoxic-oxic
reactors were operated continuously to investigate the effect of
influent C/N ratio and internal recycle ratio on the nitrogen removal
efficiency. Swine waste fermenters were operated to investigate whether
fermented acids could be utilized as an alternative external carbon
source. At the same time, the pilot plant which had treatment capacity
of 2.5m'/day was built and operated. The work content and scope of the

second year were as follows.
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1) Swine waste fermenter was operated to produce the volatile fatty
acids as an external carbon source for denitrification and to determine
the effects of temperature, swine waste mixture ratio, and initial pH on
the acids production rate and develop optimum operating conditions,

2) The effect of TVFAs generated from fermenter was investigated by
measuring the denitrification rate, Batch reactors fed with swine
wastewater and fermenter supernatant were operated to determine the
denitrification rate,

3) the anoxic-oxic reactors were operated to determine the optimum
internal recycle ratio and influent C/N ratio to achieve the maximum
nitrogen removal efficiency.

4) Based on the result obtained from the first year study, pilot
plant was desiéned, constructed and operated to evaluate the design and
operating parameters developed from laboratory scale experiments,

5) The pilot plant was operated with various hydraulic retention time
to investigate the removal of nitrogen, phosphorus and organic materials.

6) Iron electrolysis was conducted at various iron surface areas,
voltage and amperage to relate the iron concentration in the aeration
basin with the removal efficiency of phosphorus. Optimum conditions were
developed to achieve certain levels of phosphorus removal efficiency.
The effects of the concentration of iron salts in the aeration basin was
studied by measuring the OUR of microorganism and examining activated
sludge through microscopic examination,

7) Management strategy was developed to extend the life of iron bar

without degrading the efficiency of phosphorus removal,
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In the third year, pilot plant was operated continuously. However, the
operation was temporarily stopped due to toxic materials inflowed into
the plant in November, Activated sludge system was damaged severely and
nitrification was inhibited, The original plan was to study the effect
of low temperature on nitrification and organic removal efficiency of
the anoxic-oxic process by running pilot plant. Instead, the temperature
effect was studied by operating laboratory scale anoxic-oxic reactor,
After activated sludge in pilot plant was stabilized, the effects of
hydraulic detention time, solids retention time, internal recycle ratio,
and influent C/N ratio on the removal efficiency of organic materials,
nitrogen and phosphorous was investigated. The work content and scope of

the third year were as follows.

1) Laboratory scale, anoxic-oxic reactors were operated to evaluate
the effects of temperature on the removal efficiency of nitrogen.
Operating temperature started at 20C and was decreased by 3T.

2) Pilot plant was operated with various HRT and SRT to evaluate the
removal efficiency of organic materials and nitrogen. Optimum loading
condition was determined,

3) To investigate the effect of internal recycle ratio on the nitrogen
removal efficiency, the pilot plant was operated with various internal
recycle ratio. The internal recycle ratio varied from 4 to 0. The test
results were analyzed to evaluate the optimum internal recycle ratio

recommended by the laboratory scale anoxic-oxic reactor operation,
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4) lron concentrations in aeration basin and phosphorus removal
efficiency were monitored to determine the optimum iron concentration
for phosphorus removal. From the results of the operation, the required
iron surface areas and amperage can be calculated for phosphorus
removal,

5) A formula to determine the weight of the sludge produced from the
activated sludge plant was developed. Excess activated sludge produced
from pilot plant was measured and compared with the weight of the sludge
calculated by the formula developed from laboratory scale activated
sludge reactor. Also, specific resistance of the sludge in pilot plant
was measured to evaluate the effects of iron concentrations on dewatering
of the sludge.

6. The OUR of activated sludge in pilot plant was measured periodically
to evaluate the activities of microorganism, Also, mass balance for nitrogen

and phosphorous was calculated,

IV. Results and Application of Study

The objective of this study was to develop the anoxic-oxic process
combined with iron electrolysis for nitrogen and phosphorus removal,
During the first year of study, the optimum operating conditions for
removal of organic materials, nitrogen and phosphorus were investigated
using lab-scale reactors, based on references and articles,
Subsequently, TVFAs{Total Volatile Fatty Acids) fermentation process

using swine waste was operated in the laboratory to make up for a
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deficiency of organic materials in biological denitrification process
during the second period of study. Furthermore, according to the
obtained test results, a pilot plant was designed and operated to
evaluate operating conditions and design parameters required for
full-scale treatment facility. Ultimately, the study results having
obtained was analyzed and applied to the pilot plant. The optimum
operating conditions were head for a full-scale treatment system, The

following conclusions were based on the results of this study.

1. For phosphorus removal with iron electrolysis, lab-scale study was
performed to evaluate the effects of the applied voltage, the length of
iron bars contacted, and the electric conductivities on the amount of
iron released. As the length of iron bars contacted was increased to
lcm, 3cm, and 5cm, the amount of iron released was also increased 38. 4mg
T-Fe/L-V to 46.96mg T-Fe/L-V and 52.83mg T-Fe/L-V, respectively. As the
electric conductivity was increased to 15.87wmS/cm, 12mS/cm, and 6.3
mS/cm, the amount of iron released was increased by 13.0lmg/L, 11,63
mg/L-hr and 11.3mg/L-hr, respectively. From this experimental results,
an increase in the applied voltage, the length of iron bars and the
electric conductivity increased the amount of iron released. Current
efficiency of about 65% occurred.

Three lab-gcale reactors wére operate for phosphorus removal with iron
electrolysis and for evaluating the amount of iron released. The
influent PO4-P concentration of about 46mg/L was fed into the reactors.
This resulted in the effluent PO4-P concentration of 12.9mg/L 6.32mg/L,

3.84 mg/L, respectively, indicating the efficiency of PO4-P removal of
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71%, 86%, and 91% with iron bars of 3mm in diameter, and lcm, 3cm, and 5
cm in length, respectively. In order to obtain the removal efficiency of
over 80%, about 0. 41mgT-Fe released/mgTP removed was needed for TP
removal and 0.68mgT-Fe released/mgP0,-P removed was needed for dissolved
phosphorus. For this run, the concentration of iron released was
153mg/L, 194mg/L, and 265mg/L but had no effects on the removal of
organic materials and the nitrification.

Besides, pilot-scale anoxic-oxic process was operated to evaluate the
phosphorus removal with iron electrolysis. The submerged surface areas
of iron plate was 1200af and the electric current applied was 4A, 8A,
12A, 16A, and 20A, respectively. During the experiments, by varying the
electric current applied, the average influent TP concentration was
48mg/l., 27mg/L, 82mg/l, 96mg/L, and 85.4mg/L, respectively, and the
average effluent TP concentration was 21.7mg/L, 10mg/L, 9.1lmg/L,
6.9mg/L, and 1.9mg/L, respectively. As a result, the phosphorus removal
was strongly dependent on the amount of iron removed. Additionally, in
oder to obtain the removal efficiency of over 80%, about logT-Fe
released /mgTP removed was needed for TP removal and 3mgT-Fe released
/mgP04-P removed was needed for dissolve phosphorus.

Although the resulting ratio would be varied depending on the influent
and effluent TP concentration, the obtained ratio would be applied
practically for phosphorus removal process combined with iron
electrolysis, For an activated sludge reactor with iron electrolysis,
designed to treat the TP of 100mg/L in influent of 100n’/d with removal
efficiency of 80%, the amount of iron released, electric current and

surface areas of iron plate required for removing TP of 8kg/d were as
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follow; T-Fe of about 8kg/d was necessary because the iron released of
over lmg/L was required to remove TP of lmg. If the amount of T-Fe
produced was divided by assumed current efficiency of 65%, theoretical
mass of iron released was calculated to be about 12.3kg per day.
Therefore, the electric current applied was about 491A, in accordance
with Faraday’s law. Since the actual amount of iron released of 9.8kg
per day was obtained by installing 25 iron plates with surface area of
1200crt, and electric current of 24A, TP of 8kg/d would be effectively
removed. The desired amount of iron produced would be obtained by
increasing the electric current for greater efficiency of phosphorus
removal. As a result, phosphorus could be significantly removed by
installing the iron electrolysis in the oxic basin of activated sludge
process,

2. The following results were achieved based on the study about organic
materials and nitrogen removal in the anoxic-oxic process., The removal
of organic materials for treating swine wastewater was significantly
accomplished by both lab-scale reactors and pilot plant of 2.7nf/d. The
swine wastewater applied was often intentionally diluted, but the
concentration of TCODcr was in the range of 1000~12000mg/L, TSS was of
1000 ~6000mg/L, and TKN was of 300~1000mg/L. Since the procedure of
nitrification and denitrification mainly affected the water quality of
system, TKN loading would be an important parameter for organic and
nitrogen removal efficiency. The pilot-scale experimental results
indicated that the efficiency of COD removal was slightly influenced
with extent to HRT of 20days.

When the MLSS concentration of 3000~10000mg/L was maintained at HRT
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of 0.375~1.5day and SRT of 6~20days, the nitrification rate obtained
was about 90% at TKN loading in the range of 0.2~1,25kg TKN/mi - day.
The carbon source was required for denitrification. TVFAs in swine waste
fermented was found to be more effective to precipitate denitrification
than organic materials in swine waste,

The result of the experiments varied with influent C/N ratio and
recycle ratio in the anoxic-oxic process indicated that the influent C/N
ratio of at least 3 and the recycle ratio of over 4 were required to
satisfy conditions of efficient denitrification with influent
SCODcr/TCODcr in the range of 0.17~0.33. The above results obtained
with the limited external-recycle flows of 2Q would be adjusted and
employed in the field, although practical recycle ratio was determined
from aspects of mixing in the anoxic reactor, settleability of sludge,
and concentration of return sludge. Since nitrifiers were affected by
temperature, a decrease of temperature decreased the nitrification rate.
Experiments in the laboratory indicated that the nitrogen removal
efficiency was decreased from 87% at 20C to 44% at 7°C with TCODcr
loading of 3.2kgTCODcr/nf -d, TSS loading of 2.45kgTSS/nf -d, and TKN
loading of 0.54kgTKN/nf -d, respectively. The differences of the
efficiency of nitrogen removal appeared to be about 10% with extent to
the temperature of 13T but it was 20% at 10T and 40% at 77C.
Therefore, the optimum temperature was found to be maintained at 13C in
the activated sludge process. For effective nitrogen removal, the
loading of TCODcr, TSS, and TKN was in the range of 0.7~5.4 kgTCODcr/
w +d, 0,7~4.0kgTSS/nf -d, 0.24~1.0kgTKN/nf + d, respectively.

When the average wastewater concentration of TCODcr, TSS, TN was
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24000mg/L, 7000mg/L and 2700mg/L, respectively, and the average flow
rate was 100m/d, Volumes of anoxic and oxic reactors were calculated,
when the TCODcr, TSS, and TKN loading were 4.0kg TCODcr/mt - day, 2.5kg
TSS/mf - day, and 0.8kg TKN/nt - day, respectively, From the results of
the study, the volume of oxic reactor was required to be 600n for
TCODcr loading and 338naf for TKN loading. Therefore, we can conclude
that the efficiency of organic materials removal and nitrification rate
was 95% for both TCODcr loading and TKN loading at the volume of 600n?
in the oxic reactor, If the volume ratio of anoxic reactor volume to
oxic volume was 1:1, the volume of anoxic reactor of 600n’ had to be
applicated. From the above results, the required volume of the new
treatment plant could be determined and could be utilized as a source
for enlarging and upgrading the existing wastewater treatment plants. The
high efficiency can be achieved by controlling the volume of
sedimentation basin, the concentration of return sludge, and the
capacity of the recycle pump.

When biological wastewater treatment process is utilized to remove
organic materials, nitrogen, and phosphorus, there will be problems of
large costs and complicated operation. When metal salts is utilized to
remove the phosphorus, there will be problems of large costs of
chemicals and of treating sludge. At this point, the iron electrolysis
process of this study will be economical because no chemicals are used
for phosphorus removal. Since the anoxic reactor is located in front of
the oxic reactor to remove organic materials with iron electrolysis in
conventional wastewater treatment, this process is economical and can be

easily applied on the spot,
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k! 2280 ot 29
2Ny AT | FEF | Y | FEF | Y | 55

TCOD.-(mg/L) 6687 877 7675 1556 13456 197
SCODcr(mg/L) 2235 604 5694 1475 7483 164
TCODan(mg/L) 2208 31 1164 328 2352 250
SCODan(mg/L) 1150 47 804 70 2148 90
TBOD(mg/L) 3000 220 6100 430 7470 52
SBOD(mg/L) 1613 135 3450 170 4320 24
TKN{mg/L) 2914 420 2269 462 3456 585
NH4-N(mg/L) 1060 203 653 171 3082 565
NO2-N(mg/L) 1.22 274.1 1.98 | 313.85 | 0.73 | 877.15
NO3-N{mg/L) 11.5 185.7 10.6 201.6 1.72 7.3
TP(mg/L) 112.6 | 43.97 | 33.34 38.3 171.2 | 40.16
POs-p(mg/L) 36.08 | 31.63 | 23.75 | 29.41 85.6 33.9
pH 9.02 - 9.0 - 9.04 -
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2. ¥4 2% 2% (Activated sludge process)

2o steAlRely #8EE FE22 RIIER AATE 283N
AAY ALE apEe Ao A R s FL 3
¢l 3ol F7t2 dAEolof st FPoln VA £FERE Jido]l FFste
Z2bet oieks] FAFEuleA e dY ZlEe] HE Fyolch
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3. ¥71/%7]-27% (Anaerobic/aerobic process)
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6. SBR(Sequencing batch reactor) I3

A @7t 4% o] FXoln FIE HejolM sx2 F

+& FUsld 3P ez A0 F FVEFFE FEta o] 74
2 Felold & % #7188 AAE FAldl £33N F, FE5TE wEste
£AE HIHLRA AS AAY F A 7148, 3UE, FALAER

R Aelsle Zolth old AFE FIIHLR AL HASH] wfFol £8F

e,

27t A2 9 U Bevt HY A4 Aejr]do A3 53E 7R FY
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A Zo] glrt
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£ ol glck
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#(m’) 350(30-F)-900 200(15%)-900
NHE
B (n®) 250(180F)-1, 000 50(353F)-1, 000
+371& | BOD{mg/L) 350-500 150-350
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Ea) a3 9 A A
& (n*) 120(105)-350 60(55)-200
B(n®) 70(505)-250 30(205)-50
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3Clz + 2NHy' — Nt + BHCl + 2H

NS 2RV A4 lugg AASHE ol O 7 608l @47} Wasts
3 Fol M4E MHHUBES E35b] flolo] Suan), x4 5o =g
of Waskth o] WL ¥ o4 AASUNE USRS £Hu8o] 2}
A 4280k 2 Hel Wu AR Fov B shie asA o
Y A% 4 U2 YRUcky AAE VHAA Ael YASA AAY & 2
The Zolth el NoyN @ NGNS E Aoz AAHA gt

2
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2 1]o} &7} (Ammonia Stripping)

Rl &= dgo] 371& FAst dRUoly Eote Zaalyd
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_ Carbon Oxidation - Nitrification —_ Denitrificatin —

A. Separate stage carbon oxidation, nitrification, Denitrification

_ Carbon Oxidation and Nitrification - Denitrificatin SN

B. Separate stage carbon oxidation, nitrification, Denitrification

_ Carbon Oxidation, Nitrification and Denitrification _

C. Single stage carbon oxidation, nitrification, Denitrification
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Ca; + HPOS —  CaHPO,
Caz + 2H,POS  —  Ca(HzPO4)2
Cag + 2P0 —  Cas(POy)2
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¥ 3-7. A2 - AAE AL Merley &
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(A)Phostrip Y Y N Y M Y
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(G)Metal Salt Y Y Y Y M M
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1. A/O(Anaerobic/Oxic) Process
2 332 2¥ 3-30ret o] 4719] ¥I1E FEH 419 oy B8
22 #53H WrolA olch
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2. A%/0 Process
2 FBE A0 FHY HEeRA Hrlzet 3R] A €A
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3. Modified Bardenpho T3
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4. UCT Process(University of Capetown process)
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Anoxic Recycle1-2Q

Nitrified Recycle1-2Q

\ »| Anaerobic Anoxic |Lgl Aerobic |l  Effluent

Influen Clarifier

Return Sludge O.S—TYWaste SIu_(_ﬁge

a3y 3-7. VIP 2%

6. SBR &%

SBR(Sequencing Batch Reactor System)Z3 2 HA&SIAZTRE o]£3)
fill-and-draw?] 34 FPolrl o] L U9 &3} RIIE AN ¢
ZizollA dojuial TI|RoM = o] AHARN T2 9 FaksRola] A
B 9 ghubgo] Wl 53] 432 AMelo] A Ao oA gl

tl. 2% 3-82 SBR X ZEEE vehlz Qlch

Time P
o~

-———-——-—5‘“—* Withdraw
Settle r——-—"
Anaerobic Aerobic [

Mix

2% 3-8. SBR 24
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7. A3y

AtERE(Oxidation ditch)ol A3 X/FXE AHx|sl] 74, Fata
U 3713 2GS FEARLEN AL Y A AAE €& + UE FHoth
AreEH e 438ted JPUE Kruger BioDenitro 23(U™ Double Ditch 2
) A DEY 33 18 TPeT FEHC DE¥ 332 Abstret FAz
2 7449 471¢] *}(Phase A, B, C, D)2 FAXo] gl TH FF HA] 4t}
ot A2 F4° 6702 A(Phase A, B, C, D, E, F)o& FAEo} gt}
of ¥ 33 & Aol EY FFL2 wbedAs Exjsta Az e
Hol axrt T¥ FF2 W& ¢Ho] ¢l WAzJ} a7} Eax
ol =] Uth. o FF HA] SBRFF Y o] A& A Holut &7 R H2AA
of Ayt Aoz wictdct 17 3-9& Alstde) BEEE ehfa gt

Influent Q RAS. 0.5Q

» Aerobic Zone 1A \ _| Effivent
C Towe |

Anoxic Zone <_) ) Clarifier

Aefator

Waste Sludge

-

22 3-9. Oxidation ditch

8. P/L 23
P/L ZEE& FulollAl WH Phostrip F3-& 7R yes az A
a2 F] AAZL HesteFE =of lct
olel tlEol HirzAIARA wWAsl] & &2 BHAANE Hofsi=
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BES Holste RS HAHSIEE P Folr}
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Primary  { Secondary
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\
0.3Q

0.30
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Coagulation d Denitrification

2y 3-100 P/L FH

P/L FRol AsiM e AAEEL 955712 JIth¥ 5 Qlont A4 A
AFELL 40 AEZ U} olE B93}7] 98] MainstreanolA] A Abzisa)
Fatazo] RSl ng 85% o4 AA AAZLS ¥4S + A

HAdck 27z o B4 ojdEY J HdHsES A
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Aeration -
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Clarifier

——

0.3Q

0.3Q

Coagulation et

2% 3-11, Modified P/L 23

9. Operationally Modified Activated Sludge Process
= 3HE Y 3-120f Yehd ule} o], BrE-Z21E EAXRE
ol-g3te| U WFEEAE HEX GIrPARAN EY, AZAA Ay ¥

& IV, ZIIERAME WEH 838 UE nIBE MZo] FAl

or

o] - 1960 d L~1970d = Aolo] [UFolA {FE¥7IAS] 2 plug
flow ¥ 2o A uj BB MEZNFAZHMCRT)S 1.5~6days FEE §2]4]
Ao EIE A VSR FHAM BEYRH Ay Y&z
F47t AYH £ A AARES BAFAUCL o] dF Aol g3A, o
N8 wAY EdzAE LEAA(D0) Fabd AA(NO-N)E] FEIF 0.2
mg/L o}sto] i, 71 Al A= DOZE 2mg/Lol ), VAU EY M EAFA]
ZHMCRT)O] 10 daysT o2 24 & ujrto] it ] HAF o] FEap3o|ch.
BEYA Aae JY FA AeFF L Ad4F fU1E 99 5= 0&

of 2 82 U7 "ol AR AM W ofg & viehla ot EF,
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A 1A, Ao A7 ol HZ F3
Axtel 42A Hoj o o HASA

fifo
R,
FIF

1. A&

AH 2ol F¥E tAe IAE 2ABK 2 AE2 A F /R o
ol AlAHAEY AMe H HESzo 8L nAE dxE A ¢
3Axte] Hsle] whE H HELEE 3231y, ExEs ¢ =29 A N2 o
PAxLE B3 S AT U of A AA eSS BAshes Zolrh

R7\Zo FUH Hgo] A2 H&H HE FelEol HEFY 2]
23 FY AYste ol o HYELS AAHCE HE FhoM HEEE
Hol 22 AAENolA UASH= FAFAE 2AcdA e} oiArA 2 QeiFe
A4S HojFd, 52 AYAEZE Ul o] 252 UE BU3| ol F3tAl = of
ABolN HEEE A3Eo] Wl F7RRich

Hol22 HEol H&H Aol wel oleH =7t Wt ofof utel H M&
£x7F geixled ol F AT Apojo] A|AZL AW Ho|o] witwiw
A Azt w2A FIF0Z o]F3ty] wiolch weid AEH o] g4
£ o] 25X AU&3A ojFst FAlo] Holo] JIoA HAFE HEE&
etk d Ha4ze ALY &9 29 pH 12l3, Mxx Sof ujel
geixn o]E ZAES URIA KA HelolA 4 Hol2EY Yisr:
Hotol whel dAsHA FrRIch Tl 3o MEEHE 3 HE4Er 3

H52g08 J3o] o] ulE: EAE BIWOH I HEFHE @
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& 4% 22 gio]l ZIIZ o & FUst AJIEHNE Fr=ste
oAl 4&d Hol23 FYs Fo &34 datdel st B84 A
Fel 2 A|As= delojcth

e ol 2HE A& AASK: 332 Sy P A
& gt 53] 23y e dFulgelv BEH 22 $HAE A
&3t} Azisle SR UFY o2 AHYES HEAA UL A Az}

v A8YPS2 A AA s F2u gt ez Aejulgo] ko Hrby
ol A WG] Fol F7iste Dol dlrh oty A dFujet

lo] ukgste] E84 AAE BP%te A& uehdch

o

Al + PO — AIPO, |, pKe = 21.0

1] ukgolA] AFnjEol&-2 Al(S0)s, NaAld; & PAC(poly aluminium
chloride) Fo] Wol AM&Hch fajitele] dFulgol2 Fatzlo] 23} i
$3}e hydroxo complex2t Al(OH);2] HH-E A3ty uwfFoll Ehd3t A
2 EFdch oM &FuEe pHY Aefol whal  ALOHY, AL(OH).,

1(OH)," 52 tl} FelE 7R EE pHe 23 Hagojth. ®3, A o
F&= AlPOs2jol] Al(OH)y (POs)z)el Edol o3} HAHCL

AL Fe¥ Fe” el v} uhgAol el ol A Aol AlgHc)

Fe* + PO — FePO,
3Fe®  + 2P0 — Fes(P04);

14452 AX Yool 371 g Fdshd 2 271 HE ¥



BHH H2 Uzt ZAYUsl Fes(POi).2 AAHch Holgx dFulE3t Lol
o Jix] AEE FelE 7AW Fe(OR)”, Fe(OH),, Fe(OH)., Fe(OH)," %
o] iyt w4tst AHUPELS P33t HHAEE Fe(OH) Yt o} Fe(OH):,
FeCO;, (Fex(OH)y(P0,)z)2] HBE FE3IR2 FURHEY A€ Y
gic}. Orthophosphate®]®] 12 FH}H oA FAE AL Sweeping flocoll 2
g A" A MAZHOR AMEEE HHYES Fer(S0:)s, FeCls, FeSO;
So] glrh. Fe¥'o] %A$ A pHi 4.5~5.00]31 Fe¥ Z-Sol 7.0-8.0004
| AL E&o] Er}

2 dAFolA Heol AZE Agol &% A AA Y2l g3 Yol &
& = k. Ho AJENE ol &3 IL AAH] sl E BH&AE
% E7|Ro AFAUE AZAY S FUsl & doHoz AL
AlFA olufl, BEH HEE U ol&z uhgAF At AYY H-d IAYELS
F2, HAAA AASIE Zolct

A7 EME ol &3l ALAoR HAS HEAIE Aty gige
ch23t Pl 3o HE ;oA 271 Hole] HEEz, H&H 27 Hol
22 AR ZEUPl wel G3oM 232 BEFHOZ ojFdt: HFo
A B71Z W §EARLS NSt 271 Hol2e] dREL2 371 HolRo® A

B g g2 g vEhdct
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o oz urehd 4 gk,
[Fe]. = [FePOys)]+ [Fe(OH)3s)]+ [Fe* 1+ [Fe(OH)z']+ [Fe(OH)*']
Ju) R FUH HEoA MEH HAHE Z2 £3Zo 25l o]

= A& ¢ 4 rt UL}E}*{ o 712 E o8 A A
A e F deles vkt gk EEHIM MEH Holo] pH 3%H
pH 107}2] 2] Helol M= BM=/F47t i ylol Wb ) Ho|2o] A2 B
€8 2R3N el EAYE & + Ak F 27}, 371 Ho| o] L&E4ra
o W33to] A FAES F2 FPSHA Ha olgf AZY HAEL
Aol2& FAst AL AAAINA Hch

Feal + 20, — FesOu(s)
Feap +1.50; — Fe03(s)

Fe:03(s) + POug — [Fex03-PO4)(s)

l‘l['

ol MESxe Ohnd] HHol of3f g3o] & Ao Qoll wle et
ofehe]l A& F3h He o] HEuE dotE 4 otdl, lampd AFI} 24
At B B9 & 2589 Hol H&Hct

E(volts) = I(amp) X R(ohms)

Number of equivalents reacted = I * t / F(Faraday 4%

ol AVIEHE o1& A AA L nviME 29U kg Zo] He
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g 4 ook 3, AJLdE FET F AEY B HEH 89 Aold
2-g3te AeiAlol wiz} HIAIER FUT H AU Fodx AJEMANZ
fde] 44, § Axxo L werh S5 pHs 271 Mol gz} 37} AHol
29| H|E ZAF3IH Hol2o| FAHE =9 WhE3te iy siee R4t
B 43 FEA ol A¥2 Wasle sHES Y¥sted 9

Aok, XA, o] E4F $8dolAMe] FE} o2 vigHlE 1 12 g
th 22 2 479 AEs GENol2R e e ¥RE $RYAst

r

2 Rolde Aol T WS, 2RZold] B &L, WEEo)
WE AT 5& By ¥ M MB4T BANS E=asich =
g olE Bl HBA MezolA WHEP] W QA AA SHL zhetsiel

2. A8 X 2y

et 8ol ¢ dxxo oE FH Hesx=g A3 AN 1Y
4-12} Z& HIEA AEAAE ol&shch HEA UHERE FA Y of
AYUsto g Hzastelon F KL 5LE 4R ofe) FEol= Air diffuser
& Azt Hgo A7IEA HEY HEo] whgRoAM @A EYHA &
=it Erizo] FUY FIVIRL Air valved o83t BE WG] F
53t FUHEF stdon ojuf 2R &&EAIALE 2~3wg/LE FAHIA

%

boowhgze] ExE 2ERAPAE HASY] 2022TE /33

1
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o] pi= 72 frA|stoch olet 2 HERAAN AYx AxxE J2jn
Zolo mE F HE&&HEE ZABH AW HAEE syt 2ex =2%
AxE BEUE EAbble MMz wE e AU d&Y Fdd 9
3 AAA BBE FF st

2 dFoide FEZolet AY 123, A== wlE Wiuke Tt
olfl FFAAEe] A HE&zd nA:s S FFsiact AL 1.5V,
3V, 4.5V, 6VE WHIAIA JIEA AHE AASIE ojuf AMEE( HEe
7ol 3om! H-3-E lem, 3cm, Scnd] ZolE wEE o] Foisie AP L 43
stadch £ 2 Aol T2 AFYS ol wetdes Z W3t ¢
Qo) HeH Helo] ute}l 1.5Vl H$ e 0.8amp. 3Ve] Z$ 2. 9amp. 4.5V
o] B¢ 4.2amp. 6V Z-% 6.lamp. £ UE}WtOn FAY AFAMT FHZ
F71t ANE 58S /A Z2E oasn] HEzZolel Mg HAHA
AMEE FYstdct. AL WAL JGEvY AREE T8t JENHS
E 1), 2v), 3wfH FRSTE MY F As=o o H HEs52E 239}
drh. o] of, ARAUZZIE AME3te] 242705 HBol 2eH HYS
Hlstgda TR AN AL T ARE Asl] E4stdt. H HEL5E
oAs FBAAZE H3dEd, AL, I==E mpoj3t F HE o] 5m, A
o 3vel zslollN EAS4E 18f, 26, 3ufR M3l FMZPo| wp2

o AEE W pHALE Zabsiach

of

(o
2
'l
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1. Air compressor
3. DC adapter

5. Iron bar (dia, =3mm)

2. Diffuser

4. Thermometer
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FEH ol SHA B HY A/IEMA HE&™ HEol % A AA
H&S vashy] ¢iste 1Y 4-22f A2 Jar Tester§ o]t $3HA A
& s¥stdct. &30 1L vlojAo dF T SHAE FY3t
B 102 F @48 0202 ¥ ohy of 308 AAAA He+E AR
o POP HEE ZAstdrh olwl UMY VS| A MA B eIHE
SAALY g A3 Aol s el A AA & 27=HE IS
=33t vla, EAstdct
S AEE B3l A o, WA 7YY 5o 2VE =&Y F o] E
A& 3ui7tR] Al Mz WE B 273E A&t =Y,
=23 3 A FULoNA pH HElo] ME A HAZEI ]RIE AAR
&S vz, §A43tdch

2

A
=53

Jar Tester

a8l 4-2. Jar Test A Z]
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3. Az 4 2%
7t AA ol %S vxls A 4%
1) etz Ho| Ao npE HMH
ol AHgd AUt Aol U] w2 H HELEEE F3l7] 93}
o HEA AES st ol& ¢ls] F88 A W= 27} L5y, I,
4.5V, 6VE 1.5V 7t o2 z@sigdon FUdd HEZdole A7 3mel ¢¥
HEL 77} lcn, 3em Sen® dto X7} AR E HEA gz ¥A5L
th 2% 4-32 Zo|Jl 1emd HEo ALY Aol 1.5V, 3v, 4.5V, 6V
o Azl wet &Y Be=E viehd Feoloh 1.5v, 3v, 4.5V, 6vel 7t A
UzA StollM 24T BL AJEHE AHEH HPL 21 3pgT-Fesl,
46. 1mgT-Fe/L, 88.8mgT-Fe/L, 181.6mgT-Fe/LE LIEM} lom M2 Zolo] &
H o] 1.5Voll A evalelzix] HEtE F9, HFNEIFL o 180me/L7tA] F
Zbste A& o + At 53] FUY HEUoldARE el FiiHUsTE

7Y B go] weiAy gFolA HolZo] wiE £E2 YAEJ] wfiolth
Z Aol FU1sY AxlolF S Fste UPalol7t AA oY £ e 2
o7t AZ7] wiel ©A T T olFdte MY ¥E welx]7] wiielch
2 Aoz Aol FrHd4F Hol2e HE4wrt welx]s] g sl
AZHEre] M E3s Aol g wlet F71ES o 4 el olE B
g bl A ZHhour)& XFHLE2 FMER(mg)E YH2E sl HEHolst
lend wf, Z} ALRANA Alde] W& H ME4=E 7Y + Addel F
HgAelol ztzh 1.5V, 3V, 4.5V, 6VollA k|ztoll uwlE MM 7z}

oyt

Y=0.696X+0. 892, Y=1.634X+3.824, Y=3.573X+9.364, Y=7 033X+5.060% 1v}E}yt

oo whel A} B H HESEE AR 2z 0.6%6wgT-Fe/L - br,
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1.634mgT-Fe/L - hr, 3.573 mgT-Fe/L « hr, 7.033wgT-Fe/L - hr2 H£HQlo] F

HU+E H MagEs 7S ¢ 5+ ddrh

300

®15/ @3V A45Y WEY

250

200

150 ¢

100

Conc. of total-Fe(mg/L)

50 1

Time(hrs)

agl 4-30 Aol whet HEEEs FNEY (lem AF)

29 445 ARZols} 3endd W, A& HY Vo] WE VEEF Azl
meh Uehd 20T 24A7 B¢ Ar¥NE 42" 2R ARAY] Z7

¥

i

1.5V, 3V, 4.5V, 6Vl wj 2z} 85 9ugT-FesL, 114.4mgT-Fe/L, 171.3ugT-Fe/L,
301.7ngT-Fe/LE HBZ0lE lcn2 I HUZAASL FAISHA H§ Hilol 371
Y45 4 HE BE Fristdch ofF el AlZthour)& XFHLE 8l HE
He 3 (mg)S YHLZ sto] Z HEZol7} 3end W ZH HFH Yol mret
A NE5EE FY £ ddoh I3 4-4olMAFE Zol7} 3end HFol HE
£ deto] zbzh 1.5V, 3V, 4.5V, 6Vl 2Pt Aol WE H H& F

fijo
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Uepd  Zleg  AgAQe]  Ft%te] wizl k2 Y=3.558X+3.190,
Y=4.178X+10.126, Y=5.763X+11.769, Y=11.963X+23.4272 wlgJA|Zt © o A&
&5 M2 22} 3.5580gT-Fe/L - hr, 4.178mgT-Fe/L - hr, 5.763ugT-Fe/
L-hr, 11,963mg T-Fe/L - hr2 UEN} HEZo] lcngl Ao} SASIA AY

o] F7tdol wet H HE&=E FHstch

400

¢ 15/ @ 3V A 45v B &V

350

300 |

250 |

200

180 ¢

Conc. of Total-Fe{mg/L)

100 }

S0t

0 5 10 15 20 25

Time(hrs)
I3 4-4. Hloll mel HEFE &Y (3on HE)

2N HbgRol ALY HEZo|J} Scnd wf 244|2% F Ao zge g
Aaqto] 24zt 1.5V, 3V, 4.5V, 6V wl ztz} 97 2mgT-FesL, 207.9ugT-Fe/L,
245.2mgT-Fe/L, 348.9mgT-Fe/LEA ABH HB 2o} HAISIA HAZao]
F7tstolch. 13 4-5& Aol wtE HMEFES 72 F LAY wlel £4ls}

g 210 g AlZHhour)& XHLE HME2%(mg)E YRLE slod el 7]87]
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E A ME4xE Jepd Zez Aol Fgtel ulet #Z
Y=3.859X+5.309, Y=8.473X+17.609, Y=8.702X+38.114, Y=13.961X+37.613& 1}
Bl whel Azt dM&are ztzh 3.858mgT-Fe/L - hr, 8.473wmgT-Fe/L - hr,
8.702mgT-Fe/L - hr, 13.961mgT-Fe/L - hr2 A3H lcm, 3cm F-Z7Z0]2] & A

245 718718 FARY Y-S vEhgch

400

-
®15/ @3V A4SV WEV |

350 |

300 t

250

200 }

150

Conc. of Total~-Fe{mg/L)}

100

50
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Time(hrs)

27l 4-5 Aol wiel MEEHe &Y (Sem AF)
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-

Rojo, 17 4-62 ol =AM Zog 2t AR Aol HgAee] F7}
U+5 FMEZE F718e A o 4 k. 2@ 4-60) Vel AXE B
3l A-gagtol v ml, 24A1Z U e BEA o AU PR HEH R
2 AgZol7} tem, 3cm, Scmdd wh Zt2b  43.63mg/L - day - cn’, 38. 75mg/L -
day - co’, 42.76mg/L - day - co’2 B B HE&TE 41, 7log/l - day - e’
vtebyich

gt e g FLHEH AYo]l £STF Az ZFo| Wajxlo] AFI o
3] 3& 4 v whebd chel o] Yolx Ao Qlaf dxle 3E
o] ¥z o FHL HIFH o2 AJEM HA drl F HHaY

X, o, AFTH o 2o wiel HHEIYS HY Aoz wukc) 1

vt SUY S 1 FE e Aol ZArin Yohd Ay nixe HeE

2lofl ujst7] wigo] BhgRo] FUH HE w9l EHAHE YA iz )
ksl

AF &RZo] F7Ble EAELE 2E8Y 4+ At
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¥ 4-1. FEB oM HERAH(Zol)o w}E EHEZY

Length of
iron bar lem 3cn Scm
voitage 1.5V K13 4.5V BV 1.5V 3V 4.5V &y 1.5V 3v 4.5V v
Time{hr} ’ T-Fe({mg/L}
1] 1.9 1.9 1.9 1.9 2.1 2.1 2.1 2.1 3.4 34 3.4 3.4
2 4.4 107 189 325 15,1 28.7 44.7 67.4 12.8 22.4 455 64.8
8 4.9 152 355 57.0 21.5 43.3 549 122.9 39.5 110.0 132.6 183.4
13 6.7 266 71.9 83.0 55.7 64.7 79.8 175.4 62.5 151.2 157.5 247.2
19 12,1 303 750 138.6 73.7 833 98.2 2606 78.2 170.0 175.3 299.4
24 21,3 46.1 88.8 181.6 85.9 114.4 171.3 301.7 97.2 207.9 245.2 348.9
400
350 | 0O15v 83V |45V IGVWI-
2
S 300 |
E
o
8 250 }
<
@
4
o 200}
s
©
2 150 ¢
— icm
°
g 100 f :
S .
©
50 | ! 3
M RPN 4R
0 2 8 1319 24 0 2 8 13 19 24 0 2 9 13 19 24
Timef{hrs)

2% 4-6. ALY Aoy HEEFA(Zo])ofl utel HEFHe FHEY
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Hbgo] Ax®H HEe Aol F A3 THo| SoiEFF A%
H gt 23NN ARIE L] TE 5 U] w2 IR wA
o, 5 33 H&ALAM Bl £F HE FY vy wE A
A A ol FZBFHchs AYRYS T3 FHEFE 2Hse Aol
Fdsict shalch =Y, Vik(1984)7F AZY F AFel zEste IY M
£ W Yoz FHF IR-dropoll A H itseel ¥7] Adefo] el &
ol ZXH Ay A Ao %S
HA ZUBEE Y FF H Has=s UK

2) A7t &P niXe 4%

A7) A=AVIAESE, E48)L wEF(la’), Azl(len)o] Agshs
A3zt 28 AESTE Siemens/cm(S/cn)E UERA Zolth AH/AELL 42
1T Aol vlalstd o 2 F71BIEE Zo Aol 25Tol lolM $xIE
o]} microsiemens/cu( #S/cm)E UERITE AZAEEL 5o TH ol
2, 2ol APl VAL e, EXY oyt 5~ of g3l 3
(TDS)oll ZAR o2 vigsla A7 A=&2t &3l B4 vl=1: 0.5 ~ 0.8
o] Eglol A= oz el

FENTE YT S84 AERT &2 e do AUEHE o8 A
1A AES B4g ety wWert ook Yitdog Axwrt £ HeE
% BE4 1Bl 527t &1 o]& Eo] wo] Exshz sgolt). o]

2A FEUCL F, @FodMe Fole] o]2HAHAEM Hahs FFolM ¥Fe
olgd of, sig= FAEC] BE £ Uk 7t S 3P| dieel A==t &
S5 Hol29 AP weldrh old xR 52 dH4E

<
3
22 S Hst F/93Hcharge neutralization)ol]l J&-E u|d Y F
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glzgel 2718 Wizl 4 ok olbRZ AR A ke B £ A=z
EE 3 HE4Ee 2 YL nxle 2o uigkc) wld AET wEe u}

o] H&FE AR 8 YEHE sl AxE Hio] nfE d 4
245 stk

39 4-78& BEZo] son, LAY ol AEEs} T2 A2 AJZbf w
2 HMEYE Uehd 2o EAESE SF5E 18], 29, T M3 F A
£©& 247} 15.87uS/cm, 120S/cm, 6.3nS/cn® At 24A|7EQt AUEIY
Az} dN&ere 242} 348ugT-Fe/l, 286mgT-Fe/L, 256mgT-Fe/LE LIER} 2} AT
T ZZoA Al mE HAEYS YA Fo1sllch W AxwT} 6,44
Srcm?l FFSoll FUY RAFIA 242]715e B AVEHY A3 eEE
2ng/LURS 2 o WA Uelyith oMY Hxx Folo] ukE HME&Pe] FURE
olfrE £4Fo] AETE Uehi: A v Aol Jx=E A He E
AULE AxAYSEI WA A r] g0 2 gkt

A Maadcvs ZH540 AL 77t 0.08lngT-Fe/l -hr, ZAlSEE 1), 2u)
,3u) 3443 A9 7k} 13.0lmgT-Fe/L - hr, 11.63ngT-Fe/L -hr, 11.327mgT-Fe/L -
o veht AEES} ¥E 48 A 43457 2AUS U 4+ Asch
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400

B64Micro S/cm 0636mS/em
350 B12emS/icm BW1587mS/icm

300

250

200

T-Fe conc.(mg/L}

150 F

100

50

0 2 4 6 8 10 12

Time(hrs)

Y 4-7. AEE 3ol mpE HMNEY

3% 4-82 HEZolE lcn, 3cm, Scm2 7} Aol whd HMEYS RAEHA
A Al AEEE FFE ROZ AZte] FUe] ulel AxsE MRSl
A Zdashe AL o g Aot ols BN EYo] Folglel wel SAE H ¢
212t o] 25o] FFolA YAH o2 Ayl SFAAA] YAIsHE AFFA
3} charge neutralization)}E o2 ZtA%E 22} TIS(-REAE 18 E )7 27121%0)
A AMEEEA QHYEEIEE A% Zlo] A% Zlog wigkHct

]

E—

)
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15"

Conductivity{mS/cm)
>

8 13

Time(hrs) 19 24 i
0 2 , >
% 43 3o
233
17 4-8. Ao AUIEsN] o3t Axx H

Heol A7IEslz MEH Aol nAs ¥ AAE gl AHEH e
HEAAZPEA HA

I8 4-9% AgHolst Aol ulg H HE&4=E vepd Zeg ol A
BZol7} lew, 3cm, Scnd FF F AY oA FMEZS A7 1.39137
mgT-Fe/hr-V, 1.7867mgT-Fe/hr-V, 2.0789mgT-Fe/hr-VOo 2 LUlElUICE o] 3
BZol7t FHESE Zh AYelM H Ha4=rt B8 Zolo mlet 371
e g uetd £ e, o AEE B A Ho] A Hjof u}

€ FMags =&31d 23t ol Yehd + gt
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Y = 4.9V x 37.2A — 1145
Y: 8483 (ngT-Fe/V-A-L)
vV &3 (Volts)

A Hge EFHA(af)

20

®icm ® 3cm A Scm

Rate of Total-Fe released{mg/L~hr}

Voltage{v)

23 4-9. W8T WEZolel Agkol WE H MB4E

I3 4-102 918 37 4-9004 =&F W] Y B H HEs=E 4 A
Bolo] g3t H NE&sE Adt Fedold mel S + e 2
1 vebd Rolm 23 4-108 ol-§ste] HEH Mol miet HFZolo) u}

o] AR H HESEE ASY + olrh
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80

Total~Fe released{mg/L-hr)

1 15 2 25 3 35 4 45 5

Length of lron Bar(cm)

3% 4-10. FEAols} Ao ulE A Hass

I 4112 Axxe wE A MELEE Vehd ReE HgZolrt Scnol
3 AEE o] vdu) AxEo] wE AMEIYE vehidoh A= ¥
515 7] 918t QEWSE 1, 2, 3u) A3} AEL sYysAon} A
3t FESY ARyt oS gol AExe] G FIsHA UehtA] st
gk Ade] FgH Azs Hel UoldE: Al FUEEA &Y
Z718ls g HUY 5 Jddch W FH4E o8 Y Az via @

o AEET HMBY] vjAE A Be T Ae ¢ 4 Aot
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1000 3

100 ===~

® Fresh water{(6.4micro S/cm) A&  6.36mS/cm
10 - - 12.6mS/cm 0 15.87mS/cm

Conc. of Total-Fe released{mg/L)

0 2 4 6 8 10 12 14 18 18 20 22 24

Time{hrs)

O 4-11. X wE M9l

th He] AVENE ol &7 U AA 54
HEANSZE AT A FMEUo] uxE F% dxe H{AY,
FEZol 9 AxE Fo= Ueiton HEZolet HLALTY HMELE
g od&g £ e BAXNE FEsidch oM ol FUAE iyt H
HEEEE B3l HMEEE oAFXNE ZAAS] AT WAeg HE FYof
whE HNEY Jo o€ U AAE A St 2 FMELEE Z
Az FAlo a7s s HYE 23Y + AU=F soch
O 4-12= ¥R o] Sco, AY 3V ZUslAA EAlH4E 38] 548}
HESE 6.36uS/co2 Y A Rol AZIRSHE A& Az}, A wE
Hesol s E HHE Uehd Zolth Az hour)E X&HoE HM & (mg)
& Y02 sl HMESEE A4 A3 Y=11.44X + 0.942(r’=0.94)2 1}
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Eiuith AjZbo] Aol wiel M&H e HIS A Fhe A& 4 7
oladiyl, T AE x7|o] 3.45mgT-Fe/LollA 24A]7t ¥ 256.51mg/LE
Z7stedct. W QA EE MZ7] 48.360gP0:-P/LAlM 24417 F o}
1.29mgP04-P/LE ZtABIAR| B & PO-PE & log/Lol3tE Z4A7lE= &

FELE HMEANL 10A72Z ojn) BeEE oF 124 70ngT-Fe/LE el

=3
S0 £ 300
45 -\\ 3Dilution Rate
\ 3Y /5¢cm; 636mS/cm 9 o5
40 m
\
®1 \ 1 200
- ]
% 30 ' Q
£ _ L 3
T 25} y=1144x+0942; r2=094 150 £
<« &
Q 20 b S
1 100
15 -
- ® =po4—P |
0y o T-Fe | { 50
5 -
e Bap= - » i -¥0

0 2 4 6 8 10 12 14 16 18 20 22 24
Time(hrs)

a3 412, 38 HAE QPEMSIA B WA RNo| T PO-PEEL} T-Fe
S5 W3} (488 3V, BEZo] : 5cn)

a2 4-13L FEZo| 5cm, MY 3V ZASlM EAMS£E 28] F] Ao
AEEE 12.630S/cnl 2 ZAst] HI/IZNE AL A}, Ao wE H
et dEx HHE Leld Zojth AZHhour)E X&F2 2 HAME(mg)S
Y202 slo] MEE£SE AArgr ZA2} Y=11.62X + 29.468(r’=0.97)2 L}E}
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wch Ajzo] 2ol whel M&EE HEL dFA e A d + A
i, 7] B S 7 48ngT-FesLoll A 24Xt ¥ 286.43mg/LE 7181
t} utE Qv A2 73.17mgP0-P/LolA 24A17F ¥ oF 0. 39mgP0,-P/L
2 g23tdA T IAR{ PO-PEEE log/l 0|3t ZAAT=d 27FHE AN

22 2 AP R oo HiExE & oF 203.48mgT-Fe/LE LiElYITH

801 350
70 ’\‘ 2Dilution Rate 1 300
3 3V /5cm; 1263mS/cm a]
60 F \\
a 1 250
y=11623x+23468; 12=097
k 2002
o
"€
[
150
e
-~ -® -PO4-P | 1100
T-Fe
50
-, -
OfJ : . . BT | sl ]
0 2 4 6 8 10 12 14 16 18 20 22 24
Time{hrs)

a3 4-13. 2uf HAMH GEuolA Hel AJIEslol T PO-PE =2 T-Fe
T HE (84 3V, FEHol ¢ 5cm)

a7 4-14= BB 7ol Scm, Al 3V 2AUslM EAl4E 2u) E]A s
AEEE 15.87nS/cnl 8 Z A3t B HIUIEME AL} A Al ulE
s Udsx HEE vepd Zojrh AZHhour)E XFLE BMHE3(ng)
& Y& sl H ME4EE AN A3 ¥=13.01X ¢ 50.884(r’=0.96) 2
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LIERRITE Al Zto] Ao whel M&E & H3re A Frbe Ag ¢
% gy, 27 S5 11.40 mgT-Fe/LofjA] 24A17t ¥ 348. l4og/LE &
b5t} vhd Qs SHRJ] 145.10 mgPO-P/1ofA 24417 3 o 7,12
mgP0,-P/1 2 ZtASIHX T 3HF PO-PHEE lng/Lo]8tE ZaA]7&d 235
= HME A 2442 ol Uehta] ekglet

B FFHSE WsenRZelH A7IEs 3¢ ZHz} AR e
0.12mg/Loll A 24A17 ¥ 2.23mg/LE Z71sldd] 2544 e AT T
A A7IEHE MEse Yol ubjy Ao velych ol AxzE 2
7] 6.4 uS/cmoll A 2417 F o 500|402 RAE A 24X HFE 56.9 4S/cnl
2 Uiyt pHe 27] 6.12004 2427t F 7.1628 Frl8ld =g ol &
ol B AIIEHZ A3 Hy gase} OHo]2o] A dHej whet pH7t F 713}
%7] wfEojrh.
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160 400
1 Dilution Rate
J

140 1~ 3V /Scm; 1587mS/cm ¢ 30

120 | Y N 300
— ~
=100 | AN 250 ~
g N 3
= * =
[+ 80 | ] 7 200\6
- * u
€ 60 | T (I I ¢ R

- -B - PO4-P
40 - a T~Fe_~; 4 100
...~
20 a 8. .. 1 50
Trma..,
~ e e
0 . AL T N

0 2 4 6 8 10 12 14 16 18 20 22 24

Time(hrs)

23 4-14. 1vf MY JETpofA] Aol AyjEsio] o PO-PEE9} T-Fe
5 HEH3V/5cm)

E 4-25 M 3, 200, 192 Welsld AEEE HHAA SuY @7
B HEA ez SAAAE Uehd 2o Hauj4sl 2718 utet A
£E7} dobd 3 M24EE zasts ARG BTy Tzl wkSagio]
Aol el 4 AEE 2PN FHERS 4402 FFE, o
BEE 2700 248 Pasts A¥S Hon d SEE HAuEs) 18
AL 24X ¥ BF PO-PY S log/lolst zashA] ookxlnt 84
uhgo] 2ujel A9 14X FHE, HAjulgo] 3ujd A= 1047 F3}H
¥ Exjy

ZF PO4-P

u
oY

<

]

FHE IF PO-PHE7} lmg/L o]3tE vleiyich whdol 1w
ol 83 ZAfolle 24417 o] HBoH ME&H Hyor
=% log/LE 9IEY £ gIx|g PO,-PEEY HAESS o

rir

€

5% olxtog
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Uelyich o] E FHMujgo] 1uid Z¢ AT Tl ol oM Had A
2ro LA UelutAnt 2F PO-P =7t 7.12mg/LE HAS] AAF R
Exme Fo] TR |78 vEJ ol HEF Hol #/1EHY $3
11-So AnlEo] AuiF oz kel Mol @4FHAI] wE gihg ot
thel Ex4e] sMzdol w2 Wl A EAY ¥ ¥ ME4EES AN
Az} g Mujgol ztz 1vf, 2u), 3ujol A 65.26mg/L - day - cn’, 58.32mg/L -
day - cn’, 57.40mg/L - day - co’2 AEE7} £ &4E e ¥dY o HMzed

rlo

n’.

e

& ZeIQAT EAbl4E AEET} 0 ol AEE Ml w2 ¥42
o) ol F3lstA UehtA gttt

¥ 4-2. gAulgo u}E T-Fe, P04-P2} TSSH= W 31 {Unit : mg/L)
Dilutuon rate 1 2 3
Conductivity 15. 87(nS/cm) 12.6(mS/cm) 6.36(mS/cm)
Time (hr) T-Fe PO&-P TSS T-Fe POs-P TSS T-Fe PO&-P TSS
0 11.40 145.10 1650 ©7.48 73.17 910 3.45 48.36 520
2 50.80 112.40 2150 35.00 57.13 1110 21.20 39.59 730
4 130.90 78.17 2620 84.10 32.67 1530 25.70 23.13 910
6 155.13 46,98 2760 100.70 17.69 1690 88.70 9.84 1090
8 163.49 32,73 2960 134.70 13.92 1770 119.60 4.11 1190
10 189.47 27.27 3610 153.13 4.56 1860 124.70 1.24 1220
12 214.88 18.79 3660 191.67 2.29 1990 178.85 1.45 1330
14 245.60 15,15 3740 203.48 0.62 2030 205.34 1.07 1380
17 264.12 9.62 3870 238.88 0.39 2230 216.17 1.63 1460
21 314.50 5.01 4110 260.14 0.32 2400 237.01 0.73 1680
24 348.14 7.12 4280 286.43 0.39 2440 256.51 1.29 1740

- 149 -



et A2 HE A18E g 3 Ha4x vz

Agdo] 1.5V ZAolA Sco H-EES o 44T AMEE A3 I FHo|
AEtE Bate] PAdso] HE M MESEI ZAAUS dgith AEH HE
I N2 A8 FHEYS v2}] ¢l sele HEA B Exus
H5 2uf BN AlRe] pHE 72 2P ¥, A2 HE3 489 HE
€ TUY VRUoAM Ao whet HMERS FFstdch 3P 415004
E AHEE HER AR ¥ H ME4&xE 2z 8.433mgT-Fe/l - hr,
9.874 agT-Fe/L - hrZ LB} AMEH Mg AMEL HBolM A M34x x
ol: njmlsert. AMREH HEo| 1.5V AYgoM H MI457 Basgdon}
2EAUE VE F7MAIIE E Edel ¥3H AUMEL Yr|A H Ha4

EF F7M7le AL Urikch

fffff

Conc. of Totai-Fe{mag/L)

< new Bar

g ?\\//used Bar
Timelhrs) 13

13 4-15. AFEE HE A2 HEe ¥ Mayl
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ot E-AE o] 8 A HASFA
A7 LB EE ol 8% 71 2 olft 7IE 3 wiejgy o2 A
ol AHEHI gl IPAATHY dEE MM 2 BaAsI] YN F 2
$EE VEY F240U o U IYBAL HAst7] ¢lsl A& gHAA
3BE SAYAFIL AelgAl, ST GelzBog A YA} u] B Fo]
gt QA S0} S7] wiZojct. wetd SAUAE o83 A AAY Mol HE
SE ol &3 A AAE vla, sy ¥ Weow GEaNt APL Z4

S (FeCly) Fojgol uh2 EAlw42] ¢l, CODer, TSS®| = WIS U}
R 33 4-1600M A 1A FAFLE HE U BF PO-PEES Img/L
E gaAled 27Es $3A o= stadch. 234-163 o] A
Aol mE PO-PEEx SHA Fo3do] 700mg/L olAollA Ael4-2] PO4-P
SE7E o log/LolstE AR & A T olel QALY £}
£ ojulsle] #A Fqlzke oF 700~800mg/LBEE LIElWTh E3F SCODerys
E 9] g3A FoAPo] FIMESE st BASRT PO-PEE Hite}l
o] SHA Fo{o] 800~900ng/LE ¢ o]dol = SCODcre] =Wyl g
stgict. PO-P2} SCODcrs ol tidt 33 YA FUFL 800ng/LE AR E
doer ot & XA A FoAZRZolA P0i-PY BT 86.06mg/LollA
0.81mg/LE2 Z}4AE|o], 99%2] AAXL-S LIERWITE SCODere) %= 3,610
mg/Lol A 2, 48lmg/LE  ZHAE0] o 3240 AAXEL BIAtl ol2Aql
Ferric A FUFL Azt A¥sh= vzt 1 oAt Exl4L w4 o)

of 24 #7183 AW Yy 2ol 2ol= Wehz $H3n ol )

1o

w

of $1A Faol Woldths Ag o 4 AUch

Mo
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6000 100

|_oTss SCODcr  WPO4-P | {90
5000 | _
- 180
i 7
= 4000 | 0
2 {80 =
£ ,, 3
& 3000 | 1o £
3 ‘ &
3 & | w fa0 ©
¢ 2000 | W8 % R 5
- : = . i~ o 20
1000 |+ B8 i i f*
o LI i i e
0

400 700 800 900 1000 1100 1200 1500
Cone. of ronimg/L)

% 4-16. &4 A (FeCl;) Fd ko] wbd PO-P, SCODer} TSSw X H &}

A A FUY =UolA piEFe] wE A HAY SCOhr Y HE5$
TSS HE¥sh= 134-17¢] viehd Zap o] #3A pHrt 5~6at0]2 veh}
A8 o]4 XA pH Helo} AdAYE Hoon HUg A F

%3

Pol Irte AME A

Aok 3 gtk B phzYol WE AsT, LHEW Y SCODerEE W}
HEY e Wsn g ol B SAA FUVI HEUSZE &4
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4000 80
3500 1 Wy / [ DTss  ®mscobcr  mpPoa—P | 170
3000 | 1 60

=

2 2500 50 3

£ >

S £

S 2000 20 &

3 s

1500 30 @

wn

—

1000 { 20
500 10
o U 0
7 3 4 5 6 7 8 9 10 11
pH

28 4.17. #3 A S 2QA] pHoll w2 PO-P, SCODer, TSS & ¥ 3}

23 4-183% F 4-32 HF A FUPE 0~1000ug/L, pH 5~64}o]o]
A EAE HAM st 2t A 2o ulE 2} TSSEL HEE LEehd A
ojch, olw] FESFE 1w, 28], 3T FAMF RAoA IF PO-PET

log/LE WHA7] 98] FUHE SAA FS AN 1 AS

be

—_—

7

»

POs-PES & 105, 7Tng/LoflA SAAE 500mg/L2 LU uf 1.2mg/LE A

i
-

denf, 3ZMujgo]l 2ufd ZF$, 27| PO-PeEE 50 2mg/LolA A

U

300mg/LE FUY w 0.5vg/L2 ZA3tdch HAulEE 3wyt HAL x

N,

POs-PE & 35.3mg/Lofl A SAAE 2000g/LE U ol 1.0ng/LE ZASIY
th uhebrd HMufgo] FrHdol wiel IF PO-PEEES lmg/LOE A7)
71 flsle A" HEe wxEelE Zbzh 700~800mg/L, 300~400mg/L, 15
0~200mg/LH 2|2 UIELEITE o]et Zo] FMujrl kol uiet s =o}

34 FATE FAlol ZaHAe ole HMoR i) £24 {753
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gAY g E2olE £ vEE H2HA

7] e 2 it

120 5000
- | opoeP misS 4500
100 4000
3500
580 -
g 2uy 5] 44 1 3000 ;c»
e ~
& 60 12500 2
s 8
g 1 2000 2
& 40§ { 1500 "~
11000
20
” 1 500
0 1 . . N N N . n.xE. B o
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Conc. of ron{mg/L)
2% 4,18, SEHSY Huiga $FA FUPol wlE PO-Pe} TSS w2
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E 4-3. HAulg3t SR (FeCly) £ WHE PO,-P2} TSS =3} (uniting/L)

Dilution rate 1 2 3

Conductivity 15.87(wS/cm) 12. 6(mS/cm) 6.36{nS/cm)

Ferric PO,-P TSS Ferric PO.-P TSS Ferric PO4-P TSS
Dosages Dosages Dosages

0 105.7 960 0 50.2 500 0 35.3 510
500 1.2 3070 300 0.5 1690 100 12.5 1270
600 0.6 3240 350 0.4 1990 150 4.2 1320
700 0.2 3450 400 0.1 2000 200 1.0 1560
800 N.D. 3610 500 N.D. 2320 300 N.D. 1700
300 N.D. 3700 600 N.D. 2350 350 N, D. 1920
1000 N.D. 4400 700 N.D. 2600 400 N.D. 2100

ul. Aol W71¥slet SUAE o8 o AAEEY vz
el ol AR 2HE A chal
Mlat7] S1R WHOT A, el wg A AAY WSS Seix LY (og

itad
it
o
i
i)
¥
lo
2
N
Ar
2
E
o

stadth ol #E 2714 J|ELeg A AARES ulAsty] ¢lsl MBH I
A SR AYY Jar Test AYAAE ©vlz, FMstdod, ol i

PO-PEE7} Ing/LE &S 202 A7t $HAE vlasidct

=l

a3 4-19= ZH FMZRALS 1), 2u), 3wt RAH Exjufo] LA

£ Folst Ay A3 AR PO-PEEE log/L22 Al of @ 7HE

o
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SRA FAZ Id AARE A4 ¥ € $HA FUT vlE vepd A
2% log PO-P AAT FUE HFES HHulgo] i F¢ 5.84ug, EAsj
&o] 28§ B¢ 6.04mg, HMujEo] 1vjd Z§ 4.78g2 2 Ueh} Ha

4.78ng o]} L2 FUFojof WS ¢ + Udrh

10
v
g 8k u 1D
£ A 2 Dil.
& ® 3Dil
i
3 ®- - Lol
Q‘ ~“-
o Tea s
£ S .
5
€ 4
o
e
c.
e
o
g 2

0 . ) . )

0 100 200 300 400 500 600

Conc. of iron{mg/L}

37 4-19. 2} HAulSold FHA FUTol ulel ©h] wgPO-PAIA o £E2F

S3A F

rir

ojel o] EPA(1993)ollq AAJgt HE FoigF 1. 8mgFe/mgPO-PB]EC} oF 3
ol A A 27FE AL YEHS Yol 28U RUIEH 5 HJ3E R B
Bolux EF G 5] Ho] Lu[EAr] fBo 2 nitidcl

23 4-208 EASE 18], 28], 3BIE HAY F RF PO-PEEE
log/LE Zh2x]7]7] g3 e1xe 334 AR 2d Y8l A
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S3A Fdgo] wiel A Ao F POPEES Ing/LE 7
2417 of HZEE TSSEI SHA R vl HAME 3wy FS
35.3, 2883t A9 23.9, 1wzl A9 2028 PO-P2] 8 lmg/L A|ASI=d]
AR = TSSER2 A% 20.20g0)4 FRIE RS2 gheisich

40

35 . M Dl
g A 2 0il,
[o] S i
2 30} - ® 3 Dil
@ S
a el
T A
£ 20 | T .
3
L+3 3
2 15
Q
fe3
g 10
@
o
g€ 5}

o . .

0 100 200 300 400 500 600

Conc. of tron{mg/}

2% 4-20. 7 HAMuigollA] SHA SRl ubel ©hel wgPO-PHIA W U
= TS5

a8 4-212 EAlgE 2tz 1a), 2u), 3ul 3 ASte 24A] 5 A
2 ANad HdY = BF PO-PEEE F3I 1mgd] PO-PE AASH=
o 4viEE o] & ATl uhel vehd Zlolth Ao utel 92 v]gol
F7tsled ol o] ristA M&= U] wfolh. T34-129F 134-132
ERE XF PO-PEEE lmg/Lol3tR Z4A]717] fsiME A& 3wk A

2 10413 HAE 280 A2 144128 H HE Aol 27 ojuf AA

r{m
:ﬁ
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& PO-PY F3t 208 H ¥l vle I¥ 42128 27 3,13} 2.69]
2o Uelsith mheby A71ESE o8 UdAA A BFHE 1ngP0-P/L
S &SI ZAoA PO-PRIAZ O] Hag 2.6u] ol4te] H o] {=|xEo]
of &§& ¢ + ol SHAECE & 29} = o] A 23=HE Aoz Y
Efutth olMF HEH A AAo] glo] AIEsigAle] FAPAYA ML} ¢
e P HEE YRE she AL SAUAY 29 £330 2g" 834 ¢

B Fgel £34 o123 4] gE + Ut Aol mie Ao} Q7
wjEolth Wkl Hol AIIEH F¢ HEold H&Y FEL S kg
sto] BASIAL A3E o] £F 2ol2& FASIN ojd dH kg

BAL ti2A d53 oz APk Zolth. & A F o o] 3|

+ bultkF¢oletd Hel A7IEMYA 2 stepFol7] W&ol

® 1Dl ® 2Dil. A 3Dil. L3

[ ]

Mg T-Fe produced/mg PO4-P removed
()
>
*®

o 2 4 6 8 10 12 14 16 18 20 22 24

Time(hrs)

23 421 7 Saulgold Mol BrBslol &8 el wgP0PA AR} A
29 3o} 2
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a3 4-225 Mo WAAENES Bl WHY LA PP 5T (TSS-TSS.-
TSS)E 23T ¥ A AARY X WAL} 48 (nglSS produced/ng

PO,-P removed)& AlZtol wet vtepd Zlojth JyoM E 4 olRo] FHME

3903 2 POPEET} Ing/Lols}R ZAaHEn 4= WAl 1042
%o T55/PS] M| &S oF 14.92 Uehtom 28] 343 ZLole WS A2 14

AlZt ¥ TsS/pujzt ¢ 15,328 Uetutth. ZEub A 1ufdE F9 24413
o] ZY Fol|x HF PO,-PEE7} lmg/Loldt2 Eh}A] ¢lglch uleps 3
# PP B=E lumg/lo|stZ Z4A717] ¢l MEss dddd o) LAy
HE 2233 A" Po-P B wie 4 14.97 & & 5 T o
EAtsl ol &Y TSGRl {718l Hadel o3 FaEo] AA
HEg Hqulgo] e+ Feix] WYl HoldE o + dddch A
A2y Fold FHIE B GAEY HE FHAFY] M SAAIL &
L5 ol YAEY HHE AT st FHA Y Fojgre] Ft
7l MEoE NI oMY A& AHA olo] BE A FAR QY
£eA LR AIIEso o3 U Y= R} @2 Ag & 4 ok
ol AR Z¢ HE AA o2 AFol o3 FHH Mol Zo

o2 A WPl n]Ax ol chfE HololA |t

.'?..
SR B #Fol ol P33t E&Y EL &l FEHI e

rlr

- 159 —



g 1SS produced/g PO4~P removed

30

25 | mgTSS remained/mgPO4-P removed
149213 dil, 153 at 2dil.

20 ¢

151

10 F

~—&— 1Dil. —&—2Dil, —@— 3Dil

0 4 8 12 16 20 24
Time(hrs)

g 422, 7 Bulgold Ael BslEsfol T Tl ngPo,-Pe} A

g HdE g9 ¥
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A2 A BRSANZRAN Ho) AAEHE
olgat Azl @ o AA

1. A&
o AVEE o1& A AAL 7E FELAT Y 2L $HF
e =4 ¥ e Qo] ZVZ o BEE Fsld AEINE FE, Y
old M&H ol Fus F &8 Jugo] Vgl B84 WAL
Fel2 AA=E delolch ol Bl HEY HFIELS ¥z W o Iyt
E Yol #1748 W 0|24 EAz Ayt SRR WEZE Yol AFIIA F
o] Hhg2 &ejxg o YRV Kolx|A Hrh
FeEdFe AEHY HAS 27 9dMe FARchE & e A o
Al Aatzbgo] HrjZ o] Folxfol rh PEW S AiE R =
4 Azl gelA FEeA Aatst 24y 9 A 3ol o] AAY 5 ot
2t iR BEN ¥ 33 A 9AQ AasAFe ZAdsiAY A
Fatsla] 4 ded ol RIIE AA FE MALRE AR} O E

olch.

(]

ZArEietg2  zlAbg}  wleglo}el  Nitrosomonas, Nitrobacter, Nitroso-
spira, Nitrosolobus, Nitrosovibrio Sof &3] URUoLES ofAAly u
NO3-N HERE At3al7]e & witch ol i3} weejole EY QY )
BEZA Uz dRUoLE Aol oA wWAddle Ay E o
&3t 7] oJAIHRIAE VAU SR o] &3] w o] HFo] ne W
E8& 7 odch ®3 AR Fofl Hol Bidslo] daesd 724
2ict.

“

sk weelol Yol YU nlAL Bel - s He F 8EUL, 2
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RS fedshe S H4EM 3 Yoy 2dzAeE
23] F2 gjod AAFIEL A Hcl. B3|, AashilgLe 10 ~ 3
5C HelolA & A Uirshibgel A phis 8~9xlojql Reg BIH
och. 2zl3z, 8l YdRUokfree ammonia)®l -§-28] o}AAMA(free nitrous
acid) =& HAFIE F¥E ulxln {2 ¢RUol BEJ} Nitro-
somonas®}t NitrobacterE& AA|sl= vx+ 2}z 10~150mg/L, 0.1~1,0ng/Lo]
3, 8 olANE HEE 0.22~2.8ng/L Bt st4c)
AT ¥BEeeA FHoAM HY o9l U o A Hsjaref ul
HAZE WU H&H ol &R Y RIE AAL} Artzhitgo] njxl:
BBE A3 A A UL =&

[+
L84

BN

L

rlu

2. ¥R 9 9y

E7|zeol] F4E e AL HEH Hdol 4 HA A} ¥A
822 §718 ¥ A AP njAE Y& 2AE] ¢lsloq oz £
Fol ztzt 5L, 2L, F %ol 10LY HISZE AMEStgch b

TP ofaY o T AFEgon &Y AFEE &8
ol FR=F FTol Baffled HX|3idrt. HE e E3E FA4A9x
227 Ataot fI1E HA FEHES AWV BE A1 g3t gz E B
T zen oo Nz LEE LEZARPAE MG 202TE R
sttt Feus vl Aol Sl Uik sty &A1
P 1R EYRE &efAE olgstadon ulgRe] &XE FUY ¥ HEA A

el A A ¢35, A gAY F SEHTE d5A0g Rdsls whe

o
X
114
A
X,
op

L
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TCODcris =7} 701mg/L ~ 4146mg/L, TKNSE7t 391mg/L ~ 757mg/LAEE 8
Ao s WE o] nf 23 TN =7 Wotr £JAIZ} F 3043 4H
712 &AAlol 2123t B vl+E vpRdct B o 442 B
02 TCODcr, SCODcrs%+ 2tz} 3290mg/L, 1401mg/L, TKNHE= 3324mg/L,
Aoy ALSE 2840mg/L, T-PEE 265mg/L2 CODcrE EMH {7159
o v TKN % ¢dRUoMd A4 wxrt ml¢ &7 wfo] WHgRoj
Y FL A ujdEol T Hatzpibgo] AFIA WYHA] Qlot Y4
o] ¢REUo} HE7l 1000(£300)ng/LB =8 RAHESF =3 3u] M
F ARg3HTh Alge AT F 4T FFALAA 1~2F F&& BPSEAM A}
£Elglon ol: PERFIIE o 4000FF AMSIHE QY BRHLE HA: &
ady £t Peloly EAlolA UAHE £33} k7t vl A EelEods] o
Fog Atgdch EY fdes 277 FAE] £33 F3o] AR &
s stden o Y AREYE Evlsto AMgsidrh
£ 3 i7F &P e o]5EL IAA gZ T A MS4E 27HH
2 32E " 7 otk o]E ¥4 F Hxe g2 W EEE T ulE
2 B2 AA BAE 2E37] 913 PE= No. 3, No. 4, No.

r
oo
BN

= F AYE BE HgRof| FYsA 3

&% W No. 2 WHEZE EJ|Z U & F Ao 2AM HZ ¥
ofo] wlE ZAzjet wiwsts] ¢ ciztgz= FASHArh EI AJEHE
dASHA FAIA717] 93] g FF4 IS €Y TAHLE IARXNA F
on Ho Hayg 3% 2 Iz A=Y FE+ W 449
BEE FrlFes EAsiglct A& gz ¥e F E tpE shite
gt A F AT At T &S FMF] Hist] SR No. 12 FelAA

FAZE 192 fAStZ vnA] g2 FeldAAFAILE 1,542 24

K2
ol
-
X,

Y
N
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e AE AL 2P E AFAZS g2 BF 0¥ 2o 23
staich = Fabshihgol 23t qhg=ze] pH H3HE 7] 95t HHEZE No.
1, No. 2, No. 3, No.4, No. 5ol pH controllerZ AMX|3}o] ¥l 2] pHE
71029892 2SI AT d¥stA VA S stdom AR Zo|
Mol AP EAFANS FLsA 204 HEsigvh ¥H, Hgo ibEtite)
ot Ay Ede H3} ol AuSE mpdsty] s 27 BE AHgH AR
& AAFAIEO R (SM) o2 BAMstgdon EDX B0 Hisx} ol Ar)

Hl & ZApstich
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|

Power source

= e

O 0

-----------

1. Diffuser 2. pH Sencer

3. Thermometer 4. Air compressor

5. Chemical storage tank 6. Dosing pump

7. pH controller 8. Iron bar (dia.=3mm)

9. DC adapter

O3 4-23. He] AU|FE ALY e ez AEBA
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3. 2 9 2%
7h Y 9] BEFH o A Rl wE o AARE
1) Bdera] hgRold HEH Hyxo Hsl
ggdex tgxet fEToMY HEEE XU AW My
A Magsol ohet 9% Utk AY Az 2R U HeEE o)
2 X720 HAH dge Zol7t F7Hel ule} £ Ueiwict =3, HE
& IAF7] Aol Hol2o] A=A HEH AejolA &, ZIR Yo} Ax
=7t 718 delolM A2 HEBOoE aAEtd B Mager Zoe o
4 Adglch £, fErol XY 2 cfiEo] ¢elx AYY E el
E #28 LR ot &8A] AFALE A SAY A3} gz o H4E
2 AYE ecxY w27 S/l ulel HAR oM BAEe] 32
w22 AlzHrh ol& WA SN FAY &A WP =53
t o] FoXct Fastela} getxgdct. 7 4-24o= AHAIZ ¥ g59
o FFE 2z vbgze] 2 W {ETY FHEE Uehd Zleg Z} ukg
o2} HEgZolst SUHdel wel B Ha&xrst F/=HAEY, ou BF
3 Zolo wE 2V U HF H vE: 27 1llog/l, 133mg/L,
202mg/Lol 3L frEoAe] BF HEE: 4.94mg/L, 10.15mg/L, 12mg/L2 L}

o U

Efte, 22jn ek Re] Er|Re f24Y Hes: 27 3ng/l,

1. 4mg/LE L}E}YC)
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——RUIEE - MUSE Ak #sUISE
—0—ORES —E-MRET —A—#5RES

X0
%.
2 anf
o
E ™
g
& A0g
Q
o 10
Y
= 100
O W
’ =% Qo . g m
& 8 DV 23S 100 106 110

% 4-24. ¥EEeA] R FEFAMY T-Fe =03

2) ¥d&ea] gz d AALE

T3 4-25¢F 07 4-262 AGA] WHER 3T F Y 7 whgze
&9 T-Pet PO-PY BE WHHE Ustd Zeoz {Yd4d T-PeE W
POs-PET= B 80.17mg/L, 45.74ng/LE2 BAMEOH olo] ulE 7|2
AR 7o}t lem, 3cm, S5coitE AAH No. 3, No. 4, No. 5HFERe] §35
BF T-PeE:  Ztz} 24 98mg/L, 13.51mg/L, 10.23mg/L, POs-PHEi=
12.9mg/L, 6.3mg/L, 4.2pg/LE UEh]o] o0& 84t 7t vtex §&4 7}
TPz zlolE Uehle AAZEEAM 217 69%, 83%, 87% F=E RAch
JgolME 3 ZUlo) HEE F
PO-P X7t A VEbAIT &3 F o 38U ol A& FUY AR 9]
F HBoA Had Fgd g% Y 9 FANLoT {E4Y TP U
PO4-PE=7} ol WA Lielhs 7 ohel s HE vlaF ¢y oew



A=) oleh 2ol F&4old Ut AALES AF TrgEel 3
A% o] W WS PANA g H2AJZE Zuss FSHAH

BRE 2 AA 71EA 160g/le] 25 W T-PexE 2 ofgigo]l ol v

&Y 4 gleegje} el Tl fE49 T-P =9 PO4-PEE2 Ao|7}
2 AL A=Y A2 &eixle A FA43le &Y dAS ¥ EA

Y o] XAV WFLes Algdrl AT FHEL 29y REF
U T-P =& ole 23S 718 E 4 7] g2l ofof oizt %] 27
2|
al

odch ¥H, HES FUY W2 PO-PY FEE AL £EL #A%

300
—— 7T —O—#2REF —A—#IREF
—O—#4RET —=—#5REP
250 Y
Iron Bar placed
200

150

100 t

Conc. of T-P(mg/L)

50 ::\

3 4-25. FYet A g R &5 TP 2w
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200

——RUF —O—#2REFT —A—#3IRES
[ TO—#ARET ———H#SRET

160 | h

120 |

-

Iron Bar placed

80

Conc. of PO4-P(mg/L)

40 I

0 10 20 30 40 50 60 70 80 90 100 110 120
Time(days)

a3 4-26. Ut 7 wigR fE4 PO-P v ¥

3) A ARG e HA H/d =0 =&

Mk2Z No. 3, No. 4, No. 52 EJ|Z uje] HF T-Fedl %7} 7zt
153mg/L, 194mg/L, 265mg/LE LIER} Hel EHA(Zol)7l 715 3 &
=7t BA Ueled, ole HY FEHVAHL F/E ds) Aol LAl
Axte] B Fo] YUIA APH HMELTIL A UEld ez g™
th 2AZIE WHEE U H =7t dFsHA fA1"cia st HE
of o3 M&sE dd A MEYS WHFRAM &R d&A AA=HE Y
3} ZUsIEE o] & AL el g A AHAY I 7%= ng HEFS
Axrstaity, ubez Sxjo] nlel dd MEEE T-Fe3r2 53.55mg, 67. 90mg,
92.75mg olg=dl olnf 9 AHAXE TPHS 7tz 187.85mg, 224.47mg,
226.77ug 22 LER T mgT-P AA @ H&F = S M2 SAHUE
2+7F  0.285mgT-Fe released/mgT-P removed, 0.302mgT-Fe released/mgl-P

removed, 0.409mgT-Fe released/mgT-P removed® LUIE}WICE 2] L4 A
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&= PO-PE2 WIgZER £At]E 104.56mg, 121.88mg, 136.20mgl® 9]
PO-P HAZR & &5 2 2427} 0. 512mgT-Fe released/mgP0s-P removed

0.557mgT-Fe released /mgP0~P removed, 0. 68lmgT-Fe released/mgP0-P
repoved® UEINITE Y 4-27& -gxo] whet ] mgP04-Pe} mgT-PE A
Al f3l HEEE T-Fedd g Uehdiglch T-PHAES ¢l 23=: 2 4
232 PO4-PHARTE FA Uetkted ol FU5 TSSOl T UYE
o] &3 H@z dA $A=H AAHAAY LA 2B Eoll 2P o]
7HgEtg e g veht PO-PHAE s &7FHe HY o] Axe=
A Uehd Zeg ghoiEch = Hel H83 Agte] miE Ho MaPgd
A A HAo dRoly HEA HERE |83l AF PO-PETE lmg/Lo]
sl2 ZAaA]F]7] g8 1% = HisEU) 2. 6mgT-Fe released/mgP0s-P removed
2 Ueht a5 whg27 44 o A Uelsch ol A4 gz W o]

BBo] FE3Hs WA I wiEe] FIIEAEC] P& 4

removed

mgT-Fe released / mgT-P

T-Fe / PO4P

T-Fe /T-P

Reactor

38 4-27. &9 mg A AAY G 27He EHER
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U M2d Azo] BEEAY RIIE AALL AApitgl uX= 4%
1) 428 Ado] f7123 AA A& uXe ¥

B &A] g HE FYRTFY oA Had AP wE &
NEA AARLEE E43tdon, oo vidt A8 Az 9 4-28, 29, 30,
31, 32, 330 vepich ¥R AT &AM AR MsRY Al
22E& A3t AHEstded, MY dgss fU+Y TCDer HE7L
701mg/L ~ 4416mg/Lol23, TKN B 5+ 39lmg/L ~ 757mg/LE SU49 %
W3} Zo| wj$ A3 FYS TN 7} Wob AHg-g FTst |FUS TKN
27t & £UA Qo XY BeRAA WA= H4E A2Std AL
£3lgd o By JEvS Ay FdslT KNsE7F oF 3040mg/L B =
drh. I% 4-3¢4E= AR AAEPESE LEhd ZoE d4dS HF
2 FYLFY KN $ =7 U Hol RELTE 1000+300ng/L2 AF3HA
FREE 25 ATl WG] FUSt AT

Ztzhe] wrgZ WMIof wel AY7IT § B MSSHEE+ ZHZ 5327mg/L,
3239mg/L, 6937mg/L, 8347mg/L, 8522mg/LE2 HB 707} FIl¥4+E M&H A
dofl sl S H=E LEhAdon o|ufe] MLVSS/MLSSH= ZtZ} 0.82,
0.79, 0.59, 0.49, 0.472 uEiyich WS 23 F KLU+ FF TSSH

L 6l6mg/L, 2zt HrgzoMe {E4 TSSHEE: 86mg/L, 102mg/L, 139mg/L,
119mg /L, 100mg/LE UiER} HE-& Foidt w27 HE8& FY3A 42
2 BT 23 £ EE BAFAEY AR HHEERE FE5o &8A
o} A B4E FYRHEC] &4 AP ER LEhd 2o E chHr}

HA f7184 $EE vehle CheroZ 4% {718 AAE fdds
o] TCODcr3t SCODersS7F M 1002mg/L, 467mg/LE EMEglon, 2z ukg
Z 824o)Ae] TCODersE:  294mg/L, 257mg/L,  233mg/L, 277mg/L,
217mg/L, SCODcrsSi= 242mg/L, 252mg/L, 179mg/L, 204mg/L, 169mg/LE
TOCDeris =24 LIEl AHA HELS BE wEEFoA 70~75%, SCODcrs =2l
ZA9L 50~60%2 LIEIuITh. EE BODsY! B¢ UL TBODs, SBOD:ET =
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724mg/L, 274mg/L, 2]l3 2z} ¥E§Z f{EgoAe] TBOSEv 142mg/L,
140mg/L, 111mg/L, 136mg/L, 90mg/L, SBODs S 82mg/L, 88mg/L, 59%mg/L,
87mg/L, 58mg/LE TBODss = U SBODs S 24 2tz 82~88%, 68~79%2] AA
EE&E Jehddrh.  olZE Heo Aol s H&d Ho] RIEAY
AAZE vlAs YL uplsiAt S FAY MFRAME= MRS
o] ¥t 2 F¥L YEp AUSE HUrh ole HBAM H&d Hhe
F71E2AE F& A SHAIA AAAIAUL BE&Ae B4E S
7] wiZolal SCODcr2rtt SBOD:sS] HAZEo] W AL FEW S njBE
3j7t ofgl2 EZo] iy XY= 9U] lF g uitiHch E 4-4= 7 ¥
L2 $AANE vEehd Aoz FMulE A wEgRolA oF 0.08~0.1kg
TBODs/keMLVSS-day2] Helollq Asgleon &2Es}1are 0. 34kgTBODs/n’-day £

Sisa o ba=d

dr 3 2

hand

¢
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44 B 2 3 A
ez gz HESF
THEF bl No. 1 [No. 2 | No. 3 | No. 4 | No. 5
TCODer, (mg/L) 1002 294 | 257 | 233 | 277 | 217
SCODer, (mg/L) 467 242 | 252 | 179 | 204 | 169
TCODmn, (mg/L) 364 155 | 160 | 112 | 119 | 90
SCODmn, (mg/L) 244 124 | 18 | 84 97 76
TBODs, (mg/L) 724 142 | 140 | 111 | 136 | 90
SBODs, (mg/L) 274 82 88 59 87 58
MLSS, (mg/L) - 5327 | 3239 | 6937 | 8347 | 8522
MLVSS, (mg/L) - 4350 | 2576 | 4095 | 4059 | 4000
MLVSS/MLSS - 0.82 | 0.79 | 0.54 | 0.49 | 0.47
FM, - 0.08 |0.134 | 0.084 | 0.085 | 0.086
(kgBOD/kg MLVSS - d) : ' ‘
onm s
X;]fong;?Td)} 0.3447
1SS, (mg/L) 616 86 102 | 139 | 119 | 100
VSS, (mg/L) 548 62 95 72 65 52
SVI(nl/g) - 40 55 26 22 18
Total-Fe (®7]%) - - 13 | 153 | 194 | 265
T-Fe (Effluent) - - 1.4 | 494 |10.15| 12
DS, (mg/L) 4414 - - - - -
pH 7.00 6.8 ~ 7.2
Color 1526 - |873.31| 599 | 435 | 406
HRT(day) - 1 1.5 | 1.5 | 1.5 | 1.5
SRT(day) - 20 20 20 20 20
2%(T) - 20£2 | 20£2 | 20£2 | 202 | 20+2
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Conc. of MLSS(mg/L)

Conc. of TSS(mg/L)
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TCODcr Conc.{m
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SBODs Conc.(mg/L)

TBODs Conc.{mg/L)

2500
— AU —o—#iRET —B— 28T
—A- $IRWTF —O—HIFERT —e— ESREST

B-farm wastewater
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3% 4-32. et 7 R RE4 TBODs s
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2) Ho AJIZHE ol &Y KA B A WexY Atz 1 e

e WSS FU4Y TNe=g g2 8 2= Hilo] wlel o)
5] A9 7 ubgich 2@ 4-349F 33 4-350] UERG ulel Zo] vkgxz 2
Azlole U 1A MeRe] AEE Astd ARRsid=d, Ms3 e
Hee 27 e W& B3 ohjel HEo] Adle] AHEE FWn Fdw
KN =7} &2 £AA el $AT BeRols 2AE = v+E 23 st
Mgt o By FES M Fusl+ TKNs=7t oF 3000mg/L
Egch O3 4-355 AR/ AASS Urld 2o deds
At ol ¥ fULSEY TKNsZ7E YR ol Aitste] JAALE 83t &
Ql9l4=2] TKNEE 1000+300mg/LE YR3HA SR|FIEE $x49 3 As)

Zoll Fzt Azt LY Fakshbgol WA F4-5= Fabst g

>

ed]
>

14
i

o] Y W oFRE 7 Wzl # 5
g Ushd 202 Puspigel ¢A3 YA =Y ¥
2

22 Liepyich oju 3k z RUE

—r
a
rlr
()
r)'
i
rm
olo
rlo

BE g zoM 95% o]y VAR
= TKN 3 NHi-No] R E3}8:2 HRTV 192 23 control ®¥hg2Z |3
No. 1, No.29hgZola ztz} 1.089kgTKN/m’-day, 0.906kgNHe-N/m’-dayd O
HRT7} 1.5¢42 2AH No. 3, No. 4, No. 5¥h-8-ZoflAe] TKN 2 NH-N-B-Z 5
slere 7tz 0.726kgTKN/n’-day, 0.604kgNHi-N/m*-daygtt. M= 2 280 =
AE A= ook HHEZ o] ZASE pHOl: E43t2 ¢Zel=E B33}
Z ole whyog A pHE /AR U4 R B Ao o3td
FEFollA o 30~40%2] W2 & HArst AB-g vehdedl o]& HRT

£ 142 /AT §-31%go] HRTE 1.5U2 F=]g o} wh&zol v3] 4R

£

of B3jatolla 50x0]4 A HAEHAZ Hitst ubg
283l REEA ot ¥R pHIE 5olst2 ZAaF o Hatshibgo] JxEYd

7] wfZolch.

A Haste dHeEE
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3500
B-Farm wastewater
without dilution “""’"’%’?J"r\j —— FIREST
3000 + —B—§2REFT A& #3FEFT
M-Farm —O—#4REF -~ fSFEF
Wastewater
2500 t e renne nan sesrmesrsnnase .p
= B-farm wastewater
E 2000 with 3-dilution
o
| =4
Q
O 1500 ¢
2z
3
=
1000 ¢
500 K
0 Y 2
0 10 20 30 40 50 60 70 80 90 100
Time{days)
3% 4-34. FEsd 4 USR] TN =3
3000 —o—RF —o—#IFEST
—B—-#2REFL A #IREFT Bt \ \
O HARED  —e—fg5RES ~farm wastewater
2500 TET e T with 3-dilution
M-farm wastewater —
Py B-farmwdtewater
5 2000 withoyt ditkhi
E
d 2 ¥
S 1500
O
Z
Z 1000
500 }

Time(days)

23 4-35. a4 SR NHeN s
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J334-363F 234-372 Aatzhibgo] A= 7T F FE5 NO-N
g NOs-N =& VERE oz AFAZ F 30dZ o NO-N =7t 33 &
7Vt olfe ARAA BAE WA K4 el HIAS wELs
Atgsch Zb g2 Mo et AEIT F B KFEF No-NsE: 742
3.13mg/L, 1.924mg/L, 0.783mg/L, 1.841mg/L, 0.167mg/LE. LIEINEO o NOs-N
= zt7Z} 842mg/L, 779mg/L, 926mg/L, 962mg/L, 1014mg/LE LIE}YIC]
w28 fel dRuUotsrrt FdHE fe] ¢RUoksxol uts Aarsiut
A7) zto] RIE|o] FMAOR NitrobacterZ7} AAE G NOp-No| FAF =
A2 3l Free nitrous acid®] oA 7]2to] Ajz#Hr} olwl= Nitro-
somonas®} Nitrobactrer 257} JAE = Aol =eEo] f&40 R0}
FE7t g f2e ¥R uvehdch £ Ay FHLH gz AR
Aeollde eiet ol Fel ¢RUoEsT W free nitrous acidol] 2] &zt
£ gk ohel MEH Aol Hadpibgol ulAL 4382 AY gt ez
BAE et

oo [

f

f

S
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NO2-N Cone.{mg/L

180

—~- R —o—#IRES
160 ¢ —B— #2885 —4—#3IRES
—O—#4REF —=—H5REF

140

120 ¢

100 }

80 |

680

40

20

Time(days)

a3 4-36. U 2 iR NO-N s

1600

—0— /Y% —e—#RES
1400 | | —=—#2RES —@—#IRES
—W— 4R ES —A—#5RES

1200 |

—t
foe]
o
[]

NOx-N Conc.{mg/L
[52] [o ]
o [w)
L] (&)

o
(]
[w]

200

Time{days)

I 4-37. et 2 4R NOs-N HEH S}
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E 4-5. &R iR Ut 7 wrgRe fE42 HIFULe) UY
Bz

Ll o e ExHEL
A8t No, 1 No. 2 No, 3 No, 4 No. 5
TKN
1089 170 108 37 71 34
(mg/L)
NH4-N
906 135 101 30 92 33
(mg/L)
NO2-N
0.117 3.13 1.924 0.783 1. 841 0.167
(mg/L)
NO3-N
6.3 842 779 926 962 1014
(mg/L)
T-P
80.17 63.9 60.48 24.98 13.51 10.23
(mg/L)
PO4-P
45,74 49, 32 49, 03 12.92 6.32 384.24
(mg/L)
Tot. Alkalinity
1874.3 128 80 41 45 38
{mgCaCO03/L)
3) M&H Hgol &£2x EZ4E U M= AAo njxs 4

2
Aarshibgo] UFH WEE No. 2, Hgo] F4H &R No. 3, No. 4,
No. 58] ¢4 4 S350 TCOD, TKNXE 9 Aol Zalxle] volume index
£ S3sle] E 4-60] Vehdch oixhgRQ REEE No. 29} lem, 3cm,
Scn®] H-ZZol7t FUH WHER ZZoMe] T-Fe %+ 13mg/L, 1llmg/L,
133mg/L, 202mg/LOE BiEEr} 2718t wel MEe] AA T80 BT 4
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E 4-6. o] AV]E87L o] FolW k&R {24 TCDer, TKN, A% I SVI

ue NEE f2%
= as
CREE 31 No, 2 No., 3 No. 4 No. 5
TCODcr{mg/L) | 1002 257 233 277 217
TKN(mg/L) 1089 41 23 25 18
SVi(ml/g) - 55 26 22 18
M T (ADMI ) 1526 873 599 435 406

) B B 24

Hol HIIEshEo] Hol2o] H&E o HEEHLS ¥A5I Zyz
Qo] HEEHo| £3 ° 7tedE Ak HE Abgol o A EHAel
stel Q1] UFE=E whetsty] flsle] A HE3 A8H Mg EHE SIME
o] &3l FXsledon EDX M5 ¥t A EHe d FHEE HAIA
th ozl ¥ 4-382 HEE EIIRo Ty 3} FUsY dFA )
2k Fodgo] abstY Aefolld A7 BB BHAEE el ez Iy
oM 2L HEEHME vl el Holx|ut RrjzoA] 4tsty H
e ZHEE AE3 E¥o] E2Y & Urhia glof Palo] AyHS o
4 glolch ¥ EDXE B RAMIME F 70.63%0]A Bl2H il =
vl 65.75% : 4.88%& ‘lehiz lAA|wt M2
£ tifae] HolArk

(E

Mo
)
oft
<]
8
2
R
N
>
e
ke
B
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. >
Photo No. . Daetoctor . SK1

10pn | s Photo No. Detector= SE1l

33 4-38. A2 HE3 AMH HeY EH
(21 28 MEE FEEY, ol I8 AME ¥ FEEY)
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A 3 d. BTN F71EL AA L A3
S A HF 2D =2

W& WgzolN e A7lEsje] o5 42H WAL FHgo)
o8 @ StEst AYY ¥ S8A AA deigd= 9t YA AAUY. w
2 YdsAe AYstd ARl e & B2 yAysjoo}
He A MA LS 2 4 Utk A AA ZLE FolV) M Ao &
A uda HEY Mo ol YBY &R o] RolHof i) ol v
2ol WA e AS A AP WARY FriEo] doiseA] HIPo] &
JbElR "Ars} welzjole] RS ATt J, QoS wALo] ZriH
IYEARAZLE BHAA A SEF 2Fsdo} st ojnf @A H]
18] Z7bH ™ AashEziols 2ol I W) Witshuigoe] A3
< ol boantgos asse] 45 PRY 4l SR Hag ]

d oldoE Y wig YWY Faspgo] WNHUTIT YaH Utk wet
A AEe AVENE 08T YEWS NeBHAN Yod&A Wy n)
e W4E BeAoT By T WHS ZAY Ber) Y=y o]k M
o) AIEHNE ol &Y AHA FRHA A Aol YT SAXVYD Zr1S
g Yool Q7| wiBolth  FEMSL §Ue S8 SE2 ohel

o] B & 4RV RUIERN &84 RUIEAY  sxule] W}

N

X,
o

d

o
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Al 4RE BASIL §7127 AAet WA Ve Y HA
o) R, AY A2E B AU4 LB SEs AN Dgo| u]4

A3 A4 AHASRY) UATEFASKOl BlAE

IHE sEol et Yeley WAVE AZY 4 A= AL =2

ﬁi

.ﬁ!
i)
—l>°in

2. AdEdA W By

fFd RIIE 55 3o} Aaks} whgo] JoigeA] WPl v
B3E metsta RIIE AAt Aty 1S A A eIxP =&2& 4
3] 1996 59 wRE 8Y F7ix] o 80 T AEA FRY WFRE &
Aol AFE AWl 27 4-9:= 2 A
o] BR&YA WHERE APFo] on Z gz FA B ojzYynt
o2 AH FLY 7L A2 EI|R 5L HAA] 2L PP glen, =
1zt BAAE &AL AFEA RIS JL2d Baffleg X3}t
Felsiadoh 23, AV 27t W2 Vel i Re] SERAPXE AX
3tod L& HHE 202CUHYE fAAIZIeH AP sl +yHAY] of
Foll AUl 257} 20TCo|3q ZRole 25 AL 133t ¢l3] mid &%
HEtE FRstdcol. ®23, RUIRAe R ©F U AL FHo] YWIIEF
A712E AABt &eAI7t ARRFEA olB3eF stAct R AF&HA
t AR AEI o] VALAY FUu A LA E 0] &Y &§
AlA Apgstgoh. &R No. 1 ~ No. 67HA]&= HAMEE-E-E AA3t7] ¢)3)
njel ZAbs} A A (HACH, USA, Nitrification inhibitor Formula 2533™)&
oF 0.5g% Fdtdon, 74y gFHNEE BFeHA 4 AAs] Hiispit

o] JAEEE slgch ¥HERE No. 7 ~ No. 9& H4Ats ubgS iyt H
=317] 213l pH 32 A7E dAslalen R TSSEErt 54 #U€E &
oz 2P E ARAZE st s2A HI7IE € WHER Bl A
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3. A3 d 2%

7} a4 TSSH=e} SRTo| whe {7154 AARE

ISSsEo] TE #442] CD X TN v H3

etz w3z #7184 AAL Aa

ZA7] slol 4MY 2 d7olA

1) fe4

—_~

I3 4-40

o sty
Uehle RAog 2% o3 oj3) ny ol 2

HAE

ol AASA ¢

=2
I¥E

T =71 BF o 00mg/LE RAFAL,

IYE X7 B o 1880mg/LE FA]H Ach

< O—
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P 1
< 33 m| ©
) 50
L+ {
ol ol
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ﬂ d vy (=]
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sEHTAA A HPYELS Wi oA WREN YL HIYELS oA

o

FeRrl d 27t o 2 e o™t wjeiy

&
2] 1P ELL FIto] u}

;g

©
e

7ol &

3o}
SRR

3t7] )

A&

E
&

A x5 W

£ A2 d

ol
(=1

Q
+

14 g 49 =& FFsiodch =%,

=2 x»
e

E 5xo o

F718 o] 712 5Hsolubilization) U3 & AA n)

ol
Ak

of 28 o]&d

3E

8] TSS lmgo] ‘Bl YA CODeryx ZAlSHAC) o

A
T

ol
=]

71wl &

j

2P Qbers =& FU4 T0Ders X2t SCODery s8] 2lol2 viehgich

ol
5]

I8 4-41 3% 4-42= 37

-

IPE sx7}F 306

viebd Zlojch

=1
=

, 225l YAPF CODer?] H]

el

%}

e
N

ng/LE FAH FYL$F No.13} 1889 mg/LE F21H FUL4 No.20jA

o

-3}
]

0. 2imgol 3 -§

2=
L

B2 FUHUS No.10]A

0.04%mg 2.8 L }ejytr}

ol

ol

XL
9]

Lo,
| W

No. 20{] A4

e
o

Q
-

ok
b

<
R

UL No. 18] ¢ 0.071mgo] 3L No. 2

0.053mg 0 2 UFElRITY.

O &
A&

8] #7180 &2 v &E ITYFo0]

TSS 1mg T ¢ Img¥]

Zlo] 2J¥t COD&=

=3
&

71

CODer& eSS & 4 Agich
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3
——N/TSS —®—P/TSS —A—CODcr/TSﬂ
25 . o )
S
Z
: 2
<
[0
>
o157
5
5 1102 S /™ A
£ 1 [a A4
(o]
5
[o%
(@]
05 ¢ 021 007;"/\\
AN (
>
0 ; »-—8 —a—a——
0 10 20 30 40 50 60 70 80

Time(days)

3% 441, fUds No. 18] Fdds ©b9) ¥ E o CODer, N, P2 ]
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2) E29 ol wE FYUel D L TN 5 W

3te ¥ EHo] oriA A E A=) wiet B4 - A U] njxEe @
P2 ul-f Lok fds 2P EY LAY E AUENS B gF €3

=

S AEA FEU BL2HE ISP Y AAEz 243 HdES
ssiglon =} AE A oA YIS 2Abked 1389 4%
viotstz] A%t 7|2 22T ¥RY 4 g Aoz nivkdch

FeEdles AR MR 2L 2P ESTt oF 5960 g/ Ll ¥
EL 2z} 1L Hlo]#Hoj 10, 50, 100, 150, 200, 300mL%2] Fel3t ¥ of 1083}

-

¥kstod TSS, TCODcr, SCODer, TKN B8 &3¢ ZAE T 4-70] el

29.%:1

oo §U4 IYE o] £2§8F C/N Bl= 3. 9mgTCODcr/mgTKNE VHE}RITE.
che] TSS 1mge] UEhiE CODergt2 B o 110284 23 4-43z @
-4 A E FYUHE Y52 TSSe 22 HAlde o 4 gt

X 4-7. SEMSe A MFZ 2FEE GAES

HASE (ng/L) AHPE FUY (wg/L)

¥4 | 10wl | 50ml | 100ml | 150m! | 200m! | 300m!

TSS 5960 42 214 440 560 850 | 1140

TCODcr 7040 72 421 637 864 | 1160 | 1700

SCODcr 1440 20 72 128 188 224 328
(TCODcr-SCODer)/TSS | 0.94 | 1.23 | 0.97 | 1.15 | 1.20 | 1.10 | 1.20
TKN 1786.3| 23.35 | 80.56 |168.12| 280.2 |297.01 {431.51
TCODer/TKN 3.94 | 3.08 | 5,23 | 3.78 | 3.08 | 3.91 | 3.94
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EEo] o3 2B A XA ¢jsf sEUB] o 25.12%0]3,
UHIHE] EE ZAL oF 24xF T oA 22} E2E o} IL Hlo]
Aol FH4EZ MY F 74 YES FFY AAE ofdl E 4-83} o] UE}

AL wf 1SS FEE o 730mg/LE LElgon, uPE
lmgo] mjx]& CODere] It 1.33mg(TCODer-SCODer)/mgTSSolm, Ao} Q1 5
o tiyt Q3L 2z} 0.062ng(TKN-NH;) /mgTSS, 0. 036mg(TP-POs-P)/mg TSSL
2 Uiy}, gm, =X AL: /N vyt o 100gTCODcr/ngTKNE A= ¢l

. ERel A9 QA 2Bl O wEol Y YR W& Eof )

XE Qo] o golth ol dA AR AFRolM AT 2FELE 1§
gt AEAz g 2P E W Uste Ao AdFE vEolM U Fxof

ojx]E 4ol o IA UetRAT EEE o]&Y AYPME 23]y A=
Rr} Aol ulxlE g3o] o A UEelkdth ol EAlA AT =

Aztol] Z3HH Azt AT FH4EE = A, BPAA =0l B

Ao
flo

B

2] B3l eAtol WXH Aejgx|gh, AFRoA 223 1P ELS AL

oY

< o2y ol3}(Ammonification) 7t 43| M WEe] Hgof &&EE AP E

Aassol it Qo] EXHT) Ye Ao MWLt

lo,

E 48 ¥ B2 4y 24

TSS VSS TKN NHs-N | TCODcr | SCODer | TCODmn
SAE
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (wg/L)
LT 730 390 | 115.47 | 70.05 | 1169 193 251

Bl
4
o
Bl

P PO,-P | TBODs | SBODs | <= VS | SCODmn
)

(mg/L) | (mg/L) | (mg/L) | (mg/L) (% (%) (mg/L)

= 36.9 10. 44 600 235 25 24 13.6
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o, IFEAHFAE 2LZ No, 1, No. 2, No. 3= 2z}
109, 159, 20U ASIAD WFZ No. 4, No. 5, No. 6 22 54, 10
o, 15942 gAstdon whEZ No. 7, No. 8, No. 9%= 2tz 104, 15¢, 20

o
dg Astolch oot B2 2 2AS E 4-99 vehjfich

e = Nitrification Nitrfication Nitrification
e oo Inhibited oor Inhibited Proceeded
T | (solids reduced)| ™ ™ |(solids retained)|(solids retained)
+HlzA %1 2
1 a3k
R ENTS No. 1|No. 2[No. 3 No. 4|No. 5|No. 6[No. 7[No. 8[No. 8
TSS{mg/L} 306 ] 59 56 72 11889 102 74 71 108 | 152 | 11!
VSS{mg/L} 214 | - - - 11060¢ - - - - - -
MLSS(mg/L) - 11057 1149511745 - 120452918 | 3554 | 3887 | 4381 | 4884
MLVSS(mg/L) = 860 | 124311306 - [1703}2460 | 2990 | 3006 | 3376 | 3700
F/M
{kgTBODs/ - 10.25710.178/0.169} - 10.264]0.183]0.1500.149/0.133{0.121
KgMLVSS - day)
(o] 7 L= ;3;‘ %) 3
e & ;T Ho 0.221 - 0.449
{kgTBODs/m"day )
MLSS/MLVSS - 0.81{0.830.75 - 0.83/0.84,0.84{0.77{0.77:0.75
SVI(mg/L) - 62 64 59 - 35 49 45 48 57 35
HRT(day) - 1.5}1.511.5 - 1,515} 15115 115})1.5
SRT{day) - 10 15 20 - 5 10 15 10 15 20
2% (T) 24 2T
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EY 37 4-435E ¥ 4-4600AM= A7 AAR A2 oig AYE 2
25 Ve ZO® ¥ESR No.l, No.2, No.32 IHE %7} oF 306mg/Lol
K47 fUHRen AT Fo] MLSSsEE 2t 1057mg/L, 1495me/L.,
1745mg/L2 SAF ATt §U42 BF TCODS =L 1194ng/LE NEZ {78
£33} 0,786kgTCOD/n’ - dayol.oH §&4 TCDETE ¥HgZ HIE
7}7}h 343 mg/L, 320 mg/L, 310 mg/L2A I oF 71%, 73% 74%8] A ARLS
velien, scopd] A9 fUeY FFEEE 903mg/loll fE&4 B
SCODcr H 5= Hhe 2 WHExjof wia} ztzh 271mg/L, 258mg/L, 253mg/LEA]
AAREE HF o 69%, 71%, 72%2 LElyich =¥, TCODmne] A|ARES
2tz 57%, 56%, 602 LIEIRtOm, SCODmnZ-$% 53%, 56%, 56%2] A AZ LS
Lietdich  §4 TBOD:Y FELE HF 464mg/LE WHEE BODEHH-Sh=
0.221kgBOD/ it - dayo]gl o &4 BOD% X+ 30 mg/L, 2lmg/L, 23 mg/LE
7k} 94, 95%, 95%8] MAZLEES UEehlch olg} ol AT F FYST
HE =52 Ui {23 ¥hSE No, 1~No, 30jAs THE AFA|7to] 27}
Y45 BODY A A ELES 2 xolE uUehix] ¢4t} CODer3t CODmne
ARES 1P EH AFAL et mjojd FAEE dehddch fd49
B 1SS EL 306mg/10]3l, 24 TSSEE

rlr

SZ HIEHM)E 59mg/L,
56mg/L, 72mg/LE VIEIRICE R4 TSSHEE7F WA §x€ Z$ g 3%
H £ ARAZ oM PN TA L] F718H A7 nAle ¥
< go3tg ey §&4 TS vE= A =7 A #A"H g RA

A Ueht B EAFAEE A /Aslol §E & & AUdCh

ot

2% No.4, No. 5, No. 62 1¥EE %=7} < 1889 nmg/LE EA -Sx|8t
FUFE o] 83sle SHH UGIREEN AT Fof MER MSS BEE=
Z2}2} 2045 mg/L, 2913 mg/L, 3554 mg/LEe LiElWTH S48 TCODcr B E&

2631mg/L2 ¥} 2ol 22 MsI= | 754kgTCODcr/m’ - dayolglon, B8RSR ¥
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3T 92 BF TO0Dr HE+ 438 mg/L, 354 mg/L, 325 mg/LOE L }E}
U AAZEL 2tz 83, 97%, 88%0.F Eehion], SC0Dcr A$E S5
HBFEEE 825mg/LE THE ST} oF 306mg/LolRmiBct of WA |UF
olA, &9 SC0hcr HFsEx Z+z} 329 mg/L, 279 mg/L, 239 mg/LE
e} B3 o 60%, 66%, 71%8] HAAXZE eI SD TCODmng ZA$E A
AREL BE UERoA o 76%S YEI o0 SCODmnZ--£ 8l3lAl 83%2]
HAARZES viehdich 223, FU4Y TBODY HFsT 944mg/L2 ISR
9] BOD §3-F-3}= 0.449kgBOD/ mi - day2 A F&42] BOD v+ 2z} ¥hgRo|
A 24z} 38 mg/L, 29 mg/l, 26 ng/le] S22 S&2HUT AARLES &
SBOD®] Z-9= o 94%2 Ueh) BODOjA L A vt HAXEE B
o] A Fde 2 E =7 A4 SAsHE Z8 REA AARLS
FUF F718AL =7 ol IHEAFA L] S ulel Folste 3

g Hych 3P EA w571 WA SUEHE HEEE No. 1~No. 3 3} 2ol
BODA|AZ &2} Aol AL UAXIRE CODF e 2P EA 527 W2 Y+
7 frdE REgRel Pol Y EAF A0l F%te] w2l ARG I3t
F71te B¥E BTt ¥, fEF TSSHyEE &R ¢Xof o} 7
7} 102mg/L, 74mg/L, 7lmg/LE UlER} SRTZ} 271848 {24 18 E3 &

EE »adte F¥E Bch

==

6

®

2 o

=2

ofy

4 ZE No. 7, No. 8, No. 9&= A} {HgE =8 WEREEN R4 2
24 7t A4 829 ¥h2 R No. 4, No. 5, No. 60 U 47} &
dsigich. ¥rgz aHENFAIZ] wlel MLSS s+ 2tz 3887mg/L, 4381
mg/L, 4884mg/L2 A E|Qctt. §U42] HEF TCODers] H5= 263lmg/LE ¥}
gz £AES}E= 1.754kgTCO0cr/m’ - dayol 4oy, K& HF TCODcre
hgzo)
A 90% i} 2 UElRIOm, SCODcrd] 79 197mg/L, 192mg/L, 180mg/LE o}

ol 2z} 295mg/L, 277mg/L, 273mg/LE LER} HAZSES T

i
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e} BE 812 R0 HAZLL 77% U2 et §&42] TCODmne]
S5 7t7} 144mg/L, 144mg/L, 130mg/LE e} HAZSS ¢ 83 w2
el om SCODmne] %= 747} 40mg/L, 67mg/L, S54mg/Ls TS viehfgdct.
TBODZ ¥ EE HhgRoIAM of 95% Wi2)e] AARES viehdch. fds 2
HE =71 A FAIEHE 9EZ No. 7, No. 8, No. 9olME R71EA HA
BEL AP EAFTAITO FIREE FUe Z¥E Rdoed, §&4 1y
E 5= 77 108mg/L, 152mg/L, 1llmg/LE LEh} S84 I1FE Hx:=
AAtehibg-S A3 U2 Z No. 4, No. 5, No. 6RT} &A LIelyich A#E7)
% 7 ubgRe HE K718 AAEES ¥ 4-100) LehgiT)

0.

fr

BE uh-g=zolA MLVSS/MLSSH]= o} 0.75~0.842 UIEIRtY I ENFAIZ
o] AFHFE RIIE AAZE] EUOH L2 /FYUF P EFH oM

Aitsiibgo] APHE= B¢ FIIEAA A&l & R &R UAPo] F

7HE o] B adAle 2 #71E 237t o w7l WlELZ chHCE

3000

[ —e—#1 825% —@—#2872YF —O—#1 FES
| -O—#2 8% —A—#3REF —O—#4RET

——— 45 REFT M- FET ——#7 R AT
2500 | —a—#3 82T -—e—#RET

-3 2000 ¢

1500 t

TSS conc.{mg/L)

1000

500

0 10 20 30 40 50 60 70 80 90 100

Time (day)
07 443 I 3 fde R A UER HES4Y TSS 5= HE



O #1 BIR X —{—g2gx —ty- #3 QIR X

e #4 sﬁgas —— B2 X —X - #6 YIS X

7000 | e #7 UG —a— £ Y3 E —@— F9 HIRXE
6000

MLSS ¢onc.(mg/L)
F-N
3
3

3000
2000 t
1000 t
0
0 10 20 30 40 50 60 70 80
Time{day)
3% 444, AT F Z 032 U MISSY wE HE
4000 —— #1 FoT —EW—#2 BYUYT —~O— ¥ RET
- #2 RET —O—#IFRET —O—#4 FER
3500 | e #5 B 5 —H—#6 BET —+— #7 BES
b #8 FET —O—#I FRS
3000 }
B
= A
£ 2500
g
G 2000
[+ ]
8
& 1500
QO
o
1000
.

0
500 Leec2e " ;
e A .-‘c:n.h__,.gs‘,-ﬂ,_,\: > S —
~ =

Time(day)

S 445, £AAT F RUS L VSR §E49 TC0Der S E
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o
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SCODer onc.{mg/L)
(2]
o
(=)

B3
[=]
o

0 10 20 30 40 50 60 70 80

Time{day)
—0— #1 YT —W—F2 RYFT —O0— #1 FEFT —O—#2REFT —O— W3 REFT —O—#4 7%
FSRBT M W#ERRAT —1—FT RET —— #8FET —@—#9 RET i

Y 4-46. 7T F U R 4 IR 7E SCODer F= W
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E 4-10. Y 1P EE = € W2 L /RIE AALE

4

Nitrification Nitrfication Nitrification
b2 x Inhibited Inhibited Proceeded
{solids reduced) {solids retained) {solids retained)
+¢ i)
A ! "
o A =z
edzd No.1 | No.2 {No. 3 No. 4 |No. 5| No. 6 [ No. 7|No. 8|No. 9
3 24y
TCODcr (mg/L) 343 320 310 438 354 325 295 277 273
1194 2631
A AXE(%) (71.3)](73.2)](74.0) (83.4)(86.6)(87.7) |(88.8)](89.5)(89.6)
SCODer {mg/L) 271 258 253 . 329 273 239 197 192 180
903 S
A A X E(%) (70.0){(71.4)[(72.0) (60.1)](66.2)] (66.2) [(76.1)[(76.7)](78.2)
TCODmn (mg/L) 398 172 176 159 - 2086 192 172 144 144 130
7
A A X (%) (56.8) [(55.8)[(60.0) (73.9)}(75.7) | (78.2) [(81.8)(81.8)(83.5)
SCOBmn (mg/L) 135 125 126 47 46 48 40 &7 54
288 278
A BE(%) (53.1)[(56.6)[(56.3) (83.1)[(83.5)[(82.7) |(85.6)[(75.9)((80.6)
TBODs {mg/L) 30 21 23 38 23 26 32 36 35
464 944
H AL (%) (93.5)(95.5)((95.0) (96.0)[(96.9)](97.3) |(96.6) }(96.2)|(96.3)
SBODs {mg/L) 10 14 11 18 13 22 7 [ [
290 290
A K-S (%) (96.6)(95.2)((96.2) (93.8)1(95.5) | {92.4) [(97.6)[(97.9)((97.9)
v R 3 s ik

A4kt WSS AT 3hEE(No.1~No.6)8} HAtENEE S FEF WX
(No.7~9)ollA vIg2 23717t 3 U+ TKNsEE 242} 778ug/L, 866mg/L
2 A3 fREdch 2@ 4-472 2 S RoA 8] TKN 558 H3E ve}
dded, Aas 18E 2T HHEE No.7, No. 8, No. 9ol f&F TKN %

= 7.55mg/L, 6.64mg/L, 6.45mg/LE HAPEMR§-E HRTZ} 1.5%, SRT7Z} Z7}
109, 159, 20wl 25 99xol4} XaE[olovt, sG-S A gz
No. 1~No. 6ollME= §&4 TKNsE7} ZH2b 613.3 mg/L~698 mg/LE ujdEo]
IERF M MEYAGol AHRT AL E T o fUdg TKNsEo of

sl 7 DeE BF of 208~30xe] WarEhigol VWEHALE ¢ 4 Adgich 3
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AAY B¢ KU 188 FEIF £ SKRI7L S71¢ 5

O O
5=

1, Aarzhi

&

7} 22 BAFUCL} ol {U4 IREETI &

L o]
£ 3%

Ebgo] ol Ax ARHE ¢+ AUdTh

}

Zole da

—O— #4 R &S
—t— 7 GRS

—— #3 FET
—¥— #6 FRAT
—— #9 T RF
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1400
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A3t dHAE TSGR g2 v|dE v=IF #A AAE F UES
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NO3-N mne.(mg/L.)

NO2-NConc.(mg/L)
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¥ 4-11. 45 A8 EH 55 € SHRY o AASE ¥y}

Nitrificati Nitrficati
vh2- = ' rx. 1.ca on ! r'u.:a ton Nitrification
iy oo Inhibited o o1 Inhibited (SOLIDS retained)
ain
FUT| (SOLIDS reduced) “?T (SOLIDS retained) retai
1

No, 1| No, 2|No, 3 No. 4 |No. 5|No. 6|No. 7|No. 8]No, 9

TKN(mg/L) | 778 |613.3(628.62| 689 866 660 698 679 | 7.55 | 6.64 | 6.45

a5 N
NHe-N 721 611,5]/609.17|634.68772.24 |612.86(|645.07(618.34| 6.02 | 5.98 | 5.99
(mg/L)
NO-N

0.136 121.75}13.53 {16,013} 0.501 }15.39{ 7.48 !10.569!0.397 | 0.369 | 0.363
(ng/L)
NO3-N
(mg/L) 0.918 152.44 | 77.76 | 64.67 | 4.076 | 66.98 [ 92.09 | 94.51 {792.221754,07|811.24
mg/

T-P(mg/L) |53.12 }75.15|66.32 | 71.67 | 144.36 {106.13/116.13|140.87{112.61{105.95} 117.5 |

POP 1 29 69 |39.63| 36.05 | 37.86 | 59.74 | 62.06 | 67.42 | 72.05 | 69.68 | 69.99 | 68,49
{mg/L) .
Alkalinity | o3 | 500 | 306 | 471 | 1011 | 397 | 372 | 206 | 117 | 134 | 135
{mg/L)

25(T) 24%27%C

JY4-512 zpzie] igzolAe] HAMESS Uehidded, itz Az
€ FAU PgRolMx At whgo] o} 20sF = IEHE Ao Urlge
£ HEEEY SRTE A FAstL =71 viad A "o A

3} o] Eo] BEIL oIl F2 220l FAEHAUY HELE AEH

o

371 dojules o2 velytcl ®3 0y 4-52& HArsjukgo] S5 E ¥k
Z #7, 8, 9olA] NH,-N H-3loll uie} MLSS The] gram MLSSW o AHAE =

NHi-No & uetuigich gRuot Faigfo] Fr1t45 the] g MLVSSTH &
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d  NH-NAARZ  F7HEe Reg  ueldon  ¢Ruoel ¥3jglo]
4.09\Hi-Ng/day Q1 79 n]dgol] &3 NH-N Al A& 0.17gNH,-N/gMLSSE. of
T B4 uvelkted ol ULl GEHSE RI1E0] iiE n]AdEo
o3t F3ll 7he¥ EAZ FAEH] S ¥ ozl §UEAM ¢RUo}Y B
EH7} vlay yto} wrgzRuo|QdEo] UAu|BES] R0l A SAHR
2= 94 pH 5 2A4& A3 o] Z2A (el RAIEU gELE A7
Hrh.

100
90t
80
70f
60
50}
40t
301
201
10r

Nitrification rate (%)

#1 #2 #3 #4 #5 #6 #7 #8 #9
Reactor Number

I3 4-51, Bbg R A RZo| ulE 7} ¥rgRe] AYAkE
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02
= 0042x + 00116
57 48 A#9 Y%
L]
= 016 - *
©
o 2
eg
§3 0a2t
52
g
=g
€t
o & 008 |
5z A
S L
-
2 004 |
0
0 1 2 3 4 5

Ammonia loading (g NH.~N/day)

3% 4-52. §Y NH4-N = 3lo] ofE njAEe] AAsle

th Bdex3HY S9UAT 22 9 L] WA Ay

g2 AP njAEY RIIE £2F0 Uizt B njPEL YR

ZFoll wtet A= o] Aeg wysid o2zt ok

AX = Y (SCODer) - Kd (MLVSS)

8 Ao A oBEBEZALY Yo} WAZEAST KIE 317 gstd s
3% 4-530] el RAE AA] AHelAiAw U BASLAoR &3}

of €& & gch oldl, nFE EAFAANE A sAE 2717

7bgol dasieh 3z, njgEe] e iz WERoArt AYH
th. &3, Bl BE FFAFANE Addstede O] BgRo Eastes
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>
S,
.
rﬂ
o
fJ
X
rOP
inj

X, V., S Q. S, X

= D0, ———3 (Settling Tank ) —»

Reactor

ﬁr Q, X, S

Qw, Xr

3% 4-53. U]AE S st ol Rl VSR TAY BAE

2712 vie) ol 4BY WSS cheat Yol vshd 4 Qo

V(dx/dt) = Y. (SCOD;-SCOD.)Q -KaXV-[X¢ Q¢ + Xe(Qe - Qs)]

V
dx/dt

TCOD;
SCOD;

= E7|R 13 (
= the]A] 2 %‘%‘“Ul 329 F44%, (ng/l/day)
B BEY RI1EYAE AT, (ngMLSS/mgH| AT COD)
= 99l4e £2872% % (ng/l)
=&Y &34 FI7lESE, (mg/l)
=Y+, (1/day)
=Hgu] BB YBZEAS, (day™)
7|2 BAMujBEEST  (mg MLSS/1)
=goseixe] Y& 5=, (mg MLSS/ L)
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olwf, BE&A W2 F3elol xddte] njdEY wE7t 43}
A FAHER dX/dt=022 g3 $EE F7= AY, VE Urd o2t 2

rk

2 g REY 4 Urt

Xe Qu + X(Qe - Ql) (SCOD: - SCODe) Q
Yt — Ka
XV XV

AFAZEL SRT =VX/ [ X% Q+X (& -Q)]E &2

185
V/QE FelYAAMFAIZ, TE o9 oS3 ¢ Ao AME 4 glrl

(X:Qr + Xe(Qi - Qw)) Ay
1/SRT = Y. {SCOD; - SCOD. ) 7 (X-T) - Ka

2 Aol e FENTY Lol FUFY AFEFET w2 M5 ¢8A
URFE AFstLA KU e Sher 52§ HE3l &eix] YA
Z(Y) 2 WBEFAS(KAE 28 4-548 2Pgsted 23tdn Y42 TCODE
ol g3ty 3 &A] FAAT R UAZFASE & 4-12¢] vehfdch
o]& &l s AP EFETL WA FAY R No. 1 ~ No. 3, ¢

40 IFEBETE HA §X|F 912 R No. 4 ~ No. 6, No. 7 ~ No, 928
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2|5}, 4H-gZE No. 4 ~ No. 6, No. 7 ~ No. 9= HU4e HF ISSHE
£ 188%mg/LE fx[3tdct. E 4-110] Q= SCODcr s=& Ao ciglsled
s2A] YAF(Y) Y JAZFASKA)E 3 & 4-130] Yehfigdch TSS &
27 W2 fUa7t Y AAarE 3ol AR uhg oA YoF KdZ2
Z}z} 0. 282mgMLVSS produced / mgSCODcr removed, 0.04day ' V}EFWEL, TSS
27t WEZE A FYEHI, FAIMEEES JAY 4R Y Kdgh
z}tz} 2.12mgMLVSS produced / mgSCODcr removed, 0.21day™, TSS % %E7} ®bg
Z2 A Y=L EHazpiigo] A Wbz vl kdg2 zZ
2.233mgMLVSS produced / mgSCODcr removed, 0.20day 'LIEIL} §¢l4¢8] 28E
27 2495 2 AAPEEE R S RN n|BE FEAFY
F7HES ¢ + Ak EY X 4-129] ARE R SR WP ES A
317] $1t dubA& Thealzt ol uehlodcth. ol Y4 1P Bo] gz

oM d¥-& 4dstsojx]a d¥&= &2 ARt M8t

-

_ _Yt*(SCODinf. — SCODeft.) , .
Px (g MLSS/d) = ~MT/SS/MLSS(L + k. 6 *9Q

(TSSinf. — TSSeff.) , Q
1+kg 6.

Yt = §& RIIEHE o] & ndEol 3 YA
(mgMLSS/mg A A COD)
kes = 1B B ZEAS(day™)
SCODin = 42 &&24 FI71E4 5% (ng/L)
SCODeff = %%—rA %z*e} 71545 =(ng/L)
TSSin = -F-44 %%E(mg/L)
TSSeff = 242 B35 = (mg/L)
A

.\_,
OB,OB*
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412 B gz
&3x] gaers vehld
1~15%8 52| xo]2 R, ubg
A UeldEd, ol&x] JELE® 20~28%2 xolE Hrh mE uwgx
No.7,8,90 & olEX BTt AZX 7t thh A Uelgon} xlol: 4% vj2] e

x}o]& Mt

g
th

y = 2230 - 02106

y =21185 - 0211

R = 09094
- 05 ¢
L y = 0282 — 0377
© —
. =3 = 7
E o . R =09397
S0 -04 -02 02 04 06 08 1 12

205 |

-1 b

EW
Tad

(SOODcrin-SCO0cref) X +RT) day -1

33 4-54. SCODer& 7]€£22 3 njAdE AL JEIEAS A4
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¥ 4-12. u]RE BgATLY WRIZEAS AR

Conditions

of reactors

Basis and Items

Nitrification
Inhibition,
Solids reduced
(=306 mg/1)

Nitrification
Inhibition,
Solids retained

(=1889 mg/1)

Nitrification
Solids retained
(1889 mg/1)

mg MLVSS produced
/mg influent TSS
{basis : SCODcr inf
- SCODcr eff)

0.669 mg MLVSS

0.778mg MLVSS

SCORer inf = SCO0Cr | v 0 282, Ka=0.04 | Y=2.12, ka=0.21 | 122

eff T T T Kd=0. 20

TCODer inf - TCODer Y=0.417,
Y=0.196, Kd=0.05 |Y=0.396, Kd=0.15

eff Kd=0.17

F 4-13. A YAl i3 AHA e} o &x] vl

Conditions

Nitrification

Nitrification

Nitrification

of reactors Inhibition, Inhibition, . .
Solids retained
Solids reduced | Solids retained (1889 mg/1)
m
Basis and Items (=306 mg/1) (=1889 mg/1) g
B2 7] No.1 |{No.2 [No.3 |No.4 |No.5|No.6 |No.7|No.8|No.9
A5 852 | 712 | 646 | 3664 | 2614 | 2020 | 2627 {1972 {1641
(mgMLSS/day)
A2
739 | 702 | 610 | 2863 | 2042 | 1670 {2720|2050 {1709
(mgMLSS/day)
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Tt - 2713 8E o8 AEHH AaAAed IrbgroN HY A
ZI2Hell ols) H&d S ol g3t AL HAs: MelFH syl 2
74 F3HA HFolrt. Ay HEE FohAH Lol A g ¥
HAdzd € o AAY HF SA2AL Fads - TIFF0 ALY
183 9 dao A& FA AAY 5 &

LARAE =&31=F it

BEHH daAA FHS A} guPes FEFHE oo 2
Aadst o Aol +EI] M AelAag o FAls - 3] A
el7t HEs] [ ojof girh TrE el ALt e elolo) sy ¢
Buold A4} AbEtEo] NO-NS} NO;-NO B M#Ech ol e AAsEL

N

K

ot el WERE S¥Eo] WA Uyl A E /Y
M4+ 2 7180 #7] BadoE ol8HAU HULEY ON ul7} we
BF ANZHE wehE, oehE, oMEN, §IAE 4 3 2L /7]

SUES B3sol ¥ "Wart rh ojwf WA WL o[ &3l /N vl
ojn] A7t £¥Elo] =&Y v} glon, dilHoT UL S RIIER AR
W Z ON W7} 2~3o]3Y uf €l Nbgol VA HHY ALAAR
&S ¥& 4 drla grh ojYolx Yo I L X AxBE LE4
A%%, 2%, pH, gl 5& g dteio} 3ict

Rl E& ol 83l UL AT Sl I THolM njEEe AWE,
27138 AME vl BEY A AJHHE ol 8T B ZUFHE ol IR
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2 FRS AL AS FAo AASe FFL2A Fabazel Mol W7
=37t H8H 7] wE2E FAE X Ao dM Faaz NFAZ
& =817 213 HEM HEeR YHLEE FYsidct. 2 F Faks
13RS AGHeE Asie Mo HURAHE T3 HEH HE A
AAZE Fada - T71F 00 A LAA HES 43Tt o] o,
gzl hggo] ulE A PRI A =&3iAch 2en, Fakk . 3]
FRolA 22" WU5ES HEsio] RUFY ON ¥] b wjE YA E

EAstoic

1t}

>

2. A8%A A ¥y

2 ATl AMgE A¥EAAE Tk - 37 FEer FAEFH] dedy
g2 AL B FET oflaUE Atgsiilct Fatize YA Sx9)
A AFAIZE dolRr] fls) R EH 5L AFH WERE AzEden

r 9
of»
flo
:(2
2
»
od
fep]
g
r o3
u
foi
IH
fujru
a
>
o
2
_{
P)
N
fau
z
of»
n
L.
s
N
jad
Il
Ju

-211~



£

i

2

3

32,

lo

g =
e

2 oo
X,

o

i

2

[+

] 5Le} 2Lel Eyjze}l HAMx|E BaffleB A

5E g ARl 2z W #¢, SUHES Idoh. =y YA}
s

o > 3 oo
2 & fo W
N R = SO

38
hni
L
2
L
L
=
&
=z
o
Ml
N
©
S
&
=]

o

"~
[
e
rl
e
12
o
-n
jidea
2

gt TGS FUT F UAL T FUHOE NN FEE £33}
g Eol ¥ NOa-No} AALKEE &SIt olep 2 HEA] A¥L
SCOD&} NO3-N2) %7} 2bz} 1832mg/L, 440mg/Le] 52 =jyl A] &b Scope}
NO3-N2] ‘% 7} Zhz} 678mg/L, 317mg/Lel AR 2 Liiro] Al¥siadrt.

7

o]

I8 4-55¢ A5 Pk - 3U13R Y HAEAAE veided, ¥
g RFEZ F thRUZE No. 18 AE 3709 Fata-To|ihgRoe| A
3mpo] 1 Zo]7} Sem?] HEE FoIsta ve AR S AHEstadch A
Z7)oll= gl Foi® RN 7|29 T-FesEE FF3A Hol &
e A& BAdsidn 8 29T 3 Hag st F8ol 1.5v9
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AF7F 225 stdct. ol Mgl RIupz} SFU Axpapyo] YA

& WVE Ut Mg Edo| JdFsiA MRS sl |z
Foiy HEe AZL 12A40E FV|2 AVt 2P F 414 T
A %71F3Y ALt AAE 9T A 2AE Yehlided 23R
F 30d F¢E FYUTY SCoDerv=ft TKNs=7F Z4zt B 830mg/L,
963ng/L2 FLElof C/NH[Z}F 0.9} WA RR|Eo] €A uhgo] ab 23
52| ofol M2 F 30U B FE ERE AHst ARAg Kol
sty A}l oluje] SCODcre] HFET 7t 1943mg/LE 2u] o]} F 7}l

C/NulE 2~322 {2l AES sysiant. AN w3z II|9g=

o2

ot
¥

23§ 7|£22 HRTE 1.5¢, SRTE 15UE 31Fst A3, v-§

BN

No. 2, No.3, No.4x= &3x]9] Hul48-8 100%, 200%, 3002 HHE F

2

Yol 3¢S Fristddch ER EER No. 12 R No. 28] tiRZoE
Ao A E YA S de F71EL W ALAA, d AAY 5 L

S Brlstaa systden, A PSS-S 10062 AT
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Anoxic

D : Diffuser T : Thermometer
S : Wastewater storage tank DC : DC adaptor
pH @ pH controller PH : pH sensor

BAR : Iron Bar (dia=3mm) R : Return line

1% 4-55. Fakk - 313 AEAA
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I SCODcrd] X7} 1832mg/L
A FU 678mg/LY FUFE Lro] HALEE ZHE)cL gASEE
SCODcrd] wX 7L AL g Ao gao] |k 7188t Nos-N
FEE FFs A=At 2P E $EI & FUFE olf3l YA
£ &3 Aol ‘ﬂ%&ﬂ &7] SCODcre] =71 1832mg/LY Z-¢&= A
HAIZ 162130 At F SC0Dcre] 5% Wt A9 Bolx] ¢lott) oluj
NOs-NE =2 HAMgE AR 1465mg2 ViEh} ©HALTE sld  0.0046
mgNO3-N removed/mgMLSS - hr2 Ul Bbgo 7] SCODerd] %7} 678mg/L
2 8lad W2 RFESEE Uehd §YFY B9 =Y A¥A 14
o] A%t ¥ SCODcre] sX% W7 Ao Holx| ¢botedl, ojul HA™ NO-N
o] 2 800mgl® EMUETLE (.0029mgN0s-N removed/mgMLSS - hr 2 LIE}YE
L 2718 ZA3E EdE KNG $E7F 1000mg/Luil ) FEHSI 2714
oA HAEL 80mold WMt s, FabARe] AlFARS
ErA<4 57l 0.0029mgN03-N removed/mgMLSS - hre] 729, 2.9U2] H&EA]7ho]
8753, 0.0046mg NO;-N removed/mgMLSS - hre] Z{LL= 1.8¥0] £3F
, oldell +¥H FEASHAFZN HY HIEIME o] &3 A
Wl AA Aol {4 TKN §3 F-3}ato] 0.726kgTKN/ m-day 2 -F¢)
¥ of, MLSSEE7} 8522mg/Le] ¥HS R} RAMELE 97%E mf$ HA UEeh} o
MLSSs5-& 8000mg/LE 7PEE ¥ ©USE I} 0.0029mgN0;-N removed/mghLSS -
hrduje] Fatze] AFAIZRE & 1,498 A4tslo] AA wbgRols olHr}
o 1sB=e] ARE £ 1.5¢& ABsdch =Y YALKEIL 0.0046
mgNO3-N removed/mgMLSS - hrojebd FAataze] AFA|zho] 0.9148 AHEF o]

nhgzel P17} 3B E LA™ FOT oatHrt ulzlA uwjdBo] A 7

3

:4

aul
2

sh] gt
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AR ol g et &4 R7EAY =7 YA Lxo d¥E njxER Y
A S55 PN AsiMEe Farazel R4 B 22 AR e
F7IEEE Foslo & Zeg uinty nind
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A9 4 g 2o Az

An)
H
(o
do
144
4>
2,
ojp
i
oX,

3000

L
[\
I3
S
S

2000 |

1500 }

1000 |

NO3-N & SCODcr Conc.(mg/L)

500

0 2 4 6 8 10 12 14 16 18 20 22 24

) Time(hours) .
—0— NO3-N(#2 7 &%) —O0— NO3-N(#1 7 )
—8—SCODcr(#2 S ) —e—SCODcr({#1 R %)

U f712d AARE
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£ 2A317] 28 2R No. 2, No. 3, No. doA= HES Zyjzo) &
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MSSEsEx HFAHSR 7b7} 5363mg/L, 6978mg/L, 6962mg/L, 6572mg/LE &%)
2131 o] w MLSS/MLVSS ul& oF 0.77~0.882 uElsic 3]z & oF 30
o ZFEH g2 U MSsSsErt 233 F7e Z8E HdEd ols N
87} 1U8l 2 foltadde] RF0 8 Qs BAAA R0 2050|312 ¢ AR
Slo] C/NBIE 30l 22 &oll]l ¢3] EE& FH3ld7] wiEolt}
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6408ng/LE mi-¢ EA FUsdrh WHE fE25e B ISR SR
upe} 2}z} 102.6mg/L, 186.3mg/L, 130.6mg/L, 125.5 mg/L2 HU+2] 5 ¥
3lo] Aglel dAsA FEE et A7 Aoy HEs Rt 42 o
Z WHgRY No. 18] Azl TSSe=7F 7H8 WA vehd 22 HEgZ No, 1
o] MLSS¥ =7t BF 5363mg/LE THE WeZol i3] siA SAHAR &=
Aol B3IV WlEL 2 Alg¥ch
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Time(day)
Y 4-58. St ZH wrgRel /&40 TSSHE Hy

13 4-59, O% 4-602 et 24 NrgRe §E79Y hkrsx
el 2 o8 TC0Dere] AL E &3 Al ¥ 30 582 fds BEs
S7F 2274mg/LE BpH Zo] tiA HA LElOL ER B9l Zo] H

= 800lmg/LE F7is|d R ¥3t HEEo] nfe IA Ueiktch ojdf EF ¥
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Y M9 TCODcre] BAFIHEL 1.52¢/L - dayoldl, E 5 F9 TCODer
2l E3F31&2 5.3328 ¢ A FrhEch Wb SCODcre] A9 =8
£ e YIEHETl 830mg/LE TODers5 ] 3%P TS xx|stdol} B2
£ ¥o HE: 13070g/L, TCODcr & thy] I13%PEE oj= =Xl cOD &
Y EAY dF 2ol &&d defolr] Euke 1 EY Mel2A Easts A
22 Jehdon, {44 TCODer FE9 SCODer HE& ¢ vld AAES
Bolxle ¢ttt Wil f&49 HF TCODere EE FUA - Fof ATglo]
S No.l, No.2, No.3, No.4oflA ztzt 350mg/L, 460mg/L, 344mg/L,
3l5mg/LE vl ¢tFAog {FEHEHUD oo WE AH FEL ZzZt 92%,
90%, 93%, 93%S Liehiiglch. I 7t iigx 349 F2 SDery 2t 2

(o]

iad

2} 264mg/L, 309mg/L, 241mg/L, 235mg/LE AA HLS ztzt 79%, 76%, 8l%,
A2 Fol HEols 273 FESY

8242 LIEIICE oldHYE  AE 9
22 HRTE 1.5¢4E Z4A #FA517] wj&Le

CODcrs =7t ABA o2 Ueld
2 AZ¥EHch I% 4-612 Fataz
2] SCODcrd] 5% WHE epd 2
of WE K&+ vx HHI} oyt &4 308 FHoll fYgol ERS
F71sle] felg 4 HE7 B3 olF L] WMEgo] WA FAIH gz
o] f&golAd tld W& SC0DcrsEE Bl 13 4-62% TCODere] £33
stgoll mE TCODerd] AAXEES Uehlded v&x 3717 St TC0DY
S P& HHELS E&o] BUNY] Ao 118 ~ 2.32g/L - dayE ]
3 AHEA fuEolFerl EE Y Fole 2.98 ~ 6.64g/L - dayE
T 7Y FEch i E YA FYEH AR TC0erd] MAZLLL A ¥
FEHA AHelse Aoz el
ofzf E 4-15&= Aol E&o] AR 42 F9o Efol FoiH A

AL T FAa - 5] o AAAE Ueld Zlog 1599 SRT ¢

ok

tN
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Fataol 3712 wbgZR ZhzbolAe] HRTZE 1.5¢ 8 £AH ¥Eg 2 No. 49
M F718d 9 TSS9 AA &gl 7M wA LiehdS o 4 Ut ojuf TSS
g AHA &S HES FYT NI RoA Hr} FBo] FoiFx ¢t iz
REgZ No. 1oflA ozt A uetytch
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TCODcr Removal eff. (%)
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H 4-15. F4t4 - 371239 /712 AHA E&

iez Wez FET
3z e
g Eanz No. 1 . No. 2 No, 3 No. 4
TSS (mg/L) 3793 102.6 186.27 130.47 122.5
A BL(%) {97.3) {95.1) {96.6) (96.8)
TCODcr (mg/L) 28 350 460 344 315
HA B&(%) (92.4) (50) (92.6) (93.2)
SCODer (mg/L) 1307 264 309 241 235
A BS(%) (79.8) (76.3) (81.5) {82.0)
TCODmn {mg/L) 853 119 152 104 95
A B&(%) (86.1) (82.2) (87.8) (88.9)
SCODmn {mg/L) 261 88 114 71 68
AA HE(%) (66.3) (56.3) (72.8) (74)
TBODs {mg/L) 435 82 76 118 81
A E&(%) {(81.2) (82.5) (72.6) (81.4)
SBODs (mg/L) 146 28 16 21 9
A HB(%) (80, 8) (89) (85.6) {93.8)

Fata - B71F ol Hel AZEsiol o AL AARES
218 ¥E-&XZ No. 2, No. 3, No. 4olrli= E7|zo] HES Fosida WHEx
No. 12 tiz RIGREAN E7|Ro] HEE T3] oirh =g ks
& Mol wE AL AARES ZEH7] A 4§ ZE No. 1, No. 2, No.
3

, No. 4o]A{e] vi¥ur48- zHzb 100%, 100%, 200%, 300%% Fx|slgdch &

R

AR F 3004 B2 FUS2] SCODer3t TKN2] HF HE7F 72} 830mg/L
o} 963mg/LE VIERLL C/N v]7F oF 09Ul 2 fdEoint. guidoeg HES
H AR RUEL sx FAazo fYEE dabd dao wlof
3 AZEEd, $&2 A 2719 Y+ vz} ok

0
ol dUHo] o]Foix|a] R Zoz AtgHrh ulepA

=

n
2
ok
]
£
12
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1,
r!!.

~224 -



A §A whgo] A APHTE 3ty g - A F o 30d B Y
& Yol Fostden O Az 71E8] Y SC0Ds=Q 830mg/Lo
B 1943ng/LE oA C/NH| 7} 2~3uj & S-S Lct.

JY4-632 7} b2 s &Y TiNs: HIE Uepd Aoz
SAxT] fU52 TKNSTE o 1054 ng/Lo]d ot S840 TKN $=7 &
A vehd A2 njdEY &80 8] o[ Folx|A] ol Astsut-go] &A
3] o] Fo{x]x] ¢lgly] wjEolgl oL} 154 o] FHE|L: Atz whgo] F4HH S
2 Aol {F&2rY TKNsZ7P Z4AFEUALh fFdgdd =& ¥
SCODcre] HIFEEE 1943pg/LE  AtS3le]  SCODcre] £AXsI7F 1.295
kgSCODer/nf - day® EE-2% HHBCl o 2,348 = Z7lEjdon} TKNe]
T 55 o 823mg/LE ZtA3tLch ojme] AAI|Z Ft 7 g2 H F
249 TKN B35 5L 22} 30.8mg/L, 93.4wg/L, 44.3mg/L, 41.2mg/LEA] =)
AREEL 96.5%, 89.7%, 95.1% 95 4%% Lielyton uffutg-go] TKNS| A
AZE o= G WHEFHA| et xF, HEE FUY gz A
& o} g Z BT TKN AHA Ego] Azt WA Lehd 22 ¥
1 * HGRoM §EF TSS It F7tE0] A4t njdEo] F&
] H222 ARl EES FY F /FE27Y KN 3271 71
TCOD/NS] u|7} AA F7tElo]l F5HFduldEo]l A4tst nFERE 3
of wte} A4tst Wkgo] Y oz Tt
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Swine w astes added
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200 F

Time{day)
—— 7o —o—#1 REF —O—#2 RES
—&—#3 RES —— #4 FET

&gl A
e&ak?l ges AlmdEch 2P EEE FYUs A Z rgRAY
NO;-N HF% 57} 622mg/L, 615wg/L, 686mg/L, 617mg/LE uj$ A F25HA
=l ol C/N H]7} Yol & ubgo] Ao A=A odety] wiFolch
ol& A3ty gl LAAIR ¥ 0dZFEH ERE Kol FUst CN
HlE 2.45U19]2 FIRA st en ojd whel RE4 NO-N BIEE
= 2}Z} 496mg/L, 247mg/L, 414mg/L, 364mg/L2 LIElL} & ulgo] 2L
o 4 9ldch

T§4-65% 7} whgzoA Y] AAEEE Uehd Aoz zizte] ubgRofA
o] B HAHES 747h 93%, 88%, 95%, 92%F Llejult) I3og Ry EX
o] Fod ZJlo] RE whgRol ZAA AtzHgo] A3lE= dato] UElitE
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$Z U
Au B7 HEist 23 BEes A}
Ashgo] 7 BEHEROE U}
st ol W NEEol 271Ho2 Qs Bolok AU 4718 B T
527 P45y o ArWt) 2y EXEUeE ) A4tEgol
ZAH of¥ Mg U uSY WA W] tjgt &80 AMHoE AR
WA AN g Bl &% AME A LN AP Uehigct

NO3-N Conc.(mg/L)

Time(day)
—o— Fe ——#1 &5 —O0—#2 &%
——#3 REF _ TO—#4 REF o o

I8 4-64. wUT A4 WEE 2T NN = HI
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Y 4-65, 7} wr-gRo] Aty Wiz}

T3 4-662 WAkst wbgo] 713 & Uojyd WLZ No.20]A 9] TKN SQH
ol whE AAE S uUehiglsdl, TKN 23lao] 271Y42 gy g
LSS B AAHEL gIKNFo] FIlElE Roz ueldth TKN Es}eto)
3.83gTKN/day duf TKNS] AAHs}-E-2 0.191gTKN/gMLSS - day & mj¢ &A Uie}
et ole U7t udBol 3] 23 /5P {712A0] trRola §
H7 Bl 3 ylo} F&oiu]BERC} Asts) njAEo] LAFE S

C/N
WEL R AL olo] wWE TKN FY stz watshgate] A
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3 z =00791x - 0.1291
&= 005 R2 = 07619
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TKN loading (g TKN / m*-day)

% 4-66. WEE TKN Folgof wlE HAatds

I3 4-672 HEE FAstA 42 MR UFIEES 10052 A &3
tztg 2} eSS FYUStE URUEESE 772 100%, 200%, 300% g3t
TS 3708 g2 fE&Folde] ™N s=¥HsE vehd Zolch, A3 ¥
304712 8942 SCODers =t TKNSE7F  7}21830mg/L,  963mg/LE
SCODcr/TKNB] 7} 0.9 B2 YA Yol izt F&5Y INeEE 2 &
Ao wiel Ztzb 760mg/L, 749mg/L, 753wmg/L, 748mg/LE TN M AR Lol RE
HEEZ oA 25% Wije] i WA Ueld-g & 4 Qo) mheid 23 A3 30
d ZAFEHE U7 G718 BEE A A & F7MIAI 4
gt oz EFE Fostded, olmf SCODers =9t TKNsS=7F 242}

823mg/LE SCODcr/TKNB] S 2.4l 2 HAEo 2N F&F9Y &
7t v+ Mo uhel 2tzt 481mg/L, 362mg/L, 422mg/L, 320mg/LE LIEIL}

= FUUED W HAAZEO] A RN HF 2% = FoHe AL
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2 yejgton, ™W AHAREES 2 659712 vl A €& 5 ddch =
T F ARl A 2 gz N FIAAESS A7 34.3%, 34.8%,
33, 37.7%2 WA Uepeny, HES Foisir U2 tizubgRel Fo4¥
Y] wbgz 2t A AARELS Ichr| 2 zlolE uehiA]l kel U
Fubg-&o] 242} 100%, 200%, 300%2 HEH =R

g g No. 47} ThE WG Fol vlsh ozt
uiglch Jeu i tEES F7IA A2AAES AIE BLL oY
2l &6lE F7HAA EABNE FIMIIRE AAAALES

o8 Ag3trlols Fevt dleslet AtHr} ulely £ AP HEE
TS 300%= YOo= HAFHo 24 H MAXEFUENAM AlH, AFHolo}

Hict.
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% 4-683} 4-69+= TCODcr/TKNZ} SCODcr/TKNH]of] ml2 @82 vlehel
€, o/N7E SIS TN AALLS Foistach ©d Z3E Eolv] 913}
o EEE Fo31%S o TCODcr/TKNYIZ} #31 13.82 LIEMYIR| 7Y SCODer/TKN
HlE 2,12 YA Uebda, olufe] TN AA&& 52%0]dth ol §U42 &
7188 F A R7IEAC] thFEE XAsl njAdBo] s}
&4 F7I84 L vi§ Aok g Yuict. E3 YAy /AU1ELLS 3
ZojX F5H5EY uBEo] SHE A} WSS I = A3
§ 2 3o ON BlE &017] $i5lod A28 ERE Rl A2
FAHUR Aoz ARHrl weid EEE YRetadogA o &staE 4
7| Erhs UEAFHEE EUSH o83 o] ANHY Zow i}

olo

nt

E 4-162 AT 5 A4 AHA oy AYE ZAAE vl A #
Z1 T-NeZ& Ztzie] uhgxolA 594 mg/L, 590 mg/L, 606 mg/L, 563
mg/LE LIER} T-No] AARELS 247} 34%, 34%, 33%, 38%& Byon &z
Wrg-8o] 30052 FAH 2SR No. 4= TIE WIS Zo] w3 97 Lo ©A
FE&S UERRACh olAF 7} HhER nich 30wi2]Y] HAELES Ho|i U
RE & kg Hay oN bt Ay 22 3ojdETt W 20]5tE §¢

7 2o wwtdch 53] 374 2ol fYEE #718 &3 Ry

e

£ 0.871kgTCODcr/m’, day 24 1% &orx|at §¢14=2] SCODcr/TCODcry}7} @k

0.2424 Fdol EPH F71E0] th¥-& U2 R71EUS o 4 AAch

i)

o]
g9
3 S TKN 35518k (kgTKN/m'day) 5 0.6022 4 the] TKN £333}

\)
v

2 o} 3% SCODcr A 23}aF (kg SCODer/nm’ - day / kg TKN/m° - day)&=
o 1.68F LIEluICE ojnf RE wigRojA AT S o 88%~96% L] E2

A A=Ak
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TN Removal eff. (%)
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X 4-16. Fata - 37124 ALHA B8

WeE |, EE frEe
FA S (ng/ e :

© No. 1 No.2 No. 3 No. 4
SCODcrs- 5. (mg/L) 1307 264 309 241 235

HAAEE (%) (54.6) (76.3) (81.5) | (82.0)
#7188 &3 F3}

(B7]84-g2) - 0.871

(kgSCOD/m’ - d)

TKNs = (mg/L) 904 30.8 103.6 44.3 65. 4

AR E(%) (96.6) (88.5) | (95.1) | (92.8)

4 §HF3}

- 0.602
(kg TKN/m® - d)
NHy~N% % (mg/L) 7496 59.3 102 38 41.3
HAZE(%) ) (92.1) (86.4) (94.9) (94.5)
NOz-N%s % (mg/L) 0.096 | 1.523 47. 46 6.30 1.70
NO3-N % (mg/L) 0.69 562 439 556 496
NS % (mg/L) 9048 594, 3 590. 1 638.3 563. 1
HAZEE(%) ) (34.3) (34,8) (33.0) (37.8)

gl A AARE
T A¥oMe BEHY " AA ALAPXNE o] &3t TR0
FAE o2 FH Med Fdo o3 A& Falol AAstA slgict, o
I 3 sx H3E Uehd 2o oz W) EL 5931

%
-
3
flo
rm
oo
N

-

A 42 M 27lee gz W 2 BRIt ol Ygtoy dEol RgH ¥

e ad

B A7 B¢ A 2= o 100-700 mg/LUi B Ex)§sgct 37

™

.‘%
3 HES FUY 0UATH 27l 1.5VE AYdS AZ%e] ¥ Hassr 7
A

St thA] VE St dstach oluf Rl eg & wige {3}
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7] $iste] Fiazold §E442] s HU¥ WA fR]Eojo} ¥t ®
M2 Hdol Faaz o Ealshkes n]PY §E4] ¥ IS B
Fded Faez U Exfste A3 geld] AHUES 9 el A
2] @BE nAA] ot FAIBlE FYY Ao wciHch

80
m L
—~ B0}
=
[o:]
£ OF
2 400}
[e3
o
P A0r
. a0 |
100}
[—»—%ig_h—s—#&g*——a—#sa&.
0 i
K4 35 40 45 50 % &0

Time{day)
Iy 4-70. Z} 3713 ¥RERE T-Fe Xy

I 471 Badazel FUNbg2R Rt &Y TP 55 HEE
LViEpd Rl H-go] Foixa] dn 2AHAUE FE

£ 152mg/LolT RESY BEE &R A2 27} 108wg/L, 84mg/L,
95mg/L, 96mg/LE HET TP =7 uf
F o 2947 FY RS E No 1& A
& Foiste] A& ARSI EY AdlE HE Fo AAFE fHE P
TR F43 Zaste A& RAFa rh ol R AR TP F

F



Fe=t 22t 74og/L, 7.6mg/L, 8.6mg/L, 6.3mg/LE ¥EER No. 18 #|&J3
BE g2olA mi¢ U2 R34 T-P 52& B 52 AAZES 2yt
olx Aol A7l E3lof s M&H i g3 Py o FHYUEl AA
7] wigolrh. TRt kol whE T-P AA &&2] ol ujustgch.

300

lon bar placed

o

TP Conc.(mg/L}
o
<

100 }

50

Time{day)

——RUS —O0—#1 $ES —DO—4#2 955 —a—#3 FES —O—#4 %é?]

O 4-71, FYeet 7t urgRel T-P W)

3% 4-725 Fiazold UE" PO-PY X H3E ehd o HE
U ¥ §940 PO-P BFEEE 53.5mg/LE HA] HBo] Roxle] g3
F&25 PO-PEISEE 7242t 1.1mg/L, 3.2mg/L, 3.20g/LE U}

Eht W =& vehlded ole &84 d HEo H&¥ A 43w
3t B2 9 $AALo] s B AARS wEe® ARHoh ®3 R
Zolde Uzt qlol 71E3E ez A PO4-P SETt FUIEC] Ao
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. FUeet 7 RS E fEe] POCP BT W

E 4-17& &4 44371338 AE daE vehd ol vz
H sEc FEol FAHA U2 cfRUEE No. 1€ HJFT WEEZE No. 2,
276 mg/L, 353 mg/L, 286 mg/LLUjf]® &x|3ldd &

T8 =& BE &R 15 mg/l o]3tE UElyth T-Pexe] Z¢ F4
9] BAEE7 193meg/LE A FUHAAY &4 EF TP &
€& No. 2, No. 3, No. 40l 2F 9 mg/L o]3l2 F&Eo0] 95% o]4te] &

AAZER Jelsten gelx] dbggo] T-P AARS vl 4F2 %

ki
rr
Z

2] oigtrh. whdHol R ®EZZ No. 12 74 mg/LE f&Ho] 6252 AR
&L Leh B8-S FAY g2 vs] W& AA EEE Bt PO,-P
A AARE 9] AN g ZE HIgRoA 94% o] T UEeigta
2 3g2E 4.7%2 i A RStA uUelulch dj2-gRe] ZH¢ P0-PY
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AAZEo] uls] TP AAZLEO] EA UEhdd & PO,-P/T-Pu]7} 0.28% ©

BEe) qlo] YE YA} ol BT} FaiA ol THH AW ez
ghogic),
2177 B¢ V2 vold ¥ 527 dFsiA fAHATL SHEHD

Aol A3l H2se dd d HEZ2 USRolA A d2A] AAHE
AP TUSIER ol Al o8l mg A AAY B 27HE mg AHE
P& Adsidh. &R Ao uwiel HE&FE T-Fe¥2 77 262.7m,
266.9mg, 266.0ngolG=ti olu] AAHE T-ParS 7zt 617.33ng, 613.65ng,

614.08mg= VIERL} ©H9] wgT-P AA 7 HEHE T-Fedd W2 Atz

Flo

2tz} 0.42mgT-Fe released/mgT-P removed, O0.43wgT-Fe released / mgT-P
removed, 0.43mgT-Fe released/mgT-P removed® LU}E}WITE 22|32 dd A|A
E+& PO-PRFE WEZ SAUIR 174.5mg, 167.5mg, 167.51g2 % T+¢] mgP0,-P
HAA ¢ MEYHE dgre Ztz} 1.50mgT-Fe released/ mgP0s-P removed |,
1.59mgT-Fe released/mgP0s4-P removed, 1.59mgT-Fe released/mgP0s-P removed®
LERStTh St AR HEAUEGR] He] AIIZME &3}
PO-PY X7t lng/L2 ZAAZL 9 Tl mgPO-P AAY &1EHE He @
< oF 2.50g2 & VeIt oU d4A N2 E Y B¢ <4 ngP0P AR
275 MY ¢ 1.5mgo = etk oA 2FFe HIol HA Ueht
£ olft R7IEHe] n|dE Y3 F3EHAR JlEt 3 FAY £+ e ol
24 EAE0l vlYEYN FHAARAUY dELE AlrHrt
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AAZLEo vl3}] TP AARZo] A UEIKE R PO-P/T-PH|7} 0.288 ]
2] dol 2P E 4A ol ZyEo] &aixl v 23=o Add ez
et

T e

o

)

o

.

AT TR SR Uelld E sx7t d3sHA fAEgdcla st
Rl o3 HaEHe d¥ 3 HEgS SR &8A] d&A AAHE
P TUIRZ olF HLtq el mg U AAY ¥ £7HE g HHS
F& AAtstolch Wz ¢Mo uiel MEEHE T-Fedd zZtzt 262. Tug,
266.9mg, 266.0mgelolet] olul HAHE T-PL-E 22t 617.33mg, 613.65g,
614.08ng = UIEN} TH9] mgT-P AHA T HEHE T-Feihd WX AR
22} 0.42pgT-Fe released/mgT-P removed, 0.43mgT-Fe released / mgl-P
removed, 0.43mgT-Fe released/mgT-P removed® LUIElyith 2] dd AA
&= PO-PES HHE R $AChE 174.5mg, 167.5mg, 167.5mg0 S| mgPO,-P
AA @ MEEE H3¥2 22} 1.500gT-Fe released/ mgP04-P removed |,
1.59mgT-Fe released/mgP04-P removed, 1.59%mgT-Fe released/mgP04-P removed®
UElkith Zatsiso] de] WIIEE H§3lod PO-PY ¥E7t lng/lE A
AN % <9l ngPO-P AAT 273 B L o 2.5g2 8 Yelyic) &
&A Mg E LAY FL U9l ngPO-P AAY 27EHE Ho 42 1.5mg2
velytch ol A eFEE Aol AA uehls olfE #UEAo] ngE
o3 LEAR JJEl A} FHY 4 e o244 EAEC] njAE FHAA
Helvl ez Als¥ch
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WSz K34
BMEE | RU4
M3 (ng/1) No. 1 No. 2 No.3 No. 4
T-P {mg/L) 193 74 7.6 8.72 8.59
AAFS(%) (62) (96) {95.5) {95.5)
PO4-P (mg/L) 51 1.1 3.2 3.2
53.5
A AZLE(%) 4.7 98 94 94
¥l-2 2 T-Fe (mg/L) 18.5 563.0 572.0 570.0
A2l4 T-Fe (mg/L) 1 15 15 8
ngT-Fe released/
ugT-P removed ] - 0.42 0.43 0.43
mgT-Fe released/
mgPO4_P removed - 1.59 1.59 1.59

* AeFY ¥ 234+
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A543 383 &

L S F2 kx| @38 Ay YEstd 4 By o si¢
NS AL AT Zae Fu SUFEE 498 S o
& Axsh FAE, @2, ¢ ¥ 15 FFo) whel Favs o
U FEHEIL AY ReE vriynh s, ¢F, AxH $XY Fih
+ FEAABY FUF 44E BHY Z3 ON vl HEZo] A1 ph: 9
WeE s uelkdch 53], € 2 N: Pyt uA sEEEE oQES ol
¢ dAZ M= F71E8H BFol 24" Zog g

2. 8o AIEME ol &Y JAA THA &P Ay, HB9 Holg}
A=x7t d Had oXe S8 S337] I 832 38 Agxy 28
o] Zo], dExvt F/HESE A ME¥Ye] F/EE 4+ ddch Feug
2t HEHol(RHA)of uhE HHEHEAL Y(HMEY, mg/hr) = 4. 7Volts X
37.2Area - 114.52 eyl

eSS 19, 28}, 3uf MY [A4o PO-P =7t 747} 105, Teg/L,
50, 2mg/L, 35.3mg/LE SUAE Foisto] HaH PO-P HEE | ng/LE THE
AF171 fl8lA SAAE ol &3t B el mg A AAY -SHA
5.84ug, 6.0dwg, 4.78m 2% UlEh} FF A TS 5 mg o4
sfof & Zleg uteiey LejAPdPE of 30 sgeE ulelidth L) A
o] A7) 23ME ol &t FPe 8 wg A AAY 2.5 ngd] HPo] 215
3 Al YAFS 25 gl E UERY A& AAS] s d AsEsrt

SHAE ol &sl= F-FHch LA YU 2 el

rir
N
N

o
4
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3.

i

dedA] wgxol HBE Foidle] H wie] RWAY o Hslate
e d AAZEE HIR A3, HIY Zost A4 1 em, 3 em, 5wl B

S T-P AIARELS 247 65%, 75%, 85%F LIERWIT} PO-P2] ZALolx o4
B 7ololl utet z+zt 70%, 80% 90%2 L}eluith. olmd ©re] mg AAAT A
2Y HY %49 ul7l T-PY ZA$E 0.42(ngT-Fe released/mgT-P removed -

=

day), P0s-P2] 7-%- 0.58(T-Fe released/mg P0s-P removed - day)E LIE}YICE,
e A7 A8 #P&eix] UIREY A v=& Mol w
et Bt 153mgl, 194mg/L, 265mg/LE RAIE I, olum] o] Eof 23t Aats}
32 95%0] 8 I¥E] A& Hel sxoA Ay yhgof ojxj= F¥
BEHA dorhk FUFY FE TKN 5= 1089mg/Lo| 2 om HRTE} SRTE

o

rlo

7z} 1.54, 204E fA|Eodch FF TKN 28317} 0.725kgTKN/ it - day &
ArzlE s = HF 0, 13mgTKN/mgMLSS - dayo] Rl

HBo] T g2 8940 SCOher BF BEE 467ng/LE AAZE
zkz} 62%, 56%, 64%% UIElWITH olw] thE whg oA 46%2] SCODcr A
ARZEE Ueht H&d HEol &R 4T {IEH A Ao A
FHE olAA] g3 23]y MHRES FIMIIE BHUS 24k E2Y, F
£ HEZol7t F7iEe]l &Yl FNHSE LA ARAES Y=
R

o2 vetsten Myt Zastke 302 Liepkich

oo

flo

4. 7ol I LAY E $=7 306 mg/ld FUH REEREQ TCODerd

A 2ge BE NgZol 48T SRTo| Aol o 7% Uehdch =,

do
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£y
td
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ki
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rx

27 AA" whERo = o 86%Y] TCODerd] MAEZS Rox AAatsst

Y UIFZENAHE & 89%E UEhlo] A& SRT7F /718 A ARE 1|
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e 482 BAFHA ot 2 SBDY AeE §U4 423} SRTo
BAGle] BE S RA 95% olAte] AARES Uehiich

TKN B2} 866mg/Lolsl TCODcre] HA%%7t 2631mg/Lel FU47}
A" BE BAPEHA] HgZA HRTE 1.5¢, SRTV} 10040 &4
§F 90%o]ite] AMIE S EE& 5 ANArh ojufe] HF MSSEHEEZE
4400mg/Lo] QA Tk,

U] Y E w27 W2 AT 4AH SR E ujd B ot
&2 YEAS, Yt7} 0.282 mg MLVSS/mgSCODer - day, ul3Eel URZFA
%, Kdi 0.04 day'® Ueludch E3, 1% E =7 A #x" g2F
Atz JAH A YtI} 2,12 mg MLVSS/mgSCODcr + day ' & Kd&= 0.21 day’
2 Vel Atz A8 A= Yeob 2.233 mg MLVSS/mgSCODer - day &
Kdi 0.20 day'2 el fd59] a3y E s5of Pk wgo] njdEe] 4
Aol UL nAEe AL

2 T
ol Fld=7t 2 A& ¢ F At AIH gA] UAY AFAE o &

5. &4 FitazeAd €l 4£5E X27] SCOhrsTrt 1832 ng/LE A
A" ZALE= 0.0046 NO3-N mg removed/mg MLSS - hr 2 UE(D Z7)
SCODer X7} 678 mg/LE ¥l uA SX¥ ZHLE 0.0029 NO:-N mg

71 R71EA o 4%

P

removed/hr & UEN} ©A4T = 20T

fijo
{3

LIeRytc),

bid

FU2] N 87 0.9 E fAE Fibs - FI] AN FoNbgR L
tf ¥] HRT7} 1.5¢, SRTE 20¢ [|AIstHA] LfFur482S 100% 200% 300%%
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o

AY 7 wgRolM Aazhihge RE G RolAM 94wold Hyxigon
SCODerd] AAXZEL 2z} 76.3%, 81.5%, 82%F LUlElytor} ©€AFSLS
34.8%, 33%, 37.8%2 AZslAch WHiEE Frloutel f71E AALE 9
YR EE 7 nujRR o ety

Hyo] i WHEREoM o 96%0] Y T-P AARELS & + AL
W olu] w4l mg T-P HATZ oF B 0.420g8] Ho] £R=HE= Ho=
ct.

Fata - B71 3300 U4 CANZE BF 0.92 /AR B 344 A
Agol 25%0|3tE i Mzt out RUfol EL S FUstA KU Oy
7} 2,492 FIlste] SAEHRA AL AARELS BE WHERoAM B 47%
2 37tEe 3ol uietkdch oluf wggo ulE FAAMAREY Aole H
2] dotrt ey fYUe 2P EAY FIIE AL wigo] oA 4
oy Aatziurgo] 85%2 7AUS Uehldch HAREE F7HA917] S
FNEATES 42 F71EBZEH: §&4 R7IEEAE o]FojAo} &
o 4 ok 23y 2eE APEA FdoE P R71EH AARE
2 AF3A 90%o]d AAEHAL, T-PY HAAEE 94%0]tE 2& 4 AUA
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A4 -0 AAHSHNE (2R

£ A7 BEL A AVENE ol &Y Fu4Y AL - A AA F
BMLE Ao ALPELS 7R AN AX FAtL RN
ghalute2loto sl ©AAA HAARDN A RrjRo| HXH HztoA A7
TP o2 MEH Hol2EHY Eo] g3l ¥EW FupEEa 1gs}
of BPEHAUERAN R5FU A At &AEEY FEel2
nAR N JojoLisl Al AARCE 1xARME BEHAY, L A
o, sle] AzzHol Mol Aol & Mo nxE F¥ B
AAAZIZ W AAHAE AT 3 AMEPE zAlsldch 2¥, HE&Y A
dol Aitzpeigiejote] A I /I W JAALEA vixes IS
BAsted AAENESS 93] f1EE HFLAUAANFA LY o] FEAFA
& =23 o g 2o AAAE Sls) L3EHE BHELS A
Alstedet. 3 FeANFA 2 o] GEAFA L] e {IIEAAA W
AN HAZAE EOl2 BAL-FI7]|2H L A8l A2 g T4
HAS7] T AVHAAJIAE F FYUF CONE| & kg Fo] ALAARS
o Blxle | EA5l7] g8 2xd=7ix] ARE A& FBsAch

2apd = ol M
AA BAATARENES AA, AT, £ S $ystdch 12d o]
HNe BEYE gAY £ET RIELS BE) SIsiA FAlolA Ew)
2 #g5a & dEAA BEE KU1 EAUSES ST eyt
4902 ojgstgon 2apdEolq o

A &, IPEEE, i 55 HIAA JHEHA HIENUERE 2

1Az s 23H FAL-373FE A&HF o A3
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GC)E ol &3t BFEHstaich

(2) R7IAFULE QAZE C/NY] Wslo]] ulE HAUFTE

EE& HEAA 84 ARt BEHY YEIESE =&
8171 f13hAM R71Ab E& AL EAA BEAD F7INeE HEN |
AAEE £Ustadch ol A EEMEY +F2AL 2=, o, UIE
n3EEE 4 RIINEREE 7IELE 7 2o o8 dAREE =&3hl
th ol FAlo]l FALTIZHE
F7IMPERER S BYste] 4 ON vleh UEREEE Hile] niE ¥lR

&S 24 A $A2AE =&t

r&ﬁ
do
N
r)«
it
o
o
e

(3) HYRZA=EALNE AT AAE Y W U
C AYAFRS IAEE d74Y A4S EUE 2apdEd: ¥ mdR
ZWES dxste A4, W §7EAS ARYOE AN 23 A
SAZAS 22Tl ot 1aAldEo] $8Y APYAFR wex 872
2 29 MAZAS EUE % BUREVES 4A - AF, sl 1
Aol =29 HAZAEY A3 Fyzo] AYY My LA=2AL =
#517] slsiMch @3 HBAREAES MA - AT YA pARSNEIL
Bold Aut 3g Ayshsd AUy Aol zusgdch HIRZWEIL
MAH A GHAQA 3R, A/TT U FFALS 3V fol
gt gixjolo} 3l £UZTU At LAVAALLIL Hejstn AUk 5
uhe AbERER AzAd dol dAstdch @ MUARTAEZ I8l
A A QAN Az, AFHAL QR AFAL AZFA T e
2al, 7 Doy dxziies Aystdoo YE F o 1Y AW

A A&A Aol 27dL B4 U 2 FUT ¥ 7YY AL £
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Astadch

(4) FAXSUEM FUF B2l ©E HF {7184 A g
Ea};g_ﬁ k2] H A—l

S530Re FUdLSES 1AdE £38E £ U fdsY e
38E vehiglen 2zt FapolA wjEHEE vt FAZ B AR A
2 AFZE A KUERA] 43 A ZAelA aied s 3HRE AA
YA o2 EFS HAAMA AAYL ¥ AAE T3 A2 fYdHct w
2hx 2t FAte] FHRolMs AP =Ll VFINELEUE 2lE] Fd
7] diEel 13d=o] +3" Fivleed t}E GAE Rolx 9lddch ofd]
AREAE B3l el AFAIR w2 Habzphibg 9 2R LS E4
st} ERE Sel3 A FAIZE HEe] nhE RIIEAARS S Bt

(5) BfUAREUENN HAEPo] w}E A ALY p]FEREE B4
HARERESL] A3 A= 7€ A AH8E vFH A/
Adaptore} TIEA A, Azd F7I2MLAR2 AFALL AUASe] 2F B
UER s Fajol dRel Zele A 0 ~ 50v7kx], AFe 0~20A714]
2Hs 23 JHestA ste] Mo W AFHE ] oiE NS e A #
AEE sigrt. Erlzel Fd HEo vEAAHLS dApd=e =2d S
2gstolont dpiddol 1ahd e} old E3t ohvel Y 2P¥ESETL
oi-$ ol The] X7l HAH H3te] A FEEI APAUN 42 2
et thE PE Hof Hbe] HEEE Ad} dxte #PserY F&d
A ol dute) RFE 2AYSEAM HMEEEE FYsRch 221 FNES
Edsel] mE JAARLES ZAIGon dY S dAATY W2 &

Asolol & HPE A MAXZVEX] HistA =&31=F sdrh
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53 dahdEe] FAEes dFd AN E&ZS WA A3 AAZ
Brke HHESEE A MAM3] S7A HFYFFE RS AR
S HLAA {25 ¥ Ee=0 UY He=e S¥E AL ¥
W, Hxte] A& AdHe] wiE nAERLEE 2AIHE 1A A
AREE A4S A A3 E8(00R)S S3stden, Adat AR
3}E FlA datspuieelofe] iyt 3} ] FERE= v VS F
NEAARTE AAREE WA v|aL - FIstdch

(6) Hol &gzt Aty A£47|HE 3] 2 2PES
AYVUARENE AYoAE 1A E Kt AAUo] 27| wfol He
A1 2sholl wlE o] M&27|7te] dXo] FoiErt Fo3ich olx Hute
A28l APer olsf dyEs Mo dages Hute] 2 E A
7t FAEHA] dste ol ole ArEbdeizt zH Rt A Anict del AU e
N a4xE UFIA /FAAIE Jleol L7™ch whelrd Hzte] 3iglo)
Adghgol whel MAM3] HeAlA 4R Ante] +dAHE fFASl 2E A
HYENE RAEF sh719l3] Hibg E7|2 Adctel 1A FA B3P = el

HArbeI A ARg3to AR H4azTh

1P E AgAolM 338 date] Hagyzt Fue 2478 434
7171 $18 24& =&317) SslM s AAA3 Sefxlo] 2 HY &
E7F YR oA 2313 fE4 TSS¥EE ®ole AAE Uehidch o
22PdE 8% MUdR EFREdME: 2o AYY =& =&
A | E7IZV SR Ul nlxE dEY IS AT FolwA
TAoz o] AAH F UEF Z ZAHSLES HIHAHA stdM 243}

olch
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A7l BEHH FFolth HIY 2%E FIIELZREH f1E B4
A7l URZZ olF o]&dle] uxbtAE UEE FHOR e Art

H4 ol Total Volatile Fatty Acids(TVFAs)E Al4bg}ch(Malina, et al.
1992). e R7IE =7 nBES ol 8T A4 Y AdAA FE3A
R S TVFAsEE& 91T dazg o] &3 & 9t f718 23Uy
22 d7gH A Ytk ZAshe AelE A BEEHA FHA TVFAs
e dAEEA M APH BUE WEAIE HYARE o]l o]
Folx AwEzxEs ¥dgeA] IR SYH R LI ok ol
o] EE2 RIIAPUREANEE ol&std WEHY SUFHN FFF AR
B2 FAFes REFY 4 olo] Heu &S AUY £ glg Zlo® ARy
Hch

2343 FEF7IA YEHE s e FESTIA Y4HE H
of ul3] 718 wx71 ol n[AES o] §% LA oafgo] ol A
B33 oo "Weayh giadd =29 871843 & B3 dAFAA
2 olg&H4 U= /UG BAdste] ol &3t AFM wrlelA wAsHE
o] ALYEE BAF LR AAY 5 A ASR AEHT)

1980tk & AFsle] BEHY WA FHA whedt Baygr]d 2= 4
Al *g—i—fsﬂ% 4 2l RBDCOD(Readily BioDegradable COD)ol &t 177} 24
Hog P Act (Ekama, et al. 1986). o]2tzhe A7t dxjzix] s

w3
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AP Y& olfe HA AT AL §EY RIIEH] AATANR
ol 89 wf YAMAE IA FAZL4 vtz gAY ofEolct. M BE
3 A AAZHAM &R WEFEE =Yt AAd™ SCFA(Short
Chain Fatty Acids)& FAitaZo] Fdsl2zd ALAALZEES FoirdS
i BaEodch
23QY GEFTNA HAHE vt SHe] FESTOM UAAHE o
of vls] R71E5E7 Yol AAAE ¢laf o¥etatdo] WAy e 14
de A7z we{Ach

2 dFode 230 FES o83tk FESIIIM WAHE =S
ZIAEAT e HEFTZE =Y ARE HARYE AESIA YANRHAA

LFEE N d2doz uAsiaxt 3¥EE, LAV} U =T {7

2. AgAA 9 9y

Agel AHE EE2 Z7I= 84| BeolA AMst] AT WY =
2 HAY ofg ARt ofuf AlEE AHEH EF9 PHES 0% ~ 80%
Lielo] 2 VSSe} FSSs = zhzt 73% ~ 83%e} 17% ~ 27% j2lolgith

EES ol 83l TVFAsE A3A1717] 98t AR R7labgaEzes I8
5-12} Zon FEIYL ILE FAFYPY ojlaU=H ATV 2E AL
o) el ARWIE AAsted 2P ELe] JFAHA U=F 40rpmfs)=
AAE aarstedch 2t gAzAsAM 18E =Y VS 248 ¢l
of ¥ 4rie] R waRE Asle] st HPIEL /RIAPERE
Zuo] &&AtArE EA3HA] U S AU LY LE=2HL VWater bath
g ol 83l date HE 2Asich & Aol Y RV Rz
SAZAL the ¥ 5-13 Zth f714F W& 22 No.l, No.2, No.3, No.40]
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271 ¥ FoAYS 7} 1%, 5% 10%, 20% Yo7}t HEE A8 ok 109
¢ skt aeln AlEe] 7] pHel %S £4317] sl AEY
A7) pHe HCIZt NaOHE ol 83l 5ot 92 ZBE AL ZAE=R ¢
AlRE AMESl A8 AMAstdch. olejgo] AR {UlAt wE =2 AF
Aol mE /718, TVFAs, 4 I ¢ sxo] M4are M54t

AE 7|75t pH, VSS, SCODer, NH¢-N, PO;-P U TVFAs(C, - Cs Compound)
€ S¥stdlen EMWYES ¥R E FEAE U Standard Methodol] w
g} AAlstgch TVFAs £ 713 Baiz oz AMRET ol: 77 6C(gas
chromatograph)o]| 28 & AMHoAE TVFAE EX43l7] ¢3ld GC/FIDE A%
3taitt. GC/FIDE o]&3te] ARE EAs7|d AMgez AANARE 10
E5U 3000rpn 2 WHEEAL F HEF 223 0.454mARE T4
ooy 5plE 2§35l 3% Phosphoric acid 2ml& FU3dld pHE 2~3ud2 =
:gﬂc}-g- fFel®(Vial Vessel)ol]l ¥il DiethylEtherS % 28%X0l 214
E33tqd F A3 kg DiethylEtherZoflA syringeE o]-Rdlo] Aare] Alm
& 23 ¥ kT GC/FIDE o] &3t 435ttt 28l & 5-2& GC/FIDY] &
Az2ZA& viepd Zlojct. @9, VFAY 243 HEE oln ZA4H SEE ¢

At VA EESAL GCFIDOl FUstel ABAE ARl WA FEES

A AREAME IR ZHE (Personal Computer)E o]-&3}ed HArA g

sl o ZAEA packager SPSS'E o]&3}elt}.
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Operating Conditions

Reactor- No_ Mixing TSSCOnC.
Temp. (*C) {Initial pH
ratio(%) (mg/L)
No. 1 1 1875
ot No. 2 5 8480 s
roup No.3 10 12120
No. 4 20 20160
No. 1 1 2315
Group? No.2 5 12160 25
No.3 10 16830
No. 4 20 28800 No control
No. 1 1 1670
No.2 5 7970
Group3 No. 3 10 17200 3
No. 4 20 24140
No.1 1 1450
No. 2 5 11120
Groupd No.3 10 14440 45
No. 4 20 23860
No. 1 1 1730
No. 2 5 9880
Group5 No.3 10 16400 (& S
No. 4 20 26400
No. 1 1 1860
No. 2 5 9480
Groupb No.3 10 19140 25 10
No.4 20 29040
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=52 G0l 54 @ enzd

Variable Condition
Gas chromatography Hewlett packard 5830 series II. U.S.A.
Detector Flame ionization detector
Injector 1u1
column Packing material

- 0.3% carbowax 20M / 0.1% H3PO4,
supelco carbopakc

Carrier gas He

Flow rate Z20ml/min
Deteector Temp. 220C
Injector Temp. 150°C

Temp. programming
Intial Temp. 120°C
Holding time Imin
Temp, program, rate 5T
Final Temp. 150C

Holding time Smin
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3. dx ¢ 3
7l &5 9 285 Z3] HEl wlE {14 A
1) UFLEE I5CE LAY AL

23} w3t 2 BegE AYY 2 ATJYEN PAHE SE

T fIEE sx7 Adssol vla] 4] yof YEUH YUFHE 3
|8 Ze AAAAVL nujsiEse FESY GUFHA] AxFANZ 248
T e BRI A2 &34 RIEAES FII7] AT Ude =&staA
< A8e s3¥sigct

ERS Foiste] IHE EYUIJL 1%, 5%, 105 U 2062 FXH YHERe
UF SEE 15CE FA3tn 2UEE7t 40rpn Y2 10450 £3H /71
AL mtE oA 7] BEE Foak wilo] ohE TVFA, VSS, SCODer U NHe-N2J
ST HEE 2Msigrt. HEA WERY 27 pHE UER HIS0T 27}
8.34, 8.12, 7.99, 7.920]d o 10¢dFQt WHEF 2z} 7.66, 7.89, 7.83,
7.832% ZAFrh 1¥ 5-2& LAVTLEF UARL] IFE EYH] W
o2 TVFAs] 5 #HHE uehd Zlojch. HBRI] TFAs $EE& AR
No.1, No.2, No.3 & No.4olA ztz} 26mg/L, 145mg/L, 316mg/L T 76%mg/LE
eIt on} &3 7]zte] Fatge wiel BE UAEZOIM TVFAs s AYE 6
~ 1427 F71E

LAY WERSIME TVFAs $E7F 194ng/L o]sl2 Uth} 55 Z7}1&o)

Aoz velgroh v 2 E TR 5% ol

fr

ojulslgch yhgol, 10% o]e] 1P E EPv|2 &3 U2 BN F
tf TVFAs X7} 1101mg/L7IR] Z7ts2dch. 2b W&o ] TFAsS] &
& uvehd AJEES 28 Eo] 10% ost2 MW UIRBore AE 4970
Brg2Eol M 6ol ety ofuf 2z}

wlE 2ol TVFAsS] 5= 217} 42mg/L, 194mg/L, 475mg/L o 1094mg/LE LIE}

el 20%2] 18 E

it

<)
gl

e

ok & APzAeM TiFise] P& UaEx UILOET fog/l-d
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12mg/L - d, 40mg/L-d ¥ 54mg/L - dE Ueh} 2 E TYPEIL B4 A=
UAZATE BEES S A2 Usiudch 18 E E3u|7t 5% o]3}
2 A 23 PREZRAA TVFAs B8EE 12mg/L - d 312 UElRton} wt
Hofl, 10% 0|2 1P E TYHEZ Y Z¢ 40ng/L - d o] E el
th oleto] TVFAsS] Bd&o] A F7HEA] ot ot 878 AejolA
UELE71 15T o]3l2 FAE ] TVFAs /o] {7 wiEes AlRd
tl, BE f7]4 dFIREqM AAHH VFAs 2/ = FZ2  Acetic acid,
Propionic acid, Butyric acid, Valeric acid @ Caproic acid® L}E}Yt3 5
7}x] VFAsZollq] F =2 Acetic acid, Propionic acid ¥ Butyric acid7} H]aL
H 2 X2 UEKC) Chynowethe} Mah(1971)0) 2]3tH AUz} &A%}
o] At ctAolA MAMEE TVFAs:= F2 Acetic acid, Propionic acid B
Butyric acidglll Huxjgdon £ Az} XS R Fdch ayE E
7 UA 3 wUFHRSoME AN VFAsE Acetic acid HXE7} 60%E
LEIW D 2 185 E3s| 2 24" 29 Acetic acid, Propionic acid @
Butyric acid X7} Z}Z} 26%, 39% X 29% = xA|5ISL Q= Ao®| 1}
ElytC)

F71AF YA A ] g VSS Ao whE TVFAsS] BPF2 445 U
Y F wUaR HI$oT 74zt 0.01gTVFAs  produced/gVSS destroyed,
0.01gTVFAs produced/gVSS destroyed, 0.02gTVFAs produced/gVSS destroyed,
0.02gTVFAs produced/gVSS destroyed® Ulle}ytr W& 7] 7te] 109 ZA=ps F
0.02gTVFAs produced/gVSS destroyed, 0.01gTVFAs produced/gVSS destroyed,
0.02gTVFAs produced/gVSS destroyed, 0.03gTVFAs produced/ gVSS destroyed
2 Uit 271 3¥E Y7 TVFAse] ol nlx&= @32 ojujsict
= g o4 qrt. 2ela TVFAse] e Eo] 0.03gTVFAs produced/gVSS

destroyed ©]3t& YAl LIElGtE o] o]l wWREL2T I} 15T U2 2AE

— 259 -



#7148 nlZEe] ¥FYol A AAEo] ANHSE TWAs B &o] Azs3}
a7l gEe= Alzdch

07 533 Yol LAANNF AYE T Aol WE s HEE A
% o

-~

-4 SANREYG 1FE T W] o SCoDerd] ¥E W

E uvepd Zojrh Al® X7] SCODer = No.1, No.2, No.3, No. 4ol
2z} 520mg/L, 2100mg/L, 4200mg/L I 8200mg/Loliti. 2¥BE Egu|rsl 10%
ol5lE AHY WHZ No.l, No.2, No. 3olHE Frf SCODcr o ZFAHo|
AE 3 ~ 447322 Yeldn 20 ¥ E EUNE b A 1Y HEZX
No.4ollAle HE 6dFos Ueludrh 53], 28E T 12 713 WA
Y UFZ No. 1M E AR 559 FASIAU 27 &4 Uelylch
ojaf SCODcr H-E& WAR HIS 0T 2t2} 604mg/L, 2451mg/L, 4847mg/L B
9914mg/LE LIE}WITE 18]35 SCODers] 488 zHzb 2lmg/L - d, 88mg/L - d,

162mg/L - d W 286mg/L +d S22 UER} IFE TP A FAH LR

rin

ZUFF SC0Dcre] P& F7HE e Ze= usidch 23A7AFL B

L

g oA A3 TVFAs/SCODer &= ¢F 0.12 ~ 0.372 Lt} 2 E £
8] 83 U wWa 2ol whE Aol mu|stalch

oluj vssztzol wE SCODere) A4FE WEEE w2z

flo

0. 193mgSCODcr produced/mgVSS destroyed, 0,20mgSCODcr produced/mgVSS
destroyed, 0, 264mgSCODcr produced/mgVSS destroyed, 0. 183mgSCODcr

produced/mgVSS destroyed® LU}E}YITH
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frlahga o) AlZtel ulE VSSe A ¥ 5-5004 Risuiet ol
first order kineticE& UERIEZ tA]ZHESY VST T3 o] 4
aick

In St = In So - kt

So: &I VSS B

3% 5-5= WHERLEE I5CE HA5lH A" Wi zRe] VSSHEEE
log-graphol] VEP RO & graphZHE VSSZAAS kS F3ld 3, o] u}
kgte ER=3ulo uwz}l 0.058day’, 0.074day’, 0.079day™ ,0.096day™

Liehlo] EEZnlel ntel Friste Z¥8E Bach

(lu

i

2000

. 1600

=

o

E 1200 | N y

e X

5 x X X x X

O

2 800x X

<

<

,_4OO_AAAAAAAA A
%DD o 0 0O nop O © 0
0 e o O o o o ®
0 2 6 8 10 12

Time(day)

[QSwine wasles 1% [JSwine wastes 5% A Swine wastes 10% X Swine wastes 20% |

2% 5-2. LE7HI5TE FRAH WHE RN =22 |9}

0 & 7] 7ol miet B H TVFAse] = H 3}
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VSS Conce.{mg/L}

SCODcr Conc.(mg/L)

25000
20000 x x
X
15000 F x
x X 5
X
X
000
1 04; A
L] a
O s 8 A A A A A
5000 o o In] o a
oo o o oo © °
0 v :
o] 2 4 6 10 12
Time(day)

rOSwine wastes 1% {JSwine wastes 5% A Swine wastes 10% X Swine wastes 20%]

a8l 5-3. 2571 I15TE FAH gREZA =2 Hu|¢}

Wi 7)ol whel FgH vsse| wxwHH

12000
10000 } x x
XXX x X x
8000 ¥
6000 }
A A
s000 & 2 2 a & & & 8
o o
o0 o o © o0
oo © o o o o o °
0 2 4 6 10 12
Time(day)

EOSwine wastes 1% [JSwine wastes 5% A Swine wastes 10% XSwine wastes 20%

08l 5-4, %71 15CTE FAH LYI RN EEEYU

Wa 7| hol whel 4" SCODer?] wxH 3}
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10 ¢
95 M:
gA
Q A A a3 ray yay A
85 o
g D
g 8
£
[ o S
o
7t v [+ L*4 D
65
6
0 2 4 6 8 10

Time (day)

IOSwine wastes 1% OSwine wastes 5% ASwine wastes 10% X Swine wastes 20% l

1% 5-5. 257} 15TE §x]|H LA RN =22 3|9

uhE VSS ZaAs AR

A E AP E sxol wel NH-NG = wHEb= O3 5-62 gl Al
H 7] NHS-N o= UER HIs Z}z} 85mg/L, 282mg/L, 451mg/L,

818mg/Lo] gt}

Ny -N2) FEHIHe 18E 27} 5% ojstg WA &3

i
oY

<
|A AL 227t A UElRI 10% o]t IHFE s LM B¢ AY
1043712 2408 ozt Zrixle ZAoR uvelddch o] of WHEZ No. 33}
No.42] NH-NsE+X 57lng/Le} 978mg/LE LIERRITE 22]2 NH-N M4 &L
16.0mg/L - d¢} 23.0mg/L - dE UEI} 2 E 57 A 2" wizd4
E AE&S A Ueldrh o9 gussztiol whE A E gNH NSRS BE
g 2o A 0.015~0.02gNH,"-N produced/gVSS destroyed® LUIE}NIT} o]& wh

TxolM /71F Rl 23 TFAsAEZ I FAlol N -NE AdHog Qs
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ETUAT PEH TVFAsy € FBolA HAAFAANE FIE of NH-NE F
2¥ + U= 222 Yeldch Ty EFURFFolA NH-NEEPE
TVFAs@ 4Rt Hong gaFyoM EF Wi Foi= NH-NF3IE 5
7ol & ¥ njxR] S Heg AlgHch

wWH7|ZHEt B8P PO-PY 2 AEl FAFE] ] HEFo] un|dA
o 1FE sEHI BAGe] B HERAA 200mg/Lol3tE LIELWITEH
ol Q1] EF URE FAEH RIS AAFAANE FFY of PO-PY U=
uf- stol A HI7|EsHe] ¥ o AAFHA ZA AR UL A=
Alg et gubdeg ihi® chAloA 3 ORP 712 -300nVuiejeol2® &
AJIE ORPE F713 o2 JH3tH WAR ¥ 2 XRE A8E
& Rojtl. whe] gVsS TrAzrol wpE AEH gP0,-PE 0.007-0.008 gP0s-P
produced/gVSS destroyed® LUIE}WICE. AER7] 218 E %%+ NH-NzZ} PO-P
B3 Egoll R F¥E n|XR] Ut oz veiyich o]t} Zo] 15T &
AP WdEZEoM the| g VSSTEAo] wtE &S TVFAs, NH -N 2 PO,-P
£02 A velkith

WHE7IZHEQY VSS ol whel /3™ TVFAset SCODere] A= ¥ 5-73%
Zo] TVFAs = 0.1785C0Dcr - 4.672 ivlElL} AAME SCODer 55 ZAJIER

3

N DHRHOE AT TVRAs) FEANES o5y 4+ U Aos A=W

-

t}. (GonCalves, et al. 1994) oluf r’& 0.92(n=40)2 L}el} QT QM

AE 7Hle Ze2 ueudth, A" SCODert NH-N A HA] NH N =

>

0.094 SCODcr + 0.43 (r’=0.89(n=40))E UEeh} o] o] wFri7tEel AMAE
SCODer 52 Aoz AAME N/ -No| %5 BHIE 2o o3

i

%4 0lg Rog algHrh o]MY SCODer $EZ TVFAs} NH -N SEE of
Y 4 e odF AR o] &% olf= oEl EHYFo] vlal MY
H

32 Az &30l 7Hestr] wiEelth

P8
=

I

g

o] 2
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:;? 400
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200 |
¢ ¢ ° (2 (o] < < L] (3 [+
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0 2 4 6 8 10 12
Time{day)
lOS\vme wastes 1% [JSwine wastes 5% A Swine wastes 10% X Swine wastes 20% I
% 5-6. 2%7} 15TE A" UE R ELEY] 2}
b 7] 2ol whel A E NHe-N st
350
* L 4
-
= 300 }
o
é L
¢ 250} ¢
<
S .
> 200 } .
& .
Z 150 } S °
K 0
5 100 | ° ¢ °
©
£ 50k . *
N P
o]
0 500 1000 1500 2000
Formation of SCODer{mg/L)
8 5-7. WRRET 15CHA EEuEo] ofsf A" TvFAse}

SCODere] A=A
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2) UALEE 25CE 21T AL

E2S Rl 2HE EHuI} 1%, 5% 10% T 202 SAH UFR
o UH 2EF BTE FAFII o]B AE} T APz AN 248 &
713 F RN 27] EF Foi Hzfo] nbE TVFAs, VSS, SCODcr I NHi-N
o vx= WEE Mtk HEA UEZR 2] pHe UER UIGoF
2tz} 7.81, 7.38, 7.22, 7.09°]¢1eW 109%Q wEE 21z} 7.20, 6.35,
6.37, 6.3422 Z4Edrh 1§ 5-82 SAVNE wHERY IHE Egn)
Hitol] ohE TVFAs®] = HHE uepd Zojth A@X7] TWFAs S 2L U
HEZ No.l, No.2, No.3 @ No, 4olA =z}z} 84mg/L, 449mg/L, 858mg/L T
1447ng/LE UElGiTE A7) 20] F2tgol whel BRE WA Zo|A TVFAs ¥%
=AY 4 ~ 643717 FUIEden 1 ol REE nuldlA FriEE Re
2 uvetych 2P EEEEIV) 1xE SHH UHEZ No.lojHE: TVFas HE7}
139mg/Lo2 Vel v = F7HEo] ninlstgich whdol, 5% ol4te] 1HE &
ol MY 9H-FR No.2, No.3 I No.4ollx TVFAs w57} zHzh 969mg/L,
1694mg/L, 277%g/L7}A] F71EE o2 Uiyt 2 AP ZANA TVFAse]
Y& YEZ HILOE 14ng/L - d, 84mg/L - d, 139mg/L -d B 222mg/L -
d2 Yeht 2P EEFPIE A KXY LEXLFE WP FEE A
L2 vetych P EEYEI} 1% o3t WA LA wWE R TVFAs A
8&2 ldog/L - d ©|8L2 UElRtoL} Nbdof, 5% o)A P E ENE &
Y Z¥ 8dmg/L-d oL E A Uelyrh oldo] ALY wE 2% 1
5T 9ol uls) TVFAse] BH&2 WEX HI¢oT 217b 10mg/L - d,

72mg/L - d, 99mg/L -d U 168mg/L - dUi]E &A UElutch ofebzto] TVFAs2]

ES
=2

23880l 15CE 23 UAZRE vls] 3A F7H olf: ¥4
A BALTEZE BTE A= U4 o8y ¥5E 2 g2y 2

2] 71&3H(Solubilization) ¥Aito] Z7lEQi7] wlR2 o2 Alg ¥} 1B

ok

E

114
o

s
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)7} 5%2} 10%2 A SAH LA R No.32} No.4olA AAH TVFAs =
3d EE 5d B LAHAS B¢ 7] TVFAs w20l H]3] oF 160%2} 190%7}
7 3715l Ae® uUeidch RE WEZSAAN UI T SUF | A
H VFAsZolA] Acetic acid: 37% ~ 46%, Propionic acidy 21% ~ 26%,
Butyric acide 17% ~ 24%2 UElLD wlE 717 10 Foll Acetic acidE
27% ~ 41%, Propionic acid: 23% ~ 27%, Butyric acid= 19% ~ 26%% LU}
Elytct.
ol&dl ZAI}= Elefsiniotis(1993)8] Rue} o] MY TVFAsFo|A cffE
Acetic acid®} Propionic acid?} Z}Z} 45%28} 31%2 x}x|3le= Z o2 el
3 thE O F Butyric acide W& AA|SIA 9l ZAoZ Ueht & A¥EZAY
o} e¥zte] xlo]lE Hola o ol& HfY Bigo] tlEy] wlEoE A8d
23

25Ce] HALA2 27 EF FAY Wil wE& {74 LRARA ¢
¢l g VSS ZtA ol wpE gIVFARAE 2 545 wWaEY F UARX HIFEL R

Z}2t 0.07gTVFAs produced/gVSS destroyed, 0.09gTVFAs produced/ gVSS

l‘.\‘_‘,

destroyed, 0,10gTVFAs produced /gVSS destroyed %  0,11gTVFAs
produced/gVSS destroyed® LIE}RE:L 10948l 39 0.14gTVFAs produced/gVSS
destroyed, 0.10gTVFAs produced/ gVSS destroyed, 0.14gTVFAs produced/gVSS
destroyed W 0.11gTVFAs produced/gVSS destroyed@ LU}eEh} o]d AR}
o] 7] BF FA% W WA AHIL TVFAsS] G ol nixl= F32 1
u[gh o2 vietdth Wentzel (1988, 1989)2] AdZ o] 2Jstd AP &9
0.125gTVFA/gVSSE LIER} & AE8ZA el dAYE HoF3 Adrh

12]3 Elefsiniotis(1993)0] olshe AxtLe)z] Wi zola Ajl&x 7ol 54
2 A" AL /U4 B8-S 0.05¢TVFA/gVSSolr, 1048 2dH B¢

0.13gTVFA/gVSSE B Eo] Al & Ay ZAztel dX¢S RojFa glrh
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3% 5-98 o] 27T A E TP AHslol] 12 VSS vEE AY
4 ~ SUB7R FA3] HAsE FFLS Boln glon 1 o]F e L

T HHEL oju|g 2o veludch 2AINEU VSS FEE 10454
UR 7| o] ZFHel ulel BE WERAN X7 VSS ol uls] oF 48% ~
S4%Li] 8 ZtAEE ZAo2 Ueiycl
IR R Ao w2 vSSY] ZAaASQd k e EEETH]Y alel
0.025hr™, 0.05%hr, 0.083hr™ ,0.097hr" & UEehlo] Z7}sle 28 B Y
o 3

3 5-102 2AREY 1P EEYE Mo o}E SC0Derd % Hi}
€ YEephd Zojrt, A¥ &J] SCODer $%+& No.1, No.2, No.3, No.4ojlA] 2t
2} 393mg/L, 3020mg/L, 4717mg/L YU 7448mg/Lojhr}, 2R EEZEHu|J} 12 &
AE WEZ No. lolME o SCODer s ZHHo] APARE 6dzHoR
LIEIGEAL 5% o]t P E EYuIE M WHEZR No.2, No.3, No 4oM&=
AEAAFE 747 22 vEelylch ojuf SCODer H5& WERX HIgow 7z}
736mg/L, 448lmg/L, 8442mg/L T 14237mg/LE LtE}WICH 18]3 SCODcre] A
382 7}2} S57mg/L - d, 209mg/L - d, 532mg/L-d 2 970wg/L -d 508 L}E}
L olde] ALH HPLEQ 15To] H]3] SCODer LS 36mg/L - d,
121mg/L - d, 37Img/L -d % 684mg/L - d2 %A Uelytt}t o= 2x7} 10C
71l wiet SCODer AP &2 vi¢ &4 F7is et o] oA 2y EZ )
7t A fRAE HaRY4E SCDere] BEEL F7HE 2o eyt
A Y¢ BE Ua A A TVFAs/SCODer Bl ¢ 0.10 ~ 0.68%
Vel gE Zguiuist gl Udg | te] ulE xlol: njulsiaich ghH vss
Zazel] uwlE  SCODere] AgaE Y EEYule]l ulel  0.38gSC0Dcr
produced/g VSS destroyed, 0.31g5C0Dcr produced/g VSS destroyed,

0.48g5C00cr produced/g VSS destroyed, 0.54gSC0ODcr produced/g VSS
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destroyed® UER} 2 EE3H] £7to)] nlel 2718l RO LERyCT
F7IABE R R A Al 2ol w}E VSSY] ZAAF k P2 =EEEYHA wel

0.11day™, 0.103day”, 0.131day”’ ,0.182day’' & Uvlehllo] Z7}st= AL

Raich
4000
3600
= 3200
& 2800 | X X x x
% 2400 } % x
< 2000 X
é 1600 % x X A A a 4 4
g0} o, 8 a
[ 800% g o o o a u} o
400 o
gtee e o o o ¢ o ¢
0 2 4 6 8 10 12
Time(day)

’_Swnne wastes 1% C]Swme wastes 5% ASwme wastes 10% X Swine wastes 20%

2 5-8, 2E7} 25CTE A La RoAM ERZgu| 2}

a7 te] whel B8 TVFAsY] s=wis)
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VSS Conc.{mg/L}

SCODcr Conc.{mg/L)

30000
25000
X
20000 x
15000 e x
x
10000 oo 8 A ) X x X
a a a
a 0 45 0 @ N A s
5000 a o
I © 0 o o o o o o
v 2 4 3] 8 10 12
Time(day)
L?Swine wastes 1% [JSwine wastes 5% A Swine wastes 10% X Swine wastes 20% l
oy 5-9, %7} 25CE §XH YA RoN EFEYNY
wx 7)ol upel B H Vsse s
16000
14000 | x X % X
1 L
2000 x x
10000
x A &
8000 ¢ X X a & 8
6000 [ 5 & a
& [ ] O
40 - o =)
2000 F
cfkee o o ©° o © ° °
0 2 4 8 8 10 12
Time(day)

%OSwine wastes 1% [JSwine wastes 5% A Swine wastes 10% X Swine wasles 20%-‘3

a8 5-10, {57} 25CTE A Ui RoA =8ZHu| ¢

WE )7k uwhel A" SCoDerd] Hxw)
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£A7143 2¥E wxo wel MO-NY FE ¥sts 33 5113 o
AlY Z7] MH-NeEE HE3R HIS-oZ ZhzZ} 42mg/L, 113mg/L, 183mg/L,
338mg/Lo AT}, NH-No| s=¥dt= IYPE HE7t 5% o]3t2 LA 3B 7
$ 27] sx2ot FABIAY 4 BA UElRtT 10% o]t Y E bEE &
A 3 AYE 745¢ AKAL 2 FUlsEE Ao Uikl o] o) AR
No.33} No.48] NH'-NsE¥& 345mg/L9} 536mg/LE VIEFITE 22]31 NHy'-N A3
382 23.1ng/L - do} 28.3mg/L - dB UpER} UE RO LEF U] uls] A
&2 3A FEHA] guoen o] 4 1FE =7 £A AAE UAZYS
2 PAHLL A Vel the] gussztAo] whE AMAE gNH NS RE
ubg ZoflA]l 0,017 ~0,024gNHs’ -N produced/gVSS destroyed 28 L}E}GITE o]l
dF A F7]4 B o3t TVFAs G FAlo] NH -NE A8Heg <l
3] ESUEE WY TVFAsyF @AF RN A3z 338 of N -NE
FEE & & ZAoz vetygoh Zeu ESURFHAA NH-N GRS
TVFAs B4 HET nfe Honz PJEUY gAdZHolM S8 UAY Fo:
NHe -NE31} St & d3& nlAA] ¢ 2oz Algsch

LE7| S AEH E} B35 vl H3pHol nju|stdd
o0 IPE HE7F 5% oFtE THH WARAME PO-P Hoexr}
150mg/L ©]3t2 LIEIRIOL} 10%2} 20%2] 1BV E =2 AW Ae A4

e
2
o
lo
0%
flo
8

295mg/Lo} 422mg/LE LIEluICE o] HA]

rln

2 uaz 449 47140 AT
AME BIY ol POPE FFY 4 Ak AL Aulvrh of o AYHY TVFA

P QE OIS ol A AR
slol el AMABFAM 2A BAEHA 2g ReZ AR Ve gVSS

2raof wEAAMEE gP0,-PE-2 0.007-0.008 gP04-P produced/gVSS destroyed &

3& PO-P AP Hc} of- W Etoh]e} PO,

Uetkich Ag27] A8 E 5w NN} PO-P A&l 2 & nlA

oke 2oz Ueluch olg} Yol 25TE HY UYAZEoAM e gy
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VSS 7t4of wWE AMALLS TVFAs, NH -N 1! PO,-P 08 A UEelyich
w7 2b5 e VSS ZiAof whel AAAME TVFAs®} SCODcre] A= 23 5-12¢9)
Zo| TVFAs = 0.203SCODcr - 79.322 Ulelut BAE SCODer ¥5& 23D
24 BEE TVFAsY] 5= HEHE &5 4 glg o2 AgH”r) og rf
2 0.96(n=40)2 Ul 423 AMBAE JixlEs Aoz Yeiych A4d
TVFAs2} SCODcr A Al NH-N = 0.030SC0Dcr + 7.87 (r’=0.90(n=40))& L}
EhL} o] Al UHIFEY BEH SCODer 5 =& 22N BAH NHS-N
o = H¥E YFOR AF5HE ¢ UL o AlEH). 12|32 Po-Pe}
o] A oA] PO,-P = 0.031SC0Dcr + 5.01 (r’=0.94(n=40))= v}e}ylic} o) 2}
e AL wHIZEY¢ HAHH Sbher HEE 2Fslmzy WHW

TVFAs2} NH'-N & PO,-P] s = HEE 7HHAoR &Y £+ g 2oz 4}

g},
600 X
X
X
500 }
-3 X x
< x
2anf x X A
= x
g X A &
5 30| A A
=z A o 4
L 2004 &
b4 4 o a o o a] (o] u] u} a]
100 T
L oo © ©° o o o o °
0
o] 2 4 6 8 10 12
Time(day)

O Swine wastes 1% DSwme wastes 5 % ASwme wastes !0% X Swine wastes 20%

37 5-11. %7 25CE A8 A RojA EEEZ 2}

g3 7| kol whetb 33 H NH-Ne st

- 272 -



1600

1400 |
1200 |

1000 .

%o

800 | 0 °

600 |

LR

400 | e

® L J

200+ e®o

(-4

. L e

0 1000 2000 3000 4000 5000 6000 7000 8000
Formation of SCODcr(mg/L)

Formation of TVFAs Conc.(mg/L)

3% 5-12. UARLE 25CoA =Eudo] o) B4 H

TVFAs&} SCODcre} Atttz

3) UAXEE HTE LAN B

EEE A3t 2P E EPWIIL 1%, 5%, 10% U 20%2 [FA|H URZ
o] UE 2EE BCTE FAFIL o]A AP FUL HY2RMoAM 24 &
1A wFE XA X7 ER Fosr wWilo] upE TVFA, VSS, SCODcr B NHe-N
9 = HIHE EMstgct HEA LRERO XU pHe YRR HIEOZ
Ztzb 7,31, 7.21, 7.09, 7.12019e0 10495¢t waF ztzb 6.25 5.78,
5.67, 6.172 ZAFZch 28 5-132 2AMNRE YA X IYFPE Ey]
Hto| wlE TVFAsS] s = HEE Uehd Zojth HPRI] TVFAs s+ i
2 No.1, No.2, No.3 % No.4ofla} ztz} 296mg/L, 463mg/L, 782mg/L =
16120g/LE UEeltow 2A717to] ZF o] wel BE UAE XA TVFAs &
B AEAIRF 6AA7IA FrtE g}, 22l 1 o]lF AP N E = nlulshA

F7tEl = o2 ueigoh ol UEx HIEeZ TWAs sE= A7

-
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552mg/L, 1346mg/L, 2693mg/L U 4433mg/LE2 FIIEE A7 Jelych 2
HERUoIA TVFAse] HAHE2 waZ HIESL 0T 43pg/l - d, 147mg/L - d,
324mg/L - d W 470wg/L - d2 VIER} 1Y E EPUIL A S Yr2US
5 4482 e ZeE uvehdrh ol YAHNAM HEH UER 2%
25°Ce ol uls] TFAse] H8&L wHaEZ HIeo® 27 29ng/L - d,
63mg/L - d, 185mg/L-d 3 248mg/L - d2 LER} WE 2% 10T 2UE2
AR S UL 10% ol T WY UAZ No.33} No.4olA] TVFAse] A
2 olF gA vEiktth 2 U6 106 202 A SAY HE=
ol B8H TVFAs 32t 39 E& 545U UEHAL A 27 TVFAs &
Sof ulsl oF 187%2} 235%7kA] FUlEl= Zog UElylt) o] 9A] RE
BRojA WA 5UF BAHH VFAsFo|A Acetic acid, Propionic acid @
Butyric acide 26% ~ 39%, 21% ~ 28% % 18% ~ 26%% LIElNT W& vzt
109 Foll Acetic acidi= 24% ~ 39%, Propionic acidi= 21% ~ 31%, Butyric
acid= 14% ~ 20%2 UPElRth T3 oA M¥e] LM wrewzA}
©2] Valeric acidZ} 12% ~ 18%E A3l gl Zog ueiych ol: &
Z1ab waze] 2x7t F7bge] ulgl Short chain acid #7t ofuz} Long
chain acid® JZH= A2 AkZHch  Gupta(1986)of 2l3hd 2% Yz}
x| G718 YE2N L&V F/HHFE WY TVFAs BEE 2719
Tl Base] B Az} dXUg BAFc)

ZF 71t BEREA IFE EYuIZY FUiEo] ulel 2z AEAR F
5do] F7]14te]l AL 0.13gTVFAs produced/gVSsS destroyed, 0.17gTVFAs
produced/gVSS destroyed, 0.23gTVFAs produced/gVSS destroyed, 0.30gTVFAs
produced/gVSS destroyed®. LIEIWT 109 Fofl&= 0.13gTVFAs produced/gVSS
destroyed, 0.17gTVFAs produced/gVSS destroyed, 0.23gTVFAs produced/gVsSS

destroyed, 0.30gTVFAs produced/gVSS destroyed® UlElL} ofE} A=Az}
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o] WA 7| te] FUlHel ule} Ty g gVFARE &S T AA] 42 AL
2 Jepdch 2y #E2E5 25C olstE 2™ Pl vl el g%
gVFARE &2 & 212 eyt

% 5-148} Fo] AV|F 2P E TYP] He] wlE VSS e
A 3~44737HA S43] 4R Z¥E Kol ooy I oFYH ZA
HE 55 HIEL ont 2o yelych $H7|EL VSS vEE 10Y
Bqte] utiy|zlo] ZAzlgel ulel RE wE M 2] VSS HEof Hj3) o
43% ~ 642 ZAFE A2 eyt R7AhdA A Azto] wlE
vsse] ZAASY ke EEEPulo] wel 0.101day’, 0.116day”,
0.212day™ ,0.165day”’ & UEhlfo] F7lets ZA¥E Bgdoy a1 EEY )
10%0]| A #cigtS viehfdch

1% 5-15% A/ TE¢ 1Y E Y] Ho] uhE SCODerd] wx= W}
2 UEehd Zolth, A¥ 27| SCODer HELE No.1, No.2, No.3, No.4ollA] 2}
Z} 498mg/L, 2239mg/L, 4067mg/L B 7728mg/Loldti. P E E YW} 1x¢}
5% A WAZ No.13} No.20]H & Frj SCODer =] T Eol AE 5
d7o 2 LElRD 10% o]ite] AP E ZwE &F™ UHZ No.3, No.dof
Me AR 797322 Uelyt) olu} SCODer HE&= UAZX HIFog zt7}
914mg/L, 3933mg/L, 9470mg/L I 20423mg/LE LIERWITE 125l SCODcre] A
Mo 77} 83mg/L - d, 33%mg/L-d, 772mg/L-d & 1813mg/L - d 528 L}E}
L} ojdel HgH APLE 25Co] v]3] SCODcr P& 26mg/L - d, 282mg/
L-d, 563mg/L-d % 843mg/L - d7} &A LEIWCE ol &x7F F71€ef o}
gt B TP E Tt Fo1Hell utel SCODer &2 ol 2A F7HEA
7] WiEolrh. ¥ VSs Zra ol uhE SCODcre] HAEHE 1P ET Yo
2} 0.62gSC0Dcr produced/g VSS destroyed, 0.59gSC0Dcr produced/g VSS

destroyed, 0.84gSC0Dcr produced/g VSS destroyed, 0.98gSCODcr produced/g
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VSS destroyed® U} P ST H] Frlo] gzl Fukstes Ao eyt
tl, AL RE UF oA ABASE TVFAs/SCODcr H]E oF 0,04 ~

0.528 Yeht 3% & Ty B g Ei7| 0] o Aol mulsialch

5000
4500 3 X X b
—~ 4000 } x X
o
S 3500 | X
E 5000 X .
Q
S 2500 X a & a a
© 2000 | % s
8 b 4 A
u. 1500 [m] [»]
4 o O o
7 1000+ & o o (n]
500§ 9 Py * . ¢ * s o
0 X , , . .
0 2 4 6 8 10 12
Time{day)

lOSwine wastes 1% [JSwine wastes 5% A Swine wastes 10% X Swine wastes 20% 1

3y 5-13. 257} 3B/CE FA"H WA XA E2EZFn8)

wE ) 7hell miet A E TVFAse] sEu s
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VSS Conc.(mg/L)

SCODcr Conc.(mg/L)
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IOSwune wastes 1% O Swine wastes 5% ASwine wastes 10% X Swine wastes 20% |
3% 5-14. 2=71 BTE FAY HEZo|N EEEH v}
WE 7|7l whel BER vssY] s
25000
20000 | x X %
x x
b4
15000 | X
X
10000 |
X A A A a A
X A
a a
5000 Iy A o o o o o
goo
0 o o [od Lo o [ (o4 o ) ©
0 2 4 6 8 10 12
Time(day)

[OSwme wastes 1% OSwine wastes 5% ASwine wasles 10% X Swine wastes ZO%j:

3% 5-15. 257} 3/5TE FAH UA XA =EZgu]e}

g 7] 7voll wiel WA SCODecre] =¥ 3}
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SA7I1TF ABE xol whel NHA-NS] HE W= Y 5-163 Yrh,
AE 271 M-N, 55 YEX HI$0T 242} 28mg/L, 85mg/L, 183mg/L,
8l 338mg/LEoldTh NHS-N2| S EWSE= IHE 57} 1% o3 1R WA

Y Be 27 ot fABIAY 42 A Uelya 5% olate] u¥E
TERE MUY B¢ AE YAV ALz FigE Ao elyc)
o] wf WHZ No.2, No.33} No.42] NH,-NsSE: z7} 170mg/L, 338mg/L L
620mg/L2  Uieluich o] wl NHS-N S =X 2tz 14mg/L - d, 24mg/L-d B
44pg/L - d2 2% F7lo] vl BAHELS AA FIIHA Ygton o] oA 2
B2 =7 BA fAY YEZUFE YL A veldch w9l g vss

ezl wel BHYE gNH NSRS ZE wFERo|A 0.020~0.031gNH, -N

Ho

produced/gVSS destroyed® 2 LUIElUIT} ol WA RoA] SI|E wFo) o3t
TVFAs 3t FAloll M -NE AEERZ Qs E8UaE WY TVFAsTt &
AZRN AAZANEZE FFE ol MNE FFE $ U Roz eyt
th o] HA] e} HRU} Yol EEURTHoIN NH -NEHFL A4H

Ttol & Y& nXx] ULg Re= AgHL}

HAZ|EE B8Y PO-PY ¢S e} EMuUTo] ulz] HEZo| nju|sly
or 2P F 5= 5%0]5t2 MY UF oM PO-P HulEET} 124mg/L
o[3tE Ueiktor}t 10%2}t 2050 IHE HET Y AL Z7 281ng/Le}
506mg/L2 &A UiEluth o] Al EF wHT MAH Sr)ilo] AHxpgoin
2 33E ol POPE F2E 5 U AL dnjeh o] o BAHH TVFAs @
< PO-P YR vf-¢ WS ozl PO,-P BE uf-$ ulol A sy
of &%l AAFHPNM A BAEA e Reg AzHoh whe) guss 7
dof wpE FAHH gP0,-PR2 0,016~0.019 gP04-P produced/gVSS destroyed 2

UElsth AE2x7] I E EE NN POP A go] ME 4% o)X
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Al e A2 Uetyrh o]t o] gVsS Zio] mE MAHE&S TVFas,
NHy'-N 2 POs-P €02 A UEelytct

WF 7|5 VSS o] whet A TVFAse} SCODcre] AL 28 5-173)
Zo] TVFAs = 0.224SCODcr - 189.83% LIERL} A H SCODer 525 ZA3}=
24 B4 TVFAsY 55 W3S o3y 5 gl o2 Ag™Th o] of
2 0.92(n=40)2 el JF3 AHNBAE I Ho=Z el B4¥
SCODcr2} NHe-N 7] o A] NHo-N = 0.024SCODcr + 21,922 L}EPYET PO,-P2}e)
BAONAM = PO-P = 0.012SC0Dcr + 21,448 LIE}RtCE o] w) r’& 0.93(n=40)
2} 0.65(n=40)E Lteh} @33t AMAAE FH3lct ol L UAAL
UFIIE TG BEH SCOher =& FFII2EA AY4H4H NH-Ne} POs-PY)
= H3E VLR &Y - UL AoR AEHLL

800
700 | X
X X
S 600 | N x
o
X
E 500} x
: X
(]
S 400 1 x
O X a a a A
z 300 } A a &
o A
T a
Z 200 o o o 9 o o
wogo” °
$o00 © © ©° o o © °
0 ) . X X :
0 2 4 6 8 10 12
Time(day)

O Swine wastes 1% ) Swine wastes 5% A Swine wastes 10% X Swine wastes 20%

a8 5-16. =7} 35CTE A UHRoA =EZ3] ¢}

7| 2tell whet B4 NH-NY| = 3t
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Formation of SCODcr{mg/L)

Y 5-17. URZRLE 35ColA ERuFo o] MM

TVFAs£} SCODcre] AMA)

4) WUHLEE 45CE A 2%
EEg Rojsle] THE S Ix, v, 10% W 2042 SAY wEze)
5CZ #3132 old Yz $UY MEzAN eA” §7)
x7] B2 Fojzt Wsto] uwlE TVFAs, VSS, SCODcr T NHe-N2J

3
ok

2=
-3
3}
8.43, 8.20, 8.04, 8.000j%ler 10UFQ UHEF Zt7} 8.19, 7.66, 7.28,
7422 ZAFTE ¥ 5-182 2AV|NE YRR 1PE Eihw] w3l
ohE TVFAse] sk ¥H3E vehd Zlolth AUXI] TVFAs 5= IR

iy

.

2
RJ

A dE=xe U] pHe WER HIEoF 2z

o
!
%3
(i
A
i
__or{i
32
0
i
e
d

No.1, No.2, No.3 I No.4oflA] Z}z} 141wmg/L, 513mg/L, 619mg/L % 961mg/LE
Ltetgton] 37| zte] Aol izt BE WA RA TVFAs $EE APE
6L Z7A] FUIEe Ao Uit T2l 3 o]F AHBE: njusiA

T AL 23]8] 47 ZaHe Aog ueiyrh ouf wEx HIgow
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TVFAs X+ Zt7} 453mg/L, 1821lmg/L, 3675mg/L H 4647mg/Le E71EE A
o2 Ueluch B A@RAo|A TVFAse] BAHLES WEZX HILOE 52mg/
L+d, 218mg/L-d, 509mg/L-d % 614mg/L - d2 LIENL} HE E3u|r} LA
FAH YFr2ALE APEL s Z2E Uikl ol oHAH
AHLH wUF 25 35T 7ol ulsf TVFAsY ABALL 7zt 10mg/L - d,
7lmg/L - d, 324mg/L-d 9 144mg/L - d2 JEIITE 53], 1B Egus}
78 BA #AAE UEZ NodoMd= F718 2ol ulal TFAsY A4 &l
A F7HEA 4 AR yelydch a¥E EPuUL 1059 20xE BA H
Y LEZA APH TVFAs $E& 3¢ TE 5495¢ HAEHAUS 3¢ 2
7] TVFAs sxof ul3ll oF 428%9 500% Lj2l2 AA Z7iEl= ZHoew viely
th o] Hi] RE WUHRo|M UdH7Z 54F BAEH VFAsFA Acetic
acid, Propionic acid, Butyric acide 28% ~ 40%, 23% ~ 40% 3 19% ~
2252 LElIGtT wF 717 109 Fof Acetic acidi 25% ~ 36%, Propionic
acide= 22% ~ 33%, Butyric acids 16% ~ 24%2 UERYCE 2jx ojd Al
Yol AL waes AP ¢ Valeric acidZt 5% ~ 17%2 x}x|stz Q)
+ 2o veht fr1at waze] 2571 Z71¢e] u}zl Short chain acid
#9t oji]g} Long chain acid® BAE = Hog Ag¥r).

zh 714t a2 EAM 18E Eyst It whet bz} wEAN
5¢ Fof TVFAs AL 0.27gTVFAs produced/gVSS destroyed, 0.30gTVFAs
produced/gVSS destroyed, 0.59gTVFAs produced/gVSS destroyed, 0.33gTVFAs
produced/gVSS destroyed® UIEIREZ 104 Foll= 0, 50gTVFAs produced/gVSS
destroyed, 0.31gTVFAs produced/gVSS destroyed, 0.57gTVFAs produced/gVSS
destroyed, 0.39gTVFAs produced/gVSS destroyed® LU}EIL} ofE} &M 2 A}
Zol Wa7|tel F7Hgel uhel el g AP gFAS 4 FUiEE o

2 uetyith Zeub B LR} 25T olstE AE FRof vls) wie] g VSS
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o] wel B gFARS 2 A2E Uit B AQ2AdA FgH
HELSEF 7HF £ 45C7 A& Z9 el eAx4 Bl Bz
zlo] HEIZo] 4 Aoz eyl

% 5-199} o] SAYIF AP E EYu] o] ok vSS HE= HE
68U Z7HA] A4S FES o
< ot Aeg yepygrh 3¥E EPIE A MY SR No.33)
No. 4ol M= AHAZF 3UZ712] VSS s =71 S43] BaAsE 2o Yeiyt
th AJRFY VSS FEx 3Y EL 1095 waI| 7ol At ule}
RE URRO|A 27 VSS ol uls] Z}z} 17% ~ 44%9} 43% ~ 64%L)9] 2

'
lo
4
L,
kd
o,

ZAaEE e g eyt
F7IbgaEz A Azt whE VSSO] ZAALY k g2 EREYY uel

0.057day”, 0.18day™”, 0.21day' ,0.19day” & vleho] X2 Z7lst= 2

N

S Hdou) a1y EEHUY] 1059 vhgR7t 7 &2 2 uehich

2¥ 5-202 ARG I E ] #Hle] ulZ SCODer?] 5 Wi}
& Yeld Zojrh, AE Z7] SC0Dcr H%%= No.1, No.2, No.3, No.4ojA] 2z
2} 360mg/L, 2200mg/L, 5200mg/L U 7360mg/Lojgit}. RE W& ZEo)r 2]
SCODcr w=o] WS Ay 7d73 o8 vielutel o]uf SCODcr 5 WHER
HE502 77} 972mg/L, 5124mg/L, 13692mg/L X 26574mg/LE LlE}GICE 1
2|3 SCODer®] A3 82 Ztz 87mg/L - d, 418mg/L -d, 1213mg/L-d %
2745mg/L - A2 UEIL} o] Mol ALY HELE 35Co| u|3) SCODcr AL

r

4mg/L - d, 79ng/L -d, 44lmg/L -d W 932wg/L -d AE7} A LiElRit) o]

fr

rg

F71H Zxof v]3] SCODer B8&E AA F7IsA] daly] uwjEolr). gt
VSS Ziagpol whE SCODere] APHWL LBEEYulo] uwhz} 0.95gSC0Der
produced/g VSS destroyed, 0.67gSC0Dcr produced/g VSS destroyed,

1.19gSC0Dcr produced/g VSS destroyed, 1.85gSCODcr produced/g VSS
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destroyed2 UER} IFPEFYPY] Flo] wel Frkste ez uehgod
AP EITU] 2052 AL B B2 S wA etk AV
RE WHZolA BdH TVFAs/SCODcr ¥]E= ©F 0.20 ~ 0.692 UEeht 13 &

T3u] w3t o UR 72t opE Alol= njy|dtAch
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[;Swine wastes 1% (O Swine wastes 5% A Swine wastes 10% X Swine wastes 20% ]

33 5-18. 257} 45CE FAH YA oA =EE3 |9}

ulF 7 7ho)) whel ABAE TVFAse] =3}
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VSS Conc.(mg/L}

SCODer Conc.(mg/L)
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2% 5-19. 227} 45CE {28 LA EEEH] )
wa 7| 7rol whel BdH vsse] mE¥E}
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& a
x a
10000 | X A & a
X ,08 &
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 Swine wastes 1% [JSwine wastes 5% A Swine wastes 10% X Swine wasles 20% l

2% 5-20, =7} 45CE FA|H UYF R

R

=EEn %

ul & 7] 7boll whel 234 ¥ SCODerd] s 3}
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BE s=oll ulzt NHA'-NY Hx H3HE 2ys-212 gk A¥E
T Ui HILoT ZH7Zb 62mg/L, 295mg/L, 448mg/L, o
729mg/LEol KT NH-No] s=W3e IPE =7t 1% o312 7P wA *
27 R FABIALU 47 A VeI 5% oY IVE F
B2 &MY Z¢ AE 5¢ZBA] ASFHLE FUMEe R UElkch o

o WEZR No.2, No.33} No.42] NH -NsEXx 717} 434pg/L, 770mg/L =

P
-
A%.
=
o

1332mg/LE Ulelytc), o] uwl NH,-N AAAAE-2 2zt 24mg/L - d, 64mg/l+d W
102mg/L - A2 25 F7to] uls) AREE AA F71EA woken o 9 1

FE =7 wA FAH dERAFLF P4 &l A UEtHch wHe] g VSS
ztagko] uwel BAE HS NP BE U&Zo]A  0.056~0. 063gNH; N
produced/gVSS destroyed© 2 UElNIT) o]l wWHE oM {I7]E wio] 23
TVFAs 823t EAloll NH/-NE B8HE2 s ERUER J3H TVFAs7}H &
AZFoM A3z T3 of M -NE F3E F s ALE ek
th o] HA] oje} SHRAI} Po] ETURITHoA N -NEFFL B3
TVFAs B ZHETE Hong ©@AZHolM E& wWHEY Fojs= NH/-NFIIE F
Ztoll & ARE XA Y& AoE AgHr

e

WE7| et B8R PO-PY 2 ol M UFO ul3] HEHFo] nju]3tal
oo APE HEIL % olstE Y UARojAME POP FHulezrt
165mg/L ol3t2 Uielten} 10x9} 20%2] A E =2 LAY Fe 77
293mg/Let 479mg/LE B A UERNITE o] da] EF UEE FEH {rlado]
AAFANZE FFE of PO-PE FFH 4 AUse AE uiPych o of A
H TVFAs & PO,-P A4 aHct ofe @& wrlohiet PO-P F= uf-¢ ulo}
F ANEs] At A AAZBAA A FAHA Y& Ao Ayl
tho] gVSS iAol mbe} AAAdH gP0-PEr 0.026~0.030 gP0s-P produced/gVSS

destroyed® UIElYith A8 27] I E HSE NHO-N3} PO-P A 8ol HE
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oft

FE oA de AL Uridrh o4tz Zo| giss Ztio] wE B4R
& TVFAs, NHC-N 9 PO-P €28 &7 uelytc),

YRI5 VSS Zio] whel ™ TWAsel SCODere] AAE 2315-229%
o] TVFAs = 0.210SCODcr - 409,022 LleEh} A4S SCODer E& 2R3
M B8 TFAsY w5 IS 3 5 g Ao Agdrt o g
< 0.92(n=40)2 Ueh} @33 JAPAE 7l Ao yehydth A"
SCODcr} NHe-N Al S A] NH-N = 0.039SCODcr + 60.192 LYE}LESL PO-P2ie]
BASAE PO-P = 0.016SCODcr + 28,998 Uiejyich o] uf r2 0.91(n=40)
2} 0.83(n=40)2 Vieh} ¥Z 3t AMUAE @S] ol e AL
UR7IVEL B H SC0Der =& 31224 HAHH NH-N2} PO-PY &
T HHE WHAFeR FY 4 US FLB AgHT)
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1400 } . % x
T 1200 } x x X
o
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g . A s B a
5 800 ¢ A A
38 X .
% 600" A
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z 40t o o © B o O o
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Ioo o o © © o © °
0 0 ; ° X
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O Swine wastes 1% [JSwine wastes 5% A Swine wastes 10% X Swine wastes 20% ‘

3% 5-21. 2EI7F45CE |RH WA oA =g

LAH 7)ol whet 3G H NHi-Ne| s
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Formation of TVFAs Conc.(mg/L)

0 5000 10000 15000 20000 25000
Formation of SCODcr{mg/L)

O3 5-22. UARLE 45ColA EEuFo] oz) WA

TVFAs2} SCODer®] Atz

P
N
ol

jo o
M
wan
feu
N
oX
o

31 LEE 2B5TE FAY AL
ST Foste 1 E ETYHIE 1%, 5%, 10% L 20%2 Hx| 3 UH R
UE X=F 25CTE FASL 7] pHE SUYE FxIstdAM 233 {7]4t
RN 7] B2 T3 Hyo] w}E TVFA, VSS, SCODcr T NH4-N&) =
= HIE FAsladct UA R &J) pHe BRE R ZojA] 5+0.30]go0
1045 W&EF 247t 7.24, 6.67, 6.47, 6.452 Z7lEls ZA3rS wHolqy)
ol YEMSZ TUH FUvtel =t 230mg/L ~ 1150mg/LE Z235] x|
st drlel=o] V35T oR ARl Oy 5-232 *AUNE wE R
FE Ty W3 ol TVFAse $ 5 H3E Uelhd Zolth A#Exv)

TVFAs 5+ WEZ No.l, No.2, No.3 U No.4olA] Ztzt 8lmg/L, 187mg/L,
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362mg/L Y 745mg/LE Uttt A7 o] ZPol whel BE LR RA
TVFAs 2= A8 6 ~ 74%71A] F71sden 1 ol ¥FEl: ulu|3tA
7t ez ueiudch 1E EYH|I} 12 LAY HEZ No. M=
]
o RHE EPu|E -2AH ¥ 2 No.2, No.3 I No 404 TVFAs =7} 2

e ofx

o]
o

TVFAs ¥ 57} 140mg/LE UERL} 5 Z7}Eo] n|u]stgc}. utddol, 5%

4

7} 629mg/L, 1084mg/L, 1828mg/L7l2] F71E= Zlog yelych & AExd
o] TVFAsS] B82S wWiZX HISFOR 8 4mg/l - d, 63mg/L-d, 110mg/L -
d 3 155mg/L - d2 UehLl 27] pHE 2F3HA] U WERER} Ho] 18 E
ZPu)7t A A YARYFE BP3EE F7EE 22 veidth 2
HE EYuIIL 19 5%5 WA EHY UEZo|A TVFAs BEE&-E 8.4mg/L - d

o} 63mg/L - d2 UEIRIOL} HiHof, 10% o] 1FEF 2 M F¢

110mg/L - d o} 22 A Uelkch X271 pHE 23] 43 239 U8
Zo} vlas] 27] pHrt £2BH ZF TVFAse] B4 &L Wiz HMI¢ez 7}

2} 5.6mg/L +-d, 2lmg/L+d, 29mg/L-d 3 678mg/L - 2] 2 WA LlejuIc),
ol BHE TVFAsE BE H7]4t waRold 3¢ =+ 1087 URHUS
TVFAs: X7|% <ol uls] z}z}b 191% ~ 223%9} 239% ~ 301%7} Z7}E=
2 el Elefsiniotis(1993)ofl oJ5td TVFAs A2 Wbz pHoj
aA d¥8g v FdsY 2PE EI} 6% o] deE MY H¢ pH
g3k musitta Bg Az dx]sta olch Zela 7] pHrl 5.0 ol3tE
gojAol {4t Ao J3E ulHches EIE {FAYS Eo Foch B
E iR wWRI| M BAE VFAsE Acetic acid, Propionic acid
3 Butyric acid7} thEEE xSl Qe Aoz el pHE 2AskA] ¢
2 Aot FARHA yvelylch, 28 E 3] H3e] o f1a HaERAA
thel g VSS ZtaFol wlE gTVFAs AL BE 2ol 1047 HEF

0.07 ~ 0.08gTVFAs produced/gVSS destroyed® LU}E}L} R7] pHE RASHA
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o1& R4 WERSO] H]3 e S BAct) Goncalves(1994)0) 23}
gazo] #HA pHe 6 ~ 8 YR Ruso] ¥ d3Aze} fatdon &
EH4E ol &3ste] TVFAsE AP A1717] lsiA A¢iF o2 pHE 2A3iA] o
ol ® ZloZ Algdrt AVNEY VSS 2 3d E= 1045y w
a7zl ZFagel wizl BE UEZoAM 7] VSS HEof ujs] oF 18% ~
37%2} 48% ~ 642 LA E RO g elyich

3% 5-24E 2AVNEL 18 E E3n] Htel ulbE SCDere] & #H
BE vepd Zlojrh. A &7l SCODcr HEE WER No.l, No.2, No.3,
No. 4ol 4 Z}2} 404mg/L, 2380mg/L, 3080mg/L %! 6720mg/Lolict, n3E 3}
Bl7} 1582 AY UF R No.lolME i SCODer =] Mo APF 3
d7Fez Ueldts 5% oj4te] I¥E Eyu|z LMY UAZR No.2, No. 3,
No. 4ol M= A3 7UZ L2 rieluteh olmf SCODer vE& WARX HILoZ
2+z} 533mg/L, 2820mg/L, 5334mg/L 2 11120mg/LE VEFYIT}H 18] SCODer
o] AWML 7ztz} 38mg/L-d, 63mg/L-d, 322mg/L-d W 627mg/L-d SO
LEl} 27] pHE 2FHA] i A WA ZEo] vls] SCoDer B8 7}
Z} 19mg/L - d, 146mg/L - d, 200mg/L -d X 343mg/L - d2 YAl LIE}WICE o]
A LHE TI7 BA SR LEZYS4E SC0Dcrd] FAH LS Z7EHE
2o uUetyth A72Hee BE dAERoM BAPHE TVFAs/SCODer HlE
¢} 0.15 ~ 0.8322 Ueht} a1y F 3] Wit % LB 7|t w2 Aole
ujejstol om AR pH HelQ] Mol ulE Alo]= nlv]dtdt).
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Y 5-23. WRERLE 25T, X7|pH=5¢ AN =R E§n]e

AR 7|2l whel A9 H TFAse] s
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& 6000 }
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Q 4000 t a A &
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Q A fw) ju]
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fLSSwme wastes 1% [JSwine wastes 5% A Swine wastes 10% X Swine wastes 20%

2% 5-24. UHERLIE 25T, R7|pH=5¢] RZolA EEEHN

u & 7] 7ol uhel AAd® SCODere] w3}
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A717tE B E TUY] W] o NH-Ne) s HEE O 5-259
Zrh A8 &7 NN FEE LR HILo0F 7}z 84ng/L, 230mg/L,
471mg/L, 645mg/Lolgith, BE WH RofA NH-Ne % HIE= A¥ 5 ~ 6
dF¢ A&HHog FiEe ZAoR Yeludoh olg WHEZ No.33t No.49]
NH-N S5 601mg/L9} 911mg/LE UFEINITH 2] NHe-N AH-82 17mg/L -

Mo

d2} 29.4mg/L - d& VEh} T o] F7HH 2xof vl P& A F7}
=] okoton, 1PE vt £A FAB UEZASLE YL 24 U
Bttt U&7 HE AEH PO-P HEE oEl EM3AZ uE) = 3}
Fo] unujstden 1P F T} 5% o|3tE AW LAZEHE )
PO«P SE7} 295mg/L o|3t2 UIE}RLOL} 109} 20%2] 1BE Zu|g oA
H 7§ 570mg/Le} 90lmg/LE UlElRtTh 2] pHE 2SR ¢n LA
BZE3 o] NN I PO-P B3E 44 TVFAse] vls] 32 gojmg
AEUA SAFHA NH-N D PO,-PR] P32 IA EAEHR & Aoz A}
Bl ol T2 A¥ZAz] stH EEE ol &3l TVFAsE B A]717]
sl sl o2 pHE ZH3HA] Qot= © Zoz AlgHc)
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IOSwme wastes 1% O Swine wastes 5% A Swine wastes 10% X Swine wastes 20%J

Oy 5-25, WHRLE 25C, X7|pH=591 A EEE |9}

U7 7] 2ol whet g H NH-No| 5= st

2) 7] pHE 1022 RASl2 25 & 25TE X5 2L
E28 Toislq 18E T4

UE EEE 25CTE FABIZ Z7] pHE 1002 231N AL §7)4)

1%, 5%, 10% U 20%2 -S|t WFHx =

o

il

WE oM Z7) EE Fojal #H3to] whE TVFA, VSS, SCODcr I NH-N2| i
= WHEE M5t WEZRY 27| pHe BE YRR 10£0.20]5 o
105 R ¥ ztzt 7.96, 7.38, 7.63 U 7.888 ZAaHUcrh Y 5-262
AF HERe] 2P E EYY] HIlo ulE TVFAse] = HWHE Lehd
Zoltl, A¥X7] TVFAs 5+ WHR No.1, No.2, No.3 2 No. 4oja] ztz}
90mg/L, 216mg/L, 488mg/L X 974mg/LZ LIElYITE A 77bo] Rz ol njz}
BEE WAEXA TVFAs 5t AEF 743712 759 e 1 oj¥Re=
oju]stA FotEe Zeg ueidth 3P E EPu) ke d™ waz

No.loflAj= TVFAs 5X7} 90mg/LollA 223mg/LO T SojL} & Z7}Eo] nju)
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stadch whdel, 5% ol IFE EPu|E FHY WIE No.2, No.3 U
No.4ol A TVFAs %571 Z+z} 724mg/L, 1298mg/L, 2620mg/L7tRA] ZE7lE] = AL
2 Uiyl 2 AgzzoM TVFAsY] BPES iR HIS 0T 19mg/L -
d, 80mg/L-d, 116mg/L-d X 235mg/L - d2 UER} 27| pH H3to] BAglo)
IPE EL wA FRAE HAZLSEF BEES FUtEHe Aoz Jsid
th 7] pH7t 52 ZFH B9 ulas) TVFAsY] 4B4&2 w4 Ueiston,
53 2¥E 37t 1Y A AXE UEZ No.4ollM & 80mg/L - d7t EA
Uiyt ol & Aol 32H pH HevidlN 27] pHrt F71H 45 TVFAs
o] BEE&L F/IEE ez veidr) oln] AEH TFAsE 33U Exe 10
Azt UEEAUE B 27] TVFAs sxol vlsl] Zpzt 187%2} 269%7 F-715 =
Ao 2 Lielkic)
RE WF 2B WHEIZHEQ AFAME TVFAsE Acetic acid, Propionic

d @ Butyric acid7} tEEL 2R3l Y= Ao Uel} pH ¥ 3to] u}
= gure uusidct. 2RE Sgh| wie] ohE §74 WEZIH Tl g
VSS Ztzoll whE gTVFAs A4 Hele BE W3 olA 1047 HEF 0.07
~ 0.19gTVFAs produced/gVSS destroyed2 LUIEIL} Z7] pH7l 7l +E &
e Bk SAVES VSS EE 3Y EE 1045U r | te] Z 2t
Hol| iz} BE WHROJA 7] VSS ol v|3] oF 18% ~ 54%2} 48% ~
7% 9] 2 2HAE= R o2 uEebytch

27 5-2712 A7EL 1B E ETYPu] HEto] ©E SC0Derd sk HE
Z yehd Zoltl. A¥ 7] SCODer 5= wWAEZ No.1, No.2, No.3, No.4
ofl Al ztzt 480mg/L, 1780mg/L, 3930mg/L W 7840mg/Lol it RE H ZolA
Z|t) SCODer =2 ZHEol AY 7dZ LR ety ojuf SCODer s=&
MEZ HE4og zhzh 908mg/L, 2920mg/L, 7503mg/L %! 14160mg/LE L}E}GE

t} 2|3 SCODerd] AL 7tz 6lmg/L -d, 163mg/L - d, 510mg/L-d %

-293 -



903mg/L -d T2E Yeht 7] pHE ZFslA] U3 23Y WEZEFL R4l

stAl Uetdth o] 94] ¥ E Tust A KA YEZY4EF SC00cr

r [}
b
il
o
bol
N
2,
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%
e

B8E&2 FIEE o= Jriynh 37TE

Sgu] W3 U wE

m]u

TVFAs/SCODcr Bl oF 0.15 ~ 0.602.2 Lleh} 28

713l @E Aol nlujdtH o FLH pH Wele] Wil wlE xlo]x nlw)
stedct.
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4500 t
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) 2000 } x X
< X
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§OSwine wastes 1% [ Swine wastes 5% A Swine wastes 10% X Swine wastes 20% |
!

1% 5-26. MERLE 25T, &7|pH=100] ZAA =B E§u|e}

dar| 2ol mtel BFH TVFAsY] s =83}
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Time({day)
[LOSwme wastes 1% (OJSwine wastes 5% ASwine wastes 10% X Swine wastes 20% l
3¢ 527, YAERLE 25T, Z7|pH=10¢] RN =2 E3n]9}
WA 7| ol ulel AB/3H SCODerd] X ¥
A7 F 1B E Ty H3o otE NH-NY = H3H= Of 5-283

gl AE 7] NHeN 5E U2 U308 7b2}b 112mg/L, 280mg/L,
448mg/L, 84lmg/Loltl. RE WH ZA NHrNeJ%E Hit= AR 6 ~ 7
dE¢ AFHLE FIEe AR UElkith oluf WHZ No.332} No.49
NHe-N X+ 68lmg/Le} 1203mg/LE UIEIWITE 22]3 NHy-N A48 33mg/
L -de} 52mg/L - d& Lieh} wWE ] F71H 2xof vls) AE&S A F71
2] odgteni of HAl 3P EF X7t A A HIEARITE P&
=4 Uetdch UE7L Bt B8 PO-P vEE e EA Y vlE)
T H3tEo] njusleleon uHE ETYHJ 5% o|stE Y WAEZEoME=
|t} POs-P =7} 151mg/L o]3tE Lieluton} 10%9} 20%2] L E ETw|E

HE A9 224pg/L2} 39leg/LE LElRITE RJ] pHE 2 A 8}A] S A

o

LEZEI o] NHe-N U PO-P B8E&2 AEH TVFAsofl vl3] 32 JolER

—295-



BEIH YAZHA NHe-N B PO-Pe] 93 FA EAEHZR] ¢4 Aeg 4}
Exict ol T2 AP AN o3l TVFAs AAdo] plxs H¥UxE 2
T g 3HE Z3uEss vtelgton &) pH WEhe olblgt 2o el
t}

1400
1200 } x x X
= 1000 } X X
g | x x X X
¢ 80T
foul
5] a a b
O 600 [ A A a
? f.% a8 &
T 400 F o o O ©
z oo o O o
200
o0 © O © ¢ o © °
0 .
0 2 4 & 8 10 12
Time{day)
—

i Swine wastes 1% [JSwine wastes 5% A Swine wastes 10% X Swine wastes 20% I

O%5-28. WHERLE 25T, 27|pH=100] R4 E8E§u|

g7zl whel AAGH NH-No| s

B

BE ZTYHl, 271 pH HE Fo|BZ o
H TVFAs] ol& EdE 7justolch
W o] A ol 22 vl 2y (multiple regression model )& o]
st e ThEHARELE £ olde] S¥¥4(independwnt variables)7} 3t
1}2] F4&¥H(dependent variables)of mlxje= H3FE FAHI= FAVIHY
ChEHARELS Bt population)ol A FEH5H £ (7]8] EYPHS iAol
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T 22 e RdA e g8HY 4 ot
za+ BiXit BoXor BXs v -+ -+ BiXi+ €
A7IA, Y = FE5HEFY &3]
Xi = 5389 3
e = NEEEL] TX}(residual : HEFX] - AFA])
EE2AF B:& ot WHoE VMY EHAOR AMEEE EE H4A
&4 (Ordinary Least-Squares Methods)& o]&3}lgt}. t}E3 | mde] AP
Bt e SYUVLEAN ABH 4+ e FE5U5Y 4t &(variance
rate)Ql THEZAA A 4(coefficient of multiple determination) R*Z o]&3}
drh Fodel &2 HSYEEFY HFL richdeY(stepwise selection
method)& A -&AIA 71& Filoll ulxz] Rl B AYAlZich ®3, tf
FHHEAE ABEHI oL o|AE ABs= A2 B /FYEE &Y
th olAtx]e] P s|EHoll= FE3kx}HStandardized resudual, E), Cook A
2|, Mahalancbis®] Az| o] d&d, & dFRFdME= 3712 71E8YPS &
T ALyt 2 A, BETAL E B9E olANE AU E ol 43
S o Fool g2 Edo] MAHUCERZ oA UYI|Fd= EE
FAEAYE  o]&3tdct EXARHE)? o AR spE bt

(indivvidual residual, e)& 3%z}

L

EEUA0.) AFLE W tolth.
712 FAE thE3 2oy E(e)e 3ap FFolth
E=c¢e/0d
n
o= [ Tle-E(e)(n-1)] "
i=l
Cook?] Azje 3 ELo| ne THEUL wfe} TSR] QS mie

apel o]z e I EEo] thE EE mAs S Uehle FAA
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t}.

APE TP 1x2 7P WA SH" WaE RN VFAsY] BEHEIE o
Z317] 9% thE3IRYAL VFAs = 747 + 13.6 (Temp) - 122.8 (pH] &
eI} VFAs /o] 2% U pH7} 71 323 qdo® Jelddch 2¥E E
Ftal7 5%8 SAH ZE9 iy BYAE VFAs = 221 + 77 [Retention
Time) - 41 [Temp] - 121 [pH] 2 UElILtOn 10%8] 288 Eghujg 2ad
79~ VFAs = 1465 + 201 [Retention Time] - 80 (Temp] &} r}& ¥ rmgarle
2 Jelstrh o] of NFAIZY, &%, pH Fol VFAs o] & F¥o 2 njH
= Aeg vrtydth 18 E EPNIL 20%2 MY A MY 1Y a2

r-{

59 t}F3E 3 2dale VFAS = 6320 + 89 (Temp] - 0.16 [VSS) - 571 [pH]
2 e} VFAs o] %, VSS B 1 piSo] &
Lietutch, 1 E Egu] Hilel] izt 229 clFHARYAE o83t o
2% TVFAs 559 A4&% TVFAs 55L& 2¢ 5-32, 23 5-33, 123 5-34
23 5-350) vehd Zojrh # A¥zZoM IFE EyuTt 12 MR W
A &Y UAZENNE AFZUS AEel Aelrt A3tA Riou 28 E
37t 5% oo 2 HH WHXEME &g} A&l FABHA U
Efddct. 2HE 3ol A SJHSE AEUY ASYLS olF AYsiA
Uelith 2 Aoy 22" THEHARDN LS TVFAs B HE o &8s o
FEY =72 o] 8H 7oz Amdrth
%l 5-29, 5-302 WER 2k} EEEU0l wel BAEE= TVFAsY] &

off

BE nAe AR

Liehd e g gz ALETL AEi T FHSS TS &

™

< F7tEe Ao veiden EFERIL A AAE B¢ TVRAsEAE R
& F7H5e] & Re= Urelylrh
AR e gVSST B H T glVFAsT, & TVFAsE AT Y(yield)ghe it

g2 2EZvlel met $7iEn 2 LEzAM BF VP ASE 22



0.018gTVFAs produced/gVSS destroyed, 0.098gTVFAs produced/gVSSdestroyed,
0.248gTVFAs produced/gVSS destroyed, 0,36gTVFAs produced/gVSS destroyed
2 Ueht Z71EE Zeg uyelwlth 25T, 35T, 45CTE 3 HhgxR9
TVFASB B A Y8 F7H&-& 15CE - ZF-fHct 27} 560%, 260%, 145%
7t 37tE e, A¥E % 5% 105, 202 SAH USR] ANAL Y
Z7H8E ¥ E T 1x2 LAY FLETh A7} 100%, 132%, 118%F7H4
Ao g ekt 2¥EFsEo 227 LSS TVRAs 4AS YL F
Zyste Zio® yelyth Jeu) wEze 255 Eo|7] $MAE energyE
ZH]sjo} SIEZ energysblo] wE AP LEE M=zt UHE I EAEF ]
of stzlct. 2xF7lo] whE TVFAs AT YR F7H5-& Z¢¥ of 35¢C
7t ARBLEE ARHY APESEE TS TEHOE Jsideoy a3
B2t UR old 39, dxzRe] Eiol oiyt A7 dAEHER ol&
23 AP ESEE Atz

a8 5-312 WHEZR 250 ulzl gvssz4d] ulel AAHE gTVFAs,
gNHe-N, gP0s-P o] BHZhE Uehd 2o AEH
Z7tgol ulel 2A FriEdou BEE M, N} %S 48 F
xtgkol w3] o}F ujuldt F7IHE B C/NH]E w3 F7] 48t EF
WH NG Foshs W2 A4 W AA AN FB Y
2 Atg ¥l
VSS Zta:Alg kot VSSHIAO] 23t TVFAs B8 AIF Y& g2 E2E ut
gt Wske 2o Ush} LREBASTE o] &3t xR ulet ZAaAs
Y BEAFE FHES 2t LERF L v AS o83t
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Kr = Kos 677

Yr = Yy 675

q7]M,Kr = TCollN VSSZztA A4:(/day)
Kes = 25CollA] VSSZH4 A4 (/day)
Yr = TCollA] TVFAs A A<

Y5 = 25CollA] TVFAs X343 A5

6 = LERBAL
MEZ 2ot EEZYE B0 SA-Y wWEZO VSSEE U TVFAs
TESFAAE ¢ Mol iyl LERPASE AbPsiAT). VSS ZLAAS
of iyt LERFAT 6,2 1.0158 AHFE A, TVFAs B Ao tfst &5
HEAT 6= 1.0862% 4tFEo] wE 2 2o a}E VSSZHAAI42} TVFAs

BRATE A& ARt

06

05

04

03 r

02 ¢

01

g VFAs produced/g VSS destroyed

15 25% 355 455
2%(C)

H

|—=—1% —a—5% —a—10% ——20% |

% 5-29. UAZE L= EREYulo] wlE the] giss A AT

R4 Ay
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g VFAs produced/g VSS

gVFAs. gNH3. g-PO4 pr./gVSS destroyed
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TVFAs Conc. (mg/L)

TVFAs Conc. {mg/L)

600
Temp. 15C L 2P Y
500 % > . )\
Temp. 25C * & *
! - - * Om3
400 oo s. o]l aoocoso
oo o .
300 } .
pooa L,
200 ¢ ot :
m.....o Temp.35C |
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NESEEILL
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235-32. EX EPut 1x2 AW YE2 SN 4™
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L o o 8
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e
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03 5-33. EX Tyuvl sxE 2 VEZSolH PAH TVFAs

TR HEU A& vla
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A2 E. w714 FYLoE A /Ny ¥t o

ddu g 54

FE5T GEHST Nos-N AASE BBAI Sl Uetes
SEE YAAH BEH TWasE Feados A8y o stagiosye]
HE3 NO-No| AALE HItstyl slste] gEalutgzel o
G RE ol &3t UMY G FHsIT)
2. Ag3x ¢ Py
7h HEA g2
FAtE-27130lA HE&E HANED T Y4LAE SR
o]-g3to] NO:-N HAXES FA37] 1T AEANE 3y 5-363 ek A
goll AHgH G2 E 3L &1 FAREY YFY olays Az} whgz
SAREZIE o83t B Mo FEHE 2
E Hel= zdsiglon vy &y BAEYY $ UEF g A
Alstolcth AE7IEE WER 2%& 15T, 20T, 25C ¢ 30C + 12 §
Aotgom 7zt EZAoM MSS HEE 2z 4000mg/L, 6000ng/L L
9000mg/L W2 F=Istgirt. oju] Mye] 4™ &A= d&4 ALY
2] wbgzolN AT SHAE o 8 ~ 10A3F¢ EIAH §7123
AAL the 2~4A BTN TINE FEAA S2404E 22T
Bstgict. Zb whgxo] 22l MISS X ¥l mpE A=
20%2] EE°] FAH H7Iat WA o 3 ~ 4dF YHAZ F TSSH}
Ho@t YAHSE Al AN £ AF54E 22ste] 2 ukex
ot} ON HIE 2 AP AR U=F 2P}t ol BE ubg
rd

B2 27] NOs-N] &= of 500mg/L ~ 600mg/L HelE {233 41 71%
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FUse ONHIE 23] AT RI1E BB3E ZibsTleld A2 E
e FAlE BEHE 2571 0T #A1" wig7lo] of 547 wMigAA ZE
& Hui JteE3 A7 F 2P E SRS Sol7] 93 HAANA 4
238t A3 GESTY FUsd ALY EYsl onelE

th ¥, fds ONHE 28] Sl FUE ERLR d

N ol
>
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X
.Ov[_:
ok 2 o

22|
Fol F7tshd gz o] Fuislol AAEhrgg 1Y A $2
A FAI 3 TP ENFAIZE 2817171 o3l9) ot} & 5-33 Lol
AFAZE 6 ~ 159 Alololly fEHog {3t 7 wrgzd
22 FYds ON et WIS ES 2] 2YsAM QEYY dAugR
FNEAALE W AAA Z ol 2FE Uio] £sIHTL. oln {R7I1EA
Fool wE AL WY A7 FU3A FU+ TKNSEE 1000+
300mg/LBAE FrAstct W, EF FYol wiE dEE 1Y EEEST)
o} dEeol F71Edc] ¥4, 1AdRoME E23 ot 473 Eelxo] u)
258 A2TYPFENUFE o1 &3HA7] W) FU4 BOD =T WatA|gl 2
AdEoE E2E BYste fY4 NS 235197 wfol BOD:EsEL
12Pd % K} &S 1500 ~ 7000og/LE 9182 S At

m
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Ho
Y

- 307 -



1:Feeding Tank
2:Anoxic Reactor
& Tharmosdat
4:Adaptoq(3V DC)
5: Air diffuser
monitor

"

6:pH

I‘QD...U..

7:Charmical tank{0.£%NaOH)
B Air Comprassor

i

O:pH Proba

10:Baffle

11:Effluent Tank

12:Clarifior
13:internal Return Pump
14:1ron Bar{8Bmm=dia)

a8l 5-37.  FAabA-Zo
¥ 5-3. Fala-FIobgz AHzA
# I# # N# N#

emza| RN RUN#2 RUN#3 RUN#4 RUN#5
D=

. 112341123 [4|1{2(3/4]1/2/3]4]1/2/3]4

O,

EXI P

Lﬂ2‘”""112333335555 72l7l7 1719999
frd=C/N
TR 1 1.7 [2.715-5) 1.8 | 3l4.2] 1 |2.213.4] 1 |1.9]2.8
(SCODer/

TKN)

SRT, day |15(15/15(15]1410| 8 | 7 |1410| 8| 6 |1410] 8 | 6 |141¢ 8 | 6
HRT, day 1.5
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7 28 WSZE o8 YA

1) AR 4559 Fo - Fol wtE SRS

e ze] 25 & 30£1TC WE, MVSS HEE < 4000mg/LE RAI3H 4
o] WEREM AAFANE YARY AeTE Fostd 7] ON HIE
2.4¢ 412 23] 53T HAAEY AAZANE FEsleE ol &3
27] ON BlE 2,13} 4.28 235l 3 &AdAdgY] ZAE 2
® 5-4of Uehjch waRE H54E Foisle HH whgze %)
NO3-N H=7} o} 437ug/LollA AEB 6A12F71A] F43] ZaHEe Z¥eE U
el ol AR el ZTUM TVWAs T3 2 B3t 4& &&
4 #7123 (RBOCOD)o] TR} E¥E ] 9l7] wjEgL® AlEHct ojuf &7
C/N 817} Z7toll whel APAI2HE 62]7tolls NOs-N =7t 242} 122mg/L2%
76mg/LE LIEIL} ©¥9] mg SCODcroll ]3] A A%+ mgN0o3-N-2 0.127mgN03-N/
mgSCODer « hr 2} 0.111mgN03-N/mgSC0ODcr « hr 2 UIE}WITE 8]3l A3 244]
7V AE F /N 87t 248 F2H Z$ NO-N 2= 15mg/L ol3tE e}
won O vl 418 FAE F9 A¥ 1942 Zd F fE3] AA"H:
Ao g ietyrt, vbde], WA AR 2 FEHTE Foisled AH B¢
Z7] NOs-N 5=+ o 3dimg/LollA AE SAINH7IR] MAM3] HAHE FRL
2 ueiddch AY 24A12t0] B ¥ NO-N =& ON Hl7} 2,13 4.2
F2E B 27 99ng/L9t 90mg/LE LIERL} THS] mg SCODcrof &j3f A A

f

= mgN0O3-NE 0, 066mgN0;-N/mgSCODer - hr#} 0. 028mgNO;-N/mgSCODer - hr 2 L}
EfRiCt.

UEH B2 BETE FAYL HHERoIAM NOs-NJ A AT &2 HZH C/Noi
BACl 97% ojo2 Ueldn YHA&LTE ON H7E FItde] uwe}

4. 38mgN03-N/gMLVSS-hr &t 7.07mg NO3-N/gMLVSS-hro & A Uieputc}, ehalur

Tm
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& Aol Bdel wet gz HHoR Yy Jlavl FAdgo] 2T U
HEe g4 = Fus o)

218 U V=AM AAFAANE UEANA UL GEHSFE o
3

NO3-N A AT 2}2 69%2} 77%2 el ©ALETE 2 670gN0s-N/

gMLVSS-hr2} 3. 44mgNOs-N /gMLVSS-hr 2 UHERGITE ojatzl 2 A ZA o o
S AARZANZ a2 AJErE ol &Y B9 YAAZL UHEAFA
Ue BEMFTE o] &Y FLETL BA VEh} WER Y54 AEYY ¢

A3l AALFAANZE /8314 o] &8H + AU Zoz wtig )

500
450 Fermented supernatant C/N 24
Fermented supernatant C/N 4.1
400 |
350
£
300

250 }
200 |

Swine wastewater C/N 21

Swine wastewater C/N 42 ~——

NO3-N Conc.{mg/L)

100 |

50 t

0 3 [¢] e 12 15 18 21 24
Time(day)

—4—C/N 24 —#—C/N 41 ——C/N 21 —%—C/N 42 |

J% 5-38. AAFAAZ LAY E2Y 45T GEHSE ol &Y

B2 R Eoj A NO3-No] &5 W3}
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E 5-4. HEA HAUYHNAM L NO-NAHAZE v]2(AB AR 2443

WEZ BES Fol BEHS Fo
C/NH) 2.4 4.2 2.1 4.2
NOs-NA| A & 97% 97% 69% 77%
LT
(mgNO3-N/ 4.38 7.07 2.67 3.44
gMLVSS -« hr)

2) x W C/N B8] W] n}E HARE

g©Antee] 39 W4 2% X7 ON vl Wil o} E YAFSS 2
AMs17] g8l APE +qsigct. LES 151CE vy WA fx3haA
MLVSS =& o} 4000mg/L LH&]2 AR 4cfe] wbZ o) AR HE+E
T3ty 27] C/N v]E Z}7} 3.1, 4.4, 6.0 B 8.28 X3l HAMES
33 Azts ¢ 5-393) 2l 27) pHe 2E 2hgZoA 7.01 ~ 7.08u
9 oldem AY 24A|Zto] FAH F phe 7.7 ~ 7942 FIiE A 27
NO3-NO| BEl ¥bgz WHIgog 7t 480mg/L, 485mg/L, 534mg/L B
A Nog-N =& HBARF 12 ~ 15A|2e] o uiztx] ZHase
Holttzt 1 o] FREHE LAH= HE HEFo| oyt Reg Uikt o]

of 2§ HE 15AI1Zte] ZFAH F NO»-N sE= Z7 26log/L, 238mg/L,

530mg/Lo]git). 4t ®¥FSZZE C/N v]7} 4.4 ojato g £AE 3r) ¥SZRE
73

%

256mg/L 9 209mg/LE LIEINIOR  EASTE Wl R HISOFT
3. 670gN03-N/gMLVSS - hr, 4.12mg NO3-N/gMLVSS - hr, 4.63 mg NO3-N/gMLVSS - hr

al 5 35mg NO3-N/gMLVSS - hr 2 UtELYICE T2]ar &7] /N 8]7F 71l u}
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2} NO3-NO] A AF &S Z}7} 45.6%, 50.9%, 52.1% L 60.6%2 A2 LA U
Eisivh, 223 Ay 24Xl Fxpd F HAL=E 94 ong] Frkeo®
2. 40mgNO3-N/gMLVSS - hr, 2. 75mgN03-N/gMLVSS - hr, 3.61mgNOs-N/gMLVSS « hr @
3.90mgNO3-N/gMLVSS - hr2 UEIL} HA TS 2tz 48%, 54%, 65% L 71%E
LietgtTh o]ojto] & T Zo] olRct 12| A LEIA] %L olf=

Avtelelote] Vo]l AANHS: AL SxEHelolA Aol $3yEAY gF
22 xEEHcrh AHERY] ORP 2 BE ¥ESRoA -110aV ~ -180aViie)

2} gaAntgo] Fatge] wbz} ORP e ZAEE Ao vleh} AHA
24A|Zto] AP F -2450V ~ -3320VCE LlEltt),  ORP Zio] (-)el Zte
E AYH,F vgZo] FY" SCDer HEL wautezlole] AAITANZ
olgH 4 ] wfol gl n{REE= Lo AFATL F71e} &
2l X7 BE€TH NN =8 H&FHCE AAY + A& ZRes xgd

t}.

s l

BREREEE 1521CE FAI5iH 38 gaAMge] x Xt} o 10T7}
EA 2511C S5 $2|5}3 MLVSS ST &= olAo] £3" APz} F43}
Al oF 4000mg/L ViR FA]%E St wESRolA o] WE R AELE F
sty 7] C/N ¥1E 22z} 1.9, 2.5, 3.7, 4.8, 7.628 XAt S8t w©a
AEe F3te 3¥ 5-403) ek &7] pHe BE BERo)M 7.18 ~ 7.364)
olo] Hoigdeon MUY 24x7ko] Z2Y F phE 8.25 ~ 9.058 S/ dch
Z7) NOs-Ng| 55 BE 92 ZolA 509mg/L ~ 578mg/L o] Heldch N
817} 3.7 o]o2 MY 3rf RIFREA NO-N 5= AF 24 2474
2435 HLHe ZHLE UElHon o]F A¥AIRE 1227 HE A A3
28 vyttt 22]5 O/N Bj7E 4.8 ojAdQl Ao ® 2A™ ub
SZ2EMe F7H O/Nvlo] Hs)] A E S A e U Rez U

Eikich ®ARbgo] 12417t FE F No-N HEE ON u|7L F71E wle}
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Z}2} 415mg/L, 359mg/L, 285mg/L, 20lmg/L T 186mg/L S0.2 LER} EIAL
T dk2 R MHILO0F | 96mgNO;-N/gMLVSS « hr, 4.23mg NO3-N/gMLVSS - hr,
6. 10mgN03-N/gMLVSS - hr, 7.29mgN0O3-N/gMLVSS - hr Gl 7.60mg NO3-N/gMLVSS « hr
2 Jepytch 2e]a Nos-Ne| A AEES ZHZ 18.4%, 36.1%, 50.7%, 63.
66,22 UIElRITh AE 24A7E¢ Y F PALSEE ez HIe
O 2 1.38mgNO3-N/gMLVSS « hr, 3.16mgN0;-N /gMLVSS « hr, 3.83mg NOs-N/
gMLVSS - hr B! 4 11mgNO3-N/gMLVSS - hr, 4.31mgNO3-N/gMLVSS - hr 2 L}elyt o
NOs-Ne] MAZZL 27t 26%, 54w, 64% 72% T 75% Ulebich ©AAZL
Z7] CN W7t B7HEeE FUHEe Y22 Urikter} 27] /N 67t 39]
312 Y NS RojM = NO-No AHARE
th. A¥717HF ON H7E A A SR A4S @A o] F ot
upel W2 HEPE shart s VIRV UAEHE BAE A
YATELE 2EF7tE0 vl wA Vielddth 2 AN HFH 27
ORP 2 RE ¥R RofA -100aV ~ -230mVilie] ojith AP X7 ORPZLS

3G 3

o]

flo

Mg Rez Uehy

mQ,

"

ZAEE ZBE B AY 24A o] A" F -295V ~ -3%%5nVE Liehd
YA F Lol F71Y4F ORP 12 AA LAF AT)

YL ALY EEFolM g2 25F 0+1TE MY A
fAste] A GHHYANE GA] el LEXAI} FUYL MLISS B2
FAH 4o PSR EolM AR HFFE Fosle X7 ONHIE 47 2.4,
3.1, 4.1, 5-82% A3l YWAHL $303) Azt 1Y 5-413 P}
7] pHe BE ¥2RoA] 6.98 ~ 7.54U48] ojgdon] AlHAlRE 244] 7o)

oY
LER U

H ¥ pHe 8.62 ~ 9.098 Alwts] ZUlsEldct. 7] NOs-N 5= 2E B3R
ZEolA o 450ng/Liid]oldom AY 6AZte] FUH F NO:-N 5= F74
3] 743t ZA3kg Holtlhrl olF AMA3 ZAFE Zog uyelpton ojnj

YgALT L ¥l2 7 MEI 40T 13 04mgN0s-N/gMLVSS - hr, 14. 42mgN03-N/
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gMLVSS - hr, 15.17mgNOs-N/gMLVSS - hr 3! 15 88mgNOs-N/gMLVSS « hr2  LIELYE
th  2je} Yol B HAKEE 25ToA $£3H &AL ujzf o 2 ~
i FE FUiEE 2oz vehd 2x7 HA4E Y & d¥E F
ole 2 Uelytch &7] C/N u]7} 3.12 Y RS0 1247, C/Ny]

3
i

rr

7 4.1 4 582 HH YEREoMNE 1842 FASEH NO-N sEx &4
32 e Rog Jeht} gANbg2 feFdch Iy ON HJt 248 v
23 YA £ Fe AE 2470 AP F NN HEE 15mg/LE U
Elgic, RE SR EoM AYE 24x 70l FAH F NN AATLES
96.6% o] o2 obF wAl Ul o] diA] el LERAZ} Po] FIHH CN
vlo] &ARZE IA F7EA 4t e ushych X7] ORP 2 EE
HhgZollA -184mV ~ -229uViie] ojdlen AME XI|FE FAH3] PLHE

o2 veht} Ay 242 7b0] F2H F -380nV ~ -535aVE LERLIT o] o
Al bz Huo Ztast HAdEe] 27} o UE s 4 wAEHACL

rin

rir
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Time(day)

[—®—C/N31 -B—C/N 44 ——C/N6 —C/N82 |

2% 5-39. 257} 151 CE X8 9r-g o)Al C/N v] ¥ ilo)

ol NO;-No| 5% w3}
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—
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<

o
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Time(day)

|[—0—C/N 19 —8— C/N 25 —&— C/N 37 —*— C/N 48 —%— C/N 76 |

33 5-40. 257} 25E1CE F2H b RolA] /N v] HEle)

ohE NO3-N&] s % 3}
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700
600 t

400

300
200 t

NO3-N Conc. {mg/L)

100 1

0 — &

4] 2 4 6 8 t0 12 14 16 18 20 22 24
Time(day)

[—0—C/N24 —8—C/N31 —8—C/N 41 —%—C/N 58 |

% 5-41. %7 301 TCE A" vhgRofA C/N H] HFloj

whE NOy-Ne| s X

2= 9 C/Nu[E3to] njE YALEE F 5-50] Hla3| oich WHERLE
7t &Abgol niAe d¥E B3] flste] 2x sl wE ¥d H¥d
HE FYFHeR MY Aaes 3¥ 5-429 Pk & AERAeA &7] CN
HlE ztZ 29 3 W2 RAY B¢ ¥ESEE ON ¥l 982 IA EA

oLt 2o F7idel wet A F/iE e RoR UEikith. x7] ON ¥

I

g o 28 [x3 vk Re] YALE UAAIS DNR 0.1520 W.T.(Water

Temp. ) - 0.53398% L}E}Gt C/N ]| & o 308 #x|3t Z¢ €ilALE WA

s

2 DNR = 0.2696W.T. - 2.08483% Uleixic ©ALTAlL FdsiA &
H N dloly £ Hile] npE YALEE FFY 5 A& Aok &7]
C/N Hl2] #slo] wlE YASEE 27 5-433 go] HEH 2ol
C/Nul7t S71oll utel AL E FUlE s 2o 2 UEldlth 1551Te 30
+1CE #A1 SR EA /N ¥ Hilo) w2 ¥ALHE J[ANE 7
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DNR = 0.3106C/N - 1.4789 2} DNR = 2.0465C/N - 0.2412 LU}EjL} Al¥Ho HK
H 2= YoM 7] /N v] ¥HEe] o2 HAL&EE 23 5 oS Zo]
t}.
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DNR (mgNOa-N/g MLVSS/hr)

ONR (mg NO3~N/g MLVSS~-hr)

8
74 y = 02696x - 20849 o
6 3
5 L.
4 1 0
3 -
a ®
2 L
y =015 ~ 0534

1 .
0
10 15 20 25 30 35

Water Temp. (C)

$C/N20CN3]

3% 5-42. AL} 20k AUA
18
16 | DNR=20465C/N-02411
14
12 }
10 }
8} - o
6 .
4| ]
2t DNR=0231063C/N-14788
0 i n
0 2 4 6 8 10

CIN Ratio (SCODo /NOy-N)

* 155 ®30% |

a9 5-43, YgASEe} 7] C/NBlele] BA
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X 5-5. 2% 4 C/Nu] #zlo] ulE ©®ALT v

Operation Temp. (C)
15%1 25+1 30+1
Operation parameter
Operation Time(hr)
15 24 12 24 6 24
1.9 1.96 1.38
2.1
2.4 4,23 3.16 13.04 4,38
2.6
3.0
3.1 3.67 2.4 14. 42 7.07
Initial 3.3
N ratio 3.7 6.10 3.83
4.1 15.17 7.21
4.4 4.12 2.75
5-7 7.28 4,11
5-8 15.88 11.9
6.0 4,63 3.61
8.2 5.35 3.9
8.9 7.60 4,31

3) MLVSS %% ul C/Nu] H3lo)] ulS &HUX S
ehzntg.o] £ M4l MLVSS HE2F 27] O/N H]2] Hilel wlE YA E

& BAsY] flsl dE=Y 4FFE Foisled 7] o HlE 2tz 29} 3.5
0,27 HEE {714He Foislal MLVSS S8 27} 4000ng/Let 6000mg/LE
FHE 4o g 2olM R SR A 2 S5-440f et

EE 22X Hele 51T E A5k

i
o

27] pHe 9182 WE$0% 7,18, 7.18, 7.75 B 7.170]glom uE2 4]
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TEE= 3SR No.l, No.2, No.3 @ No.4ofir] 2z} 575mg/L, 595mg/L,
509mg/L, 578mg/Lol2ith. MLVSS ¥ 57} 4000mg/LE -SAE ubg =2E o] NOs-N
TEE MAMS] ZAFHE F¥2Z Uelsron} 6000mg/LY] MLVSS SEE A
B 12 ~ 18X 7R Z4aEE AL Holtirl 1 olF AEHE &
= wist&o] ofF nu|§t Zog vleludty. whEA|ZE 244)7bo] A F ub
X MIEOZ N, N st ZZ} 377wg/L, 250mg/L, 242mg/L 2 136me/L
2 Yelylth MLVSS 557} 4000ng/L2 AEBA C/NE|7} 1,92} 3.7 Wi

Y WIREoM ¥EEEE A7 1.3mgN0s-N/g MLVSS - hr 9}

o

3. 4mgN03-N/g MLVSS - hr2 LIE}GIT, MLVSSS =7} 6000mg/LE SR E|HA C/N
Hl7F 213 3.3 2 Y vhEREdM YAL4EE 7zt 2 3mgN0s-N/g
MLVSS - hr 2} 3.2mgN0s-N/g MLVSS - he 2 LJERGIC) NO3-No| A Z-8-& MLVSS
7} 4000mg/LE2 A" 7§ 2tzt 26%, 57%E LIEIYET MLVSS®E7} 6000mg/L
2 #AF B¢ 27 58%e} 77%2 LFElUITh MLVSST} A SR H nigzols
5 NO3-N A|A FHEo] A uetktEed o= MLVSS ¥T71 &4 $X" A
HAOBE FollM gt elote] BREo]l HI, EF nAdEe A
Foll &t At yato]l FUIE ) WfEOE ALESC

¥ 5-62 SIALE Liepd Folc}

o
<
k-2
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700

600 MLVSS=6000mg /L. FALvss=4ooomg/q
< s00
a
E
. 400 }
Q
o4
[0
O 300
£
(]
O 200 |
i

100 |

0 A
o 2 4 6 8 10 12 14 16 18 20 22 24
Time(day)
L—o— CIN21 —G—C/N3.3 —pA— 'E'/r'q_k":é__*_"__c_/wm

T8l 5-44. MLVSS & W C/N B8] WEo] mhE NO3-No| &% Wi}

H 5-6. MLVSS &% ul C/NH] ¥is}o) ulE A FS

MLVSS 4000mg/L

6000mg/L

C/NH]

NO3~N
A A XS (%)

gALe
(mgN03 N/
eMLVSS/hr)

1.3 3.4 2.3

3.2
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U FAtA-SohtgR A A
1) RUN #] ¥1gz 24

e HIEHE ol 8T FA-IINNER AL 1xdEe £39H

233 2apd=ol £9Y {714 ol &% ¥ AF AME Erjz Y2
A ALAATE L B/ 98 FUSHACh o)S 98] A% wkEZE RN
#lof FYHE MFE 1R Yashitg HPz2AL =&y 98] Al
B 23PUYETEAN o] BEAAY ABFalold LUH HEE 87
E(SCODer/TKN=1)& g FA S ol &3ttt A R P QES4Y
FABEie AZFAPENZ A, AFHI wBo] ZAlolA wjEE w4e
F7IETETL off W2 wbE W VeEE 0l9 52 Zo] EAlo|th. old

= BEsHAZTHEE o83t AHelstn AT 84y B2 M, V59
E7|z pHY Be|RAZ s L¥3 Aarzhitgo] o]Fojx|x] ¢tm gt A

oIt wheld AFFAE Az Z9 S B4 S YA L ¥
WAl R T7EHE SIIERYRE A 318} 2HEZ RN #lo] AT AT}
WHEE RN 71 £HL U4 THE S5 & SH2AZ} SUA S5t
$8ol w2 YEga wa
NHgo] xjol g wlm, Bristy) sis) SHEATH ol & sjs) Farazel :y)
7b zt7t 5elEl)l RMEE wbgzo| pHRA| LEZRAIES MA sl
EE 0+1CE $A5tgon pis AAsgos 74Ag gZesE v
5 FUYHEE e
Lo& 4n)e) Fata-3r1bgzs)t dEgen R SR YR

=
=
& FUFFohEl 22 100%, 100%, 200%, 300%2 -S-=z]steich. ojm), Mol A

i
X,

(o]
o,
N

o4
iy
Ar
4
144
o
_(2[_:'
X
80
32
lo
L3
=
e
rtz

=

FIO B

317] 213HA] 5%NaOHE pHRZ (6.8 ~7.2)ol 3] =%

1

ZIesiol it Fata-ToIRbgRe g vlasls] els) tzulgzg whg
Fom, WX 20 WX w7t E HEol VAFI dF

Z #1& 43}

o] 7|2 UZ Sco¥$£H AHel2 AU|Esir} AV T E stoicy. olu 2zt
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=29 3 AahigzAn 34 15482 st & 5-72 RN #1
ez 5 EAAXNE UvEhd Zojth WHEZ RN #1FoM {71E FIT
& F7ubg ol uis] ztzh 0.289kgTBODS/m’day, 1. 692kgTCODcr/m'day 2 521 &
gdon, {4 {71E5E7} Yol C/N(SCODer/TKN)ul: 242t 1.0, 1.0, 1.0,
1.008 dA3A fA=dct fds AP EFEE 809m/LE A FUH
of 9l 1mgRFEo] X YA A71EsZe 22 0.4(as CODer),
0.07(as BOD5)Z ¥4 AP EAY FI71E71L8E AvE of v]gSo] 3
g 4+ g BEHY B0 &A AUYHE RoE Usiyth wgz £a7
v ZEot FomulE @bz £MoulE  2bzb 0. 31kgTCODcr/kgMLSS - day,
0. 23kgTCODcr/kg MLSS - day, 0.24kg TCODcr/kg MLVSS - day, 0.25kg TCODcr/kg
MLSS - day® ¥F-g-Z#1-& A3 ¥|x3A FAEHAEd g2 #1 F¢ A
dofl 93 £AF 77t ¢lo] F/MEITt A e g A vetdth @8 {4
Z=2] TBOD5/TCODcrH]<= 0.171, SBOD5/SCODcr¥]E 0.152 WA upe} sy
F71Edo] iy RE AZS & 4 Addch

KINEAATES AHEH, TCODerA|AZE2 7}zl 88%, 87%, 88%, 86%
2 Ueh} g e] ulE TCDerA A& xlol: Aol vehtx] Qoo
o B 87xAE7} AAHE HoeZ Ueldtl, SCODerR-$ zbzt 77%, 79%,
79%, 78%% LIERL} TCODer2}p o] F3F ol viehtA] Qigteon HgS
BYstA]| ¢4 g #1o] o} ¥k Rof wla] 2F WA ietwtth.  TBODS
HARLEL 81%, 83%, 73%, 8l¥Z LIElYIOn SBODS R AAEELS Ztz
8l%, 89%, 86%, 94%= LIERL} BODSHARES thAlZ uiiitggol F71ds
£ Zoiste Qo8 Ueika, C0Dcrzt vl&stA HE&

st ¢

uFT WExI F

Eo
=3
REg 2ol vls) HoiH ez RIISHAAREC] 2 A= Vel

(lo
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Tl ol H3oA HEH Hgol SUAHE g3l FIEAAREES Y
AY B EREEE F7MZ7] dEos AgHr}l 2R #39 A9 kg
Z RAEF AT pHRAo] UY3| o|Foj]R]| ¢lo} njaABo] e
oA duiies {7 EUAARLE] WA Jeld Rog sighict

e AVIZSE ol 8T FAL-FINER A U FIIEEEdA
E HEo A dAAE TSt A=A TP AALLES R £4
th2 Zt7} 54%, 96%, 95%, 95%F HBL FYL UIgRI EL F
2 th2ARERET} of 45%F = EA LEh} FAA-37 2T He] A7)
Z3lo] 2% AA AT} o] Folxle RoR HIHr) ojuf Z} uigx
T-P 5+ 2}7} 86.9mg/L, 7.5mg/L, 8.7mg/L, 8.6mg/LE cfi-5o] Qlo] AA
e Zo] BEHMACL PO, -Po Fe dxAAY spEEE 3 urgx 41
BF A dAAT WA L Zog Uit AA |§7EEES ¥
& A&t A9 §U4 PO, -PHE Hrl §24 AxTrl &4 Uehls
%ol golrh Zejy PO, -P ZFE 8L FUY A% Aol AH 95%
ol4e] MAREE uehdch. ¢H KY4 PP / T-PHlE 0.28608 ¢z}
FEA AT AR S o yeixton FEBO 3rl &g Q) &
&4 ABE =7 F7HEE B9t dene HMERS Huy FA fx
M EAAA AAAT THedleE B A/RA4EE 2YY Yast

o>
M

540mg/L2 LleER} HAREL Ztzb 35%, 33%, 40%8 LlElyich 1ej: oz
g2 B INeEE 5%4mg/LE &5 HAELLS 35T UEldct 2
o] M, -N AAHREL Ztz} 9%, 93%, 94%F Ak} wige ulaA

Z
FEATE M, NG BA HALE WY NbEEe] F7Mgel et 27

oM
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0. 073mgNHs -N/mgMLVSS - day, 0.076mgNHy ~N/mgMLVSS - day, 0.08lmg NHi -N/mg
MLVSS - day2 Lieht Ul dbg-go] F7HH48 W, Vo] AAEL 234 F
M e 2o ueigth 22ln £&42 N -NY sEE HgR HEo o}
gt 2z} S6mg/l, 7.3mg/L, 1.7mg/LE LIERGEZ, NOy-No] el 2b2)
424mg/L, 525mg/L, 463ug/L2 EA| UEldTh ole ©@ARNgo] dofite Fit
azoA vjdZo] oY = A= §7EH] FFHste] YA} Hgo] LY
StA AREA] dg7] Wgeg g} KU FNESEI Hol BE
A HUEES o Aoz uepdEd §Y9 CNBIZE o 124 JRikg
Bo] z}z} 100%, 100%, 200%, 300%Y 29 2AUAMAHZERES 34%, 35%, 33%,
4052 Vteh} ujFitgEol 300 wf Tid 2 AAREO] AUHE AoE
Uetden PSS S oS A fAIstEA Aol & Zez Atgd
1=

EPA(1993)0] &3t A4 HAREL UF Ego] /4SS Frlgrian
Baxodent & AEAZ Y wEE Sl mE AL AAREY Aol
FstA] dokedl ol FUS O/NEZE 12 Woly] difes sl
& ajRl2] SDNR(Specific Denitrification Rate)-2 Ekama%o] #|Arlgt Al.&

o] &3te] Axtstalct
SDNR = 0.03(F/M) + 0.029 = (NO;' X Q)/(MLVSS X V)
F/M = (TCODer X Q)/(MLVSS x V)

Q = FYF& (L/day)

TCODcr = ¢ 42] TCODcris-%(mg/L)

sl alol AWALE Hgsldl ALY SOMES WeE WIGE

- 325~



0.040gN03 /mg MLVSS - day, 0.45mgNO3 /mg MLVSS - day, O.034mgNOs /mg MLVSS -
day, 0.038mgN03 /mg MLVSS - dayE vLlE}Ytc}

lmg NO-NE AA3I:= o] 228 {7189 2 Axgdol o3 a4AL
FAIBESL TthEAl 2t ol AlAtstgdnt. CNBE A of RE2G7B5EE 4}
319282 thE AoME SCDEA S A&t Alatstalct.

£ COD—$2COD
“fY TKN— (%% NH; + & NO,)

mgCOD/mg NO3 removed =

AdE Aze H§2 £AThR 2.46wgC0D/mgN0; removed, 2.01mgCOD/mgNOs
removed, 2.5%mgCOD/mgNO; removed, 2.07wgCOD/mgN0; removed® L}E}ICE,

¢ BEHH A2AANSS 9
MM FI7IERFC] R7EER BAAYH E2S UiAA A4
€ RIIEE B8Y + Adtd ol =& WHIES A4BLY 5 Ark= A
SAlol &4 o] 88 + olo] MEA YANSA] fUIBEEUGCE 3A

A2 @ 4 gt whyola} AmH),

2 =t BlAAY A3YQENS Z

o
faul
o
N,
2
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¥ 5-7. RN #1 &3 A3 (%r9):mg/L)

o

3y =2 ez control No. 1 No. 2 No. 3
SRT, day 15 15 15 15
L Rubsg % 100 100 200 300
C/N ratio 1 1 1 1
TSS, inf, 3,859 3,859 3,859 3,859
eff, 102 186 130 122
MLSS, mg/L 5,518 7,293 7,164 6,756
(MLVSS/MLSS) (0.88) (0.77) (0.86) (0.77)
TCODcr inf. 2,538 2,538 2.538 2,538
eff. 317 343 313 356
(AAXE, %) (88) (87) (88) (86)
SCODcr inf. 971 971 971 971
eff, 216 201 202 217
(AAXE, %) (77) (79) (79) (78)
TBODS inf. 435 435 435 435
eff. 82 76 119 81
(HMAZL, %) (81) (83) (73) (81)
SBOD5 inf. 146 146 146 146
eff. 28 16 21 9
(AAXE, %) (81 (89) (86) {94)
T-P  inf. 187.4 187.4 187.4 187.4
eff. 86.9 7.5 8.7 8.6
(AAZE, %) (54) (96) (95) (95)
POS-P inf, 53.7 53.7 53.7 53.7
eff, 52.2 1.0 3.6 2.9
(AAXE, %) {0.03) (98) (93) (95)
T-N inf. 905 905 305 805
eff, 534 590 607 540
(AAXRE, %) (34) (35) (33) (40)
TKN inf 871 871 871 871
eff 34,7 66.1 50 47
(MAEE, %) (96) {92) (94) {(95)
NHy -N inf 719 719 719 719
eff 28 65 49 44
(AAZLE, %) (96) (91) (93) .o {94)
NO; -N inf 0.09 0.09 0.09 0.09
eff 1.68 56 7.28 1.7
NOy -N inf 0.66 0.66 0.66 0.66
eff 537 424 525 463
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Wz #2e WISE RN ol £2Y BB YLAATLS Iohst
AF17 S WA RI1ERED URUNEES 23] et easidch
ol 9I3 FR YHAL 30T wl7lol 5UT WILEA ¥ HELuS
AMajstel KU4 oNe] 2o WA AAWRE si4ot Aol 2 BgEo] 3
st ATAQPEASS B §71E5E5) Aasso] vla) WS ukod
7] HEo] WUXSL il UehA gt kS-S 300%E ST
A gol AR PESIA UElr] thBe] 2hSE RN #2261

_-

Ju R ONE] J1EE §EZRIIE(SCODer) 2 HATIAY] o /-
T AP EFESTI] AT oA LAYl FUIEACE 2P EA 9 &9
ALY F712 MLSS7E el AR NN fEEE Z8U 44 nAdEs
=7 GBS RAIFHA Aok e ofel LRI He]l FbEo Aars
delzloprl B4 s Hested A7HE nAEAFAILA 6YRT WA
FR|Eo] AitEhitgo] AAEs F-¢ Gt o2 ) K4 /N
€ ¥°0l7] #I8te] LY ESET A FAY  HER RN #2&3olA ity
ihgo] A5 dAgo] & AUF O/Nb] ZHGME YANtZo] LAPs] Y

ot

£ 5-82 RN /2948252 £32E Uehd Zolth. uLEZ RN £
Ae gAAPARE TSl W AEAFAZES 22 149, 109, 8Y, 7Y
2 gFsldon, SU4 TSEEE 2 W Re] St Rojy B2

__!TE_
arofl uwiz} ztz} 5022mg/L, 7420mg/L, 11187mg/L, 11736mg/LE & A Sx|E<
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th ukgZ o] MLVSS/MLSSHIE 24z} 0.79, 0.60, 0.63, 0.63o% WrgzgA
RN #12} o] H-go] FJH WERAFF MLVSS/MLSSHI?} sk nl AN
Jl MLVSS® =+ Hxdtch  HE, R{7IEFSFL TCODer B, Z7
2. 85kgTCODcr/m’day, 2.85kgTCODer/m’day, 3.81kgTCODcr/m’day, 7. 57kgTCODer/
m’dayo] 1.0, TBODS Z-$ ztz}, 1.18kgTBOD5/m’day, 1.18kgTBODS/m’day,
1. 84kgTBOD5/n’day, 2.15kgTBODS/m’day® -§¢4 I E=w il /1345,
A4 C/NB[ 7t /M8 Foake & A uEelytch

RS Z LA Tt /¥4 TCDery =t Mzt 439mg/L,  538mg/L,
619mg/L, 779mg/LE LIENL} TCODcrMAZ &S Z+zt 90%, 87%, 89%, 93%% 1}
E}yir} SCODers %3+ 74z} 353mg/L, 434mg/L, 404mg/L, 60lmg/LE LIERL} =)
ARES 74z} 78%, 73%, 83%, 88%2 FU4 C/NB|7} 71348 CODerA|AX

4

o
=

flo

718t Aoz uepudch @ PaAlANEE RN EIZE JFYUHE
A4 Fo] TYH SCODcris-E+= 242} 626mg/L, 673mg/L, 906mg/L, 1747mg/L
2 Ueh} RIIZFET 55 Kol 2 ~ 3] o] A Uikt fd+ E
TR Yolutel F44C/N] HEt= T3 xpo]F Koyt BOD= AL 96%0)
2o AARES Hoj FEPHLE F3rtey EFL AESERUdAM 4
A AARE ez Uetyth 53] R718L EES HRAHA S o
ol FAatanbgzolA ©AnBE] iyt AAFANZ 2L F 232 X
Z1Zol A AxE 7] o] & A lEE&S vehd ZAoeg ychAc)
HEER A RN #2014 AAAL AW W-g2A} FAIRE A3E |
ettt §4 POS-P/T-PE Ztzh 0.18, 0.18, 0.13, 0.0824 =220
g E-o] Rt ARl Frig Ak REe TP vEe 247
72.8mg/L, 8.7mg/L, 6.9mg/L, 7.5mg/LE LER} HAFZELEL zZtzt 72%, 97%,

9e o

97%, 98%S LiEhHelem PO, -PY F&+ =+ ZH7Z} 54.1mg/L, 1.6mg/L,

3.4mg/L, 2. lwg/LE UERY PO, -P2 H-go] FH WhgZRoAM HAo 2s)
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Yo 2 AAUSE ¢ + Arh TH FALZyo] IEYH &G
s A3} zbz} 60.2mg/L, 13.0mg/L, 14.4mg/L, 13.4mg/LE UER} §9¢
« ~Poll 2% FI17t iRl e aich HAZ HEA SEMH
A Hgol RgH &R E YA A PO, -PY §&2 AY o|F
ojx|x] ¢l HYAAZ ulFo] E o FALZY] e cifE FALR
2 #dsEs PO, -PoE Wk W, ErIRU MAXH HEe AV BN
28 9L UgRUolM 4B ulg2 faigelo} dAAM eyl of
ol 7|z &3Ro] XFH T-Fes 58 EAlo] &Asiac sz
T-Fels %= 22} 50.6mg/L, 569.9mg/L, 592.9mg/L, 616.1mg/LE Leh) B
o] Fld uhgZI} hRFuERol uls] o 10ujolate] HHEE {3l
USS ¢ &+ Utk & g RAME FYF 2HESET ¥ETE &S

A vElgten] HAEA N g3t HdA|oA s
3]

i

r.‘f-

o 713 gl AMgEE AagE FASHE $HLAATES FY
AP EC/NE 7} 71 g2 M2 2}z 36%, 40%, 63%, 70%S Lieh
FUr ONEYL &€ E AAREE FUHEE AoE sigten HEE F
AskA] 2 SR 413 HES FUY SR n20A Qo] wE E$HEY
< njojgt 2o etk 2E g2 M, N AAZEL 77t 98%, 97%,
4% Atz whgS vz Z APEHACh M, NG 429 AALE Y
vtggo] Z7Hee] uwhel ZbzZ} 0.143mg NHy -N/mg  MLVSS - day, 0.082mg
NH¢ -N/mg MLVSS - day, 0.082mg NH:'-N/mg MLVSS « day @ U}E}ton cfzubgR
= 0.15mg NH. -N/mg MLVSS - day® UE}ytE=d] B2 RUN #2 2377 B¢t
FATIAEE 558 ON8]7} gol AshEge] 215 oAgHo] f&4Fo
¥ N0, NE R o= uelkith §&4 N0, N sE= 27 23.4mg/L,

r
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127, 1mg/L, 52.1mg/L, 59.2mg/LE Ul il &Ejx]A|AvloN HYFTLS
wol7] ¢I3) IFE FULE KFUFON 8|S Y 29 A wH7stHol &

Polgel] WPl FIHEo] AstEbZo] sl F Ut wAsing, A
AErge] A7t doju] UEF wyjg 23 Mol MLl Tat
azoM Z72E FEHE FE5F0 T N, N == Z+2F 11, 3mg/L,
24.0mg/L, 4.4mg/L, 0.6mg/LE LUER} 7R §&4U 5 23 4mg/L,
127, 1mg/L, 52.1mg/L, 59.2mg/LHT} Yol RAitAdlgzolr P ghds
Eof th&3t7] AMAE UPiE8S o] 280} ¢ & 4 ok N, N
9 & FUTY C/NH7L 7ol whel 446mg/L, 241mg/L, 162mg/LE
A Uetgteut H8E FoA3tA] 42 tfzybgZoME 551mg/LE T}E whg
Zof ul3f A ieutc
SDNRZ}2 vI-gZ HICTHZ 0.065mgN0; /mg MLVSS - day, 0.075mgN0s /mg MLVSS -
day, 0.062mgNOs /mg MLVSS - day, 0.067mgN0; /mg MLVSS - dayE U}E}YlC),

o] A& MERGol AHEH ALY EE FAI ZAI0IA lng NOs-NE A
3t ol AR /715 2 wrgR £AtiE 1.67mgC0D/mg NO; removed,
1.57mgCOD/mg NO; removed, 2.39mgCOD/mg NO; removed, 5.14mgCOD/mg NO3
removed® UER} C/N¥] F7tel]l ulel Ad[EE {71880 F7ists déi

LIElSETE
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¥ 5-8. RUN #2 23743}

(rel:mg/L)

-1 ez Control No. 1 No.2 No.3

SRT, day 14 10 8 7
(BN 300 300 300 300
C/N ratio 1.7 1.7 2.7 5.5

TSS inf.(VSS) | 3,125(1,872) | 3,125(1,872) 3,59832,425) 6,516(3,895)

eff. 82 87 5 153
MLSS 5,022 7,420 11,187 11,736
MLVSS 3,987 4,433 7,000 7,393
(MLVSS/MLSS) (0.79) (0.60) (0.63) (0.63)
TCODcr inf. 4,273 4,273 5,719 11,358
eff. 439 538 619 779

(MAEE, %) (90) {87) (89) (93)
SCODcr inf. 1,607 1,607 2,439 5,200
_eff. 353 434 404 601
(AARSE, %) (78) {73) (83) (88)
SCODcr in Anoxic 626 673 906 1,747
TCODmn inf, 986 986 1,247 2,545
eff, 186 203 295 438

(AAXE, %) (81) (79) (76) (83)
SCODmn inf, 394 394 545 1,006
eff. 161 218 230 306
(HMAEE, %) (59) (45) (58) {70)
TBODS inf. 1,768 1,768 2,762 6,444

_ eff. 51 69 71 133
(AARE, %) (97) (96) (97) (98)
SBODS  inf. 799 799 1.372 3,327
eff, 17 18 34 55
(AR, %) (98) (98) (98) (98)
T-P inf, 259.9 259.9 264.6 380.6
__eff 72.8 8.7 6.9 7.5
(HAEE, %) (72) (97) (97) (98)
P04, -P inf, 46.0 46.0 35.1 30.3
eff, 54,1 1.6 3.4 Z.1

(MAEE, %) (-) (97) (90) (93)
P04; -P in Anoxic 60.2 13.0 14.4 13.4
T-Fe in Oxic 50.6 569. 9 592.9 616, 1
T-N inf, 978.4 978. 4 894, 4 962.3
eff. 627.0 587.1 334.9 291.1
(AARE. %) (36) {40) (63) (70)
TKN  inf, 977.5 977.5 892.6 960. 3
eff. 52.2 14.3 41.5 70.3

NH4'-N inf. 882.4 882. 4 816.4 823.5
eff, 29.8 21.7 20.9 50,2

NOZ2-N  inf. 0.3 0.3 0.9 0.2
b eff, 23. 4 127.1 52.1 59.2
NO3 -N inf. 0.6 0.6 0.9 1.8
eff, 551.4 445.7 241.3 161.6

NO2-N in Anoxic 11.3 24.0 4.4 0.6
NO3 -N in Anoxic 199.6 210.8 17.9 16.0
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RUN #2 Fati-Z7Nbgx L3Z3, fds R7180] &2 $=& ¢
Eo] C/Nu|Z} 7t AAakdbgo] JAE= AXE vehfdch o= 1y
SEE F7IR A RUEASET £ FANe A RUIERSREE
Ash ALl S WU nREFE A 98 SR
UPE FIMAACE St &AL Po] FUHE AExE YLE TR J4t
H 2% AAPEE §241917] #istd R 7EE o BE AFAIZTA 64
Bt A fAlEe] Farsnbgo] AdAEE F-9rt wdRch whebd sty
ute2lote} ghdute|alole] & 2}2el 2}8-& single sludgeX] ABIojA FA]oj
AYPA717] M s ONg]) Brb ohzl o BEARAIZ, Sy
A T& ER R gEstojol Yg U AUgth
F 5-92 RN #3 g2 $AZAAE Uehd Zlolct. RN #2418z S
2o BEytazuol s oAty 4ot Ay A 57 0)$ d2dx
FErFole &2 52 Ex37] g FAtazolM wAutgeloty A
A-gA2te] AE It FEY Ao AU YS] gBo] YRS LS F
7N "osdo] tiFE ATl RN #3282 o]d olfoA] |4yl v
UEEE TYUSH 50052 FAston fUdF FI1EsEE APH RUN#2UE
2 FAE} i oA fAEged {4 /Nl 22t 1.8, 1.8, 3.0,
4.28 fAsHdch 7 gRe] §Y+ LYESSEE A7 3dideg/L,
3414mg/L, 3463mg/L, 6475mg/LE SAHAOH U IFEET) ul:= 2t
Z} 0.73, 0.73, 0.53, 0.522 ujejyich 3 whgz MLVSS &= 27}

=

3310mg/L, 4410mg/L, 6085mg/L, 8200mg/LE VL}E}L} MLVSS/MLSSH|:= z}z}
0.66, 0.56, 0.59, 0.812 §24 C/N H|7} & ¥HS R #4o)M njAE w7}
e A fAIEAch $ER 2ALE MPY UgR - RN 728 §
oA3tA SRT+= zt7z} 14, 10, 8, 6YE SA¥ ot}
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2 ¥ 8§24 T00Der 5L+ 7}z 345mg/L, 304mg/L, 372mg/L,

)
o{o

555mg/LE M AXSLS ZHz} 92%, 93%, 95%, 94%E LIEh} FES T}
2 WHgZE Ml FUE MERoA tix RIIEAALE] A YEIKTH
SCODcre] 2% 984 5= 2tz 24lmg/L, 231mgsL, 295mg/L, 402mg/LE L}
el AAELE 7H2 90%, 90%, 91%, 91%2 Lleluich

g RatAuS oA fE2FHE £F4 SCersXE 247t 338wmg/l,
380mg/L, 528mg/L, 698mg/LE LIERL} RUN #2064 AR wgR {S&42
SCODerz =9t vlZd o WA Ueldtsd ol U¥gE Fto) wtE 713

3gol g8l EUE Y] HELE wivkdct
HhgZ 2 RUN#3olA AAAE Ad Mgz 2A2A3 FUSHA

=
Jlzo] HES MAste] HEH FFo] g3 ¢lo] AAHES sl Y+
o] POS 5 £AT]E 42 9mg/L, 42.9mg/L, 33.9mg/L, 24 Img/Loion,

Jo

9l4=2] T-PEEL £AthE 307mg/L, 307mg/L, 200mg/L, 334mg/LE LiElyte
o PO, -P/T-Pul& 0.14, 0.14, 0.17, 0.078 AM3FH 9z eAzA3 Fd
A RAHGAoH 2P EH] T YA ARl v Ao ety
I B3] 2y 18 EAY B2 £&€FF PO -PEEI Whked ol
Boll 248 d0o] Faslo Arjd e uA vehd Aoz stdch
4L FYFo] EEFUUISEo] U] AP BT €SS 7

Ao Vel 824 TP 5= ZtZb 58 2mg/l, 12 3wg/L,

o
ot

o
A
2

0
fr @ K
(.

]
g
10.5mg/L, 10.4mg/LE LR} Mo ArlEsio] o8 AAAI mHew A
B3 LS ¢ 4 ULk EARY &SER]o] EZEH T-Fesr s

r[r
Jﬁi

13.1mg/L, 748.8mg/L, 524 4mg/L, 307.5mg/LE UElxton] Lajxlo] ZYH
T-P 5= z}2} 103.1mg/L, 652.2mg/L, 728.3mg/L, 429.9mg/LE LFER}
Axuol] s E7t 524E A¥Fako] A4 uvelyich $&4 PO, -PY

9 747} 50, 4mg/L, 5.9mg/L, 6.3mg/L, 5.6mg/LE LIEPRtO D FabszZ PO,

>

o
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-P 5= 22} 57.8ng/L, 23.4mg/L, 22.9mg/L, 19.3mg/LE RSP0, -P2
oz LA el ZylZoA cha] Bl oz AAFdct
24255 227} 679.7og/L, 719.1mg/L, 417.5mg/L, 150.5mg/LE L}E}
U 22 ATLL 22} 35%, 31%, 60%, 85%F LIEluivi. HESR #4e] RS
Hikg-go] 5005 o F-L AMAXEO] o 8%FEZ A LIER} RUN#2
SAAz e} RABIASL, U Ego] FAAZS] @Alge] & 4¥E F=
Aoz uepydrh 9] meNE AASKsW ARFE mglTCDer®re] Mele
10.19~12.96mgTCODcr removed/mgN removed 2 C/NH|7} Z71H4E tie] g
A2E AR A § R71EHL oA FUiEHE ZoE Uiyt =
R abgZ RUNH3 9, ABE whg2 ARc Aol +dstA 1Y
HAEd ole Y ONSIZE Aadsibgst SAgo] JAstA {158l
Fo8 mighHrt RBE ¥R N, -NeEl 5 5mg/LojstE uf$ ygron
N0y N EE whgR HTo whel 2bzb 704mg/L, 389mg/L B 135mg/LE C/NH]
7} 37tEeE &AL YAk 28U 25 N0, N9} N, Vs ET)
BERAZ{ES B2 vla] A A UEh} BAAZE UEEHE Az
EAe o] &7IYE wol7] SMME UWFEVEEE A FAE Fiateze
UEHE ARPFEAL] o] &S & N, NG N, N AAXEE BYF A
Zog gt

nr

B

ffo

Qo Ao} o] AxbEl SDNRZLS HHgR HITIE 0.075mgN0; /mg MLVSS - day,
0.05mgN03 /mg MLVSS - day, 0.071mgNO; /mg MLVSS - day, 0.07mgNO3 /mg MLVSS -
day2 UEeh} O/NH7F SRS 52 gE Ve AR ueldoh  Img
NOs-NE AASH: o]l 22" {7189 ¢ R ¢AtiE 5. 590gC0D/ng
NO3-N removed, 6.23mgCOD/mgN03-N removed, 4, 9mgCOD/mgNOs-N removed, 4. 9mg

COD/wgN03-N removed® L}E}ICE,
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¥ 5-9. RWN #3 323 (%19 mg/L)

5 = sz Control No. 1 No.2 No.3
SRT, day 14 10 8 &
P8 % 500 500 500 500
C/N ratio 1.8 1.8 3.0 4.2

TSS inf (VSS) | 3,414(2,505) | 3,414(2,505) | 3,463(1,850) | 6,475(3,375)
eff. 42 63 47 83
MLSS 4,986 7,862 10, 381 10,158
MLVSS 3,310 4,410 6,085 8,200
(MLVSS/MLSS) (0.66) (0,56) {0.59) (0.81)
TCODcr inf, 4,558 4,558 6,841 9,064
eff, 345 304 372 555
(HAXE, %) (92) (93) (95) (94)
SCODcr  inf, 2,334 2,334 3,456 4,578
eff. 241 231 295 402
(AAXE, %) (90) (90) (91) (91)
SCODcr in Anoxic 338 380 528 698
TCODmn inf. 1,460 1, 460 1,504 2,126
eff, 124 i12 66 280
(AALE, %) (92) {92) (89) (87)
SCODmn inf. 375 375 516 912
eff. 114 105 148 239
(ARG, %) (70) {72) (71) (74)
TBODS inf. 1,243 1,243 2,238 5,035
eff. 41 25 34 63
(HAXE, %) (87) (98) (98) (99)
SBODS  inf, 431 431 1,155 3,506
eff, 8 9 9 18
(HAHE, %) (98) (98) {99) {99)
T-P inf. 307.1 307. 1 200, 4 334.1
eff. 58.72 12.3 10.5 10.4
(AAEE, %) {81) (96) {95) (97)
PO -P  inf. 42.9 42.9 33.9 24.1
eff. 50.4 5.9 6.3 5.6
(AAEE, ) (-) (86) (81) (77)
PO -P in Anoxic 57.8 23.4 22.9 19.3
T-Fe in Oxic 13.1 7488 5244 307.5
T-P in Oxic 103.1 652.2 728. 3 429.9
T-N inf, 1,048.7 1,048 7 1,047.4 985. 8
. eff, 679.7 719.1 417.5 150.5
(AAEE, %) (35) (31) (60) (85)
TKN inf. 1,048.5 1,048.5 1,047 984.9
eff. 23.7 3.5 76.5 10.6
NHy -N inf. 872.6 872.6 903. 1 784,6
eff. 20.6 7.9 21.5 7.9
NO; -N inf, 0.1 0.1 0.2 0.2
eff. 2.0 5.5 1.8 4.5
NO3 -N inf. 0.1 0.1 0.2 0.7
eff. 654.0 704.1 389, 2 135, 4
N0, -N in Anoxic 1.1 1.2 1.5 1.5
NO3; -N in Anoxic 481 .2 541.9 182.1 39,6
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Ecf2 R8T HEAA Al on JRuiEsee H ule o] AA
Atk 53], aBEAFALL A AP} Y3}
Z AUy E ztz} 1.0,

>
|

X
o
_‘R.
o
1A
_{

O
~
=z
R:J
b
rt!
olo

.0, 2.2, 3.4y

2 FAstch

E 5-102 RUN #4 g2 FAANE Ueld Zolth. S IPESELE
o= e

0.69, 0.

0.67, 0.42¢] VSS/TSSHIE Uehl FIYEAF U4 ELLS kg

(z

S22 A2 717} 2760mg/L, 2760mg/L, 4350mg/L, 6965mg/L

2
VSSsE= 2}z 1910mg/L, 1910mg/L, 2930mg/L, 4330mg/LE

=
7t 748 A UEikdch 3719h8Ro) AX {7 SR8 TCODer -9 ¥bg
Z &Mt)2 Ztz} 1.78kgTCODcr/n’ day, 1.78kgTCODer/m’ day, 3.77kgTCODer/
o’ day, 6.22 kgTCODcr/m’ day® Sx]¥]¢lom, TBODS 2 0.10kgTBOD5/m’
day, 0.10kgTBOD5/m’ day, 1.65kgTBODS/m® day, 3.50 kgTBOD5/m’ day® 8-
Hol fda CNEIZL & 48 RI71ENsI0) A fAIE AL

S oNulZE MYE SAZZL AT FUST RSN £3Y B8z

& W FaafE4] =3
275ng/L, 6l6ng/LE §&4 SCODcrs S8t HAIE SEE Uehliy ot 2
MAEZE UPBEH LSl M4 220 £YEAY) PEoS BN

it

SCODcr Ee Zzb 229mg/L,  219mg/L,

AANAL] 7 F& TPxE= 247} 61.6wg/L, 8.0mg/L, 7.5mg/L, 11.9mg/L
2 Uelgton HARLL 2z 77% 97%, 98% 97%E LIEPWc) £2A Q)

SE+E 717 51.9mg/L, 2.7mg/L, 4.6mg/L, 3.3mg/LE LtEh AEo o3 A
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712 E AHad ddol 3 do] AAHE Heg Yelyr)h ¥ )z
T-Fes =& 22} 15.4mg/L, 338.4mg/L, 434.5mg/L, 276.1mg/LE A8H vk
Z AR WA {4 SHosdE dAARSES Yo ARHALL o]
o X7z &ERle] $HHE TPexE 22t 117.8mg/L, 465, 2mg/L,
626.9mg/L, 1631.7 mg/LE XE7]2U HE o] I ow FEE 2L
¢ 4 k. Fiaz fE5do gAY &4 JdssE: #2 51.0mg/l,
15.9mg/L, 13.9mg/L, 16.3mg/LE2 F 4o &3 PO, -PE XJ]ZojA] Hdoj
o3 AL AAYE Ao eyl

SALANARELS 22} 43%, 41%, 77%, 91%2 MWH RN #32c} A &

A el Wi¥REEE FTtol whE N0, No gANRgo] EalFoE YR E=
Ao g yepsich B3], §U4 C/Nu7} 348 X" w9t Rojae] AaHA
EE2 %2 ul¢ wA UEebddch W] peNE AASN=U AREHE og
TCODcr&F-2 5.06 ~8. 84mgTCODcr removed/mg N removedil2}a en, C/Nvj7} &
7H+F &9 glLE AASH=Y AHEH F /7B 4 FUEE e
2 Uelktch
RN #4 Rbg2 23 FfoMde d20g2e FALAARLS 4348 A 23}
=gt C/Nbl7E 1,82 RAIH I ujFubggo] 50052 SMH RUN#3HEG RO
B3] AAREEL A Ueh} FU4 ON ¥} cha dol® ujEutge] ulE
YAREgo] ol BE S vlX= Zog eyt
SDNR(Specific DeNitrification Rate)Z <A{thE 0.08mg N0y /mg MLVSS - day,
0.081mg NO; /mg MLVSS - day, 0.075mg NO3/mg MLVSS - day, 0.125mg NO3'/mg
MLVSS - day® u}elyich  Zeju} 2 RUN #4 ¥R oM E FARAZLY NO
2 "N} NO; -Ms 7} Rr&pol uis] A3 Wol WENE &S A 248 2
¢ AL AARZ] tha FAYY o= wigigc)

lmg NOs-N& A A8t o] 228 {7159 ¢ 182 £AiZ 1.61ugC0D/
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mgNO; removed, 1.74mgCOD/mgNO3 removed, 2.43mgCOD/mgNO; removed
2.96mgC0D/mg NO; removed® LUIEIL} C/NH|&} Z7lo) uwle}l 715t AHog

LIELRETE
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3 5-10. RUN #4

LR

(¢} mg/L)

a}_g__zL

) = Control No.1 No.2 No.3
SRT, day 14 10 8 6
Pule g % 700 700 700 700
C/N ratio 1 1 2.2 3.4
TSS inf. (VSS) 2,760;1,910) 2,760(1,910) 4,350&2,930) 6,965(4,330)
eff. 7 150 6 182
MLSS 6,510 7,315 9,925 8,100
MLVSS 4,120 3,880 7,110 ‘5,180
(MLVSS/MLSS) (0.63) (0.53) (0.72) (0. 64)
MLSS in Anoxic 7,013 8,130 1,1936 9,246
TCODcr inf, 2 664 2 664 5. 650 9, 326
~eff. 313 577 266 721
(AARE, %) (88) (90) (95) (92)
SCODer  inf, 1,031 1,031 2 223 3,474
eff. H27 201 252 570
(HAXE, %) (78) (81) (89) (84)
SCODcr in Anoxic 229 219 275 616
TCODmn inf, 1,065 1,065 1,532 2,363
eff i37 122 58 411
(MAXE, %) (87) (89) (90) (83)
SCODm n inf, 442 442 551 972
eff, 119 100 149 331
(AAXL, %) (73) (77) (73) (66)
TBOD5  inf, 1,500 1,500 2,475 5, 250
eff. 55 42 28 85
(MAXE, x) (96) (97) (99) (98)
SBOD5  inf. 863 863 1,430 2,600
eff 9 7 7 33
(AAXE, %) (99) (99) (99) (99)
T-P  inf. 269.6 269, 6 364,9 402.1
eff 61.6 8.0 7.5 11.9
(AAXE, %) (77) (97) (98) (97)
PO -P  inf. 55.3 55.3 51.3 51.0
eff’ 51.9 2.7 4.6 3
(MARE, %) (6) (95) (91) (94)
P0*-P in Anoxic 51.0 15.9 13.9 16.3
T-Fe in Oxic 15.4 338.4 434.5 276.1
T-P in Oxic 117.8 465, 2 626.9 1631.7
T-N  inf. 1,147.5 1,147.5 1,044.6 1,071.8
_eff 650.9 675.6 236.7 98, 7
(AMARL, %) (43) (41) (77) (91)
TKN  inf. 1,147.3 1.147.3 1,044.5 1,070, 8
eff. 5.3 5.4 5.8 13.3
NH-N inf. 985, 3 9853 9341 877.6
eff. 38 4.2 5.2 10.6
NO; -N inf, N.D, N.D N.D. 0.1
eff. 0.2 3.0 0.1 5.1
NO3-N  inf. 0,2 0.2 0.3 0.9
eff, 6454 667.2 230.8 80.3
NO; -N in Anoxic 0.5 0.5 0.2 0.1
NO3 -N in Anoxic 429.0 574.3 108. 8 21.9
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5) RUN #5 ¥t8-Z 2273}

¥hgZ 23 RN #olME S35 N, -MeEr BAlaz §3480}

Ho

ol WSS 90052 & RN #5& Aslgdcl. A5 444
C/NBlE ol H2ART} WA fAEHAoY fods ¥ ERE, TI|2Y
gAsx W AEARANES BdsA x5t ¥ 5-112 RUNS 3t
€& ¥AZAE uehd otk {ds 2P EEEE A7 46lmg/L,
4461mg/L, 5182mg/L, 6351mg/LE el } My MK} tid A |AHY
on] {94 VSS/TSS vli= ztz} 0.81, 0.81, 0.67, 0.842 Sx|5)aic}.
F7IEAARELS 7} g RolA AR wgzx A} AR 4248 U
ehfict. I E lwgo] Ul §7182-2 C0Der A9 ztzh 0.93, 0.93,
0.71, 0.692 UE}}Om, CODmnoE Uleld S 0.33, 0.33, 0.24, 0.245
Lieluith 3t BODSE Ubebd A 0.14, 0.14, 0.22, 0.33 & SUSHE
Imgo] Utehj= §7]2%EL CODcr, CODmn, BODS <02 RUN #4NbSZol &
AE Fdrt fARE 43S vehdglch

ALAGR RN #5 AT B¢ &4 F71E5EE TCOr 2% 2
7} 253mg/L, 240mg/L, 343mg/L, 485mg/L2 AAXL-L 2}z 95%, 96%, 94%,
9455 Lteh) vjRitg-go] 9002 AH A9 RIIEAARELS Aubg R
44 ¥y ZAH¥E Ho4FAch SC0Der ZF$+=
283mg/L, 423mg/LE AR &S 7z} 84%, 85%, 86%, 87%F Liehuict. ¥

Z}7} 208mg/L, 184mg/L,

TCODmn 7Z-¢- Z}tz} 92%, 93%, 88%, 88%% LIE}LtOmy SCODmn Z-$ zt2} 68%,

75%, 67%, 70%5 Hoj3 RN stz LAZAHCE |IIEAARKEC] tia

Al Lelyict, BODS B9 X RUN #42} 5-A}3t 98%ojAte] HAXL L BoFy

th 72 A H¥E eR SMECE MSSEEIE WA SAIEHAA T §

71E& AARES ABHLZ A Ustkted ol Uit$go] A $x1°
AZ

oM 71801 AAZAAE A& + dE 737t 7} SHof

—341—~



e w2 AARES Jehd Ao g zictHc)

¥ HEo F/EsE & HES A A3} o] Tz
A TPE ERAE AASIGoH RIS AT HURE o)A 950l At
AAREE Jehlch 272U &eiAld 2YE HeE: 2tz 43 8ng/L,
514.2mg/L, 514.9mg/L, 429.3mg/LE UEldon £ajx]ddo] Y TP 55
= 2}z} 145.1mg/L, 307.6mg/L, 440.5mg/L, 392.8mg/LE UEeh) xie] =7z
W Sejxlol XYY HEol UL B R AAsE Ao yelynh a9
L Ago] g U2 USR] P2 HES HXF whgR Agake] of
50% o]l Reg vetyich

FALAAEL KU ON ¥7E U REEE 7002 AT Beu
o o2 H&S el §&3F $3dL%EE 747 695.1mg/L, 700, Smg/L,
303.1mg/L, 124.3wg/LE Ueh) AAZSL Zt2} 41.7%, 41.3%, 68.5%, 88.6%
£ viepdlch
Img NO-NE AHAS: ol 428 {7189 42 48z Mgz
2. 11mgCOD/mgN03 removed, 2, 17mgCOD/mgN0: removed, 2.83mgCOD/mgN0; removed
, 2.91mgCOD/mgN0; removed® VL}EIL} C/Nu]Q] Folo]l uwiel 2EH F 718k
Re g veiyich
SDNR2 H}-2ZGATHE 0.072mgNO; /mg MLVSS - day, 0.07mgNOs /mg MLVSS - day,
0.057mgN03 /mg MLVSS - day, 0.12mgNO3 /mg MLVSS - day 2 L}E}L} No. 3882 9)
7% SDNREEZ ui-¢ &Al uelbytrh v Fatdhze] §E4uie] TEH N

2 NEETE E71Z FEo] vl8) Sug/LBE WA vehts] wf o uRubES
F7AE B HEHEES FUE Zo® ndERn A Mgl &
%

TR g FUtell whE HEgujulel SAFYNIL APy Ao

f

&
&
ol x93, EPA(1993)2] K. 31of ojshd Lj¥ut4SS

& o FZrha] 100014
L8 FAY BF ALAARE QoA vy Z2E vehdcin B0

do
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¥ 5-11. RN #5 23AZ}  (¢heg):img/l)

3 B Pz Control No.1 No.2 No. 3
SRT, day 14 10 8 6
TSNy 700 700 700 700
C/N ratio 1.0 1.0 1.9 2.8

TSS inf.(VSS) | 4,461(3,625) | 4,461(3,625) | 5,182(3,493) | 6,.351(5,330)
eff. a3 95 71 118
MLSS 5,414 7,069 10, 788 9,946
MLVSS 4,580 4,748 7,395 5,330
(MLVSS/MLSS) (0.85) (C.87) {0.69) (0.54)
TCODer  inf, 5, 401 5, 401 5,711 7,650
eff, 253 240 343 485
(AAEE, %) {95) {96) (84) {94)
SCODcr  inf, 1,263 1,263 2,055 3,238
eff. 208 184 283 423
(A AEE, %) (84) (85) (86) (87)
SCODcr in Anoxic 284 354 344 488
TCODmn inf. 1,873 1,873 1,766 2,477
_ eff. 148 129 206 308
(AALE,. %) (92) (93) {88) (88)
SCODmn inf. 415 415 547 931
eff, 132 104 178 282
{(AAZEL, %) (68) {75) (67) (70)
TBODS inf, 1491 1491 1969 4212
eff. 21 27 34 46
(AARE, %) (99) (98) (98) (99)
SBOD5  inf. 852 852 836 2096
_eff, 8 6 9 18
(AAZTE, %) {99) {99) {99) (99)
T-P inf. 178.2 178.2 267.7 316.2
eff. 67.8 87 12,4 15,5
(AAXE, %) (62) (95) (95) (95)
PO -P  inf. 51.6 51.6 44,5 41.3
eff, 62.9 4.1 6.9 7.6
(HAXE, %) - 92.1 84.5 81.6
PO, -P in Anoxic 53.8 14,1 16.8 19.6
T-Fe in Oxic 43.8 514.2 514.9 429.3
T-P in Oxic 145.1 307.6 440.5 392.8
T-N  inf, 1,193.2 1,193.2 962.6 1,089.9
_eff. 695, 1 700.5 303.1 124.3
(HAEE, %) 41.7 41,3 68.5 88,6
TKN inf, 9885 988.5 732.1 729. 4
eff. 4.7 4.9 5.4 8..9
NHs'-N  inf, 1,193.1 1,193.1 926, 1 1,089
eff, 6.1 6.2 7.3 11.0
NO, -N  inf. N.D, N.D, N.D, N.D,
eff, 0.3 2.0 0.7 1.7
NO; -N inf, 0.1 0.1 0.5 0.9
eff, 688.7 692.3 2951 111.6
NQ; -N in Anoxic 1.5 0.7 0.3 0.2
NG; -N in Anoxic 680.8 578.2 113.4 25.8
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Z B2 3" FAL-37RER A KU RUlESET AaE
Eof ul3] uo} AAAAE 213 Aol W] UPHA] TS U5 A
olth. olF sjZAst7Igls) +¥H 2 2xapdE AFHE= RIS BI3IUY
AN F7IE0] EFH 23UH FEHSTE ol &stq HHAUAIERY F
Aa-ZINEGRE SAstY RU CNEIY} UERISE W] wE HEY
A HAEEE EMsle] HAHONG] W 5SS E&sted Aok Y A7)
TAFATE AE FaL-ZrNbExo] Y TR /AT E FYsH] UF

&< Aol B0 A HY A2AE =SsITh oo 2
Aa-BINEER FAARE RIIEAA, LA D AdAA BHAM F
YA o= Festact

O

u’.

-

1) #71E4A
AERY SA2AA 2FHE RIS R7IAURRAM BPADF
a4 Nl 20 2y dBFY ZASte Bt E=2Uie T

e 718 ES7IE €dAURFES SN o2 A3 nEAF
od

AZEE 4 6d7HA] 2T At SAURY Fl wE VS
Hazsigict, SR FYoR IV RIEES FALRY] ¥ANR
& BAANZAAR LA URY F7IE A AN Yol A% HariA

dAge] whE SAFLEAIE YABHATE o2 3 fEr AFE =L
A Uetgen |71FMARLE] tia Zgastoch wietd fUg #IIEE
Fool wE AR nBSAFATE AEA =2 Hert o
Aoz et de] ARt Ay FL-I7bgRAAM /YT

C/N vle} UFitggo] wlE YHALS =237 ¢leiM 4+ 2AFolA

o
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HATES FUbshl A3 7188 Folshed lojM AEY AAe] 23H
t} 3 ol fUF AUIESV WE AP ESE 371 SAugP
59 o7 SAJAE FEY ¥ HF 2P& =2 Yoot glon ¥ w
URZNEL 2AA] §U4 SCODcr/TKNH] 7} 50]AbS X 2h3}A] ok W eolujo
A 2|ty AFAIZZ ndE AFAT 52 AL 44, 4 o] ger §
2ot AW Wart vtz AE"ch okl 2y 5-45 ~ 27 5-502
€& RN #2 - RN #5&371x] 39 2} gz {ds 2 F&49
TCODcr, SCODcr, TCODmn, SCODmn's=%hE uiehd Zojm, 37l 5-51, 5-52
© 2U71}EQ TBOD5$} TCODers= A AZEE Uehd Zojch A gz
A7t F TCODer HAXEL 90%0]3S Uehdon HEo] TUHA ¢
RS #12 Hgo] BYH g2 Ec} U2 HAARLL BYr) ol:
HEolA HEd Hgol §718% FHSIAAU AVIEE ehe =8l
S FHsl ArjFezr w& RUIE AAZES vepd Aoz abghc
TCODmnA| A 2] F-¢= vl YL Kdon fUd4 #718d =& BODS/}
CODanXr} wok=I7t, F&2] Z-¢ CODmnZ 3 gho] BO
et ole uldEe] U AHEHT F AEste RVELLS REHY
sj8EMol7] wiEoll BODSEF G2 E Lehta] QY Atsteio] w24ty
HE 25 D&y fe2E vield £ Q7] gfEo2 givisct Ax w
Z WA O FIIEMALEL otel & 5-129F o] Yehidrh &
3 F7IAEENS Ao Yo Est FAsiAY] ool EF FYol w}
€ 4AME #71EAEET 371RE AeR mtHc) whgz e RN /13 $

I3 #7183 2} particulate CODcr®] Hl:= ¢ 0.4 p-CODer/TSSE o}

flo

=
o

do

2
rir
1

%
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UAMS F71EA 3} CODerd] HlE ¥HER EHEMT)E 0.59p-CODcr/TSS ~
0.93 p-CODcr/TSS, 0.59p-CODcr/TSS ~ 0.93 p-CODcr/TSS, 0.71 p-CODcr/TSS
~ 0.98 p-CODcr/TSS, 0.69p-CODcr/TSS ~ 0.95 p-CODcr/TSSE A ¥hg o
thal 1mge] 23 Eo] HF 0.69~0.95mg CODcr& LIEFUATH

=R NE FAA] U RN #1&HoMY F$ F1E B3z Iyt
S288 thy] o 1.692kg TCODer/m’ - day2 UEIRT S7]|EHAZTLEL B
B7%F =2 LIElth E2LA NS FUI RN #2~RUN #52] H$ R85 %
5l8ke] W)= 2. 85kg TCODcr/m’ - day ~ 7.57kg TCODcr/m’ - day® L}EPLI O
BEAALEL 87%~96%2 LEh} &2 |R7]15 P3Pl E AAZLY 21

ol& mju]stddct
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E 5-12.  AS{Y FALIINIGRY RIIEAAARLE (%)
gz .
sAzA 35 HhSR #] | HFSR #2 | ¥FSR #3 | ¥E2 R #4
SCODcr 77 79 79 78
TCODmn 77 61 81 88
RN #1 SCODmn 49 51 69 73
TBODS 81 83 73 81
SBOD5 81 89 86 94
TCODcr 90 87 89 93
SCODcr 78 73 83 88
TCODmn 81 79 76 83
[
RUN #2 SCODan =g i 58 =
TBODS 97 96 97 98
SBOD5 98 98 98 98
TCODcr 92 93 95 94
SCODcr 90 90 91 91
TCODmn 92 92 89 87
RN #3 SCODun 70 72 71 74
TBODS 97 98 98 g9
SBOD5 98 98 g9 99
TCODcr 88 90 95 g2
= SCODcr 78 81 89 84
TCODmn 87 89 90 83
RUN #4 SCODan 73 = - 6
TBODS 96 37 99 98
SBOD5 99 99 99 99
TCODcr 95 96 94 94
SCODcr 84 85 86 87
TCODmn 92 93 88 88
RN #5 SCODmn 68 75 67 70
TBODS 99 98 98 99
SBODS 99 99 99 99
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MAYS AUS Ao nchdch v|FEURgRe} AL eld @A
9 A2 2z £ABEI 2EER FAHEN YFUEEE A F3
S A ARGol M2Y ZFPols RIS ES Wi e
E2E A fAISt A2AA HEE A FAY £ AL AeE nigkd
t}.

BdzAo] o3td fUdS /N7 SEE4E Fatihibgo] A AEEG
P2 C/NBITE &E&E EANRgo] Y3 ARHE A
Tl &A% (single sludge system)ollA] fel4 C/NH]E HAtEhite
2lote}l ghAute |07t &AM A 2hog A HA drie A
& Uk & Aaspteelols SUGSUAEEA 7AYEA RIIES
st5te] @2 oA E o] &3t Zo] ohel M NE Adshe ol U
HE dUE o857 o §UIEsREI R4S EUIYuEEY 4
2 Relsiclh sir]gt YAn|PE-L Facultative B]FE(FIAE o)
2 344Y njPEEA F7ES UL e B8] g €dlA #
NEFEI B4 $Ago] Y] Ak ojd EAAE wifel 2
ofi= two-stage sludge systeng ©]-8% ©AARLT}L ] AyYFolrt.
H, dgo] M FTHLAARS ALY FY Aol& viehhz] ot A
Mol o3t MArshg 2} gAybgo] iyt ¥ ninjyt Ao eyt
3% 5-61, 2% 5-62& AIRFY KU O/Nulet WSSl ulE F
A2AAXEE viepd Zolrt

fd4 C/N(SCODer/TKN)HIZ} ¢ 12 fA1" o, uPi4g HAsjels 73

o’

fr

2

A 34 HAAEE 31%~41%H 2 SONRS 0. 065mgN0s-N/mgMLVSS « day
2 velgton, U4 CNEZE 1.7 ~ 3.02 fY" o, FA-Rchul 500%
o] URutEgolaE 60% ~ 63%E LIEIXET SDNRE 0. 072mgN0O3-N/mgMLVSS -

day® UElgton ujBuligo]l 700% ~ 900%Uul= 68% ~ 77%LiE LIE}Y
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31 SDNR-Z 0. 1mgNO3-N/mgMLVSS - day® LU}E}RYICT,

R

5,582 &4
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Ae FgTNE

o FALAATEL

fd4 C/NHITL A
A w2 WiEge] gz &3
WEEE ®OI7l MM oUAITL 2vEEE fYS O8] FU1E
71E€ B30l 4ulE ZFuof o
Z27& E&sjof ¥Aew

4 3014
o %P E EPHE AL
FAE I f5tg-go] W

o] ALHAREo

L™

g Hed4 C/NB|7} 2.8 ~
dhd-go] 300%oll 4] 900%71x] 71 of $AL
2 Z47} 70%, 85%, 91%, 89%2 ZFJIElE Ao g eyttt oo iyt
Z3= otz ¥5-13o] viehulth whebd &bl ©@AwNEg
tog EASHEA

@3] ¢
YENESS 70062 S3Y
Uetstch, AEAENE
B Hrie w2
| ¥ o2 depgou

X 5-13. A4 FAAZINEGR SAVINEQ 2 UALAYAZL(%)

gz

enza HhSR 41 | HESR #2 | WLz #3 | ¥lgR M4
RUN #1 34 35 33 40
RUN #2 36 40 63 70
RUN #3 35 31 60 85
RUN #4 43 41 77 91
RUN #5 42 41 69 89
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NEE AAREZC] BUHE ez urlyth 1xhd R NE E&dA o]
FURRA] A2 BdseA] Ala”lod HZo AR H3W G N=
AA, AV BE 4 ALAHEEE AT A2 Uy & B
-2713 M ATl EEda Yol £ wet o Falefo] F A
2 9h Y Fukgg 3 R O/Nulobe BRSHA TP A ARES 17 5-700 L}
ERHZI 2} o] of 95%0]4 o2 ettt ol ERUAYFYLE Qs A‘d%
1ol FUisElole HEe A/LHE Had AES JdE& HBH R AHAA
7l 2o ueiudth 2} §YF¢ ERURY BYLT TPeE HIELS
RUN#1 &) §94:¢) 729 150mg/L~400mg/LE LIEIREO o RN #298] §¢l4:9)
AL 100mg/L~400mg/LE, RN #38] H¢U4<Q ZA-L: 200mg/L~600mg/LE
el #d4 S50 whE /N8 F7HE QI TPk HEZo] M3IA
Uelton §44 PO-PEEE 30~52mg/Le] H3HE LR f 2t}
T3l XUH PO-PrE YT HEHRCT A Uehkted
Nt oA HEM AYY dol ¥ F2 Yelso PO, -PHET}
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ZzpFolet AlR™CE. Y T-PEX7l 200mg/Lo]ll §& T-PE=7l 13mg/LY
o 4 1mg?] T-PE AASP=dl &= P2 vlE 0.35 ~ 0.4(ugl-Fe
released/ngT-P removed) 832l 4 HojFto] TP AA o] owol it W
71 $l3jM = 24 0.4mgT-Fe released/mgT-P removed o]t 2R J-X|dlojo} &
e ¢ 4 doth B 230dEe] s 1AUE AWAsllA ooxe] T-PAIA
FEL 47 M aFEE APO =T 0. 4ngT-Fe released/mg T-P removed®
W22 A dAFH= & vEhddch =Y £ PO-PEET} 45mg/Lol 2
& PO-PEXE7} 10mg/Lo]3ld wl Y lugd PO~PE AASH=d] f3HE
Here] dj: 2.5(mgT-Fe released/mg PO4-P removed)® UlE}LIcE 2% 5-63
~ 5-68% <] BAAL-FIPRGR LAVLEY fds ¢ &Y TP

4 PO, -P8] sxE viehd Rolth
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EZ yolA {4 M, N 8RS JFELE FAYYARANE a4
Azle edstdon IIRSAUES} FHHoR A Az 74 154 %
L St AFAD Htel wE 47188, AL W AAAZZ] of)
ESNLT 5] |
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2 yA Astden 9€sdFE 8d20d 7= AALINEES AAA LS
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2ol 1.2kg NHe-N/m’/day7t H|=8 2Astgrh. 2y 9dxof FelatAF
AlZEE 1242 whasty A e ojABEo] 3 MW, N Aabzpbg
A2l fda LV EEE F7I2 &8 UAdYo] FH3) /iAo o=

ds) BAAM S2AF3 x| B gl et Aejge o] ¢
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stElodch o]F thA] FelYANFANE 22208 FIRIA SHsHRA 2
Atehibgo] B del2 AR M, Y $EE S0 g ¥ AYH
NH N F-31edoll JBEITE 109 208 FE 1149 5¢ 71X S AFALE
17412 Zh4AA st on] Aaspiigo] Qs E £28y AFAT
2N N RIS AR F oy ey A FRARE FURITE Bl
A& o2 FUs FANAS] wet 8y AFAZE HWAFIn A
drh 1Y 69 FE: HRTE 262002 st on ol vyt o
Buks g2 2hzh 27) §44 S2i] 2002 SAY F YA ule} F
7AIA e golgl et o gntg} fPubEE §H 400%fele] ub
Aoz gaihgo] Aol HHA S
2 dFsA fAstdch AUldRolE oitsa uus g
AA AN njXE S ZAIACH
I235-730] 27| 2HE L] MLSSEES uehfgich 2rzW £83] v EE
HRT 83t} U4 AP EASE 3o A& 02 cfgsidM 2Asigr)
Z7] MSSEEE 4000mg/L2 SAsIPon ¥ F&olF ALH Moz
3ld §al4e] IBEES Zulo] iz} MSSYEE Ald Z71sto] 949 15942
ol 12000mg/L7}x] F7lstgd oLt 94 20U A RE = 1AdE APA vhgzed
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ol BUEA A5 Z7b8te] 1600mg/L7tx] Evlslden 99 ZREE
G 7t AT BAZ HAEY Eaulgo] Eof AW HEY B3 k7t W&
o] FUTSSEE7} 2000mg/L~27000g/LE 2 &A VeI olo] uwlE /¢
Hxo] ujyog sty 104U AFZE F4E MY 104 WFPEHE &
g TSSHZ7t 700mg/LE WA RA|FUTE KESTSEEE AV
40mg/Lo)3HE AASHA RAstdon 9¥xe] HRTE 12A7ee LAY
B TSSEZ7} 2700mg/LE %S ol §34 TSSEE7} 250mg/LE L1 AL
Mot FF 9% HALSES Uehdlen sVit of100+2022 uieh}
SARARY L £L Aoz eEdnt. HFRE XA 3E dd TSS
B HEZo] A Uehd dAAF A, EFNE Fds HEel iyl
L3A o] Zha Folst o3t shrlch 119 F¢Tol £5%
o] ¥/H Zlog Holk FEEH fUFo] ZYUH] FUS FUsl
’ $0g ASFos VAN ulABe Vo] AU LA A¥E
M, N B RIIEEE 5 FAste] WAty

bH SAVVFY U4 VSS/TSSHE 0.8260121.0 F&4 VSS/TSSH|&= B

—

ol

=

& 0.7372 uelsted ol fUsol TP VSSFEo] Fata-F IR
A ArEElR, Zrlzof A" He] AU|Es FARFE MaEd Hol fa4
of 2 AY WFLe AzHch
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38 5-74. IUR SUE [AVLFY s W K& TSS w2y

INLRENE FUSHE KT &Y A71EsE HE 27 5-75%
¥ 13l 5-780) utehfolct. 79 F&FE 11971AY AV U4
o #7185 TCr 3¢ Fd4 Tssexol vlaste] velsted 7
HEFeNE 8YX7IAE HF 2500ng/Le] HEE HlRAY uA fY=iged
Auzh B¢ 9W 2N E L Ax2 F7l5le 4000mg/Luij 2 RUE HF ¢
4200ng/LE UEeht 2ste W AFE4] A fAPl wel s=EEsL o)e
A Ao Jelton AR =59 900~5920mg/LE LIEIET B

.

A2 3322wmg/LE LEluith. AESG /IIE W
2. OkgTCODcr/m’day ~6. 1kgTCODcr/m°day 9] 2 §-x|E|gjon, ZME 7}
o] A 1E HEIQ 9UZo= HBF & 4, 0kgTCODcr/m’day ]2 &
4, 119 3FolE 3.65kgTCODcr/n’day® wl2d AAsA FAIE 2R

&2 9%E LEiWlch
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SCODcr 7§ TCODere] 299} wldslel SUHQon SEUAE 430ng/l ~
670ng/LE UElten BZ S71BEEE 1807a/L2 Utldth 37]21%

-EMEZ Ao AR R A KA ¥lE Uehuich
FYUF $EE 785 ol 800ng/LAEE FUF N oL} sdH
FH 75t 3¥E 2o 12000g/LB =2 KU EThr} 10820l 57 o
Al Dojxle FAHE P 1047 E iy F7bske S vehijo] o4
FEdExl o AE ez Yeigen 77F TDmnsSEelE
500mg/L~1940ng/LG o BT o 936mg/LE Lie}uic),
4 SCODmn2] He& ojBr} W 125~735mg/LE LHER TCODmn/SCODmnH]
L 3,028 Uelylch
Fl42] TBODS S+ 500mg/L~3900mg/Le] *H9lE Uehjiglen SBDEEE
390mg/L ~2300mg/LE TBOD5/TCODcre] vl oF 0.5& viehy H2RE AA &
UH = w2 gAdol e R FaEr] 42 F71EE 2HH ALS
g 4 ok BEE #7189 fds= d#U uie dtd A Ao e
olg] ZAS Y HFREAE =A] 2@stedof At
Fd+e fI1E85S HEHIo i3t K& RIIESEE vlay Y
of, TCODer 7] 250mg/Lui&] 2 FAIE|Ct7t 84 o ¥ Aulrl BLidA 114
7} 150mg/L~500mg/L AtelE viehd B 300mg/LE R-&xo] FIAAE
91%5 Hch SCODcrd] frEs4ESE AZIV|MT 2324 Fohsts APS

o

o

LB R B3 271ng/LE A AE 858 Uehf2dn 19979 119 129 3 &
Sofo] THH Zog Rolte AT BB fEswET 73 o3
Eo] 900ug/LE Z}E3tcTh. TCODmne} RE&+E5EE FET4E=od vlesio
LElgton, HxHels 59~340mg/LE Ro HF 154mg/L.4 L2 F250]
84%2] A AEL uEldjgicth TBODSY #&E4 BEE 7%9«1 U3ty B
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59mg/LE UEl BEAAEL 975 BHow LH77F ) 8353 0.8kg
BODS/m’/dayoll X = 95%2] #AEE LlEhfIth 2, SCODer I SCODmn 7S
FET, FAdaz, XY It uledte] YR 9 oF 3o o 93
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8|7} ¢ 2.5~3.0 W2 FR|E o FEH Azt ©@znhgo] x A

o2 ¥y e zAogrh 74 3teFH 11dSE Tl IR 2=

T7t21 8 H#5E vehio] Uit @ "AkIo] A’ glo] 3
ol ¥ Hulz 3 fd4e] #7118 @ WM N =Tt
Sl frdElel M N F3EE AYHE FatPgel AEHA FAIsHA) flste 4
2| A FAIZE hEste] AP

o2
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N
¥
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% 5-79% 2% 5-802 LAVNEL FUF L FEF TKN, N N5 E
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Hrpzt AxpAer Frbdke B¥E B 74EeYH ¥ SRl TiNsE7L
500mg/LE HUHAT AYH HLYE UFI] 3l 38U ZEFE HRTE
12417108 2o ALRE o] 2ANAD, 99 YN FUF KNS
7F 700ng/LB =2 UFsHA RYEHACL JRLE Ut 1085E fY TKN
SE7t AlE solA 114 Zol: 1550mg/L7Hx] 715 o ojufe] TKNE-3
F3h= 1.32%kg TKN/w’ - daygth 119 F&7o] RS540 Tgd Aoz ®
ol #E+7t fUHol wel &4 KNy EI} 500mg/Lol g veh) 7]
Zu Aatsto) g Fo] ApEY 2o Algxo] §UL FUAFIZ Rt A7
W M, N $EE Al FFste] AANnPES] HFAEE stk 1997
d 79 154FE 114 FE7iAY LA DEU Y+ TKNs=E9e 21
4~1550mg/LE UEh] FIEE 786mg/LE RAT UYAPGEA % Ak
& 0.083ng TKN/mg TSSE Uehiglon] Halaksels 0.29kgTkN/n’dayol A
#ch 1.5kgTKN/m’day® RA|HAom olu] TKNAALL 42%~99%2 LIejL}
90%ol o] TKNAAEE @71 #siAEs TKNESI-2 0. 9kgTKN/ndayol 82
A slojol g Uglch. MAAOoTE Yusubgo] KN Falafz) 4w @
AE e o Uikl ol #ds TKN HE7t F7iEE FAashte

k

)

I

& A ReM Ne=7F FUHEo] At elote] BEE AAsi]
2 Ao yichHcy

FEr TNeEE JPTNTSILE L7318t KRTE oA AL Al7]0
Aatsirt dAH ZLE Aesti: 100mg/lo] o2 FEH AeE ¢de
SANZNE F258 TKNESE 2~330mg/LE UENIS RE4EF TKNsE:

78mg/LE Ho] BF TKNAALL 90%E Uehjglch
FATe M NeEE Ga] HEEo] Asldeon dx7jols 400mg/LBER
stAl fYsgd o) oidR SWE o] AYPHAAM FAHLE FUBEI}

Z718ted 8Y VUL 600mg/LE UAFSHA FUHADL 8YEE o|FRH A



48 72t HRAEY E4uZ4E At M NeE7 EF0R FI3tY
1YXE 1450mg/L7H2] F7tstedct. 3758 M N fds=d8elE 20
8~1450mg/LS Ron HFL 679ng/LE UElNich §34 M, N BE= 8
Azt 99 FEol AAEIL JAY AJFHAM 301mg/L7A] Frlsld o
22 AIZE Lo 60mg/Lo|3tRE R&E o] FIAAE 9Ino] S BLS
H §&9 W, N SEHE 2~301ng/LE ZAE o] BWF 65mg/LE LIERR
ch.
Arbgputgo] oA o] Aatslgo] 50%0]51E WolBE A$ T BAIAE)Z
FH3t=d dele A7 1A9E ABAFRY 2R E 43S AR
o ate] AP AEY ol FUS M N HEVL vlaH L3 ¥R
T 20Co|¢o g A AU oz AlEHL)L
a3 5-81, 5-82& 2A/NNE FYUF L FEFL N, N FES abd AL
& Uehd Zojth M, N BEE AU S Ing/loldoR AU
A9E giei_q.rq. $248 NpNEEE TUE BUSs AussA
20mg/LE JePH B9-E Astne o) Bmg/Lo]to g FIISHRIE ¢hot N0
LN R wake el gskonl, w, Nl A edZslel A4t o
7} Aol f&4 =7} S5me/l7t Ugtorl Z Aol o] yE
lng/LE dA ¢doton At JAYE AHANE 10mg/LE ES B
odrh, &A7|E AArzhigo] w2 N, -N W N0, NS & HHEL njn
¢ Reg ueht Aatshibgo] AUEH gaNkgo] Futg AP E A
& 4 ootk 2y 19979 1Y M4UZAERE AP Bl ARoF
S48 Ty w4t fUslel At nyEL] AMEE 3 Aatshubg
| A A edot N0, N&] 57} 200mg/Loj o2 FotEom N, -Noj Z
50mg/LE Eobdon I 843 A" 114 BHoE K25 NO-N,
NOs-Ne =& 25 ZEEA] gotch
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3¢ 5-83, 5-84¢ Y, FE5Y FU4L s=9 FYF onNblof] o E FA
2347 ZE&E Uehd Zojch. 34 L 20 W Q0 400mg/L~
600mg/L2 sl oy 71EE FolEHA TthAl 700mg/L ~ 1400mg/Le} B¢l
2 Uehd #de NI Zastes Ao Jeldon E3 257} ylo}
AHA THEES ELF0] FolA ¥ HEY wIl 1Y) wWlELE UE}
drh. $d4sE s Fahhgo] dAEE 7123} vkt HEE e}
o Aispitge] AAsEE A7 §&+ $3ULSEE o) 350mg/L7}A|
Z7hstd e Aalzpbgo] FYLelE EUE A YANtgo] AWHE 1)7]
o= 30mg/Luf&] 2 vietytc

Fatszo] A AL AAE T8l AV AES 3B A9y 2
Z7]-50mVoll A ©AREgo] WH3] AP A]7]olE -500mV ~ -280nVES 2
Lepytet

FALAALEL Fds INeEAA FET N2 Aoj2 LlelWlon C/NH]
£ SCODer/TKNSE2 AsIdch fd4 oanlzl 22 §A8dS 3¢ £3
& HALL] HelE 39%~96%5 Vel o C/NH] 30]do g RAIHUS 7
Foll= 96xol o] HMARLELE Bo| C/NEE 30|43 2R {Ashe Fo| nighy
3 o= uelych

N, -N& HAXTIET £H" /7122 2 THEAE o] 83t Altstdon

2 COD—§=C0OD
9 TKN = (82 NH;+ 72 NOj)

mgCOD/mg NO; removed =

HAX SRE SAVRF W, N AARE Y 48" {7159 ¢ TCODer

o] Z$ HF 4.24mg TCODcr/mgN0; removed® LIEIREO ™ SCODcre] 2A-$

fr

2.17mg SCODcr/mgNO; removed® LIEFREZL olmf NO, -N&| A|A&L 98%0]At o

hu
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LIEILL SCODer/TKNO. & Al4HgE C/NH] 7} 2,170 3o o] {33 Ay

ole Zlog zighhch N, N7t AAEEY £&HEHE {7158 4E TCODere

2 UehlEe 7971 SCbcro 2 ehls Z¢Rt} 28 w2 & UEhE
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8% NYESVEclN Hate] WYL Ao HAHE ol AT A
AA BEE ZABE H3A 2R 1dEolN ANT AE2AY
cheAl HgAV)3 ALAR(N), F e g AswAe 23Y 4
A Y AANE 4A, edstdon Byl WE AAA E&I} YA
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of wpE njAE HFHPEE A ¢8] FrFoz A S5E(Oxygen
Uptake rate . kg 02/ kgMLVSS - day)& 33}t

1. Fe A&

1A E AHAFRY] M2 E A 229 AMEIPRAE HAY
Fozsle NUREUE A2I|oE Lyj2ule] Hute] F2HAHE 100cn’
2 3l FUSIA, F A AL 27] 30coZHE AJzsl AME4E

I8 5-85& £A71TF AR FUEY Xz FA]H T-Fed| vEE U}
ERd Zojrh F Hilo] HEEE F2 A5 IABVIE 1A% Hos A%
AZen FEEHE A= EIZRY FAEE T-FesT g 133t wAA
22 3V(0.10A~0.12A), 6V(0.2A~0.32A)% H<etg ArEAZch. HMEako]
F7tsted EI|=uje] Fexrt 94 Aol 100mg/L7tA] FIbstA oLt RE&4
PO, -PEE7} o83] 15~20ng/L2 EA Fx|=cl.

H$2 HMESEE 3, 44% Hdo] AAFHoR AL AAY F gitkn
petso] AMEEES AYshe 2A2AY shuid Anty Zrizele] I
AAE 200cn’® F7IAZOn FHRe] AAE APNLARAL 2L 62
F8A RISt F H3be] AYE HY AT o2 U3 F Huly
AFIZEol LA FxIF] 0.3208 Fx3}17] 213 AR AP L 6VollA
V2 FF et Jut 99 URY TR BeEst Z4ashe 3RS U
Bl S 8V, ARFE 0.4502 A oLt 104 e Alg Aexv)
43t olof o AU} FRFE &3l TR ST E F7MT)
3 gy 1149 Zol= 7|2 eIt 30ug/L27x] HojHcrh ol AR
7t e g Ay ALEHA dn HBE A Y= ArzERZ AR} &
g oM Ho] HEE=z] Rty WEos AlEHTh. T3 2wzt A4
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Azt AR ol W el E7|zof Hulo] HAEo] glo] HLEo] Y
YslA o] Fof x]Al¢lol HxtEHo] EFEHA FAHIL &7t 2do F
Axlo] He] A7 =ES WY Aoz ket

H, MUARSVNES 2AMHAN fYds € f25e] & AT A
& Hb:E FF L0/l WA Uelded, {d4 HeEE
15.59mg/L2 §&5 F=Eo] & 13l fUsEE A2 Uelyrh ols &
st BESVIRYEH FEFI A4, BASE T3t A AR
A AS URY EEE AES Hol £E2HAAU AREEF A F
=7 got gEvFol Ao vigso] AEUE2 RUHE et FiF
28 gA Uvehd 2o wchHch
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HUE SAESH 2ylole $e AFAZHF utel d¥3i2
W3yt AshAl Ueldbed 213 5-860)A Biuie} go] {4 TP B &
64ng/L~270mg/L W E HYsEo]l EFHstdon 94 0UFNFE = 2F
gEE ZYS Bo FF 102ng/LE ¥IZH I F£EE FAIsHAch
f&5e TPrEE 7~98712E HF 3Bog/LE Uehdon} 99 20U FEE
W 10ng/LE WA F&E Ut
1% 5-870) PO, -P9] H=& UeldEtl A fysatol what H3yt Al
A Uvelden AVNLE FUEEYALE 5~4Tmg/LE ehleon FF
2mg/LE FYSEATE FE25 PO, -PY Bt €U E EFHYIGL
U 108 REE Sug/lolslel +202 YA S2HUck |
SAIIZHEQ {42 WF PO-P/T-PHlE 0.2 =S Ueh} $¢4 Fol ¢
g Qe gaut ol kol fUT UMY =Tt EAjZolA 7HE3}
HAN R34 S §34 deEE HolZ st
HEo] BUH ¥ §24 TP HEE Jug/L~50ng/Le] STHH S Uehy) ¢go
2 AR ANEANEEE Y Yool diFH Ak 19973 104o] 6en
Zol 3V ~ 4V, 0.254 ~ 0.35A ZZe)Hq /&4 TP HE7} 200312 Zhas}
= A3S Ueh) ula3 giEAgol}t 10429 EV|ZRE T-Fesxrt
40ng/LBEE A FAHAZAE F&5Y T-PAA H&ol 80%oldS Vel

£+ Ao Nol §&52 TsSH A wE L4rt & 22 AEEH YRS
712Q 8ng/LE $3E3A A4 UEE HRE FioE &3og AYe] UMY

.3

N

o

3, Ratael 37120 &AM dBEE 20mg/LE ¥ £X& Ueh)] F
B2t HAEYPol AYH e Ao wuich A 1AEES vla

g u) §&4 PO, -PY BEV} Smg/lo|dtE ZtaAlFo} st7] wfEol Xt W
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< BH2FPo] 27"} st 1Y 5-882 MURZWE LMD FU4 X
712U T-Fee =& &3 AAAA 23FHE F3e Uehd Reg g
lng T-P& A AXFI=d] E7l2U ] FAIEojob & T-Fe g T-PHARE}
AE BA HH FHE2FE =8Y 4 Yrth

1P 2ol T-PHARES 90%old EA33h7] ¢l dd =H9] 1ngd] T-PE
AAsH= 7| X FAEojok & T-FeR2 0.4 (mg T-Fe released/mg T-P
removed/day) 2 UEIRIA|Yt 2xbd e nld R EWE A2, 85%2 T-PHA
HE&E Bol7] AT 9] mg AAA o} T-Fedle] u]7} ¢ 0.2mg T-Fe
released/mg T-P removed/day® 1xPd% Rt} wgtor} u]s3t T-PA AL U
eligled ol MAR EVE {59 T-PEEJ} IXNUE F&4 T-PEE
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0. 45kgTCODcr/kg MLVSS day ~ 0.75kgTCODer/kgMLVSS day o uf 4t24d3]82
0. 15kg0z/MLVSS day ~ 0.4kg0/MLVSS dayZ uelutth 2@ 5-902 CODer &
HBslo] wWE ALPHESS veld ZeE {78 F3Ut 3.3ke
TCODcr/m’/day 4 o} AbA4d318-2 0.15kgly/kg MLVSS/day® UElgtom £7]
E53817} 5.3kg TCODcr/m’/day U wl At4d2] &2 1.08kgly/kgMLVSS/dayS 1t
ehyl R3tof wldsts g RojFa gk ORS fds +HFHH wE
FI1ER31 HEA] ulBEo] RIIES HAske £58 ¥kls AER o
57| mol ¥F ALHoR [rEFP] pE H2HEE S
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WE} FAssn Aatst, @A} @] AWHAM Ab 5-9, 5-102 2
o] YABBEEY 71 EAEArh ol v B HY AV
MEH o] ErRo] £ FEE EAste nYEY HFHo] HMHHAY
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2] oNel W dAY R718EY wE At} @ nX &
< BMT 23 fde] A2 RUIEAE SERVIERE A¥Y
HEEY ¥ AAEES QU R F USE Y +
th & 2AdEolME AFELFE, WEZ X, WRII, pHFel
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& 22V FHETE &
Al vepyteni, 25C, 35T, 45CE 2™ g=x2 TVFAsAEZAST Yo
ZHEE 15TE 3H 798} zh2 560%, 260%, 145%7F Z7iEjgloew,
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BE & 5% 10%, 2052 3-H i3z B4AS Yo F718L 1Y
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Bggol 2F £ A2 vpeldith M, -NF g8 BAYFLS RIIAEEY
Bl of-¢ A2 golng FEIY YlFHoM URY FoAs M N W
Al B3l Fololl & BV vIXA Y& FAeE AgHrh
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3. R4t UAEZEA BAHE TWAsEHE FF Acetic acid, Propionic
acid, Butyric acid, Valeric acid, Caproic acid® u}elutr}, E3] Acetic
acid, Propionic acid, Butyric acidZ} AX|-§7]4Fe] 90%E A}x|3t= e
2 velsich

4. FANR] 27EE o¥viAfoR ogEvpol ERuUTAS ARESlA
ghblo] YAt To] nXE: VS HIEA RS A HYst
odrh. 7] SCODer/NOy -NH|7} 2.4~4. 1|8 SHH ZHe UF AL o]
3 'L T 4 38~7.07mgN0y -N/gMLVSS/hr& LUENL} 2Ew4nts o] &

292 2.67~3.44mgN0y -N/gMLVSS/hr BTt & A e} E8 2F o]
AEHY dAF PN L d g F831A oY 4 AdFol Y E L

)

5. HEA €U R =8 15, 25 30CE AW ZA$ ¢aukyg 98+

f

15, 12, 6A]Zh ol o]FojR o &7 SCODcr/NOy -NH] & 3o)ato gz 23}
Ae dALGEE g2 2% ulel Ztz} 2,40~3. 90mgNO; ~ ~N/gMLVSS/hr,
6.1~7.6mgNOs -N/gMLVSS/hr & 14,4 ~15. 8mgNOs -N/gMLVSS/hr & UER} &
27t 71l wiel gALEE 3A Frisigden wigAzte IA v
e RoZ Ueiktich

6. A&

-{n

At ~F71uhg R e Y EE2-S 100%~900%, -4
1~5.5, SRTE 6A~15Q 7122 zAsIAA A3 Az} §94 N7}
YUY FRoe ALAARESE Yiilggo] FIHHEsE 47 Zulske
ZA3e Vehfgon, §ald C/NulJ} 5.4 (5200mgSCODcr/960mgTKN) & 4
ol UFHIEES of 30052 WA FAF FRolE FALAAREO] 70%
2 vbehd}, Cc/N8] 3.3 (3474mgSCODcr/1070mgTKN), LjR¥I48-S 70058 &

Ag Weze] FUAAATE 9xnTh DA Uehith ol U4 O
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Hl2] F7HE fi3 AR RUIEREE ML R A o83 Aary
Hhgo] JAEr] WFoe AlRHC]

e ONEIZE 1A AR URitggol + AaqARE B
o= FdsYd CNHIE YR UFIESE 72 AeEc) Ay
uhgol AAxlo] HFAZol L4AHE FAE Uehio] FU4 C/NHlo] o
P wbg-&o] AA3] deslo] s ojo} ¢ Folrt AP gAzAL 4
Al REg ROl RIS &S T00x2 FAFIT KU SCODer/TKNe] 7}
38 W TKN ¥31% 0.7kg TKN/o’ - dayoll ] $A2AAXLL oF 90%3
YAdEE Zog Uikt HRTS 15942 #A3 Baa-37124004
2] TKN ¥3}ado] 0.7kg TKN/m’ - daydl - 3 WAAAXELE 90%0]
2 271 fliME SUd4] SCODer/TKNH|E 30]4, UHRi$&S o 700%
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7. HRTE 12~24A12, Wi5 - ¥ ub4-8-8 242} 200%, S99 C/NH]E 2.0
3.022 fAste] SAY IUFE FWNEZAZAY, HUdF M N FIRS
2 1.0kgTKN/n’ - dayol 812 R-x|E]ojob 95xolAfe] AT S P Y
 dder N, N FHA2 vehta] sttt FUe] TCODersEH Sl
900~4200mg/L& ‘lEh) W37} At er} AgH LA AN 90%2] A
AXLE g4 Qgtt. 8342 HF INSEE Yng/LE UER} 89%e)
L AAXE S Jehlich

0

!

8. IRIR IFANE FAVTFYL U+ FF TPt 1TTng/lojdlon,
EEE FYT ¥ /EF TPsxEE B 27.7Tog/LE LEINTE Huzy
6cm, -G 3vellA 0.3542] BHE F3A7n Y B¢ Er= Hy

£ 90ug/LE UEIIS FUFe FEF TPeEE 42 150mg/L, 10ng/L
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oJ3tZ UtEhyt o}93%e] A AEE uehuth

AEAREY FAr4-37] gz 343, T-PrE7t & 200mg/LY of
T-PHAEE 90%0] 8 FA1317] M ©F9l ng T-PHATY M &go] <
0.4mg T-Fe released/mg T-P removedo] 35|+ Zo T Uelton f¢44
8] PO-PEE7} 40ng/Le] Ffol AALE 85xoldt KA A=

2.5mg T-Fe released/ugPO(-P removed?} £ 31X]:= 2o vlelylr)
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Ayog £3ysty] stdort 199743 1Y 2 A4S ¢4 FU547 8¢
of o] REE APHAIA HArshibgol A3 PEA] Qholcl uletd mAdR
WEE ol AHPAYS HAsIH AL FE2Y R 23& T3l

)

iie]

~ 437 -



2xEste] & F2AARE Uy AF+E $IF3ict

2) R7IEAAAE 2T HF HRT L SRT A=A =&

Fabd - 371 oA AARFANE ol &HE= UL BAEHAHLE &
sj7t #1& #F7183H FEN(RBDCOD)o|BE FAtb oA o] §HZ| e #71&
Aol ZIEGZRA B E 71 el Ay oyAdes o[ &= UAA
U e 838 A UdS Z¢ HF FE2 BD FUIeALE F
S3ich whebd A AFAIZR 2P ELYAFAL Ho] ©iE 77122
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TR AE HIFs IAARLE €7 #3t] 7= H{AF, Y
€& & =&3lgrt

tidsled FeEdae YT ABEE 5271 e wol dH9&8A] U
Aol i & Zoz ickdch utetd U™ JoA&AY AP AL
AN Qe Azl & %S v HoR AR gAYy FHIP
A& AT AEALAE S8 JAsAe WEY AHFL vfe F3lc} 3}
Zict, 1xpd =y =2 | JEEGAS(Yield Coefficient) B HBZLA
4~(Endogenous decay coefficient)& o] &3l HtH &SA|UAH o Z2 &
o]-&3le] A H YoAseAl Pt AA FH AR EVENAN UWAEH Jod&
A PE Bl FHste] ARFH A H 8o thal FF3tAch Y &
2] g APEE AHE g &R Aelol tiy |2 AEE o]&H £ qrl
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22 E A IARENE 1L 19979 74 ZHE FAH oz AH o
vl w2 dRUol ¥kl Y EHzUol =&EYrl 53|, AFR
25 Hdte] g FERY LA A g A7l o}t Zeg AlgFH]
ol #3l FUFY YRVl TRV} A 2 EE YA AYUHE
ALHo] S=A3lo wiE ANHRHES FY3D ARG i3t d1E 2
Ao ¥ty stdon} 19979 119 X AE5Qe /Y U847 ¢4
o] nBES AMEAA Axtzhibge] A APHA gtrh. wetM nd R
SWEE o] HEAYS HMH3 AP FRY UEZX AL T3l
2=l ufE YLAATZ oy d3E Pt

2. AyEa 2 3y

A BAREUECIN xdsto] nlE A2, A U §7]23 AAESS
438171 $1ste] 1997 129 19478 AEE +3Y dFclgl oLt of 7]
Y Fis71e] £508 J3 SHEA YUY JEHSLI FUs A2

SZU An|gEo] A o] Hitzhikgo] ME=R] Qol 1997 114
1447 B7= &2 K sheAelge] wggeiz] 1000LE AMHstd 23 npy
REWEL] 7|20 FYsto] HALE WIS REsidout AgHY wigx
SE71 10T o|3t2 {AH & dol uo} Axtshitgo] FArsiEz] ¢kolct &
3 MAESNEN AP £33 oy UEAYS HAs 2223
o] 7He¥t YAt MBAFRL] ¥H-EZ 3setE HA|Slo] UYL $8851A
th EY 2EE 0TE FAT 2R lset® FAlo] HsIc) 2%
M7t A4 AAZE vlAs ¥ WLAAE AT FIpE A3
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giste P EolN wrg2 2x: 2tz 20C, 17C, 15T, 13T 10T ©
7C 58 SAZAoA 72} of 35UHE LAY Fol thE 2xRAow ¥
Adte] LA Zzte] L%oA SRT #Hijof w2 A HAAALE 43}
th £327] SRTE 109, 209, 30¥2 9=x|3t8 stdoul SRTE 309
whg2 8] MSSEE7} 15000mg/LE EA SRS o] FAxoMe] &3]
A3t A37)7t Erbsstdnt nietd = 2 YRS 3r)e
A FA| ke 2 SAT)E 104, 159, 20UE AR gon =z
o] Z¢ 1542 dstAch ojul ztzeY LxojMq £AH

32

]

it

Jo

%

-z
L

R
P o
2,

3

>
N
flo

04
o
[u—y

113

28 Agstgrt GnHes f24e YRUo HEI} 210my/Lol o] H
gmUole] 5402 st WL HA e Ao UAA 3y ol
(The removal of nitrogen compounds from wastewater by Halling Sorenson,
1993) BF¥ 7 EZAIN §24 YEUo 527} J200mg/Lol o T 4
$3te 2xol o3 guoR AR AW FVE AYstach

Aol AT FUSE ¥ NURBUEC] FUHE FEHSE A
sl AHgsldTh AWM FE HSEE FARRY oj2YR Asigen
ABY FUANSZY §BL Slojn FUAYENE KA 3 Wz 2
ol 4EY WAS dAsidon Wz nAET KU+ L Ve Sl
obe) QYUY AHS 13 LUAE AA sl TVSES o 0rpn.o2 §A]5}
otk 27 Wz A% 4 9 Yol 7 6me) ol ZE M3}
o 27) Mgz} EYYo] Fats WSZET USHES shalch

37 wrgzE Erlzsh AAA Aolol 2eol(Baffle)F At 7z}
5L2} 2L2 2] qlch. E7) R £ digte] F71Y4&7)(Air compressor)
of % ElA AT At 00 2mp/lol e HAISH] AW FEY A

T3 e3A7E ¥ TUHESF slgict
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3. A4z ¢ 2%

2E7F 20TE £AW FAts - 37]1F oA SRT Hlo] o}E AL
W AR AT oA S £ ZFape= ¥ 6-10] vehigdch 487
UEe 20£2CE &AM wrgzrol ZEL 894 TCODer/TKN I SCODcr/TKNH]
b2 &3] BF [ SR
& 1.82kg TCODcr/n’ - doj ATt RY4=¢] BF 1SS o3 Urhs %718
Z el mgTSS7t vehlls Azt §718 58]l 1.03ng TCODer/mgTSSE. o

fir
N
N
w
(4%
Ack
o
&
to
f
Ho
2
ful
3
3
M’
)

34

$ &2 ZAog Uik 2aela SAVTEY FE MSS EE UER &
AHtiE 7020mg/L, 7100mg/L D 7089mg/L el E Sx|Eo] 2} ulgzo)] L
¥ SRT o] & MSSERE Xlol ujulsigch. ojuf MLVSS/MLSSH]|&= 2}z}
0.73, 0.63 W 0.652 U}E}uic).

fU4e] HF TSS HEE 1230mg/Loldon §&4 5= ¥z £t
2 120mg/L, 121mg/L, 10lmg/LE e} oF 91xo]ite] AARES vEehid
th 29 6-1 LAV TFY Fds d FE58 TO00crd] HEHHE e}
W AR AXI FET vEE A URAIR A& e e
¥ AP AYS Roch fU4e HF TODert SCODer HEE 27
2735mg/L8} 1462mg/LE UEIRtO W §&40] WP TCODcris St ¥ISZE £4
2 328mg/L, 34lmg/L W 32%mg/L2 VIEhL} 87%0]4te] AAXEE UEehdtch

SCODcre] AHAXEEL g ¢Auia zbzh 79%, 77%, 77%% LIeRich
TBODs2] A AR LS BE ubgRollA 98% olate g A Ueiutch
2 Ao H&H 20T 2o SRT HElo] n}E |78 AAEEY

Aol uf-¢ ojulstgdch
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Conc. of TCODcr (mg/L)

g

o} B 10 15 20 25 30 35
Time(days)

——RYST B-# 1 REF 2 #278F w4378 |

a7 6-1. ¥gR 257} 20CE /A" AN

e

+U5 9 2z gz f&4 TCODer =M}

38 6-2¢ SAVTEY fdsF R F24 TN S=H3E Lepd Ze
E AR KEF = A UElon} At e By §2
TEI o2 YA Uikt fU4 HF TKN S E2& 822ng/LE §UF
ol 2714 W& &arhu] 0.54kgTKN/n’ - day®] TKN $3}arg uvrelulch
27 P4 KN BT SR SAUE 620g/L, 80mg/LY 78mg/LE AMAX
&2 2tz 92%, 90% ® 90%E UEI} ¥HgE 2T} 20CE $AE 2N
€ HArEphgo] Jd¥3tA APH At SNR (Specific nitrification rate)e
SRT7} 10, 15, 2094 E ZF71goll whel 0.102mgTKN/mgMLVSS - d, 0. 097mgTKN/mg
MLVSS - d B! 0.096mgTKN/mgMLVSS - d 2 SRT] wl2 x}o]= nju|stedc}. ofu)
SNR2 FUE= TKNSsEANA FE2EHE= TKNsE xlo]& Z7|ze] MLVSS} HRT
2 UHroiA Alxbs gt 2F wkgr 228 17°C, 15T, 13T, 10C ¥ 7C
2 FAEHN 23Y AEAAE o83 SNRS 919} ol Axtslact.
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Conc. of TKN {mg/L}

g8 & 8 8

q
[ ]
]
]
.

40
e
4
!
40
"
4
!
nN
E]
LY
4
!
15
0
L
4

Iz &858 NO-N HEE SR AR 17ng/L, 10mg/L B 9mg/L
2 Uelgten Nos-N 5 132mg/L, 134mg/L T 132mg/LE &4 Uelt R
< FUAFY oNBZE ™Y gAigo] AREIE FESHA] Uty dE
o2 Alg€r) o]e} o] HEER 257} 0TE 1Y AL 250 g% 3
Atgb-go] ulxl 93-E vjulstach

I3 6-32 2AVNTEL FYdF ® FEe N =EEHE yepd A
28 RE Mg2oN §34E dFFOT Urldth §U4 BF N EE
824.5mg/LE §UE o] §&4 T TNEE 21img/l, 224mg/L 3 219mg/LE
Vet MAXES SR SAUR 7%, 73%, T3%Z Liejidch olm) e mg
™NAAG A8 S ngSCODR-S 27t 1.89, 1.89% 1.872 Leht 3EH 2%
Helufoll A SRT ¥MEtol] whE HAZEL] Xlol= nlulstadct oluf whe] ngN
AAY AHEE ngSCODR-L FYUEE SCODcrxEolr HF&EHE SCOers:
xo)Zhe F&FoN AAREE N 58 LHeo] BARRE Zholn 1% A¥o)
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A FE PHes Aastd AE ST FHojrh =EZ SDNR(Specific
Denitrification Rate)& HFMZX S22 ZkZb 0, 07mgN/mgMLVSS - d,
0.088mgN/mgMLVSS - d 4l 0. 086mgN/mgMLVSS + d=  Panzer(1980)7} ®E 1%}
0.05-0. dmgN/mgMLVSS - d&] BeIUlZ Uepwdt}. olm] AAYH SINRZLS QU E
£ TKNEEA F2EE MHeN, Noo-N W NOp-Ne =& #i3 o]§ Fataz
MLVSS9} FAbAZ HRTE UHpo] AR Zlold &8x] Aol 4ujd A
2 Fajsta ALY glolch AF HEW LEoAM APH HPAXNE o] &3]
o] SDNRAHEE ¢1et o] AAtstadct. o]e} o] ¥R =71 20CTE 23
H 39 2xo g Axd 9 &3] X 9%
t}. PO-P 55 28mg/LE FUFo] WL ZRE

48ng/LE fraEol 2318 JFUiEe F¥S BAdEd ol fdsd dANE
o ZHH Qo] N2 ARt U M VYR QU

27l djEeg Alg¥r}

Yo

B
oY

l

§ 8

Conc. of TN {mg/L)

g &8 8 B8

<

Time{days)

w

PP
O 6-3. 8l R 257} 20CE §x|H 23y

e o 4 gz fase ™N sEHE

4

—— RUAF B #1 HEF 2 #2REF o4

|

o

O .

i~
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& -2713%2 AgAdz

<
5 ez No. 1 No. 2 No. 3
SRT, day 10 15 20
HRT, day 1.5
- kg
(%82 chy] a) n.0
C/N 18
(SCODcr/TKN) ratio :
TSS  inf.(mg/L) 1230 1230 1230
eff (mg/L) 120 121 101
MLSS (mg/L) 7020 8100 9589
MLVSS/MLSS 0.73 0.63 0.65
TCODcr inf. (mg/L) 2735 2735 2735
eff. (mg/L) 328 341 331
R.E (%) (88) (87) (88)
SCODcr inf. (mg/L) 1462 1462 1462
eff. (mg/L) 301 328 329
R.E (%) (79) (77) (77)
TCODmn inf. (mg/L) 468 468 468
eff. (mg/L) 152 160 116
R.E (%) (67) (65) (75)
SCODmn inf. (mg/L) 316 316 316
eff. (ng/) 109 112 116
R.E (%) (65) (66) (63)
TBOD5 inf. (mg/L) 2600 2600 2600
eff. (mg/L) 26 35 30
R.E (%) (99) (98) (99)
N inf. (mg/L) 824.5 824.5 824.5
eff. (mg/L) 211 224 219
R.E (%) (74%) (73%) (73%)
TKN inf. (mg/L) 822 822 822
eff. (mg/L) 62 80 78
R.E (%) (92) (90) (90)
NOz-N inf. (mg/L) 1.6 1.6 1.6
eff. (mg/L) 17 10 9
NOs-N inf. (mg/L) 0.9 0.9 0.9
eff. (mg/L) 132 134 132
POs-P inf. (mg/L) 28 28 28
eff. (mg/L) 49 49 48
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of mxlE F3¢E FAY Az F 6-20] viehfiddch AE7Y

TKN & SCODer/TKNBl: 242} 8.263F 2.8ui9]2 §=|
of ¥ &ANSE doF7] slsh FEY /Nl /AR A ojuf HF
S71E83 ¥} 4.54kg TCODer/n’ - dojgTh. Feddeol Z3H dxig =1
HEAL cofjfioe] R[IEHE lmg TSSE  3.1ogTCODcr®  VIE}YIZ
TBODs/TCODcrB] 7} 0.362.8 Ueht Aty R71838F dHEsid R840l
Argta g 2t ol AR ueiudth 2l EAVEY HF MLSS B

AR 7021mg/L, 8610mg/L W 10200mg/L W Z fHx]Elo] 2z}

MLSSE S = 7560mg/LE -§x]EHct ojuf EZE HF2XojA MLVSS/MLSSH] =
0.69-0. 73 i & ol At}

S HF TSS BEE 1450mg/LE FUEo] &4 5= ¥hgx ¢

AAzNA F&Eo F&59 TSR d¥E v oz AEdrh. 1
6-4= AL AYS ¥ &5 T0Dcrd] SIS Lepd Aoz
Hzx7loll= 20CoM 17CE W07 ol 20CE &3 dje] F3

f24 27t YA fEEHT A gole Z¥E E 4+ Udnh /]

WF TCODer3} SCODer = 2zt 681lmg/Le} 2306mg/LE LIE}SE: G340

fo

HF TCODcrs T ¥Hg2 wAMUE 409mg/L, 345mg/L X 444mg/LE LIER}
93%0| 2] AAREE vEhdeny SCDerd] HARES W2 ¢AE zHZ
87%, 91%2} 88%2 LIEjutrh thRuEE RO $&4 HF TCODer W SCODcr:=
7t7b 343mg/L B 2320g/L2 MAXEL 95% U 90%E LIEh} MR 2=V}

17CE &89 Z99 R71g4ARE&Y Alolx uvju]stalct. =R TBOD:Y A
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2 A Jepyicl wEE X 17C
2 AH RAME 20TE AR ZAe} npxrirlE SRT @ 25 3o

& {718 AAREL Aol= ni¢ uluistActh

Conc. of TCODer {mg/L)

Tirme(days )

[—o— 8% —8—#178% = #278F »—#378F —e—UxUS

o

O 6-4. ¥R 25271 17CE 2" AN NEG
S &2 §&42 TCODer HEH 3}

do
1,
>
¥
I
(3

6 FE4o] TN FxHsE vehd A
28 SAJNDEY FEFY vEI OBFH2R Jehudch {fY$+ FF KN
sl 823mg/LE SYF o] TAPuIER LaFciH] 0. 54kgTKN/m’ « daye] TKN
|ALNFE Vel §&49 B TN 555 &2 &MU 6lmg/L,

l4mg/L 2 10mg/LE UER} HAR S-S Z}2F 93%, 98% U 99%F L}ElNt: tf

!

ZUERY FEF B TKN 55+ 160g/LE 98%2] AAEEL Ho] ukg
2571 17CE FAEe] £2E Zex 20T 340N AE Aatzhitg
o] %3] 2o}, ¥ ¥ SNR (Specific nitrification rate)& SRT7} 10,

15, 2042 F7igol ulz} 0. 1mgTKN/mgMLVSS - d, 0. 088mgTKN/mgMLVSS - d &
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0.075mgTKN/mgMLVSS - d2 UEIRtT 20CE $AHEH ctfRubgRojAE 0.104ng
TKN/mgMLVSS - dE YehL} 8122 227} 17CE $3Y o) SRT7F 271ge) u}
g} SNRo] ZARt A2 w2 &84 v W08 Al I3 #8549
NOz-N sE+ HHEE £A i 19ng/L, Img/L W 39mg/Lojn chruigzol A

% 19mg/LE eIt 3 NO-N S ES 2R ¢At]E 138mg/L, 197mg/L
U 148mg/L cREEERE= 192mg/LE LlE}YICE

8

g 8 8

Conc. of TKN {mg/L

I
8

8

o La & prgelfror Dol sl j::ﬁ__
0 5 10 15 20 25 30 35 40
Time{days)

| = RYS —5—#1 8% o #2RET H—#358F o~ UZWZZ |

3 6-5. ¥FER 257 17CE {XH £A877ZE0l

FU4 D 7 NgRe] K24 TN HEWY

A FEEZoV AZ2} 15YFEHE GFHo2 eyt #44 BF
™N $%&= 82mg/LEdon §24 FF NsEE 9rexR £At]E 218mg/L,
212mg/L % 199mg/L] CRBPE RO BS 227mg/LE YER} AAELE 7tz
T4%, 75%, 76% X 73%Z LIEjICh oluf ©r9] mg TNA|AY 4An]EE= mgSODDaE

Fa
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2 zbz} 3.32, 3.42 ¢ 3.2622 UEepda cfRubgxe] A9 3,472 AHLH
2= ool SRT 9 &% o] pE HAELS xlolE unlnjsidct. o]
o} 8k &AthE®  SDNR{Specific Denitrification Rate): 2}2z}
0. 079mgN/mgMLVSS - d, 0.067mgN/mgMLVSS - d T 0. 058mgN/mgMLVSS - do§ th =yt
S22 7% 0.077ogN/mgMLVSS - d2 el I EAFA|ZO] F71d45F
SDNRo] Zt4Ashe 7% uEelich. ol SRT7} ZojA4E FilaRe] niE
=7t $71ste] EAn|EEL] o] F7htdr] dELE AlgHc)

HhSR 2571 17CE S£4H Z9E 20CTE A Z9o Ui &2
42 TKNSE7F WA Ueht} 23gh AAksphibgo] dojyt wbd {-&<4 NOs-N
=7 &A el 88 AR dolubx] dglth oAy {3 ¥
Hhgo] dojubA] g AL fa42] /NG BFo] o3 Yo Atg¥cl
ol HiRYIEZME REF NO-NO BES EPEEZO uv]%¥ 192mg/L

£ Ushin gt Zosve 23¥ 4 dth

Conc. of TN (mg/L)

0 5 10 15 20 25 30 35
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PO;-P 2 30mg/LE RUFo] ¥ g
BVug/LE FEEH 23|85 FUEHE YL B
o] XA <Qlo] 33
o7l L8 AlgHrt g2y K24 PO
SRTof| whE A AHX o= xlo|7} uju]3}

2

ch
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%—% N J {J
=] o. 1 No. 2 No. 3
SRT, day 10 15 20
HRT, day
Uy kg
(FY-F3 vl Q)
C/N
(SCODcr/TKN) ratio
TSS inf. (mg/L) 1450 1450 1450
eff. (mg/L) 98 122 152
MLSS (mg/L) 7021 8610 10200
MLVSS/MLSS 0.73 0.71 0.7
TCODcr inf. (mg/L) 6811 6811 6811
eff (mg/L) 409 345 444
E (%) (94) (95) (93)
SCODcr inf. (mg/L) 2306 2306 2306
eff (mg/L) 295 211 269
E (%) (87) (91) (88)
TCODmn inf. (mg/L) 1296 1296 1296
eff. (mg/L) 271 202 215
R.E (%) (79) (84) (83)
SCODmn inf. (mg/L) 646 646 646
eff. (mg/) 209 206 166
R.E (%) (67) (68) (74)
TBODS5 inf. (mg/L) 2480 2480 2480
eff. (mg/L) 21 14 17
R.E (%) (99) (99) (99)
TN inf. {mg/L) 824 824 824
eff. (mg/L) 218 212 199
R.E (%) (74%) (75%) (76)
TKN inf. (mg/L) 823 823 823
. eff. (mg/L) 61 14 12
R.E (%) (93) {98) (99)
NHs-N inf. (mg/L) 800 800 800
eff. (mg/L) 55 10 11
R.E. (%) (93) (99) (99)
NO;-N inf. (mg/L) 0.93 0.93 0.93
eff. (mg/L) 19 1 39
NO3-N inf. (mg/L) 2.65 2.65 2.65
eff. (mg/L) 138 197 148
PO4-P inf. (mg/L) 30 30 30
eff. (mg/L) 40 38 39
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e £ARAI} KA RY4$ TCODer/TKN %

4 gt aejs vrgRU MLSS EEE

o
£

X

n

a4

lo

a2

1

6906mg/L, 7893mg/L, 8500mg/L Z uhgRo] MSSHELE
7603mg/L U] Uelgtth olm] $71E £ P51k 5 38kgTCODcr/n’ « B
LIElRtTEH

Q140 HF TSS w5 4315mg/Lgdon 234 S5 Nlez S
58mg/L, 7lmg/L X 87mg/Lojm chRuIZ R F&4 HF TSSEELE 6lmg/LE
UELRIT) SRT7L F7tdol ulet &40 1SS w27 4t A4 Uehd 2
212U A SAE S8A7 AR /EFHo RE59 TSSH =0
dFL nA Aoz Agdct IY 6-72 2AVNES AU D FE29
TCODer HEWME Uehd Ao £H7|7%5 SKRI7L 2042 &AW ez
8 §&71 53 A4 Uetddch ole 1eEE SX]H $ERA  &A
f2o] 3t g5ro g AlgHch §¢40 WF TCODer3}d SCODer %= zbz}
8077mg/L2} 1983mg/LE VIEIWD RE44 FF TCDcrsEE WEX M)
Z 487wg/L, 558mg/L U 887mg/LE Z}Zb 94%, 93% W 90%8] HAF LS LE}
With. SRT7L F713tol whe} TCODcrd] MAXEE Zaste F¥E vehded
ol Iz 1T FEAI7} fEgo] ZHE ] F2XUI dEog AR
gk SCODerd] AAXEE WeZE ¢MUIZ 22} 8%, 863} 84xE UIElt
th tiRubgRel $24 HWF TCODer U SCODers Tt ztz} 302mg/L W
202ug/L2 AAZLL 96% U 89%2 LIEN} HMg R 2571 15CE &AW A
2 RIIBAAREY Aol mwlsigdtt. EY /Y4 BF TBODE
2850mg/LE ¥FSZ £AMtlE Z}Z} 17mg/L, 21mg/L U 21mg/LE o cjRu}

_g_
20| 7L 2lug/LE BRE 912 Rolld 99%2] AAFTELES BArl ol {ouL
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2] TBODs /TCODcr2] ®]7F 0.35% uehy @34 {71830 wo] 2=
o] dEo] A% {IE ol & BEHH EI b AVES +HFHeE A
£3197] WfEog Alg¥ch WLz £¥7} 15CE $AH ZAAE 20T
o} 17CE &¥d ZAs} npdspAE SRT § 2xRidle)] ofE {718 AAX
&2 Aol mjulstadch

10000

Conc. of TCODcr (mg/L.)

4000 |
3000 t
2000 t
1000 I % 2 3¢ % B
0 39""'9. i B e, g
0 5 10 15 20 25 K4 35
Time(days)

[+—RYs 6 #1R8F 2 #2F8F H—#378F —0—UZUSX|

I3 6-82 LAVLFU U W K& TN »EHIE vepd R
o8 A7 1540 RYF TKNEE7 84 Uehd olBE 43318 2
Wt K& BEE EY A Uele 2RE 4 + Addch Sds 3
F TKN S 850mg/LL o] 0.56kgTKN/m’ - day2] TKN *3}ekg vlepwic
&Y B TN =& 12 ¢AMZ 35mg/L, 34mg/L Y 7lmg/LE UE}
U AARZE 72 96%, 96% I 92%% LElytn cfRurgRe] fE4 BF
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ST lng/L2 96%2] HARAES B ¥R 257} 15CE §x 5]
H ZE=E 20C 2 17CY AN AHE Atsur-go d¥s] 3yPs]
gith. ER]F SNR (Specific nitrification rate)-& SRT7} 10, 15, 2042 &7}

TKN
X

Rl w}a} 0. 1mgTKN/mgMLVSS - d, 0. 09mgTKN /mgMLVSS - d =]
0.08mgTKN/mgMLVSS - dZ U}EIWtD 20TE LAY thRuIEZojM = 0.066mg
TKN/mgMLVSS - d2 UEh} ¥tg2 257} 15CE £38Y of SRT7 2o o
2} SNRo] Zt4dt o= uepylth ol SRTZL F7hgtel miet Erlzul &8
A2t S8l fdEE AL MSsHlEto] AU HELE A8
"ok 283 §E4Y NN BEE 9EE £AUE 9.5vg/L, 2.8ng/L Q
13.6ng/Lg o0 chRWrgzel A9 0.1mg/LE Uielyth E3 NO-N ==
S Z ATtlE 66mg/L, 156mg/L X 97mg/Lo] THRHEIERLE 166mg/LE L}E}
wch

8

8 § B

8

Conc. of TKN (mg/L)

4
o
(@]
0
r o
olo
N
flo
t
N
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o]
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o
XN,
il
Ao
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N
)
off
e

—455—



3% 6-9= VY Y % F25Y N HEHEIHE Uehd
ot #U4 B N B 85dmg/Lidon f&+ B NeEE ¥HE
A2 110mg/L, 192mg/L U 181mg/L tiXutg el ZH-9 180mg/LE UL}
AARLELS 212 87%, 78%, 79% U 79%2 UEh} %o w}E AL AF S
t xlo|7} umnistgch ojwf whe] mg TNAIAY 4u|E& ngSCODRE Zt2t
2,27, 2,27 W 2,472 YElIYD tjRubgRe] A 2.642 AL 2% He
uiollA SRT 4l % Mol w2 HAAKELY Aol nulsigct. ojuf ¥R
£ t] 2 SDNR(Specific Denitrification Rate) 2}2} 0.092mgN/mgMLVSS - d,

Hy N

BN

0.073mgN/mgMLVSS - d ¥ 0.066meN/mgMLVSS - doj cthzur-gZe] ZA-$ 0.074mgN
/mgMLVSS - 2 LIER} SRTZL F713tel] uhel SDNRo] Ztasdte ZARE vehd
th ol FAatLzUe njdERre] Filsle €An|dEe] vl go] F71st%
2o g Atz®ch

257t 15TE A" Z$ 17T RASHA =7} Aaks) ko
PP oA RYAY FE24 NG| TKNo] XIx|she v]&L2 17Co]
{ Brh F7istel Aats} whgo] F¥E vjxls ZA2E AEwn @Ay
332 olu]slich.
PO-P B EE 47ng/LE s} ¥ERE AW ¥ 212} 25mg/L, 40mg/L,
Fog/L2 FEFH 2318 FIEE A¥S B ols U4y UARE
Aol BHY o] 2 AFste T JHEE Aoz U o] £2F
247] L2 Algdch iR §2F TEE 50m/lE EY AYU%
EHr} F7bEdch

23

i

RN
T

b

of.
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(1/Bw) N1 jo -auo)d

Time(days)

[—8a% 8-#1585 442285 H-4#353

Qt

s

43

Mg Z 2271 17CE §X9 3477

g 2t g §E4 N sxHE
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¥ 6-3. 15CE A8 T4t - 37133 Agdd
<
- ugz No. 1 No. 2 No. 3 | chzubgZ
SRT, day 10 15 20 15
HRT, day 1.5
¥ 058, .
(F7% civ] Q)
C/N 2 4
{SCODcr/TKN) ratio ’
TSS  inf. (mg/L) 4315 4315 4315 4315
eff. (mg/L) 58 71 87 61
MLSS {mg/L) 6906 7893 8500 7603
MLVSS/MLSS 0.78 0.77 0.85 0.80
TCODcr inf. (mg/L) 8077 8077 8077 8077
eff. (mg/L) 487 558 887 302
R.E (%) (94) (93) (90) (96)
SCODcr inf. (mg/L) 1983 1983 1983 1983
eff. (mg/L) 296 280 3i8 202
R.E (%) (85) (86) (84) (89)
TCODmn inf. {mg/L) 711 711 711 711
eff(mg/L) 323 342 345 211
R.E (%) (55) (52) {52) (71)
SCODmn inf. (mg/L) 545 545 545 545
eff. (mg/) 225 258 262 158 -
R.E (%) (59) (53) (52) (71)
TBOD5 inf. (mg/L) 2850 2850 2850 2850
eff. {(mg/L) 17 21 21 21
R.E (%) (99) (99) (99) (99)
TN inf. (mg/L) 854 854 854 854
eff. (mg/L) 110 192 181 180
R.E (%) (87} (78) (79) {79)
TKN inf, (mg/L) 850 850 850 850
eff. (mg/L) 35 34 71 14
R.E (%) (96) (96) (92) (98)
NH¢-N inf. (mg/L) 650 650 650 650
eff, (mg/L) 33 26 19 10
R.E (%) (95) (96) (97) (98)
NOg-N inf, (mg/L) 0.1 0.1 0.1 0.1
eff. (mg/L) 9.5 2.8 13.6 0.1
NO3-N inf. (mg/L) 4.5 4.5 4.5 4.5
eff. (mg/L) 66 156 97 166
PO4-P inf. (mg/L) 47 47 47 47
eff (mg/L) 25 40 39 53
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2E7} 13CTE &AM FAts - 371380 M SRT #Hlo] o AL
g AAARE uXE & EH A= E 6-40] Uehfodch A7
7t 59t {44 TCODcr/TKNH] B SCODcr/TKNH]&= 2}z 6,713 1.28 {4¥3
galt-go] 275 C/N(SCODer/TKN)H|Ql 3ofli= m|X]z] 23] TNAAEo] Y
A vepd Aoz o dct. ol MR FYUSFE AHEIE FURER
EY ARz 4 U S48 FuiE A7t A Ho] o/Ne|7t YotA
o, A4 HXE ALY ZAE Hch o frlE &3PS
3.17kgTkN/n’ - d2 ety 223 SA7E¢ 2L¥ SRTo] mE HF
MLSS Y= 4680mg/L, 5200mg/L I 574dmg/Lgom, cthRHISZO] MLSSEE
£ 6720mg/L Y E fA]EAT) ojuf ¥R LTIt 20T, 17C W I5CE
SAEH FEC MSSEE7E wolA e ol Fdad TSSyErt 4 o}
Heon 2xAI2 J3 oIl AAHAY] dHELE Algdch
MLVSS/MLSSH] = BE wkgRofA 0.77-0.82u]2 Lieluith f442
TSS == 3677mg/LBon] 2t 4rgze] 8§24 ST HIZR X
59mg/L, 70mg/L W 8lmg/LAony ci2ub-gx2] ZH-$ 55mg/LE viElRc 3¢
6-102 A7 E¢ Fdr L RE5L TCDer w=HEHE Ueld Jloz
AN FEF =7t WA fAEA FY4+ BE TDers v
4756mg/LY 3 24 5+ ztz} 238mg/L, 282mg/L, 3dlmg/LE LEIRIR ©)
ZuRgZe] A9 195mg/LE Vet BE HREZOIA 93%0] 4] AARS S B
odcrh scoberd] AAREE WHEZ AMtiE 27} 8l%, 78%, 69%oln] rixit
zo] AL 8257 Llelch o|dd wlge R 2x7) 20CUYE SAH =
WrgZof wlE] /718 AAREO] WA Uehd AL =7 HaHd et
o] ABE Fdo] A3iEely] mlEL2 AlEHr) ojnf Y4 P TBOBHEE
27120g/Lo}9 2 824 5= oAUE Z}Z} 48mg/l, 44mg/L X 64ng/LE
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BE WS RoA 97x0]4] AHAHLLE Hlrh ctRubgRe #24 TBODs
el 2lng/LE F25 0] 99%2 HAELES Bt

Cong. of TCODcr {mg/L)

3% 6-112 AV TEL AU f&5 TN 528 vepd 2oz §#
a4 BF TKNEEE 704pg/LGon TKN 2325182 0. 46kg/o’ - dayo]gict.
BE4 5L 9re 2 HIRE 58mg/L, S4mg/L, 67mg/LE LER} HAZES
Ztz} 92%, 92%, 90%= LIERL} SRT 3ol whE TKN A AR &L ol nju]s}
drl, 9 20CE $£AH R ¥gRe AP FEF TKNSEE 22mg/LE L}
ERL} 97%8] AIAAEE B MER 2271 13CE fAE H$ §24 KNS
=7 wA vehd 2 25 A3slol ulel v]gES"Agol A3tEn g AL
uj A Ee] u]go] A REoT AIRHL) LEA Sl wE AAFS
BB g oddgiont unjyt xolg B olfE dt FARZRE B

olFolAAM Eiz) SHUFYUEEY EFol

A
_211
it
X
o
N
o

o
N
2
2
)
N
N
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7] WL’ Algdch AEH AERUAM 1oge] MLVSSE HAS = ngTKN
2r2  SRToll wa}l Ztzt 0. 12mgTKN/mgMLVSS/d, 0.11mgTKN/ mgMLVSS/d,
0. 097mgTKN/mgMLVSS/d 2 LIEIRtOn 20TCE §X|3tn SAH t]R NS R0
= 0.09mgTKN/mgMLVSS/d & L}E}SIT].

Conc. of TKN (mg/L)

3% 6-12¢ FVNNFY FdF W 27 NeEZHIHE Lehd Zeoz
BE R NeZ7t 24 Uehd 2 C/NEl7 L.7Ue 2 §XFo
g3t ehnbgo] JPEA] ool NO-NY H=I7t A FEEHA] gL 4}
gt AN EL AU BE NsEE 708mg/LE LEIRD §24 B
NEsEe ISR AtZ 2190g/L, 239mg/L X 247mg/LE L}eEL} 2}z 69%,
66% U 65%2] AARELEE HAch olmf ciRRIFRe {E2F B NeEE

218mg/LE 69%2] AAXES LERITE olAY BE HbS ZojA TNAAHREEO
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UA Jehd 22 9k 2%t 13CE KA H ZF ol Aatzhiige] o)
2 TKNEE7 24 Uebt A" N0, -No| C/NB]e] H-Fojl o) &bt
ol ARHA U3 FEHIAY A= AHc) WX 22X} 13CE F
2 wfo} 20CE WY chxNbgz o] AT LY ol unjudloq 2z
uhE YAukgo] F8L nnstch oluf e mgTN A AT 4v]E= ngSCOD
3 SR SAMUIE 1.40, 1.40, 1.26 ¥ 1.408 vieh cfRub-g 7} ofE}
ol ujs] ozt WA UeiktEtl ol vl ALAAZAA 20T R
B tixg oA {718 AA L8ty 4E AAs: Aog Uet

ych, 3t oju] SINRS ¥EER £AUIE 0.084mgN/mgMLVSS - d, 0.078mgN

o

T

Ao
™ oo

L=

/mgMLVSS +d 3! 0.070mgN/mgMLVSS - dd 3 oiRubg=Re] H9  0.063mgN/
mgMLVSS - d2 VtEh} chzubgzolA obzb yhA uteldtch §&49) No-N 5

£ 15og/L ©j3l2 ui¢ WA Ueht o2 AL o] FojH NN B E
E AUES o 5 Uden No-NY sE& FFHOE 180mg/LE UEhY B
AHEELE ZaFE Z2g Yepuch

o]} o] HIER 257} 13CTE AP B¢ 17C W 15CE 39 ¢
Rt §&4 NGO TKNO] A[x|3hHe ul&o] F715t FAtghutgo] njx& o
o] 15CHT} F71% ez Atgdch wHdo] §&4 TNZo NO-No| x}x|

e vl&o] Z4sigrh 13TE 38 g2 9 ga2EZoA NN =

ol

¢
I
il
=
do
e
R ul
2
flo
ki
2
8
rlu
i
)
rx
oo
2
-
X
rlr
of,
o

2 nlB|gt Ao

LY

-~

1)

tehch

¢

POs-P HEE 26mg/LE RUEo] vIEZXE AX F Zt2z 20mg/L, 21mg/L,
21og/LE FEE] 4T L4 ] L

2 F713tdel ole Y4 A EH EUY o] Ut W2 gz
U AlFshe 3¢ 713 §408 A% o &&o] Busix] Eilads] diE
o2 Al ¥l

o iz g ZoAM = 32mg/L
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F 6-4. 13TColM A" a4 - 37133 AEEH
o
- U= No. 1 No. 2 No. 3 | ThRMIEZ
SRT, day 10 15 20 15
HRT, day 1.5
% 0S8, ;
(#282 chyl Q)
C/N 1.7
(SCODcr/TKN) ratio )
1SS  inf. (mg/L) 3677 3677 3677 3677
eff. {(mg/L) 59 70 81 55
MLSS {mg/L) 4680 5200 5744 6720
MLVSS/MLSS 0.77 0.77 0.83 0.76
TCODcr inf. (mg/L) 4756 4756 4756 4756
eff. (mg/L) 238 282 341 195
R.E (%) {95) (94) (93) {96)
SCODcr inf. (mg/L) 843 843 843 843
eff. (mg/L) 160 180 264 155
R.E (%) (58) (78) (69) (82)
TCODmn inf. (mg/L) 867 867 867 867
eff(mg/L) 139 136 189 109
R.E (%) (84) {84) (79) (88)
SCODmn inf. (mg/L) 274 274 274 274
eff. (mg/) 111 106 157 86
R.E (%) (60) (61) (53) (71)
TBODS inf. (mg/L) 2712 2712 2712 2712
eff. (mg/L) 48 44 64 21
R.E (%) (98) (98) (97) (99)
™ inf. (mg/L) 708 708 708 708
eff, (mg/L) 219 239 247 218
R.E (%) (69) (66) (65) (69)
TKN inf, {mg/L) 704 704 704 704
eff. (mg/L) 58 54 67 22
R.E (%) (94) (92) (90) (97)
NH4-N inf. (mg/L) 650 650 650 650
eff. (mg/L) 50 39 13 9
R.E (%) (92) (94) (98) (99)
NOz-N inf. (mg/L) 3 3 3 3
eff, (mg/L) 15 6 15 2.4
NO3-N inf. (mg/L) i 1 1 1
eff. (mg/L) 176 189 176 194
POs-P inf. (mg/L) 26 26 26 26
eff. {mg/L) 20 21 21 32
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o}, ¥heZ 257} 10CE 23 ¢

A7 75 10CE &3" B B9 E 6-58 Yol 13CE 23
gz SAZAM FAISIA U4 C/N(SCODer/TKN) vl 2 Uoj2 A3}
drt aela 3hgRul MLSS 5= 4467mg/L, 5510mg/L T 6580mg/Ly o,
czntgzel -9 6000mg/L WiR]2 Leht ¢ AdoMe] sE Xt} Holx
T A%l UElsted ol LEAIEZ A njEER o] JAHAY] i
22 AlgEc}

U] BF TSS 5EE 29200g/LH o 24 LT uigxz W3
2 52mg/L, 6lmg/L, 70mg/LE e} thZER 23559l 44mg/LR T}
2 52 555 vehidch 2% 6-132 10CE £31H /5 §¢
&5 TCODcr WS Lepd 2oz 2HX7) 13T &3 o
BoE REF FEI FUIE F BPAelol] oj22 A Ueldch K¢
2] B TC0DcrsTt 5609mg/LE o f&4 BF 2= L2 AU
2}2} 501mg/L, 479wg/L N 506mg/LE UFER} 2Z}2} 91%, 92% o 91%2] A AKX

fr

:{o
4>
L

lo,
of

&& UEluch hE cfzubgz el §&4 HF TCher HE= 377mg/LE 94%
o] AARLEES Vel ol EAdlo) ulE n|AEYAY A3}E Udsie &
718 AAREo] A3 e AlZHCl SCO0Derd] ZS ¥gR Sxyg 2t
Z} 78%, 79% W 78%E LIElL} SRTo) wlE SCODere] AAR-SL nju]sigdc).
3 hZREg o)A SCODer] A A X L-E 83%% LIEIL} TCODerzb upxizlz] 2
10CE Y HgRRT}P 5 AARLS Byr) uide] /U4 BF
TBODss =+ 2686mg/LE LIEIWD {235 & -8R SAU]E 59mg/L,
45mg/L G 47mg/LE RE 4hE o)A 98%0]4te] HARL L BED thRuUHS
ZAME &5 FES 23g/L2 & 99%0] HAXZS o] =0 WE A
Ax&e] Aol upmsiact ol AEUA P} slsy RUIES Balaz
oA "ANZA] vjBEo] & {IVIER o] &3lER sl 82429 TBODs
=7 WA Uehd Ao g Atg Rt
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COnc. of TCODer (mg/L)

O 6-14t 2HVNFY KU E FEFY KN sEWUIE Uepd A
22 {&F TKNSEE 2327 13CE 3 do] 4822 WA Ueiyde
W AFI 18YZREH B AEld =Y FHEE gl uigl
200mg/L-350mg/LLf ] 2 AASIA Lleluch S9U42] B TKNsEE 1177
mg/LE om TKN 35}8k2 0, 78kg/m’ - dayolaith, §&49 HF TKNsEL )
L2z HFC]Z 368mg/L, 254mg/L U 213mg/L2 Z}Z} 69%, 78% @ 82%2] A
HE&E& Hoj SRTO| whE TKNAIAZ &) XolE ueiylich W& 2xojjA] njad

E82do] slo} AN AFo] wo] Ezfsh= SRTE 30¥ RKAIE HEgRofA
AAZLEl 718 A vehd Ao Atgdch W o2
F TKNsEE 30og/LE 97%2] AARELS veplch wlgz

A gz TKNAHIAREC] dizybgxel ul3) WA uvehd g =A%}
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of wt2 Axtstul &L Fdol AN wEoE Algdrh FHLH AY
ZAoA 1mg®] MLVSSE AAHE= mgTkKN 2 SRT7F F7ige] uhet zpz
0.15mgTKN/ mgMLVSS/d, 0.14mg TKN/mgMLVSS/d, 0. 12mgTKN/mgMLVSS/dZ }E}
o 20 TR RKAI%In. 248 = ¥hgRolAE 0. 150gTKN/mgMLVSS/dE
Lietytch

1400

g 8 8

8

Conc. of TKN (mg/L

6_
2§94 BIF NEEE 1179%g/LE83n §24 5 W2z £A4U=R
452mg/L, 36lmg/L B 272mg/LE VFERL} ZbZ} 62%, 69% W 77%8] A AXEES
Baort. ojuf the] mg TNAM AW An8]S ngSCODEFL 1.99, 1.78 3 1.58F SRT
7} Mol utel L4y ol nAEFTEE wA AR UIRAAM &
z

AHeg AAE AHAYY wFEosE Ag®HCl ubdo] cfRu
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B NeEx 223ng/LE 81%2] HAZES uehdAw fd59 W2 /Ny
B Uste] "Nkl Tis] o] Foix|x] ol NO-NEEJ} o 188mg/lE &
A f2=dch 2 ojd §E40 HF NO-N BEE WEE ez o
22mg/L, 19mg/L 3! 20mg/L2 AR &IA LR} 25312 Nitrosomonasel <%
B& ulA No, -No] HFo] UPY HRog algHrh. EI SDNR(Specific
Denitrification  Rate):=  ¥h&Z  £AUIE 0. 14wgN/mgMLVSS - d,
0.120gN/mgMLVSS -d =~ B 0.12mgN/mgMLVSS - doy  tiRukg=e] A
0. 13mgN/mgMLVSS - d2 Uel} 1@ EAFAIZto] F71U45 SDNRo| s
Z8& Uelulch ol SRT7F ZAoAE FilsZo] AMFil: nyESE7}
F71ste] AN JEFo] S8t WELo= A€}
ole} Zo] 10CTE & HhEX Z$ 17T, 15C @ 13T #A-$¢ vla
3t} &2 NG EF TKNSE7E 2R3t vl &l &A Ueht} 25432
AR HAimAEL] BEAsIE Zefste] WAtEhibgo] Us] YR &
Y Zle® AlgEn 4hd, offEe] AAMEH NOp-NS Fati oA ©@AEof
Ha7tA2 WS AR FEE NO-No] §&4 NG A3t u] o] W
of 2xx3t7} &ANtgo] mXe ¥ uHyd RAog A"t olE
zgxe FE F25 WNeE F KT AAste v &2 ol$ oA
FBES AARAT No-Ns=E A el FYd49
C/NB] H-FoZ Qlsie] Yol dojitr] ¢ Zo2RE 5o 23 &

o

PO-P 52 Mog/LE FYUEo] 8hERE AX £ ztz} 26mg/L, 27mg/L,

=1
270g/LE F2F0] 47t ZBAEE AL Bodon )R vre R 42mg/L

o

flo

2 F7hstddnt ol e dAMGEH T o] 2ETF W2 kg
W AR T HEE ¥ A7 o] §&o] Bulsia] Rstoly] i
L2 AIRHH fzigzoMs HgEE o] ¥ 2og el

ok
jo
Hu

O
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F 6-5. 10TolM 39 Fabk - 37133 AgAz

(22 4
. uex No. 1 No. 2 No. 3 | chzurgz
SRT, day 10 15 20 15
HRT, day 1.5
g% 0% ;
(59093 ol Q)
C/N 2
(SCODcr/TKN) ratio
TSS  inf.(mg/L) 2920 2920 2920 2920
eff. (mg/L) 52 61 70 44
MLSS (mg/L) 3720 4420 5500 4700
MLVSS/MLSS 0.83 0.80 0.84 0.78
TCODcr inf. (mg/L) 5609 5609 5609 5609
eff. (mg/L) 501 479 506 377
R.E (%) (91) (92) (91) (94)
SCODcr inf, (mg/L) 1854 1854 1854 1854
eff. (mg/L) 404 399 417 324
R.E (%) (49) (79) (78) (83)
TCODmn inf. (mg/L) 1512 1512 1512 1512
eff(mg/L) 290 278 317 228
R.E (%) (81) (82) (79) (85)
SCODmn inf. (mg/L) 647 647 647 647
eff. (mg/) 249 230 279 202
R.E (%) (62) (64) (57) (69)
TBOD5 inf. (mg/L) 2686 2686 2686 2686
eff. (mg/L) 59 45 47 23
R.E (%) (98) (98) (98) (99)
TN inf. (mg/L) 1179 1179 1179 1179
eff. (mg/L) 452 361 272 223
R.E (%) (62) (69) (77) (81)
TKN inf. (mg/L) 1177 1177 1177 1177
eff. (mg/L) 368 254 213 30
R.E (%) (69) (78) (82) (97)
NH4-N inf. (mg/L) 842 842 842 842
eff. (mg/L) 285 193 148 19
R.E (%) (66) (77) (82) (98)
NO2-N inf. (mg/L) 0.8 0.8 0.8 0.8
eff. (mg/L) 22 19 20 5
NOs-N inf. (mg/L) 0.8 0.8 0.8 0.8
eff. (mg/L) 62 88 39 188
PO4-P inf. (mg/L) 34 34 34 34
eff. (mg/L) 26 27 27 27
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2E7 7C Y T4 - 3713 olA SRT o] wjE AEA
e E6-60 Yehhodch AVTFL /Y4 TCODer/TKNW] o
SCODcr/TKN®] &= Ztzt 2.56 & 1.08%2 Vieh} {33 &ANtgS A3Pals)7]
$1%t SCODer/TKNH| Q1 30 Aol mlX[A] Rall AAAATEC] W& A2 o
gl WgRUY  SAMIE MLSS %% 3520mg/L, 4440mg/L I 5230mg/L
2 AUy chzubgze] Z$ 4980mg/L UE /A Ech  owf
MLVSS/MLSSH] &= B2E wkgZojlA ¢ 0.75 ~ 0.772 LIE}tc),

FUTe B TS BEE 4200mg/LP o &5 FE= R WHI
2 42mg/L, Slmg/L U S6mg/LE LERL} R &4 TSSEEQ
3ing/LE Hrthe 2F A Vel SRTo] ot Aol mjujdtgict. 19
6-16& 7CE M 7|1NFY¢ Y+ U F&5F TCODer wxREE Uehd
ZReg 10CE 3" FuYE {44 TODery =7t F7i8l] 7CE &3¥
71He At = A Uelkch {44 B TC0Ders=x 316%9mg/LP o &
24 37 5= g R M E 27 441mg/L, 523mg/L X 543mg/LE LIE}
L} Ztzt 86%, 83% W 83%] AMAXZEZE UEh) SRT Hite] wE HARES
oju]stedct. ciRekgRe] {24 BF TCODer == 474mg/LE 85%2] = A
2&& Jebdr}. SC0Derd] B¢ g2 EAlZ 242} 76%, 67% B 66%2] A
ARES Vel tfRubE 2] SCODcr HAX LS 72%2 LIEINITH uiddol
fd4 B Ty =v 1293mg/L2 UElHI f&4 vEv UHEE &AMl
2 55mg/L, 80mg/L W 35mg/LE RE HEZ oA 94%0]de] AAREE BA
o tZRIGRAME FE5 STt 0ng/LE of 9852 AARES HAch
21e] AR2RY 2= mpE {IEA AARZE oustLct ol HEY
A E3f 7bedt RIIES FAARAM &ANGAl n]dEo o RIIER
o] g3t 2 sl F&52] TBODs =7t WA vehd o2 AtgHcl

2% 6-17 2AVITEAL s € REFY TKN s=¥3E Uehd 2oz
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:

Conc. of TCODer {mg/L)

*— —g————r
8-

) 5 10 15 20 25 30 35

Time(days)

=]
-3
e 4 4 gz §4&4 TC0Der H =W}

Er MNeEs £327] 4% F7Bke 28-S vehicrt $3733 15473 %
B Bgelel =¥ FREe A veldch 844 HF MNsEE
1237 mg/L2 TKN &3 531352 0.82%kg/n’ - dayE UERICL 349 BF TNE
e HEZE HIcIT 600mg/L, 704mg/L L 611mg/LE 2z} 52%, 43% WU 51%2]
HAXEE Hof SRTol whE TKNA|AZEZS] Xjo|= mju]sidr). W 20CUilE
1Y g2z FE BT NeSE 3ng/L2 97%8] AAXLLS 2ch
ol 7TH Y2 204 n|PERFo] Pasl Astshirgo] YY) A=
ofot chznhgzof Hl3] fE4 TNs=7t &4 Uehd Zles xlgdc) FLH
AN 1nge] MVSSTE AASE mgTKN 32 SRT7F F71gol wel 2tz
0. 16mgTKN/mgMLVSS/d, 0.1lmg TKN/mgMLVSS/d, 0.11mgTKN/mgMLVSS/dE vL}e}yto
] 20 CE fAI3ty HH thR 3h-gZolAE 0. 21mgTKN/mgMLVSS/dE L}ERL}
20CTE 24" chzubgRoA TNAAEC] #4 Yelydc)
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0 5 10 15 20 25 3s
Time(days)
|—FUs 841 RE> 2 #2785 *#378% o UZVSBE|

J% 6-17. ¥R 257 7CE A" A7 5

3% 6-182 AV TEU FYF 9 KE5Y Ns=HIE Ueld e

A2 10CTE dH 79y 4¥ axe
2 u]gEe] 4Rl W2 2xo FHEHy] WELR AgHT). 4Y4 HF
N EE 1254og/LY3l f &4 $EE X A2 68%ng/L, 715mg/L Y
612mg/L2 VIERLL 27} 44%, 42% W 50%2] A AFLE UEepuic oju thel
ng TNAH|AY AB]¥ ngSCODF-2 1.84, 1.71 W 1.418 SRT7} Z7}3tell ula}
Z4Ped o= tAESEE 84 SR VSR aHHoT YA F H
A7 o2 Atgdch o] RN Re] #f&4 HFF NeEL
440mg/LZ 64%2] AALES Lelch oA 7CE 3" F¢ 2=A32
Aste] A Isin] B Eo] BPAIIE AN AEs] A}E ] Qdotn ¢

Aol FFL vA 7ColstE A Aatst o gAwrgo] zsPo] oy

~
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g Zog Algdrh. Ia 2GRN N =7} &4 et RS §
A2 W2 C/NUIZ Asteo] &Ant-Zo] "s] o]|Fojx]x] ¢lo} NOs-Ns =7}
of 403mg/LE wA F&F 7] dfolch. E oluf KE24 HF NN B
Ex g2 ME 4 2Img/l, Smg/k I 6mg/LE UElydch =3
SDNR(Specific Denitrification Rate) ¥F-gZ £AThE 0.14mgN/mgMLVSS -
d, 0.10mgN/mgMLVSS - d X 0. 10mgN/mgMLVSS - d§ thZur-gZ el A 0. 14ngN
/mgMLVSS - d2 U}t I EAFA o] F71dF SDNRo| ZAshe BBS
Uehdich. o] SRT7 ZojA4& Fitazo] AFsis nPEo| F18lo
YAn] B E 2] v]&o] Fr517] diE L2 At HCL

ol2} o] 10CTE &AM WIgR A 17T, 15T, 13T % 10T #Lst
Hlaste] F&42 WNeES KNEE7E A3 vl go] v &4 Uely &
Exst2 A AN YEL BPAIE Zefist] Aatshitgo| W3] 2
Y¥E)A] B Zog Algse] wbdE, o P2 A NO-NS FAtAZ o)A
gdso] ALTtAR wEEo] JEI FEF NO-NeEE ol WA Uel
U 2=Ast7 Aol nXEs FyE oy Ao AlgHch

PO-P STt Slmg/LE F¢UEo] ¥SZE AN ¥ 217} 50mg/L, Slmg/L,
52mg/LE SRTO] mE F&4 UdsT Aole nudtgdct iz yHERoME=
S6mg/LE2 F7IStoTh ol FUTY UAMGEAN EHH o] 2=} W2
g2 ARste 54 7183 o2 A% Ao &Fo] Bustx| Elal
7] d2e2 AlEEY cfzitg oM JHgEtEAto]l Uyt Zow ey

th

—
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Conc. of TN (mg/L)

I s

5 10 15 20 25 30
Time(days)

[+—RU+ B—#1 78T a—#2 78S *—#IFET O UZWEX]

3% 6-18. WIER 22U 7TCE HAEH AN

FU4 D 2 wgze) K24 N A
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BAbA

\_

- 218 AEZE

e No. 1 No. 2 N ZNeZ
B o. o. o. 3 tjREES R
SRT, day 10 15 20 15
HRT, day 1.5
U5 N8, 7
(473 civl Q)
C/N
(SCODer/TKN) ratio 1.08
TSS  inf. (mg/L) 4200 4200 4200 4200
eff. (mg/L) 42 51 56 31
MLSS (mg/L) 3520 4440 5230 4980
MLVSS/MLSS 0.75 0.76 0.75 0.77
TCODcr inf. (mg/L) 3169 3169 3169 3169
eff. (mg/L) 441 523 543 474
R.E (%) (86) (83) (83) (85)
SCODcr inf. (mg/L) 1335 1335 1335 1335
eff. (mg/L) 326 441 455 373
R.E (%) (76) (67) (66) (72)
TCODmn inf. (mg/L) 866 866 866 866
eff(mg/L) 230 287 258 274
R.E (%) (73) (67) (70) (68)
SCODmn inf. (mg/L) 461 461 461 431
eff. (mg/) 229 248 235 202
R.E (%) (50) (46) (49) (56)
TBOD5 inf. (mg/L) 1293 1293 1293 1293
eff. (mg/L) 55 80 35 30
R.E (%) (96) (94) (97) (98)
™ inf, (mg/L) 1238 1238 1238 1238
eff. (mg/L) 689 715 612 440
R.E (%) (44) (42) (51) (64)
TKN  inf. (mg/L) 1237 1237 1237 1237
eff (mg/L) 600 704 611 34
E (%) (52) (43) {(51) (97)
NHq- N inf. (mg/L) 936 936 936 936
eff. (mg/L) 557 666 510 33
R.E (%) (41) (29) (46) (96)
NOz-N inf. (mg/L) 1.1 1.1 1.1 1.1
eff. (mg/L) 21 5 6 3
NOs-N inf. (mg/L) 0.3 0.3 0.3 0.3
eff. (mg/L) 68 6 9 403
PO4-P inf. (mg/L) 51 51 51 51
eff. (mg/L) 50 51 52 56
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At = Wil ulE FI7EH ¥ FAAAL HZEH

2xo] o {71583 9 ALAA HdEAY ¥R 2x7F 20T, 17T,
15C, 13C ¥ 10CE AY of {784 AAZLEL TCODcrd] 3¢ HEH
RE oM 90%o)4te] AARES 9& 4 Ak olwf Ztzte] AH4H 2
SojlA SRT¥H¥o] whE TCODcre] MAXE EIF 900l o2 LEh} & 7
SRTH Eo] mhE {7183 AARE nlx& ¥3¥2 nusidct. X7t A3t
HEZ sty o] dEHRPY AFE st KI1EH AR xpo|7} A
& ALZ ooy} Fatsd - 371ZFE ol 8Y AALMHAA LEAS ul
£ BANS) njAlE Aol nulsid FaszolA 1o Waln| Y
ojste] RPN {IBAS VAYLE o239y mEoln 2xjH e
Rr|zoA F5FRuIBE &3l RI1EAES A WiELE AlgH
th ¥bA Wk gx 2571 7CE ™ 3¢ TCODcr A AZLES SRTo] A
o] 83%Li2] 2 UlElL} AqE} o vl3] WA Uelktch ol 2EA|3te] wiE
] BEL] VPYABIE U WJLeg AtgHcL

2= 9 ¢RLUol H3go] AL AAZE njX= S 457 st
o E3Y WMFGZEL FUTKNY s+ 400mg/L -1050mg/L H] 2 elstct
H 6-19¢ ¥ Ad¥ol ALH ZI|Z TKN F3132t NH-N Al AZE2}e
BAS UebE 2O 7 13CHR = TKN 23}sto] 0.69%kg/nm’ - dayo]ste] Hgloj
A 90% o]A}e] NHi-No] AAZES €& 4 ASS ¢ 4+ AUldch 10ToHA
TKNF3tEo] F-713te] whel NH-NAAE &S Z4asts ZAoZ Letytc) whg
ZU 2= Z4 H3Eo ul3] NHi-NO HAZE Alo]7} mH|} o]f= 2
=F AR o 35YUY ANRAS T AT diZol n|BEE0]
e 2o AZE ¢ Ao Agdrt Y {Yst F2 n|BEZ 23
Vet R7IEAE FEH dEvgeln FAARE AXNEAM {IEE3NV

ojFolFA R7ZY FYUFY ndE ©Fol wAUAS Zoln R H3

4
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8

NHs=N R.E.(%)
8 8 8
;7

|

8

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
TKN toading {mgTKN/MLVSS~d)

[-e—17C —e—15C —a—13T —8—10C —w—7T |

3% 6-19. H&H X0l TKN Loadingol]l w2 NH-NAAXE

ol A¥7IFL S HVHFE HolA] U pHE ASA |AXA Fa7)
HEL2E AlgHch

Buth 5(1984)2 TKNSEE 100 ~ 110mg/L B2 A ZX38 AIM$+&E 3
A VPSR Z M 27t Adsgol nixle F¥o] BIF AFoA
HRTE 11~14hr, SRTE 11~14d2 ©°} 3719 E¢ % 6rje u¥lgzE LAY
A3} WgR 2571 20T ~ 14TE HH uf 96xolate] Atz 88 Mo
o 10To|stoll A& 28%2] AArE &S Uehls Zog Busigerl & o3
ME g2 2= 13CE EHH wirixlE 90xol4be] Aals} &g Hye
H 10ColME 68%, 7C Z-% 50%2] AAIE} &2 vieh) ¢l d7ZART)
2 A3 & UeldEed ol 20CHE 2EE TAHoE paAFH
243t o] Eol YA HiEHE 2ol H-F3l47] YELZ AR

%% Randal $(1993)2 BNRAJAHIOIA 8U4 TKNSSE7} 30mg/L Wil 2
UER} TKN-& A E318k0] 0.09kg/m’ - dY wj HRTE 8hr, SRTE 15d8 A3
Az} Hgx 2571 20C, 15T 2 10T of 99%o]ite] Atz &8 eh)
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5o wE Y2 nnisicia stk W 2 dF6ANE 13Tol oA =
90%o] o] AARES Uehdx T gz 2271 10CE A" Z$ 78%2
Astst &S YeldEd ol TKNEHHs}eo] 0.78kg/n’ - d2 A LIEIYLY)
yELo g Atz ¥t

SRTE 1598 A3 gz =7} 2z} 207, 17C, 15T, 13C, 10C
2 7CE fA" o FY4 C/Nul= 1.8, 2.8, 2.4, 1.7, 2 2 1,08 e}y
th oluf X w3t wE YAWA B9 meNAAY L£REE SCODeryP
HeH 2xolM 2z} 1.89, 3.42, 1.4, 1.78, 1.71 ¥ 1.712 e} £5o
o2 Aol muldtgict. Iy fia O/NB7E FIHHSF THe] meNAlAY
AR E = SC0Dcrigo] F7istact. ol fd4 CNvIZL WA A" A% &
7€ YANtge] AN R AHI O/NHTL £A FYHE BPolE
gANESol 23] AREE RIIEAY olfol] HE} FLHFYu| BB 23 &
BEE §71EA o] Fr15197] tjEe 2 Alg"r}t. IY 6-202 SRTE 109
2 AT AL Azt 2xzx Ao o ALAARLE Uepd A
Z =7} 15ColM 7CE ZA2HT4F ALAAREZO] Rasls F¥S uel
det ole 227t RAHSS njYEY ¥ S oA Aatzhibgol
qA =] F&5F TKNsE7 718147 wldolch Wwgx =7} 15C, 1
7C W 20CE Y Ffols Aatzhibgo] L] AYRo] K35 TKNE
Ex WA Ueht 73%0l e AAAES €& 4 AdMdch vE 20CcE oA
H g RolA 15C W 17CE SAH F9rc} ALA ALl WA Lehd A

>
KJ
d
-
r=
olo

S vgZR 257 20CYd o {Y4e C/NH|JE 1.8 BE2R 2%} 15CY
we] §94 C/Nu]Q) 2.85c} Gtoty]) wjRog Atg®rct,

McClintock 5(1993)2 e TA|3l4ollA VIPEFH & o] &3 20 nE
BeEFAAN *F HPAM HRTE 8h, SRTE 15d2 -2HI Z-¢ SDNRS it

2 &%=7120C, 15C ¢ 10CYU wll 6 ~ 7mgN/gMLVSS - dZ LIEIL} %0
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3% 6-20. 2xH3e] w}E ALAAKE

e ol mHsicia Rastach W 2 d7oMe SRTE 1542 233}
o WrgZ %7t ztzh 20C, 15C 2 10TY wf SDNRE 3. 7mgN/gMLVSS - d,
3.04mgN/ gMLVSS - d I 5mgN/gMLVSS - d2 UIERL} ¥hEZ 257} 10CE 24Y
g4 SDNRO| A Vel ol §U4 INeEV 37 dEe= 4]
gHrh oln =0 uhE P2 2l dFAe} FUsHA nw|yt Hew
Eistch it & AF A2} SDNRO| $19] A7AzECE WA veld R Faks
Z8] HRT7} 1.594 2 FALRIER nBESE7} 7] W= Algdrl.

250 wE F71EH @ ALAA EMFY Fats - 2I1FF oA ety
AFAZ @ AP EAFAIZE 242 1.5¢, 10 o]t gAsle vhg /4
FTKNS 7} 704ng/LE TKN &2 23}80] 0.46kgTKN/n’ - dd m) §24 TKNSE
7} 67mg/Lolst2 LIERLL 90%o]ite] Aatst &8 WSk gl gz 2=}
13Cold FAIEojol & Zog Algdrh. EU 9%l FI|EAAARTE 2
80%o] o] AAAALES E7] f13iM= U+ C/NIE 3.00]14, EJZY &
& 13C o|¥2eE fx|xojol & Ao g Algdch
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A 2 4. sfAREWREoO]A HRT ¢ SRTH 3}o] u} S
7153 A A

1. AREAE £z

38 6-212 HARENESY 2AzAY
HE Uepd Zolth 2E& 19979 129 1do] ¢ 15CTHAEE ALde AA
3 B4L2 3 ALshe F¥S vehi gon 49 193 R 2571
S5TColde2 sl 98d 9d11dZole= 23 30T7A] F18iglen 94
FEFE AA3] Zashe 23S vehla gith

19973 1149 14U F ol GE571e] FALFOE sl B EAR A
€ £30] vl o] R AR EWES FYHRE Q3 Atz
18E R el u]gEo] AbERo] AAIEEGo] AL PR x| ogtrt Aat
RS FE31] #13ted 1997d 114 174 %0 ZAIE &3] K SH5A el

S-S el 2] 1000LE 22iste] B ARFANESL] Z7|Zo] A F¥ F 12
d 22971A] HMEAeE AS YLk HENoT A A} Uity

A5 &%, HRT W SRTH

o

=]

o

-]

Yo

ihgol doldg AW ¥ 129 23UPE HATE 20Y2, WPuH48S 7002
A7 fAIstel LABtATE WY NARBUES £, VEEZ} Ae f
A2 Wg

o2 WY 4 Qo] AYETE 42Y¥UTE w2 Mzl A
ZZ3E HAZslo A3k olF AWY gdow sl mgd
XEUESY SR 2=t 10Co|st2 FA3| Ao Wiz A
o A= Qhokeh. At} wkgo] XAE ] oo} pHrt Il W7 /Y
HER ods) Iz pHrt et eyt Agol Ydstdct. 29 3dH e
BEWNTZL pHE 2] 213 A FUS 2N pHAISZAZA G HAER
o

pHdsoll whe AAHAAE Ux]3l7] 98] 2N HS0,E T\ Roll F¢3}
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o] pHESS 7+0.2u22 AF3tA ALt 24 S SH ndREA
Eo] 2571 10ColdeE HAAos FriEAAM FAhigo] (s 1y
¥o] HRTE 10¢ollA 542 ZtaA|Zicth ey 3d sUo] BYE84E £3
He gEdrt ot fd=lBR dste] A 2leleloty] dxst 9 At
HE dste] izt digo] AL YA it o|F TI|ZE HEASE
A5t Asphgo] HEINEF fEslgdon ox] ol 44 15U
Z7l= &3] K sk el o] wg&eiA] 1000LE Aastd d3 nd2
EWES Io|xo] I F dFd 5 HEAoZ 25U Aats) y
§o] 95%0]4 AH AE HAZ Foll RTE MM3] L4 HEE 43
stoivh it W3R s Za® dA=E BF3}I Sl pHatszE
A28 5% NaGHE FYUste] A= & RSE3Ia ¥bgRLUje] pHE 7+0.28

Z|stgich 1997 12955 19989 4¥ 30U7RA & gz AN o Qg
& BE, FAATY] S5t e A& WA Ak

o4 F Y

—r

ﬁ

HAT & SRT (d)
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[——HRT(d) —e—SRT(d) —a—Temp. (C) |

3% 6-21. MUARIUE EH7|7HEA HRT, SRT W gz 2=¥s
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kst kg W ANbgo] 3] Y 59 20dFFEE HRTE 1.54,
SRTE= 15¢E AHMTE o oFitd-& 102 2L 29 IR &
2|8 FAto] dojLtER Q3] 208 st Astelct

2. HRT ¥ SRT¥H 3o }E {71 22AA
FALE0E AW FEZEHC] FUdSo] TUHO FYHER Qs AL
3 u]AE W ofE} n]AFe AlEE Aalhibg QU gANrgo| =] ¢o}
Z71% 22 KsheAe| e &R 1000LE X7z AF3 F FYarg
S AYAFI7] Sl 1249 239UFE HRTE 2092 ZA &dstdcth Hat
bE W eAubgo] 3] UWH 98¢ 2% 104ZFFEE HRTE 104, 5
d, 3¢, 2¢d ¥ 1.59E ZAaAZ oo SRTE 30, W 15¢E Astgch
SRS Y RIIEFIRE e AFARY 3ol ulg} 0.2ke
TCODcr/m’ +d ~6.0kg TCODcr/w’ - B 912 UIElKiTE 13 6-22= LA7|2E
¢t Fataz ol %72 MSSEE HE U {718 &3 58}H(kglCODer/n’ - d)
Liebd Zojth. A7 MR &AleEE RUIE SN W &
A 1P EY R F7MEsF MSSE Tt 715k A3S veha 9l
ol ¥ P4z 9 ZrRo] MISSEETL ALY RKARE AR

o
L
Sul
=
fd
32

tdl ol Fatazel XrlzUY A7t Y] Ha UL ¢ =
ch FAtAz 3 E7|28] MLVSS/MLSSH]= 3 27]o] 0.8233 = x|t &3

7120l Z 245 MLVSS/MLSSHI 7} 0.65% 712 ZAsts ZA 3L vehisd
ol Hel AIEdol o3 ¥&H A Ve LAY MLFSSFo]

7197 Wige s wekdct
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Conc. {(mg/L)
TCODer loading
{kgTCODer/m3~d

0 50 100 150 200 250 300 350
§7/12/01 Time{days)

[—o—Anoxic MLSS ~@—MLSS —8—~MLVSS —=— §7IE 8X%5t]

Y 6-22. TAFEZNE AU FIERAH],
BatAZ MLSSE 2} X712 MLSS 9! MLVSS: %8st

NURENE 2AJAE¢ /U 2 K2 FVE sEEsE 29
6-23 ~ 2% 6-270) LiElwith 979 129%E 79 Z7bx] {4 TSSEE
HEH= 1000mg/L ~2500mg/LUi 2] 2 VIEIRESD 7d SV E Aut2 st mhd
FEUVEY Kt S50t TUYHOR Astd Fdds 2P EST 7} 500mg/L
welg oA Yepdch 3t 973 124 23U RE 989 59 20U 7HA] 4el ety
A FAIZol 20d, 10¢, 5¢ % 3UE FE o [HEF TSHEEE ¢
100mg/L il on £ SHANFALE 1.592 2L 59 23d o]F2 H
&4 TSSHEt 0ng/LUsl2 F&E . 2ANTEL FU4FY TCODers s
g SC0Dcr?] HEMit= Z+2b 3000mg/L~7500wg/L L 1500mg/L ~3500mg/LE

AEA QL Hsto] uhel s=EHTL ol AstA delkton 53] Fuiz Qs
557} 349" A9 TC0ers s I SCODcrs T 2000mg/L 3 1000mg/Lo] 3}

2 uehgith 237 el9y ARAte]l A §AH ZF §U5 TCODer
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BEE of 4000mg/L g ont ol BERY A3t B Fabs - 3UE R
n|3Ee] B3It ¥A3] o] FolAA] ¢otr] W] &4 TCODer FX7}
oF 700mg/L Wi2lZ2 lebitth WbE fjAAAFAIZC] 1.598 AW B¢
TCODcr HE7} 700mg/L~5000mg/LHE ¢jLlollA] W}sly %71 20ColAe g
RAE L AAzhitgo] U] Yo whgREHo] FALEHE FAIH AV
2o 824 TCODersEL 250mg/Lol3tE UEldtl. #24 SCODers s
Tcbers =St MAY AW Ushith BU Fas Az ¥ fa4e
SCODcr?] Xt BIX3A Ueht uif 9 Rl 23 BT Lol AY
S ¢ 4 ook oA 54 20¢4E f{&4 TCODers =7t WA
< AIEbgo] UHs| AYH I FAraZold NG RIES

Yoz olg¥oz Al uA Lehd Aoz Alzdrh B AL

o

n
3|

4

[++]
» o X2

bt

}

rm
B>

5§49 TBODS® = 1000mg/L~4000mg/Luj2] i3 SBODSS = 500mg/
L~2500mg/L2 Utelutth ojw} -§-¢l4 TBODS/TCODcrd]: B 0.45~0.530.8
el 2XPAE IR EREES 1Y 7102 FABHA velt fdgol] A
EYdFoz F3 sty R71Eol S0sdE A3l USS o + Addch
A2 FUYHAFA 0] 3Y o]HoE FAH 7 T

2500mg/L i1 UEelktoL} njHEYAY Ast @ 2t
E2] B3yt @3] olFoiAA] ¢tr] W] F&4 TBODsHE 200mg/L
w22 uiejuich, ¥bE {94 TBODs % =7} 700mg/L~2000mg/L =] oA
HWelsl 28y AFAD] 1,548 239 59 FaFPEE Akzpukg
W eANkgo] AYPH DT UAHAA Fisze] GAnPEo] RIIES &
adog olgH ¥yt ohet 7Y WHERME n]dEd o3 Aitzix]o]
$24 SE= 0g/LUY 2 Vel 23 524 SBODSEEE TBODSE =2t
upviAl 2 AR vlaA A UElAT A7} 1804 B FEHE W

A ekttt A3 25087 AU =27 WA fUElx A 5

et
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E7 3A AMsEA U olfie FAatd - IUEER 92X AR ARA
AZoM Y=ol YFEHER
Aste] Al FE7t T sEUH] ulel Wolx|x] e RoR A8

c}.

Zto]l & o} 490l KUY g2 ¢ A

e

BAAZ 9 EI)Z MSSEEE 2500me/L~6500mg/LS G2 5tn] 4-2]8t
olfez Ay &S WA 4z IHE AFAY
2 AA A= FIIEAAE] WA Uehd 2 AL2H 2243 9 A
&2 BAEAINE Ay ¥R AR YA FALS 1542 LAY
Bdole 224 e nAEHGol FolAn AFHAY gReg Aw
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=
.?.'.
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e
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1500 |

Conc. of TSS (mg/L)

97/12/0 Time(days)
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Fata - 371382 NAREWRENN AN FA LY W] e §
NEF AAZEE N3] 9l 2 2o ulel 57 B9E URA
th ALY =3} 9 P EFYAIE Q3] HRT 9 SRTE ZA 33 7)
Ztoll= Case No.1, Case No.2 I Case No.32% L}yglon 2% Atsoel uje}
LU AR gl dojd FRE FAHH 7| oll= Case No. 42} Case No.5
2 Yol 87183 AR L EM3}9r]. Case No. 12 974 129 2373
Bl 29 5471A] oF 40U S AFALS 20UE FY BF9old Case
No.29} 717+ 24 6UZ7E 24 20U 7HA] 2|3t AFAITHE 1048 &
Ach Case No.32 FAHAFANE 592 FAI5tH 39 37 HH 49
144712 of 40 F 2™ 7| Zolth. $9] 37k AL FQ AAttg]
BE RES 93 SoA] &2 P3}A] AR 2} Caseol ulel 37]7to]
FdstAl de AE Aapibge] uel {URBES B el
Case No.42] 7|Ztolle e RAARAIZ W 2P ENFAIZLE 22 3U3} 30
A2 [AIst 59 2 NE 59 19U7kA] oF 17U AP Case No.5

A3t Case No. 59 7|Ztolls WiFt4&S 40, 30 € 202 HIAA &
Yoo ofF YT} HAWNEE f=3] 3 KL O/NlE AT
ez ETE Fostach EEE FAT Jede WFHEEES 20
10 9 0= 114 2047kA] &Astgich

E 6-72 FAa-271330lA He AVEHE o83 AL, AAA F
oA e AFAR 4 P SAFAL e F7IEAAAN B 2
& Uehd Zojth FURAFAIZE 59 o], EI AHu|PFY] X

A& 23l A UEE 1A ot 2P EAFAIZ] A £ Case No.1,

fr

No.2 W No.373-¢ FUT9 HF TSSES+= 1727mg/L, 1125mg/L X 1610mg/L

dom ¥ Re] MLSSE T 3485mg/L, 2290mg/L U 6580mg/LE S2| | ic).
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oluj F/Muli= zbz} 0.034 kg TBODs/kgMLVSS - day, 0.14kg TBODs/kgMLVSS - day
9 0.11kg TBODs//kgMLVSS - day2 Uietytcth. oluf #4148 BF TO0DersEE
4169mg/L, 4055mg/L L 3870mg/LEon {249 Hr: 2tz 663mg/l,
604mg/L W 778mg/LE o} 84%, 85% W 80%] A AXZLL uellict =gt
SCODcr& 242t 79%, 82% W 74%2] HAXEE WelWlch EF Case &Ati2
42 HF TBODsEEE 2120mg/L, 2550mg/L 2! 3027mg/Lon §349)
5 117mg/L, 202mg/L L 208mg/LE O 94.5% 92% o 93%2] AAELE
UEpch SBODsE BE AXZANA 92%ol4te] AAREE veluich ol
d BOD AAZESEO] &A Ueld AL [Ygol FEHH B3 ¥ fI1E
o] o] XJE] Q7] WELE ALZHCLL

Case No.4 U No.5 7S FU5e HF TSSEEE= 2105ng/Le} 1338mg/Ly
o fEeEt Bog/l W 25mg/LE UERKth 375 HF MLSSE
S Caseol wial z42} 6500mg/L X 7185mg/LE UE}Ron ol F/Mu|:
0. 23kgTBODs/kgMLVSS - day2} 0. 22kgTBODs/kgMLVSS - day® LIE}utch §449]
HF TCODersSi 4083mg/L U 3247mg/Leion) $&4 ST 854ng/Le}
192mg/LE oF 79% T 94.3%0] AAXES LIERAT). SCODcre] AALEE 73%
! 90%& Ulelytct. ool Case No.52] ZH-$o] §7183 HAKE] 71 &4
Ueld 22 2xidgel e S Aol BAAHAUY WiELR ARd
t} E3¥ case No.4 B No.58 FU4 HF TBOD:EE 3709mg/L W
1706mg/LA o F&4F 5= 64og/L ¢ 3lmg/L2 VIElRIc) ojuwl TBODs =)
AREE BF 98%0] 402 LIEIGET SBODsS] 79 o 97%0l4te] HARLS

ole} ol BE $WZZolA COD MAZZ] ulal Bk AALEO] &
Al vieldt 212 {d42] TBODs/TCODerv] 7t 0.5014 o2 el F3zE A
A fU=HE dsel gidol YEYHeT RSyl He

3 s
o7l WiEe® AlE"ch S RAIZLE 5U o], AFE AFATE
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Z2A 3 ZE $718 AAREC] s ARALE 1.59% 2B E A
FAIZE 1592 3" of Rop @A UepdEd ol feldFANFATHY
IFE AFALE 47 1.59 W 1592 /A8t HgRE A3 AR
59 209 o]F-FE Ey|Re 2xJt 25Co|dE FAIE AAEZo] U
3 APH I wFEYAGo] FEE FAHAY dELE AlREY fdF
o] §718 w27 WA fo=Edr] ez Azt

Fidd - 371330 BAREVENN S AFAR d 2 EAFA
Zte] Wlo] W {§71EH AAREY] 2MFAY FuLz U ZrlRu] MLSS
BEE 7000ng/LU S RAIStH eI AFAZY 2P E AFALS 7
7} 1.59 9 15948 23 of Y4 TCO0Dcr ¥ =7} 3247mg/LE TCODcr-&-3
H3lare 2, 2kgTCODer/m’ - d, F/Mu}i= 0.22kgTBODs/kgMLVSS - d2 S-X]Ejd &
24 TCODcr HE7} 192mg/LE e} 90%c]Ate] 71232 HAZLSES 8&
T A& ZAeZ Alg¥ch
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¥ 6-7. HRT 9 SRTHS}o] wWE RI7IEHAARLE

Case No, 1
SARA Case No, 2 |Case No. 3| Case No.4 | Case No. 5
e e (9771223 (2/6~2/20){(3/3~3/14)((5/2~5/19)| (5/20~11/20)
=l ~88/02/05)
HRT(Oxic)
20 10 5 3 1.5
(day)
SRT(day) - - - 30 15
MLSS (mg/L) 3485 2290 6580 6560 7085
MLVSS/MLSS 0.81 0.81 0.84 0.79 0.72
M 0.034 0.14 0.11 0.23 0.22
(kgTBODs,/kgMLVSS - day) : ' . : :
TSS inf., (mg/L) 1727 1125 1610 2105 © 1338
TSS eff. (mg/L) 104 154 79 98 25
TCODer inf. (mg/L) 4169 4055 3870 4083 3247
TCODcr eff. (mg/L) 663 604 778 854 192
A A XL (%) 84 85 79.9 79.1 94.3
SCODcr inf, (mg/L) 2596 2950 2476 2678 1418
SCODcr eff. (wg/L) 547 530 651 725 141
A A X E(%) 78.9 82 74 73 90
TBODs inf. (mg/L) 2120 2550 3027 3709 1706
TBODs eff. (mg/L) 117 202 208 64 31
HAZL (%) 94.5 92 93 98 98
SBODs inf. (mg/L) 1106 1420 1797 1900 1022
SBODs eff. (mg/L) 46 105 115 54 14
AL (%) 96 92.6 94 97 99
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Al 3 A, AR ZEA R ukES ¥ 3l
g2 AAAA

1. A4AAA

IEE W 23 Ee] VTR uhgx PN UFEE 9
2] C/N (SCODer/TKN) )7} zhzh %3k ofu] 708 302 39 3% ¢
vh-go] FH o PG o £ 9lar) 2xdr Ful HAY MU RSHE
o] SAZRANA WSS Y7 iy 40F AT ©@3ANgo] &
HA ez APH Zio] IV wjRe T AR EUEA 4R

o

o

1S iAo HY AES Adst 9 Aol o
3] 2H 59 2098 FHE AFE AFATE AaApige] xR
HAE 79 o] F(EPA, 1993) et 1 Z71z &3 chy] 15948 fAIste 383}
A ey ARALE EJZ2 AN 1592 FAHES FYUYRIE
ZAst AU & AEE Y3} ¢ TSR] w3 A /Y
SCODcr/TKNH]of] whel & 6702 AZXALE L}2lr}. Case No. 12 54 204
FE 69 2¢7HA] RIS S S AP 402 - Ffoln, No.2e
SRS SURPin] 02 2Pt 6Y€21YFE 7H220U7IA] ™
Zfojth No.3& 7H€214¥ 8H20U7MA] UFNEES FUFZoiH] 202 2
Aslgen UEusE 4Q 30, ¥ 208 " AT KUY
SCODcr/TKNB] 7} 2.0~2. 2] 2 RA|E ). o} f&4¢ L = =

L}eRL} Case No.4, Case No.5 W Case No. 62 ¢l o EFE FAstH
el42] SCODcr/TKNHIE 2.7 ~3.0uj8]E2 |=x|3ladct case NO. 4= 8e21dE
B 94 209 7hA] W8S FU-RYois] 202, case NO.5& 99 21UF
B 109 207}A] UHEESE FURPcis] 102 Ao case NO.6

WP04ES FURTTN 002 10821958 19 2097k Y Z-9o]
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4 FE2Y KNS HIE vehd Zo]
th 327 RUSE 408 $AY 7734 94 TRNEE7} 1000ng/L
2 fFYEdE F ol A3 FU4 TKNSEE 300og/L7tx] A ot U

WSS 02 AE 7oE FYS TKNSE7F 200mg/Lufie]gom vjsuts
2 N2 Y 713 U TNsEE A3 F718ld BF 240mg/Luy
HE Uepsit ol F S-S YW FEs] 3 dgjyor ERg B
A8ty YRNEES 20, 10 ¥ 002 3Y o §U4Y HF KNsEE 7}
7} 583mg/L, 770mg/L B 953.3mg/Lij 2 lelwich E&F Zbzie] Az o)
Al TKNEZ H8}8)S 0.45kgTKN/nf - d, 0. 14kgTKN/mf -d, 0.16kgTKN/mf - d,
0.4kgTKN/nf - d, 0.51kgTKN/nf +d B 0.69kgTKN/nt - dE WA Sx|Egon
BE $3xUNM &4 TKNSEE 10mg/L o Uj2 e} Aars} wige o
3] ARHE ¢+ Addrh ol 1AAE HEAFR P& ez
A} KU KNG Fslado] 1.038kg TKN/n' - d2 $2|H H¢ A
e %2 #2]Y AEAe ¥YAch SRS KU ONH]ZL 2. 1082
A Al UEgo] 40, 30 W 20Y = Ztz} 2. 15mgN/gMLVSS - hr,
1.43pgN/gMLVSS - hr B! 2. 26mgN/gMLVSS - hr2 UER} 23pd s AlgAlF R o)
Fads - o130 Uigbggol 10, 20 % 0¥ o =2¥ 3.02meN/
gMLVSS - hr¥t} WAl vlejutch =3 U4 CNBFL 2701408 Sx]EH
Wrisgel 20, 10 9 00y wie] SNRS 2z 3. 45mgN/gMLVSS - hr,
3. 23mgN/mgMLVSS - hr U 3, 12mgN/gMLVSS - hr 2 UEIL} A¥AF o] Fabs .
TR A HUEEE 710l wlet SNRe] FtETis Az}
& ZA2HE Jehddch Randal(1993)5-2 BNRA]A®lollA SNR-E SRTo| whe}
1. 49mgN/gMLVSS - hr ~ 6.9gN/mgMLVSS - hr8 ¢l £ Uil B asiedsny 2
ALA ol =& SNR AL 912 Heluol Als Aeg ettt
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1500 5

8] (Q)

o

3

Conc. of TKN (mg/L)

23 6-28. TARSNE AV I ISEHE,

s 2 fEF KNe=E 3

o7 6-299F 1Y 6-302 AV UNEYL Y, FalAR, V2 W /2
2] NO; -N 8! NOg -N =2 E Lepd Zolch 371358 /44 NO, -N
TEE W27 54 2044FE lmg/LoldtE Ulelyich ojuj Wi
ol 208 ZAaYol utet FE4Y NO, N =7t S/ B¥E LEhd
2 glon} Efo] BoAH FHElE WA uetuth oA F N0, -No B}
EA Uehd R Nitrobactor®] ¥/ABIEZ NO, -Noj A HAo] Lehd 2
o2 x=Hrh

LAY FYF N0, N B EE Ing/Lo|3tR ekt 7} Cased] &
Az F&52 NO, -N 5+ 27} 105.8mg/L, 50.4mg/L, 45.9mg/L R
15.2mg/L, 45.9mg/L % 64.5mg/LATh WFutsgo] 402 2HH o 30 ¥ 20
2 $dd" o) Rl No, -N =7} A vehd AL /U4 TKNs =7} &7

foslel DAY N0, No| W& CAIE Qste] Yol FE3] oA

— 495 -



Uo7l dEo 2 AL} Carley(1991)0] 2j3hd FAabAZ SCODcr/NOx-Ny]
t 81 94E IWAANI] 913t 3ugeln Bastgdch URutses 0=
A Ao EFEE FAY EAZAAN HE42 N, N FETL
10ng/LE T}E 2o Hisf WA F29 22 FalLRolM No;, NS §
HAAFI7le] FEU ONH|A 3.0 2 FAIEoly] tfEog AgHTL STt
WSS 10 € 002 2 J7el R&42] NO, -No| BET} 40mg/L ©
65mg/Lifie]2 Uelgtsdl ol C/NBIE F7HA1717] #ls) EEE FodEixu
C/NHZ} F7bs]=] Qa1 of 2.7uielZ vieh} A gl 383
ofotonm, R WFEE Zrio] ubel AAEE N0, -N3Po] Falazoe] A
A Y= slEe® A ¥}

=

o

E

z °3
g T
Z <%0
° {23
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0 30 60 90 120 150 180

I8 6-312 ALY FdF X FEF TNeZ HHE Uepd Zo
th #4494 N sEv A ¥ 59 10473712 209 F2H2 1000mg/Lry ]
Fom 74 20d7HXE ButE 3 RAXEVEE {fU=H= FEMSY W
o] Z¥=Eo 200mg/L7tx] ZHastych Ful olF fUS INeZE A A3
FrHE e A2 0YFFELE fUF C/NUE F7HAIF17] 1% Pete
2 Qeoyog EES BA3IYrl. 45 O/NH|ZF 21U u]£dtA &
A " o UEetEgol 40, 30 U 0T LAY miEl &85 NeEE 7}
2} 118ug/L, 72.4mg/L 4 68.4ng/LE ZAE A=, ol: §U4 INyEI} 2
73] AaHoR Qs w2 E fYUEE KNG K317 Z24sadr] difol
Tl E2& T3t ONu7E 3.0 oufE /YT 8Y 20U BHEHE FE

2og/LZ UpEh} Tl 2R ZRA vl ofe WA fEEIdEd

ol
A
olx Fata£z=Z fedE SCODcr/TKNHIE 30Ul 2 |A|A1A F97] miio
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e
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S|P Eol of3) LANEE doF7] S FEY AL YAHHW WE
o8 AsHch E3 PSS ES 10 ¢ QB 2AH I ol FYSY N
vl 2,742 fAEAeH ojuf &S5 HF NeE+ 22} 57.6me/l

78.200L2 UEhTh ol #3450l NoyNo| chRELE WAV 27
Sl CNIZE 3.0 Boh 3A SUSAE B ohia pisae 2ad o
2 BULZ2 FUSE N0, -Nol Zrasigls] shgelr)

1500 S

3
<
g
= 135
z g
= T
5 ®
I3 12 %
<
S
Q

0 30 60 90 120 150 180
98/05/20 Time(days)

[e—RY% —RES —UFUEE |

3% 6-31. MAXZWUE 27|t 852 83,
ol W fEF e

23 6-32& §YU4 SCODer/TKNlo| w}E WA ARES Lehd otk
fold AT RAY WAsEgo] AW UMY w WEUVEERT] H
o} cNulZl AAAAZEO O 2 AR nAL Reg yeigr ot A¥
o $e49) c/nujo] WE W2AATLE &str ol 8Y 4 g oz
Apg®ch,

+
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100
w -
¥
= 60 [
Q
©
>
[«
§
—_ 40 L
Z S
TN remova! Eff.(%) = 22.895C/N + 24.803
20 R2 =0.8875
0
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

C/N (SCODcr/TKN)

3% 6-32. JARIIE 75 FU4 /Ny
Hito] opE A2AALE

fu

E 6-82 MNARENENA ey AFAZES 1.5¢E A ks
& 3o wE AEAAE vebd ot §U4 B TKNSEE Caseol ulel
627mg/L, 218.9mg/L, 239mg/L, 583mg/L, 770mg/L X 953.3mg/Léion {24 =

= llmg/L, 7.6mg/L, 6.6mg/L, 9.0mg/L, 8.3mg/L I 16.2mg/LE LIE}IL} BRE

SARZANA 96%0] 4] TNAIAZESS Ueh) AHAFRS Rats . 37134
A 90%0] 2] WArE &5 B At B AAE Yehdch o= A
HBAFES BPEAANEE EHA] TKNR A F-3}8Fo] 1,038kg/n’ - dofl A 91%o]
28] g &5 @2 Ao} L AAE vehdth fY$Y HF INsES
Case A TthE 629mg/L, 220mg/L, 240mg/L, 584mg/L, 770mg/L X 953.9mg/L3.C.
H {44 STt 118mg/L, 60.7mg/L, 68.4mg/L, 15.2mg/L, 57.6mg/L
78.2ug/LE VERGITE ojw] INAHARSZL ztzt 81.2%, 72.4%, 71.5% 97.4%,

92.4% W 1. 8% UIERNIT) o2} Zo] C/NHZE 2.0~2.501912 QoY o) LjE
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RESEo] 0 2¥2olM ALAAREZ] 718 &4 U} AEAFRe] 7
Abd - 3713 W2 A} RASHA W52 Eel whel INA A & &ol
371l F3E Eorh ol uiNilggol FUigel ulel Batankg oA
NH-N 557F A5 T30t ddso] 3R] FUEHE NN B2}
solx|Bg Q) Astihitgo] YW AP 7] wiRoln 3k WAstE NO
s NEgo] Fits gzo] o ol fAUxo] AAAT GO BAIH Aog 4}
Edch o) WFNES-8S 202 233t AH L2 C/NHE 3ojato s
ZRA AL Ffolls 97.4%2 TN AARLE el CNBIE Z7MA71A] ¢
< FA2AoA Hr} ofe &S ALAAKEE Uehlch ol §¢49 N
8] Z717F Rikg-&o] Sl wiE] ALAARE Pidol o 2 AL =
Rog A"l FY4Y ONE[J} 2. 7U9 2 SAEH UjEEkg-8o] 10 R 0Q
2 23Y B¢ ALAARSL 932 Uebddtl. ER log TN AAT 24
¥ lmg SCODcrH]: caseoll uwhzl 2.24mg SCODcr/mg TN, 2.38mg SCODcr/mg TN,

ofN

2.88mg SCODcr/mg TN, 2.78mg SCODcr/mg TN, 2.77mg SCODcr/mg TN S 2. 38mg
SCODcr/mgTNE. LE}RiTT,

Fatd - 37183 SAREUENN A FAYHARAL A 28 E
AFAIZ0] 242 1,59 W 15U 2 A of 994 TKNSE7} 953mg/LE  TKN
|3 Hs}aro] 0.64kgTKN/m’ - A2 LIEIGED 824 TKNSE7} 16, 2ug/LE L}ERL}
950l e} itz & A& 4 Adch oluf &AWL T sled oA AN
S0l AYH {FA,L C/Nu|Z} 3.0 2 FAEH Ljutg-go] Sty
02 $AY o F94 557} 584ng/LE FUE ] §84 S5 15 2ng/LE
UEILL 90% o]/3e] AMARES ¥ 4 glo] 99 #3H Fis4TEA e
A2 WFS INg = FA71EQ 60ng/Lol3tE A1 = 9 Zo|ch. widoj

U C/NB 7} 2.0 Z WA SAIE 0 Uit 8-8 4Qo1ate
U+ NeX7} 629mg/LE RFUE 84 SEE 118mg/LE LERL} 80%0)Ab
o ALAAREE & + AL Zolt}
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X 6-8. FAtA&-Z7]F32] nUEEWEoA] vjRut

& W) nE

AL A
23 27| Case No.1 | Case No,2 | Case No.3 | Case No.4 | Case No,5 | Case No.6
BE (5/20~6/20) | (6/21 ~7/20) | {7/21~8/20) | (8/21~9/20) | (9/021 ~10/20) | (10421 ~11/20)
Internal
recycle ratio 4 3 2 2 1 0
(-4 3rchel, Q)
C/N ratio
2.0 2.1 2.2 3.0 2.75 2.7
(SCODer /TKN)
TKN loading
R 0.45 0,14 0.16 0.4 0.51 0.69
(kg TKN/m® + d)
TKN inf, {mg/L) 627 218.9 239 583 770 953.3
TKN eff.(mg/L)|{ 11.0 7.6 6.6 3.0 8.3 16.2
R.E. (%) 98,2 96.5 97.3 a8 98.9 98.3
NN inf. (mg/L)| 476 190 204 452 601 749, 4
M N eff, (mg/L)] 5.3 5.0 4.9 3.3 5.5 9.9
NO; -N inf, (mg/L)| 1.00 0.65 0.19 0.12 0.12 0.3
NOy -N eff, (mg/L)| 1.20 2.80 16.0 1.92 3.34 3.8
Noy-N inf. (mg/L)| 0.4 0.43 0.36 0.6 0.5 0.4
NOg™-N eff, (mg/L)| 105.8 50. 4 45,9 4.3 45.9 64.5
N inf, (mg/L) 629 220 240 584 770 953, 9
N eff, (mg/L) 118 60.7 68.4 15.2 57.6 78.2
R.E. (%) 81.2 72.4 71.5 97.4 92.4 91.8
Total Alk.inf. | 2890 2545 2440 3020 3460 3760
TotalAlk, eff. 380 358 365 407 340 454
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2. F71EAA

Fida - 371339 SldREBEA USR] Wil w2 §7)Ex
AREE EA517] 98 oAl =AY caseo] wla}l YL S}l 2 A

€ T ¢ PSR H3 U 594 SCODer/TKNE] whe} & 67}
o] gAZzAoE UYL 4831t Case No.1, No.2 W No 3= §¢)2=9]
SCODcr/TKNM| 7} 2.0~2.7UI2]E RUY Z2ZolH UFil$eS 40 30 ¥ 20
2 ZAaAFIn] EAH ZHPolr}. Case No.4, Case No.5 I Case No.62) b R
E YA LE EEE FAsl Y42 SCODer/TKNBI & 2.7 ~3.0Lj92 &
A A RSS2 20, 10 Y 00 AT Ztzte] Az &
712 o 30Y ¢ AHAoH HulS2L Fogatciy] 208 LAE

2373 HF MSSEEL Zb Caseo] uwhel 8079%mg/L, 5220mg/L,
3543mg/L, 5486mg/L, 8042mg/L R 10130mg/L S22 {=¥) ¢l om MLVSS/MLSS
Hl= 0.75 ~0.648 Jelyict 23 6-330)4 X MLVSS/MLSSH| 7} &A1 7] 7
¢ U] el wal 7aA” 2L Hel HIEsio] % AAAA|

F7t F7HE o] Huleld HEH by HAEC] &ejxlo] €3 - Fis
ol &3x|Fol AA|3te vgo] Pz o ol MLSSE MLFSSY] o] Z7}
7] gEe2 Algsch

U+ BF TSS X Caseol wel 1272mg/L, 361mg/L, 395mg/L,
2093mg/L, 1373mg/L % 1780mg/LE o FE42 HF TSSEEE TE 3%
oA 32mg/Lol3tE WA Ueldith oju SVIE RE Ao 92ml/go|stE
Lieht} A71E32 HE&Y ddol g8 ¢=9 $F, FaEo Ao ¢
3] dBEoR §&4 TSSEE7 WA Uelhd Rog AlgHc)

I3 6-34%F 3% 6-35& U USE dse] o2 2A/ANEL U5
fr&49] TCODcr ¥ SCODer =¥ E vehd Zojtl, 2z} Caseo whe} §4
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12000 3

10000 L

Conc. {(mg/L)
hE8((Q)

o} 30 60 D0 120 150 180 210
Time(days)

[-o—TSS —&—MLSS —*—MLVSS —*—u2utag]

23 6-33. YR EWNE SAVNE¢ W SSE3,
42} TSS, E7]R MLSS I MLVSS% S 3}

8] Ho TCODcrsT= AEA Hjo os) 22| 727mg/LollA 2|31 4432mg/LE
Uelgon §&4 BF TCDer 5= 24zt 147mg/L, 117mg/, 100mg/L,
130mg/L, 194mg/L X 217mg/LE LIER} Z} Caseo] wmlzl 95.3%, 84%, 89.1%,
96.8%, 96.6% B 95.1%2] AAREE viehulicth o|uf SCODere] HAXEE E3
2E Caseolld 84%o]’de] AAXES vehdch oo fd-Fatchu] WPts-g
o] 302 2AH case N0.2 A9 AAXLO] 7} ygtom EELS T3l case
NO3, NO4 I NO 5 ¢ R71E-A ARG &7 Z7E 2T}, TCODmn 3! SCODmn
o] HAAZLEE CODcr AALY vy & Uehdoh £ APS Foto] it
&0 WE R7IEAY A nAe B wuYy AL & 5 At ol:
At - 371239 7| xollA FABH N0, -Ng FAAZE MEAA Fata
ZojA Aa7tAZ A¥she oA BB o3 A /ISl
AREE O] 1413 §718A AAZL dojum 374 wbgRolM FHG SIS
of oste] 2213 {I7IEAHATL o] Foj]7] Wjg o2 AtgHct
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¥ 6-9 JYEutsEo] wE |IEAA

SHZZ| CaseNo.l | CaseNo.2 | CaseNo.3 | CaseNo.4 | Case No.§ Case No.6§
LAS (5/20~6/20) | (6721 ~7/20) | (7/21 ~8/20) | (8/21 ~9/20) | (9721 ~10/20) | (10/21 ~11/20)
HRT (d) 1.5
SRT (d) 15
Internal
recycle ratio 4 3 2 2 1 0
(fy iyl Q)
C/N ratio
2.0 2.1 2.2 3.0 2.75 2.7
{SCODcr/TKN)
MLSS (mg/L) 8079 5220 3543 5486 8042 10130
MLVSS/MLSS 0.75 0.69 0.69 0.66 0.64 0.65
SVI (ml/g) 88 78 92 64 70 75
TSS inf, (mg/L) 1272 361 395 2093 1373 1780
" eff. (mg/L) 32 28 22 9.4 22 22.3
TODcr inf. (mg/L)| 3237 727.1 968 4134 3586 4432
eff. (mg/L) 147 117 100 130 194 217
RE. (%) 95.3 83.7 89.1 96.8 94.6 95.1
SO0cr inf. (mg/L)| 1287 444 555 1688 2120 2473
ef f. (mg/L) 145 69.4 61.3 106 146 178
R.E. (%) 88.3 84.4 88.5 93.7 94.6 92.8
TOODm inf, {mg/L) 800 349.6 320 1010 807 947
eff. (mg/L) 149 90. 4 63 75.9 83 96
RE (%) 81.0 73.4 80.8 92.0 89.7 90.0
SO0Dm inf, (mg/L) 418 169 167 307 404 461
eff {(mg/L)| 92.5 46.6 45 59.8 77 84
RE (%) 77.6 71.8 72.0 80.5 81.5 81.8
TBODs inf. (mg/L) 2903 726 936 2210 2095 2082
eff. (mg/L) 46 43.7 26 13.5 38 27
RE (%) 98. 4 94.0 97.2 99.4 98.2 98.7
SBODs inf. (mg/L) 1548 520 713 1050 1462 1415
ef f, (mg/L) 17 15.3 12 5.5 29 10.5
RE (%) 98.9 97.1 98.4 99.5 98.0 98.8
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A 43 NARSANENA A Eo o} AAA

AHEZ T dAAE H3 AVEsE 42" Ado] AR Ao n)
1= 8% A7 ¢18 s8=Edch 1xdxe) 2xds dFR o) o3}
de] ArlEslol o FPH HEe Tz &exet AYsted PO, -P

HUZE Bl AASIE stn| B2} gt fatzdde A
th TAREAES SRl AYUslY S HEY Hel2 A HUYE wkg
sty F3 AAdUri2 B3t 2xdE mJIRENEM EIlzRo] T
Y P die 24, 2rlze F&WA, A4W AY 2 AR 5o Wi
e M2 F SEHHE JUSIAC) oo wE A AARSY BN Az
§ EuiE dadxoix date] AURs 4E& ol 98 AFE 21
A7l 724 T-P 2§ W37 ¢ls) Y-S £usidnl. 83 20 3
€ Thet 2U2AE =&317] sl 8% UREWE]M $5oll LE}

¢ A 5 2HstEA 23 2AzAE =&8qr)

P 2
lo

1. He] A7Es

d 232 Faraday’'s YHol we} AF2 BZof o) As|Bs) 23 o
B Al o223 H HEYS & F At} six|wt Hate] HEwA,
HUDA Tl A AN EPo] F¥S ulA o] FHZH} WA M2y
2 J3te] FRAES ZaAIE 8ol  Roy uktiirh 234 E 3}
XESUENA Heol HF7lEs0ol] s H&H HPo| ule}l &4 TP 55
7t 9-50mg/Le] FE=WLE FEEHATL £ 3xdEAME £ 100m * F7
0.32mm! H3bE A}g3te] 2xbd o] MR Aol Hrl @ HRS M
A FEFY A= E Y ALA)7)7]) s F dute] 3L 52 1R
2§29y 9 AFE AMA UYL +ysldct HuLsAze

I

=4
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T AuE #7128 Aol HEEE 1719 FuEAgE Aalgt ZHojth &
Hz7l 27128 HE2UAE 402 FUStAD, A W AFE 72 v
U 0.25A2 APE A3}sidct. olF fE49 U EE 1 wHAFCR
gAY AW HZolg F/MIIIE WHLE 600l Y 1200 o2
F7MZ e AFE 1A, 1.6A 1.84, 4A, 8A, 124, 16A N 20A2 Z7IA|HA
AEE AAIStdTh 3712 F Oho's®] P 2o] o3 HEEIUAL FIIATI
H A¥e] asly ARE FUtske AS & £ Aot ol HEEH
g A7 A3 FdY ARE T A AR AUz
718 ol&sled UL ZBAINEA AES sAystAch 21 6-362 7]
et AR, H&2¥E3d Y 2URY HEE uehd ZAeg iz
400aie] ML 2HAHI} 0,250 AT/} BE w) ZJ|Z T-Fe 55 40mg/LE
o HE2UHL 1200cfE L3I AFE 4A, 84, 124, 16A W 204 ¢t
AHOR FINNIBZE 3l X722 38 s+t 7tz 22%9ng/L, 235mg/L,
303mg/L, 438mg/L X 800mg/LE ZF7}5tgth o|Ad AR F71%ol wlgl X
12U FHEE7 $71H S 44, 8A, 124, 16A W 2040l o]EFoz A
o N5 Habo] 2z} 100g/d, 200g/d, 300g/d, 400g/d R 500g/d HEE
2z FASE7L F7HE 2o Ueiytch EI AFIL 44 ojHL R 3
€Y AN EL Rz Bexrt A 43 AS FUe BVE
Vel 212 A MEFHE Hao] THE AFARE dASA /14717
3 A sZiEE SERlo] YR Aol v &A HEHI) WE2E A}
29t} ot AZ 30YZFEE dY MEEHEe P dd Hi"HE
Aol FUSA Hol L2 He=rt AR A= RezyE o
% AN FUF R FETY BHEE FFY 24 /Y
4 HF T-Fe £EL 9. Tng/LY o §24 HF T-Fe FEE 2.0mg/LE LE}
U &Y Hol fEEE S A=A Yolrh

A
o
H
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Conc. of T~Fe {mg/L)

Amp.(A) & B& % +100 (crf)

0 50 100 150 200 250 300 350
97/12/01 Time(days)

[e—TFe ——Amp. —BF Y|

0% 6-3. TMUSEAE LAJNEY Er)2e WsE,
AF U Be2EY Ay

3% 6-372 AT} BFol wE ALS Urhd FHolrh B Ay
HA s R EWEA AMEH T 3. 2% 100mn*Z o] 1500mmQ] Hute
71z Agiol Mxsted Ao WEYol, F WEBWAL F/MIA ¥
Hslol wie} S FsiATh Ohn'se) Yo 3] AEI FHULS A
2 Z7H5T ER Ayl AAUSF ALE AV 2N BEo] §
AR WEEWA, F Aol YFY u AFI Z7Ye] uwe} AYL F7)s
2 BUT ARSIN FEBWUHo| Frhuel wlet & Aol Ay w
Aol ZAse e ¥ 4 ATl 2R WLEUNE RS WA=
QA 2 W MR YYPo AFPsie AxE ohlte AAe & 4
oloth. & Faraday®] ol ojsted MY AFol os] urgE Warss) A
o] U H2W FPo| ANHEE YyzAe VYYo= AYsh= Uz}

tlo
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% 6-37. H{&H AFolAM F&EAo wpE HehHs

2% 6-382 TUARENE LAIEL H-EH BEEAHY AFo wE
AMZP3 o] EH AMEYPE oY AFEES Jehd otk AFAE
2 A7E3A] gtolm o] 2HQA B E3YL Faraday®] Yo wet Y 7
s EAes Biglos 4g 4 gk HAEEWA, ANVF Y =
5ol AFHLo] AL AR AgHct. FLH AFU} 0.380]0 A
€2 Ho] 200Cn’, 400Cn” T 600Cn’Y W YU MBEE MRS 4.9g/d,
.8g/d W 4.95g/d2 Uelyith. ojuf o]EX ¢ HMEYL 7.5g/do|BE HF
2 ol el o] oF 5% R uetkich EI H{EB {7 0.58Y
£ 0.3a9 dF7F 3&d we] Az} fAleA Uelbich olAE Y

Fotoll HEEUAL wHte AMEY] VS vlxA] dodrt. EY A&
Zwiao) 1200Cn’ol HLX HF7F 44, 8A, 12A, 16A T 204 uwf H&H
Here 67g/d, 130g/d, 207g/d, 280g/d W 365g/d2 LIER} oF 70%Li2]e] A
FEEE Bt Harris(1991)2 Aol A71E8iA) MasE Ha g4 3 A

ol

Kt

o v ™
4o o

(X
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&5 W3st= i A8 HEF(Electroactive species)ol 9L 4 gl
o &2 HQ} 3lolM HOE= Hy ¥ 1/20,2 Falislo] AT XA Mo H&e
waigicin R astgdct. 3 nfdRIHE A AH3loM Ho| HEH

ujet & EHHo] At AR B Fo] RAHE AL VY 4 Adch

100

8

HEBE (%)

A
e ST Sl

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
S82AY(m2)

[D0.554 ©0.85A a2A 04A X8A X 124 +16A A 20A |

3% 6-38. 28 ARoM HE&E&HEAo w}E JFHE

AZA 1A2] AFE FeE o oAU dd FMEYL Faraday 3 H o
2|sf 25g/d7} M & ojol ¥l BRIt 9o APAANSHE ARHZE 65%
7188l A= 16.25g/d2) Mol H&H Zolch. ¥ 6-373 17 6-38
o]-g3to] VHLW|POZ HAR dlo AAAA L1FHE ANEIYE IS

ole Hutdzz A Ld FFE =23 o £ g Z2oE AlzHc)

hu

bt
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2. ANYFZAA 2} Af{o] & FHEPo] AAA nAE= A

IAXENVE 2A7BEL FUF PO-P/T-P 8= BF 0.382 Uept
FUF T-P sEFol UAPY o] RS u]&o] kol M AR} o
FOAXR] UAY FU] T-Poj vla] Hao] HA HEEE B VX
WollA o] g&ol &3ty PO, -PE] 71-g3tAAto] wWAslY {252 PO-PEE
7t Bed 2oz AlgHch

I3 6-39%} 2% 6-402 ¥ mARZWEN 2HNAFL U5

F&52 T-P U PO-PY H=HEE Uepd Zlojth A5 #U49
T-PeEs H37 of¢ AStA velddch. 3873 5047398 140U B 7]
FE7 T-P 55 4T et AY vlxsiA &=t o 75
T pH7 SUYE £A FUSHDE Qs dRUoldALe) HUAHE &
Hog R3] ¢l8) EI|Zoll N-H 80,8 43l pHE 7THE §X]31A
AP olmf FYR S0.7 0] o] NkE x| 9} A RalazE kg
Ho] FatazolA AFsHe 5¢ Bol2oE HUY ¥ ZURE fys=e
As) Er|zof FoiH HUVHEHO| FeS Fel2 Fixjo] ANTFHoA HMNS
S W3] WEd Ao ugtEgdr =3 A IARIZWEM FES
AEA7IE At AEs ZA Y 2Fo] FAHAY ngos sl A
o] A BAPHA gy whEe® AlzHch Hubte] AJEHE AR F
19984 44 18Y EJ|Ze| HEE7t 100mg/LolP i 49 20¢¥e} Xyj=el A
=71 127ng/L2 VPRI OU 49 30U7tA] EI)Re] NMzZL ALAS ulH A
o o] Iz A=t F7HHA] kel

494 FTBFE YT PO-P/T-PrlE 0.352 U4 ¢l E-o] mi¢ &
A Fdsdch old f&F T-PeEE FU4Y gAY ol AAAARER
st FYU<ol vk WA Lelt Hog xAESHT), shxjnl o] A|JldE &
249 T-PsEL o 70mg/LUje]E HAly ol A3l 3] M
H ol AU ANl vis] A HEHOZ Al §F24 ABET}

+ P

x 4
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A Jebhd Aoz Alxlch 2R dxpdele JHREE A &4
POP 5=71 AUt vl AY A S&=ch 59 20473 & 23F
1704 35 ErlRe] YHY Aazhibgo] doju} &£ E g@slEg wg
2 Ho| o] &gl ¥ Jd&HT Hat FEHUAY Fulz g A
Hadgo] F7i=ol 72 He=xll F7tks A& ¢ & Adch 79 209
ZEE H&2WHE 12000’ 22 2B AHS iz} 4A, 8A, 124, 16A B
20AZ F7MAA HEY FREE &9 T-P 9 PO-PY HEJ §YFET]
WA Uehte Z38E Boch. 38" AR 27 44, 84, 124, 16A U 204
d 4 U5 B TP oAUE 242} 48ng/L, 27mg/L, 82mg/L, 96mg/L
gl 85.4mg/LE AY FYEE A} 72g/d ~ 256g/dct. olwl K& FF
T-PSt 22z} 21.7mg/L, 10mg/L, 9.1lmg/L, 6.9mg/L 2 1.9mg/18 ieh} A
77t 37MHrE f&7 desE7t Z4shke B¥E vehlda Q. ole 3 &
H AF7 VM-S A &5t HYo] F718t] Ay AYo] A o] FoA
Ao Ay}

i)

300

250

8

g

Conc. of T-P {mg/L)
8

\ !s %'E 'lv‘.’l‘

0 A i . " e . " IO n. Y
0 50 100 150 200 250 300 350
97/ 12/01 Time{days)

8

|e—RYs =58+

3% 6-39. MAREFNEM 75 Fredset &34 T-P s2HE
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70

Conc. of POs—P (mg/L)
8 8 3

97/12/01 Time(days)

[e—RYs 271 »—58% |

23 6-40. WYRBNE] A7 2B §U4,
272 Q §242) PP SR

E 6-102 IAXSHNENAM gy MFAZEE 1.5d4, LB EAFAIL
= 1548 3F 19989 7Y 26U Y el FNLSAAL 1200alB TS}
AR Mo wtE AEZA}E Yehd Zojtl. Case No.12 AFE AR 79
265 84 12U71x] ¢} 18Y H¢QF, Case No.2t- AFE 8AZ 8Y 21YU7}x|
¢} 10937, Case No.32 99 5¢U7Ir] ©F 1547t 1242 A3 O Case No.4
= 16A2] ARE B3l 99 15471x] ¢ 1047 &AL, Case No. 5= 94 26
d o] FHE FFE 2002 &3l MY ARE B ARo|th. A7)
At Hese ARE SSAIIER AAYog Zrisled zb ARAA
FEEE 229mg/L, 235mg/L, 303mg/L, 438mg/L T 878mg/LE AL E Qth o)
Ad AR7E S71d] wlel 2712 M xst 718 A2 Faraday?] 3o
atet AR7 Sl wet B4 E&Po] F/EAY] wioltl. FH&H AR}
Ztzh 4A, 8A, 124, 16A I 20AE SHH =AM BF T-PEEL 48mg/L,
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27mg/L, 82mg/L, 96mg/L H 85.4mg/LEon §&4 FF T-PeEsE AR
2}z 21.7mg/L, 10mg/L, 9.1mg/L, 6.9mg/L I 1.9mg/LE viERL} A LE AF
A& 51%, 62%, 85% 93% W 98%2] AMAELEES Yepdch =¥ fU4
BF PO-PRE: 26 8mg/l, 16.4mg/L, 30.4mg/L 1 49 %og/L 2 3%mg/1 & L}
ElR &4 B PO-PsTe 242 15.6mg/, 6.2ug/L, 4. 4mg/L, 2.8mg/L,
0.6mg/LE LIERL} 42%, 62%, 86%, 94% I 98%2] A AEFLS viepuit) oA H
HEH ARV METE &9 desot AL BYS vehd 2L A
Fdeol e BN &Pl FUsl HEY o] AUzt HAoR FI - -§
el dEeg ARHch AFE 4AE Y Ffos HYEPo] 67
2 ARUY 128g T-P/dof vI3] HA M&Eo] UE HAY HPo] ¥
Foto] Y Wt {EFY ASEE Holx] B Aoz Alg¥ch

N
"y
o
ey
Q.

X 6-10. TURENE A AFo] ulE X/ Z Hes ¢ o HARS

FHRA| Case No.l Case No,2 Case No.,3 Case No, 4 Case No.5
LA~ (7/26~8/12)1(8/13~8/21)1(8/22~9/05){(9/06~9/20)}(8/21 ~11/20)
AFA) 4 8 12 16 20
nE o
& "%% 24 1200 1200 1200 1200 1200
(cm”)
T-P loading
(g T-P/d) 128 72 219 256 227
T-P inf, (mg/L) 48.0 27.0 82 96 85.4
T-P eff, (mg/L) 21.7 10.0 9.1 6.9 1.9
R.E, (%) 51 62 85 93 98
POs-P inf. (mg/L) 26.8 16.4 30.4 49.9 39
PO,-P eff. {mg/L) 15.6 6.2 4.4 2.8 0.6
R.E. (%) 42 62 86 94 98
[Tfe 229 235 303 438 879
{oxic, mg/L)
BMEY
(g T-Fesd) 67 132 206 278 365
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3% 6-413F 37 6-42v AR H28 Ayt vl wlE AAARE
< Uehd Zlojth. A B3P MAARSS &7] 3] e ngl-P (PO,-P)
AAY LFEHE ANESYE Wil B 74 80xol4te] ¢ HARLS @
7} f3iM = T-P] ZF9 ©9] 1mg T-PAIAY lmgolate] Mado] @73 PO,-P
o B9 <9 lng PO-PHIAT 3mg ojate) Mol 237HE e yejulch
AEdtRe] A4 S THAA He A ENE o83 AAA dF
Az <9 PAAY 27EHE ng¥a|7l 22t 0.41mgT-Fe released/mgT-P
removed X 0. 68ugT-Fe released/mgP0s;-P removedo]At o 8 LlEl} IURZUHE
o4 =29 ARt WA Yeldch ol AYA g2y HURTZgES &
A T-PEEE o 8omg/l U122 Higsid ol R84 T-PEEE AR W
SE B¥ o lomg/l, THYRFNES ¢ o 2.0mg/LE Ueh] Azl4g
T-PEx=7t dol & gzt F3, ZAYslol AASE T-PY BPEE7} ol
Wl mgT-PAAY 27HE Hel o] F7E ey wiRolth, vl AgdFRe)
Fata - 37138 343} 90%ol el Q) MAXEE 27] Slh <9l wgPAAT
27EE ng¥an|7t 2z} 0. 4mgT-Fe released/mgT-P removed W 2. 5mgT-Fe
released/mgP0s-P removedo] 402 Uth} MUZZNEN £2H A}RCMH=
A Uehdtl ol A¥AFRS Fata - 3UFHY RY$ T-PEEL
200mg/LE FUHol R34 HEL 15mg/LE Uehd i BURZAEA &
A =7} 85mg/LY o] FESEHEE 2.0mg/LE LER} X4 T-PRE7}
sol ezt F3, AUl AARE T-PY B E 7 Yobd ©re] ngl-Pa|A
g 27E Mo o] FUtE ) HfEo® AlEWch EPA EiAo) ojshd A
dr] PO, -Pe] o]E23<el e 1. 8mgFe/lmgP0;-Pel  dlgith =t
Kavanaugh 5(1978)2 #4 H¢ T-P W PO-PE7t 242} 3.8mg/L, 2.5mg/L
d YE o]83lo] HRTE 18h 23 HURZWE 3R Feajel $UAMY
A 80%2] T-PAIAESES @7 3 mgT-P AAY 2I3HE mgEam:
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7.2ngFe/ngT-P2 LR} ¥ @77ztet Xjol§ Holz gtk ol FUW 24

ol Bzl A Ao Exlshs el K715 Wesld H 27
Fatd - 313Ul n|BE

o] F7Bh= Ao Alzsn & dFojx

ZI8A & A A7 2ol mglT-P A AY 275

& Atzdch,

8

mg’d

o]

a7t WA vehd 3

Removal percent of TP(%)

8 8 8 8 8 3 8 8

-
o

<

o

05 1

1,

)

oT—Fe released/gTP removed

Iy 6-41. ¢ gT-PAIAY M3

=516~
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& * x4
Y *
o e ) .
N o

80 L ]
® . .
a |
‘,’70 . .
O
Q.m- P
-
g 0F
9
8 wt R *
®
3 z b
E
T

m_

10}

0

0 1 2 3 4 5 8

myT-Fe released/mgTP removed

3 6-42. 9] gT-PAIAT HEH gHdo] whE AAARS

33 4-36, 39 4-37 € 39 4-419] AE o] 83t o HYE &
Esto] dd 100g/de] T-PE AAsted oy AME, A5 F Jdy
< The3t 2ol Aad 4 otk HURENE A} g T-PE AAS
7l S1stode of Imgelde] AN &Yool A7HERS dd FANELLS o 100g
HE ¢ + rh old AFAEE o 65%eta sl AlA] AMERS A
FREE LU FE 4Y o 153g2] FAH&Po] 27HE ¢ 4 9lrh Faraday
o }Hg o] g3t 1532 HMETE &7 flhME oF 6.14A9 AR 3
EEojol §& & + vk AFMEo] 2uEE dux & LA
siAE € 4 dedE W Adsle] Ao AJET fFEsfo} sloe
7ae] AFel 12000’y §2WE Loty UY o NRYEL] HIUS
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A5 A seA w8F £ 45

1 ¥4 - 371339 sURSHEN Sz

EA] UEZE AP AN BA njBBYEAS(YL) Y} WBEF
A (Kd)E Falorgict. ol i3l 1xpds APAFRY 3749 g zE &
AMsto] SCODer HE ZARE 722 AL o]YEAEAS(YL) ) BT EA
F(Kds)= 27} 0. 2820gMLVSSproduced/mg SCODcr removed2} 0.04/day® LI}
sth #4¥ 2BES ISR UclM njABo] o3t abzlglojxn gREe
X2 ABF Ak 7HEslelM ket 22 Aol =&E gt} olnf §Y
BE A nZEBUBEFAS(Kd)E 0.15/day2 Al4rs ek,

I

rkﬁ

__Yt+(SCOD inf.— SCOD eff.)
Pr(mgMLSS/day)) = <K iox 60y« MLVSS MLSS * @

(TSS inf. — TSSeff.) «Q

+ (1+ Kdt*0c)

HMel 288 nYE FPATE 2IY v]gEo] ALE HF AASE
HE BE&eAZEE P2 2402 £2H ZLO2 Nol Nogoll A¥E 4
&5 A71E0 Yoy HF FxEEA L 0|8 Aol dutges
< tBE BEASE veldlE 2oz gt Ty B 3adEeMs
# HE B3 2T oG AU B YRZWEA M| AL
HE ol 8T FiA-F7FHoA &R Aol o8] WY LA Uy
€ HlA BNT 2RE E 6-110] vehiadcrh o] 8" A8E: $dy AR
AZHE 1548 f2I% 69 79 olFY ARE o]fsl HUS TSSEET
2}7} 2084mg/L, 1772mg/L % 1321ng/LE A Lehts Z$ 83 sl E£Z e

A E

Eollx &zt dare b2t 2.78kgsd, 2.8lkg/d I 2, 24kg/d2 UER} o &
A WET Y 217 o 9% ol UelYAT {U4 TSSEETL 705mg/L
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W 288mg/LE WAl UEhHe ¢ oAU 1.96ke/d D 1.4%kg/dE L}
Eht & SeixluAdatzt oxivt 3A vehdch olM@ o7t AA el
AL FesHe AP EZ] FHol B 3] AY Ar¥gI &g A

Fol 7] dEo g AlgHcl oo IBE I} wA wiEH
flof] AAFE AFZAE o] 83t &APUBYE FHSA o

F 6-11. oMol ¥ Sejaptgar o Az U8H x|

ZES
‘ 6/7~7/3 |7/14~8/8(8/10~8/21{9/1~11/10] A7 7+
3=
SRT s
Kds(d™) 0.04
Kdt(d") 0.15
" 0.282
{ mgMLVSS/mgSCODcr ) :
of| & 2]
: : 0.46 _ _
keMLSS/day 2.43 0.98 4 3.36 2 08
A Z ]
keMLSS/day 2.78 1.96 1.49 2.81 2.24

2. &9# E548EH

S Ex A, EASkAR, JE s Aol ity
= €329 Azlo] gloiA I &= F& NI S5l Y
A& B EAUY £E& AAANL Ak gedols 3A Exlof F
At 2dH R WAlgle W ZIAAY hel ¥ ez FRY
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o ALE 23 3 3o ARY &AE ol LHUXNUY FEo] Log )
TE3 FAlol ApdA R0 2%t Fodo] o) £Fo] HAHL) FYPLe B
AzP3t FABIU thet 2o AzgEc) 3-48) Zolo] &IAE 1-3d
Agsle] o3 AAdARe] Mt FEUFE Fol uhgolrh JAHAY
PH2 A R FE"ch Ao IAFUHFE HEAA e B3
TEE AAAMNI= AFAA/Y, iAol dAYS A LAA &9 g
o] FAEEE FUAA F28 AASK: LAY, 1A £ 2709 o]F
H= ¥E 3 A UHAA +EE AASH: Belt Press W AA
of €& FUF YIS 7B oizptg B3 "elds fEA9E 4Y
A7 Fol etk

Mol Batsle iAo A&7 F24] =Ha e Ageld &
A S dF-29 gzl JAEA PHeg g5 Fol HF HEA
3 ovk 2933E Al the 333 vlaste A HeE
ol W7 wiEel B ety dHoZLE FHgo] ofYrl tigt ol& A
Ho2 "7t AHER] oF9 Aoy wlaeh EARA AR oEe
%ol o] 8" Rojth TEHA &x| Aeg slsiNE U571y A
e 2% 2 AF AEF] AL sl ¢y L4-EHE Ao
of ¥th & dFdAMEe 5 HXE FAHsN: WHoR s wol AgH
3 olE HIXYAEE AASHACh E=R oluf AHSH A4t i Zrh

g

xs,

, - 2PA%
©C
A7, P ALY (kg/m - sec)
b: 71€7 (sec/n’)
A b (of)

4 ¢ BEAS (ke/ - sec)

C: &axuY Y 2P 8 FA (kg/n’)
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YAl EU © 8 = Buchner funnel method$& o] &3 IFHPHOoT AY
& $¥stdct. oluf AME3t o] Whatman Filter Papers No, 2(Circles
55mm@)oix|o]al IFHZo o3 AFEE 15 in. HgE AYPES Y3t
a2 AR phe 2FE A ke AxtAte] wlE A gFE FX3}
gt BAPATE L¥E wol wet Hipy] die] 2 drRAeME 3
2 5% 7bs sxolA F¥ysdch olet 2 AEE o83l A YR
SWEL] X7|zxo] Foid Hute] AJIZsfol 23 &Y Aol &R ¥

el mE VS ARl Y Yl W mXE JxAEE A

ZIAR A ol 2 Y] Hepgol] ¥ i g3 £eFE F
o] AHAZE I3 A% A¥Wyder uwA¥YAS &3, CST(Capillarg
Suction Time), H]AFASF MY dFF v ©eleo] Al A2 &
% (Time to collect)o2 tidHTh SA7IA& He] A7Esiol 23] B4d
Ao sxo miE E+533 nlasty] s3] A ds) g o83l 77
= &2 YsheA 2R 2 dgeAE §7A FeClsd] wxof uwhel ujx3}
As-E 538t 38 4-432 VP& I P 24P AA] S AE ol &
3t B Fdsxo] wE vAPATE vehd Zolth. ¥ FUwE7t 200mg/L
2 F71de] mzt v AYAeE F43] sk Y-S el oL 200mg/Lol
o] 3 FUexolNE 4Tl nujsidct
2(1989)0ll &j3td 2x1M AR & o 1.2 dEFo] o) 2.98+10"

ol 4 9.0%10'7}x] ZtAZIci: BT}, o] 1000mg/Le} & 2=

fiacd

1522 vlA YA
45 9.84%10%m/kgoll A 1.201%10'm/kg7tA] W& 4E Qx| FE2qlato)

o7 el T} &5E ol FAL= R3drh
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12

u| X YA S (m/kg)+10 '?

0 200 400 600 800 1000 1200
T~-Fe F®w X (mg/L)

33 6-43. 3 FUExof wlE A YA

Ll A7 2slel ofs] HE" Ade] e

ok,
M
=

X
flry
o
ok
[o
e
i 4
1o
X,
N
A
g;"
i
X
e
i
N
N
le
4
off
L
2
a8
ALl
2
i
A
o
o
A

Hstere}.

3% 644 A MUREVE &aix] YEE7} 280mg/LA o) wlA LAY
A7 Uehd Zolth. 2elA BEo] 27| Yeldde] 2kl B A
ool Y47} dojuth & Wl VHE gelxe A £Ae] Yt
Aol 42Y £ Aloj2e Mol FAs] FrsiA o e o] Al
gAY e FelulelMT wasAl "rh olg) 71€7)(b): 0.1379sec/Co’

2 2 vjerylct
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45

40 r

35

30 +

25

20

t/V {sec/mi)

b=0.1379sec/Cm ©

5 10 15 20 25
Vimi)

I3 6-44. vl Y A A

E 6-12= o] wWE Y ABARE vEhd ZHolth, Ago] AW
&8 x]e] H¥x7} 210mg/L, 280mg/L, 350mg/L, 480mg/L, 650mg/L X 825mg/L
o u} ®iAYASLE zZtzt 2.48%10"%m/kg,  3.68%107m/kg, 2. 40%10'’m/kg,
5.03%10'%m/kg, 3.73%10'wkg I 3.56%10”m/kgO 2 UlEluith. WA 2%
Eof ok Adyel std FUeE F7tol wel vAYUASsI Folstd ey
Aol Ay gzl Ae=rt /1ol wel vlNAAFI U8R s
A2 8% HARENVEAN 242t Ao ulel 2xpAA2] &2 &Y
FEAE L Selxis=el wel zolzt o7l WiEo s AtgHch 41(1989)0f
st Aol st 12l W AHEAEETt 4-TelZ M BlA AL

o 1.5-20 = F7MstA 2a&eAlY B¢ sEvt 7.58) A= FUIRE
S+ HAPASE 4 4] F= FUleldcl. mURENEL] Mol AYH
g2z BAPASE 71E BESAY 2xEAA] x| uvH A4+
9,

84x10"m/kgoll BI8) WA UEith Galeo| olshd zpaterEo| o3t t¥ s

o

fr

o¥
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A AL &R A9 uAASLE 1510" ~ 1x100Hgjo0] JARHL o
ol glo] AAAY Y4E A AL 1x10'%0] et sl Mo AJE
sjjoll oj3) JAEH M FUH SRt /1S SR 21 AR &7
x| o] v AR WA el AR Y4E 0] oA EE
ol 2% sf'ke] 27HC]
-12, Ago] AYE &Y sz olE v yAsA2}
Asx ot T 71&77 | BEAs C r
(mg/L) | (kg/m + sec?) (m?) (sec/n®) (kg/m - sec)| (kg/m’) | (m/kg)
210 5.17%10° |2.38%107 | 0. 77%10" | 1.45%10° | 12.6 |[2.48%10"
280 5.17%10° |2.38%10° |1.379%10""| 1.60%10° | 13.7 [3.68%10*
350 5.17%10° | 2.38%107° [0.669%10""| 1.40%10° | 11.6 [2.40%10
480 5,17%10° [2.38%107° |1.016%10"| 1.51%10™ | 7.188 [5.03%10"
650 5.17%10° |2.38%107°]0.97%10" | 1.48%107° | 10.3 |3.73%10"
825 5.17%10* ]2.38%107 | 0.92%10" | 1.45%10™ | 10.4 |[3.56%10%
Z 6 . vPE FPYE U 53
1. 718 $31go] o} n]BE P 2@ 53
1Ixfde o 2xpdx JdFAERE EI|Ro] FoidH Hute] AHJEINE

ujdE BEx FEBV S BEBEE

Aoz veh} FldxoAEs 8% Pilot -palnt®] {7]1EA

Bjx]7] Brhs 23]8 n]
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ity HE U 2= 27 Fol wet 84 njdEo] dAE ARIE &5
%, ORE F7132o2 FAM3idcrt. 13 4-45&= MARENES] TR

X5 M3t F/MElo] nbE AbAAH]L X (Oxygen Uptake Rate)E UERd
Roltl., £A7|ZHEet F/MH]ZF 0.1 kg TCODcr/kg MLVSS - day~0.9 kg
TCODcr/kg MLVSS - day 2] wff AtAAn|&5 0.1 kg0;/MLVSS - day~ 0.8
kgOz/MLVSS - day2 LIEW} 2 Zoj wiegl OURS 7t WHEE-S Llelgl

th
1.0
L 4

O B i e
-~ [ 4
3]
? .
& . .
T i e e
3

L

2 .
S * o . PS g
Co4 p---------- i
< . e
5 .
o A 0 .

02 ~=-~~-~"="=~==-=-=--~+ - ------ ¢ T T T Tt T Tt Tmm s oo

*
L . %’ i L 4
0.0
0 0.2 0.4 0.6 0.8 1

F/M (kg TCODcr/ kg MLVSS—day)

23 6-45. F/Mulo]] opE AbA An]4 5 (0UR)

JZolA FM7E S5 uAEY ALHASEE Frble VS
Uetlien sl REHE

EA vehde RS 38U 4+ ook ok &k 3l JESIS] Gahws
X 5424 Y Foll whet ] dER el %S vlHs] df&ol ouRgte] t
27 vehd Aoz algzdch RART o] ntE {IIE Ptk Mo

23 o Ee] R7IEEE HHse 428 Hrbsle =2 o457 wRo
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$7184 § QEUo} ¥otat Mol T} GRS ZASHE Bolch

HURSUE S/ BEY WS FUsHE nlPES Tty 98 9l
saulAe FrlMos Bastn €l ANe BIsth R
o] UEE n4B2e 472 vEstd AUES, nls TSRS 3
Zoleol nAEZ Aol H4el sl WYY 2o gdH ok =Y
AHEE @ ns FYSEE 718 AAAU

AR 1~62 TRISBUE LA/IBEU Wx Y 0l4BS 94
HulZos AL otk A 1, 2 ¥ 3& MAREUEL] ¥z U}
Bl nj S-S A Ao YYEE &3H= Epystylis $o2 3ghAT]
EpystylisE Qi og wgz wHmol YAYPSAL SHxBde] 21
stod ARRTh A 13} 25 SAXNBYo] PaFE Aoz pAHALY A
A 38 7% RAY RRo| Ay Uy} RANUS ISt BES BUY &
olodtt H4e] HEGHA ol dold YRR SYYH U &axe 7
Dejol 2A BYEE BUSHA Held AEnPESA ot AUE
2o RRst oY AR TASEE $FsA Hol nATVHS Ztix
A SABENEES VAT BW ALEEA wEs] o] AR B
A Aol NelZES AT A 3of Uehd o] EE BAg B4
sl ZoogloeaZH BH&AATHE o] ZAsts A3 wuRos
SR8 Ao guty S 2¥stE= AlFolth. Zoogloea: &A1Y Z
WUSe BANTOE oA Bou M ~ 23 o AT} Mol B
o Zesel &l B URsx moke Be gastA Bk oAy 4}
BAZol ThoR BESHA &AM Zehsto] Helde 242 ofsia)
Atk ST B G708 Thre ANEES BUHA AT HAZo)A
SeAM7 BAE WAHA Qoith AHQ 58 6ol Uehd m4E e Aol
AFo2 AR 4ol Uthd Zoogloead s &328 ES HA4staw e
2 23 &8s s Dok

K

O

et

3
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A7 3. HAREAES] A4 o doj A} EAFA

[en

. AL E-4A

E 6-132 ¥ MURZUE AV|AE¢ NS Hilo] o2 AL
EA4AE vehd Zolch. A4 EFSAlE Ekamago]l AAY WyE o83}
odct ¥hezE {UEE AL 1005F ZZe] kg ulel &z A&4a]
AAEE P42 5.74~9.43% 2 W40 ulE xjoj: nmjuslgct E
3 &ejA] AEA] AAHE 4T ALA] el gVssol] R gTNFule o
Buttgofl uwlal 0.06gTKN/gVSS, 0.05gTKN/gVSS, 0.07gTKN/gVSS, 0.08gTKN/
gVSS, 0.09gTKN/gVSS W 0.091gTKN/gVSSE. LIE}L} Ekamar} #| A%} 0, 1gN/gVss
Qo] &3 ZIIAGulPEo] EHIU 0.124gN/gVSSET} o7t WokEd o]
 fYs 843 &R 845 xlolo ¥ Zez Atgyrh wHER
A AdY $2EE Yo G YREgol 4, 30 U 20 Zage] wiet 2
2} 279.78g/d, 144.78g/d W 163.59g/dE KUzl 2tz 15.9%, 24.67%
25,52 UEht uiubggol F71atel mel 43EE Aao] Frbstds
ol ol uyuksgol Zael wfel WAl BAAY ot =
3 C/NElE 322 HUEI JRNlE o]l 20 duie 1512 WA UEiRe
H EES Bl fdg ONE[E & 2.5U2E /AIEe JREEE 10
LU 002 23 AL FEHE UL 6.72% Y 7.92%2 Lelylch olf
NOx-No| x}x|8te u]&2 vjutggo] 400l4 202 Zagel ulel 14, 9ol
A 22.7%2 FUtstded ol UNtEE Zdo utel REFE NO; N B
7t Z718147] Wi o2 atg®ch C/NulZE 3,000 ujyulsgol 209 o
ol 1%0]3t2 g WA uiebudch wbde] {4 C/NBITL 25U R RAIE
o UEatEsgo] 10 © 001 B9 77 5.24% W 6.3%2 et olsjgo]

C/NB|Z} A o g RoM REFE HALTLE Nox-No| tff-E& AA|st=
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Ro2 Llepyich
AEYF gAghgol 3] N, 7tAE wjEH Aoy FAHE i

A f23HE oyt 2] Hud g8 gAY A4

th NoZFAZR wiEEH B4 /NN BlREA SAH A Pole vyt

of 7SS A LElKth

E 6-13. 8% MAXENEL] Ax EA4A

Operati
pe:ttfng Mass of output
conaiItion Nhssof
C/N ratio {Intermal |3 - Effluent
nrermal input TN Sludge
recycle (g/d) ' N2 gas
SO0Der/TKN) ratio TKN | TSS | Nox-N | T-N [¥aSting
20 Q 1679.4 | 25.85 | 2.53 | 251.4 | 279.78 | 108.8 | 1290.8
) (100%) |(1.55%)[(0.15%)|(14.9%)| (16.6%) |(6.50%)| (76.9%)
51 2 587.40 | 17.9 | 1.88 | 125.0 | 144.78 | 55.40 | 387.22
) (100%) | (3.05) {(0.32%)|(21.3%)|(24.67%)|(9.43%)| (65.9)
- " 640.80 | 15.5 | 2.59 | 145.5 | 163.59 | 57.28 | 419.93
’ (100%) [(2.42%)[(0.40%) |(22.7%) |(25.52%) | (8.94%) | {65. 54%)
30 - 1559.28| 21.2 1.1 14.6 | 23.49 | 89.60 | 1446.19
) (100%) {(1.36%)[(0.07%) |(0.94%)| (1.51%) [(5.74%)|(92.75%)
o 75 0 2055.9 | 19.5 | 2.96 | 115.7 | 138.2 | 152.0 | 1768.7
’ (100%) [{0.95%) |(0.53%) [(5.24%)| (6.72%) {(7.39%)| (86.0%)
07 00 2546.9| 38.1 | 3.06 | 160.5 | 201.7 | 191.4 | 2204.4
’ (100%) [(1.50%)1(0.12%)| (6.3%) | (7.92%) |{7.52%)} (86.6%)

* 2 TN = TKN + TSS(F242] TSSofl XA A2 &E) + NOx-N

N: gas = FdEE ALz - (F25 IN + sEeix|o] ZUH ALz )
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2. A Ed4H

AR ENENA Hel AIESE o] &Y UAAA AF Wl wE
EA$AE E 9-140] LAt AAAE= ATEsiol s A4H HEH
A Ao Y3l A& & - FF AA: Aoz & & o3
22 Qo] AAAele} AlgHLh E 6-140] UER Zz Zo] HEH
BRI 242 4A, 8A, 124, 168 H 20Ad o &R FH JY FIZLS
57%, 66.1%, 71.7%, 74.8% B 93.5%% Z7ixlo] AF It F7i¢te] oz} A2
sfofl o) H&d AEA §FH, FHEHA &2A Il 3 A= A
Pgol F7Ble A= AlgHrl S| d&A] T gMLSSTo ETH T-PY
oko ztz} AL AFolal 0.04gT-P/gMLSS 0.06gT-P/gMLSS, 0.07gT-P/gMLSS,
0.11gT-P/gMLSS B 0.06gT-P/ gMLSSE LUIE}ulT) o] AF{FIE F71%ded ale}
B EZo] WolA &eA|Uol A #&fo] FIHE 7] e AlRHrh

[+

X 6-14. §F FUESWVE]  E-FZ]

Operating condition Mass of Input Mass of Output
; -P(g/d Slud Effluent
AF(anp. )| &R (cnl) | HRT(2) | &Y | Sludee e
wasting T-P
127.89 72.96 50.9
4 1200 1.5
{100%) (57.0%) (39.8%)
93.9 62.08 23.45
8 1200 1.5
(100%) (66. 1%) (25.0%)
93.0 66.7 21.4
12 1200 1.5
(100%) (71.7%) (23.0%)
237.6 177.75 16.2
16 1200 1.5
(100%) (74, 8%) (6.8%)
227.0 212.4 4.9
20 1200 1.5
(100%) (93. 5%) (2.2%)
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A8 d HAE

1. 2XdE A RENE SAZEY 542 Y4 ARE 2x A3z ¢
sto] AAte} whgo] FTIEALE o WA Liebdol] wlel AAl AMelgelA &
ZHdte] o A BEE EH3H] 2T AE S viNst] AEAGEY
122 E At ojuf ¥RERX 2xE 20T, 17T, 15T, 13T, 10C W
TE fRslden, Zt 2xo)A HRTE= 1.5¢, SRTE 109, 15¢ @ 20942
LAY A ohe3t Pk FUSY TKNeE7t 820mg/LE R2|Eo] TKN &
AR5}are 0. 54kgTKN/m’ » dayoln ¥}z %7} 200C, 17C, 15C ¢ 13T
2 fA" B fEF TKNSEE T0ng/Lo|3tE F&Xo] of 92xo]4}e] At
3} 88 Vel 389 wgR 2% U SKRT o whel Aatdgos 2 xjolz}
vrebuhA] ottt whER %71 10CE 2HE ¢ SRTo| ulel 69%, 78%,
82%2] HAY & HA3 7CA FS 247 52, 43, 519 Harzt &8 LiEpd
t} oo §U4 HF TKNsEE 27} 1179mg/L X 1237mg/LE TKN-E 2 K318}

23

-~

& z}tz} 0.78kgTKN/m’ - day B! 0.82kgTKN/m’ - dayth, EY whgze] 27}
20-15CE 23 7% SRTo AAIYe] 75% o] e TNAIAEE Uehlidx |
3T A% 65%2 AALESL vehdch whd 1sCE &HH 79 SRTY] whel
62, 69, 77%2] TNA|AZ-E YelWlz 7Ce 7% SRTo| #AIglo] S0%0]ste] A
& AA Z&E Uehlglch N1 2% 10C W 7CE Y A-$ ™NA|
Ago] WA el 2L HApRE JAo] e FE4 TWNeZd 37HE4d
7] wjZolch

olu} TCODer BF AHAXZELS ¥R 2%E7} 20T, 17C, 15T, 13T, 1
0C R 7Cc2 A uf SRTo| FAQl 2tz 87%, 95%, 90%, 93%, 91% [
83%2 LElIL} 7CE 3¥ FALE A3l &% A3}t TCODer AARE

of olAle B

rlo

=] ¢hokch.
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2. WAXREWHEA HRT 9 SRTE HIA A AT Z3
2] ¢lol SRTE ZA W3t HRTE 5¢ oldex £3dd
of 80%E =2 AA TES Bon] SODerd] AAEEL 8055 Jiepulch o
o fU$e FF TCODers T 4000mg/L, F&49 BFF TCODrsEs ¢
780mg/Lolgitl. HRTE 3¢ E SRTE 3098 &AH ZAA TCODcre oF 79%
o AAEES EHon SCDcrd AAXEL 73%E Uetudch olwl U4
HHF TCODcr X+ 4000mg/LP o F24 HF TCODcry 5L 850mg/LI Tt
Z¥ HRTE 1.54 % SRTE 15U 3" ZAdA §U4+ A TCODers st
30lipg/LPg e 24 S5 180mg/LE oF 94%2] AAE-EE ¥ P31 SCODer
AALES 89%E UIElWT}. TBOD:®] HALEE BE HZXZoA 90%0]4
L2 YeldEsd ol F9Y4TBODs/TCODcrv] 7} 0 =
AHog FEI] & F7I1EE F4Fo] UV W LR Alg¥ch g9} o)
HRTE Z 53l TCODcrAAEo] VYEE AL +&9 FI7I2 ndEY ¥
BEZ BAE AL FAECE g2 nAEY E =7 HEHEHA of
o2 AlmHrh

3. DYRENEL YFUIESSE FYFFuin] 4Q, 30 ¢ 208 ¥H3AIH &
AR J|Eet
oo Fd4

SCODcr/TKNH] &= 2.0~2.5uf2]gich olwf F&4 Fd NeEx sl

T4 B SCODerx 5= ZHz} 1254mg/L, 550mg/L 2 526mg/L
HATKN s == 242} 627og/L, 219mg/L U 23%g/LE FY

uwhe} 118mg/L, 60. 7Tmg/L L 68.4mg/LE o} 81.2%, 72.4% 1 71.5%8] TNA|AZR
&% uveldch  uiEt$go] 20, 10, 002 SAED /NS o7 93
EES F% A9 9U5 HF SCODers % 7hzh 1688mg/L, 2120mg/L o
2473mg/L FU4 B TNEELE 583mg/L, 770mg/L % 953mg/LE Uieh}
SCODcr/TKNB] 7} 2.7-3.0uig]2 Rx|s gt ojnf #&4+ BFF NeEE

- 534~



15.2mg/L, 57.6mg/L, 78.2mg/LE LIERL} oF 92%0]4} HAF LS LieERiTE 4
Futggol Sl wel ALAATEL 47 AR FU42 c/N] 7}
AL AARE o F F¥E old 2o Uelutch =3 kg u}
& TCODcr 4! SCODcrd] AH|A H &L 85%0| 408 LIENGT BODs2] Z-$ 95%0]
3o AA AES R Y UEHte] FAQel RI1E AA Hg e
718 AA & uAE G npsdrt. Y4 /N7 3. 0uE
FAEHDY FUF TN E7t 584mg/L oJUlE FYUE of 488 A8

the] 202 st 90%0] 4] WAAAXES €& 4+ dgdon vhd fu4

—

4. A2 AJRME 95 Huto] 3

F7H7IH AW JES AU BE T-PeEE HLH AFRA ukel
2tz 48mg/L, 27wg/L, 82mg/L, 96mg/L B 85.4mg/LPom, §&24 E=xl
21.7gm/L, 10mg/L, 9.1mg/L 6.9mg/L X 1.9mg/LZ <QF 51%, 62%, 85%, 93%,

2% ARFF 4A, 84, 124, 164 W 20A

gl 98%°] T-PAAHRXSS Lelit). PO, -Po] A AX LR 42%, 62%, 86%, 94%
U 98%2] AAREE Uehdch oloj 80xol4tel T-Pet PO, -PO| AAXLS
271 ¢13t A3t A9 wle ZHZb 1.0mgT-Fe released/mgT-P removed o
3.0mgT-Fe released/mgT-P removedo] 4t 2 UIElYtT) ojuf &ajzlof Z3H
Y TEE 229ng/LofA 1020mg/L2 Z7IE AR R718H @ A4 AR

&4 g9 FREoEe B IS uAA Yt Ao yelulch

5. A M&s T AR ES2 &I AF Al BAGC] o 65% of
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UZ yehdeh 944 o Ysiatel mel Bel BB olgy F HEA
2] ouxE Aty flsiNE MEEWANL WA sl we A
stold el A7|¥HE SEsiol sk RoT vrhch

6. =ASEA Y VP& FF Y 2x B2 R vAYPASE 9.84x10'%
/keed H FUZo! 1000mg/L7t HEF FYAE T A uiAYA
7} 1.20%10"%0/kg7tx] Z4H Tt DARSWE M Hel ALl o3
48 A 2" g FwEs o 200mg/LY W ulAEA
2.48#10”2 Ueh} M&¥ o] &) Y44 AAIE Re yrl
stch b g2i=]e] Hexrt FUIstelE ¥adol BUEA Yot $HA ¥
ofoll 23t gx] "4 ¥ol oFHATE APAUFR AL FHAA
PR A ENE o83 cl&d & ALARYS 2.08kg MLSS/dE LiehutA| T
dF AR ESWEA  ddgeA] Ao o) udNH &P
2.24kgMLSS/d LIEILL ©}7.2%71% xlol& Uehfo] &8 wezE

T ARERE AGE SAAULY dAEAL nYEL o83 FEMFY &
HALGAZ Aol 8™ U Ao e

ok

1)
fir

7. FArA-F7)BHoA AtAA38-2 F/MEIZ} 0.1 kg TCODcr/kg MLVSS - day
ol 0.9 kgTCODcr/kg MLVSS - dayZ 718 wf 0.1 kgOa/MLVSS - dayolA] 0.8

kg0z/MLVSS + dayZ7}ste= 3 %& Vietwlch
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