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Abstract

Two sets of four parallel activated sludge reactors (ASRs) maintaining an ML SS of 3000 mg/L were operated to investigate
the effect of DO, HRTs and bio-contact media (BCM) packing ratios on the removal efficiency of organic matters and
nitrogen. Packing ratios of BCM to BCM-ASR systems 1, 2, 3, and 4 were 0% (suspended growth only), 10%, 15% and 20%,
respectively. All systems were operated at an HRT of 4 hr, 6 hr, and 8 hr, respectively; DO concentration was maintained
0.5~1.0 mg/L and 1.5~2.0 mg/L for each HRT condition. In terms of TSS, TCODcr and SCODcr removal efficiency, all
systems had a similar level of the removal efficiency under varied HRTs, and DO. But organic removal efficiency of systems
with BCM was approximately 3~5% higher than systems without BCM at the same HRT and the DO. About the nitrification
efficiency, with high DO (1.5~2.0 mg/L), as HRT (4 hr, 6 hr, 8 hr) or BCM packing ratio increased, the slight increment of
nitrification efficiency was observed. However, under the low DO (0.5~1.0 mg/L), increase of BCM packing ratio and HRT
resulted in large increase of the nitrification efficiency. At the same HRT and BCM packing ratio, the nitrification efficiency
increased greatly with up to 15% as DO increased. When the HRT increased from 4hr to 8hr, the denitrification efficiency
dlightly increased by 5~10% only, under all DO conditions. Systems with BCM had higher denitrification efficiency, ranged
62.7~91.1% than systems without BCM showed 32.1~65.6%. And the increase in BCM packing ratio from 10% to 20%
resulted in about 14~16% denitrification efficiency increment. BCM packing ratio showed great effect on the denitrification.
The increase of the DO (from 0.5~1.0 mg/L to 1.5~2.0 mg/L) at the same HRT and BCM packing ratio resulted in slight
decrease of denitrification efficiency with up to 7% for systems with BCM. But for systems without BCM, the denitrification
efficiency decreased with up to 28%. In all system, the denitrification efficiency had more influence on the TN removal
efficiency than nitrification efficiency. So, BCM packing ratio (0%, 10%, 15%, 20%) has greater effect on the TN removal
than HRT and DO. The TN removal efficiency increased as packing ratio of BCM increased with up to 45%. As aresult, the
highest TN removal efficiency was observed 73.7% at the condition showed the highest denitrification efficiency that DO of
0.5~1.0 mg/L, an HRT of 8 hr, and 20% of BCM packing ratio was maintained.

keywords : Bio-contact media (BCM), Denitrification, Nitrification, Simultaneous nitrification and denitrification (SND)
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Fig. 1. Schematic diagrams of the suspended-growth and attached-growth systems.
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Fig. 2. Bio Contact Media (BCM).

Table 1. Characteristics of domestic wastewater
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B H /Y5 AlEE &AA0 AT GEA
AHAYE #9958 E 84S 1 mm screenoll E3AA £
< 3 3 ALgslTh Table 12 AA £77)
ety FYF 44S vERd Aol

31. %HXI LMEF H35]

LA7ES 2 Hhgx9 MLSSEEES <k 3000 mg/L =
R3] ﬂ%oﬁ AFFY JALHAE EVZ2HH ¥
st¥ T Ringlace FEle AAE 7] ¥exe] FHL
BATe 547 Aoz weRE A% 2 gA9
38 nAEFE HRT/F 2545 2480 5855 5
7}shH  5200~13700 mg/Le] WHHE Yerdthe wAgd
(2006)8] ATFAF} Hl=T WL FAMMAEZo] £ A
TollA 2dE wEE e £ L= Alsdt. DO

to=m o Sys

E%7} 15~20 mg/L, HRTE 8A ke = &<
tem#1, #2, #3, #49 HA4 H7| EPAFL 474 1,374
mg/day, 421 mg/day, 337 mg/day, 218 mg/day=E JEFStTH
E93 DOZANA HRTE 6AIFteE A4S 7+ A]2"d
A HE #@7] £8AZL 1,625 mgday, 642 mg/day,
560 mg/day, 341 mg/day= UENEO™ HRTES 4470z
SAES oW 47 2,049 mg/day, 907 mg/day, 699 mg/
day, 533 mg/day2.2 YElsth. DOEEE 05~1.0 mglL=
7&/\?\]7% HRTE 8AIZte 2 RS9 S o &8A H7|F
2 7+ A 2H"olA 1,297 mglday, 401 mg/day, 311 mg/day,
197 mg/day® YEFOo® HRT 6A17+8 ZAA A s
Al&®le] w2 LA #H7]FL 1,535 mg/day, 633
mg/day, 536 mg/day, 339 mg/day® et =3 HRTES
A2 A 7 A2HANY Fg £8A HFS

Influent conc., mg/L (range)

Phase

pH Alkalinity TSS TCODy SCODy TKN NH,"-N NO»N NOg-N
Mean 76 314 186 364 85 47 40 0.03 0.07
(Range)  (7.2~7.9)  (286~362)  (171-204)  (338~396)  (70~98) (44~50) (37~43) (0~0.12)  (0.01~0.21)
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TS DOBEErt ZAstHA &EA] HAFE FASFAAT
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Table 2. Experimental results of organic matter removal with each system in varying condition

TSS (mg/L) TCODcr (mg/L) SCODcr (mg/L)
Phase HRT Sys.
Influent Effluent Re (%) Influent Effluent Re (%) Influent Effluent  Re (%)

Sysi#l 17.9 90.4 373 89.6 253 70.2
Sysi#2 15.1 91.9 316 91.2 234 725

8 hr 186.6 358.7 85.1
Sys#3 14.0 925 30.1 916 223 738
Sys#4 136 92.7 26.9 925 202 76.3
DO Sys#l 19.4 89.7 434 88.1 26.2 69.1
42 163 91.3 34.9 90.4 24.4 713

cone, gp IS 187.4 363.7 847
15~2.0 Sys#3 153 91.9 337 20.8 233 725
(mg/L) Sys.#4 15.0 92,0 29.6 91.9 20.8 75.4
Sysi#l 213 885 50.0 85.7 279 67.8
Sys#2 186 9.0 432 88.1 26.1 69.9

4 hr 184.8 363.2 86.7
Sys#3 17.8 90.4 412 88.7 248 714
Sys.i#4 16.8 90.9 383 895 223 743
Sys#l 19.8 89.4 46.7 87.2 255 69.5
Sys#?2 16.6 91.1 358 90.2 227 72.9

8 hr 186.9 365.0 8358
Sys#3 16.1 91.4 318 913 225 73.1
Sysi#4 157 916 296 91.9 21.0 74.9
DO Sysi#l 195 89.6 458 875 272 675
Sysi#2 17.3 9.7 39.6 89.2 24.2 713

one, gy Y 1866 367.2 836
0.5~1.0 Sys#3 17.2 2.8 35.2 90.4 237 717
(mg/L) Sys#4 16.1 914 329 91.0 219 738
Sys#l 24.0 87.1 52.7 85.5 29.1 64.9
Sysi#?2 187 89.9 423 88.4 25.1 69.7

4 hr 185.8 3645 82.9
Sys#3 17.6 %205 39.4 89.2 243 70.7
Sysi#4 16.8 91.0 346 905 228 725
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Fig. 3. Variation of organic matter concentration of influent
and effluent of each system in varying condition.
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33. 24 HAH EM
3.3.1. DOSE 1.5~20 mg/LY uf HRTL} HASMEM WE
AALMHE

DOEEE 1520 mglLZ FA8tY A8 S o F4
9 HF TKNsEE 4 ZAA 46.7~46.9 mg/LY 3
=2 Jvelgten Hd NHeNS 5EE 390.7-400 mg/L2
yebdth B TKN 235132 HRT 8217, 6413, 4413kl
A Z+7F 0.140 kgTKN/mPday, 0.187 kgTKN/m’.day, 0.281
kgTKN/m*day2 UeEbte™ Had NHeN ot 72z
0.120 kgNH,-N/m®day, 0.159 kgNH,-N/m®day, 0.238 kgNH,-N/
m dayZ AEHAT HRT7F 8Atez LAEE 274
A gA FAHA FS System#le FE4 BT TKNS
TE 86 mglLE Uehgoen ¥71%x &ty 94 Fde
o] 10%, 15%, 20%= TA|7} ZHF System#2, #3, #4 &
259 Hi TKNsEE 242 7.9, 74, 6.1 mg/LZ YR
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my/LE et ES 74 A 2H9 §E5F Hi NHaNE
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=
E

TKNint - NHa-Nest

Nitrification efficiency = TR Q)
Denitrification TKNint - ( NHa-Ner + NOz-Ner + NOzNerr )
efficiency TKNirt - NHg-Neit @
99 ANAE o] &slY DOBEEE 1520 mg/LE A
e 27004 HRT 8AIZteZ A% BAE S84 &
o system#19] AL 86.2%2 UEGoH A =
Ao A GAS AT System#2, #3, #4149 AtshgS
Z+7} 88.2%, 88.5%, 91.2%= UEsT ESH HRTE 6413t
o2 2RI Sysem#l, #2, #3, #4949 HAAI 82> 47

83.6%, 86.0%, 86.6%, 89.1%= UErom HRTS 417
o2 SAANAS W Z A" AXNSEL 79.3%,
82.8%, 84.3%, 86.7%= YENWTE HRT7} Zraste] uwhet
TCOD$ TKNS| Y ¥#-38t7t Stk Aitshgol 7+ 3
&3t AR " @AV FAHA %2 Sysem#lETh
A7l 2H" Sysem#2, #3, #49A HRT o] wE
Ag g faZo] Agred ole BAV FHHA &2
HExET A FHE WX Fat] dig Wt
Zst7] WEolgt A £ BE HRTAA BAS &
AskA F System#LETE GAS FAJ System#2, #3,
# A F2 AAskgo] Yetgen @A9 Fdgol S

g Fidslgol FrbskAnh ol #A FXo=Z Q3

(Morper, 1994).
DOs%E7l 1.5~20 mgLE #AsH= XAoA HRTE 8
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Aoz RGPS W 22 gS vud A #AE F
AstA G2 Sysem#le 37.8%= YEIEoH FAE 7]
Z £4M1) 10% A3 System#M e 72.3%, A&
15%¢1 System#3o 4 755%, 20% Z=A&2 System.#4ol
A 855%= Eldth T3 HRT 6417 SAZRANAE
System#1, #2, #3, #4dA A7 35.2%, 68.1%, 73.0%,
83.0%9 22 &S Uetflon HRTE 4Ato2 HgAA
¢ Z A &"HoA 32.1%, 62.7%, 68.4%, 79.2%
< YER AT HRT7F 24 g B8 Al&
2282 F 4% HHE TAE YERATH
22 whg2 AESH GARFG 5t A 22 GAV 5
Alel dojdtia RuEled, AMA DA FYTY
Readily biodegradable COD (RBCOD)7} && 5 o] &2 1wk
Sol ¥yt w2 gd&S Yy FHA e
Slowly biodegradable COD (SBCOD)7} &2 F o] doju+=
222 SBCOD7} 7t &al=o] A4E RBCODO| <3l
23 wgol dojuyy] wiEe] U4 gd &S verdtia
B = H(Marais and Ekama, 1984). whgbA HEEx9l 4=
gstq A FAY 7AZ 18] SBCODS RBCODZS A
gto] FES| o|FAXA X3 gHEo|l K IA YERG
AR Aedd. 3 gAVE FAHA &2 System#lE
o A7 =RF System#2, #3, #4404 HW 53% =&

2 gol Uegon wA Hdg0 F7tEN 2dgol
Fa ot BAE FAFCEN £ YR SES
A & Y91 AEY U] DOSETHR AF Tk
g0l F7hstel B4 wgol B Lot ALl
7 eg Aoz Ardd

A2AAES HRT 8AIZMY o ZA7F SHHA g2
System#1ol A 27.4% BAES S System#2, #3, #4ol
A 58.3%, 61.3%, 72.3%= YElgT EG HRTE 6717t
2 LAS9S 1 System#l, #2, #3, #4919 ALXAAE
2 7t7b 26.4%, 55.3%, 59.7%, 70.7%= UEFSEe® HRT
g ez AAZE WY Z2AAES 7 Al2H
A 22.2%, 48.6%, 54.6%, 65.5%= YElGTE AAA A9

42 22 v e deiio. wEtA g2Al
THLRE As TN AALL FFHUSS ¢ T+ A2
o 24 A& St wEt AALol SUtte AoE
Uebgth FR8d AR FAE AT SZAA
DOs=THZE 3] P& flocHo] F88 Fida F9el
Bol EAste] w2 @20l Lojuty] Wil daAA
0] =4 usgta Alzdo. £33 ol 5(2002)°]
Azt 2AE ol & 1P EY SFANAM BFA FHE
02 AL AASE BAT 23 A SH S0l 30%NA

1 A A g0 25%4 52%=Z Z7HE

W EASE Rk goo] F7HESY] WEoR AR,
BE A2deld HRTZH dagel meh A2AAZL v
S gashe Aoz UeEth
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3.32. DOS= 0.5~1.0 mg/LY 1 HRTS} EHASMEM mE
HANMAHE

DOBEE 0510 mglLE AR o &
TKNEEE HRT 8AIZh 6AIZL, 447t o) Zbzk 475
mg/L, 47.2 mg/L, 47.1 mgLZ YE o Had NHeNE
== 727 401 mg/L, 40.1 mg/L, 402 mg/LE YEFT
g TKN FaZe HRTol wal 0143 kgTKN/m’day,
0.189 kgTKN/m’day, 0.283 kgTKN/m’day® UEhtom
B NH4eN F3522 7H2E 0120 kgNH4-N/m®day, 0.160
kgNH,-N/m>.day, 0.241 kgNH,-N/m’.day® vFebstch.

HRT7F 8AIZte.2 X+ UM A7 SHHA
%2 System#l FE59 FHHF TKNEEE 150 mglLE
Uetsk o g@A7E 2712 &FdiH] 10%, 15%, 20%=E 3
HE System#2, #3, #NA Y FEF Fd TKNs== 7
Z+ 10.2 mg/L, 9.3 mg/L, 7.9 mg/LE JEtth L3 HRT
7} 6A1ZFY Wl System#l, #2, #3, #4 SEF9 BT TKN
HEE 161 mg/L, 111 mg/lL, 102 mg/L, 90 mgLE W
Ebskom HRT 4A17d o) 2 Al&" /559 B TKN
BEE 16.7 mg/L, 11.5 mg/lL, 108 mg/L, 91 mgLE 4}
Ebstth. HRT 8AIZF o2 @19 o Systemi#l, #2, #3, #4
A4 #E2HE #2579 FF NHNBE=E 47 137
mg/L, 9.1 mg/L, 85 mg/L, 7.5 mg/LE el HRT 6
Al o 7 Al2FA Y §E3F B NHANBEE
14.4 mg/L, 9.6 mg/L, 9.0 mg/L, 7.8 mg/LE YEtgtt T
o HRTE 4oz 238 o 7 Al&goA9 §&F
B NHsNEEE 156 mg/l, 106 mg/L, 9.7 mg/lL, 83
mg/Le 2 YERSTH

HRTE 8AITtSZ §X3t AXRANAN FAE FH3A
%2 Sysem#lolAe] AASEL TLI%E  UEHoH
System#2, #3, #4419 A3} 747+ 80.9%, 82.2%,
842%= uEtsth  E=F HR At AT
System.#l, #2, #3, #49] A3} 27t 69.4%, 79.7%,
80.9%, 834%E UEI}CS™ HRTE 4ro2 ZHste
A 4 Al2"dA AEE2 66.9%, 77.6%, 79.5%,
825%% e Ath HRT7F ZHagte] whet Abshgo] <k
7 ZAsPEY ol TCODS TKNS F4+#37t F71st
R7] WEez AtgdEth 2A7F FAEA &2 Systemi#l
I vlasty GAE FHT System#2, #3, #a4olA =2 &
Astgs JeRla 24 S gl 7 wet dikst
go] F7ISIAh ol BA FHLE AFEY HAPEC]
FAHY 243 uBE T B3 G4 e 2
ol A2 F AW HELE AgET. 9 DOBE
15-20 mglLY &2 il
A BAFZAEN e FFol A UgstEd oe F

el
-

A 2@ 427t 3D 39 DAY vERF0] 2 A
o O

_|

o
[t rfo

o
i rlo o

P

Jol A didezs o B

of
A7 Eolgt A58 Y. DOEEE 15-20 mg/lLolA

30 o Ao

EENL
et flurt 9A /A Systeml] §&4H27F BET
W2 dgo] & oA ol Y2 FASES JEd
Aoz AlZ " tHBernet et a., 2005).

Wang 5(2006)2 SNDoll & ZAAAE H&l #5854
A S Fosta DOEEE 1 mglLE FA38tM HRT7 6
ANZre g AH FFo| CODY NHe-NBEZ7F 291.5 mg/L,
289 mg/L]l Z=AISHFE FYEE] 61%S] dEUobd 4
AAEE YeEldon DOEEE 2 mglL® ZHE33 COD
9} NHeNE 5%7) 311.8 mglL, 235 mglLql EAIs:S
FUASAG o 94.3%S dRUord AALAAES YERT
I BIugQed ol E AFAFY nVIAE DOTE
9] F7IE Js FRYHY AL AAEC] F BRE IA
%713 Aolth. Sen and Dentel(1998)2 DOBLZ7F 25
mg/LE A9 FBR (Fludized Bed Reactor)Z3elA COD,
T-N §91%3171 3.0 kgCOD/m*day, 0.25 kgN/m*.day”7} =
=5 FHAFE FYst 9% AAstE S AT B
3Gk 2 AT F8E DOFE e veEye
A& 66.9-91.2%=2 E =89 AFZAGS A=z
<& Z2F7E Jeri Aok #EE §(2003)2 T8 32
g FAE o] &3 MLEZZANAMY dt¢Aded bt 453
7}l HRT 8A17F, 57]% DOBEE 21~23 mglLz® &
A8k TCODcr 257 mg/ll, TKN 375 mg/Le HUdFS
FUS AT, FAE ST FHAA gAE FHENA &
SART &k 4% L 98.1%2 dRYoly AL AAE
ds F AT Bast¢th Rodgers and Zhan(2004)
HRT 8AIZ1 F4ta-57] F7golA] TCOD, TKN H¢
&7} 1.46 kgTCOD/m’day, 0.23 kgTKN/m*day©] ===
AFE FAsY F 5% A4sEgS Jehidta B2
ATk B3 FEYH 0]49(2005) HRTZE 847t g
TAEE 572 0] F017] M-Dephanox3-dell TCODr,
TKNs%7t Z+2F 217 mglL, 42 mg/Lel EAX8FE F9st
o] 94%9 dmYold A& AALE YeE AT Bis
Aok wElbd BEAL-T7] 2A0s BEd FPol B AF
¢ Zo] SNDE ©] &% FFET dAHLZE 52 ¢=EY
obd A& AAFE Y A2 ZAFHAT

HRTE 8r7tez 243 Sysem#lolrde 2d&
65.6%02 UEettow FAE ST System#2, #3, #4olA
o] gAgL 775%, 84.2%, 91.1%= JEbth E3 HRT
£ ATt E A% 7 Al2Ee A gh82 77 60.0%,
74.6%, 82.4%, 89.7%= e o™ HRTZF 4A1HQ1 2 A
28X 2282 538%, 69.4%, 75.5%, 85.5%F e
. RE DO®E Z7A HRTZLEE F 5~10%9 &2

k do Hz rjo mo rlo

f
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& 42E Y HRTE 22 &0 & 4TS vHA £3)
' A2z Jeyth DOsEsF #Zade wat %}é‘%%
7t et ols 22 DO'E s FSHIYHAE

2N E] EHELGPAE] A} nAERT 94 o}
o DOBE7} 15~20 mg/L?l &7¢A Ert}h 05~1.0 mg/L
]l 2704 & @@ go] YeEtia AlSE " B3 DO
&7t A fAE 2A40A PAE flocd @4 FHo=
AT BET A EEFLTL AIJIAR G5t A=
9 Rk FYo) FUMEY 4 vhgEY g2 g A

Yelg7] dEolgt AL " t(Third et a., 2003). DOEE7t
ZastdA gAZE SAHA G2 Systemell A= Ao 28%
o gdg Ve YA FAE FHT Systemell A=
% 5~10%9 F7HE UEhl FAE FHA3 Systeme] £
Halol] g &3 o ﬂo}O# 073; A2
E‘ri A}EFAE}. 2E oﬂ Al

ﬂSlr°

A l lﬂhoﬂ oF 15~40% _—Lﬁ 9388
ZAg0l 10%lA 20%E Z71E W g2ge
14~16% J7tstd ek tF79 Systemol A
%ﬂ 2280 oF 0%V Tte g2 e, ol&

& RBCODE HIAE FEo|v AEY WA mEA A
%'ﬂ E YWiRY AESL YEE 59 f71ES OF
£ SBCODZE gZukgd Zag drgoz A3 ALE
Hx Z&) @2 HeE&EE =gA o AAFHA 22 g
o] YA yehd AL AlmHTL

DO&E7} 05~10 mglLZ #A|H& 270 HRTE 84
Feog AT AR FAVF FHEHA Fe System#lolA
A2AAELE ALTHE UEEen GAE 10% AT
System#2l A= 584%, HAHE 15% FHAF System.#3l
AME 65.6%, FAE 20% FAS System#ol A= 73.7%=2
UebETh 3 HRTE 6A17te2 A3 E o Systemi#l,
#2, #3, #49 AA2AASEL 38.1%, 56.2%, 64.2%, 72.4%=
YEIOH HRTE 4A02 7% 2 74 AlZHoA
ALAAEL 33.9%, 52.0%, 57.8%, 68.2%=Z JEtyth 2
2AAEY AFE @FEH HESA dErETh mErA
DOEE7} 1.5~2.0 mg/LolA 0.5~1.0 mg/lL & 7‘*'@1011 }
2 H8d ZF HRTZAANA FAbshgo] Rt ZAstA AT
BE Al2®e] gdgo] Frtste ALAAES FS7MIA
ﬁﬂ% HRT7F 2ol wet AaAAEo] At Zaste
o7 Yetgth HRT #F4E a3 fYFsi7t F7ste

2y ol

él’&drgol oA B3 FAl AFAIZe] FEA R
22& A gasA Hol AaAAEC] #asHA He
Aozt AtgdT HAE SHAFLEN AFEY BEY
< FAT Alzdo] FAS SHA F2 A== H]F

A 32% E& @iﬂlﬂ%—% vepdlon A go] St
HAl AaAAE] F7HEAT. HRTZE Z4stHA, DOE
=7t #8545 A A% 9F2 IA YEETh
Wang 5(2006)2 SNDE o] &% #8484 A/t 34
&8 A MEZE HRT 6417 DOBEEE 1 mglLE &
Agte] CODS T-N +¢1%35S 1.17 kgCOD/m*day, 0.14

AN SRS aAEE|X| F24R A|65, 2008

kgNH.-N/m’day7t E=& =A|8H4
ALAALEE Ao Y =79
2 AeAA 4% A 89.9%9 &
ATl I ﬁ‘?éﬂrsﬂr HwEte] F2 ALAAES
BRI ole 2 AFoAM AR Fd57E 4xEA

AXA ol YRS HIIEEEI FOHA #U1E F3t
EA FAHJY] dEoE ALRHTE o] F(2000)2 ©f
5 T3 AEY FAE AT NDHHSEE DOEE
12 mgLE |35 COD9 NHs&NF3H7F 21 kgCOD/
m’day, 2.1 kgNH,N/m’dayQl 85 F9ste] 84%
< Z‘%Jrgﬂr 67%9 % ixﬂﬂge e 2 04? T

O 1
o
(@]
off
bl
(]
N
3
Q
I

de A9 v 9_1 @ﬂr— UrEME} s& H%ahlr o] f
Z1(2007)2 SNDE ©] &3 9 wg=er CODEE 200
mg/L, TNEE 28 mg/L]l @H#H+E DOEE 05 mg/L,
HRT 24A17te] 2702 2ANS o 60%9] FALAAES
e ATk 25tk ols S 0] 15%<2 System#3
£ HRT 6AI7te2 4% Aol v|3A vehd 2o
ok Third §(2005)= ®A ZshEd wgs =3I
sl SBREFIA HRT 6.7 A3, DOSES &
Aste] 3%t AF TCODS TKN
kgTCOD/m*day, 0.216 kgTKN/m*day® =
65%2 T-NAAELL Ao Histe &
€ FAFA ¢ 1T System#LET F
ER ATt

olsld 5(2003)2 mad BAZE FHE MLEZZCA
COD, NHsN £%%3}7F 242t 3.0 kgCOD/m®day, 0.5~0.8
kgNHs-N/m*day7t =2 @4 $2 FYste] 96%e] ¢
ZYoly i AALEY 90%Y AAAALEE €& F 3
Aot Bausigth =3 93 5(200002 MLEZF
LEE NHANTF AEFE FYAIA TCODSH TN #4)
Ral7t zbz 0.3 kgCOD/m’.day, 0.1 kgTKN/m®day?l &
FE fASY 235 2 88%9 ZAAALES YERT
al
_1:"_

—~
N

l..

B39tk Rodgers and Zhan(2004)2 HRT 84]3t9]
A2-3 7183 TCOD, TKN 44317} 1.46 kgTCOD/
0.23 kgTKN/m*day’} SAHEE §9452 F9 st

o Hd 82%Y HALAAES YERITL EISTh
D&Y A2XAAZEL DOBE, B84 54, 538 &
Z4 g MLEZB 2o H=sAY A Yed 4
Adk YA F S ZE 70%°]tE MLEZFZXTE H| 2 F
Bt MLEZE 2 2360 doues

[e}
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ETIA
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)
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Izoigrzrémri
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71T gEYoM AL, §&a7) %A]oﬂ g
2k EFHojok Fheh. Williamson and McCarty(1976)& 1
mgel NH.-N7F 2k8lslr] 9= 45 mgel 447k Qo
Stal NHeNZ 2429 iAsE 242 15 cm/d, 22
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Table 3. Experimental results of nitrification and denitrification, T-N removal with each system in varying condition

Phase  HRT Ss TKN(mg/L) NH4-N(mg/L) NOs-N(mg/L) Nitrification  Denitrification T-N
Influent  Effluent Influent Effluent Influent Effluent rate (%) rate (%) removal (%)
Sys#l 8.6 6.5 238 86.2 3758 274
Sysi#2 79 55 105 88.2 723 58.3
8 hr 46.7 40.0 0.086
Sysi#3 74 5.4 9.2 885 755 61.3
Sysit4 6.1 41 53 91.2 85.5 723
DO Sys#l 9.2 7.7 24.0 83.6 35.2 26.4
conc, 6 hr Sys#2 467 8.1 398 6.5 0,089 11.8 86.0 68.1 55.3
15~2.0 Sys#3 8.0 6.3 98 86.6 73.0 59.7
(mg/L) Sys#4 6.7 5.1 6.3 89.1 83.0 70.7
Sys#l 113 9.7 23.89 79.3 321 222
Sysi#2 9.6 8.1 13.06 82.8 62.7 486
4 hr 46.9 39.7 0.035
Sysi#3 838 74 11.13 84.3 68.4 54.6
Sysit4 77 6.3 7.12 86.7 79.2 65.5
Sys#l 15.0 137 10.62 711 65.6 4.7
Sysi#2 10.2 9.1 7.80 80.9 775 58.4
8 hr 475 40.1 0.057
Sys#3 9.3 85 5.27 82.2 84.2 65.6
Sysi#4 7.9 75 2.81 84.2 91.1 737
DO Sys#l 16.1 14.4 12.08 69.4 60.0 38.1
cone, o Sys#2 72 111 01 96 o7 87 79.7 746 56.2
0.5~1.0 Sysi#3 102 9.0 5.90 80.9 82.4 64.2
(mglL) Sys#4 9.0 78 3.26 83.4 89.7 724
Sys#l 16.7 156 132 66.9 53.8 33.9
Sysi#2 115 10.6 103 776 69.4 52.0
4 hr 471 40.2 0.097
Sys#3 10.8 9.7 85 795 755 57.8
Sysi#4 9.4 83 5.1 825 85.5 68.2
cmi/do| B2 8hehuk-g2] o] Eu|9l ShatA o] whal 1 mglL o] gdutge 9% fUIER FFHL TRy FE
9] NHaN7F Astely] Haide wex R g v g AAFTFFOE AAE whEo] Edety B ATAHE
NHsN =9 < 27812 FAHoof gttt BEasqth o 52 A2AALEE Yl ALz Alsdrh AT
TS Levine 5(1985)2 4AA7|I7F oW ZHS&FE it MLEZE 2 Z7|ZoA FaAhzE URussts IgoA
Azt 23 vAE 9 EIE W dojd Aol EE2407F A fYEol gHEES AaATL, LA
Bastgih AgE 377171 98 WFisES 3771 571
SND7F dojur] M e mAE EZo|Y AET Ui o] e AFAIZo] FAaFHo] ke Fikstes AU
2 f7IEoIY A&, dEYoLY HA& Fo] FegE2] 9] ojg e ZA|Ao] itk
E Hle gA gitEo] FFHojoF gl dERUoM] dAAa 2 A7AY gAFAE0] 20% HHEEo] HRTE 84
7b Asksty] 98 et EE AaIEEe F71EC vE 7, DOBEE 05-1.0 mglk E=2 2H39ES 9 73.7%
Bz JA 77 Fob FiAFTE 2 FRAFel & o] A2AAES Yeo] 7HE 22 AAAAEES YE
7182 WA a9 Ghgste 2kskE Aotk oF & Witk Table 32 DOBEES HRT 2 &4 A& &
Yoty AiE f7IEAS AFEHL Fe 3HFAtAS TKN, NHsN, NOs-N & Aitslg, 828, A2AALES

Ssto] A daFE [AgE Aolvh A wge

B NOSNE #7123 wgstel 84 Wwge Yo
artez AHEd AR 277k ga FAAFL
f712E oln] AR EwlelA A8t HY7]) Rl
Az37)7k a0 FWAG ot FAEES =
2augd AgHdd Aoz
st 2od vafom

ddg

Ax=717F 3

(e}
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ull
O 2 ot o = g orfo
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7b ol gito]l =¥ f7lEol FFH ZaAAE o

W RaAazd &
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na

7127 UHA gle MLESE 2
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o
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9] FEWIE Fig. 4o Yepiglen Z+ =449 A4t
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Fig. 4. Variation of NHs-N, NOs-N, TKN concentration of
influent and effluent of each system in varying
condition.

SEl ﬂWl*%ﬂ% % 46& 2% 933 22 2ES 99tk

1) TCOD&E=7F ¥
HRT ¥ 5} w}a} TCODT'G]'TE: 1.1~2.0 kgTCOD/m’-day
2 2R FAVE A e A" /§71E AA
€2 DOsE, wHAZHE Hsgel FARlol TSS
TCODcr, SCODcrAIAEL 22t 91.2%, 90.4%, 72.7%
2 Yeith gAE SR F2 A2k oKt o
3-5% ¥ AALS e

2) DOEE7l 1520 mglLE #X8 FA7}
do TKNEE7F 47 mg/lL)l FU+E FY
EF 4RYol 5=+ 41-81 mg/Li 82.8~91.2%2]
A8keg YeEhART HRTS 2AEA 89 Walg A4

g2 oF 8%e WIS L]—E]-I—H?il:]—_ T3 DOEE

05~1.0 mg/LZ ZAstHA Asg2 5-8% %&3}0%
= @%& YeR A gkt A7 SRR g2 Alx
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Fig. 5. Variation of Nitrification rate, Denitrification rate and
T-N removd of each system in varying condition.
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1520 mg/LE LAY A 912%=E 718 &
Axtstgs Jerf ik
3) A7t FHHAUNE Al&"o] DOFEEE 05-1.0 mg/L
2 2743 ZF HRT 8417, BAEAE 20%9] ¥Hgx
AA 7 B2 2285 Ueied HRTS A%
Ag wWstl @ FE579Y NOsNEZE+ 28-103
mg/LZ 69.4~91.1%%] B3 &< YeriSich HRTO o
% oF 6~10%% 22 & Fhste AR veen @
AZAELS 10%E 243 A2HET 20%E 24
A A gAgo] oF 14~16% =A YErSTh A7 &
AR G2 A2HdA s FAE FHATF A" o

sl gdgo] oF 15~40% UA JElt 2E &2 FAF
A% FHE st A dFE L Ao Yeyt
DOEEE 1520 mglLE F7/MZ 3% 2A7 4
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