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Effects of MLSS Concentration and Influent C/N Ratio on the Nitrogen Removal Efficiency of
Alternately Intermittently Aerated Nonwoven Fabric Filter Bioreactors

Kyoung-Eun Jung - Min-Su Bae - Jong-Ho Lee - Yun-Kyung Cho* - Kwang-Myeung Chot

School of Environmental & Civil Engineering, Inha University

*Department of Civil and Environmental Engineering, University of Wisconsin-Madison

ABSTRACT : To investigate the effects of MLSS concentration and influent C/N ratio on the nitrogen removal efficiency of alternately
intermittently aerated nonwoven fabric filter bioreactors, the MLSS concentrations of the reactors were maintained at approximately 5,500
mg/L, 10,000 mg/L and 15,000 mg/L, and the influent TCOD/TKN ratio was decreased gradually from 5 to 2 by adding NH,Cl. The influent
was prepared by diluting a food waste leachate to a TCOD concentration of about 300 mg/L. The results of the experiment showed F/M
ratios less than 0.112 g TCOD/g MLSS-day, average TCOD removal efficiencies of above 95%, and an average observed microbial yield
coefficient of 0.283 g MLSS/g COD removed. The nitrification efficiencies were computed to be always better than 96% except one case where
the nitrification efficiency was 90.5% when the MLSS concentration and the influent TCOD/TKN ratio was 5,500 mg/L. and 2, respectively.
The denitrification efficiency deteriorated as the influent TCOD/TKN ratio decreased. The average denitrification efficiency at the MLSS con-
centration of 10,000 mg/L. was 10.7% better than that at the MLSS concentration of 5,500 mg/L, and the denitrification rate improved at a rate
of 2.66 mg N/L as the MLSS concentration increased by 1,000 mg/L. When the MLSS concentration was 15,000 mg/L, however, the average
denitrification efficiency was merely 4.6% higher compared to when the MLSS concentration was 5,500 mg/L, and the denitrification rate
increased at a rate of 0.75 mg N/L per 1,000 mg/L MLSS increase. Therefore, no strict proportional relationship was found between MLSS
concentration and endogenous denitrification rate. The average alkalinity consumption rate was 3.36 mg alkalinity/mg T-N removed, which
is similar to the theoretical value of 3.57 mg alkalinity/mg T-N removed, but the rate increased as the influent TCOD/TKN ratio decreased.

Key Words : Nitrogen Removal, Nitrification, Endogenous Denitrification, MLSS Concentration, C/N Ratio, Nonwoven Fabric, Alkalinity
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Fig. 1. Schematic diagram of the nonwoven fabric filter bioreactor system.
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Table 1. Characteristics of the influent wastewater
(unit; mg/L except pH)

Parameter Range(average)
pH 6.99 ~8.09(7.56)
Alkalinity 210 ~860(477)
TBOD 143 ~267(209)
SBOD 125 ~240(187)
TCOD 304 ~335(306)
SCOD 254~315(282)
TSS 9~27(18)
Vss 8 ~24(14)
TKN 55.4~155.7(96.1)
NH;-N 37.5~ 144.5(75.4)
NOs-N 0.00 ~ 1.94(0.59)
NO,-N 0.00~1.06(0.01)
TN 56.1~155.7(96.7)
T-P 1.09~ 13.95(2.59)

23, o2y

14 SaeFTAL gl ARG HEEHAE FAX o
st FeUe] A9) MLSS FE7} oF 2,000 myl JE HE
£ @ % FU5E 60 Liday(# ¥hgx¥RE 30 Liday)9)
22 7Y AFAIZ 1247k0] HES Sk 2 W
SZ2E A7 A w27 A {7l FPHER
79 A9 ARAIZEE 6417k0] Hrk.

A9 a72H" Y 2ol RAE AT AEWNEE
2 348 Adse 490 24 AAS A% 37 2o/
7] A7} 60R/60R 02 PFHHFJLEE B AFgME
@A D 719 E7)/HIE7) AIZHIE 0R/60R 02 1

AL ez MLSS 52 F 5500 mg/L, 10,000 mg/L
9 15000 mg/lLE §Xg 3HAR AAFA /Y59 TCOD
EX& Table 16 AAIE ube} Zo] <F 300 mg/LE #R)3}
Hom, 2280 AFH upe} o] NHLCLE Frbste /A
9] TCOD/TKN H)7} 5, 4, 3 2 2 g TCOD/g TKN7} HEE
z3 89t

A $5 2 dstd AAHoz ARge st
Bex FHE fEH%H, T wgRY Afse 197
7 s g EAegh

©94 9 Ag) 4= Standard Methods'?s} $gvale) &
TANGR ) Foo Bay FRS AFL 33

4 BAsg o, SBOD, VSS 4 T-P= £ ATMY 58
go] 34 gorg F 154 EMstdck NO;-N & NOy-N
=% jon chromatography(Young Lin Instrument, Waters 432
Conductivity Detector)2 &3l 20, ¥&x9] DO FE&
¥7] 9 v¥7] 77+ 2721480 DO meter(YSI model 58)
2 353

3 2n ¥ 1

Wezo MLSS EEE < 5,500 mg/L, 10,000 mg/L o
15,000 mg/Le] 392 $A88N 4049 TCOD/TKN H]
25, 4,3 9 28 ARAA 71647 LA AFA MLSS
T2 NZd g Fx9 BEQ < 2300 mgLoA 5,500
mg/L7AA], 5,500 mg/LlA 10,000 mg/L7bA], &3 10,000
mgLAl A 15000 mg/L7AA] ZAA7)%E o 229 13998
AR UwA 4717 ¢ Bex 2ARHE 2o
Table 26} k. 5 h$% 7] MLSS 2 DO Hxo Aol
7t QYA F&TF Zpole= ofgich Table 29 Ago
g3ha Agol AL AxF 2ol ule ZHT FHdAA
P YL L ¢ F 9o, B AE A8 M= FAFY
TCOD/TKN H|Z 5, 4, 3 ¥ 22 E7)34h

1. /7|18 HAH

LI 9 IgA 2849 Ha FM vzt 42 0112,
0.060 2 0.041 kg COD/kg MLSS-day 2 AAtslo] A9 A
F g up@ANAE BRAE dHg ENGERAME
MLSS 58 ¥4 AT § 7] die] EM HE A &
F e RS FAH

Table 39} 2+ AFTAE=Z #g)4¢] TCOD, TBOD ¥ TSS
AAEES JehiAEd, Table 1o AAB FAAFY 5
A3 FAAANA AeE 2E AFA A HEH 2z TCOD
AALZEL 95% o]4, TBOD AAEZEL 98% ol il

Table 2. Average operational conditions of the reactors

DO conc.(mg/L
Exp. Influent Ex.p, MLSS MLVSS . (mg )‘
TCOD/TKN |period | conc. Aeration |Non-aeration
stage . /MLSS ] -
ratio (days) | (mg/L) period period
: 5.0 52 15623 0909 [ 79 0.11
MLss=| 40 72 | 5542 ] 0908 | 76 0.08
5,500 3.1 84 155220 0906 | 76 0.09
mgll) | g 79 |5535 | 0914 | 74 0.10
5.0 31 110290 0903 | 7.1 0.09
1l 4.0 27 1102551 0904 | 7.1 0.09
(10,000
3.0 47 110,195] 0906 | 7.1 0.09
mg/L)
2.0 37 10245] 0904 | 7.1 0.09
5.1 47 |15,055] 0899 | 7.1 0.10
1l 4.1 49 [15110| 0894 | 7.2 0.13
(15,000
3.1 28 |15,055| 0.896 | 7.2 0.14
mg/L)
2.0 24 |14,630] 0895 | 72 0.16

Lot S ete| x| 283 532, 20069 53
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Table 3. Organic matter removal efficiency of the nonwoven fabric filter bioreactors

Exp. Influent TCOD TBOD 1SS
stage TCOD/TKN ratio]  Eff. conc.(mg/L) RE**(%) | Eff. conc.(mg/L) R.E.(%) Eff. conc.(mg/L) | R.E.(%)
5 8.0~ 18.0(13.4)* 957 1.2~4.7(2.8) 98.5 0.0~1.8(0.9) 95.3
(MLISS _ 4 8.0~22.0(14.3) 95.3 0.2~3.9(2.0) 99.0 0.0~2.2(1.0) 94.7
5,500 mglL) 3 10.5~19.0(13.4) 95.6 1.3~6.2(3.5) 98.3 0.4~1.4(0.9) 95.0
2 6.4~13.1(10.4) 96.6 2.5~6.1(4.2) 98.0 0.2~28(1.1) 92.1
5 6.8~9.5(7.7) 97.5 12~57(2.6) 8.8 0.8~3.0(1.7) 919
i 4 6.6~9.2(1.9) 974 1.2~2.8(22) 99.0 0.8~14(12) 94.0
(10,000 mg/L) 3 7.6~10.9(3.1) 97.0 1.7~2802.0) 99.1 0.83~1.0(0.9) 94.4
2 8.4~14.009.3) 97.0 1.6~2.4(1.9) 98.9 1.0~1.3(1.2) 93.3
5 6.4~13.2(9.0) 97.0 0.2~5.9(1.6) 99.3 0.8~1.0(0.9) 95.3
| 4 48~11.2(1.7) 97.5 0.3~13(1.1) 99.5 0.7~0.8(0.7) 96.1
(15,000 mg/L) 3 112~12.9(12.4) 96.0 2.1~320.8) 98.8 0.8~1.0(0.9) 95.0
2 8.8~14.5(12.7) 95.8 1.8~3.4(2.9) 98.7 1.0~1.8(1.1) 94.2

* average in ( ), ** removal efficiency based on average value

TSS AARES 92% ol d& Uehdozn & A7 AL
H FAX qRg JEVSEIL {U1E AAC Qe 287
9s @ F 2H, ol ¥ MLSS =9 o9& 4 FM
H19| }7], FAZ oo o §Sof AAF AA Tl 1
A0l Yol FAY AFAF VN AFHS £ A
3 A MLSS 554 9<% TCOD/TKN H)o) o
IARE T 2 Al7t glol 27t 718 A

=
-
AZES HFFeE A #AE 7 UASE ¢ F Uk

32 OJME MEAT @

ARAF}FNA AAY CODY & d9dex Ar|d MLSS
9 & MLSS 5% 230 AL&" MLSS < az]a Ag)
o £33 SS9 Foll ZAT 4 AFGAER AR
AE A3AF HYw)S AN 231 D Mo Ao
Me 27 g3 0312 2 0325 mg MLSS/mg COD) 1]
X Yosdkol BEHALH, MITA AFME FF 0212
mg MLSS/mg CODZ At=o] HAFoz HF 0.283 mg
MLSS/mg COD9 Yosgts At

Table 1o] o}l Hie} Zo] B @At ALRH F4
F49S7Y 47E A% 714, S ARAZAAN} €
£ #71ES SHILTE 9T AARZTAA =2 o182
v dg4d e FAGYES TR fEd v x|
FL99dH SYPILAF) EF A £ AT 7Y
9] TCOD %7} 304~335 mg/Le] A9 YA e
7 ¥E TKN s2& Y59 CON Hlo wat oF 55~156
mgLE TCOD ¥ERT IS B o3} =39Fn9
ARAT S BEYIHA A R 0L U] o
MO wrgzd] EAcE nAEY YREL E2EIGTF
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2 1 mgd 0.48~0.72 mg2) wlAEA7} HAse=d,” n)
A EA (biomass)¥] F4E CHONo2 7H831H wAE
A 1 g2 142 g9 CODY #AFatmz>? AAHE B3
E 1 g3 034~0.51 g9 wAEAY Qs do] Avk &
22AVIME 499G AEES HEHY AZAF &
©2 04 g VSS/g CODE AAdka gl

wbd B AFoA ESFE HAA B 0.283 mg MLSS/mg
CODY] Yosgtol 2 #YES & F 3don, o= & A7
A AHgH FAX AR YEGESZAA MLSS 555 =
A FAF22H FM 1S YA A ¢ ddes b 2
Qlolo] 9l Ao el Bhatta ='9% MBReJA MLSS
EEE EAste SRTE S00¥2 Z/HAAS o £8A 4
AA%F7} 0.04~0.09 kg MLSS/kg BODY e k& HQl
Aoz Bysgr

3.3, &As)

Table 19 FoiA e #YdFE S4E 247 2%
g FREE AR the, NHCIE F7Fete N o)
3t NaHCO:& F7hstel dZe|=g B3 AoVl
+954 NSl #7148 FA(TKNZE NH-Nzke] xpol)
4 AEF W EX8Y Folw, I gk Table 1A
upeh ol Pt 20 mg/L ofFtolch wbA FUHF] TKN
& tjHEo] NH:-No|t}. 283 {Y35E NOy-Ng £53)
NO;-Ng 2 s==2 F/3307] AEd F495 TN
EEE TKN 529 A9 vxd kg Yehh o

49,9 4% 2 TKN $%, J2|3 ghgxe] Ry=8
B A& §37sHke TKNm'-day)& Add 23 f4+9
TKN 5E o2 234 Aol JAAT BFFog BE
AYPAA A 8U4 TCOD/TKN H] 5914 1213, 404 =
153.4, 31A%E 200.3, 28] 2604% 300.7 g TKN/m'-day
o|Ath. Iyt Fig. 20 EAIE uhet Zol o] diFt M
H], & N/M H|(g TKN/g MLSS-day)= MLSS 5% X}ojz
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Table 4. Effects of MLSS concentration and influent TCOD/TKN ratio on nitrogen removal by nonwoven fabric filter bioreactors

Exp. Influent TKN NO,-N T-N
stage TCOD'/TKN Influent Effluent R.E.* Influent Effluent Influent Effluent RE.
ratio {mg/L) (mg/L) (%) (mg/L) (mg/L) (mg/L) (mg/L) (%)
5 60.4 14 977 0.5 114 60.9 12.8 79.0
(MLISS _ 4 76.4 0.8 99.0 0.7 16.3 77.1 17.2 71.7
5,500 me/L) 3 100.0 1.8 982 12 27.8 101.2 29.6 70.8
2 149.0 12.8 914 0.6 77.2 149.6 89.9 39.9
5 61.4 1.0 98.4 0.0 63 61.4 73 88.1
i 4 789 11 98.6 0.0 93 789 10.4 86.3
(10,000 mg/L) 3 100.4 1.6 98 4 0.0 20.8 100.4 224 7.7
2 151.9 3.1 98.0 0.0 66.4 151.9 69.5 542
5 60.2 05 99.2 0.0 4.4 60.2 5.0 91.7
1 4 75.3 0.0 100.0 1.1 16.3 763 16.3 78.6
(15,000 mg/L) 3 100.0 0.0 100.0 1.4 33.1 101.4 33.1 674
2 1502 03 99.8 14 76.1 151.6 764 49.6
*R.E. : removal efficiency based on average value
1974 24 E 0.024~0.059, T34 A@ANHE 0013~ Aggo] & ASw A9star 2k 98% o]}\]—oi =7 ex9
0.033, 283 MIgA] Aol 0.009~0.023 g TKN/g MLSS- Ao2 Hol AiA 253 TFH Ao B e
day2 Wh-gx29 MLSS % % §%59 TCOD/TKN H]dj AF) Algd 2A 18 Ty|4 FIAX A3 JEUE
w2} sk dME Erie wjErIrt & gz WE dojutr] W
Table 46 Folzl AEE BH MLSS :=57} 5,500 mg/L ol ¥71712% & EVIE e AlA ¥lE77IZEY 27

=3

13 $-9959) TCOD/TKN H]7} 291
%¢] TCOD/TKN H] 9 MLSS & 1 #A gl TKN #AA
280] 98% ojd9 E2 #&E L}EME*}%HL ol f71EY
29 mAA 2 AF7|Tto] st MLSS sE7) Fot

ASE Fig. 20| EAIE whe} Zo] N/M H|7} Yol 2 B2
MLSS Fell 24s mldEo] F71s o] 2 Alo] le A
o2 gk MLSS B%7) 5,500 mg/Lolal $9149] TCOD/
TKN ¥}7} 201909 390l Fig. 2014 BE ﬂ]-g]- 2ol NM
"7} 0.059 g TKN/g MLSS-day2 t@3] Zo} Axspr} =
29 AFHA G Aer FFEA

E7] A9 DO 5EE Table 20 AAJR Hie} go] 7~8
mg/LE FA Y=t Table 404 B vhe} o] TKN A

R EEERR

0.07

MLSS conc.

0.06 ||—= 5,500 mg/L
-*- 10,000 mg/L
0.05 -+ 15,000 mg/L

0.04

N/M ratio (g TKN/g MLSS-day)

0.03
0.02 ///
0.01
0
6 5 4 3 2 1

influent TCOD/TKN ratio
Fig. 2. Applied N/M ratios at various influent C/N ratios.
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FhE S e Bdd FEe] Z&(TKN)e 2A8E A
A gd= e, Table 40 T3 BAREZRE A7 A
3 58S ¢ F foER g Y f918E TKNY ¢
R ng g 43 1831, dFe 2AsE oF g2
s, dRE AAHA G2 A ESASA HEZ 4 ()
9 2ol AAH TKN FolA nlAEY JF o1& AH
Al ol golle A& A Ao AsE A= 7Hgst
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Influent TKN =
Nitrified TKN + Effluent TKN + TKN for cell growth (2)

Hhez U9 MLSS7E 25 #4lo] & njA E(active bio-
mass)?l A%l FAES] EAAE CHO0N2E 7Hg gt
9 124%8 N& @534 s A4 MLSS= 28§ A
7} olER @71t F 83)d] 2A MLSSS N &8 &
A3 A7 8.30~8.90%(H7 8.61%) N &FE vehi gl
83 3 2E 433 MLSS sRoA FALHE A6t
7l 9AME JFste MLSSE AA ok s, B dF9)
Ao A MLSSE U3 #7], 248 Als, 293 A
F¢] $S2 AAHAY. &, A9H L2 Hr=E MLSSY] &
2 A7 @Rl met Zolrt et fdrd FUE =
S} 918 AAZEO AY BLFEE M u7F old 4
FeAE R Fold AoR T
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Table S. Average nitrification efficiency of the nonwoven fa-
bric filter bioreactors

Table 6. Denitrification loading and denitrification rate of the
reactors

Exp. Influent | TKN N for TKN f9r TKN Nitriﬁcation Exp. Influent Denitriﬁcatif)n load Denitriﬁcation enitriﬁcati_on rate
stage TCOD./TKN removed |cell growth nitrification | nitrified | efficiency Stage TCOD(TKN (g NO;-N/ efficiency (g NOs-N/
ratio (mg/L) | (mgL) (mg/L) | (mg/L) (%) ratio g MLVSS-day) (%) g MLVSS-day)
I 5 59.0 7.5 529 | 510 96.4 | 5 0.0200 77.6 0.0155
(MLSS= 4 75.6 7.5 689 | 674 97.8 MLSS< 4 0.0268 75.8 0.0203
5,500 3 98.2 7.5 925 | 895 96.8 5,500 3 0.0358 68.9 0.0247
mgL Lyl sea | 75 | a5 | sa | 905 mgll) | 0.0506 39.7 0.0201
5 60.4 7.9 535 | 52,0 972 5 0.0113 88.0 0.0099
1 4 778 | 79 7.0 | 699 | 985 I 4 0.0151 86.7 0.0131
(10,000 (10,000
mgl) 3 98.8 7.9 925 | 90.9 983 nglL) 3 0.0197 77.1 0.0152
2 1488 | 79 1440 | 1409 | 978 2 0.0304 52.9 0.0162
5 59.7 48 554 | 549 99.1 5 0.0081 92.0 0.0075
I 4 753 | 48 705 | 694 | 984 1 4 0.0103 76.5 0.0079
(15,000 (15,000
nglL) 3 1000 | 48 952 | 93.8 985 mg/L) 3 0.0139 64.7 0.0090
2 1499 | 48 1454 | 1437 | 988 2 0.0219 470 0.0103
olgd ZATA WA AN LS A A 34. B &
3 Table 59 A€ Hl9} go] MLSS HE7} 5,500 mg/L AR A12H {90H49 Aald= MLSS %7} <k 5,500

oli U9 TCOD/TKN H]7} 291 B$9] 90.5%E |9
SHL BF 96% ©]39] E& #e Urhigon, o)= Table
4l F017 TKN AAZEETG FF 0.9% F& ol r).

Table 2 ¥ Table 59] AEE o]L3la] wrezo|A o A
Sh&(nitrification rate)S A4S AT 194 AAM= &
Y9 TCOD/TKN H]7} 590 2747 A zraghe) uja}
A& 00196 g NHy'-N/g MLVSS-dayo] A 0.0506 g
NH:"N/g MLVSS-day7l2] Z7}slgdon, 11 2 [I5H) A8
AM e MLSS =71 o ¥4 SA9228 42 00112~
0.0343 g NH,N/g MLVSS-day 2 0.0081~0.0219 g NH,-N/g
MLVSS-daye] 22 gtez A=} Carrera £'7& MLE
(modified Ludzack-Ettinger)@8 o2 ¢RUol E%7} uje
2 J54E 2P 23 $9049 CODN H] 34 @ 2101]
A 22+ 0.029 9 0.047 g NH,'-N/g VSS-day9] R21stg
Aol & ATNA MLSS BE7} 5,500 mg/Lz 2% 11:}
A AEAA 9 X“b}gﬂr H&d e veden, 49

T¢] COD/N n]¢} A25H&(rm, g NH-N/g VSS- -day) 7he]
A (3)9 FAVE dHddn Rastgh

i = 0.0323 + 0.33¢™*(COD/N) 3)

2 A7 1A 439 2 4 3)¢ F&3id dastg
o] #44<9] TCOD/TKN H]|7} 591 AS-ol: 0.0324, 281
291 ZA-oll= 0.0684 g NH,-N/g VSS-day= Alatsle] z+ A
9 AA 2% 0.0196 L 0.0506 g NH,-N/g VSS-dayR.t} oF
L5w) 20, ol Zt AT A" MLSS 559 2o
o F o] e Aoz FIACh Tseng E'¥9) Ao
A= CN H) 37904 A3t $=7} 0.051 g N/g VSS-day
2 3459 4 (3)) 9% gk 0.0344 g N/g VSS-dayrt} ok
L.54] Egk)
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mg/L2 A8 194 44 #9459 TCOD/TKN H|7}
51 Aowt Z+2 0~1.06 mg/L(FF 0.05 mg/l) I 0~
0.89 mg/L(B# 025 mg/L)e NO,-Ng &3 Aoz =
2N SEE NOJE AY EF NOy Zegoh

MLSS &% 9 #9449 TCOD/TKN H]¢] Wl ula}
42 NOC-N 559 WslE el Table 42 88 A
AFRAN BF 4459 TCOD/TKN W7} ZAa84E
gl%¢] NOJN $%7 371908, 53] 59949 TCOD)

TKN H]|7} 291 Aol A5 FF NO-N =7 I, II
2 IMgA AFAM 22 772 mg/l, 664 mg/l 2 76.1
mg/Li 2A MFeEN Bdd Bag {U1E0 Ho
Za e ¢ & ok

Table 5o Folxl upg} o] whg o)A AAR TKNS %
oA MLSS &7t wAdEY & }*‘(C5H702N)OEE—E1 A
AHE u AR ZAld Au)E A9 g Ashd AxslE A
49 go] HH, o] gelA A4 NO-N9 4g wid g
AE 249 go] grh kel TKN g;rﬂr Table 49 iz
A9 NO/N o zHE] 228 8L ANt Table 69
AN E= Table 40 o]z T-N xﬂﬂggm W) ahE H
Lz MLSS 5% o $9l4:9] TCOD/TKN Hlo]| we} o]
£ JA vAE G L2 AT R T-N AAEES
ol @Ag R} AAFoR HE 1.2% ¢ &L e B
Table 69] 22582 2Yo2 Vel Fig 3¢ AWy
$94¢ TCOD/TKN H|7} 7+4h82 el ggo] 7

o3,
99 TCOD/TKN H]7} 291 AL gdggo] =2

A ooz S2S 95 AATAA} REPISS ¢
3 LSS ¥E=7} 10,000 mg/LZ X% IgA 29
go] MLSS E&7} 5,500 mg/LE §A¥ Igh
o u]o}oq 82~13.2%, HF 10.7% ¢
o, MLSS =% 9l9 APzAol AY

2
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Fig. 3. Denitrification efficiency at various MLSS concentra-
tions and influent TCOD/TKN ratios.

FLatATtE A& AF4EE N 23004 194 43
o ®lste] FM u]7} o} nldEe) Aatslsl o g459e
o, o] B B9 HAE BaEe] gdE 97 AAZS
A A8 Aow gwordd. 25U MLSS &7} 15,000
mg/LE §AE MgA Agode I 9 134 233 &g
g2ag0] 949 TCOD/TKN Hlo) A wulg st 3§
AHez Zashe A4S Jepigon 2d i &) MLSS
BE7F 5,500 mg/L]l BS-ol vt -42~14.4% BHF 4.6%
H E3 MLSS =57} 10,000 mg/Lel 9o Hsk Ea] o
22880l B 6.1% ¥& 2HAES YehiQh

30EAA AFE whe} o] MA AFAAH FM H|7t
0.041 kg COD/kg MLSS-day= 714 2/ SA= Y=, FM
B7F EETE B EY Aste] gstel AR A B
Ha8hal VSS9 Ea @ FSSo] £3og MLVSS/MLSS Hl7}
Fada™? 2 A4 2 2¥eAY #U$9 TCOD/
TKN #lo] @2 MLVSS/MLSS B)8 338 2% Table 29
F0170 vpoh Zo] MIgA A@olx 9 MLVSS/MLSS H)7}
Y 089622 7bg UA veigtont 1 2 IgA A4
A1) MLVSS/MLSS H]o] H)3lo] & 2}o]E Ho)A|= glglth
FA9) AFAH " 9JahE 289 E AYFH oz AN
A de FHE 93 YENERIME HeHg 7zt A
BLFE MLSS BEE Z716HA W 84 P8 Ee Bgol 3
A Fasted o9 deg wAEd sty RaEA ge
284 ulo) Quf A(refractory inactive biomass)®] &=#&'Yo g
woatdch w2 @A MLSS BE7} 15,000 mg/L
2 7M =9 WA 28dAM9 2h 8 go] MLSS 5%
7} 10,000 mg/LE $A2 IoA 239 eagn 9
9 AE VA E 3t RalHA g BEA blolemWa
9 F3Fo] MLSS 529 S7tdle 7198 qAwT €38 9
Y GEYOE ol§E F A WELE gudrh wElA
YO HAAE FANES 929 BAYeE o)gd= d F
Hd MLSS F% T SRTo| g Q737 a7 %}

32400 A niel Zo] Table Soff Foizl AAkslg TKN
9 I R 4% 2 HSx9 MLSS JoeRy 2
A8h{(nitrification rate)& T& 4 glon, o] AXNGL =
Table 69 oz B2 R 3|denitrification loading)7} Ht}.

o] gRAFE} @R EEE 1ei5tE Table 69 Ed g0
#th Ha9 Huang’’2 0.07~0.10 g N/g VSS-daye] 223
slol A 92~17.8%9 UAEATES dler, Timmermans
9} van Haute®= 0.06~042 g N/g VSS-day9] &2 Hs}o)
A e g 8ol A48 24889 10% FEol1 o] o
o] YAEA S 0.06 g N/g MLSS-day?] Ro.2 ®Husigdh
B ) AR9A 22T FE Aole ¥ExS) MLSS
EE9 N/M ulo]m Table 34 Hi upe} Fo] A9
TCOD ¥ BOD ®EolA olF A7 7o & Aol7t glgler
2 10gA 2 A A8eAe gxago] 1A Ao v
st BE 107% D 46% O B o8/ 2 MLSS 5%
off &gt w2 FM 8] W] mAE9 Aol g ngE
g €28 9% AAFHA = olgd d Qe Fe=w
FdEcl Table Sof Fojzl Zsdstd TKNG dofith Table
69 2AEgS HE3Y g2d Aoy 4L AL oL 4
FoAg s vasd $ezd MLSS =7 1,000 mg/L
2715l e 1A 489 HaA 499 2A=Re: 37
2,655 mg/le &=, 223 194 493 34 2499 2
F2REE B 0.754 mgLo 2 BR0) TYF2EN g9
A A8 vl Zo] HeRY MLSS B& Z7ld) uldE 5y
Wagdagol Z78A #eg ¢ F Uk

Burdick 572 AXENA BHHE 4718 g2 o
£33t 49A Bardenpho F78) F WA FE7l1z00A 9 W
92 8(q; g NOs-N/g VSS-day)& 4] ()9} £°] SRT(0)%
FEAG 7 de AR HIsYed SRT/F 245, 5
MLSS F%7} $71d48 Hgd go] 4aee ettt

q=012 6, -0.706 )

WA 32" HEE Yosdt AdAY UYL olRE
o B a7y I I 9 g4 28 e SRTE At
23 27 824, 539 9 120949 e dem, ol #e
2 (@l dYrA vigdE&e AN A 742 0.0053,
0.0073 @ 0.0041 g NOy-N/g VSS-dayd] Z+& ¢9=u), o
E%& Table 69 Fol7 2d&F vAsd £ AFdA A
28 g2 g0 4 D 9dsid AdE g AA Y
o2 gyt 269 A= =A uvEEth

Table 49 FAX £A 4L AAZEE Fig. 69 Folz &
A5 e vimstyd AY FAS Agade vehid, 23
& AAEE IGA A vistd MaA AN 69~
14.3%, BT 9.7% Z¢ow, MdA AR 194 23
2ok HF 7.0% EA Jeisch @258 vt E &
A4 AAZEE ZE AFYANM TCOD/TKN 87} 59| A
302 Ay wet AZsgew, TCOD/TKN ¥] 204
= 53 A gasgch

[

35. pH2t LEE|=2 HEl

AN AP E g2 =7} 7.0 mymg NHS NS 2
2HE I g§d Ao ¢AE £} 3.57 mg/mg NOy-N9| &
2 A4Hez" 8949 TCOD/TKN H|7F 594 28 44

etEF A 286 5%, 2006 54
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Table 7. Computation of the alkalinity consumption/recovery during nitrification/denitrification in the bioreactors

Influent pH Alkalinity TKN NO;-N  |Alk. consumed| Alk. recovered Alk. Alk.
Exp. TCOD (mg/L) nitrified denitrified |for nitrification |from denitrification| consumed | remaining
stage /TKN nf Bt Inf. Eff. (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
ratio ’ D @) ©) @ ® @ ®
7.52 7.15 284 83 51.0 39.6 362 141 221 63
. 4 7.70 7.32 387 112 67.4 51.1 479 182 297 90
3 7.44 7.24 473 101 89.5 61.7 635 220 415 58
2 7.53 7.25 749 103 128.1 50.9 910 182 728 21
5 756 743 302 120 52.5 46.2 373 165 208 94
1 4 7.63 7.51 410 134 69.9 60.6 496 216 280 130
3 7.70 7.39 484 125 90.9 70.1 645 250 395 89
2 7.60 7.27 796 113 140.9 74.5 1,000 266 734 62
5 7.20 7.23 227 87 54.9 50.5 390 180 210 17
m 4 7.64 7.74 411 133 69.4 53.1 493 190 303 108
3 7.75 7.56 493 126 93.8 60.7 666 217 449 44
2 7.76 7.32 825 120 143.7 67.6 1,020 241 779 46
FagdrE FUo NaHCO:E A7kl #9149 &2 12
L& Table 79 AAIR vhs} o] HA 227 myLo]A Hx 10 “&Ssscggg-m "
825 mgL7tx Z7HA A i 10,000 m/L /.
Z24kst geEotet &4 wgzlole AFE 9% IR < B |+15,000 mg/L
pHZE 34 azoln] ™ Table 764 1 wjop 2o] 47 B
ANREE K5 pHE 720~77602 a8 A5 S .
pHE 7.15~7742 Z@@o=2x ZAls degots) 2d E: ¥ theoretical value = 3.57
sheElolo] o pHel e AW Aoz wow, <2
Table 72 Table 59} Table 69 Fo1z2 Faksl 2 24 2} 0
Holl 27ste] Fatsl PN ARE 42 =Y O 6 5 4 3 2 1

3 a2 #ZGA Fd LYY HEHeRFEH AA|
HYA 229 9Z2H T HOBHE FEF 0L 1 o
FROF=D&F-DOHE AA A2 o) EAste g
g xe HOIH vug Aoz A4y GRYEY 24
frol AAl gholl d3d 2HsE 4¢E dQoy a¥gA &
< A= A} B =v} 50 mg/l o]skeld pHIL
A 2 $Eaol glou B aAdie Hes @
Ze|= FHagre] 83 mgLlE 2 Ho 4dFy L=
o] HE3HA Aoz AGATh
Fig. 4= Table 49} Table 79 o]zl A 2= HYH AAH
T-N @9 7AG 4288 422159 9KAalkalinity/AT-N)&
At el Aoz, 2E AFGANA {959 TCOD/
TKN w7} 24855 928 22Fo] Frlste 2SS
Heh o), 948 TCOD/TKN H|7} 504 302 A
o) wel e E B ARZS 336 mg alkalinity/mg
T-NojJ 4] 5.06 mg alkalinity/mg T-NO.2 xA]s] 2718154
gt TCOD/TKN H]7} 291 Z$-o+& 9.50 mg alkalinity/mg
T-Nex aA F7tste @48 e, ol& Table 5
A Rz vigh Zol §9%9] TCOD/TKN u)7} YolA 42
AAsE = TKNY go] F7iste] ¢ZEE AuZge 27}
SkAEE Table 6o AA1E wle} Zo] GA 7 go] Aslsld &
2o 3 AP E o] Fasly] HEow dod

g
&

f
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Influent TCOD/TKN ratio
Alkalinity consumption at various MLSS concentra-
tions and influent TCOD/TKN ratios.

Fig. 4.

=4F 287 A&5E COD =27} 9 2,500 mg/LE=
2 547 & MLSS H%7} 10,000~12,000 mg/L I
231 HRT7} 292 $AHY wY= 7g3ez ¥y|dgds
2A¥ et AEwexzz Ag FAY A7 VANE &
o ShEFo] 312~

2y
A2} TCOD/TKN H] 10~5914 = L2 & 42EP
3497 ol2ZFQl F 3.57 g alkalinity/g T-N removed®.th
SkF Ygkon}, TCOD/TKN H] 3 2 2.89A= 22k 4.63 Z
4878 ol Hot 2 #E& Yeided o B 4F
ANA MLSS 5EE 10,000 mg/LE AT N4 29

Ase A,

4. &

=

Hrg AERN0E HYT 4 gz MLSS 59 #
449 CON H]7} A AARZE A JEES Fotsi)
sk 608/608-9] E7|/M E7] A2 w2} 7+ 2715
© 249 FHE ogFH AEgRA MLSS =& <
5,500 mg/L, 10,000 mg/L 9 15,000 mg/Le] 39A= Z7}
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A713L §4 2 287 J&5E COD FE7F 9F 300 mglL
HES X7 s NHCIE F7hste] TCOD/TKN H &
5,4,3 928 ZAAATEAN A G AN L3 2
AHE de + Uk

) 2 dFddA Add FAE P PES RN =
MLSS =7+ o} FM HIE 0.112 g COD/g MLSS-day ©]
St 9A AT 5 Ao =3 BT it ojsld
SS7F EA 3 AARLEN BF AAZLLCl TCODE 95%
o4, TBOD: 98% o]4}, 18li SS&= 92% o]+ vbeh)
At

2) BB R YL /M HE sty wAE a4
(Yous) %ol 0.212~0.325(FF 0.283) g MLSS/g CODY]
< @& Yesith

3) AAE TKNZF v A& o] o] 88 TKNZOZRE
2islagg A 23 MLSS HX7} 5,500 mg/Loli &
949 TCOD/TKN H|7} 221 B<$9) 90.5%E A etz &
T 96% o149 2 S etk

4) 223882 949 TCOD/TKN w7} #ags2 7+
28928 53 §9%9 TCOD/TKN H|7} 291 Ao =
A <tsE A

5) MLSS BE7F 5500 mg/L2 {A8 ZASd way
MLSS %271 10,000 mg/LE $A8 B 233580 3
7 10.7% © E9kom, MLSS E%7} 1,000 mg/L Z7}3t]
ot B 2.66 mg/lle] &2 @A go] Zrtstgth a8y
MLSS E%7} 15,000 mg/L2 X8 ZALd= BT 4.6% T
F%on, 2A &S MLSS &7} 1,000 mgL E71go] wt
g B 0754 mgLo) &= F7tsigh

6) ¥ZYE 2EFE FYF9 TCOD/TKN |7} 5¢1 73
o= AAY TN 1 mgd HF 3.36 mg2A] o]27<l 3.57
mgell 77 ot §-914¢] TCOD/TKN w7} 43t uiet
7t ek AES et
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