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Effects of C/N Ratio on Removal of Organic Matter and Nitrogen in Alternately Intermittently
Aerated Nonwoven Fabric Filter Bioreactor

Yun-Chan Ahn - Min-Su Bae - Jong-Ho Lee - Yun-Kyung Cho* - Kwang-Myeung Cho't

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

ABSTRACT : This study was performed to investigate the effects of influent C/N ratio on the removal of organic and nitrogenous com-
pounds by two nonwoven fabric filter bioreactors. The reactors were alternately aerated at an aeration/nonaeration period ratio of 60 min/
60 min, and fed with wastewater only during nonaeration period. The influent C/N ratio (COD/TKN) was gradually reduced from 10 to
2. The influent was prepared by diluting the leachate from a foodwaste treatment facility in [ city so that the COD concentration could
be about 2,500 mg/L. The C/N ratio of the wastewater was adjusted by adding ammonium chloride.

The results of the experiment showed that the COD and BOD concentration of the effluent was 40~54 mg/l. and 1~4 mg/L, respec-
tively at the C/N ratios of 10~3, and the effluent SS concentration was always below 2.0 mg/L. The T-N removal efficiencies were 96%
or higher at C/N ratios of 10~5, but decreased to 83% and 81%, respectively at the C/N ratios of 3 and 2.8. At the C/N ratios of 2.6
and 2, the effluent quality deteriorated due to ammonia toxicity. The fraction of nitrifying microorganism in the reactors increased from
10% to 20% as the C/N ratio decreased from 5 to 2.6. Alkalinity consumed were 3.12~3.49 g alkalinity/g T-N removed at the C/N
ratios of 10~5, which are lower than the theoretical value of 3.57. However, the ratio increased to 4.63 and 4.87 g alkalinity/g T-N
removed, respectively at the C/N ratios of 3 and 2.8.

Key Words : Biological Nitrogen Removal, Nonwoven Fabric Filter, Nitrification, Denitrification, C/N Ratio

Rk 1 B dFdAE 2719 BAF A BB 2E OR/G02S] TV XS AZdgA IUE I HEE FYUAT
mA CNE(COD/TKN)E 10914 2744 AZAIA #9529 ONu7E $718 2 A4 AAZE vAE FFS ddstgnh 48
AEE HeE INY S48 297 HAZAA EHE FESFE COD7E <F 2500 mgl. A= FHEE 208 HAAZ A2Z, ON
b= AR ENHC)E F7tsted 2389

HAFZEF, 10~39) ONHSINE 549 COD 2 BOD =71 47 40~54 mgl. 2 1~4 mglE Jelgon, Adx9) $S5Ee &
& 20 mgl WHe g {AHYTE 10~59 CNHGAE 9%6%S] FAA AAZES BFo 3 9 289 ONu|A= 344 AAES
o] 1zt 83% 9 81%E obgth 2 E 269 ONuldMEe gzuel B0 g5t Ao £Ao] AshH Itk C/NH|7} SollA] 262
2 golds Ais vAE Bgo] 10%9A 20%E FUletEth €2 &HFE2 10~59) ONHAME 3.12~349 g alkalinity/g
T-N removedZ ©]|232]Q) Zk 3.57 g alkalinity/g T-N removed 2T} 2tov}, 3 289 C/NH|o|AM& 4.63 2 487 g alkalinity/g T-N
removed 2 FERGTH

FHO - BERH A2AA, FAE A3, 243}, @4, O/Ny)

LME 22 oo g% PREY AR} st FAA 9 &9
A Aol BBasly) dEd A FH vesith

24EIATEY WY 3 i) % ARY gEwgz  FY U8R MISSEEZD A §AT F 3 del
(membrane bioreactor ; MBR)= S H@EQ AEFA A= Ag Z o) Hol £2 F£29 AYTE 4§ & Utk 219
U AL HE o] AT Algte] ATHE] wheh Fohedol
Asgs BEo) ik o2l MBRY dHE 25
T Conesponding author s % A RAXE o) g AT SRR
E-mail: kmcho@inha.ac.kr . .
Tel: 032-860-7502 Fax: 032-867-0864 FAHE o3t GE-s2(nonwoven fabric filter bioreac-

ety Fote X 2738 5%, 2005 59



500 e - Wil - o1 FE - 28 - 289
tor; NFBR)E MBRe] Hojd AFe] $£2L2 25 ym
AA® AzH 2 A6 A & B9 ol FHo
AX 5Fe dF APl GoBE A2 FFEIo|GAE
we ABee Ag & ol Aol FAL AP BA
4% sgEgon 4@ JAR gt ae #4
T 3 WSRANE F5d 29 el A7t 288
o QA4edol @A B A9t ded, o Al
HE¢ FYPE FUL IR AFE FAVILE Folof
Cie

NFBR ZHdA &= d
Foll mtet Wz 7‘501 3714
giElo], 27V AAEHE 3714 £
I Z7E FHAIIL H5E F1 ‘3}% Faa 20404
gdo] gojutt? g 57 2 ug Rz A% JEu
Sz S48 A% FEAZ EAFH 83%9] AL AAEE
dglen, o] g V= 2719 RAX o Y w3
g a2 78 IVAFIEA HEI)EHe HgEdw 5
£ F9¢ 4% 9%e A2 AAREE 38 & YA
a8y mMiEA JE59) ol AL &7 2 dFe 4
299 A4 AAN BABAAL $I359 Ax AALE
| Askshe 97 AT

E AFdAE 2719 FHXE q4F3G JENSEZE AE
Ao} 7](on-off controller)d] FZ3sle AUZ THE E7|AF
HE4E FAANNEA Y59 ONEZE #7158 2 2
AALE PAE TS FdtHth

B

4 N o o

[«]

b oK

2. &8 X A UY

21, MEHA

Fig. 16 el vish o] 279 RAE olze Y2
gz, A% 398 BZ, ¥8 37, AW 58 A%
A1 @R wAae BUACE A5 FHn
277 9ES Sy

Py

ctortt

ey

. Plexiglas column

. Nonwoven fabric filter
. Air diffuser

. Mixer

. Feeding pump

. Air blower

On-off
controfter | pl oo

DTS W —

2

=)

T ore
7]

| Reactor:

Influent 2 Effluent

storage storage

tank tank
<

11111 a
\4_;__

Fig. 1. Schematic diagram of the experimental system.
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Table 1. Characteristics of the wastewater used for the experi-

ment
Item Range (Average)
Inf. C/N ratio
(mg COD/mg| 10 7 5 3 2 2.8 26
TKN)
H 6.7~7.1/6.6~7.516.5~6.86.9~8.0[7.9~82(7.8~8.0|78~8.0
P ©9) | an | 6 | 04 | @) | (09 | (09
Alkalini 833~ |1,160~ |1,700~ |2,820 ~ (4,890 ~ |3,500 ~ {4,020 ~
(m /L)ty 948 1,380 | 1,790 | 3,560 | 5,480 | 3,650 | 4310
& (896) | (1,280) | (1,749) | (3,305) | (5,292) | (3,598) | (4,195)
TN 244~ | 356~ | 496~ | 824~ (1,216~ | 890~ | 958~
(mglL) 267 385 505 841 | 1,255 | 89% 969
5 Qs7) | 610y | Gon) | @34 |(1.261) | (893) | (962)
COD (mg/L) 2,440 ~2,617(2,521)
BOD (mg/L) 1,419 ~1,905(1,761)
SS (mg/L) - 120~204 (170)
T-P (mg/L) 9~31 (20)
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Table 2. Summary of the analytical methods

Item Analytical Method

pH pH meter(Orion 720A)

DO DO meter(YSI Model 58)

Alkalinity Titration Method(Standard Methods ; 2320 B)

BOD 5-day BOD Test(Standard Methods ; 5210 B)

: Dichromate Reflux Method(Closed)(Standard Methods ;

CODc,

5220 Q)
Korean Standard Methods for Water Pollution(Advantec
SS
GS-25)

TKN Macro Kjeldahl Method(Standard Methods ; 4500-Norg B)
NO,-N Ton Chromatography(Young Lin Instrument)
NOy-N Ton Chromatography(Young Lin Instrument)

TP Korean Standard Methods for Water Pollution(Ascrobic

Acid Reduction Methods)
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Fig. 3. SS removal during the experimental period.

CN=10. 7 . 5 3 22826
100.0
1200 |
- i ] 300 ~
g 1000 S
g z
g 800 | 600 3
>3
-] &
£ 600 f- 3
£ 400 S
g T2
£ 400 SR, 5
o] b 2
52 200 %
200
!
0 0.0
0 20 40 60 80 100 120

Exp. period(day)

| —o- 1 Influent , a1 Effluent , —&— : Removal eff. I

Fig. 4. TKN removal during the experimental period.

3.2 B2 HA

3.21. TKN A

Fig. 4= TKN AAEZES vebd 2o, AAHE TKNo|
A 23E EF NO,-N (NO-N+NO;-N)2.g9] st 9 w0
BE FAo £ Aoz Mgt TKN AAZES Yet
WAt

C/NH) 10 @ 7dX4= AEs9 TKN 5571 <F 6 mg/L
2 98% o]d9 AMAEES vehfdt 28y C/N¥| 5
2 39 A48 TKN 327t 2719+ 747 37 mg/L
2 94 mg/L7AA] gobg ot Alzte] ZHSEA AA T
3] 3.5 mg/L2 Yol CNH] 2014 +& 318004 dF
3 Hps} o] RYol HAoz st st A9 o]
Fo)xx] ol A9 TKN =7 FF3] F7HstArt
C/NH] 289 M= Hal49 TKN E=7} 15.1 mg/LZ C/N
v 39) ZSET < 4] o] FA uElgien, C/NH) 2.6
Ae 2040 BHE F gEYol S g A9
TKN %7} Z718t9 ¢

322 ©¥
C/NH¢] wigle] @2 A9 NO-N FEE Fig. 59
e =, 10, 7 2 59 CNulel A& A2]9 NO-N

J. of KSEE / Vol. 27, No. 5, May, 2005

CIN=10__ 7 5 3 22826
1
400
_
= 300 !
o0
E
=
2
g 200 |
&
=
&
@ »
=
-3
O 100 F
0 N I
0 20 40 60 30 100 120

Exp. period(day)
Fig. 5. Effluent NO,-N concentration during the experimen-
tal period.

=57} 47 1.6, 34 2 9.6 mg/ll o532 BA YERTh
a8y ONH] 39-E AE$9 NOL-N =7 F7Hsko
oF 130 mg/LE ¥A Uesedl, ol& Fig 29 Fo &
718 AA AFE 18T d g@Fo] BaF IAAFAATL
FZ5197) 2oz wgEt

C/N¥] 10~5914% A7 NO,-NE A3 FiFokA
gkgkol CNW)] 3oAHe A 49 NO,-Ng&=/F Hi
163 mglL, BF 4.6 mgLz ZxstgEs, 4 (D)ol st
W O/NH] 3e4 weE WY AF gRUetY FEI} <%k
79 mg/L2 Aso] dasu|AEd AfE QoA 2
37 9438 FPHRA BT NO, N7t £FHE ez &
ggth a8y 31804 499 uhe} 2ol FrYor 54
o] wAlg C/NH] 204 & A3 2 gdo] FE3 I
Hx) o} A9 TKN 2 NO,-N9 =7t 75t
C/NH} 2894 A NONuE7/l Ba3ez %
146 mg/Lolglom, C/NH] 2.6914E AT 59 NONEE
7} AR 246 mgLAA F7et o 204 A F 4RY
of 2oz ANyt dolukA] gol A NO-NEE
7t ZA&FATh

3.23. H&A29 HA

C/NH) 9] W3l w2 &AL X-5Knitrogen loading rate; NLR)
g A5 TN s= 4 $44 AA2EE 47 Fig 6 8
Fig. 7o] vehfgled), A5 TN =& TKN# NOK-N
o =& F& grolth Fig. 6& 2 10, 7 2 59 CN¥|
AME B 43 2 22 Aok APSY TN 5=
7} 247t 44 mgl, 86 mgL R 11.6 mgL gz YA
vebgth 22y ONulzb 3 2 2.8¢ Fede Ade9
TN =7} H3 208 mg/L 2 175 mg/L, B 142 mg/L
Y 168 mgLE Z7}stQEd, Fig. 5o EAE uls} ol
tf5Eo] NO-Nel| o ZojH, 224 dag F7]&°]
REY7) gEroz gugach CNv 26 2 204 317
M AFE Hie} Zol FRU HYo} sty AF9
T-N =7 2A F7ksteich



AR 78 T HE REE 499 AE
CIN=10_ 7 .. 5 ) 3 22826
760 j 0.7
500 | E 4 06
~ —_—
)
% 500 | {05 &
H | —1°% %
§ w0 104 §
= o
£ 300 | Jos &
8 -1
&
H] =
S 200 b {02 Z
© i
100 F : {01
i -
0 : : % 0.0
0 20 40 60 80 100 120

Exp. period(day)

—-—:NLﬂ

Fig. 6. Effluent T-N concentration during the experimental
period.

t —o— :conc.,

100

T-N removal efficiency(%)

10 7 5 3 2 28 26
C/N ratio

Fig. 7. T-N removal efficiency at various C/N ratios.

Fig. 7& E9 C/Ny] 10, 7 & 59x & <k 96% o]4+9)
E2 TN AAZEE Bgoy, ONH 3 2 284X 2
ZF oF 83% % 81%9 ywA e TN AAZSS g
), ol @2 QG H7]Eo] BE3la] NOy-N7F &4
3 AAFA £y Rz FEAch Grady 57 2
€ A2 AAELE @71 PANE §959 ONAE T~
9 oldor o7dAGT FPo} B AFME CNH] 5
NAE 96%9 E2 T-N AAZEE B4rh &3, Carrera
Y wo 9higs 9U) 98 71208 BT C/Nv)
7t gesitts AES EEHQEY, 2 dFME T o
Fe] ONHlO|M = Aaats 24 T go] % 98% ojike
2 A ey

fl

ﬂh‘r

ARFEEE 4 9 vEhd #ks} Zo] TKN AALE
2 EE99, 23882 4 (37 o] TKNo| 2sgo]
ANE NOY-N7} AAHE dAhe Hgz Fodn”

L Qe e, (2)
it fication rsactora [VSS}reactors
- (ITKN],, — [TKN],,,) — [NO; —N] G
denitrification = =100
e ([TRNT,, ~ [TRN],,.) )

],

2Zo A C/NE7F

#718 2 AA AALE AX= 98 503

Aol AFHoz MIPF 10~2.89 C/NHlolA A2}
d&x9 243 gs 747% A2 2 4 ) At
o] Fig. 8o UBAEd, CNuZ; ZAFo =M NLRO]
Z7hgtol whet XWQJ&EE 27 a8y 2288
& o/NHl 10, 7 9 soﬂ/ﬂt 2 %e RPOou ONY] 3
2 28| A= 83% W 81%= AA ZAFHATh

CRESE=2S PEE C/NH] 5, 3 9 280x A&} Z7H
0.026, 0.048 = 0.052 g N/g VSS-day9] #< HQEd), o]
Tseng 579 APAA 24" CONH| 370|149 iS5
0051 g N/g VSS-dayRt} thk &gtk Skrinde 5'9¢ 43
dxE C/NH] 304 ERFE0) 89%E Uelded, ole &
AFAA e A a et 83%xTt i T2 Frolth a2y
Carrera SV AgojA= C/NH] 34 2 21004 AAs}s:
=7} 27 0.029 & 0.047 g N/g VSS-day &2 %}éﬁ.g
o] Z}7+ 43 3 32%%, & ATEY ¥ 2 S EQth

2 §A8 fAAE A4
1 o9 842 ARSA

100 0.06
_
>

s 005 3

O\ 1

\; w2

Z 90 g

2 4 0.04 &0

]

= z

& !
-

5 80 1 0.03 z

g =

Sg 1002 8

A= 3

5 0 &

a " oo g
z

60 ! . 4 1 0.00
12 10 8 6 4 2

C/N ratio
FE— : Nitrification rate , —— : Denitrification efficiency ]

Fig. 8. Nitrification rate and denitrification efficiency at various

C/N ratios.

0.24
g
g
& 020 } ¢
g
-
«®
%D 0.16 |
5
=
g 0.12
g
.g .

0.08 L . .

2 3 4 5
C/N ratio
Fig. 9. Relationship between nitrifying microorganism fraction
and C/N ratio.
WerEg 89X 273 5%, 20053 54



54 kg WU FE - 287 - 23

Fe F4S Aok . 24E nABEL FSIY
nAERTY JFEE7 REa §3usdE o sy
4G ASHE Lod 7179 HEAG] gk

Fig. 9& 5~2.69 CNH9A vz e A4t w4
EY E£8E vl Zez2, Z45 ndE £82 Katso-
giannis 5% o] AN T £ A PR W
AFEE(Y,,) #*<Q) 1.08 mg NHs-N oxidized/mg nitrifying
microbial mass-dE A&l 4] (4)o & AAsIA )

Y,

fi = Yi N (4)

9 HoA; i = €8A Y9 A5 uPE B
Y, , = HRASEE £ X (mg NH:-N oxidized/
mg VSS-h)
Y, = 3 v AN8E%(1.08 mg NH-N oxidized/
mg nitirfier-h)

E A7dA w9z 24s rBE BE2 9 Ny
7F 5004 2622 FolAEE 0% A 20%2 F7HHA T
Carrera S'92] ARQo|AE= C/NH] 3, 2.5 @ 20]4 A3
oA E 2go] Z+Z 85, 99 D 12.0%E &3] B AF
oA Bt dsteh You 579 dTFelAE C/NH| 75604
Aas tAE 2gol AYOTHANE 41%2 Ygton}
RBC ZANANE 114%=2 & & Bt

3.4. pHe} 2ze| =9 Ha|

A87%9) pHS WEE Fig. 109 Yehigsd), 4=
Yo} B4do] BAF C/NH] 2 & 269 ALE AP ON
vl #9459 M5 pHAl 27 69~80 2 7.0~
8.0, W 7.59 748 Jerd oM, Aasie 2RA] )y
o] W pHY FFL YUY ReZ BoHT)h Table 1
of AANE utsh go] CNH|ZE 3 o]stal Aol Fatsh
] AAHE ATE FHAE o 22T F e2YE
T g ey dEe §949 pHYE 80 ooz Hi:
A7t AQeH, A ol AZF 2 Y 2.69 C/NH)
e drUole] =7t Z7ste} gz W9 pH7F 8.0
o], AR} 87744 /e BSE AT

Fig. 11¢] #9142 Ag+$9 ¢Ze=g Jehl e,
ol2F o 1 g9 NH,-No| Asld o 7.1 g9 Lg%
7 2uEn, §7182 Mg ALY 9 1 go NOy-N7}
22 HE 3.57 g9 ¢ZEEs ARG B AT A
d 23 28 ¥4 BHE dgu JERSzNE 283
HFoA APHE dZEEs} vtz As) o]8E & 9
7] o] dgEE LmFo] AP & Utk B AP
= 450 SBEEE FEI FFEU] BEe) CNH)
2 9 269 BLE AT A dBEEE 51~216
mg/l, BF 118 myLE A4S 93 IZYsE =3
A gskom, CNH] 20| M ghEUol S4o) o) As
7t §R) gghr] dEe Hzlse) Az =t FrbsAh

>

J. of KSEE / Vol. 27, No. 5, May, 2005

5 3 2 2.8 26

b
y
A
A

0 20 40 60 80
Exp. period(day)

100 120

I -e-: Influent, —a— : Effluent l

Fig. 10. pH change during the experimental period.

CN=10_ _ 7 __ & P 3 228 26
6000 F
5000 | F
_
=
o0 4000 b
g ]
2
é 3000 |
5
-l
Z 2000 }
e
1000
o ﬁmﬂm me_
0 20 40 60 80 100 120

Exp. period(day)

l —e—:Influent, -~ 1 Effluent l

Fig. 11. Alkalinity change during the experimental period.

Fig. 12 C/NHlo| Wz AAY T-N &9 FAY &H8
g2e 59 H] (AAlkalinity/AT-N)S Jehd Ao, O/NH|
7} 2745t W AAlkalinity/AT-N H|7} Z4&stsich ON
d] 10~59 4= AAlkalinity/AT-NH®]7} 3.12~3.492 ol&F
Q1 gkel 3.57 g alkalinity/g T-N removed®t} <F7F @ore

;
6 -

7|

5 ‘\

~ 4 F

£ 3 | Theoretical value=3.57

]

2,1

<1
1 -
0 . . . . .

[1] 2 4 6 8 10
CIN ratio

Fig. 12. AAlkalinity/AT-N ratio at various C/N ratios.



ARE TG IHE AT AT JEANSZAA ONHIZF §718 2 A2 AARED nAE 9% 505

U, ONH] 3 9 284AME 27 463 B 487% ol FH
o £ ol& ONHZ Yold 4% 2285 E TKNZo)
3718t 4R E 2uFL FFEAT @R ago] A
sto] g2 o3 = Aol asHy] WEes
wag

35. SH{X9 @M

CNulg] Wgto) ma} Wex SEA Y WATASE 33
ol &8t HFS ;*E Table 30 AA3Ich RAX
FHUE EF3te 7% fluxe HRTE 2 day® 313 50
26 Lim’-day2 YA 3stgt}.

@A ¥MAGATE €849 @448 JehlE o
AdE Z9 suz? 84 2R8L A3t Byaa
I AHd FAE ok B Ao E C/NHZE 1094 2
2 gl 22 wAGAS 3o 1.3x10" mkgol A 2.4x10"
mkg2 FrFstgoey §F fluxe] digt 982 velhix
g .

544 AENSZAAE AVELAA 2L 254 &
ol fYEE AFol BAY & gon, vlAE] A1)
3l MLSSEE7}F Z4d o) $59 AFol R4 +x 9
t}” =3 Nocardia Z+& actinomycetest} Microthrix parvi-
cella 22 AM3A dhezlolrt WASH 249 AFo] &4
F1? olg MBS S AEEW #jE 2540]7] ©Eo)
ZIZRNOR 0)FI AFE doAAY BERUA FAd
A &P BAE BugoEn AL 9o $= P

2 A7 CNuZE 201908 o B3z Jag dd
E FEE AFEo| Hol R HAFE FEEHEH,
W &2 9 v AZA T} Table 30 AAH vie} Zo]
A F7 Fo2 Hol gdrU ol BAd] o5 dhgz )
9 v PE F9 dHel, "uBE AETHY HE, == AR
o o) AT &5 EA A Sl 2 Fdo) A=
Aoz FHSAY FEF 90 & & ok

2 A7 FAXE AT JEDHS I E MBRoA
Z9 AEFH FAH st FAE |F xR
= 22 fluxE Yoy, 459 SHAANE o] &5

Al g A F3tel Qste] HEE oA
A BAx A3 glo] o 12719 B¢ 4Fg 1P
Q) 211;].

i)

1}
A
@

A4y N

4. 2

ru

608/6052] X 7)/M|E7] Al7HdA TUR 748 EJH
= 2719 RAX A7 AERS R CODBE < 2,500

Table 3. Effect of C/N ratio on the specific resistance of the

sludge
C/N ratio 10 7 5 3 2
Spe. res.
(<107 mikg) 13 1.4 14 1.7 24

mg/lel FHAZ A8 28yl AEFE HRTZF 299)
HEE 293WA C/NE|(COD/TKN)E 10014 2744 H7+
AFIEA AN AP 2 ted e FES e T
ARt

1) gEyoel EAdo] WAF C/Nul 2 § 269 BEE Al
98 2.8~109 C/NuNE= §249 COD 2 BOD 5%
7t 247t 40~54 mg/L 9 1~4 mg/LE Jegten, Az
Fo] SSEEE 2.0 mgl mlgte g FAFHIT

2) C/NH] 5~10oA = 222 AAZ L] 96% o4l
o C/NH| 3 F 284 AE B ast {780 BE
St 224 AATE] 83% L 81%E Holxth

3) O/NH] 2 2 2694 045 kg N/m'-days} £& 24
Hatol &) wrgze pHIF 242 8.7 2 8.02.2 F/Ee
2 dRYo} FA0) 9t 245 2 23 &8l IA
Fdgats ey

4) C/NH] 3~109)4& C/NH7} gotge] mzt FdAiksis
=7t BeEeH, e3&8&2 ONH 10, 7 9 SdME
98% ol49 F2 e BPOo, CONH] 3 g 284X

27y 83% 9 81%E ol

5) CNHIZE 5914 2608 Yold4s INsPE 2
go] 10%44 20%=2 27 s g

6) &= AEFo] C/NH 10~54& 3.12~3.49%
0|29 7k 3.57 g alkalinity/g T-N removed Bt} Zgto
1, ONH] 3 9 28614 4.63 4 4872 o|EyRT} ¥
plisg

ANEd

1. Buisson, H., Cote, P., Praderic, M., and Paillard, H.,,
“The use of immersed membranes for upgrading waste-
water treatment plants,” Water Sci. Technol., 37(9), 89
~95(1988).

2. Roy, C. Auger, R.,, and Chenier, R, “Use of non-
woven textile in intermittent filter,” Water Sci. Tech-
nol., 38(3), 159~166(1998).

3. Palmeira, E. M. and Gardoni, M. G., “Drainage and
filtration properties of non-woven geotextiles under con-
finement using different experimental techniques,” Geo-
textiles and Geomembranes, 20(2), 97~ 115(2002).

4. 2BW, “dBg FHEHAATE 9@ 4714 A5
A, HGHEESHS] =&, 8(2), 119~133(1980).

5. Qs NS, 239, RAL qR JEVSEES
ol&% 49 A, FITEHZTIA, 19(1), 9~
107(2003).

6. Collivignarelli, C. and Bertanza, G., “Simultaneous nitri-
fication - denitrification processes in activated sludge
plants : performance and applicability,” Water Sci. Tech-
nol., 40(4-5), 187 ~194(1999).

ety 3 otelX] 278 52, 20051 53



506

10.

11.
12.

13.

14.

15.

16.

17.

o].ﬁ.

gl

2

MRS 025 - 287 - 23

g=d, 4EF, 238, 08 I7)H FIE AHY
AEERNA Z7/MIE7] A a5 {71E
2 A2 AAA vAe % WESFF A, 252),
258 ~266(2003).

o]%5, 29, “uA T )Y FHI An% 4
BWgRE o889 59 V1€ 2 ALAA dHE
FAEEEA, 26(2), 184~ 190(2004).

Carley, B. N. and Mavinic, D. S., “The effects of
external carbon loading on nitrification and denitrifica-
tion of a high-ammonia landfill leachate,” J- Water
Poliut. Control Fed., 63(1), 51 ~59(1991).

APHA, Standard Methods for the Examination of Water
and Wastewater, 20th ed., Washington D.C., USA(1998).
FAE 24 A 96325, TATE T HAEH(19%).
Anthonisen, A. C., Loehr, R. C., Prakasam, T. B. S.,
and Srinath, E. G., “Inhibition of nitrification by am-
monia and nitrous acid,” J- Water Pollut. Control Fed.,
48(5), 835~852(1976).

Grady, C. P., Daigger, G. T., and Lim, H. C., Biologial
Wastewater Treatment, Marcel Dekker Inc., pp. 506~507
(1999).

Carrera, J., Vicent, T., and Lafuente, J., “Effect of
influent COD/N ratio on biological nitrogen removal
(BNR) from high-strength ammonium industrial waste-
water,” Process Biochemistry, 39(12), 2035 ~2041(2004).
Tseng, C. C., Potter, T. G., and Koopman, B., “Effect
of influent chemical oxygen demand to nitrogen ratio
on a partial nitrification/complete denitrification process,”
Water Res., 32(1), 165~173(1998).

Skrinde, J. R. and Bhagat, S. K., “Industrial wastes as
carbon sources in biological denitrification,” J Water
Pollut. Control Fed., 54(4), 370~377(1982).

Hall, E. R. and Murphy, K. L., “Estimation of nitri-
fying biomass and kinetics in wastewater,” Water Res.,

J. of KSEE / Vol. 27, No. 5, May, 2005

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

14(4), 297 ~304(1980).

Copp, J. B. and Murphy, K. L., “Estimation of the
active nitrifying biomass in activated sludge,” Water
Res., 29(8), 1855~1862(1999).

Katsogiannis, A. N., Kornaros, M., and Lyberatos, G.,
“Long-term effect of total cycle time and aerobic/anoxic
phase ratio on nitrogen removal in a sequencing batch
reactor,” Water Environ. Res., 74(4), 324~337(2002).
You, S. J., Hsu, C. L.,, Chuang, S. H.,, and Ouyang,
C. F., “Nitrification efficiency and nitrifying bacteria
abundance in combined AS-RBC and A0 systems,”
Water Res., 37(10), 2281 ~2290(2003).

U.S. EPA., Manual Nitrogen Control, Washington, D.C.
(1993).

Rosenberger, S. and Kraume, M., “Filterability of acti-
vated sludge in membrane bioreactors,” Desalination,
146, 373 ~379(2002).

WEF and ASCE, Design of Municipal Wastewater
Treatment Plants, Vol. II, 4th ed.(1998)

Jenkins, D., Richard, M. G., and Daigger, G. T., Manual
on the Causes and Control of Activated Sludge Bulk-
ing and Foaming, 2nd ed., Lewis Publishers, Chelsea.,
MI(1993)

Pujol, R., Duchene, P., Schetrite, S., and Canler, J. P.,
“Biological foams in activated sludge plants; characteri-
zation and situation,” Water Res., 25(11), 1399~ 1404
(1991).

Le-Clech, P., Jefferson, B., and Judd, S..J., “Impact of
aeration, solids concentration and membrane characteris-
tics on the hydraulic performance of a membrane bio-
reactor,” J. Membr. Sci., 218(1-2), 117~129(2003).
Bouhabila, E. H., Aim, R. B., and Bouisson, H., “Foul-
ing characterisation in membrane bioreactors,” Separation
Purification Technology, 22-23, 123~132(2001).



