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Abstract

The advantage of simultaneous nitrification and denitrification (SND) is to reduce requirement of oxygen as well as tank
volume. The fludized media was used in the oxic (aerobic) tank of Membrane-BNR to enhance the efficiency of SND.
Nowadays, the interest of applying membrane to the wastewater treatment plant has been increased, which is proved by alot of
research published about the MBR. The Membrane-BNR, consisted of total 5 reactors might be called the compact process by
using the fludized media and having short HRT of 6.5 hr. It could attain the further removal of not only the organics but also
nutrients such as T-N and T-P. The mode A and B were identified with or without the step feed of influent. The mode A was
classified with 3 modes according to the different DO concentration in the fludized media aerobic reactor, and the mode B with
step feed was operated with the optimum DO condition. The step-feed was capable of improving TN removal efficiency under
the domestic wastewater with the low ratio C/N. On the other hand, the efficiency of SND with the 1.0~1.5 mg/L DO in the
oxic media tank was better than the one with below 1.0 mg/L, on which the nitrification did not happen enough, and with
above 3.5 mg/L, on which the reduction of anoxic areain the tank happened. It means that the profitable nitrification should be
performed prior to the denitrification step. The removal efficiency of nitrogen by SND was about 20% among of total
denitrified nitrogen. And some organic carbon consumed could be reduced by the endogeneous denitrification.
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Metcdf & Eddy 5(2004)< &A1 A4rsl/ 24 (Simultaneous
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1% R e Sy A IevAC K R = Y
vt AESkEel BFA Kugleman $(1991) 232
271 #8243 HrI7kAE AlZte] AdE® &2 DOV

do]l g
oF #A"E EFA Al tig SND
AFES F2 7 FYH AFALEE 7K AT, &
TR sk Aol I SBRuFSZ(Pochana and Keller,
1999), 184 FAE ol&s AFEC] dFEoIUrHHall-
ing and Hjuler, 1992; Masuda et al., 1991).

StH H o steA T E Aol&st] A He EYst=
AF7F @Esith MBR ¢HEAQ1 fEF 2 & FHa,
Y FA oA Al JRAdo] &olsttt. Egt, 27] Jhe 42
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X
Hg Azbe] 3, £AL A5 T F 9

2 o}
w2 £, AAY 2 198 59 EAE AAsS
7] 99 A7 ol FshAL dvk(Yang et al., 2006).
FE&3 5(2008)S MembraneBNREF S Z7|Fo| 1173
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75 stk A4, FU1ES HdoE 37 5(2006)00
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FES AT ¢ AU, AA A2AAZ u] F 40%9)
A7t SND| 93] AAR Aoz Bustgch wd, &4

28gozA
DOs=7F SNDE&] HIAE GFo el 2AFSGT E
@ U HEANG FUAF G CNUIFAAE o
A A% $4¢ G837] $15) Membrane BNR 27414
FUS BEQ B2 GFS ATHA

4 ¥

S Uehigled, Faaxzg &
U Hul ofFo] Wt 2= A9 BE YRt 4UFH
MNaze

ARz ¢o2 Bgx2E AFst9 L 449 HRT % of=
g uex 8382 Fy)x 1 hr 2L), FA4LZ 1 hr (2L),
5 1hr 2L), g4l 71& 2hr (4 L), 371%= 1 hr
9 &AL AZZ 05 hr (1 L)E, & 65 hro]ith

BEE AdA & A 57124 DOEEE 0.1~05
05~1.0 ¥ 3.5~4.0 mg/LE 223} DO®E7} SNDI %]
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Q =

°o]7] fal EENHEAZZAM P72 ZE A9 BelA
247t 140~210% 2 120%= -5t

SNDE %87 98 A 571% 7354 gAE o
z Fujd) 15%E FPsAEd, & b9 Zejzt 15 mm
FEHA Bgo|n, dqHZA E &S FIEE A}
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S B ede Eo7] Hdl, # EES ZTIHEHOIA
=

HE HiEolA AF 10 mMmB =
u

2 24 7120 MLSS 2
MLVSS =%+ 7tzb 8,000~9,000 mg/l ¥ 6,100~7,600
myLE FASAL, S71gx F EENLATZE
<= 77+ 10,000~12,000 mg/L ¥ 8,200~9,200 mg/LE &
A stA ot

49 Ed 2 AP FHete FEFEFFHWw)S 20 LMH
(L/m? - hnZ A3gst¢a, SRTE 30~35 ¥z zgatych
A 25 F2A0A < 20-22°CE FATFAE. pHE
7.2~762 FFHoIATE. A2 Standard Methods(APHA,
1998)¢ll &3t th.

SAFME f% FAEAL A e (steady State)
£ A" #ad T 304 B¢, FY 1-33 1Fe
2 FPstdon, F2 FAEs AHES

=

22 | MY

FRFE dTA BIEAHZY 13 HYFS ArgE
Hedl, Table 10 F149 44 JellAh 2= BY
2 CINH|SIAIA sep-feedol] Bt &S =A15H7] 94
FFI2) AR ES = wt Friste]l 235
T} SSEEE 80~100 myLEEE tha Egha, Sz LY
BF, TES ZASE 2T TF FYsteel EAst2
ol mE FEFES FYUSA LAUrh TKNLS 45~50 mg/L,

19~29 mg/Lelx, & QI 37-53

#7718, 24 9 19 AAe 2 fE5 T2 Tale 2

o el 2= A1, A-2 2 A-39 A2A|Ago] Z

Mode B
Influent Step-feed
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0.5 hr
IR
RAS
Waste 2

Fig. 1. Schematic diagrams of laboratory set up of mode A and B.
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Table 1. Characteristics of influent

Table 4. SDNR a each mode

) Mode A Mode A Mode B
Item/Mode Unit Mode B
Mode A-1,2,3 AX OXmed. AX OXMed
Total 297 214 SDNR
CoDer e uble 180 132 (mg NOs-Nig Mvig) | 20 | 8%t | T2 ] 986
TKN 45 50 NOs-N (mgl/L) 1.79 373 1.28 4,65
N NH4"™-N 19.7 288 MLVSS (mglL) 6,567 6,683 8,100 7,600
NOs-N mg/L 05 0.29 HRT () 1 ) 1 5
b Total 3.7 53
Soluble 3.6 4.8
ss % P 065 mg/L (032 g/d)olx, MLVSS B=& Z+z 7,900,
Alakalinity 198 234 7,600 2 8,600 mg/L 2 JENT
Temperature °C 214 206 Fig. 2ol 371% 19 A 27]1%9 ¥d Mg 9
pH - 76 7.2 A JAAEE YUY 2= As BEFE 2 T71Z 19
CIN_(TCOD/TKN) - 6.6 4.3 A SNR2 27+ 57.8% 39.9 mgNH,-N/gMLVSS - d2 Y
B, YEED H94(2003)7F 45 2Hjol] wE o
7 8206, 83% U 79%E H|Lsld TR glo] HA L7 @Go2 FHE SFAEAZAILE S ez AFS 2
2re gAosE 894 HujEqQd wE mt A9 T B 791 40.8~81.6 mgNH,-N/gMLVSS - d9t H|5=d $AaS
2 FERa9 AALS Hastgh Btk wid, A" DOBES BAd 9% T 99
o] AT 54 HA S71FAE SNRe] RE A% B
31. 42 MA A 22 9.7 11.0 mgNH, -N/gMLVSS - d2 Yed 4

TNAAEL 2= A9 BolAd 27 81.3%% 78%=, ¢
Yolyd B4 AALL 975% P 97.7%= H| &3 A
el Aok &3], = B9 F, CINH] 430|549 &
A A= 22 A4 AALEE YR #&
9 gEYoly ZiE 05 myLFEE ofF dgtEd,
ol 30~35 49 2 SRTY #5854 A

MLSS fAlel 93 AA4st mAEo] FE9

o Zo|t},

Table 3% 4ol& wgxE HA A& Ee o]
JEIQE 22 A9 72 1, B4 571% 2 57
9 NH/-N9 5= 2 A3sgde 47 357 molLl (
g/d), 247 mg/L (0.26 g/d) 2 0.49 mg/L (0.47 g/d)°]|
MLVSS %= Z+7+ 6,733, 6,683 2 8267 mg/L, wr&%
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Hgd&EE s Fiddx, #8484 24 37|22 3%
t} s gAeE RaAZ A SDNRE 7|&E3 A
60 mgNOs-N/gMLVSS - d= el glH(Barker and Dold,
1996; Bortone, et d., 1994), £ AN T 2= A%

o §FEETL 747t 2, 4 2 2 Lotk RE BY F7|% BollA 27 12 2 77.2 mgNOs-N/gMLVSS - d2 ey
1, A4 371 2 S719HE9 NH N9 5% 9 Atsld th 53], = B9 3ol IA YelgEd ol #YF9
2 Z+7- 380 mg/L (0.63 g/d), 2.20 mg/L (0.33 g/d) ¥ 2ol Fol g g2 &= IA FU1eR7] WEolth
Table 2. Effluent quality and removal efficiencies at each mode
TCODcr SCODcr NH4"-N NOs-N TN TP SP
A B A B A B A B A B A B A B
Effluent mg/L 270 | 636 | 27.0 6.36 0.49 0.65 6.59 | 9.07 | 850 11.0 0.06 | 0.04 | 0.06 0.04
Rem. % 909 | 97.0 | 85.0 95.2 97.5 97.7 - - 81.3 78.0 983 | 99.2 | 98.2 99.1
Table 3. SNR at each mode
Mode A Mode B
Ox1 OXped. OXwmem. Ox1 OXmed. OXmem.
SNR (mg NH4-N/g Mv/d) 57.8 9.7 28.4 39.9 11.0 1838
NH,"-N (mg/L) 357 2.47 0.49 3.80 2.20 0.65
MLVSS (mg/L) 6,733 6,683 8,267 7,900 7,600 8,600
HRT (hr) 1 2 1 1 2 1

Note : OxXmed: fludized media aerobic reactor
OXwmem: membrane reactor

TAEN stmE&sts|x| w25 x25, 2009



Membrane-BNR 39| 752t Bl &£7|=L SND HIt 325

B Oxic 1 B OxicMedia
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CODcr Do NH4- SNR
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SNR and factors
(@ Mode A
Fig. 2. SNR and factors in Oxic 1 and OxiCyea.

ERH RE A 2 RE BY HA YW HEE&EEE
27t 651 2 9.86 mgNOs-N/gMLVSS - do.& UteRyT
S71% 1% HlasiA FA 572 HANSEEE
= A8 BolA 747 6d) E 4u] FE=E USky, T2
gy, g4 27|29 vgds&ses 47 20 2 gl
A eyt £33 2= B FALZY HEgR&
T BulFgs AR g2 2= ARG oF 64
a4 =4 Jdehd €8 aRFH0E fUIES ol&F Ao
2 #gdd

¢
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32 EHAl 37| EAEAFX

Fig. 3ole &&d4s oﬂ ot FEF BE AL A-2,
A-3 2 EE= BY f5d A V|xd ALEAFAES
WERH AT

2= A 9 B9 #¢<% SCODer 5%7F 42F 180 9 132
mg/Loll, 371% 19149 SCODcer %7} 224 23 9 18

Endo-
Denitrified
1 o,
o NO3-N
eff.
45%
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myL2 veht, §718e) Rzl Adkel frxs 72
2z 9 271Z 1604 2ulggich wEA, B 572
Fe F2 042 Aistel 9s) T vhol )
ARFAA 2 AHgeE WAEAR PF

28A5AE A Z712E §YHE NHSN 2
NOs-N #atgat A4 s7]xdA F55HE NH N 2
otge] Aol gt WASGEFS Fatstel A4
=W 249 7tesh 838 7718 24 5
%«1 e mE gEYord Aie] 4HF
A3 FRUoHY Aae] AMF 52 FA

> n@
i
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#&5UW NHS-N 2 NOs-N F3t&Fe 242
056 g/d 9 046 g/do]xL, HALAZFLE 0.01 g/dol ATt W
W, 34 SU|EE fYEe 24 FehEe 1.02 gdolAth

BE A-29 §&FU NH N 2 NOs-N Fatde 47
067 g/d 2 0.33 g/do] L, WAEZEZFS 0.08 g/do] it wF

Endo-
Denitrified NOs-N
8% eff.
30%
NH4-N =H33-H eff.
-
62% O Endo-Denitrified
(b) Mode A-2
Endo-
Denitrified
17%
NO3-N
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27% B NO3-N eff.
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O Endo-Denitrified

(d) Mode B

Fig. 3. Nitrogen mass baance in fludized media aerobic reactor.
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A £ 1.08 g/do] T}
2= W NHs-N 2 NOs-N #3atze 247
044 g/d 9 158 g/do]x, HAGAZHLS 0.36 g/dol ATt W
= A4 ReEe 239 g/do| At

2 NOs-NF-3t&F2 Z7+
0.97 g/do] i, WAEAZFE 030 g/dol it ¥t
B 2 1.73 g/do] Atk

2 &S EE=7E U9E EE A-L
o

e
ol
ol

N
o

Z+ 0.01, 0.07, 015 ¥ 01722 Y
B, &4 S7]Ed 8&447F 1.0 mgll oldd o, WA
A

-~

EEZ Al A2 2 A3 9 ZEB 9 #5484 &
ZU AA2E=7E SNDO| HlXE 98 2A590
Table 59 Yebd AAY &&ELE S
t 9ol EYstA Jeised, 884447 5
2E A-39 Zaghgo] 55%7HA] o) §hE, 8&244E
7} 1.0 mg/lLoldi)]l BE A-13} RE A-2¢]A% 10% W9
3%} 2= BolA 27 15% F 17%=E A Ve,
SND7} &3] o] #ojA])7] e F&3 itd FERT
£ FES Aa FF0] o|FoA s sk B AdTH 2o
I15Ee HAE oY f58 FAE B3 Hitskd
2 =

=
=
z

fo wy w

rol o
>
>

ol TUH BELS HELE AP Puznava 5(2001)
o] AFATH} FASIA T
DOEE ¥ BE A-1% A20AME Ad 7% 1

Kol
Satel 247 0.39¢9F 0.34 g/de] NOs-No] FHEHAoY, &
Aol WA ¥k, o= F7|F W DOEE7F 0.2~0.3
myLEEY uf, 22uBEY Fdaio FAo] A=

o= A7 Hi(Tiedie, 1988)9) &3 A stHth A,
DOEE7} 35~40 mgLZ EJ}E REE A-39]x& 036
gd v 2do] WASHA 15%Y TNAAES EAth
ol ZU|ZNME FA A o FitL dY Ldgez <
3 &gol YHFBE DOBE Fulo] WE FiAix F99

o2

N
PN

DOSES Wi A daagd 20D & o,
495 ngo] BB AAHOE A2AALE] W
HEZ DOSES UFT 57 oFoz fAAt @}

webd, & A@elA SNDE 918 BA TAEY $H8
9o DOBEE Rik g9 Fu ZHelN 2w,

X
1.0~1.5 mg/LF=7F AF3 %

S
o
fu
>
i
i,
uk

g AaAAES Table
5ol Uehd Hie o] Z FFelA 19-24%F=F e
o} ol F&F 5(2008)°] 1Y%

oF gkl 40%E T Agted, ddFoR

By} B35 Aoz AlgHT 2E B9 SNDd| 9@ AA
&°] 19%% RE ARG 92 A2 #Y5 2T

g2 FathzoA dUidez 1.25 gdo 2 23
ERA 7] wEel T

ha|

O

0,
Jo
N
tjo
2
)
ot

o

& AAE

& %

o

SCODcr AAE&L 27 90% 2 85%°1 422 ekt &
= BY #YUF, UFE, FAAE, IUE 1, BA INF,
Z7]2x9) SCODer 5%+ 247 132 mglL, 21 mg/L, 17.6
mg/L, 1.7 mg/L, 652 mg/L 2 636 mgLZ eyt &
Q1o BEulF4S AAIS BE BY $&4 SCODcritol
6.36 mg/LEA 4335 Uted, ol U9 CNHZL
4302 Aoz v, Q E ¥ Fiaiazx g4 &
7180l A9 AHE whd, @A Z7|RAAE WAES
93 A ¥A AHE(Biomass-associated products, BAP)S %3t
St AR e &3 r A E4HE(soluble microbial pro-
ducts, SMP)& ¢]&3te] &do] R Aoz AR Hh

g

Table 5. SND by DO con. in fludized media aerobic reactor

Mode A-1 Mode A-2 Mode A-3 Mode B
DO con. of fludized media aerobic reactor mg/L 0.1~0.5 0.5~1.0 3.5~4.0 1.0~15
Nitrification efficiency % 12 10 55 42
NH4"-N con. of fludized media aerobic reactor mg/L 2.36 2.85 221 2.20
SNR mg NH -N/ 2.67 2.89 18.1 11.0
g Mv/d
Denitrification efficiency % 1 8 15 17
NOs-N con. of fludized media aerobic reactor mg/L 1.94 1.38 7.88 4.65
SDNR mg NOs-N/ 0.33 331 12.1 9.86
g Mv/d
Percentage of n|tr-ogen removed by SND of % 2 19
total nitrogen removed

AN =SS EASE| K| FM253 H[25, 2009
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EE AdA 1 g9 o] AAHEH 216 g4 COD7}F &
853, EE BoAE 137 g9 COD7} £LFHATh =
E BalA #7120l A= A AA Z&ol 52 A2
dPAOs(denitrifying phosphorus accumulation organisms)ell
g FFoE AsdH  AAT 28 AVIEFS 49
2(2001)7F AAIE ) 30~40 gCOD/gP$} Hlas) £ o,
Tha ggith

s F71EE 58S o, 1 g9 FAE davt
AAH7 JaE= < 2.85 g9 COD7F &89
o HA A& AAF diH] SNDel| 9T A AAF]
0.17 g/do]S13L, 2.85 gCODY] <F 17%S%1 0.48 g/de] &4
o] AZHEYY. =3, mE B AA A& AAZ Uy
SNDel &3t B4 AAZFS <F 0.3 gidolL 2.85 gCOD
9] <F 30%%1 0.86 g/de] Yol AU

o
fa
I
>

35. 2 MA

Table 2dl= 2371t § A9 AA&S Uetldi=d,

TPt SP E5F 98% ol w2 AAES
[e}

Table 6oll= 7t Whexd 9 WEEE 2 FFEES
< a7 S7]|

(0.57 g/d), 1.39 mg/L (0.15 g/d) 2 0.1 mg/L (0.31 g/d)°]
3, BE B9 HAAZE F7x 1 %Y 7|9z AY
= 9 9 F5%e 7247 048 mg/l (0.82 g/d), 0.31
mg/L (0.04 g/d) © 0.04 mg/L (0.08 g/d)o] Tt

EE A% RE BY FUxAAME &Y A9 &7t
Z+7} 6.97 2 865 mg/LolaL, 0.6 ¥ 0.65 g/de ¢ WZo]
Jol gt} SPRRS 7+z} 48.99} 47.4 mgPO,*-PIgMLVSS -
do] 3L, o]l Isaacs and Henze(1995)¢ Atol] <3 R
9l 79.2 mgPO>-PIgMLVSS - dETthe tha Yok

TS BE BY FAAZA A 082 g/dd] 1 F57F €O
53l FAlGl 1.25 g/de] g o] ST SPURS BE
A9 7% 1% s7|9zdA 247 423 2 187 mgPO, -
PIgMLVSS - d2 Yehd bl 2T BojAs FikaZFeA
50.6 mgPO,>-PIgMLVSS - d2 =4 Uehgth ol Ay
& AAFEAZ AMESIY A& F4% dPAOse] 9t ¥
Foz AtRHTh

AAHez RE B FAAxE #§¥€ SCODar T+
21 mg/LZ 9%, 55+ NOs-N 4] 0.27 g/d= e
U #J 8 NOs-N Fgol #EHIUT ol Hu 5(2002)°]
AASF Faazy Aol gduAEo] o] &8 F e
Froh g o, dPAOs7t EAE & Ytk Biet 4
st W&ol At

Ui, ZE A9 RAAZOAME 017 gde 942 g3 F

[*]

Table 6. SPRR and SPUR a each mode

SPRR SPUR
(mg PO.*-Plg Mv/d) (mg PO, -Plg Mvid)
An AX | OXx1 | OXmed. | OXmem.
Mode A 489 0 [423]| 56 | 187
Mode B 474 506 | 25| O 47

I @A A9 BAFFESS DA Esheh ol FAE
2%22 fY9HE SCODors%7l 44 mg/LEA tha EHo}
22T AEY FAFEo] dPACsY HIE $AFHY Row
e th

3.6. SBIX| Lzt

2T A 9 BY &£8A AEF2 47 306 gd ¥ 3.20
gdolflx, 1o wet 7 wexE wAEFH 845 o8
st} SRTE 30~35 d2 A8k th

EZ A 9 B9 TCOD AAFS 747 12.96 2 9.96 g/d,
|E4424A2Y MLVSS 55 747 8750 2 9450
mg/de] ATt TCOD AAZFH wjd &EFEATZAA <
BEEe AETE ol&std T &£¥A AT 474
0.24 gvSS/gCOD ¥ 0.32 gvSY gCODL.& UEFtth

4 2 B

1) Membrane-BNR &3} Z7golA 65 A7+ &2 HRT
o= B33l TCODer ¥ SCODcr AlA&2 ZHzE 90%,
85%°l UEtstth 53], 95 BulFdd 93 {71
o] @4 aFRHom o] &HJL, ¥ CINHIGA
& T-N3} T-P Al A E0] 247 78% 2 98% old°o= ¥
A ebstt

2) AA BAAAF tiu] SNDell & AAAAE
ZoA ¢k 203 =2 UEgTh 2= A9 Az
A tiH] SNDo| ot ALAAEL F 24%°I AL °F
17%9] ©adeo] 2AE Y £, ZE B HA A&
AAZ e SNDell 9 AAAAELS F 19%] AL
oF 30%9] ©ado] AZAHATH

3) 24 712U DOBE7F 1.0 mg/lLolslall &= Axse

2z=
1

myLol gl £ Aasee ngow, odE ¥
A G99 B2E AF A9 P2t vkt 44
HQ A4 AAZEE Yobgith webd B AGNME
24 5712 DOBES

i
P
3
2
o

% % SNDEEE v
Ab A}
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