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Characteristics of NH3z~N removal in nitrification reactor
according to organic loading rate
Min-koo Kang - Keum-yong Kim - Seung—ha Kim -
Hong—duck Ryu - sang-ill Lee®

Department of Environmental Engineering, Chungbuk National University

ABSTRACT

The objective of this study was to investigate difference in nitrogen, organic,
phosphorus and NH3-N removal efficiency according to organic loading, comparing
M-DEPHANOX process which has two nitrification reactor with M—-eBNR process
which has one nitrification reactor. As a result of this study, NH3-N removal
efficiency of M-DEPHANOX and M-eBNR resulted in average level of 91.8%,
96.9%, respecti\}ely. M-DEPHANOX and M-eBNR processes showed high removal
efficiency in view of NHs-N removal efficiency. Comparing organic removal
efficiency by M-DEPHANOX and M-eBNR processes, the average removal
efficiency in terms of TCOD, SCOD was 84.1%, 78.2% and 83.4%, 75.6%. Also, the
results that observed about NH3;-N removal efficiency regarding organic loading
revealed that nitrification reactor of RBC type are little influenced by flowing
organic without precipitating at settling tank. Therefore, although inflow
characteristics of municipal wastewater changes, M-eBNR process appeared to
remove NH3—N reliably.

Key words : M-DEPHANOX, M-eBNR(Nitrificatrion of RBC reactor), RBC(Rotating
Biological Contactor), NH3—N removal efficiency
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Table 1. Influent wastewater characteristics

Parameter Concentration(mg/L)
TCODer 178.4+58.3
SCOD¢ 74.56422.0

TKN 48.5+15.4
NHs~N 25.1+3.9
PO—P 2.4+0.5
TCOD/TKN 3.512.0
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Fig. 1. DEPHANOX Process.
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Fig. 2. M-DEPHANOX Process.
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Fig. 3. M-eBNR Process.

Table 2. Operational parameters of M-eBNR and M-DEPHANOX

Processes M-DEPHANOX M=-eBNR
w - Volume Volume
Conditions Unit Value ratio(%) Value ratio(%)
Volume of anoxic contact L 2 64 5.91 43 9.26
tank - . . -
Volume of first nitrification
tank L 7.10 15.88 10 21.55
Volume of second
nitrification L 7.10 15.88
Volume of anoxic tank L 10.13 22.66 7.5 16.16
Volume of intermittent
aeration tank L 10.13 22.66 7.5 16.16
Volume of anoxic tank L 10 21.55
Yolume of post—aeration
tank L 7.60 17.00 7.1 15.3
Return sludge flow rate Q 0.6 1
Activated bypass flow rate Q 0.6 1
Recirculation rate Q 4
HRT Hour 12 12
SRT Day 20 20
Temperature T 20 20

-1 - J. of ESE, Vol. 24, No. 3, 2008



12 2UT - YT - UG - BEY - 04y

3. BHYE 2 By

TCODcr, SCODery Standard Methods
(APHA, 2005)”} HACH DR-4000] 3}
o &A1, NHs-N% T-P= 72} HACH
manual® Nessler’y % HACH phospho
Ver 3 WH& o&do FAd0 =
TKN-2 VELP(Milano Co. Italy, UDK
13008 o834 A%, SCODer,
NH;~NE &9 1.2m%] GF/CHAZRE o
F& T EF UL, NO2 -N, NOs ~-N&=
T8 S 27 #ge 50 0.45m
% membrane M FHAZ Aste] FA 33
=3

=

Im. 23 % 1

izt

1. NH:~-NAA 54

M-eBNR®] 34 NHy-N¥ES 491

A RBCZAA g YAl fAH B
4 NHa-N AA & W+ £& A& & 7
Ak,

30

5

2[4

g

= 201

2

§15

&

IR

;10 é
'Iv

2

) ;

Py U — i -

a b ¢ d4 e f g b i
MeBNR reactor

Fig. 4. NH;-N concentration according to
process in M-eBNR..

alnfluent, b)Contact tank, c)Settling tank,
d)Nitrification tank, e}Anoxic tank, DIntermittent
aeration tank, g)Anoxic tank, h)Aerobic tank, i)
Effiuent

B4AM3E H24d 32

M-eBNREA 3  M-DEPHANOX3-3 9
NHs-N AA&E Hndd M-eBNR¥H2
96.9 %, M-DEPHANOX#3& 91.8 %=
A% 5% AR AAEHASE & ¢ sldh
A 7]E RBCEFHO AiAAEL 92%
2 ragded” 2 d3d4 Ade
M-eBNR&H 9 RBCZAAH NHz-N AA
&0l 95% ©°l4 FAHE A& RBCR
dqots AAAZIL F7|gd DOFEE
2~3mg/LE FATLZN Hiksh vreE]o}
7¢ A%s7] & 2ol AHUY wE
olz}i Alg g ).

%H M-DEPHANOX 3¢ NH;-N A
Agol BT AL AMARAN Hg
HA g& £eArt A whgRd 9
o] ZAste] FFE F7) o
g, ojet Z& FAks wkg
e fFede 2A8g FEERET &
U, DOSE7F @& A9 Jepdon X
g v 9P, B A7 F 7ix wm
W T4 Azt gz9 DOFEE
2~3mg/LE FY4A FAGAFIE BF
331 M-eBNR 349 dAits ago] &
ol 84 Linporod AXTE RBCol] Ak
£8 oo uAdE FFE] ¥ i
gt AlRE,

106 -

m<
£
(Y
o
E
o
4
z -
T
= o) o}
m 4
o ® WeBNR
o © MDEPHANOX
[ - . — . .
0 40 2 36 40 50 &0
Operation Time {Day}
Fig. 5. Comparison of NH;~N Removal

efficiency in nitrification reactor between M-eBNR
and M-DEPHANCX process.

- 12 -



Horg REX0A RIS SO0 BE FRELIC M S8 13

M-eBNR#} M-DEPHANOX3-A¢] TKN Al
AL 72+ 75.6%9 85.1%24 M-eBNRF
Aol % 9 % ¥A JErRth TKN2 #7]
ARA2TET NHe-NEEY 3 9ust
v +4AY Fo st AYdHE =
Algtare] o]l EEAHos RIAP =
B3sls M-eBNR 339 TKN A&
kA o] 1 M-DEPHANOXF A Bt} &4
AslE A& A AR $57 A
AQd 719lgtn Alg g}

o}
¥
ﬁ.

100
L ® e .
% 0 TCeg O "QQ"Q""Q:OQ: »
- S o .’ »
g | -
= & .
:le
5
S o
E
20
# HeBNAR
O MDEPHANOX
0 . i | ' v
] 10 2 - - - |
ion Time (Day)

Fig. 6. Comparison of TKN removal efficiency
between M—eBNR and M-DEPHANOX.

2. #71E] A% NH;-N AL

W74 AF2h RPACR 299 A
A4 §718¢ SAsel 1492294
pelse] gdugEs o4d1 JEge
s wgze H9Eh 20 1494
29 FA4ol A%E 9% 287} 2

sk ze] FUHol FAFNGo]

F7189] 28 NH3-NAAEE M-eBNR
A9 A 14 FAAAA A=A gn
dse F7189 9 A9 24 g3

& ARG HAHew FAEY

-3 29 NHa-N AA &2 1343 " z0)A
A= H71BY ger Azsgth

_13.‘

olg} o] f{7]& Hsle] mEt NHz-NAA
fo] Ashsle 44 f71E
heterotroph W|AE9] o] A
o3} autotroph PSR
Foll 279 {7159 #F94E NH;-NAl
Aol Aty doltt

T A A zdE {8

o

S
Aol ARENEH M-eBNREAY T
2k3hkg-Z7+ M-DEPHANOX3 A 9] 94
A AdsdszEg Adse g 24
of AR YE ¢ & Ao

1007 o 0o g o S
L] 9] Q
(] 5 o
80 0g
g % .
3w o Qe
Q -Q"
3 o oo ©
Z 4 O.*@ 6]
Fo4
o]
z 0 2% o
201 [¢]
@ MeENR
O MDEPHANOX
0 T :

0 10 2 30 40 50 -]

1(”1. .!‘ ‘O. gQS! 8
® (3 0'."8@@_ ..-8
------ G
80 - O 8]
_ 000
£
3 =
g 0
)
4
4 401
z
Z
204
@ MeBNR
O MLEPHANCX
0 . . . . !
0 10 20 30 40 50 66
b} SCOD concentration {mgiL) in Nitrification reactor 1l
Fig. 7. Comparison of NH;-N Removal

efficiency in nitrification reactor between M-eBNR
and M-DEPHANOX as a function of SCOD
concentration entering from 1st settling tank to
nitrification reactor 1 and 2

J. of ESE, Vol. 24, No, 3, 2009



14 YoUT - A2 - AR - BB -

3. 718, 344 ¥ JAAE

TCOD$} SCODAZ &L M-eBNREH &
83.4¢} 756%, M-DEPHANOX 84.1¢}
78.2%24 A9 Aozt ATk F FH9
718 AAE =2 Qe iz
HE7) 29} AEY)Z2Y DOZAFY 14374
Z9] »% L7t dAggzo] o]4Ho]
gA kg o] 8537 WEo]

WEESHL AR g& F
A3 4% AAA gd FiALzA &
AkgEd  4Q9  UEEdEs  HAE
M~-DEPHANOX #49 T-NAA&L &7
74.9%9 72.9%°1%1ck. T-N A& A
ol 2%HAEo|AT M-eBNRTAHANHE
C/NH|7L BF 3.5% W T-N AAE] 0%
olA g ¥, M-DEPHANOX FAojAe
C/NuI7F 8% 3322 #2449 v T-NAAE
o] 50% A= Buso® B dite T-N
ALl F 20 % ¥ AL & 4 Uk

o,
M-eBNR 3

100
] MeBNR
[ moEPHANGX
® )
g z‘T r
2
g 9@
]
5
[T
E-3
£
= &
N B B
-
0

OO SCoD N ™ op

Fig. 8. Comparison of COD, T-N, T-P and O-P

removal efficiency between M-eBNR and

M-DEPHANOX.

M-eBNRFA T  M-DEPHANOXZH ©]
T-PAAELE 7+ 92.3%t 94.5%°]1,
O-PAIAEE 9559 94.5%54 F T3
AAAEL AL AHol7t gl ¢ =A Y
ettt o] AFE Maris'™®9 G 9%

I MEE H24d 32

P
< AE el 3G FHso] Q) Y520
AE{phosphorus  accumulating organisms,
PAQ)o] & T £8A IL#HA A Q1o
A7 Wl

V. 28

M-DEPHANOXE#4 9] #rahh335 RBC
2 YAgk M-eBNRe] #7]&5slo] ug& &
ZYo} AAE]E Hotslr] $15ke M-eBNR
3} M~-DEPHANOXFAS Z& 74 &
A3t Aatgl wkgo A Melag
4 Hwdli, M-eBNREAY HAA A=A
& BAglo de AEe uhgy) g
D NH;-N AAEL M-eBNREH| 96.9
%, M-DEPHANOXZ#ol #AA&°] 91.8%
24 M-eBNR 34°] 5% A= %3 A3F
o7 KA

2) 71281 9 NHe-NAAEE M-eBNR
TR AL 14 FAANA AAHA g
FiEE F718Y 9§ Ao A gk
1}, M-DEPHANOXEA9 4% A ¥ix &
AslezE 12AAZANA F4HE 77
§9 8o 2 NHy-N AlAgo] Az F
W 25 B<HAsAd.

3 F TAY f71E, T-N &€ T-PAAEL
A9l Aoz gt M-eBNR &3¢
TCOD$} SCODAA &L 83.4%% 75.6%,
T-NAAEL 72.9%01%, T-P 2 O-PAA
£ £ 94.5%°A . M-DEPHANOX¥3
o] TCOD$} SCOD A A &L 84.19} 78.2%,
T-NAAE&EL 74.9%,T-P$ O-PAAEL
92.3%¢} 95.5% 01t}

- 14 -



1]

rok

a2

. G. Bortone, S. Marsili Libelli, A. and
Tilche, J. Wanner © Anoxic Phosphate
Uptake in the DEPHANOX Process,
Wat. Sci. Tech,, Vol. 40, Issues 4-5,
pp.177~185, 1999,

. Ryu, H. D., Min, K, K. and Lee, S, . :
Effect of Loading Rate in the Operation
of DEPHANQOX and Modified—-DEPHANOX
Processes, Journal, of Korea Society

on Water Quality Vol. 20, No. 1,
pp.24-31, 2004.
. Ryu, H. D, and Lee, S. . : The

Study for Enhancement of Nitrogen
Removal Efficiency in M-Dephanox
Process Journal, of Korea Society on
Water Quality Vol. 22, No. 1,
pp.74~82, 2006.
. Hu, Zhi-rong, Wentzel, M. C. and
Ekama, G. A. : External Nitrification
Removal
Activated Sludge System, Water S
A., Vol. 26, No.2 pp.225~238, 2000.
and E. Robert

production

in Biological Nutrient

Rao Y. Surampalli,
Sludge
rotating biological

in
with

supplemental aeration and an enlarged

Baumann
contactor

Ol 038 S ZLI0H AfA

41
Ot

first stage, Vol. 54, Bioresour. Technol,
pp.297~304, 1995.

Andrew, D. E., Lenore, s, c.,
Eugene, W. R. and Arnold, E. G. :
Standard the
examination of water & wastewater
21st Edition.,, APHA, AWWA, WEF,
2006.

Demetrios N. H., loannis D. M. and

methods for

Sotirios G. G : Organic and nitrogen

removal in a two-stage rotating
biological contactor treating
municipal wastewater, Vol. 93,

Bioresour. Technol, pp.91~98, 2004.

. Bliss, P. J. and D. Barnes. : Biological

nitrogen control in wastewater J
Effl, Wat. Treatment, pp.65, 1981.

Ryu, H, D, ! Development of Hybrid
Process for Nutrient Removal Using
Contact Stabilization Technique FPh,
D. Dissertation, University of ChungBuk,

2006.

10. Marais, G. v. R.,, Loewenthal, R. E.,

_15_

and Siebritz, L P.
Supporting Phosphate Removal

Observations
by
Biological Excess Uptake~A review,
Wat. Seci. Tech, Vol 15, pp.156~41,
2005.

J. of ESE, Vol. 24, No. 3, 2009



