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)* �+ ,- ./) ���0 12 �3� 4567 89 15 g/L� ��:; �;<='. >?�@ �A ����� 	


1� 2.5 kg NH4
+ -N/ m3/d)* 90% ��� 	"#BC D&EF GH$� "#	
 I �	"� 	
J 90% ��C K;

�� �L�E0  !� 	"#J $%<='. �� ��� 456 ��� >? ? �@�A �	" "#M� free ammonia

N �O "
 ��� PQ) �Q �	"� 	
J 	"� 	
0 ?�<; RS'. TU VWE0 ��� (� �	" "#

M� X�C Y�Q Z [\ ]^ free ammoniaJ O_` a PQ� bcEF �d� �	"� 	
 e�� fg h�E0

ijk'.

Abstract − Selective nitrifications of high strength ammonia wastewater was performed with biofilm airlift suspension reac-

tor for the economical removal of nitrogen via nitrite. Biofilms were successfully attached on the surface of the carriers(sand)

and the biomass concentration reached up to 15 g/L with the reactor. During the experiment more than 90% nitrification was

obtained at 2.5 kg NH4
+- N/m3/d and selective nitrification was successfully carried out to have more than 90% nitrite accu-

mulation of the total oxidized nitrogen. Nitrite accumulation was achieved by the inhibitions on nitrite oxidizers with free

ammonia and low dissolved oxygen in the biofilm airlift suspension reactor. From the batch nitrification analysis it was shown

that the existence of free ammonia is the main cause of nitrite accumulation.
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,� �-� .��/, �& 0� 1� �2, 3456 7�8 "9 �

& '�� �9 :;!" <�, =#$. #>9 
�� ?@ ABC8

	 ��D/E! AB� '�E! AB# �FG H & %I J?!"

AB" *'�K #09 '�E! AB� LM% NOP QR&#$.

'�E! 
� ?@	 S� T(�U 7V�� *'�� �9 
1/

WX� Y1� T(�U 1/ 
�Z [\ �0]8 ^0�	 _` �

� *'�� �9 a
 WXC8 #b�Q$. 
1/	 3456� 


�Z hydroxylamine(NH2OH)Z @c 6
1� 
�8 1/de	 34

56 1/f(ammonia oxidizer)� 6
1� 
�Z 
1� 
�8 1/

de	 6
1 1/f(nitrite oxidizer)� �� #b�Fg # �hK i

i nitritation� nitratationC8 jk � �$. ����I�U� � !

" 3456 1/fC8	 Nitrosomonas, Nitrosococcus, Nitrosospira `

� 6
1 1/f" Nitrobacter, Nitrococcus, Nitrospina, Nitrospira `

=# �$[1]. 3456 1/f#l 6
1 1/f� yield coefficient%

mn(0.06 g biomass/g N) 
1/ *'�# m� �I `oZ p� q

r� 
1/ sh# ���� sh�U tu v"# w$[2-4].


1/ [ �h" nitritation� nitratation x �h�	 $y� 1�(4.6 g

O2/g NH4
+ -N)% zv�$. {|U }�� zv9 �~F � a
 �h�

zv9 ��� 20C8 "�� J?!C8 �� .�# �n �$[5].
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#8 "�� �~F �� ���U 6
1� 
� ��� 
1/�

�9 LM% .i��$. 6
1� 
�� �o	 �? �J�U #0

�n �	 N� �>F sh�U	 �� m� ���U ��w$. #�

� 6
1 1/f� N�# �� �6 3456� 
�% 6
1� 


�8 1/�\�\ �8 
1� 
�8 1/�� qr#$. #� 34

56 1/f� N�K ��/den 6
1 1/f� N�K m�� 3

456� 
�Z 6
1� 
��FG 1/d� � #Z �8 a
 W

X� ^0�	 AB� �9 LM% QR�n �$[6-9].

#>9 J� S�� 
1/ �)�U � 25%� 1� vMyK ��

d� � �n a
 �)�U ���" [\s�] � yK 40% ��

k � �� COD/TKN� 2% m� J��o 
�Z ¡¢!C8 ?@

k � �$[10]. a
 `o £9 1.5-2¤% ¥|¦ I+� §� � d¨

2Z ��k � �	 I©K Fª$[11]. H «�o biomass� yieldZ

¬­ � �Cg pH �FZ ®� zv9 alkalinity �� ¡�o %
 �

�$.

6
1� 
�% 
1� 
�8 1/(nitratation)�	 �K ¯��	

°0� ±��	 "\8 ²³�F ´µQ �8	 pH, ¶o, 0� 1�

�o[12], free ammonia �o, ammonium .� =# �$. pH ·/�

{| 3456� 
�¸ free ammonia(NH3), 6
1� 
�¸ nitrous

acid(HNO2)� ¹ºT�% ·�� qr� #Z #0�� 
1/ *'�,

»P 6
1 1/f� N�K ¯��	 free ammonial nitrous acid�

�oZ ¼��� ½¾!C8 6
1� 
�Z §!k � �$[13-14]. Free

ammonia(NH3)� �9 6
1 1/f� N� ¯�	 ¿À 0.1-1.0 mg/L�

U d°�	 �C8 rÁ� ´µ¦ �$[15]. 0� 1� �o� �� 6


1 1/f� �IK ¯��	 �� 3456 1/f� 1�� �9

Ks Â# 30µmol O2/L(0.96mg/L)"Ã 2� 6
1 1/f� Ks	 125µmol

O2/L(4 mg/L)8 1� Ä/Å# T�!C8 m� qr� 0� 1�Z mÆ

�Fk J� 6
1 1/f� N�K .
!C8 ?9k � �$[15-17].

'�E! �� sh & nh/w *'�K #0�	 '�Ç sh�

'� WX�� È�Z §�den �>F WÉ# �zv�n �v.F

�!# ¬� J?!#$. £9 ���
# ���$	 I©# �� n

o�� sh� �# !0�n �$. »P # sh� ÊU j9 �¸ Ë

# ÌÍ `o% ÎÏ 
1/ *'� =� ¤�� ���$. '�Ç s

h� 
1/ a
 sh� ��U ¯¶#l n�o �� = *'�� �

! ¼Ð# 6ª �J�Uo �� �� ¡¢K ¿�Ñ�$[18-21]. '�

Ç# º�w �ÒÓ '�Ç WX�	 *'� �>F% ;Ô³  ��

'�ÇC8 .Õ �I�� qr� �]� 2 �!# È� Ö�×

biomass �K ÈÆ k � �$. £9 �>F ­Ø# ÙÚ8 $_$�9

'�T� �Û n�o� biomass8 "� '/E!" WX `o% ¥|


 � �$[22].

Ü LM�U	 Ý� �ÒT '�Ç WX�(biofilm airlift suspension

reactor)Z #0�� n�o� 3456� 
�% ��w ��� 
�

�� ¡¢ ,T� ½¾! 
1/ �hK �R�� ®�� 6
1 1/

fK ¯��	 dÞßK M§�	 �àK �R�á$. £9 â
 �à

K �R�� WX� ã� 3456 1/f� 6
1 1/f� N�K

ä"�� WX� ã� 
1/ *'�� 
1/ »�� 6
1 §! ²

TK ¨å�á$. �à� ^0w Ý� �ÒT '�Ç WX�	 }�¸

æW# Òd� �RçC8è #éK ii �Rk q ¿$ �~F% �

��n '�ÇK #0�Ú8 �� biomassZ �Fk � �	 »êK p

n �$.

2. ���� 	 
�

2-1. Biofilm Airlift Suspension Reactor ���� � ��

Ü LM�U ^0w Ý� �ÒT '�Ç WX�	 6Èë �³� #

& �º±C8 ?°��$. WX�	 riseŗ  down comer, T.� ì[

�íK �	 �în 
��(gas-liquid-solid separator), pH controller8

M�w Ý� �Ò WX�#$. � .	 ï���% hy ðñ� ��

WX� 
�� ��C8.ò só��n s�	 �º blower� �� s

ó�� s�� só� �ô �]% WX� ã.Z Ý��o× �á$.

WX�	 �# 100 cm, 
�� ãJ 40 mm, 
�� «J 100 mm, riser

ãJ 40 mm, down comer ãJ 70 mm, riseŗ  WX� �. �õ� ö

÷� 10 mm#$. s� �y� ¼�øùZ #0�� ¼��áCg ��

.	 
��� ��� Ë� �#� ®+�á$. pH ?��Z #0��

WX� ã� pHZ 7.3-7.5 ú®�U �F�á$. Fig. 1� WX I+�

ûüoZ lýþ �#$.

�à� ^0w �]	 :J# 180-215µm" 4ÿ#n WX� ã�

� 45-50 g/L8 �F��$. �]	 *'�# .Õw º(8 s�� �

�� WX� ã.Z Ý��o× �á$.

Table 1� Ü �à�ö Ò�� Ý� �ÒT '�Ç WX�� �[¼ÐK

 d�n �$. �à� 
1/ *'� �# hTT(� #� � � 150­

� �à�öC8 x %F �àK �R�á$. �à I� �ö A, B	 � 

�	 3456� 
� .�� ·/� {� 
1/ ¡¢ � 6
1� 
�

Fig. 1. Schematic experimental setup of the biofilm airlift suspension
reactor. 

Table 1. Experimental conditions of biofilm airlift suspension reactor

Period 
Experiment I Experiment II

A B a b c d

Operation(days) 1-46 47-147 1-37 38-63 64-131 132-150
NH4

+- N(mg/L) 500 500 500 500 500 500
NH4

+- N load(kg N/m3·d) 2.0 2.5 2.5 2.5 2.5 2.5
Air flow rate(L/min) 2.5 2.5 2.5 3.0 2.5 3.5
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)

)

� §!� �� �à�á$. �à II� �ö a-d �ö� só�	 s� �

yK ·/d� WX� ã 0� 1�� �K ·/d� �à9 �ö#$.

2-2. �	
 ��
� ��� ��� �� ����

�à� ^0w WX� ã� 3456 1/f� 6
1 1/f� N�

K ´6¿� ®9 â
 �à� 3456 1/f� 6
1 1/f# 3

456� 
�¸ 6
1� 
�% s�k q� 
�íK ´6¿�$.

�à ¼Ð� Table 2� lýã�$. â
 �à� 500 mL Erlenmeyer

flask� 3456 1/(AO) � 6
1 1/(NO) ¤FZ 400 mL8 2â

#T �d�á$. �à� ̂ 09 '�y(Mixed Liquor Volatile Suspended

Solid, MLVSS)� �à# _�9 � H 
yK �h�á$. â
�à�

U 3456 � 6
1 1/ â
 �à�U 1.5 g/L� MLVSSZ ^0

�á$. �à# QR�	 [ döÒ� 0� 1� �o, ¶o, pHZ L

`!C8 �h�á$. �� �à ¼Ð� pH 7.2, ¶o	 28oC8 �à

K �R�áCg �à �ö &� pH	 6 #�8 ���F �6U pH

¯�8 "9 
1/ ¯�% 	o× �á$.

2-3. �� � �� ����

Ü �à�U ^09 ��� 
��C8	 (NH4)2SO4Z ^0�án


1/% QR�	 Ò� WX� pH ̄ �Z Ç� ®�U NaHCO3Z ^

0�á$. pH controller� 1 M NaHCO3Z ^0�áCÚ8 #Û!C8

)1w 7.14 g/g NH4
+ -N� 1/2� �" 3.57 g/g NH4

+-NK Ñ d� Ñ

�$. #q WX�� pH	 7.3�U 7.5 ú®�U �F��Cg � �

	 ���	 ���# 	� 7V�� *'�" 
1/ *'�# Ñ8

�I�o× �á$. *y��8 MgSO4 · H2O 5 mg/L, KCl 7 mg/L,

NaHPO4 · 12H2O 29 mg/L, CaCl2 · 2H2O 7 mg/L, KH2PO4 11 mg/L, FeCl3
· 6H2O 1 mg/LZ 
� Ñ�$.

� �¸ ���� 
� �o� 
�� ii� NH4
+- N, NO2

− -N,

NO3
− - NZ Standard Method� �@�� 
��áCg 4� d�	

0.45µm GF/C filter8 ���� .� �
K ?@9 � �à�á$[23].

3456� 
�	 Nesslerlization method� �� 425 nm�U 
�o

(UV 1601, Shimadzu)Z �h�án 
1� � 6
1� 
�	 0.2µm

syringe membrane filterZ ^0�� 9� � *� .��
K @� �

ion chromatography(DX 500, Dionex)8 �h�á$. WX� ã� MLVSS

	 Standard Method� Fixed and Volatile Solids �h� �@�U 550oC

�U 15
ö â/�� �h�áCg WX�ã� 0� 1� �o(Istek

215D), ¶o, pH(Istek 720P) =� L`!C8 �h�á$.

3. �
 	 ��

3-1. ��
� � !" #$ � ��%

Ü WX�� #0w 
1/ *'�� �]  �� .Õ �I�� '

�ÇK º��áCg Fig. 2	 Ü �à�U �]8 ^09 4ÿ¸ #�

 �� º�w '�ÇK [\ ²*JC8 ±�9 �#$. Fig. 2(A)	

WX� �� �³�	 4ÿ� 4�K SEM(scanning electron microscopy

C8 ±�9 �#$. #	 '�Ç# º��� [� �]Z ¿n\ 9 �

C8  �# @�� 2 �!# ÈÚ8 *'�# .Õ �I�� 0#

9 º(�K ´ � �$. Fig. 2(B)	 4ÿ �]� º��� d°�	 '

�Ç� ºTK ¿�Ñg  �� Mº º(� *'�Ç# º��� �

�# ¿"$. Fig. 2(C)	 '�Ç# �h!C8 º�w � �]� �[

�Æ .Õ �I9 '�ÇK SEMC8 ±�9 �C8 �� granule º(�

X� \Z º��á$. Fig. 2(D)	 TEM(transmission electron microscopy

C8 ±�9 WX� ã� *'� X� \#$. ¤¢ 110,000¤�U 0.28µm

È�#g ��Ç� º�w intracytoplasmic membranes(ICM)� 
1/

*'�# 1�% �
k q lýl	 ¯[\�o(low electron density)

8 ��Q 4�K ¿#n �$. # *'�� 
1/ *'�" Nitrosomonas

europaea̧  2�9 »êK ¿"$[24-25].

Fig. 3� Ü WX�Z �[�� d°�� WX� ã� $�� 
1/

*'�# �I�n ��K  �C8 ä"9 � WX�ã MLVSS �o

Z �h�� d°9 d©�U *'�y# ­h9 ��C8 �Fw d

©�F� profile#$. �[ �öÒ�� MLVSS	 ��� 7 g/L(70­ J

�)�U 15 g/L(280­ J�)�F !�P Ì%�	 ²TK ¿áCg ¹

f 12 g/L8 �F��n, # & .Õw *'�# $�8 �F��$.

3-2.�� I:  &'()* �+ ,-. /0 ���12 )��* �+

3"

Ý� �ÒT '�Ç WX�Z #0�� n�o 3456 ��� 
1

/Z �R�á$. � �	 ��� 3456� 
� �oZ 500 mg/L

C8 ­h�Æ �Fd�� T(�U �yK 400 mL/hr(�ö A)�U 500

mL/hr(�ö B)8 Ì%d� 3456� 
� .�� {� 
1/¢� 6


1� 
�� §! ²TK 2æ�á$. Fig. 4	 �à�ö A, B� 3

456� 
�.�, 
1/ ¡¢� ���	 3456� 
�, 6
1�


� � 
1� 
�� �oZ ¿��$. Free ammonia �o	 ���

� ammonium �o¸ ¶o, WX� ã� pH8.ò 6ÿ� ÍC8 )

1�á$[26].

(1)

(2)

��U Ka̧  Kw	 ammonia̧  �� #¶/ T�#n T	 ¶o(oC)#$.

�ö A	 3456� 
� .�Z 2.0 kg-N/m3/d8 �F�� 
1/

¡¢K �à9 �ö#$. ï� ��� 3456� 
� �o 500 mg/L

� �yK 400 mL/hr8 ��E! ]�döK 6.25döC8 �à�á$.

¹f 
1/¢� 99% #TK �F�á$. WX� ���� ?@�F

�n �³�	 3456� 
�	 �� m6U �� 30 mg/L #�8 �

F��Cg ¹f 4 mg/L� �o8 �F�� �hw 
1/ ¡¢K ¿

�Ñ�$. #q 
1� 
�	 80 ãF 150 mg/L ú®�U �F��C

g ¹f 100 mg/L� �oZ ¿á$. ��� &� 6
1� 
� �o	

F`!C8 �Æ(¹f 370 mg/L) �F��$. ��� ã� 6
1� 


�� §! hoZ ´6¿� ®�� nitrite ratioZ $�� Ë# WX��

U ���	 ��� &� 6
1� 
� �o¸ 
1� 
�� �o8

lýã�$.

nitrite ratio = (3)

# �ö Ò�� nitrite ratio	 ¹f 0.88 �F��Cg free ammonia

� ¹f �o	 0.05 mg/L8 �F��$. # �o	 UÛ�U ¨å9

�¸ Ë# 6
1 1/f� N�� ¯�Z Ñ��	 $� m� Â#$.

NH3 N–[ ] NH4 N–[ ]( )10pH Ka Kw 10pH+⁄( )⁄{ }=

Ka Kw⁄ exp 6334 273 T+( )⁄{ }=

NO2
− N–[ ]

NO2
− N–[ ] NO3

− N–[ ]+
-------------------------------------------------------

Table 2. Experimental conditions of batch nitrification kinetic analysis 

Condition
Batch test of AO and NO

AO medium NO medium 

NH4
+- N(mg/L) 100 0

NO2
− -N(mg/L) 0 100

Wastwater: trace elements 1:1 1:1
MLVSS(g/L) 1.5 1.5
Mixing velocity(rpm) 100 100
Initial pH 7.2 7.2
Temperature(oC) 28 28
Medium amount(mL) 400 400
���� �40� �1� 2002� 2�
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"Pµ # �ö Ò� WX�� 0�1� �o% 2 mg/L ¿$ �ö m

� T(Z �F�� 6
1 1/f� N� ¯�� ��#K � �$.

�ö B�U	 3456� 
� .�Z 25% Ì%d� 2.5 kg-N/m3/d

8 �F�� �à�á$. �  ��� 3456� 
�� �o	 H�

8 �n ��E! ]�döK $Æ(6.25dö�U 5döC8) �� 
�

.�Z Ì%d%$. #� {| 
1/¢# �ö ¯�çK ¿#l ¹f

92%8 �� ��C8 �F��n ���	 
1� 
�� �o	 ¹f

75 mg/L8 �ö A�U¿$ m� �o8 ����$. 6
1� 
��

�o	 ¹f 372 mg/L#$. #q nitrite ratio	 0.83 ho8 �F��

�ö A�U¿$ �ö Ì%�á$. �ö B Ò�� free ammonia� �o

	 ¹f 0.5 mg/LK �F�á$.

Free ammonia� �9 ¯�	 *'�� !X ¡�% �� I�ö �

[�	 ¡�% &�Q$[27]n ´µ¦ �FG Ü WX�� 6
1 1/

f� �[�ö 150­ #T� �à�U H Ë� ²T� ' � 	�$.

3456� 
�.�% Ì%(3456� 
�� WX� ã ]�dö �

�)��U 
1/% �(�F )�n *�9 3456� 
� �o%

�ö A� 2� Ì%�á$. {|U free ammonia� �o% �6Fg

Fig. 2. Electron micrographs of nitrifying bacteria.
(A) Sand as biofilm media(SEM, ×800). (B) Nitrifying biofilm on the media(SEM, ×600). (C) Nitrifying biofilm on the media, as granule(SEM, ×200).
(D) Nitrifying bacteria(TEM, ×110,000)

Fig. 3. Mixed liquor volatile suspension solid profile of the biofilm airlift
suspension reactor.
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002
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6
1 1/f� N�K ¯�9 �C8 +�w$.

3-3. �� II:  �4 �+ 5�. /0 ���12 )��* �+ 3"

Ê� �à I�U 3456� 
�� .�% Ì%��U 
1/¢�

���n 6
1 §!¢� �ö Ì%�á$. 6
1 §!� �"K ´

6¿� ®�U 3456� 
� .�	 ­h�Æ �F9 �8 WX�

8� s� sóyK ·/d� 6
1 §! �,K ¼^�á$. s� �

yK 2.5-3.5 L/min� `o8 ·/Z Ñ�n Hq {� 0� 1� �o

� ·/Z �h�� 3456 ?@¢� 6
1� 
� §!�� ±)Z

�à�á$. Fig. 5	 WX�� 
1/ (�Z lýþ �#$. �ö a-d

4x 3456� 
� .�Z 2.5 kg-N/m3 · d8 �F�áCg Table 3�

�à(�Z h�9 �#$.

�ö a�U	 só�	 s� �yK 2.5 L/minC8 �F�� 
1/

¡¢� 6
1� 
�� §!K ±��á$. 
1/¢� ¹f 85%#n

nitrite ratio	 0.83C8 �F��$. WX��U ���	 3456� 
�

�o% � 80 mg/L ��C8 �h��$. #q free ammonia	 1.0 mg/

L ��C8 6
1 1/f� ¯�Z ¬ � �	 �o#$. #,Æ 
1

/¢# m� �� 3456 .�% �@l £	 
1/ �h� zv9

1�% �
P só�F )9 (�8 'ik � �$. WX�� 0� 1

� �o% 1�U 2.5 mg/L ���U �F��Cg ¹f 1.8 mg/L#$.

# �o	 ­W!C8 6
1 1/f� N�# ¯�Z -	$n ´µ

Q 2 mg/L¿$ m� �o#$. s� sóy# ���� 0�1�% m

6Fn # J� 
1/ ¡¢# ���� ��&� 3456� 
��

�o% �Æ �Fw$. #q free ammonia� �oo �6FÆ �Ú8

6
1 1/f� �9 ¯�% � .FÆ �� 6
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Fig. 4. Effect of NH4
+- N load on nitrification in the biofilm airlift sus-

pension reactor.
(�: NH4

+- N; �: NO2
− -N; �: NO3

− -N; �: nitrification efficiency; ��:
NH4

+ -N load)

Fig. 5. Effect of air flow rate on nitrification in the biofilm airlift sus-
pension reactor.
(�: NH4

+ -N; � : NO2
−- N; �: NO

�

− -N; �: nitrification efficiency; ��:
air flow rate)

Table 3. Effect of dissolved oxygen concentration on the nitrification of
the biofilm airlift suspension reactor

  Period ..
Characters

a b c d

Nitrification efficiency(%) 85 95 82 97

Nitrite ratio 0.83 0.79 0.95 0.96
Dissolved oxygen concentration(mg/L)1.8 2.6 1.2 2.7
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Fig. 6. Batch nitrification kinetic analysis of nitrite accumulating bio-
mass from the biofilm airlift suspension reactor[(A): ammonia
oxidation, (B): nitrite oxidation].
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− -N; �: NO3

− - N)
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