
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000, pp. 745-752
(Journal of the Korean Institute of Chemical Engineers)
������ ��	 
��
� �� ��� ��
I. �� ��� �� �	

 ���†������	
���
��������*

 ����� �����, *	
���
(2000� 3� 10
 ��, 2000� 8� 29
 ��)

The Removal of Aquacultural Wastes by Foam Separator from Sea Water
I. The Effect of Initial Protein Concentration

Kuen-Hack Suh†, Byong-Jin Kim, Se-Hwan Bong, Jun-Heok Lim, Yong-Ha Kim and Sung-Koo Kim*

Department of Chemical Engineering, Pukyong National University, Pusan, Korea
*Department of Biotechnology & Bioengineering, Pukyong National University, Pusan, Korea

(Received 10 March 2000; accepted 29 August 2000)


 �

� ����� ��	
� �
���� ���� �� �� ���, 	����,  !" #$ %�&, '(, )*+,

- �$. /0 1� 2��� �� �3456 �7�� �8 ��� 9(� :; 1� 2��� �3 <- = �
��

�� >?#$ �@ AB6 CD�EF. ��� �3�(� G� ��� 9(� HI� :J HI�FI KLM� NO�

� �PQ� Langmuir RS TU�V W XM�EYZ [ 	����,  !" #$ %�&, '( = [ )*+,- �$

� �3�( \] G� ���� 9(I HI^V _`�� HI�EF. G� ��� 9(I HI^� :J ���� �

3a0 b$�EYZ [ 	����,  !" #$ %�&V '(� �3a( /0 cd6 efghYe [ )*+,- �

$� �3a0 HI�� iYQ efjF. � kl� m>] �
���� 96%n
� o0 >?#$ � a6 efghF.

Abstract − Experimental investigations on the effect of the initial protein concentration for the removal of aquacultural waste,

such as protein, total suspended solids(TSS), turbidity, chemical oxygen demand(COD) and total ammonia nitrogen(TAN) from sea

water were carried out by using foam separator. The foam separator as an aerator was also evaluated for increasing dissolved

oxygen concentration. The experimental results of foam separator using sea water indicated that the removal efficiency of pro-

tein decreased with the increasing the initial protein concentration and the protein removal rate followed the Langmuir iso-

therm. The increase in the initial protein concentration increased the removal rate of TSS, COD, turbidity and TAN. The

removal efficiencies of TSS, turbidity and COD were decreased with increasing the initial protein concentration, but TAN was
increased. Dissolved oxygen(DO) saturation of effluent from foam separator was higher than 96%.
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9C I8J� K>L M�*� �N OP�2 QR3 
� 9:S =

�? �8 DT8U 3<. 
� =�S 
�V �WA2 XYZ? [

\ XYK?@ ]^�N ,-./� =A _` 
�� �' aXV b

]*cA 3<[1]. !d� �e 8�� �)( #(*� fS Jg��

� �e $
�K J 8�� ,-A� h` 
�� aX� ]^*i2

=
�(+ $
�K J?@ ]^�N ,-./� j�k(� lm3

�n� �op<.

=
�(+ $
 �K J?@ ]^�N ,-./ q 
�� ^�?

IrL stN �u�2 �
/, Qb�v., bc., wxy` z( �

�� { q �
/S ^.|k u8? �8 wxy`V ]^}~� #

��%V "%}~N ./(�[2] Qb�v.S 
�� `�s? ��

k� T�L stN ,-.2@ lm3 �n� ��*<[3].

�� u��S #� J? ��*N �9O ./(+ #� ./L #

� J?@ O�*N c�? Q�}� u�}~N ���2 �F( �

� �N �� z� ��K�L ��2 *� f` �e ��k� �F

(<[4, 5]. ��u� �F?@ �n�N ./�S ��� 0� $� .
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/�2 0� $� ./� ��c� ���2 %�c� c���2 ��

�
 c-� 0�? ���D< hS  A2  ¡�N �rL ��� �


, ¢k�uL � A2 £�*N¤ �e j�k� ���2 ��?N

�#� q� -¥�n[6]+ b� ,-. u�[7]z? ¦#�� �<.

=
� §¨� m� �
/ �uS %�c© ��cV Zª ��N

oKk ���2 �8 0�$�� «¬L *6 ­A� 0�$��V

®�*� f`A ��u�V �¯¬ � �A° 8±
 �� =
� §

¨� q 
�? b83 �u� ²� ���2³ ��u��( _( 7

o�
�� �<[8-12]. ́ �µ� ¶¯�
 � =
��? �3 ��u

��S �Qu ·�? C3�
 ̧ �� e� +\?@ ¹E�N 8�


=�(+ $
�K? ��3 8�? �3 7oN �º3 OP(<.

� 7o?@N �cQO� ��u�cV �»*6 8� m� �
/, Q

b�v., 5|k �% �o', ¼A, wxy`� /%© ½S =� ac.

� 7m �n��L �¯*6 b� �
/  A? [¾ =� ac.� �

n ��L ¿À*Á�� ��u�c� #��% �) ÂÃL ¿À*Á<.

2. � �

2-1. ����

� 7o� ��u� ÄÅ�t� x�AN Fig. 1� ½<. ��u� �

tN ÆÇk�2 separation column, foam riser, foam collector2 o

�p<. Separation columnS c�© #� bc.( �È*N Qu�

2 b�� É�*N Qu(� foam riser tubeN �
/L ÊÇ3 �

�(protein laden foam)( a�© u��� ËS n�(wet foam)?@

�K3 n�(dried foam)�2 �K�N Qu�2 �ÌQÍ foam collector

µ�� Qu(<. Î�Ï�2 foam collectorS riser tube2QÍ b1

p ��L �d*6 ÆQN a� m�2 �§¨}~� ÆQN Ð�2

�1}~N Qu(<.

� 7o?@ �»*6 X#3 ��u� �tN Fig. 1?@ DN Ñ©

½( separation column� foam riser� Æ�v� vÒ2 J� 5 cm h

( 50 cm� acrylic pipeV X#*6 �»*Á�� ���� #kS 1 L

Á<. Foam collectorS J� 5 cm,h( 10 cm� acryl pipe? J� 2 cm

� Ó�ÔL Õ8 ��( b��A° �»*Á<. b�Ô� b1ÔS

2 cm acrylic pipeV X#*Á<.

��u�c *Q?N b� 6�c(G3, pore size: 3-15µm)V (#

3 �cu�cV �Ö}� c�� »� ×Æ*Ø ]^*6 ��? �

3 u�jÙ( ��� Ú � �Ø *Á<. �c� �)S �cÛÜV

(#*Á��, �c b'S �cÛÜ� needle valve© b'0� KÝ

ÞßV (#*6 KÝ*Á<. ÄÅ�N F' ÛÜV (#*6 �à O

Q?@ ÆF3 b'�2 �)*�, ²��N *Q?@ b1�A° *Á

�� �cN á� *Q?@ �)Z�2³ r�� �ÈL bA*Á<.

2-2. ���� � �	

ÄÅ? X#3 8�N Q��« !d? �)�N â�2@ -uAN

30%(ã�� �
/ �uS ¿1�� fä<. ÄÅ�N Ä� =��©

bX*A° *c Ì*6 Oc 8�? Q��|å Qm §¨6�� =


�?@ ]^3 =� ac.L æç}� �
/  AV KÝ*6 ÄÅ

? X#*Á<. ÄÅ�� �A© pHN BB 26è1 oC, 7.9è0.1(ã<.

ÄÅS �Ã|k ��}éL 2.34 min, �á �cbmS 0.85 cm/sec

�2 �F*6 �
/  A� 12.06, 23.68, 37.97, 49.28, 62.36 g/m3

� ÄÅ�V 7mk�2 �)*�@ FOOÒ Aê ë 5u é��2 2

�� }¥V 3£ ìí*6 uç3 ë î×ïL 9¥2 X#*Á<.

2-3. 
��	

�
/�  A uçS ��  ¡.S Lowry’s method[13]V (#*

Á�� 8�N UV280 method[14]V (#*6 �¯*Á<. ð Qb�v

.S standard method[15]? [\ GF/C6�2 6�3 ë -%(�(

¿1�� fL ñµ� ���2 òó*6 uç*Á<. 5|k �% �

o'S ôõ�� KMnO4�[16]? [\ }¥ ìí ö} uç*Á��

¼A� uçS turbidimeter(HACH, 2100AN)V (#*Á<.

ð wxỳ � /%� uçS NH3ion selective electrode(ORION Re-

search Inc., 9512BN)� Q�p Ion meter(ORION Research Inc., Model 720A

V (#*6 (�¹÷� �ø�[15]? �8 uç*Á<. #��%N DO

meter(YSI Inc. Model 52)V (#*6 b���  AV �F3 ë b

1��  AN 30ù é��2 7m �F*6 FOOÒ?@� î×ïL

í*Á<. B }¥� �A u�N 100µm� apertureV (#3 �A u

çc(COULTER Electronics,COULTER MULTISIZER II)V X#*6 �

F*Á<.

2-4. �� 
��	

�
/, Qb �v., 5|k �% �o', ¼A, wxy`� /% z

� �nmAN b��© b1�� B �u�  A© �� ]^'L �

F*6 0�*Á<.

B �u� �nmAN ��? �8 �n�N =� ÊÆ*i2 <ú�

½<.

(1)

6c@ −raN B �u� �nmA(g/m3ûmin �N NTU/min), QfN

]^p ��� b'(m3/min), Cf,aN B �u� ��à  A(g/m3 �

N NTU)(� VN ��u�c� ��� #k(m3)(<.

��? �8 �np B �u� =S ./ ���? �8 b��©

b1�? �Zp =� É© ÊÆ*i2 � (1)S <ú� ½( ü � �<.

(2)

ra

Qf Cf a,⋅
V

-----------------=–

ra

Ci a, Qi⋅ Co a, Qo⋅–
V

------------------------------------------=–

Fig. 1. Schematic diagram for the removal of aquacultural waste from sea
water by using foam separator.
1. Separation column 8. Foam outlet
2. Foam riser 9. Feeding tank
3. Foam collector 10. Mechanical stirrer
4. Air distributor 11. Peristaltic pump
5. Liquid inlet 12. Air pump
6. Air inlet 13. Rotameter
7. Bulk outlet
���� �38� �5� 2000� 10�
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6c@ Ci,a© Co,aN B �u� b�� ý b1��  A(g/m3 �N NTU)

(� Qi© QoN ÄÅ�� b�� ý b1�� b'(m3/min)(<.

b1�� b'S b�� b'� �� b'� É© ½�i2 � (2)N

� (3)�2 F�p<.

(3)

��u�c� ðþ #��% �ê 0�N � (4)V (#*6 o*Á<.

(4)

6c@ KLaN ðþ #��% �ê 0�(min−1), τN �Ã|k ��}

é(min), Ci,DON b��� #��%  A(g/m3), Co,DON b1��

#��%  A(g/m3)(� Cs,DON #��%� �5 A(g/m3)(<.

3. �� � ��

3-1. ��� ���� ��

=
�?@ sÿí X¥+ 
u? �Z�
 �N 
�� ÿí*� �

3 �
/( §¨�? #1�
 ]^*N �
/ �uS �
/� /%

�uS s^.? �8 
�? �3 ��( hS wxy`2 u8�c

ñ�? lm3 �n� ��*<[17]. �
/S %�c© ��cV x�

��� �N oKk ���2 �8 cû� 0�?  ¡�Ø ��[18] ­

A� 0�$��V ®�*� f�A ��u�V �Â*Ø 8�<[9].

Fig. 2N b� �
/  A� �
/ �nmA ý �nÙ? stN

IrL +H� â(<. {�?@ D6�N Ñ© ½( b��� �
/

�  A� 49.28 g/m3µ� ��¬ �e �nmAA n� ¹vk�2

��*Á�� { (O�  A? �8@N n� ÊÆ3 ïL +HJã

<. Ç� �
/� �nÙS Fig. 2?@ D6�N Ñ© ½( b���

�
/  A� ��¬�° "%*N â�2 +H	<.

b� �
/  A� ��Z? [\ �
/ �nmA� ��*<� n

� ÆF3 ���2 b��N ´OS ��u�c2 �)�N �c'(

ÆF*i2 separation column J? ���N c�� 
�k( ÆF*

6 cû� 0�? ���
 �nÚ � �N �
/� =( 3F�c

ñ�? ]^*N â�2 b� �
/�  A� hL �e c� �)'

L �
 cû� 0�L ��}� �e D< hS �n mAV �L �

�L â�2 ^Bp<.

b� �
/  A� ��? [\ �
/� �nÙ( "%*N âS

b� �
/  A� ��*6A cû� 0�? ���
 �n�N �


/� =S �5  A(O ��*� f�i2[19] b��N �
/ =�

��? �8 �n�N �
/ =� &� "%*N â�2 X¥p<.

�3 (âS ��u� �FL (#3 �
/ £��F? �3 7o?

@ +H+N �vk� ´O� b� �
/  A� ��? [\ ���

�
/  ¡& ý £�Ù( "%*N ́ O[20]� ÊÆ3 ��(<.

Fig. 3S b� �
/  A� �5? [¾ �� ^�mA� �5V

+H� â�2 {�?@ DN Ñ© ½( �
/ �nmA� �5© b

X3 vÒ2 +H	<. ��S cû� 0�? ��p 0�$� ./?

�8 �c q?@A { vÒ� �
�� f� b��N â�2[8] b

� �
/�  A� h`/�° cû� 0�? ���N �
/� =(

��*6 ��( ���� f� _( ]^*N â�2 X¥p<. (�

3 ´OS Brown z[21]� 7o?@A +H� ��2@ b� �
/

�  A� ��Z? [\ �� J� �
/ ��}é( ��Z? [¾

´O(\� *Á<.

3-2. ��� �����

��u�?@ 0� $� ./( c� 
�? ��*N ´OS ��c

(hydrophilic side chain)� ���2 %�c(hydrophobic side chain)�

c� ��2 ���
 ���(bulk liquid) A� ��Z? [\ c�


�? ���N #/� u9�� �É ��*6 { 
�( �� �5

�
 
� ��  A? (�N â�2 <ú� Langmuir z� ���

�2 +H� � �<[22].

(5)

 

6c@ ΓN 
�� �
/  A(g/m2), ΓmN 
�� �� �
/  

A(g/m2), CbN ���� �
/  A, C1/2N Γ� Γm� 1/2Æ ñ�


�� �
/  A2@ Ç �5 O�(half saturation constant, g/m2)

(<.

�Æ separation column J� cû� 0�� �k( ÆF*<� �


/ �nmAN <ú� ½( +H� � �<.

(6)

6c@ −rPN �
/ �nmA(g/m3ûmin), NaN cû� 0�� ^

ra

Ci a, Qi⋅ Co a, Qi Qf–( )⋅–
V

--------------------------------------------------------=–

KLa
1
τ
---

Co DO, Ci DO,–( )
Cs DO, Co DO,–( )

------------------------------------⋅=

Γ Cb( )
Γm Cb⋅

Cb C1 2⁄+
---------------------=

rP Γ Cb( ) Na
V
-------⋅=–

Γm Cb⋅
Cb C1 2⁄+
--------------------- Na

V
-------⋅=

Fig. 2. The effect of initial protein concentration on protein removal
rate.

Fig. 3. The effect of initial protein concentration on foam generation
rate. 
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000



748 ���������	
���
��������

lf
�mA(m2 area/min)(<.

Na© VN ÆF*i2 � (6)L <} �� <ú� ½<.

6c@ −rP,mS �� �
/ �nmA(g/m3ûmin)(<.

� (7)� −rP,m� C1/2N <ú� Lineweaver-Burk plot, Eadie-Hofstee

plot, Hanse-Woolf plot? �8 o¬ � �<[23].

Lineweaver-Burk plotS � (7)? (q «�V í3 vÒ2 �� D

�k�2 X#*N vÒ(<.

(8)

Eadie-Hofstee plotS � (9)© ½S vÒ2 �S  A? �8 »S

,ÉV +H�<.

(9)

Hanse-Woolf plotS −rP,mL &åk F   �F¬ � ��� { v

ÒN <ú� ½<.

(10)

��u�?@ �t J� ¡O !Ö( �e "�Ø (#
�i2

separation columnS *+� ��3 !Ö pool2 �F¬ � �<[9]. {

�i2 �� k#? �
 CbN CoV X#¬ � �<.

Fig. 4N Oc ò �� vÒ� plotL (#*6 ¹v£$ uçL ¯3

��© ¹v£$ uç*6 o3 0�V X#*6 �
¶ ���  A

�5? [¾ �nmA� �5© ÄÅ?@ �
¶ ��V &å*6 +

H� â(� Table 1S ¹v £$uç� ��? �8 0�p �� �


/ �nmA© C1/2V +H� â(<.

ò �� plot� OÔ0� r2( 0.954-0.9996� %Ì2 +H+ ��u

�Ô J� �
/ ��S Langmuir z����� & Æt*N â�2

+H	<. �� �
/ �nmA© C1/2N plot� vÒ? [\ KM É

(� ��+ BB 10.0-11.0 g/m3ûmin, 13.7-17.2 g/m3� %Ì2 +H

	<. � 7o?@ �
¶ �� �
/ �nmAN b� �
/  A

V 150 g/m32 3 Suh© Lee[9]� ·� =
��2QÍ �
/�n?

Ô3 7o ��?@ �á �cmA� 0.85 cm/secÆ ñ �
¶ ��©

bX3 â�2 +H	<.

3-3. � ����� ���� ��

ð Qb� �v.S ��( 1 µm (O� �v.2@[15] 
� =�

?@N 
'(+ 
�� ��FA? [\ É(N ��+ 25-80 g/m3

(*�  A� (��� �<[24]. Qb� �v.S bc. �u ý º

c. �u�2 (#
) ���, *]� Qb�v.2 
}�N bc�

�uS �%� %&© Zª biofouling� ��V Uc*N Ç�?, º

c� �uS +�.L v�*6 
�� ^$ �é? 4IrL stØ

p<[3].

Fig. 5N b� �
/  A� ð Qb�v.� �nmA ý �nÙ?

stN IrL +H� â(<. {�?@ D6�N Ñ© ½( b���

�
/�  A� ��Z? [\ ð Qb�v.� �nmAN n� ¹

vk�2 ��*Á�� �nÙS �
/  A� ��¬�° "%*N

â�2 +H	�+ �Çk�2 70% (O� hS �nÙL +HJã<.

Fig. 6S b� �
/  A� �5? <¾ b��© b1��  A©

�nmA� ð Qb�v./�
/ &� �5V +H� â(<. {�?@

DN Ñ© ½( b��© b1�� ð Qb�v./�
/  A&N n

� ÆF*Ø +H	�� �nmA� &N �
/  A� ��Z? [

\ ��*N â�2 +H	<.

b��� ð Qb�v./�
/ &� , 2.52 n� ÊÆ3 âS ÄÅ

�V �KZ? �
 =
� ac.L uí,  ¡*6 !Ö*Á�i2 �


/� �v.( n� ÊÆ3 K�&2  ¡p ��2@ =
�� m�

ð Qb�v.  AN �
/  A� 2.5� FA-L ô � �<.

rP–
rm P,– Cb⋅

Cb C1 2⁄+
---------------------=

1
rP–

------- 1
rm P,–

------------
C1 2⁄

rm P,–
------------ 1

Cb

------⋅+=

rP– rm P,– C1 2⁄
rP–

Cb

-------–=

Cb

rP–
-------

C1 2⁄

rm P,–
------------ 1

rm P,–
------------Cb+=

Fig. 4. The Lineweaver-Burk plot(a), Eadie-Hofstee plot(b) and Hanse-
Woolf plot(c) for the determination of kinetic parameter and the
comparison between the experimental data and the regression
results(d).

Table 1. The regression result for the determination of kinetic para-
meter

Parameter Lineweaver-Burk Eadie-Hofstee Hanse-Woo

Half constant, g/m3

Maximum removal rate,
g/m3

� min

17.154
11.039

15.955
10.685

13.700
10.078

Fig. 5. The changes of TSS removal rate and removal efficiency on ini-
tial protein concentration.
���� �38� �5� 2000� 10�
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b� �
/  A� �5© ºÔ*Ø b1�� ð Qb�v./�
/

&� 1.0 FA2 b��� ð Qb�v.� �nÙ� �5� �
/�

�e© bX*Ø +H+N âS ð Qb�v.( �n�N â( �
/

( cû� 0�? ��Ú ñ ÊÇ ���
 �n�N �nc»[10]?

�3 ´O(\� ^Bp<. {�+ b� �
/  A� ��? [\ �

nmA? �3 ð Qb�v./�
/ &� ��*N âS b� �
/

 A� ��? [\ �
/ �n'( ��*N &Ù D< � hS &

Ù2 Qb�v.� �n'( ��*� cû� 0�? �
/�u( �

5�
A Qb�v.S { (O ��p<N âL D6�<.

3-4. �� ���� ��

¼AN .L .�Ø *N �uL ð/*N â�2 1µm(*� Qb

�v.� 0%� #� ./A x� �Z*� .� 12AV �F*N

óA(�[25]=
�?@N 60 g/m3(*�  AV (�*� �<[26].

Fig. 7� 8S BB b� �
/  A� ��? [¾ ¼A �nmA

ý �nÙ� �5© b��© b1��  A, �nmA? �3 ¼A/�


/ &� �5V +H� â(<.

Fig. 7?@ D6�N Ñ© ½( b��� �
/�  A� ��Z?

[¾ ¼A� �nÙ ý �nmA� �5N ð Qb�v.� �nmA

ý �nÙ� �5© n� bX3 vÒ2 �5*Á<. (�3 ´OS

¼AV b]*N ./ q O3QuL ð Qb�v.( É�*i2[25]

_S uÙL É�*N ð Qb�v.( �n�N â� bX3 =O�

2 ¼A� �n� (#
�N â�2 ̂ Bp<.

b��© b1�� ¼A/�
/  A&© �nmA &N Fig. 8?@

DN Ñ© ½( b� �
/�  A �5© ºÔ*Ø n� ÆF*Ø +

H	<.  A&N ð Qb�v.� �e© bX3 ��Á�+ �nmA

&N �
/  A� ��? [\ �nmA&� ��*N Qb�v.�N

ê� ÆF*Ø +H	<. (â�2 D` ¼AV o�*N �9 q Qb

�v.D< »S s%�9� & �n�� fc ñ��2 ^Bp<.

3-5.  � 
! ��

Fig. 9N BB� b� �
/  A? �3 b��(a)© b1�(b)�

�A u� �5© �9 ��­ �nÙ� �5(c)V +H� â(<. {

Fig. 6. The concentration ratio of TSS to protein of influent(Ci) and
effluent(Co) and the removal rate ratio of TSS to protein.

Fig. 7. The changes of turbidity removal rate and removal efficiency on
initial protein concentration.

Fig. 8. The concentration ratio of turbidity to protein of influent(C i)
and effluent(Co) and the removal rate ratio of turbidity to protein.

Fig. 9. The changes of differential particle distributions of feed(a) and
effluent(b) and the particle removal efficiency(c) on particle size.
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���
��������
�?@ DN Ñ© ½( b��© b1�� �A u�N �9  A�

Ý�ïS É(� ��+ { vÒN n� ÊÆ*Ø +H	�� �9N

0-15µm� %Ì?@ u�*Á�� 2.632µm� �9� É�*N uÙ

( �� 4 â�2 +H	<.

�9 ��� �5? [¾ �9� �nÙ� �5N ��k�2 ��(

5�° �nÙ( hS â�2 +H	<. (�3 ´OS =
�� J �

9� WA� 1,190 kg/m3�2 .�� WAÉ� 6� f�i2 qÃ?

�3 +7Ã D< O�*N c�? �8 ]^*N QÃ? �3 Ir?

� 8"*6 ]^*N ´O�2 ��( 9/�° ��k( 9) QÃ

� »#L � 6Ø :c ñ��2 X¥p<.

Fig. 10S b� �
/  A� �5? [¾ �9� ð �nÙ� Fig.

9� �A u� q �� 4 uÙL É�*N 2.632µm�9© �nÙL

A}3 â(<. {�?@ DN Ñ© ½( 12.06-49.28 g/m3� b� �


/  A %Ì?@N �9 �nÙ� �5N 6� fä�+ 49.28-62.36 g/

m3� %Ì?@N )�  *;*N â�2 +H	<. � �� %Ì?

�
 ð �9� �nÙ� 2.632µm�9© �nÙS 4 É(V D(�

f` 2.632µm�9V �9� �n��? �
 ���9? �3 �
�

��2 X#¬ � �L â�2 X¥�ã<.

3-6. �"# �$ %&' ���� ��

§¨ 6�� =
�?@ #� bc.S sÿí X¥?@ #1�n+


� J?@ ��  u8�� f` ]^3<. #� bc.�  A�

hL �e H�I=� s^.� ^�L È¶}~Ø �
 ^.|k ²

��t? e�'5�
 /�5 jÙL �*}~n+ �%�o'L ��

}~N :�( p<. ÆQ H�I=� s^.S <:×�2 
�?Ø

/<L b]}~cA 3<[25].

#� bc.  A� �
2@ 5|k �% �o'L �F*6 b�

�
/�  A �5? [¾ �� u�c� �n mA ý �nÙL �

F*6 Fig. 11? A}*Á<. {�?@ D6�N Ñ© ½( 5|k �

% �o'� �nmAN =@ +H� �
/ �N Qb�v.� �n

mA© ½( b� �
/  A� ��Z? [\ ��*N â�2 +H

	<. 5|k �% �o'� �nÙS b� �
/�  A� 12.16 g/

m3?@ 23.68 g/m3�2 ��¬ �e 36.9%?@ 27.9%2 )�  "%

*Á�+ { (O� �
/  A ��? �8@N »S "% >L +

HJã<.

b� �
/  A� �5? [¾ b��© b1��  A© �nmA

� 5|k �% �o'/�
/ &� �5V Fig. 12? +HJã<. {�

?@ DN Ñ© ½( b��© b1�� 5|k �% �o'/�
/

 A&N b� �
/�  A� ��Z? [\ �É "%*N â�2

+H	<. �nmA� &N b� �
/�  A� 12.16 g/m3Æ �e

0.73(ã�+ b� �
/  A� ��Z? [\ "%*6 37.94 g/m3

(O� b� �
/  A? �8@N 0.33FA� ÆF3 ïL +HJ

ã<. (�3 ´OS �
/  A� �L �e �� cû� 0� q

�
/( ���� fS Qu( _` bc. q 0�$�L ��N .

/( O3Qu ���+ �
/ A� h`?? [\ 0� $�( �

4 �
/( cû� 0�� �QuL É�*Ø �c ñ��2 ̂ Bp<. 

3-7. ()*+, �$ ���� ��

�q?@ &(�� wxy`(NH3)© (�� wxy`(NH4
+)vÒ2

îvL (#� �N wxy`� /%N �A© pH? [\ �� &Ù

( ê\¶<. �  &(�� wxy`N Ê.� ò�@L Õ�*6 �

 A?@A 
�?Ø t2k� A8V ±Ø �
[27] sC ¨� DEB

?@N XYK J� &(�� wxy`�  AV 0.02 g/m3 (*2 b

�*A° (�*� �<[28]. 

b� �
/�  A �5? [¾ �� u�c� wxy`� /%�

�n mA ý �nÙL Fig. 13, b��© b1��  A© �nmA�

wxy`� /%/�
/ &� �5V Fig. 14? BB +HJã<.

Fig. 13?@ D6�N Ñ© ½( b� �
/  A� ��Z? [\

wxy`� /%� �nmAN =@ +H� <¾ �u� ÊÆ3 �r

�2 ��*N â�2 +H	<. {�+ �nÙ� �e <¾ �u�(

Fig. 10. The changes of particle removal efficiency on initial protein
concentration.

Fig. 11. The changes of COD removal rate and removal efficiency on
initial protein concentration.

Fig. 12. The concentration ratio of COD to protein of influent(Ci) and
effluent(Co) and the removal rate ratio of COD to protein.
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�� ����-I. �� ��� �� � 751
b� �
/  A� ��? [\ �nÙ( "%*N â� ê� wxy

`� /%� �nÙS ��*N â�2 +H	<.

(© ½( �� u�c? �8 wxy`� /%� �n�N âS &

(�� wxy`� �e stripping j�? �8 �n�� (�� wx

y`� �e cû� 0�? ��p 0�$� ./ q ú(�� ./?

F�ck�2 Q��N c»[29]? �8 �n�N â�2 X¥p<. b

� �
/�  A� ��¬�° wxy`� �nÙ( ��*N âS

b��N wxy`�  A� ��*6 cû� 0�? �È�N wxy

`� =( ���c ñ�(\� X¥p<.

b� �
/�  A� ��Z? [\ b��� wxy`� /%/�


/  A&N ,é "%*+ 4 É(N Cã�+ b1��  A&N �

n'( ��Z? [\ 4 >�2 "%*N â�2 +H	<. (? [

\ �nmA� &N ��*N â�2 +H	<. 

·� =
��� ��u�? �3 Suh© Lee[30]� 7o ��? [

�� �Ã|k ��}é, �á �cbm, ��à h(V ��}D? [

\ wxy`� /%� �nÙ( ��3<� *Á<. {�i2 � 7o

?@ +H� 8�2QÍ� wxy`� /%� �nÙS 12.1-29.4%�

%Ì2@ �e h�N f�+ <¾ �� K�� �5? �3 7oV

Õ8 D< hS �nÙL �L � �L â�2 X¥p<.

3-8. -.�$ /0 12 ��


�? Ek3 ¨�L K�*c Ì8@N c�k�2 E�? ��3

Tu3 #��%� �q? F` �
U 3<. ÆÇk�2 
�� XY

? (��N #��%  AN 
'? [\ <�+ ·�� 
'� �e

��� 
�? �8@ �% 5.0 g/m3 FA(�, G�� 
�� �e?

N �% 6.0 g/m3 FA� �%� ��3 â�2 (��� �<[28].

Fig. 14N ��u�c� #��% �) jÙL ô`Dc Ì*6 �


/  A� �5? �3 ðþ ./ �ê0�, KLa© b1�� #��%

�5A� �5V A}3 â(<. (ñ b��� #��%  AN 6.5-

6.6 g/m32@ #��% �5AN 41.7-44.7% Á<.

{�?@ DN Ñ© ½( KLaN b� �
/�  A� 49.28 g/m3

µ� O�Z? �
@N ��*Ø O�*Á�+ { ë )�  O�*

N â�2 +H	�� #��%� b1�� #��% �5AA ÊÆ3

�rL +HJã<.

� 7o� �� b1�� #��% �5A� ��k�2 96.6-98.5%

� &åk hS ïL +HJ
 ��u� �tN B' =� ac.L

�nZ� Ê}? #��%� �)A jÙk�2 �¯¬ � �N â�

2 H��ã<.

4. � 


� 7o?@N �cQO� ��u�cV (#*6 b� �
/  A

? [¾ 8� m� �
/, Qb �v., 5|k �% �o', ¼A,

wxy`� /%© ½S =� ac.� 7m �n��L �¯*6 <

ú� ½S ��V �ã<.

(1) b��� �
/�  A� 49.28 g/m3µ� ��¬ �e �nmA

A n� ¹vk�2 ��*Á�� { (O�  A? �8@N n� Ê

Æ3 ïL +HJã�� �
/� �nÙS b��� �
/  A�

��¬�° "%*N â�2 +H	<.

(2) �
/ �nmA�S Langmuir z� ���� & Æt*Á��

�� �
/ �nmA© Ç �5 O�, C1/2N BB 10.0-11.0 g/m3û

min, 13.7-17.2 g/m3� %Ì2 +H	<.

(3) ð Qb� �v., ¼A, 5|k �% �o'� �nmAN b�

�� �
/�  A� ��Z? [\ ��*Á�� �nÙS �
/

 A� ��¬�° "%*N â�2 +H	<. {�+ wxy`� /%

� �e b� �
/  A� ��Z? [\ �nmAN ��*Á�+

�nÙ� �e <¾ �u��N ê� b� �
/  A� ��? [\

��*N â�2 +H	<.

(4) b��© b1�� �A u�� vÒN n� ÊÆ*Ø +H	� �

9N 0-15µm� %Ì?@ u�*Á�� 2.632µm� �9� É�*N u

Fig. 13. The changes of TAN removal rate and removal efficiency on
initial protein concentration.

Fig. 14. The concentration ratio of TAN to protein of influent(Ci) and
effluent(Co) and the removal rate ratio of TAN to protein.

Fig. 15. The changes of overall mass transfer coefficient of oxygen and
saturation on initial protein concentration.
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1). 
Ù( �� 4 â�2 +H	<. �9 ��� �5? [¾ �9� �nÙ

� �5N ��k�2 ��( 5�° �nÙ( hS â�2 +H	<.

(5) ��u�c? �3 #��%� �)S jÙk(ã�� b1�N

96.6-98.5%� #��% �5AV +HJã<.

�Ik�2 � 7o� �� 8� m� =� ac.? ��*N �


/ �uL (#*N ��u��FS �
/ �u J `y\ ð Qb

�v., ¼A, 5|k �% �o', wxy`� /%A �n¬ � �ã

�� Ê}? #��%� �)A jÙk�2 �¯¬ � �
 �e jÙ

k� â�2 H��ã<.

� �

� 7oN 8=���]:?@ }¯3 99K ��cL �] X>?

�8@ �¯�ã��, (? Ô09 6�uª "X MNy<. 

����

−r : removal rate [g/m3ûmin or NTU/min]

Q : flowrate [L/min]

C : concentration [g/m3 or NTU]

C1/2 : half saturation constant [g/m3 or NTU]

KLa : overall mass transfer coefficient [min−1]

Na : surface area formation rate [m3/min]

3456 7�

τ : hydraulic residence time [min]

Γ : surface concentration [g/m2]

89�

a : component

f : foam state

i : influent

o : effluent

b : bulk state

s : saturation state

p : protein

m : maximum
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