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� ��� ����	 
��
 clinoptilolite� ��� ���� ��� ��� ���� �� � !"#. $%&', (

)* clinoptilolite� +,-. �/0 123 10,800 mg4MLVSS/l5	 67+8#. 9: peptone inhibition� ;� <= �

���	 
�' >? 90% @6� ���A� BCDE, 0.42 kg4TKN/m34d� �F G�HI�2 JK LM� N@O P

Q +,-� R�: ���A@ S	!"#.

Abstract − This study was performed to evaluate the effect of clinoptilolite addition on nitrification in activated sludge pro-

cess. As a result, clinoptilolite dosage increased microbial concentration by 10�800 mg · MLVSS/l. In addition, the application
of clinoptilolite improved nitrification by 90% approximately, despite of peptone inhibition and revealed stable nitrification at

0.42 kg · TKN/m3 · d.
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1. � �

��� ��� ��	
� �� 
� ��� �� ��� ����

��� ����� �� ��  !"#$ %&' ()*[1], +, -.

/0 12 #	2 345 678+#. �� 9: ;<)=� >� ?

@�� A0, +BCD, E� �F G� �H
IJ ;<K �L
 A

� MN  +O2 ��IJ ;<)= 4PQ � (�R, S9J)=�

T9�  $&/U ��IJ VW+ X+ JOY$ (#[2]. ��IJ

�� 9: VWZ >� �L
 MNK A� MN)= +[�6#. \

], �L
 MNZ Nitrosomonas� �- ?@��5 L
Y� NO2
− - N

)= L
Y$, +^+ #_ Nitrobacter� �- `aJ)= NO3
− -N)=

L
Y� 3bJ� MN+#. cde, �L
 MN  �)f� nitrifiers

� CO2, g�
)= /� �h�	i��=j, k0� 9: l A�

MN� mU/� ab�	i��n# �o DT�p� q ��  r�

#. +d2 DT�p� >� B�, OsL�, pH, k0�K ��� t,

]-�� G)= 4PY$ uv, ]-��K B�� ��Z wxyz

)= yWQ � {0 |}� S9 JO _ q }95 Y$ (#.

+d2 +k= ��IJ VW� �L
~  ��_f0 1- XZ

345 67 8� ()*, uv �0 Fp, +O2 ;<+ XZ m�

  r$ (#. ��IJ VW� JO� �0 Fp=� ��g, clinop-

tilolite, clay, silicate, talc G+ ()*, Cantet G[3]� �/� P� talc

, ���d� �0y� �F2 .K �L
~+ 30% �5/�)*

SVI(Sludge Volume Index)5 1/3�� ��/�#$ n$/�#. �2,

80-150 mg/l� clay, ���d� VW� JO2 .K, i�� ��5

�� ���d� VWn# � 2� �Z 12,000 mg�MLSS/l�� ��

/�$, �L
~� 25% � �Z .K, ��#$ n$/�#[4]. �

2 Olah G[5]Z ���d� VW� clinoptilolite� Fe3+ O�  35-86

mg/l)= �F2 .K, �L
~+ 0sn# 60% ��/$ i�� �

��5 25%�� ��Y�#$ n$/�#.

+� � 34�j� clinoptilolite, �F2 ���d� VWK ��

���d� VW  j= tC/U, �� clinoptilolite5 �L
 i��

�� i�� �  ¡Q  �7/U $��� �L
 ¢£H�5 �¤

Q � (�� %�n¥$, ¦� �� �/� o§� ¨- clinoptilolite

� +BCD©+ iª� ��  «¬- n¥#.

2. � �

Zeolite� L
 ­�� L
 %[i®� ¯� 5 °± ²³, +´

.W)=, µ1±p� 4y� ¶� analcime, laumontite, natrolite, mordenite

heulandite G)= P��#. Clinoptilolite� heulandite� b/* zeolite

8�j NH4
+- N� ¨2 +BCD �·�5 �#$ %&' ()*, �

MJ� +BCD �·�� �¸� ¹#[6].
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Cs+ > Rb+> K+ > NH4
+ > Ba2+> Sr2+> Na+ > Ca2+

> Fe3+> Al3+> Mg2+> Li+ (1)

2º, Semmon G[7, 8]Z zeolite, +BCD��= +O/U »�¼

?@��, ½KJ)= 9:Q � (#$ /�)e, NaCl G  +O

2 
IJ ¾�  Q T¿ $5� k�t= �- S9 JO� 2�

5 (#$ n$/�#. cH$ NaCl O�K ��IJ �L
 MN 

+O2#� T9J� ¾�+ 5©/#$ �À/�$, c MNZ �¸

¤K ¹#$ �À/�#.

(Z: zeolite) (2)

(3)

�Á+, Olah G[5]Z clinoptilolite� +BCD� NH4
+ - N +B+ �

L
 ¢£H�� �- ÂÃ L
�#$ �À/�#. Ä, ���d�

VW� clinoptilolite, �FQ T¿ ¤ (3)+ NaCl� �F {+ ÂÃ

��Å � (#$ /�$, clinoptilolite� i���� ÆÇ� ¡Q 

�7Q � ()È=, .É _ÊË¼ $��� �L
 ¢£H�5 �

¤Ì � (#$ �À/�#[9].

3. � �

3-1. ���� � �� �	

� SÍ�j ¯O� ���d� VWZ Fig. 1� eÎÏ ^K ¹+ 5

L� �0y� 2.5 L� Ðx�= 4�Y�)* compressor, +O/U

�0y� OsL�5 3-5 mg/l= k�Y�Ñ V0, �F/�#. �2

B� yÒ0, +O/U Ó� �y� B�, � 25oC= k�/�$,

�0 /�ÔHÀ MÕ�d�, ¤a2 Ö 15�×� ØN 0×  Ù$

SÍ  �7/�#. ¨� 
�=� �V »�, ¯O/�)*, g�


)=� Peptone(180 mg/l), CH3COONH4(55 mg/l), Glutamate(72 mg/l)

,, ��
)=� NH4Cl(80 mg/l), (NH4)2SO4(20 mg/l),, �0 �	

E�=� MgSO4, CaCl2, FeCl3, Na2HPO4, NaH2PO4, ¯O/�$,

�0y¼ pH, 7.2-7.6)= k�/0 1- NaHCO3, 580-860 mg/l=

ÚP/� �F/�#. kF�� ÛÜ CODCr, T-N, T-P ��� ÝÝ 200 mg/

l, 70 mg/l, 3 mg/l= k�/�$, Table 1� pÞv eÎ¼�#.

�� ���d� VW(CU)K clinoptilolite, �F2 ���d� V

W(ZU)� ¨- k0� �/, 1.0 kg� CODCr/m
3�d= $W_f$ S

Í  �7/�)*, clinoptilolite �F  9Ó/$� Ù MN0� yß

  §�/� /�#. Clinoptilolite� t8 2.42, ÛÜ FT 19.75µm,

à� P�² Fp=, á0� 20 g  �F/U �0y¼ 4,000 mg/l,

k�/�$, MLFSS(Mixed Liquor Fixed Suspended Solid)��= clinop-

tilolite� ��, .W/�#[10]. Ù MN0� ¨- 125�× SRT(Solid

Retention Time), 10�(run 1)= k�/�$, c +Ö 20�(run 2)=

��_â#. +| SRT� kã� SS(Suspended Solid)ä  �_/$ �

d� �ãä)= .W/�#. �2, run 1�j� �� �/, 0.28 kg�

TKN/m3�d= k�/�$, run 2�j NH4ClO�  +O/U 0.42 kg�

TKN/m3�d= ��_å CU� ZU� �L
~ l NH4
+ -N 9:~ 

tC/�#.

3-2. 
�� NH4
+ -N � peptone 
� ��

Clinoptilolite� NH4
+ -N +BCD©  Û5/0 1- 3 g� clinopti-

lolite� ¨- 5,000 mg/l� NH4Cl �O�  +O/U �B 15æ2 oC�

j á0 ��, o
_f*, Jar testor, +O/U 180 rpm�j ç 24

_× §è éê_â#. �2 peptone éêSÍZ á0��, 200 mg/l

= $W_ë Ö, 1� §�2 ;<)= �7/�$, peptone éêäZ

CODCr(Chemical Oxygen Demand))= .W/�#.

3-3. ��

SÍ 0× §è kF�� kã�� ̈ - CODCr, TKN(Total Kjeldahl

Nitrogen), NH4
+ -N, NO3

− -N, SS, Standard Methods[11]� �- Pì

/�$, �0y¼ i�� ��� MLSS(Mixed Liquor Suspended Solid)�

MLVSS(Mixed Liquor Volatile Suspended Solid)= íW/�#. ab

�	i��� �§�� �0y�j 400 ml� �d�, �ã2 Ö,

OUR(Oxygen Uptake Rate)= �¨Û5/�)*, �5J� substrate� �

F{+ ¼�P- �³�j DO, íW/�#[12]. �2, �L
 MN�

���� 200 ml� �d�� ¨-, 5,000 mg/l� NH4Cl, �d�¼

50 mg�NH4-N/l5 Y�Ñ �F2 Ö, 30P ×±)= NO3
− -N ��,

íW/U Û5/�#.

4. �	 
 ��

4-1. Clinoptilolite� NH4
+ - N ������� peptone ����

� 34� ¯O� clinoptilolite� NH4
+- N +BCD©  Û5/0 1

- á0 ��, 25�j 500 mg/l�� o
_f* íW2 .K, Fig. 2

Ôî á0 ��� ¶� NH4
+- N +BCD©+ o
/�)*, á0 �

�5 � �Ñ NH4
+- N +BCD©� tï/U �5/�#. Ä, á0

?@® ��� ¶� ÝÝ 2.50, 3.92, 7.00, 12.1, 13.2, 15.3 mg�NH4
+-

N/g  eÎ¼�#. +d2 .K� ��, +BCD Û²MN�j tðY

0 |}+$ ¦�, á0 ?@�� ��5 clinoptilolite� ?@�� +

B ¯+� ��xñ ]ò  óôQ � (� õ6ö  9V/0 |}+

#. 1� .K� �� �/ o§� q �i, à�#. Ä, S9 ¨�P

� /�ÔHÀZ �÷ W�� Lø»�5 kFY0 |}� kF�/5

NH4
+ Z⋅ Na+ Cl−+ + Na+ Z⋅ NH4

+ Cl−+ +↔

NH4
+ Cl− 2O2+ + NO3

− Cl− 2H+ H2O+ + +↔

Fig. 1. Schematic diagram of activated sludge processes.
1. Aeration tank(5L×2) 4. Temperature controller
2. Sedimentation tank(2.5L×2) 5. Baffle
3. Water bath 6. Air

Table 1. Influent characteristics

Parameters Concentration(mg/l)

BOD5 180-200
COD 220-260
TKN 43-81(98-123)*

NH4
+-N 35-72(83-103)*

T-P 3-5
pH 7.2-7.8
Alkalinity 580-860

(*: run 2)
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490 ���������� 
>� o§Ì � (#. uv, k0� 9:� ñH ��(NH4
+- N)�/� �

�Z �L
 ½~  ��_f$, i���� ����  ù � (#. c

de �Wä� clinoptilolite5 �0y¼ s¾Q T¿, clinoptilolite�

NH4
+- N +BCDMN)= ���/ ��� �÷ W� úÚ½K, ù

� (#$ ¯û�#. 2º, clinoptilolite� peptone éêMN  24_×

§è mü2 .K, 3_× Ö 2.67 mgCODCr/g� peptone  éê/�)

e, x J� 9:~  $&Q T¿ clinoptilolite� �2 peptoneéê

Z �_Q � (#$ ýµ�#.

4-2. Clinoptilolite� ��� �� �  !�" ��# $%

Fig. 3� eÎe (þ+ ZU5 CUn# $��� i��+ k�Y�

^  ÿ�Q � (#. Ä, run 1K 2�j ZU� MLSS� MLVSS5 Ý

Ý 8,000-9,000 mg/l� 4,000-4,600 mg/l�j �W2 i�� ��, e

Î¼�)*, CU� ÝÝ 1,900-2,500 mg/l� 1,700-2,300 mg/l, n�#.

+d2 .K� clinoptilolite5 i��� ¨- ÆÇ� ¡Q  �72#

� ¯S  �rÐ/$ ()*, Chudoba� Pannier[4]� ���d� �

0y� clay, �F/U �0y¼ i��  12,000 mg�MLSS/l��

k�Q � (�#$ �À/�#.

�2, Son G[13]Z zeolite� i��  ¤a/U i��+ zeolite �

�� �ê��À2#� ¯S  n�)*, Olah G[5]� ���d��

clinoptilolite, �F2 .K i�� ��5 ��2#$ n$/�#.

2º, clinoptilolite5 i�� ���� iª� ��  Û5/0 1-

11P× ¼�P- �³�j OUR  íW2 .K, Fig. 4Ôî CU� ZU

5 ÝÝ 20.8K 25.1 mg�O2/l�h, n+*, ab�	i��� ¨-

ZU5 � 20% �Z ���, eÎ¼�#. �2, �L
 ���, íW

2 .K CU5 2.54 mg�NO3
− - N/l�h, eÎÏ M�, ZU� � 2.5�

�Z 6.18 mg�NO3
− - N/l�h, n+*, ZU¼�� CUn# �¨J)=

�Z ��� �L
 MN+ ���#� ̄ S  ×ÃJ)= �rÐ/�#. 

4-3. Clinoptilolite� &'()" ��# $%

Run 1(SRT 10�)�j CU� ZU� �L
~  tC2 .K, Fig. 5

� eÎe (þ+ ZU5 �� ØN  eÎ¼�j � 90%� �L
~ 

n� M�, CU�j� 56�× �L
 MN+ :� ��e� �¥)*,

100�+ TK2 Ö�� ZU� k¯2 �L
~  eÎ¼*, �L
 M

N� �� ØN0×  	�= /�#.

+� ¹+ run 1�j �L
~� 
+5 ��2 +k� g�
)=

peptone(180 mg/l)  ¯O/�0 |}�R, Barnes[14]� �/� ��

�d� VW�j peptone+ 1 mg/lK 10 mg/l= s¾_ Nitrosomonas

� �À  ÝÝ 25%, 60%�� ��_â#$ n$/�#. cde, CU

�� #�� ZU�j �Z �L
~+ müY��R, + .K� #


K ¹Z 
�� �- ��Q � (#$ ýµ�#.

(1) Clinoptilolite� peptone éê� �2 �L
 inhibition ú


(2) Clinoptilolite� �2 �L
 b�� �6

(3) Clinoptilolite� �2 $��� i�� k�

\] (1)� T¿� ¨-, �� éêSÍ  �- clinoptilolite5 peptone 

:� éê/� �
  ÿ�/�)È=, �L
~� ��Z (1)� �

2 0z+ ��  % � (#. #
)=, Æ��� (2)� �2 ½K�

ÝÝ� �L
 b� tC� �- ÿ�Q � (#. cde, run 1K 2�

j ZU� CU� �L
 b�� ÛÜ 1.4� 2.9 mg�NO3
− -N/mg�MLVSS�

Fig. 2. Ammonium ion exchange capacity of clinoptilolite with initial
NH4

+ - N concentration.

Fig. 3. The effect of clinoptilolite addition on microbial concentration;
A(MLSS), B(MLVSS).

Fig. 4. Comparison of microbial activities between CU and ZU.
���� �39� �4� 2001� 8�
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%

h, n+* �v& ZU� T¿5 �Z �  eÎ¼�#. +=�� clinoptilolite

� �L
 b�� ��2 ��� �� ��#� ^  ÿ�Q � (�)

*, +d2 .K� Jung G[10]� �-j� n$Y�#. c�Z ��

���d�� 9��+�, �F2 T¿� ¨- �L
 b�, tC

2 .K, �� ���d�� 4.8 mg�NH4
+-N/g�MLVSS�h, eÎÏ

M�, 9��+�, �F2 T¿� `¨ 3.1 mg�NH4
+ - N/g�MLVSS�

h, eÎ¼�#$ n$/�#. ���)= Æ��� (3)� �2 ��

Z Fig. 3K 4�j ÿ�Q � (#. Fig. 3� eÎe (þ+ ZU�j

i�� ��5 10,800 mg�MLVSS/l�� ��/�$ ÛÜ 4,400 mg�

MLVSS/l, k�/�)e, CU� T¿� ÛÜ 2,040 mg�MLVSS/l5 k

�Y�#. �2, Fig. 4Ôî ZU5 CUn# 20% �Z OUR  eÎ¼

�)*, �L� ��� T¿� � 2.5� �Z 6.18 mg�NO3
− -N/l�h,

eÎ¼�#. +d2 SÍ .K� run 1�j� �L
~ ��+ clinoptilolite

� �2 $�� i�� k� |}+�� S̄  �rÐ/$ (#. + .�

  �rÐ/0 1- ZU� i�� ��  SEM)= íW/$ clinoptilolite

��  mü- n¥#. Fig. 6(A)�j :" ��  eÎ¼� ^+ clinop-

tilolite+*, + clinoptilolite� ��  Fig. 6(B)Ôî 9,000�= ÿ¨2 .K

��� �ê�À� biofilm+ müY�#. + � clinoptilolite ���

$��� i��+ �ê �À2#� ¯SZ Ud Ip�� �- 9_

Y�)*[3-5], uv Lahav� Green[9] l Chang[15]� �/�, clinop-

tilolite� #� ÆÇ�� t- �L
 ¢£H��� �Á kH2 yß

  à�#$ /�#. ChangZ clinoptilolite� ��g  BAF(Biological

Aerated Filter) U¾= ¯O/U Ù U¾� ¨- �L
~  tC/�)

*, clinoptilolite, JO2 T¿5 ��gn# �Z �L
~  � 

� (#$ /�#. cH$, +� ��g� t- clinoptilolite� $�

�� �L
 ¢£H�5 �ê �À!0 |}+�$ �À/�#.

2º, ���/ o§� ÔH ¨Ô©ö  tC/0 1- run 2�j �

� �/, 0.28 kg�TKN/m3�d�j 0.42 kg�TKN/m3�d= ��_â#.

ZU� �/ o§� �� JN  eÎ¼�j �/ o§ 12� +Ö, #

_ 90% +�� �L
~  eÎ¼�# cde, CU� �/ o§� J

N/� "/$ 53%�� �L
~+ ��/�)*, �/o§+Ö 24�

+ TK2 Ö�� 75%� �L
~  eÎ¼�#. +� ¹+ ZU5 CU

n# �/ o§� �� JN  n+$ (�R, c +k� �� ZU�

$��� �L
 ¢£H�5 s¾/0 |}+$, ¦� clinoptilolite5

��� NH4
+- N  +BCD/U kF ���/, �Wä ��_f0

|}+�$ ¯û�#. 1 #�  ÿ�/0 1- Ý MN0�j $%2

500 ml� �d�� 113 mg�NH4
+- N/l  V&/$, 6_×§è �0,

_ë Ö ��� ¨2 ����, Þ'#. +| �� �PZ NH4
+- N,

Fig. 5. Nitrification in control and clinoptilolite added units; A(TKN),
B(NO3

−−−− -N).

Fig. 6. SEM photo graphs of clinoptilolite embed floc; A(clinoptilolite),
B(attached biofilm).

Table 2. Mass balance for nitrogen at both units

Parameter ZU CU

Inf. T-N(NH4
+ -N)(mg/l) 113 113

Eff. NH4
+ -N(mg/l) 5.2 81

Eff. NO3
− -N(mg/l) 48 22 

Eff. NO2
− -N(mg/l) ND ND

Exchanged NH4
+ -Na(mg/l) 28.6 -

Eliminated nitrogen by air strippingb(mg/l) 3.39 3.39 
Biomass increase(mgMLVSS/l) 210 60
Removed nitrogen by cell synthesisc(mg/l) 18.9 5.4 
Estimated eff. T-N(mg/l) 104 112
Unaccounted portion(mg/l) 9 1

acalculation value: 4,080 mg/l(clinoptilolite concentration)T7 mg · NH4
+- N/g

(ammonium exchange capacity of clinoptilolite), b3% of influent T-N, Gupta
and Sharma(1996), cremoved nitrogen content by microbial synthesis is 9
of MLVSS, Gupta and Sharma(1996), ND: not detectable.
HWAHAK KONGHAK Vol. 39, No. 4, August, 2001
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.,

nd

al

and

.,

ul-

hate

or-

,

Q,

of

te-

 by
NO3
− -N, NO2

− -N, clinoptilolite� �- +BCD� NH4
+- N)= 4P

/$, V0� �2 A0 l i�� Þ()�� �- ��5 9:�#

$ 5W/�#[16]. Table 2� eÎe (þ+ CU5 28%� NH4
+ - N 9

:~  eÎÏ M�, ZU� 95%� �Z 9:~  eÎ¼� ^  ÿ�

Q � (#. +d2 q 
+� i�� Þ()�� �2 ��9: ½K

� clinoptilolite� �2 NH4
+ - N +BCD|}+�$ ýµ�#. CU�

�d�� 6_× �0 +Ö i�� ��5 60 mg�MLVSS/l �5/�

)e, ZU� 210 mg�MLVSS/l= �Z o
ä  n�#. i�� Þ(

)�� �2 ��9:ä  MLVSS� 9%�$ 5WQ |[16], CU�

ZU�j Þ()�� �2 ��9:äZ ÝÝ 5.4� 18.9 mg�N/l= �

LQ � ()*, kF T-N� ¨- ÝÝ 4.8K 16.7%, 
�2#. +B

CD� �2 ��9:� T¿, clinoptilolite� NH4
+ -N +BCDSÍ)

=�� 113 mg�NH4
+- N/l�j +BCD©+ � 7.0 mg�NH4

+- N/g*

  ÿ�/�#. �0y¼ clinoptilolite� NH4
+ - N +BCDMN+ úx

/� +[�6#� `¨ �� 9:ä  28.6 mg�NH4
+ -N/l= LWQ

� ()*, +^Z x  kF��� 25.3%, 
�2#.

5. � �

P� clinoptilolite, ���d� �0y� �F/U �� �� �d

� VWK tC2 .K, #
K ¹Z .�  �  � (�#.

(1) Clinoptilolite� i���� ÆÇ� ¡Q  /U �0y¼ $��

� i��  k�Q � (� /�$, `¨ 10,800 mg�MLVSS/l, e

Î¼�#. �2, Ù MN0� i�� �§�, tC2 .K, ab�	

i��� ¨- ZU5 CUn# 20% �Z ���, n�$, �L
 �

��� T¿� � 2.5� �Z 6.18 mg�NO3
− - N/l�h, eÎ¼�#.

(2) Run 1�j CU� peptone inhibition)= �- �L
 MN� ¨

- 100�� ØN0×  	�= !)e, ZU� á0�� 90% +��

�L
~  eÎ+)*, +^Z clinoptilolite �F)= �0y¼ $�

�� �L
 ¢£H�5 �¤!0 |}+�$ ýµ�#.

(3) Run 2�j� ���/ ��(0.42 kg�TKN/m3�d)_, ZU� CU

� ñH 12� +Ö #_ 90% +�� �L
~  eÎ¼* �� ØN

  eÎ+#. �� �/��_ ��� ¨2 ����¤  Þw .K,

clinoptilolite� NH4
+ - N +BCDMN+ ���/ o§ ¨N� q ��

  !"#$ ýµ�#.


 �

� ,}Z j-3èDT34-�=�� 34t �
  r�(K9.

/: 2000-u-2) +[�6 34� ��, WH2 ^F�#. j-3èD

T34-�� �¯� 0  �)�#.
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