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) *+. �,-� Bacillus sp.� ./0 1�2345 ���� H2S 67	 �  �89:; <=>?@A(EBCT, Empty

Bed Contact Time)� BC' D��) E�67�F ,G' H  +I  JK' LM�N+. �,- 8O P�� 5.6-10 mm

Q RS	 0.25 m/s� �T	 �U 13.4 mmH2O/m� VWXJ� YGZ[+. �,-� Bacillus sp.5 \�  1�234]

�89: 250 ppmv	^ EBCT 8.2-60 sec� _H	^ 99% �`� aG0 67bc' ���N+. d  !e@A' 5.5 sec

$ fg@h i� H2S 67bc� 
 10% fg�N) �j� H2S 67�F� 254 g-H2S/m3/hr$ ,GZ[+. kG  �8

�F 15.2 L/min(lT:] 0.04 m/sec)� mn	^ �89:� 30-1,100 ppmv� RS H2S 67bc� 99.9% �`�N+.

Abstract − Biological deordorization receives attracting attention as an alternative method to physical and chemical treat-

ment, mainly because of its energy-saving and easy maintenance features. A biofilter packed with scoria, and inoculated with

Bacillus sp. as H2S oxidizer was used to remove hydrogen sulfide in the air stream. Various tests have been conducted to eval-

uate the effect of H2S inlet concentration and EBCT (Empty Bed Contact Time) on H2S elimination, and to determine the max-

imum elimination capacity. The pressure drop in the biofilter packed with particles of size range from 5.6 to 10 mm was 13.4

mmH2O/m at a representative gas velocity of 0.25 m/s. Biofilter showed the stable removal efficiencies of over 99% under the

EBCT range from 8.2 to 60 sec at the 250 ppmv of H2S inlet concentration. When the retention time was reduced to 5.5 sec, the

H2S removal efficiency decreased by about 10 percent and the H2S elimination capacity was 254 g-H2S/m3/hr. The removal

efficiencies of over 99.9% were observed in the range of inlet H2S concentration from 30 to 1,100 ppmv at a constant gas flow

rate of 15.2 L/min (linear velocity, 0.04 m/sec).
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 ���� �+,-� ." /0 123 4� 56	 $78��9,

:;<,=>?  !" �@)A�B CD %EF �GH? IJ�K

L��� MNO� PQRS T	 :�� UVW XY[1].

PQ=>Z[
�� \,], \^], _`a-], bc�+], c�d

] ef g� hi:j X
� k" =>lm, jni, BopO	 ZM

# e	 qrst� L��j XY[2]. �uv )w PQ=>Z[	 q

rstf xy:� g" az8 {|�} ~
9 ���� &�Rf �

iv ��RS	 I�� Mv az8 �L:� {|�j XY. PQr
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���
������
�� hi�� �����(biofilter)� � �i�>� X}K <,	 �

R�O => � ��� ��	 �+� ��� �  $hv �
� 1923

� H2S r�Z]
� r�� � X
9 n�O ��� �TO
� �

i:) ��:� 2�� M)��r})�� �^:�Y. �uv �R

�O �Q��" �Bn� ��ni� I�� CD %EF k" � 

¡ -n¢  2£ �
=>3 
¤ :� ¥¦R� §� �$� � �i

¨f ©ª �8V� '«f @¬:j X} $­)�� UVW XY[2, 3].

��®(soil bed)" MNO� �R�Q)��K ̄ > hi�} ~
� °

{±²�K ��f hi:j X} k" ³ $´
� �
 ©" µ¡8

�¶:j ·¸� 	v ·«¹º	 »8� #¼ pin holes, air channel ½�

e	 qrs� g� ¡O�} ~Y[1]. ¾n� ¿À� ±²zÁ	 i��,

I�v 8Â, Ã,v r�lm� ���} g" azÄt� 	
K °{

ÅÆ� �i�ÇY[4, 5]. �u� �uv $)� ±²t" ±²ÄÆ8 *


�pK ·«¹º	 »8� #¼ �Q3 Èv $lÆO	 �- � É«n

	 »8¶�� �Ê� bulking agent	 hi� Ë8¿:Y� Ìsf �j

XY[6]. ÍFK, 1990�M ÎÏ�� ÐÑ�, �FÒ, Ó,�Ô¡ e 5)

� ±²3 �Qi ÅÆ� g� hi:j X� �
� xj�j XY[2].

Biofilter	 ,| Ó�f 
Õ:j BÖ )×f ��#� X}K Ø 8

¡ biofiltration model� ÙL�} hi�j XY. 1986� Ottengraf[7]

� 	
 r�� model" cÃ ÚÌ:� 
Õ
3 Ûf , X} ºÜº

ÝÞ ºÜÄ²	 ß»�� ºrO� pilot ÝÞ biofilter ?o	 BÖ�

hi�j XY. Zarook e[8]" Ottengraf	 Þàf á?:� Ìâ VOC

� Mv �ããä biofilteration modelf r�v � X
9, �Î �ã

ãä Þàf biofilter	 ÉOÓ�f )�:�å á?:�Y.

æ az�K� °{ÅÆ� r¬ç +�Õ, �Q &�R �¬� Bacillus

sp.3 èév biofilter3 �i:� MNO� PQ $LRS T	 :�� �

+,-� Mv r� Ó�f êëxì
9, $Áíç � $Á$¢	 J+

� Íî r�lm	 ïð � �M r�i¢ ef ñ8:�Y. �v Ottengraf

� 	
 r�� Þàf hi:� �+,- *
´ç3 ß�:�Y.

2. �� � �	
�

æ az� hi� ºÜ?o� 8�$Áµ, �R�Qò, nutrient ó�

µ� z��} X
9, Fig. 1� ?o	 Þ[ç3 �ô4ÇY. õI 8

�$Áµ� air pump3 �i:� º4�)3 »ö)� �÷:� »ö

� Î øù)�K H2S 8�(>99%)� â� nm� øù�çú :� �

R�Qò ãµ� �÷:�Y. »ö)� âÏO
� 8? T¶v �=>

?o�K $Á8�	 »ö  ûË} üçýþ  *{r�	 )ÿf ,

|vY. »ö)� �½%���� �F�� �±3 °{:� »ölm

f »8��çú :�
9, Ï�)4	 öç� ãMöç� 95% �ã�

$¡�çú :�Y. �R�Qò" 4@ 9 cm, �� 150 cm	 %���

� +�Õf °{:�
9, °{� +�Õ� Bacillus sludge3 `�:

�Y. +�Õ" â� �)	 Á@f 8¡� �f Æ*>:� °{:�


9, °{��� 120 cm� :�Y. �	 °{�
�" � 50%� 
�

�ÇY. Bacillus sludge� 3â É� �Qò� ó��� °{ÅÆ� &

�R� µ^�çú :�Y. �v �Qò ãµ�µ� nutrient3 �÷:

�
9, :µ� ���,3 ��:�Y. �÷� ï�RS" yeast extract

2 g/L, KH2PO4 2 g/L, K2HPO4 2 g/L, NH4Cl 0.5 g/L, KNO3 0.5 g/L, MgSO4;

7H2O 0.5 g/L, CaCl2;2H2O 0.05 g/L, FeSO4;7H2O 0.03 g/L, EDTA 0.02 g/

L� z��ÇY. �Qò�� â� ÚÂ
� 8�� ÅÆ �²èQz3

Bo:�Y. �Qò	 ��" PQ8�� nutrient8 �R�Qò	 ãµ

� $Á�� :ð¦ ���
� ��:�Y.

H2S 8�� ß¡�(GASTEC, Japan)f �i:� °{ ��� �²

èQz�µ� _` *Õ:�
9, �����](M)�� ���Ü])

  FPD8 ?^� Gas Chromatography(HP6890, USA)3 �i:� M

ý *Õ:�Y. ���,	 pH � SO4
−2�Mv *Õ" �� pH-meter

(ORION, 420A)� Ion Chromatography(DX-120, U.S.A.)3 �i:�Y.

�R�Qò	 ·«¹º" Manometer(DWER, U.S.A.)3 �i:� ¬)

O
� 
�:�Y.

3. �
 � ��

3-1. ����� ��� 	
 � �
��

Biofilter °{ÅÆ�K $)� ÅÆ �Î� �>Ã��  !" j*Ä

ù�RS, j�ÐÑ�� !" 5)� <Ä�, Ýý�� fly ash� !"

�FÒ e� ÙL�j XY. Ó� �+,- e ��R�K �� ½��

� @Ã 4�� ±Sf ��:�¤ vY[9].

æ az�K ÅÆ� hiv r¬ç +�Õ" )��� �j O�v

�ç3 ¡  �±[10] �� T!´ \^r[11] e	 az� hi�j X

Y. +�Õ	 R>;+�O Ó�" Table 1� �ô4ÇY. +�Õ	 ¬

¶ z� �*" Si, Al, Fe�9, ãMO
� macro-pore8 " L/�}

X} NpO� ©" Ó�f 8{Y. �v °{¸ç� ¸ç8 n�O k

f CD %EF � 47%	 #,mf 8¡� �
� �ô#Y. �uv Ó

�t" +�Õ	 °{ÅÆ�K	 8ÿ�f r�:j XY[12, 13].

ÅÆ3 �R�Qò� °{:� @Ã ÅÆ ÄÆ8 8¡� ·«¹º"

É«n� 8�á� � r�lm� ïðf &oÊ� T¶v BÖ�Ä8

�Y. �v �� T� biofilter	 @Ã &�R� µ^�� ÍF ·«¹

º� »8� ��9, &�R	  Y �?� 	v clogging e  !" q

r8 L��)ç vY. �v ,*�  $+� ÅÆ	 @Ã ·«¹º�

÷Â� »8� , XY[9, 14].

°{ÅÆ ÄÆ8 8¡� ·«¹ºf ß�:) È:� N×Æ� Æ*

>:� Á@ �)� ÍF 4Ù	 �%
� *¦v +�Õf _@ 5 cm,

�� 70 cm	 �½%���� 55 cm	 ��� °{:� ·«¹ºf 


Fig. 1. Schematic diagram of the biofilter.

Table 1. Physical and chemical characteristics of scoria 

Items Value

Chemical composition SiO2+Al2O3+Fe2O3(wt 70-77%)
Surface area(m2/cm3) 148
Density(g/cm3) 1.49
Packing density(g/cm3) 0.8
Moisture content(%) 46.52
���� �39� �3� 2001� 6�
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�:�Y. Air pump3 �i:� º4�)3 Ï�) 4� �÷:�
9,

$¢" x�� $¢Ö3 �i:� ýþ:�Y. +�Õ Á@  $Á8�

	 �´ç� Íî ·«¹º	 J+3 Fig. 2� �ô4ÇY. �&�K x

� �� !� Á@� ' �% A	 @Ã $Á �´ç8 »8:�ç ·«

¹º" �� J:¡ (¡D, ÏM� Á@� �" �% D	 @Ã $Á

�´ç	 »8� M
 ÷Âv ·«¹º	 »83 �ô4Ç
9 �� Y

î az) � âo#f U , XY.

*3 t}, $Á �´ç 0.02 m/s�K� +�Õ Á@ �)� 5�:�

Þ+ 5 mmH2O �:� k� 
�� Ïp� �M $Á �´ç� 0.25

m/s�K� Á@� 5.6-10 mm� @Ã 7 mmH2O� � £�8 §Ç
�

Á@� 1-2 mm� @Ã � 15� �" 101 mmH2O� �� »8:� ,f

�ô4ÇY. Yang  Allen[1]	 xj� 	:p compost3 ÅÆ� v @

Ã $Á �´ç 0.03 m/s�K 500-1,000 Pa/m	 ·«�:8 �-�ÇY.

+�Õ" �+,- r�� L��� ��� 	
 .¡ (j n�O

L/� )�  �" �
�f 8¡9, +�Õf ÅÆ� v @Ã n�O

k" ·«¹ºf �ô1
�� j$¢	 <8� =>� ·«¹º� 	

v qr� §f �
� h²�Y. �v ºÜ) � 	:p Á@� 10 mm

�ã� @Ã $Á �´ç	 »8� Mv ·«¹º J+8 �	 §
Ê

� æ az�K� 12-17 mm	 Á@f /� +�Õf �Qò	 ÅÆ�

��:�Y.

3-2. Bacillus sludge� ��� 	


�+,-� Mv *
 Ó�f /� &�R	 �" Thiobacillus sp.,

Xanthomonas sp., Pseudomonas putida e Y�v �
� xj�j X

Y[15]. æ az�K �Q�¬� hi� Bacillus sludge	 ��+ Ó�

f 0*[ ºÜf ³:� U%xìY.

õI �����À1 3 g/L3 28v nutrient �¡� Bacillus sludge

3 ¬Á:� 30oC, 150 rpm	 ý3
� shaking incubator�K ºÜ:

�Y. SO4
−2� S2O3

−2íç � pH� OD(660 nm) J+3 Fig. 3� �ô4

ÇY. ��+� A)� ¡Æ)3 8¡pK 6â �ã Ö´ {|�Ç
9,

��+	 ) � ���� ���ü
� �
 pH� 44¡ �-:�Y.

A) OD	 ÷Âv »88 �ô#
� s£� �-:� Hãf �ô4

ÇY. âÏO
� ��+ �¬� ¯> UVW X� Thiobacillus sp.	

@Ã ã�� 5î ��+ ´ç3 8¡� �
� UVW X
9, Cha e

[6]� 	:p Thiobacillus sp.3 hiv ºÜ)  � 3.6 g/L	 ����

f A)� 68v @Ã � 2-3âD� �+�ÇY.

3-3. ���� ��� �� �� 	


âÏO
� biofilter� ,7 ppm �:	 T;Iíç	 <8� =>

� l O�9, Yî =>Z]� n
 @rO�F � , XY. ÍFK

�+,- $Áíç� Mv =>Ó�f 8P:j �� Íî r�i¢f

��:� �" biofitler	 BÖ� X}K Ï�� jV�}¤ � T¶v

�Ä T :��Y.

ÍFK æ az�K� Iíç ý3  jíç ý3
� �9} ��

Íî r�Ó�f êëxìY. õI Iíç ý3" �� A)� $Á$

¢f 7.6 L/min(�´ç 0.02 m/s, EBCT 60 sec)
� â�:� $¡v ý

3�K º�:�
9, °{� +�Õ ÅÆ� Bacillus sludge3 ¬Áv

Î $Áíç3 30 ppm
� �÷:�f 	 A)� � 73%	 r�lm

f �ô4Ç
�, &�R� ó�� 3â Î�� $�8� 4� �+,-

8 ß��¡ (ìY. ÌÖO
� $Áíç3 280 ppm4¡ »8�: )

  ¡´O
� 100%	 r�lmf Ûf , XÇY(Fig. 4). $Á$¢f

15.2 L/min(�´ç 0.04 m/s, EBCT 30 sec)
� 2� »8�: ý3�K

�+,-	 $Áíç3 400-1,500 ppm	 ;È� »8��pK ºÜv

) 3 Fig. 5� �ô4ÇY. $Áíç8 400, 600, 800, 1,100 ppm� @

Ã� M
K� Iíç ý3  Éâ:� $Áíç	 »8� 5�:� $

�8� 4	 �+,-8 ß��¡ (ì
9 r�lm" 99.9% �ãf

$¡:�Y. �v $Áíç8 1,300 ppm  1,500 ppm� @Ã�� ��

Fig. 2. Pressure drop as a function of gas velocity with respect to vari-
ous particle sizes(at 50 cm bed depth).

Fig. 3. Growth and sulfur oxidation patterns.

Fig. 4. Removal pattern of H2S with inlet concentration of 30-280 ppm.

Table 2. Particle size range and void volume ratio of each group

Group A B C D

Particle size(mm) 10-5.6 5.6-3.35 3.35-2 2-1
Void volume ratio 0.52 0.52 0.50 0.42
HWAHAK KONGHAK Vol. 39, No. 3, June, 2001
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���
������
93%� 85%	 r�lmf �ô4Ç
9, $Áíç J+ ºÜ�K	 �

Mr�i¢" $Áµ:¢ 300 g-H2S/m3;hr(1,500 ppm)� M
 254 g-

H2S/m3;hr� ���ÇY.

Fig. 6" H2S $Áíç J+� Mv ºÜ) 3 ®���� �ô< �

&�Y. �&�K ®�� ‘0 cm’� $Á¡sf �ô49, ®�� ‘120 cm’

� $�¡sf 	&vY. õI 600 ppm �:� @Ã ®{=�8 55 cm

� Ï�)	 TÚµ ��� y� r��f U , XÇ
9, ÏM� �

" $Áíç ý3�K� °{ =�� r��� H2S	 íç8 �	 â

�:� _�O� �-3 �ô4Ç�å, �� Ï�)8 �ÆO
� lm

O
� �i�f U , XÇY.

28O
� >��? íç J+� Mv r�lm	 0@Ó�f U%

x) È
 200 ppm	 Iíç ý3�K 5âÚ, 10,000 ppm �ã	 jí

ç ý3�K 5�Ú ��v Î �� 1,100 ppm
� $Áíç3 ýþ:

� ��v )  MÆ� 2-3â Î� r�lm� 0@�ÇY.

Yang  Allen[1]� 	:p compost3 ÅÆ� :� biofilter�K H2S

$Áíç 5-2,650 ppm� @Ã� 99.9% �ã	 r�lm� �-�Ç


9, Y���FÒf �iv �+,- r�ºÜf v Park e[2]	

az ) � ÍAp �ÆO
� 109-3,841 ppm	 $Áíç;È�K

99% �ã
� =>8 8ÿv �
� xj:j XY. æ az	 ºÜ

) �K� IíçCD %EF jíç4¡ n�O ©" ;È	 �+,

- íç ý3�K l O� r�8 8ÿ:�
9, ÌÖO� íç »8

� Mv &�R	 I
l  §� ��O =>8 8ÿ#f U , XÇY.

�v ÷Âv íçJ+� M
 r�lm� Ì)Ú 4� 0@�
�� }

B �ç °Âµ:� ��O
� =>� , Xf �
� h²�Y. 

3-4. EBCT ��� �� �� 	


$Áµ:¢" íç� $¢	 #,�9, $¢" Æ¦�Ú
� �ô4

}{Y. ÍFK $Áíç� ûË} Æ¦�Ú" biofilter	 BÖ � ��

�K T¶v �Ä�Y.

�+,- r�� Mv EBCT	 ïðf êëx) È
 $Áíç3 250

ppm	 â� ý3�K $Á$¢f ÌÖO
� »8��� Z]
� º

Üf ,|:�Y. Biofilter�K Æ¦�Ú" âÏO
� �ò`b�Ú

(EBCT)
� NH�Y. HRT(Hydraulic Retention Time)� °{±	 �

¦� °{Z]� ÍF Æ¦�Ú� /> �ôC
�� K� Yî biofilter

� Yî ý3�K ���� Éâv biofilter	 n���� HRTxY EBCT

8 l O�Y. EBCT 60, 30, 20, 15, 11, 8, 5.5 sec	 ý3�K ��v

) 3 Fig. 7� �ô4ÇY. �&�K x�¡� �� !� EBCT 11 sec

4¡� 99.9% �ã	 r�lmf x�
9, EBCT 8 sec� 5 sec�K�

�� 98%� 90%	 r�lmf �ô4ÇY. 

���Q	 @Ã EBCT 60 sec �:�K 8�³D� Z
�} �Q

8 Ë8ÿ:9, peat moss3 ÅÆ� :� @Ã 18 sec�K r�lm� 50%

4¡ I:�¡D, æ az )  +�Õf ÅÆ� � @Ã EBCT 8 sec

�ã�K 98%xY �" r�lmf ÛÇ
9, ÌÖO� EBCT �-�

M
 ��� =>lmf 8E
�� 5î ó�´ç3 8Ef U , X

Y. ÍFK j$¢	 <8�3 l O
� =>� , X
9, ?o	 -

½+ �v 8ÿ� �
� h²�Y. EBCT 5 sec�K � 10% �ç r

�lm� �-:� �" �Qò 4µ 5î �´ç� 	v �+,-	 )

ã�K &�R� w±:� Fã
�	 rv� á�	 ) � h²�Y.

Fig. 8  9� �Qò	 °{=� 55 cm	 TÚµ� 120 cm	 $�µ

�K	 �+,-� Mv r�lm  r�i¢f �� �ô< �&�Y.

Yang  Allen[1]	 az ) � 	:p compost	 @Ã �M r�i¢

Fig. 5. Removal pattern of H2S with inlet concentration of 400-1,500
ppm.

Fig. 6. H2S concentration profiles with the different inlet concentration
and bed depth.

Fig. 7. H2S removal patterns with the different EBCT.

Fig. 8. Removal efficiency profiles with the different EBCT.
���� �39� �3� 2001� 6�



Biofilter� �� ���� �� �� 383
� 130 g-H2S/m3/hr� Ïp� æ az�K EBCT J+� 	v +�Õ

ÅÆ biofilter	 �M r�i¢" $Áµ:¢ 282 g-H2S/m3/hr�K �

254 g-H2S/m3/hr� ���ÇY. �� $Áíç J+ ºÜ�K� !" )

 3 ÛÇY.

3-5. �� � !" ��� �� #$

PQ� Ó�ã $)�PQ� 5)�PQ� *¦�Y. 5)�PQ�

H2S, NH3(NH4)2S e� Xj �G¡ Mµ*" $)�PQ�Y. Ó�, H2S

� NH3� :,=>? � *H=>?�K L�:� PQ�*	 Mµ*

f £¡:9 � Q)�çç �Y. Biofitler� IÞE% 8�3 ¬Á�

@Ã YJ  !" Ï�)�
� r��Y.

4NH3
+ + 9O2 K 4NO2

− + 6H2O (�+Ï�) (1)

2NH3 + H2SO4 K (NH4)2SO4  (T+Ï�) (2)

�+Ï�" &�R	 �+�if 	&:9, T+Ï�" �+,-	

����R� ��� 	
 ()� 8�� IÞE%8 T+�� Ï��

Y. æ az� X}K �+,- r�i biofilter8 k" pH� �" ��

�ü íç�K ���j X
Ê� IÞE%� &�R	 �+�ixY

T+�i� 	
 r�L �
� h²�Y.

�+,- r�i biofilter� IÞE% 8�8 É� ¬ÁL @Ã � Ó

�f U%x) È
 �+,- $Áíç 600 ppm, EBCT 30 sec� ��

�j X� biofilter� IÞE%3 20-100 ppm
� ¬Á:� ºÜ:�


9, Fig. 10�� �+,-� IÞE%	 $Á � TÚµ	 íçJ+3

�ô4ÇY.

) O
� $�8�4 �+,-� IÞE% Þ+ ß��¡ (ìY.

IÞE% $Á� 	v �+,- r�lm�� � Yî ïð� §Ç


9, IÞE%� $Áíç J+� �Ö§� $Á� Î °{=� 25 cm

��� 5A� r��f U , XY. �� MK )�v �=N �+,

- r� Î ��� ��� 	
 IÞE%8 T+�} r��f ß»�

, X� ) � h²�Y.

3-6. %&'(� pH � SO4
−2�� ��

âÏO
� �+,- �+ �	 ����R� SO4
−2� biofilter 4�

OO�
�� I
l � ûË} pH I:� �v biofilter	 r�ÿf

�-��� ��� �9, ���ü	 �P  pH ýþ" T¶v biofilter

���Ä� UVW XY[16].

EBCT J+ ºÜf ,|:� É� ���,	 pH J+� SO4
−2	í

ç J+3 
�v ) 3 Fig. 11� �ô4ÇY. õI ãMO
� Iµ

: ý3�K� pH8 � 2�ç� $¡�Ç
9, )ã
�µ� r�� �

+,-	 �  ���,� 	
 ��� �� �ü	 �� �	 $h#

f U , XY. Ïp� ãMO
� jµ: ý3�K� pH8 � 1.14¡

�-:�
9, µ:¢	 »8� ÍF ���� �� �ü	 �ç »8

:¡D r�� �+,-	 �� &o¡ Q#f U , XÇY. 

Cho e[17]	 az ) � 	:p �+,-	 Mh�R� �-���

polysulfide� �
� á��Ç
9, �� R6�� 'S6 T�R� �


� xj:�Y. �v Chung e[18]� 	:p jµ: ý3�K �+,

- r� )  ��R T 72%8 �-�� �
� xj:�Y. æ az

) �Kç °{® 4� a'U6 T�R� ���f �-� , X�å

� T�Rf âµ 0,:� �-*Õ(Leco corporation, SC-132, U.S.A.)f

v )  T¢n� � 30%8 � �*� �
� �ô#Y. �� ���

���ü	 �� r�� �+,-	 �� &o¡ Q:� �$3 Ï»

� , Xf �
� VÌ�Y.

Biofilter	 pH� âÏO
� T�
� ���9, T+r	 68� R

� �P:� Z] e
� pH �-3 Wr:�¤D vY. :¡D æ a

z ) � 	:p pH �-� 	v �+,- r�lm �-� §Ç
Ê

� �� Mv µ8O� nif Xâ , Xf �
� h²�Y.

Fig. 12� +�Õ ÅÆ Np  ÅÆ� µ^�?:j X� &�R	

SEM(HITACHI, S-2700, Japan) Yï ) �Y. +�Õ" R� ,0 �

PÎ 3ýv Î Yï:�
9, &�R	 @Ã EBCT J+ ºÜ T Ï�

)	 TÚµ�K ÅÆ3 èQ:� Yï:�Y. +�Õ	 Np�� n�

O ' )�� " L/�} X} &�R	 µ^�?f �O+� , X�

zý� �} XY. �v +�Õ Np�� 2-3µm �ç	 �)3 /�

Y¢	 &�R� ����Zf ½�:j X
9, )ã	 �+,-8 i


� Î �t &�R� 	
 �+�� �f U , XY.

Fig. 9. Relation between inlet loading and elimination capacity with the
different EBCT.

Fig. 10. Variation of H2S and NH3 concentration.

Fig. 11. pH and SO4
2− concentration variation with the different EBCT.
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384 ����������	�
���
������

er-
3-7. ��() *+,� +-

æ az�K� Ottengraf[7]� 	
 r�� 0£ Ï�´ç[f �i:

� �+,- *
´ç3 
Õ:�
9, Ï�´ç[" YJ  !Y.

(3)

�)K, Cgi� �+,- $Áíç(ppm), Cg� $�íç(ppm), H� °

{® =�(m), Ug� $Á$¢(L/min), �>j k0a� 0£ Ï�´çã,

(cm3-H2S/m;min)�Y.

Fig. 13" È	 0£ Ï�´ç[� $Áíç 250 ppm� ý3�K $Á

$¢	 J+� 1,500 ppm�K ®�� J+� Íî íçJ+ å��3

Oiv ) 3 �ô< �&�Y. õI + @Ã� Þ+ 0£ Ï�´ç�

" D[#f U , XÇ
9, 0£ Ï�´çã, k0a� 250 ppm  1,500 ppm

�K �� 166.92 cm3-H2S/m;min� 160.17 cm3-H2S/m;min� ���ÇY.

4. � �

+�Õf ÅÆ� :� biofilter� Bacillus sludge3 ¬Á:� �+,

- r� ºÜf ,|v )  YJ  !" )\f ÛÇY.

(1) ÅÆ	 ·«¹º 
� )  Á@ 5.6-10 mm	 @Ã $Á �´ç

0.25 m/s(EBCT 2 sec)�K 7 mmH2O� �ô#Y.

(2) A) $Áíç 30 ppm� M
 3â �ç	 ó� )Úf 8]
9,

EBCT 30 sec� @Ã $Áíç 1,100 ppm4¡ 99.9% �ã	 r�lm

f �ô4ÇY.

(3) �+,- r�lm� Mv EBCT J+	 ïðf êëæ )  $

Áíç 250 ppm� M
 EBCT 8 sec4¡� 98% �ã	 ��� r�l

mf ÛÇY.

(4) ���,	 pH� � 1-23 $¡:�
� r�lm�� ïðf &

o¡ (J
�� T+r hi e pH ýþ� Mv µÅf �-� , X

f �
� h²�Y. �v �� �ü	 íç� µ:¢	 »8� ÍF s

£ »8:�
9, ãMO
� jµ: ý3�K r��� �+,-	 �

� Y- &o¡ Q:�Y.
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Fig. 12. Scanning electron photomicrographs of scroia surface and mic-
roorganisms.

Fig. 13. Gas concentration profiles at different values of the degree of
conversion for a zero-order reaction.
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