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�� �����. ��� ��� H2S� �� ���� 0.1g-H2S/g-media� �� !

"#, 100 ppm� $%&'( 15)� EBCT(*+,-./) �0��1 234�� �� H2S �
56� 78 4�� ��

9:� ; 40% �'� <=>�. ���8 Bacillus ?@A ��� B ���	
� $% H2S &'A 100-600 ppm, EBCT

A 15)� C�. 99.9% �D� E�F �
:� G� H I!�. H2S� $%J�K 200 g-H2S/m3 · hr ���1L 100%�

�
:� M�"#, N��
OP� 258 g-H2S/m3 · hr(10.67 g-H2S/kg-media · day)"� �� !�. Q� RH S� pHK 2

��� $T U' VWX� �� YZ[O \� E�F �
9:� $T���. D]^( �]^ C�_3� `a 78 D

]^� �
9: b �
OP� 10% �' cd <=>�.

Abstract − The performance of an activated carbon-packed biofilter for the removal of H2S was investigated. The adsorption

capacity of the activated carbon itself for H2S was estimated to be 0.1 g-H2S/g-media, and the removal efficiency of H2S on the

condition of wet scrubbing was about 40% under the conditions of 15 sec EBCT(Empty Bed Contact Time) and 100 ppm of
influent H2S concentration. The biofilter packed with activated carbon and Bacillus sp. showed stable removal efficiency higher

than 99.9% for the inlet concentration of H2S ranged from 100 to 600 ppm under 15 sec EBCT. When the inlet loading of H2S was

less than 200 g-H2S/m3 · hr, the removal efficiency of H2S reached 100%. The maximum elimination capacity of H2S was deter-

mined to be 258 g-H2S/m3/hr(10.67 g-H2S/kg-media · day). During operation, the biofilter exhibited stable removal efficiency with-

out any inhibition to the microorganisms even when the pH in the drain water maintained below 2. The removal efficiency and the

elimination capacity of H2S in the upward flow biofilter were about 10% higher than those in the downward flow biofilter.

Key words: Hydrogen Sulfide, Odor, Biofilter, Activated Carbon, Flow Pattern, Wet Scrubbing
1. � �

����(H2S)� ����	, 
��� ��	, �
� ���, ��

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

8 ppbv +,- ./ 0,��, 1234 5�67 89 :��� ;

�� �
<�= >�:� �(?�[1, 2]. @�%A��� ‘96BC ‘97

B� D� E FG�H�I? J�( K��I E LMJN�IO) �

+�� � ‘90BJ PQ�R &'$ ST UV3O) JW�X YX, ?

Z[ &'<� \]7 ^\ 8_ �`�(7 &'�() �+:X ab

cd�e7 f+:� � �g3O) hi:X YO% &') 4[ j

k?% &' lSm�n�- �� opq r$:X Y� st?�.

&'�5= ^[ �u- v
t+, wxy, z{|�y, }~��y,

~��y �C �/ ���`3 �y/ ��$�- �5��/ ���
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����
�f� E ���, *�� �C �/ �n�$ �? ���� X��-

�0, �$�= abcd��� 6������ ���3?9, 2T �

��(7 ��:� HS? Y�[3-5].

�?��R(biofilter)� ��`3 J�����(air pollution control,

APC) ��)� �$�$ ��`3O) ���� ��� ��= ;C 

O)¡ ����. �?��R� ¢ £dk�� Y�� ��- ��`3

�� E ��� ¤¥- +�� �?� ¦C �U[ ¦O) �§�� &

' �67 ^\ �¨:©O9, ª«�� &'�5�+O)�R �n�

� ���� L+ �¬�7 �5:� X�­ �+O) 4
�X Y�

[6-8]. �?��R- �®34 ¯°±²/ &'�³? �³� d\��

&'�³- d\Q£H , d\� &'�(? 2��- t´µ) w�

H , &'�(7 ³\:� H - 3H ) ¶��9, ª·3O) ¸�

���(/ ¸�$�¹ �), ��¬�/ ?��?ºC ��?ºO),

(��¬�/ »¼±½ ?º, ¾P� ?º ¿/ P� ?º �O) ÀÁ

��[7]. ?Z[ ��`3 Â'�+/ �f�¹ ÃÄ�d? �ÅÆ Ç

� ¾±A ./ �È� ���C 2T �\��= \>:� ÉÊ�? Ë

� ?�) ¢ ?d Ì7 ÍÎ %$Ï� hi7 �8:X Y� �Ð��

) ÑÏÒ Y�[3, 9-13].

ÓQ3O) �?��R- ��/ 2��C ��- ÔÕ� Ö× Ø@

�Ù) ?� ÚA ª«�� �?��R- ��7 �?� ^[ �ÛO

) peat, ��Ü, ÝÞ¢, ��� tAß, ��¸ � à�� ��= �?

��R- ��) �? Ud:X L+ �³� J[ ³\­? á�â 2

�� ã8- ÔÕ3 {·� Úä �5­- åæ� m[ �¥[ |¶$

çè�X Y�[14-19]. Lq ��¸/ �éê3? ë Ç� ¾±A �l

? ¨O9,  ��? �X µ¶�? á�â ��ì�`3 L�O) 4

:F ��� ³>�� Ç� ¾±A, wx� -[ &' �5 ���, �

? Ud�X Y�. ��¸- ?Z[ L�/ �?��R- íÄ ��)

�, @�:�� ¦? �/ Ôè |¶�� îÎï�[4, 9, 20, 21].

¢Z% �u |¶ð- J�³? ��= íÄ[ �?��R� J[ �

5�� E �5­C �/ ÃÄ4ñ� J[ òå7 ó&:�� lS7

WX YO9, ô� õ	� 3d � Y�� wxL�?% v
t+�

-[ L� �7 ��Æ � Y� |¶� �� ö�. ÚA� ® |¶��

� ��¸7 íÄ ��)[ �?��R�� wx E v
t+� -[

H2S �5 L�7 ÷øùúO9, �û$�= æåÊ E :åÊ) ÃÄ 

� Úä �?��R- �­ �ü ôý7 �è:©�.

2. �� � �	

2-1. ����

® |¶�� Ud[ ôý	�- ¼
,� Fig. 1C ��. Q£�� 2

��C ��= íÄ:F &'�³7 ��`34 ³\C+7 ;\ �5

:� �³O) µ� 6 cm, �? 70 cm- kþ ¾Öÿm 3�) ¶�:

©�. g Q£�- íÄ��� 1.1 L?9, ��� ��� ^� íÄ:©

�. Q£� ÃÄ/ �®3O) æ�) �û�� :�) �b�� :å


7 �Õ:©O9, æå
C- �üôý7 �è:©�. æ� �û��

� ò¥�(C t�� �o7 ^[ ³à�= f�:©O9, :���

a�- �	 E ab? $­[ ¶�) �� Y�. íÄ �?M $� �

��'¹ �� ���'= ̂ [ �� �'¶= Ó+�pO) f�:©�.

2-2. ����

® |¶��� ��¸7 ��) Ud:©O9, �� �³�:F z�

? 5-7 mm4 ¦ð� ÔM[ �� �) �V t�:X 2tûñð7 �

5:F Q£�� íÄ:©�. g Q£�� íÄ� ��¸- l�/ 	

Ó:× gg 0.64 kg?©O9, íÄ� Ud[ ¦C 	Ó[ ��¸ Ó�

= �':F 
,, ���,  �� �- L� ³Ü ôý7 �è:F ¢

]C= Table 1� �* +�:©�.

2-3. 	
�

® ôý�� Ud� Â'2��/ Bacillus sp.) ÃÄ�X Y� :�

��	- Q�ÝZ�= {·:F Ud:©�. Bacillus sp.� �
¬�

tã� �:9, Gram +tãO)� ���� �³- ³\� E ñ��

? YO9, ��, H�(7 ³\:X Ä³7 ´,�O) ³\:9, �[

��C '��³7 ³\:� L�? YX, ���� l- »¼±¾, �

���, ¾jÊ= z{ �' �� ³\ìñ�:� L�? Y�[22]. �

?��Rµ- 2�� íÄ/ ��= ÝZ�¹ z{ �¬:F 2��7

�x�� � g Q£�� íÄ:©�. Ud� Bacillus sp. ÝZ��

MLSS0,$ 6,720 mg/L, MLVSS$ 5,130 mg/L?�O9, ª·3O)

��� �x� 2��- ¥/ 0.517 g-MLVSS/g-dry material?��.

2-4. �


2-4-1. $� ³Ü

® |¶�� ���() Ud[ $�� ����(H2S))� �, 99%

?æ- $���= ?d:F needle-valve) ¢ ��7 ��:F �¬

��� Ó+0,) �¬�,� :©�. ����� $� ��m

(GASTEC, Japan)7 ?d:F g Q£�� �x�� Y� ���'¶

)�R z{ ³Ü:©�. �[ ���'¶= ;:F gas-tight syringe)

�� �' � gas chromatography(FPD, HP 6890, U.S.A.)= ?d[ �

�³ÜyC w��O) w�[ � ?= w

, = ?d[ ¯ !"

#y(J��� �+�ýy)7 $è:F ô�:ê� ?ð� J\ æ%

�r:©�. º, E v,� v, (Cole-Parmar, U.S.A.)= ?d:F

&+:©O9, 'i(:� �U)h¯*(DWER, U.S.A.)= ?d:F &

+:©�.

2-4-2. a� ³Ü

® |¶�� 2��- �	7 ̂ \ �o[ ò¥�(- ¶�/ yeast extract

2, KH2PO4 2, K2HPO4 2, NH4Cl 0.5, KNO3 0.5, MgSO4 · 7H2O 0.5,

CaCl2 · 2H2O 0.05, FeSO4 · 7H2O 0.03, EDTA 0.02 g/L?9, �?��

R� �oÆ +�� ?= �,�C 10-20a -Ü:F �o:©�. |�

Fig. 1. Schematic diagram of lab-scale biofilter.

Table 1. Physical characteristics of the packing material

Physical characteristics Value

Apparent density, g/cm3 1.38 
Packing density, g/cm3 0.58
Void volume ratio 0.42
Water holding capacity, %(w/w) 46.3
Mesh size, mm 5-7
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�, ���� � ����� ��� �� ������  ! H2S "#� $%& '( 273
3O) �Á �o�� nutrient� -\ ���� a�� 1Ó 1V V�:

F H2S ��� -[ ���C ?) 4[ pH À�= &+:©�. ��

pH&+/ pH meter(ORION, model 420A, U.S.A.)= Ud:F &+:©

X, õ2�7 ;:F 2�� ��7 8�3O) .4:©�. ¢�X a

� l- �?º ³Ü/ ion chromatography(DIONEX, DX 100)) ³Ü

:©�.

2-5. ����

��¸ ñ�� -[ /���- wxôý/ Fig. 1- Q£�� ��

¸7 íÄ[ �, H2S $�= �û0, 100 ppm, �û �� 8.25 L/min

(EBCT 8 sec, SV 450/hr)O) �o:F �û0, E íÄ�? 1/3 �

S(13 cm �S)� ^�[ �� �'¶��- 0,= gg &+:©�.

t+� -[ ����- �5 ôý/ Q£�� 0ã� ��¸7 íÄ

:X 1 L- �,�7 t+�)� �?��R¹ 	Ó[ �14 15 mL/

min- ��O) Q£� æ�)�R �o:F ôý:©�. �Á Ud[

t+�� ~Ó ü�:©�. ��¸7 íÄ��) :� �?��R� -

[ H2S �5ôý/ û� 5-7 mm4 ûæ ��¸� 0
� Bacillus

sludge= �¬:F g Q£�� 39 cm- �?) íÄ:©O9, íÄ�

�¹ ���/ gg 1.1 L¹ 42%?��. P��� H2S �û0,= 100 ppm,

�û��7 2.2 L/min(EBCT 30 sec, SV 120/hr)¹ 4.4 L/min(EBCT 15

sec, SV 240/hr)- �1�� gg ÃÄ:©O9, ?� 	Ó[ �û��

- �1O) �û0,= 300, 600, 900, 1,200 ppm�� H 3O) r

$��ê� ÃÄ:©�. �[ �û�� 6.6 L/min(EBCT 10 sec, SV

360/hr)¹ 13.2 L/min(EBCT 5 sec, SV 720/hr)- �1�� H2S �û0

,= 85, 150, 300, 450, 600 ppmO) À��2$ê� |�ôý7 �

è:©�.

3. 
� � �


3-1. ��� ����� ��� �� H2S ��

��¸/ van der Waals 3?% 2t ��O)- µ�.�, ¼tm £


 �- ¨d� -:F ��� �(7 wx:9 J�³- �@ ��d

� r�= �5:�� 45[ �C$ Y� ¦O) ÑÏÒ Y�. ?Z[

��¸ ñ�- H2S wx­7 Ñ¾ùXñ Fig. 1- Q£�� ��¸7

íÄ[ �, H2S $�= �û0, 100 ppm, �û �� 8.25 L/min(EBCT

8 sec, SV 450/hr)O) �o:F �û0, E íÄ�? 1/3 �S(13 cm

�S)� ̂ �[ �� �'¶��- 0,= gg &+:X ¢ ]C= Fig.

2� %*µ��. Fig. 2�� ùF�� �¹ �? ÃÄ 3Ó �� 0,$

�b��O9, ÃÄ 16Ó �C ��� �b0,$ �û0,¹ �¾ï�.

wx? ´�� ����- wx� H2S ¥O)�R  �� wx�/ *

0.1 g-H2S/g-media) 6�ï�. ?Z[ ]C� SV 62/hr¹ H2S �û0

, * 40 ppm- �1�� 20Ó � tAß ��- wxôý7 �è[

ParkC Kim[23]- |¶�� 6�ç wx� 1.7710−5 g-H2S/g-media�

�\�� ¾8 �/ 8?��, Cho �[24]- 9x ��¸7 ?d[ |

¶��- wx� 0.22 g-H2S/g-media� �\�� �� .× %*:�.

ô�) �?��R� t�� �O) 4:F �³? C´�� æ;)

ÃÄ<O)¡ 	�34 �� ñ�- wx �C� Ö× �JÆ �$ Ë

�. ¢Z% ��¸- ?¹ �/ wx­/ �?��R� {·� 2��

? �û$�� J\ �£:� P� ÃÄ�� 	Û�� �� ñ�- w

xO) 4[ �5��- æ= �C= �JÆ �$ Y7 ¦O) U���.

3-2. ��� ����� ����� �� H2S ��

�?��R�� �³�o, t�, l� �- >3O) FZ þ;- �

³? �o�9, ?Z[ �³� &'�³? d\�� ¦? ��`3Â'

- ? @A H ?�. ?¹ �? d\� &'�³? ��� �x� 2

��- t´µ)- w�C+7 5B ª·3O) 2��� -\ ³\ì

�5��. ÚA� &'�³- �³� -[ �5� l�[ -2= $�

Ù) ����� J[ t+� -[ �5 L�� J\ ÷øù� ^:F

H2S- �û0,= 100 ppm, �û��7 4.4 L/min(EBCT 15 sec, SV

240/hr)- �1O) ÃÄ:F ¢ ôý ]C= Fig. 3� %*µ��. P

�� �b0,$ * 40 ppmO) ���� ¦/ wx E t+ W $�

$ 	�� ¨d:� +<O) ùF�9, ÃÄ 5Ó ?� �b0,$ *

60 ppmO) ���� ¦/ �³� -[ wx­- �:) 4[ t+¨

d�O) �5�� ¦O) U���. ¢Z% ÃÄ * 10Ó ��� �b

Fig. 2. Removal patterns and adsorbed amount of H2S by adsorption
column packed with activated carbon(EBCT: 15 sec, inlet con-
centration: 100 ppm).

Fig. 3. Removal patterns of H2S by wet scrubber packed with acti-
vated carbon(EBCT: 15 sec, inlet concentration: 100 ppm).

Fig. 4. Variation of pH and sulfur in the drain water for the wet scrub-
bing experiment.
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����
0,$ �� 6�:F ÃÄ * 20Ó ?��� 100% �5�� ]C=

ù©��, ?� �û�� ��¹ �o�� �,�7 0ã:� öX �

o:©� +<� C�)�R 2�� ��O) 4[ ��`3 ³\$ ç

è� ¦O) U���. a�- ³Ü]C= %*D Fig. 4�� ÃÄ 10

Ó�R a� µ- ��?º- ¥? r$:X, ¢� ÚA pH$ 6�:

� ]C)¡ 2��- ��C ��`3 ³\$ Ó�:�7 fEÆ �

Y7 ¦?�.

3-3.  !"# $  % &'� () H2S ��

��¸7 íÄ��) :� �?��R� -[ H2S �5L�7 ÷ø

ù� ^:F �û�� 2.2 L/min(EBCT 30 sec, SV 120/hr) - 13.2 L/min

(EBCT 5 sec, SV 720/hr)- �1�� H2S �û0,= 100-1,200 ppm

O) À��2$ê� |�ôý7 �è[ ]C l�� EBCT 15 sec4

�@� 0,À� E a�- ³Ü]C= Fig. 5¹ 6� gg %*µ��.

Q£�- íÄ�? 1/3 �S(13 cm)C 2/3 �S(26 cm)� W _- ��

�'¶$ YO9, Fig. 5��- port (1)C port (2)� gg ? @A¹ W

@A �� �'¶�� ³Ü[ ]C= -2[�. ¢F�� ùF�� �

¹ �? H2S �û0,$ 100 ppm4 ÃÄP��� ?G�� HÄ �5

<O)¡ �b$� µ� ����� �b�� öú�. ?� �û0,

600 ppm��� port (2)¹ b¶��� 100 %- �5��7 ��:©O

9, port (1) E (2)��� 900 ppm ?æ- �û0,� J\�� �5�

�? ST 6�:� ]C= ù©�. Thiobacillus thioparus CH11

biofilter= ?d[ Chung �[25]- |¶]C� -:ê EBCT 28 sec¹

H2S �û0, 60 ppm4 �@ * 7Ó�- �£��? ��[ ¦O) ù

X:X Y�. ¢Z% ® |¶ ]C�� �£��? I/ ¦/ P�� �

�¸- wxC JK� 2��- Lä �£� -[ ]C) ùF�9, ?

� õ	 3d� Y�� ��:× ¨dÆ ¦O) U���.

Fig. 6� %*â �¹ �? a�- ³Ü]C�� �æO)�R �5

� ����- ¥� �:F ��?º- ���? .× %*:�. ?�

�£� 2��- @
�,ù� �û�:�- H 34 r$�,$ J

LM× ôý? çè<O)¡ ��?ºO)- HÄ ���? .× ��

��� +<4 ¦O) U���. Qê ªJ�5d�� ,N[ 20Ó ?

��� ��� ��?º- ¥? * 95%�� r$:©�. �?��R

OP :��� �b�� a� l- pH� ÃÄ P�� 2+,©O% S

T3O) 6�:F ª·3O) * 1.1�� 6�:©�. �[ EBCT 5

sec) ÃÄ[ �@�� pH$ 1?:)�� Q�ïO% 2��- �\¨

d Ë? Û+� �5��7 ��:©�.

Fig. 7C 8/ EBCT$ 30, 15, 10, 5 sec4 �1�� �û�� H2S-

0, À� ôý7 è:F 6/ ]C= �û�:�� J[ �5��C

�5d�O) gg %*D ¦?�. EBCT� m Ë? �û�:� 200

g-H2S/m3 · hr(8.27 g-H2S/kg-media · day) ?:4 �1�� ¼W 100%-

�5��7 ù©O9, �û�:� 300 g-H2S/m3 · hrC 400 g-H2S/m3 · hr

4 �@� gg 80%¹ 60% +,- �5��7 %*µ��. ªJ �û

�:�4 473 g-H2S/m3 · hr(19.57 g-H2S/kg-media · day)��� �5�

�? 49%�� 6�:� ]C= ù©�. Fig. 8� %*â ¦C �? �

û�:� 240 g-H2S/m3 · hr�� �5d�? zÔ3O) r$:�$ ¢

?æ- �û�:�� J\�� �5d�? Ó+:× ³´:� ¦7 Ñ

Fig. 5. Removal patterns of H2S by biofilter packed with activated car-
bon at flow-rate of 4.4 L/min(EBCT: 5 sec in port 1, 7.5 sec in
port 2, and 15 sec in outlet).

Fig. 6. Variation of pH and sulfur under different inlet concentration at
flow-rate of 4.4 L/min(EBCT: 15 sec).

Fig. 7. Removal efficiency of H2S as a function of inlet loading under
various EBCT.

Fig. 8. Relationship between inlet loading and elimination capacity.
���� �41� �2� 2003� 4�




�, ���� � ����� ��� �� ������  ! H2S "#� $%& '( 275
� Y��. ]C3O) ªJ�5d�/ 258 g-H2S/m3 · hr(10.67 g-H2S/

kg-media · day)) �+���. EBCT 15 sec¹ 10 sec��� �û0,

r$� J\ �5d�? 280 g-H2S/m3 · hr +,�� r$:©O% ��

6�:� ]C= ù©��, ?� ����- 2��� J[ �\¨dù

� íÄ� ��¸- û�? ¨X �þ?Ù) 2��- r
C '
�

-[ 'iRô- r$) S���? 6�:� �- ÃÄæ- <�) 4

:F �5��C  T �5d�? 6�[ ¦O) ùFç�. ÚA� '

iRô7 8�3 &+:F ?= 3�q ��:X ÃÄæ- <�Sð7

ùH[�ê ù� �/ �5d�7 ��Æ � Y7 ¦O) U���.

?Z[ õæ/ õ	��, <�$ U � YOÙ) 3�[ nutrient �

oO) 2��- C� �	7 VX �³? C,:× �o�� ��7

�W:� ¦7 ��:F> :9, íÄ ��- 3�[ ÔÕO) /æ Ó

+[ ��7 ��Æ � Y�>� Û+� �5��7 67 � Y7 ¦?

�. ® ôý��� EBCT 10 sec�� ôý7 çè[ � ��? �W�

X 'iRô? or:F ��= t�[ � �íÄ:F s$ ôý7 ç

è[ �@ �5d�? * 300 g-H2S/m3 · hr�� åæ�� ]C= 67

� Y��.

3-4. *+,- .+, ��� /0

�?��R� FZ þ;) f $ $­:�� �� Jæ $�- �û

�
� ÚA æåÊ(upward flow)¹ :åÊ(downward flow)) ¶³Æ

� Y�. õ	��� ? W $� �
 l�� õ	 �1� ÚA ÔÕ3

O) f�= :X YO9, 2HO) ÃÄ�� �?��R- �@ æåÊ

¹ :åÊ= |�3O) ÃÄÆ �, Y�. ?Z[ ÃÄ�
� J[ �

ü |¶= ^\ �û��7 2.2 L/min(EBCT 30 sec, SV 120/hr)C 6.6

L/min(EBCT 10 sec, SV 360/hr)- W $� ���1�� ôý7 �è

:©�.

Fig. 9� EBCT 10 sec4 �@� �û0, À�� Úä �5��-

À�= �ü:F %*D ¦?9, Fig. 10� 	Ó[ EBCT �1�� �

û0, 150, 300, 450, 600 ppm4 �@� J[ íÄS �?M 0,À

�= %*D ¦?�. Fig. 9�� ùF�� �¹ �? �û0, 600 ppm

4 �@� æåÊ¹ :åÊ �
- �5��/ gg 75%¹ 65%)¡

10% +, æåÊ$ �× %*:�. �[ �5d�ê��, :åÊ �


- �@ �5d�? r$:�$ �� 6�:ê� �û0, 600 ppm

- �1�� * 237 g-H2S/m3 · hr) �+� Qê æåÊ �
- �@

�5d�- 6� Ë? ��3O) r$:©O9, 600 ppm- �1��

* 273 g-H2S/m3 · hr) �+���. Fig. 10� %*â �¹ �? íÄ�

?$ 1/3 �SC 2/3 �S��- 0,= ³Ü\ ® ]C, æåÊ �
?

:åÊ �
� �\ 70-100 ppm +, .× %*:�. Qê �b0,�

30-60 ppmO) T?$ �� X�Y� �å7 ù©�.

?Z[ ]Cð/ æåÊ �
- �@ ��- Z[? k�:X �û�

�� ¥%[ �1? ���� +<?9, Qê :åÊ- �@�� ��

- Z[C �� ñ�- :lO) 4:F íÄS? '
�X C� @


[ 2��� -\ ��? X�Y� õæO) 4:F �5­? 6�:

� ¦O) U���. 'iRô- �@ æåÊ �
? :åÊ �
� �

\ �Q +,) .× ���� ¦, \/ ?�$ U ¦?�. :�� æ

åÊ �
- �@ ÷��? �X I/ EBCT ], íÄS µ- �� �

�? LM× �ê :å- �³ Z[C æå- �� Z[? üT�ê�

'iRô? opq r$:X t+�% nutrient d�- :å Z[? H

Ä �\�� +æ34 ÃÄ? K$­:× �� õæ7 PÞÆ � Y7

¦O) U���.

4. 
 �

��¸7 íÄ��) :X Bacillus sp.= Â'ã8) [ �?��R

- ��`3 Â'ôý7 ;:F ��C �/ ]C= 6��.

(1) ��¸ íÄS��- H2S� J[ wx­/ 0.1 g-H2S/g-media)

�+��O9, EBCT 15 sec¹ �û0, 100 ppm- �1�� v
t+

� -[ H2S �5 ôý ]C P��� wxC t+? 	�� çè��

X t+� -[ ��/ * 40% +,) %*:�.

(2) �û�:�? 200 g-H2S/m3 · hr ?:4 �@�� 100%- �5

��7 ù©O9, �û�:�? 300 g-H2S/m3 · hr¹ 400 g-H2S/m3 · hr

4 �1��� �5��? gg 80%¹ 60%) 6�:©�. ªJ�5

d�/ 258 g-H2S/m3 · hr(10.67 g-H2S/kg-media · day)O) �+��

�.

(3) æåÊ¹ :åÊ �
- �ü ]C æåÊ- �5�� E �5d

�? 10% +, �× %*:�.

(4) a�- ³Ü ]C í³[ 2��? u�:X ��? ���� �

@ �5� �æ- ����� * 90% ?æ ��?ºO) ���� a

�) ab�� ¦O) m^���. �[ pH$ 2?:) ���ê�, 2

��� J[ �\¨d Ë? Û+� �5��7 ��:©�.

?æ- ]C) 2#� _ + ��¸7 ��) :X Bacillus sp.= Â

'ã8) :� �?��R� 0, E �� À�� J\ �5��C �

5d�? ¥%:©�. Lq pH �:� Úä 2��- �\�C$ %*

%� ö¾ ÃÄ�y? ��� U � Y� 	S7 $`O)¡ �C34

��Â' ��aO) 3d $­Æ ¦O) U���.
Fig. 9. Variation of H2S removal efficiency as a function of inlet concen-

tration under different flow type(EBCT: 10 sec).

Fig. 10. Variation of H2S concentration as a function of bed depth under
different flow type(EBCT: 10 sec, closed symbols: downward, open
symbols: upward).
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