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Abstract − In this study, the degradation of toluene by lab-scale biofilter inoculated with pseudomonas putida DK-1 was
investigated with variation of the several environmental parameters, such as temperature, bed length, residence time (gas flow

rate), concentration and optimal humidity zone. Removal efficiency increased as the operating temperature increased and the

optimal temperature range to treat toluene gas was found to be 32-35oC. The effect of gas flow rate on toluene degradation was

investigated at different gas flow rates of 20-100 ml/min. Increasing the gas flow rate showed an inverse effect on the elimi-

nation rate (ER) and the removal efficiency (RE). The removal efficiency was roughly constant and consequently the biodeg-

radation rate was independent of concentration of toluene at the inlet load lower than 251 g/m3. The optimal humidity

dominance zone (40-60%) increased as bed length increased. The biodegradation rate of the toluene with respect to the bed

length (3, 6, 9, 12 and 15 cm) increased up to 80 h but was then independent of the bed length after 80 h except for the 3 cm

bed length.
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- ./ 0# 123 
��- 456&, *7, ����� �	
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:� ;<�=- >4? @ A�[1, 2, 13].

B��C #D7 EF�	
 1920GH� :@��I�J K�:/

H2S .LM ��N @ A�/ �OPQ# KRS #T UVC WX 6

Y=& �Z [\]C #D7 EF	# 1957G B^�J _`� 6Y

�. � Z B^� ab��J [\] biofilterM �@ cd >e:f=

b ghPK
 ij k lmno�J !p qKr st6� [\]#

u:/ v
 cdw�C x#� y� z�{| biofilter. PK6� 1960

GH #Z- }� ~�6Y=& �� H�'( ����� �:� �

c�� k z�U��. �� �� ��� ��� 8�� �.LM �

�:/ :@��I, ��I k ���I� #D6� A=& z� �^

�J/ �� �F k �� ��r ��6� A/ �K� z��)(VOC)

��� U7  ��� ��-J �<¡� A�[3-5].

j¢�=- biofilter/ z�# £� 8 ��� � .L ��� ¤-
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¥#/¦, lab-scale biofilter�J/ §@ ¨�©ª� Pseudomonas putida

strain DK1C media� «¬ ­\�®J ��� VOC �� .$�C ¯

1~°�. y�J ±�7 ��� VOC ��� ²�
 �F�� k 8

��� VOCM ­�:/ ³ ´µ 123 ���� VOCM ­�:/ �

��I ¶=- biofilter� qDe·C vr/ ¦� A�. *7 �¸ .

� 5"¹@º », ¼�, .Lz�, ��, �< @¨� �·� ¹�, bed

length ¶
 biofilterM c,:/¦ A�Jb ½¾:/¦ A�J ¿u7

¹@#&, ��=- >D:� y�J/ À@ ��º#�. O ÁÂ�J

/ #¸7 5"¹@� H7 ��ÃC c<:� y�J ¼�(18-40oC),

.LÄÅ�(20-100 ml/min) ��� inlet load[83-355 g/(m3Æh)]M ¹�

�Ç�. *7 bed length(3-15 cm)� È� �� É� ��Ê�� H�

J� �Ë:f�. O ÁÂ� Ì�/ ÍZ� scale up� A�Jb, �I

�J £# ÎD6/ ¿¼� Ï�� [\ª� biofilter�J� �DC #

�:/¦ �Ð# ? 0#�.

2. � �

2-1. ����

§@7 benzene, toluene ̈�©ªC ¨�:� y�J BTX(Benzene,

Toluene, Xylene)- '(S �·C Ñ<:� Ò� [\ �ÓM Ô�Õ

�. #º [\ �Ó-Ö× benzene, tolueneC #D:� Ø�­\C @

t:f� #M zj7 Ù� k �Ú�Û=- #D:� �IN @ A/

© ÜÝ� ©ªC jÍ�=- ¨�:f�. Þß Gram à�ª=- áâ

s #º 3Ü� ©ª
 �|­��J �3/ colony� ãä k Þ\ �

�� å� �B"=- UË6/ æç�� _�=- è � �� �� ©

ª� 0=- éê6Y�. ë�ÁÂ Ì�, .I ¨�$ì# í�î P.

putida ©ªC Ñï:� biofilter ÁÂ� #D:f�. Benzene, toluene

C �� zj7 Ù�Û=- #D:/ ©ª� �I �Ö/ �| MSB

(mineral salts basal) ­�[6]M #D:� é+:f�. ðF7 ­�ñC

òª@� �ó7 ��- ôõ:� 20 mM succinate. º�A/ �|

MSB ­�ö Ù�Û# ­�S �| MSB ­�� �� �÷:f�. Z

�� "§�/ benzene, tolueneC �� vapor øç- ��:f�. ©ª

� ­\
 30oC[7]�J Á�:f�, 24�ù "� Z æ�S colony ú

�M ,
:f�.

2-2. Media

Biofilter� ûs�-/ ü�. 2-3 cm� býþ)# ÎD6Y�, ÁÂ

�¾ 4Ö× ÿÖ� ½�# ���=- ¹:� ��� û¨7 ��M

��� ¤Y�. *7 ÁÂ #4� media ÿÖ� ÑïS ª¤� ��M

û¨r �X �¤� y:�, P. putida strain DK1C býþ)�J 2j

�; «¬ ­\�® �� ð� �Y�. ÁÂ# �¾S Z�/ �	7 Ö

.�� e\¨#b pH buffer. 
.6� �°�.

O ÁÂ�J/ VOC -J HPLC grade� toluene(Kanto Chemical Co.,

Japan) µC ÎD:f�.

2-3. ����

O ÁÂ� ÎDS ÁÂId/ lab-scale biofilter-J Fig. 1� ��.

2-3-1. Biofilter

Lab-scale biofilter/ �# 30 cm, ÿ" 5 cm� ß P� pyrex glass tubing

=- #��
 A�. )�M VOC K��� �� æç- ���® VOC

Ø�M K���� mixing tankM ����Z biofilter� ��:f�.

Mixing tank/ VOC generator�J b'/ VOC� ��� ¹�M x�

¤/ �û¾D� :X S�. VOC generator- º�./ )�� z�


metering valveö z�,- ½� k ��:� ��M ��Y�. *7

VOC generator ́ µ 123 mixing tank�� )�M ��:� Û:/

��M ���. ¼�� È� ��� �ÍM x#� y� VOC generator

� �ÑC �1 ¼�M j<�y�J z��Ç�. ��� �� *7 �

j7 �	=- :� B��� �I� ��7 30oC ÿ�- z�Õ�. *

7  �z�M y:� �C 12�ù!� ��:f�.

2-3-2. ̈ õ½�

Gas-tight syringe(Hamilton)M #D:� �ÓM ðF:� "# #¼�

$��(FID : Flame Ionization Detector). I�S gas chromatography

(GC, Hewlett 5890)C ÎD:� ¨õ:f�(Table 1).

3. �� 	 
�

3-1. 	
 ��
� �� ��

¼�/ B��º� ��C Ì<%/ ¿u7 ��-& j¢�� ¿¼

� Ï�� B��# '�� ��7 ¼�/ 30oCö 35oC Î#- ¯(


 A�[7, 10]. O ÁÂ�J/ 6 cm bedö .LÄÅ� 40 ml/min�J

¼�(18-40oC)� È� �� É� ��Ê�M ¯1~°�. #� �)

Fig. 1. Schematic diagram of lab-scale biofilter.
1. Reservoir 5. Mixing tank
2. Flowmeter 6. VOC generator
3. Biofilter 7. Water tank
4. N2 tank

Table 1. Operating GC condition

Items Condition

GC Model Hewlett 5890
Detector FID
Column packing material Porapak Q
Column size 1/8 inch, sus tube 6ft
Injection temperature 180
Oven temperature 190
Detector temperature 200
Carrier gas flow-rate N2 40 ml/min
H2 flow-rate 30 ml/min
Air flow-rate 300 ml/min
Amount of sample gas 200, 400
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6/ toluene� ��/ 4.11, 8.23 ��� 12.34 g/m3- �<:f�. �

� É
 toluene� �)��ö ­���� Í-J, �)6/ toluene �

�� *¨É- b+ÿ�s�. ��Ê�/ �)�� �� É� È3 Ì

<6��/ 0=- biofilterM c,:/¦ A�J �§ ¿u7 ��#&,

�à� �
 �=- b+ÿ�s�.

(1)

���J ER
 ��Ê�, Qg/ .LÄÅ�, Cg.in
 toluene� �)��,

Cg.out
 toluene� ­���, V/ bed� |� ��� X/ �� ÉC

�� b+,�. �� É� ��Ê�� H7 ¼�� e-C Fig. 2ö

3� b+ÿY�. Fig. 2� b+, .ö �# �� É
 18-32oC �

y�J Ø.:f=&, 40oC�J/ �� ��:f�. _r, ¼��y

32-35oC�J/ �)6/ toluene ��ö/ øU/# 95% #ø� �

� ÉC b+0�. #¸7 ÎÁ- B�� ��� ¼� �y/ 32-

35 oC3 ÎÓS�. #ö �1:X ��Ê� *7 ¼�� È3 Ø.:

/ "-C b+ÿY�(Fig. 3). �¸b Fig. 2ö/ �2X ¼��y 32-

35oC�J �)6/ toluene ��. 12.34 g/m3j � ��� ��Ê�M

b+ÿY�. #/ �j7 �� É�� "h:� 4.11� 8.23 g/m3�

J ~� 12.34 g/m3�J ��6/ toluene� \# £àC �B7�.

3-2. ������ �� ��

.LÄÅ�� �7 e-
 ß øù� (�-ñ) �)43 Ê�´ 123

�ùó ���4 :/ bed ÿ� '(.L� \ » B��# ���4

:/ Ù�Û� \C Ì<� ¤� ��� c,�� ø �5 <�� flow

. ���.� H�J/ 'T 4Ö× gh6�6�[9, 11]. O gh�J

/ toluene� ��� H7 |Ý�ù� e-C �Ë:�� .LÄÅ�

(20-100 ml/min)C 3�:f=&, �)6/ toluene� ��ö bed length

/ �� 8.23 g/m3� 6 cm- �<:f�. Fig. 4� J- �� .LÄÅ

�� H7 �� É� ��Ê�M b+ÿY=&, ��� .LÄÅ��

H7 |Ý�ùC Fig. 5� b+ÿY�. .LÄÅ�� Ø./ toluene#

biofilter� 7ýM @ A/ |Ý�ù� ��M zK:f�(Fig. 5), Ì�

�=- �� É# ��7 0=- ÎÓS�. #ö/ ¢H- ��Ê��

"§�/ .LÄÅ�# Ø.N@� biofilter ÿÖ- 436/ toluene�

\# Ø.:� ��� ��6/ toluene *7 Ø.7 0=- ��S�.

ER
Qg Cg in⋅ Cg out⋅–( )

V
-----------------------------------------

QgCg in⋅ X

V
-----------------------= =

Fig. 2. Effect of temperature on removal efficiency.

Fig. 3. Effect of temperature on elimination rate.

Fig. 4. Effect of gas flow rate on removal efficiency and elimination rate.

Fig. 5. Residence time with various gas flow rate.
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», �).L� \# £1�w ¢8Ê�/ 5(�� ��6/ toluene

� \
 £1��µ  É
 ��:X ��:/ "-C ̄  @ A�. O Á

Â�J/ �� É� ��Ê�� øUU,M �(:� ��� .LÄÅ

�C 65 ml/min#3 é+:f=&, #�� |Ý�ù
 1.82 minf�.

3-3. 
���� �� ���
� ��  !�
 "#

Fig. 6�J/ ��� loading \� H7 toluene� ��Ê�M b+ÿ

Y�. # Ì�/ 6 cm bed ø� toluene gas� H7 Ì�-J #4� K

RS �� 9�� �::� 70% .�� -øC ~f=&[1, 3], 251 g/

(m3Æh)� inlet load #ø�J �)z�� fluctuation�� �� j<7

��Ê�M b+ÿ/ 0C �ËN @ A�. #0
 �)��� �Í�

�7 ��Ê�� ;<�M b+ÿ& "��e·C �b biofilm# �4

r q��S øç� ��e·=-� 4#M �B7�[1, 3]. �;�J ̄

@ A<# 251 g/(m3Æh)M �Ô=- ��e·(saturated region)� "�

�e·(unsaturated region)� ß Ö¨=- b= @ A�. "��e·[inlet

load < 251 g/(m3Æh)]
 loading \� È3 ��Ê�. ,Ê:� Ø.:

/ e·=- biofilm# �4r q��6� �
 e·#�. ��e·


biofilm �|. �4r q��S e·=- biofilterö toluene� ¢8#

�­�#&, # e·�J/ ��Ê�. loading \� U,/# j<>

C ¯ @ A�.

3-4. $%&�'(� �� )�* "#

Filter ÿ� �<@¨C z�:/ 0
 biofilterM >4:/ �<� A

�J �§ ¿u7 ½�#&, j¢�=- @¨�
 ¿�?- 40-60% �

y. ��@=- ¯(
 A�[8]. O ÁÂ�J/ ��Z� ¿�� Ò�

� ¿�C �::�[12] bed� � Ö¨?- @¨�C �Ë:f�(Fig. 7).

# ÁÂ
 bed length� È� ÁÂ� gU6&, bed length� È� ¢8

Ê�� ¹�M cê:/¦ ¿u7 �Ó. S�. Fig. 7�J ¯ @ A<

# �<@¨�·(40-60%)# bed length 6 cmö 9 cm�J/ �j:f=

&, 12 cmö 15 cm Î#�J� ¹�/ BB:f�. #¸7 Ì�/ bed

length� È� ¢8Ê�M cê:/ ��. S�.

3-5. Bed length� �� ��

Fig. 8
 � bed length� È� ¢8Ê�M b+ÿ ¤� A�. O ÁÂ

�J/ 4| ¢8� �#� 20 cm� �ù� pseudomonas putida DK-

1C ­\�� wood chipC packing �� 0=-J �
 bed length�J

~� �
 bed length�J� ¢8Ê�. Ø.:f=&, cell� CFU

(Colony Forming Unit)� Ø.:f�. _r 6 cmö 12 cm�J ¢8Ê

�ö CFU. ��:X Ø.:f� 3 cm bed�J/ �� A<d� �:

� �8:X B�s 0=- b+C�. #/ Ï�� B��� Ø�� À

u7 �� @¨>�C µD:/ �·(��@¨ �·)# Úý E1 B�

�# û¨r Ø�N @ /Y� ��#&, *7 3 cm bed� "§ |Ý�

ù(1.47 min)# �� bed length~� F� ��� biofilterö toluene#

û¨r ¬�N @ A/ �ùC ��:� G:fC 0=- é+S�.

3-6. +, -� CFU(Colony Forming Unit)� .� "#

Fig. 10�Jö �#, O ÁÂ�J� 4|�� "-
 bed lengthö �

)��. Ø.>� È3 cell� CFU(Colony Forming Unit)/ Ø.:/

0=- b+C�. _r, bed length 3 cm�J� CFU� ¹�/ BB7

¢w 6 cmö 12 cm�J/ ��7 CFU� Ø.M è @ AY�. #/ H

J cê7 bed length� È� e-�� jd:/ Ì�-, 3 cm bed� "

§ biofilter�J� |Ý�ù# F� �< @¨�·# E� ��� cell#

�I:/¦ Àu7 e\¨# û¨r ��6� �1J �
 CFU @d

M b+, 0=- ÎÓS�.

Fig. 6. Effect of inlet load on elimination rate.
Fig. 7. Optimal humidity zone with various bed length.

Fig. 8. Effect of bed length on removal efficiency.
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3-7. -� /,01(Cell Morphology)

Fig. 11
 Pseudomonas putida DK-1� ¬Ü«Z� J�\ø� 140

�ù ��Z� øçM b+, 0#�. TolueneC ��:� 4� B��

� æç/ "ªj:X ��# A/ øç�J colonization# û¨r I

X j�J @ A/ æç�µ, 140 �ù# "�7 Z �
 ­É- Ke7

Ì� �
 B��� L�. .��=-� b+b&, øH�=- ��#

¾1MC ¯ @ A�. �¸N- ��. øO>� È3J cell� L�/

��r øO:� ��# ¾1
J Ø�q�� Àu7 carbon sourceö

�ó7 @¨� ªj7 ��# �PX 6&, Ì^
 ªj7 biofilm æ�

� �PX 6�,  É# 8:S�/ ÎÁC �ËN @ A�.

4. � �

O ÁÂ
 lab-scale biofilter�J �¸ .� �<¹@� È3 ÁÂ#

st6Y=&, �à� �
 ÌQC RC @ AY�.

¼�� A�J/ 32-35oC�J ���  É� ��Ê�M b+0=&,

4|�=- ��¼�M �Ô=- 18-32oC �y�J/ ¼�. øO>

� È3 ¢8Ê�� Ø.:f�µ, 35-40oC �y�J/ ¼�. øO>

� È3, ¢8Ê�. ��:/ �øC b+0�. _#N µ7 Ã
 8¼

~�/ �¼�J  É# í�C=&, ¼�� È�  É� Í#/ ��

. øO>� È3 � Í#. !p V�SC ¯ @ AY�. .LÄÅ�

(|Ý�ù)� U�J/ �).L� \# £1�w, ¢8Ê�/ 5(��

µ �ùó ��6/ '(.L� \(��Ê�)
 £1T=&, �� É

� ��Ê�/ J- ø¢S "-C b+0�. �)z�� U7 ÁÂ�

J/ 251 g/(m3Æh)� inlet loadM �Ã=- :� biofilm 4|. q�

�M b+ÿ/ ��e·C b+ÿY=&, ��Ê� 255.29 g/(m3Æh)3

/ §@7 @dM b+ÿY�. *7, bed length� �7 e-�J/ �

#� È� ¢8Ê�M �Ë7 0=-, 3 cm bedM ��7 ÞU bed length

�J �
  ÉC b+ÿY=&, #/ �� @¨�·� �H�ø=-

#�S�. Ò� B��� ��Z� J�\øC �::w, ��Z� B

�� L�. Ø.:� ��# ¾1�N- Ù�Û� ��# �76� �

� É# 8:S�/ 0C ¯ @ AY�.

� 


O ÁÂ
 g©H�: Bioproduct Research Center� �Ð=- @t

6Y=& #� �ÎoV2�(Project No. 1994S0002).
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