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The effects of oil spill on the ecosystem and human lives are unprecedented. Early response and containment of 
the oil spill is the best approach in reducing the environmental impacts. This study assessed the diesel oil absorption 
FDSDFLW\�RI�.DSRN�¿EHU�SDFNHG�LQ�1\ORQ�QHW�WKHQ�WHVWHG�WKH�DELOLW\�RI�D�FRQVRUWLXP�RI�EDFWHULDO�VSHFLHV�UHSRUWHG�WR�KDYH�
oil degrading properties. To evaluate the conditions for the application of ex situ bioremediation, the hydrocarbon 
conversion was determined qualitatively by monitoring some possible degradation products with hexadecane as 
reference.

.DSRN��&HLED�SHQWDQGUD��/���*DHUWQ���¿EHUV�SDFNHG�LQ�1\ORQ�QHW�ZHUH�IRXQG�HIIHFWLYH�LQ�DGVRUELQJ�GLHVHO�RLO�
with a sorption capacity of 15.5 g g-1� ¿EHUV��$� FRQVRUWLXP� RI� %DFLOOXV�PHJDWHULXP��&RU\QHEDFWHULXP� ÀDYHVFHQV��
Micrococcus luteus and Pseudomonas putida with nutrient amendment (0.15 g N and 0.03 g P gram-1 oil) was used to 
determine preliminary oil biodegration.  Microbial population was sustained for six weeks and all species were found 
to contribute in the degradation process. Biosurfactant production was also observed in the seawater media. Gas 
chromatographic analysis showed some degradation products of the adsorbed diesel oil after one week of treatment. 
The use of Kapok sorbents for Tier 1 and 2 oil spill clean-up and its bioremediation done ex situ to degrade the diesel 
oil hydrocarbons can be an option.
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2QH� RI� WKH� PRVW� SUHYDOHQW� RUJDQLF� SROOXWDQWV� LQ�
WKH� PDULQH� HFRV\VWHP� LV� FUXGH� RLO� WKDW� HQWHUV� WKH� ZDWHUV�
UHJXODUO\�LQ�VXEVWDQWLDO�DPRXQW��3HWUROHXP�FDQ�EH�UHOHDVHG�
QDWXUDOO\�WKURXJK�VHHSV�RU�VSULQJV�ZKHUH�OLTXLG�DQG�JDVHRXV�
K\GURFDUERQV� DFFXPXODWHG� XQGHUJURXQG� OHDN� RXW� RU�
DFFLGHQWDOO\� IURP� WKH�YDULRXV� VWDJHV� LQ� RLO� SURGXFWLRQ� DQG�
LWV�GLVWULEXWLRQ��6HHSLQJ�RLO�GRHV�QRW�VHHP�WR�KDYH�WKDW�PXFK�
HIIHFW�RQ�WKH�HQYLURQPHQW�EHFDXVH�WKH\�DUH�KLJKO\�GLVSHUVHG��
+RZHYHU��RLO�VSLOOV�IURP�RII�VKRUH�RLO�ULJV�DQG�WDQNHUV�KDYH�
JUHDW�LPSDFWV�DQG�FDXVHV�ORQJ�WHUP�DQG�SRVVLEOH�LUUHYHUVLEOH�
GDPDJH� WR� WKH� HQYLURQPHQW� DQG� WKH� OLYHOLKRRGV�RI�SHRSOH�

7KH�UHVSRQVH�VWUDWHJ\�LPSOHPHQWHG�E\�WKH�3KLOLSSLQH�
&RDVW�*XDUG�LV�EDVHG�RQ�7LHU�FODVVHV��7LHU���LV�ZKHQ�WKH�VSLOO�
LV�OHVV�WKDQ�������/�DQG�WKH�VSLOOHU�LV�H[SHFWHG�WR�XQGHUWDNH�
WKH� FOHDQ�XS� XVLQJ� WKHLU� RZQ� UHVRXUFHV��:KHQ� WKH� VSLOO� LV�
EHWZHHQ�������DQG��������/��7LHU���DSSOLHV�DQG� WKH�&RDVW�
*XDUG�'LVWULFW�&RPPDQG�ZLOO�DFW��2QFH�VSLOO�HVFDODWHV�WR�7LHU�
���H[FHHGLQJ��������/��WKH�1DWLRQDO�2LO�6SLOO�&RQWLQJHQF\�
3ODQ��126&3��ZLOO�EH�DFWLYDWHG��,I�WKH�RLO�DOUHDG\�UHDFKHG�D�
FRDVWOLQH��FOHDQ�XS�ZLOO�EH�SHUIRUPHG�E\�SHUVRQQHO�XQGHU�WKH�
MXULVGLFWLRQ�RI�WKH�&RDVW�*XDUG�ZLWK�WKH�DVVLVWDQFH�IURP�WKH�
'HSDUWPHQW�RI�(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV��'(15��

7KH� HQYLURQPHQWDO� LPSDFWV� RI� DQ� RLO� VSLOO� DQG� WKH�
GDPDJHV�LW�FDQ�FUHDWH�DUH�XQSUHFHGHQWHG�DV�ZHOO�DV�WKH�KXPDQ

KHDOWK� ULVNV� LW� SRVHV�� 7KH� DSSDUHQW� HIIHFW� RI� RLO� VSLOOV� LV�
KDELWDW� GHVWUXFWLRQ� WKDW� PD\� OHDG� WR� ORVV� RI� ELRGLYHUVLW\��
2LO� VOLFNV� PD\� FRYHU� WKH� ERGLHV� RI� VHD� ELUGV�� VHD� WXUWOHV�
DQG� PDULQH� PDPPDOV� DQG� SRVVLEO\� VXIIRFDWH� ¿VKHV� VLQFH�
R[\JHQ� GLVVROXWLRQ� LV� UHVWULFWHG�� ,QJHVWLRQ� RU� DEVRUSWLRQ�
PD\�FDXVH�RUJDQ�G\VIXQFWLRQ�GXH�WR�DFFXPXODWLRQ�LQ�WLVVXHV��
:RUVW�� WR[LFLW\� RI� WKH� RLO� FRPSRQHQWV� FRXOG� GLUHFWO\� NLOO�
RUJDQLVPV��2LO�VSLOO�LQFLGHQWV�LQ�WKH�FRXQWU\�FDQ�EH�VHDUFKHG�
LQ� WKH�ZHEVLWH�RI� WKH�3KLOLSSLQH�&RDVW�*XDUG� �KWWS���ZZZ�
FRDVWJXDUG�JRY�SK���0DMRU� RLO� VSLOO� LQFOXGHV� WKH� UXSWXUH� RI�
WKH�1DWLRQDO� 3RZHU�&RUSRUDWLRQ� SRZHU� EDUJH� DW�%DUDQJD\�
6HPLUDUD��$QWLTXH�RQ�'HFHPEHU����������FDXVLQJ�D�PDVVLYH�
RLO�VSLOO�RI�DSSUR[LPDWHO\���������/�RI�EXQNHU�IXHO�DQG�WKH�
0�7�6RODU���LQFLGHQW�LQ�*XLPDUDV�ODVW�$XJXVW����������ZLWK�
�0�/�RI�EXQNHU�IXHO��%XW�WKHUH�DUH�D�ORW�RI�VPDOO�WR�PHGLXP�
RLO�VSLOOV�RFFXUULQJ�DOO�RYHU�WKH�FRXQWU\�

(DUO\� UHVSRQVH� DQG� FRQWDLQPHQW� PD\� UHGXFH� WKH�
LPSDFWV� RI� DQ� RLO� VSLOO�� ,Q� ������ WKH� 1DWLRQDO� 5HVSRQVH�
7HDP��157��RI�WKH�8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�
$JHQF\��86(3$��UHSRUWHG�WKDW�³WKH�¿UVW�OLQH�RI�GHIHQVH�LQ�
FOHDQLQJ�XS�RLO�VSLOOV�RQ�VXUIDFH�ZDWHUV�FRQVLVWV�RI�PHFKDQLFDO�
FRXQWHUPHDVXUHV�VXFK�DV�ERRPV�DQG�VNLPPHUV´��6RUEHQWV�DUH�
FODVVL¿HG�DV�DEVRUEHQW�ERRPV�FRPSDUHG�WR�WKH�FRQYHQWLRQDO�
FXUWDLQ� ERRPV� IRU� FRQWDLQPHQW� WKDW� DUH� QRQ�DEVRUEHQW��
7KH� 1DWLRQDO� 2LO� DQG� +D]DUGRXV� 6XEVWDQFHV� 3ROOXWLRQ

��8QLYHUVLW\�5HVHDUFKHU�,��6FKRRO�RI�(QYLURQPHQWDO�6FLHQFH�DQG�0DQDJHPHQW��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�/RV�%DxRV��&ROOHJH��/DJXQD��(�PDLO��O\OHHGHMHVXV#\DKRR�
FRP��
FRUUHVSRQGLQJ�DXWKRU�

��6HQLRU�/HFWXUHU��6FKRRO�RI�(QYLURQPHQWDO�6FLHQFH�DQG�0DQDJHPHQW��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�/RV�%DxRV��&ROOHJH��/DJXQD
��+HDG��(OHFWURQ�0LFURVFRS\�6HUYLFHV�/DERUDWRU\��%,27(&+��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�/RV�%DxRV��&ROOHJH��/DJXQD
��$GMXQFW�3URIHVVRU���6FKRRO�RI�(QYLURQPHQWDO�6FLHQFH�DQG�0DQDJHPHQW��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�/RV�%DxRV��&ROOHJH��/DJXQD



&RQWLQJHQF\�3ODQ��1&3��GH¿QHV�VRUEHQWV�DV�HVVHQWLDOO\�LQHUW�
DQG� LQVROXEOH�PDWHULDOV� XVHG� WR� UHPRYH�RLO� DQG�KD]DUGRXV�
PDWHULDOV�IURP�ZDWHU�WKURXJK�WKH�PHFKDQLVPV�RI�DEVRUSWLRQ�
RU�DGVRUSWLRQ�RU�ERWK��7KHUH�DUH�WKUHH�FDWHJRULHV�RI�VRUEHQWV�
SURYLGHG�E\�WKH�1&3�EDVHG�RQ�PDWHULDO������2UJDQLF�SURGXFWV�
VXFK�DV�FHOOXORVH�¿EHUV��VWUDZV��FREV�DQG�IHDWKHUV������0LQHUDO�
FRPSRXQGV� OLNH� YROFDQLF� DVK� RU� SHUOLWH�� YHUPLFXOLWH� DQG�
]HROLWH��DQG�����6\QWKHWLF�SURGXFWV�LQFOXGLQJ�SRO\SURS\OHQH��
SRO\HWK\OHQH�� SRO\XUHWKDQH� DQG� SRO\HVWHU�� 6RUEHQWV� PD\�
DOVR� GLIIHU� LQ� IRUP�� DV� UROO�� ¿OP�� VKHHW�� SDG�� EODQNHW��ZHE�
�7\SH� ,� DGVRUEHQW��� DV� XQFRQVROLGDWHG� SDUWLFXODWH�PDWHULDO�
�7\SH� ,,� DGVRUEHQW�� DQG� DV� SLOORZV� ZKHUH� WKH� DGVRUEHQW�
PDWHULDO�LV�FRQWDLQHG�E\�DQ�RXWHU�IDEULF�RU�QHWWLQJ��7\SH�,,,���

7KH�GLIIHUHQW�IRUPV�RI�VRUEHQWV�KDYH�EHHQ�UHYLHZHG�E\�
Birkedal, Stromquist & Huebner��2010��DQG�VWDWHG�WKDW�7\SH�
,� DGVRUEHQWV� DQG� 7\SH� ,,,� DGVRUEHQWV� LI� DSSOLHG� SURSHUO\�
ZRXOG�SRVH�OLWWOH�RU�QR�LPSDFWV�WR�VXSHU¿FLDO�DUFKHRORJLFDO�
UHPDLQV� DV� ZHOO� DV� RQ� EXULHG� UHVRXUFHV�� ,Q� DGGLWLRQ�� ³WKH�
SURPSW�XVH�ZRXOG�EH�EHQH¿FLDO�WR�NHHS�WKH�VSLOO�VXEVWDQFHV�
IURP� SHQHWUDWLQJ� WKH� VRLO� ZKHUH� WKH\� FRXOG� FRQWDPLQDWH�
DUFKHRORJLFDO� UHPDLQV´�� 7\SH� ,,� DGVRUEHQWV�� RQ� WKH� RWKHU�
KDQG��PLJKW�SRVH�PRUH�WKUHDW�GXH�WR�GLI¿FXOW\�LQ�WKH�UHWULHYDO�
SURFHVV�� 2Q� WKH� RWKHU� KDQG�� WKH� DGYDQWDJH� RI� RUJDQLF�
PDWHULDOV�RYHU�V\QWKHWLF�LV�DQ�HFRORJLFDOO\�VRXQG�PHWKRG�IRU�
GLVSRVDO�DIWHU�XVH��$OVR��WKHVH�PDWHULDOV�ZRXOG�EH�UHODWLYHO\�
LQH[SHQVLYH� DQG� UHDGLO\� DYDLODEOH�� 8WLOL]DWLRQ� RI� VXFK�
PDWHULDOV�FDQ�DV�ZHOO�FUHDWH�D�PDUNHW�IRU�XQYDOXHG�UHVRXUFHV�

Kapok� �Ceiba pentandra� �/���*DHUWQ���EHORQJV�WR�WKH�
IDPLO\� 0DOYDFHDH� �UHFODVVL¿HG� IURP� %RPEDFDFHDH�� DQG�
FRPPRQO\�JURZV�LQ�6RXWKHDVW�$VLD��6UL�/DQND��VRPH�SDUWV�
RI�(DVW�$VLD��DQG�$IULFD��,Q�WKH�3KLOLSSLQHV��Kapok��RU�ZKLWH�
VLON�FRWWRQ�DV� LWV�(QJOLVK�QDPH�� LV�DOVR�NQRZQ�DV�³%XERL´�
DQG�WKH�¿EHUV�DUH�XVXDOO\�XVHG�DV�VWXI¿QJ�IRU�EHGGLQJ�DQG�
XSKROVWHU\� VLQFH� LW� LV� ÀXII\�� OLJKWZHLJKW�� QRQ�DOOHUJHQLF��
QRQ�WR[LF�� UHVLVWDQW� WR� URW�� DQG� RGRUOHVV�� 7KH� FKHPLFDO�
FRPSRVLWLRQ�RI�Kapok DFFRUGLQJ�WR�Kobayashi et. al. �1977��
DV�FLWHG�E\�Lim and Huang �2007��LV������FHOOXORVH�������
OLJQLQ�DQG������SHQWRVDQ��%HLQJ�DQ�DOO�QDWXUDO�PDWHULDO�� LW�
KDV�DQ�DGYDQWDJH�RI�ELRGHJUDGDELOLW\��,W�DOVR�KDV�D�ZD[\�FXWLQ�
RQ� WKH� ¿EHU� VXUIDFH�PDNLQJ� WKHP�ZDWHU� UHSHOOHQW�� )XUWKHU�
FKDUDFWHUL]DWLRQ� RI� Lim and Huang� �2007�� UHYHDOHG� WKDW�
ZDWHU�FDQQRW�SHQHWUDWH Kapok ¿EHUV�HDVLO\�DQG�WKLV�LV�YHU\�
LPSRUWDQW�LI�LW�ZLOO�EH�XVHG�DV�RLO�VRUEHQW�IRU�RLO�VSLOO�FOHDQ�XS�

7KH�DOWHUDWLRQ�RI�RUJDQLF�PROHFXOHV�E\�PLFURRUJDQLVPV�
LV� ELRGHJUDGDWLRQ�� %XW� WKLV� SURFHVV� FDQ� EH� DFFHOHUDWHG�
WKURXJK� ELRUHPHGLDWLRQ�� ZKLFK� LV� WKH� PDQLSXODWLRQ� RI�
WKH� FRQGLWLRQV� LQ� WKH� FRQWDPLQDWHG� HQYLURQPHQW� �Hoff 
1993���7KHUH�DUH�WZR�PDMRU�WHFKQLTXHV�IRU�ELRUHPHGLDWLRQ��
RQH� LV� WKH� DGGLWLRQ� RI� D� NQRZQ� RLO�GHJUDGLQJ� ELRWD� RU�
ELRDXJPHQWDWLRQ� DQG� WKH� RWKHU� LV� ELRVWLPXODWLRQ� RU� WKH�
DGGLWLRQ�RI� OLPLWLQJ�QXWULHQWV� IRU� WKH� LQGLJHQRXV�PLFURELDO�
SRSXODWLRQV� �Tyagi, da Fonseca & de Carvalho 2010��

+RZHYHU�� WKH� SRWHQWLDO� LPSDFW� RI� ELRDXJPHQWDWLRQ� DQG�
ELRVWLPXODWLRQ� LQ� WKH� PDULQH� HFRV\VWHP� PD\� UHVXOW�
WR� XQFRQWUROODEOH� JURZWK� RI� QRQ�WDUJHW� RUJDQLVPV��
%LRUHPHGLDWLRQ��ex situ��LV�D�YHU\�SURPLVLQJ�WHFKQRORJ\�IRU�
WUHDWPHQW�RI�KD]DUGRXV�VXEVWDQFHV�VXFK�DV�SHWUROHXP�

7KHUH� DUH� VHYHUDO� SDWKZD\V� IRU� K\GURFDUERQ�
ELRGHJUDGDWLRQ� EXW� WKH�PLQHUDOL]DWLRQ� RI�PRVW� FRPSRXQGV�
IRXQG�LQ�FUXGH�RLO�RFFXUV�DHURELFDOO\��Fritsche and Hofrichter 
�2005�� SURYLGHG� VRPH� HVVHQWLDO� FKDUDFWHULVWLFV� RI� DHURELF�
PLFURRUJDQLVPV�IRU�WKHP�WR�XWLOL]H�RUJDQLF�VXEVWDQFHV��2QH�
LV�WKH�FDSDELOLW\�WR�SURGXFH�ELRVXUIDFWDQWV�RU�RLO�HPXOVL¿HUV�
WR� RSWLPL]H� FRQWDFW� EHWZHHQ� WKH� PLFURELDO� FHOOV� DQG� WKH�
K\GURFDUERQ�PROHFXOH�ZKLFK�DUH�JHQHUDOO\�ZDWHU�LQVROXEOH�
L�H��WKLV�LV�LQ�DGGLWLRQ�WR�RWKHU�PHFKDQLVPV�RI�PLFURRUJDQLVPV�
WR�DGKHUH��OLNH�WKH�V\QWKHVLV�RI�DOJLQDWH�DQG�RWKHU�H[RSRO\PHUV�
WKDW� WRJHWKHU�ZLWK� WKH� W\SH� ,9� SLOL� IRUPV� D� ELR¿OP� RQ� RLO�
GURSOHWV� �de Lorenzo 2006���$QRWKHU� LV� WKDW� WKH\� SRVVHVV�
WKH�HQ]\PHV��R[\JHQDVHV�DQG�SHUR[LGDVHV�WKDW�FDWDO\]H�WKH�
LQLWLDO�LQWUDFHOOXODU�DWWDFN�ZKLFK�LV�DQ�R[LGDWLYH�SURFHVV��WKH�
DFWLYDWLRQ� DQG� LQFRUSRUDWLRQ� RI� R[\JHQ� LV� YHU\� LPSRUWDQW��
7KHLU�SHULSKHUDO�GHJUDGDWLRQ�SDWKZD\V�FRQYHUW� WKH�RUJDQLF�
FRPSRXQGV� LQWR� LQWHUPHGLDWHV� RI� WKH� FHQWUDO� LQWHUPHGLDU\�
PHWDEROLVP�ZKLFK�LQ�WKLV�FDVH�LV�WKH�WULFDUER[\OLF�DFLG�F\FOH��
7KH�PHWDEROLWHV�SURGXFHG��DFHW\O�&R$��VXFFLQDWH��S\UXYDWH��
VHUYH� DV� SUHFXUVRU� IRU� ELRV\QWKHVLV� DQG� JURZWK� RI� FHOO�
ELRPDVV��UHTXLUHG�VXJDUV�DUH�V\QWKHVL]HG�YLD�JOXFRJHQHVLV�

7KH�XVH�RI�ELRUHPHGLDWLRQ�IRU�RLO�VSLOO�FOHDQ�XS�LQ�WKH�
3KLOLSSLQHV�KDV�YHU\�OLPLWHG�VWXGLHV�WKDW�LQ�IDFW�WKHUH�LV�VWLOO�
QR�SXEOLVKHG�UHVHDUFK�\HW��7KRXJK��Barraquio�LQ�1976�KDV�
DOUHDG\�GLVFRYHUHG�PLFURRUJDQLVPV�WKDW�FDQ�GHJUDGH�FUXGH�
RLO�� +H� KDV� VXFFHVVIXOO\� LVRODWHG� Corynebacterium� VS���
Brevibacterium�VS��DQG�Pseudomonas�VS��IURP�0DQLOD�%D\�
DQG� WHVWHG� WKHLU� RLO� GHJUDGDWLRQ� SRWHQWLDO� E\� REWDLQLQJ� WKH�
SHUFHQW�RLO� FRQYHUVLRQ�EDVHG�RQ�Reisfeld’s �1972��PHWKRG��
$IWHU� PRUH� WKDQ� WZR� GHFDGHV�� WZR� VHSDUDWH� VWXGLHV� ZHUH�
FRQGXFWHG� WR� LVRODWH� K\GURFDUERQ�GHJUDGLQJ� EDFWHULD� DQG�
YHULI\� WKHLU� ELRUHPHGLDWLRQ� SRWHQWLDO�� Dela Cruz �1997��
WHVWHG�ZDWHU� DQG� VHGLPHQW� VDPSOHV� IURP�0DQLOD� %D\� DQG�
LGHQWL¿HG� Vibrio� VS��� Alcaligenes� VS��� Acinetobacter VS��
DQG�)ODYREDFWHULXP�LQGRORJHQHV�ZKLOH�VDPSOHV�IURP�3DVLJ�
5LYHU� JDYH� KLP� Pseudomonas aeruginosa�� Pseudomonas 
putida��Bacillus� VS�� DQG�Micrococcus VS��0LFURRUJDQLVPV�
LVRODWHG� E\� Talorete� �1997�� IURP� WKH� 0DQLOD� %D\� 1RUWK�
+DUERU�ZHUH�Flavobacterium VS���Acinetobacter�VS���Vibrio�
VS��DQG�&RU\QHIRUP�

7KLV� VWXG\� LQYHVWLJDWHG� WKH�SRWHQWLDO� RI�Kapok� ¿EHUV�
SDFNHG� LQ� 1\ORQ� QHW� DV� RLO� VRUEHQW� IRU� VSLOO� FOHDQ�XS� RI�
WKH�PDULQH� HQYLURQPHQW��+\GURFDUERQ� GHJUDGLQJ� EDFWHULD��
SUHYLRXVO\�LGHQWL¿HG�IURP�YDULRXV�VLWHV�LQ�WKH�3KLOLSSLQHV�ZDV�
XVHG�IRU�WKH�WUHDWPHQW�RI�DGVRUEHG�RLO��2LO�ELRGHJUDGDWLRQ�ZDV�
GRQH�ZLWK� VHHGLQJ� DQG� QXWULHQW� DPHQGPHQWV��'HJUDGDWLRQ�
SURGXFWV�ZHUH�DQDO\]HG�XVLQJ�JDV�FKURPDWRJUDSK\�
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�� Kapok Fibers Packed in Nylon Nets as Sorbent

7KH�VWXG\�ZDV�GHOLPLWHG�RQO\� WR� ODERUDWRU\�ZRUN�IRU�
WKH� DSSOLFDELOLW\� RI�Kapok� VRUEHQWV� IRU� PDULQH� RLO� VSLOOV��
$FWXDO�¿HOG�WHVWLQJ�ZDV�QRW�GRQH�VLQFH�VLPXODWLRQ�RI�DQ�RLO�
VSLOO�PD\�FUHDWH�DQ�HQYLURQPHQWDO�SUREOHP�

7KH� VWXG\� RIIHUV� DQ� DOWHUQDWLYH� ZD\� RI� FOHDQLQJ� XS�
VPDOO� WR�PHGLXP�VL]H�PDULQH�RLO� VSLOOV��7KH�XVH�RI�.DSRN�
¿EHUV�SDFNHG�LQ�1\ORQ�QHW�DV�RLO�VRUEHQWV�ZDV�IRXQG�WR�EH�
PRUH�FRVW�HIIHFWLYH�FRPSDUHG�WR�WKH�V\QWKHWLF�PDWHULDO�EHLQJ�
XWLOL]HG�WRGD\�VLQFH�WKH�VRUSWLRQ�FDSDFLW\�LV�FRPSDUDEOH�EXW�
WKH�FRVW�LV�ORZHU�DQG�EHLQJ�D�QDWXUDO�PDWHULDO�LV�DQ�DGYDQWDJH��
7KH� HPSOR\PHQW� RI� ex situ ELRUHPHGLDWLRQ� WHFKQLTXH� DV�
WUHDWPHQW� IRU� GLVSRVDO� RI� XVHG� VRUEHQWV�ZRXOG� EH� VDIHU� WR�
DYRLG� DGGLWLRQDO� KDUP� DQG� GDPDJH� WR� WKH� HFRV\VWHP� DQG�
FRPPXQLW\�KHQFH�� LWV�DFFHSWDELOLW\�ZRXOG�QRW�EH�DQ� LVVXH���

MATERIALS AND METHOD

7KLV�VWXG\�ZDV�SHUIRUPHG�DW�WKH�1DWLRQDO�,QVWLWXWH�RI�
0ROHFXODU�%LRORJ\�DQG�%LRWHFKQRORJ\� �%,27(&+��RI� WKH�
8QLYHUVLW\� RI� WKH� 3KLOLSSLQHV� /RV� %DxRV�� 7KH� ODERUDWRU\�
VFDOH�H[SHULPHQW�ZDV�SHUIRUPHG�WR�SURYLGH�WKH�GHWDLOV�RQ�WKH�
GHJUDGDWLRQ�RI� WKH�GLHVHO�K\GURFDUERQV�DQG� WKH� IDWH�RI� WKH�
PLFURRUJDQLVPV�IRU�SRVVLEOH�ELRUHPHGLDWLRQ��$�¿HOG�VFDOH�ZDV�
DOVR�VHW�XS�LQ�SDUDOOHO�WR�VHH�LI�WKH�HQG�UHVXOWV�ZRXOG�EH�WKH�VDPH�

'LHVHO�2LO�6RUSWLRQ

Kapok�¿EHUV��)LJXUH��D��ZHUH�ERXJKW�DV�SLOORZV�IURP�
,EDDQ��%DWDQJDV�SXEOLF�PDUNHW��Kapok�VHHGV�ZHUH�UHPRYHG�
IURP�WKH�¿EHUV�SULRU�WR�SDFNLQJ�LQ�WKH�SUHSDUHG�1\ORQ�QHWV�
�)LJXUH��E���)RU�WKH�ODERUDWRU\�VFDOH�H[SHULPHQWV��HLJKWHHQ�
���������[����[���FP�Q\ORQ�QHWV�ZHUH�XVHG�DQG�¿OOHG�ZLWK�
DERXW���J�¿EHUV�RU�DSSUR[LPDWHO\������J�FP���SDFNLQJ�GHQVLW\�
�Lim and Huang 2007���)RU� WKH�¿HOG�VFDOH�� WKUHH� �������[�
����[���FP�QHWV�ZHUH�¿OOHG�ZLWK�DERXW����J�Kapok�¿EHUV�

'LHVHO�RLO�ZDV�ERXJKW�IURP�WKH�&DOWH[�6WDWLRQ�ORFDWHG�
DORQJ�WKH�1DWLRQDO�5RDG�RI�%DUDQJD\�%DWRQJ�0DODNH��/RV�
%DxRV��/DJXQD��7KLV�ZDV�SUH�ZHDWKHUHG�DFFRUGLQJ�WR�Duke 
et. al. �2000��ZKHUHLQ�URXJKO\����/�RI�RLO�ZDV�SODFHG�LQ�D�
SRRO�RI�VHDZDWHU�WKDW�ZDV�DSSUR[LPDWHO\�����P�GHHS�DQG�ZDV�
H[SRVHG� IRU� ��� KU�� 6HDZDWHU�ZDV� REWDLQHG� IURP�%DWDQJDV�
%D\� DW� �����¶�����´1� DQG� ������¶�����´(� ZKLFK� ZDV�
DURXQG�����P�DZD\� IURP� WKH�%DWDQJDV� ,QWHUQDWLRQDO�3RUW��

7KH�SUHSDUHG�Kapok�VRUEHQWV�LQ�WKH�QHW�ZHUH�SODFHG�LQ�
D�ZLUH�EDVNHW�DQG�VRDNHG�IRU�RQH�KRXU�LQ�D�SRRO�RI�¿OWHUHG�
VHDZDWHU� ZLWK� WKH� ZHDWKHUHG� GLHVHO� RLO��$IWHU� WKH� DOORWWHG�
WLPH� IRU� DGVRUSWLRQ�� WKH� ZLUH� EDVNHW� ZDV� OLIWHG� RXW� DQG�
WKH�SDFNHG�VRUEHQWV�ZHUH�DOORZHG� WR�GUDLQ� IRU�RQH�PLQXWH�
DV� VXJJHVWHG� E\� Lim and Huang� �2007��� 7KH� ZHLJKWV� RI�
WKH� GUDLQHG� .DSRN� VRUEHQWV� ZHUH� UHFRUGHG� WR� REWDLQ� WKH�
HVWLPDWHG�DPRXQW�RI�DGVRUEHG�RLO��7KH�GHQVLW\�RI�GLHVHO�DW�
URRP�WHPSHUDWXUH�ZDV�PHDVXUHG�XVLQJ�D����P/�S\FQRPHWHU��

WR� FDOFXODWH� IRU� WKH� DSSUR[LPDWH� YROXPH� RI� DGVRUEHG� RLO��
7KUHH� ���� Kapok� VRUEHQWV� ZHUH� DQDO\]HG� IRU� WKH� LQLWLDO�
K\GURFDUERQ�FRPSRVLWLRQ�RI�WKH�GLHVHO�RLO�SULRU�WR�WUHDWPHQW�

%LRGHJUDGDWLRQ�RI�$GVRUEHG�'LHVHO�RLO

&XOWXUHV� RI� Bacillus megaterium� �%,27(&+�
������� &RU\QHEDFWHULXP� ÀDYHVFHQV� �%,27(&+� �������
Micrococcus luteus� �%,27(&+� ������� DQG� Pseudomonas 
putida� �%,27(&+�������ZHUH�ERXJKW�IURP�WKH�3KLOLSSLQH�
1DWLRQDO� &ROOHFWLRQ� RI� 0LFURRUJDQLVPV� �31&0�� RI� WKH�
1DWLRQDO�,QVWLWXWH�RI�0ROHFXODU�%LRORJ\�DQG�%LRWHFKQRORJ\�
�%,27(&+���0LFURELDO� FRQVRUWLXP� RI� WKHVH� IRXU� EDFWHULD�
ZDV� XVHG� WR� DVVHVV� LWV� HI¿FLHQF\� WR� GHJUDGH� WKH� GLHVHO� RLO�
K\GURFDUERQV�

(TXDO�YROXPHV�RI�D����K�FXOWXUH�RI�HDFK�EDFWHULXP�ZHUH�
PL[HG�WR�SURGXFH�WKH�LQRFXOXPV��3XUH�FXOWXUHV�ZHUH�SODWHG�
WR� REVHUYH� WKH� FXOWXUDO� FKDUDFWHULVWLFV�� WKH� RSWLFDO� GHQVLW\�
DQG� WKH� YLDEOH� SODWH� FRXQW� DIWHU� VHULDO� GLOXWLRQV� IRU� HDFK�
VSHFLHV�ZHUH�DOVR�REWDLQHG�WR�HVWLPDWH�WKH�LQLWLDO�FHOO�FRXQW�
SULRU�WR�PL[LQJ��$ERXW����P/�RI�WKH�SUHSDUHG�LQRFXOXP�ZDV�
VXI¿FLHQW�WR�SURPRWH�ELRGHJUDGDWLRQ��Anel 1998��DW�D�UDWLR�
RI����P/�LQRFXOXP����J�NDSRN�¿EHUV�

7KH�H[SHULPHQW�ZDV�GRQH�FRQWLQXRXVO\�E\�GHVWUXFWLYH�
EDWFK�VDPSOLQJ��$�WRWDO�RI����VHW�XSV�ZHUH�SUHSDUHG�IRU�WKH�
ODERUDWRU\� VFDOH�� 7UHDWHG� VDPSOHV� ZHUH� LQ� WULSOLFDWH� ZKLOH�
FRQWUROV��QR�WUHDWPHQW�H[FHSW�IRU�DHUDWLRQ��ZHUH�LQ�GXSOLFDWH��
7KH�Kapok VRUEHQWV�ZLWK�GLHVHO�IRU�WKH�ODERUDWRU\�VFDOH�ZHUH�
SODFHG� LQ� �� /� EHDNHUV� FRQWDLQLQJ� ���� P/� VHDZDWHU�� )LYH�
EHDNHUV�IRU�HDFK�VDPSOLQJ�SHULRG�ZHUH�VHW�DQG�VDPSOLQJ�ZDV�
GRQH�DIWHU�WKH�¿UVW�ZHHN��WKLUG�ZHHN��DQG�VL[WK�ZHHN��)RU�WKH�
¿HOG�VFDOH��RQO\�WZR�VDPSOHV�ZHUH�WUHDWHG�ZLWK�RQH�FRQWURO��
7KH�¿HOG�VFDOH�Kapok� VRUEHQWV�ZLWK�GLHVHO�ZHUH�SODFHG� LQ�
WKUHH� DTXDULXPV� ZLWK� ����� P/� VHDZDWHU�� 6DPSOHV� ZHUH�
LQFXEDWHG�DW�URRP�WHPSHUDWXUH�

1XWULHQWV��1�DQG�3��ZHUH�DPHQGHG�E\�VSUD\LQJ�HYHQO\�
D�SUHSDUHG�IHUWLOL]HU�VROXWLRQ�FRQWDLQLQJ�����PJ��1+��262��
DQG�����PJ�1D

2
+32��SHU�JUDP�RLO��&�1�3�UDWLR��Philp et. al. 

2005�� IRU�VL[�ZHHNV�� ,QFRUSRUDWLRQ�RI�R[\JHQ�IRU� WKH�¿HOG�
VFDOH�ZDV�DFFRPSOLVKHG�E\�DHUDWLRQ�XVLQJ�DQ�DLU�SXPS�ZLWK

�
Figure 1. Kapok�¿EHU��D��DQG�1\ORQ�1HW��E��XVHG�IRU�SDFNLQJ�

the sorbent.



DQ�RXWSXW�RI������FF�PLQ��� IRU����PLQ�HYHU\�GD\�ZKLOH�DQ�
RUELWDO�VKDNHU�DW���������USP�IRU����PLQ�ZDV�XVHG�IRU�WKH�
ODERUDWRU\� VFDOH�� 6HDZDWHU� LQ� UHSODFHPHQW� RI� WKH� IHUWLOL]HU�
VROXWLRQ�ZDV�DGGHG�WR�WKH�FRQWURO��

$QDO\VLV�RI�'HJUDGDWLRQ�3URGXFWV

'HJUDGDWLRQ� SURGXFWV� RI� WKH� PLFURELDOO\�WUHDWHG�
GLHVHO�RLO�ZHUH�GHWHUPLQHG�E\�JDV�FKURPDWRJUDSK\�DIWHU�VL[�
ZHHNV� �Maki et. al. 2003��� )RXU� VDPSOHV�ZHUH� WDNHQ� ERWK�
IRU�K\GURFDUERQ�DQDO\VLV�DQG�PLFURELDO�FRXQW��LQLWLDO��DIWHU�
RQH�ZHHN�� WKUHH�DQG�VL[�ZHHNV��7KH�ZHLJKWV�RI� WKH�.DSRN�
VRUEHQW� DV� ZHOO� DV� WKH� YLDEOH� SODWH� FRXQWV� ZHUH� REWDLQHG�
IRU�HDFK�VDPSOLQJ�WLPH�IRU�WKH�ODERUDWRU\�VFDOH��ZKLOH�RQO\�
WKH�¿QDO� YLDEOH� SODWH� FRXQW�ZDV� WDNHQ� IURP� WKH�¿HOG� WULDO��
+RZHYHU��PLFURELDO�JURZWK�ZDV�FKHFNHG�DIWHU�WKH�WKLUG�ZHHN�
RI� WKH� H[SHULPHQW��'RPLQDQW� FRORQLHV� DQG�PRUSKRORJ\�RI�
WKH�EDFWHULD�WKDW�UHPDLQHG�DQG�VXUYLYHG�WKH�H[SHULPHQW�ZHUH�
GHWHUPLQHG�

7UHDWHG�NDSRN�¿EHUV�ZHUH�DOVR�WDNHQ�IRU�XOWUDVWUXFWXUH�
DQDO\VLV� E\� 7UDQVPLVVLRQ� (OHFWURQ� 0LFURVFRS\� XVLQJ� D�
+,7$&+,�7(0�+������$�GLJLWDO�OLJKW�PLFURVFRSH��2O\PSXV�
0,&�'���ZDV�DOVR�XVHG�WR�GHVFULEH�WKH�LQWHUQDO�VWUXFWXUH�RI�WKH�
.DSRN�¿EHU�EHIRUH��GXULQJ�DQG�DIWHU�FRQWDFW�ZLWK�GLHVHO�RLO��
$�+LWDFKL�6FDQQLQJ�(OHFWURQ�0LFURVFRSH��6(0�6�����ZDV�
XVHG�WR�FKDUDFWHUL]H�WKH�VXUIDFH�RI�WKH�¿EHU�DIWHU�WUHDWPHQW��

7KH�Kapok VRUEHQW�ZDV�PDQXDOO\�VTXHH]HG�WR�UHFRYHU�
WKH�DGVRUEHG�RLO�ZKLFK�ZDV�FHQWULIXJHG�DW������USP�IRU����
PLQ�WR�VHSDUDWH�WKH�RLO�IURP�WKH�ZDWHU�DQG�RWKHU�LPSXULWLHV��
7KH� OLTXLG� ZKHUH� WKH� Kapok VRUEHQWV� ZHUH� VRDNHG� ZDV�
H[WUDFWHG�¿YH�WLPHV�ZLWK����P/�Q�KHSWDQH��%RWK�WKH�RLO�DQG�
WKH� Q�KHSWDQH� H[WUDFWV�ZHUH� DQDO\]HG� IRU� WKH� K\GURFDUERQ�
FRQWHQW�E\�JDV�FKURPDWRJUDSK\��$OO�VDPSOHV�ZHUH�SXUL¿HG�
E\�VROLG�SKDVH�H[WUDFWLRQ��63(��DV�UHFRPPHQGHG�E\�Wang 
�2000��XVLQJ�WKH�6XSHOFR�/&���FROXPQ�WRSSHG�ZLWK�����FP�
RI�DQK\GURXV�1D

2
62��SULRU�WR�JDV�FKURPDWRJUDSK\��7KH�63(�

FROXPQ�ZDV�SUHFRQGLWLRQHG�ZLWK�PHWKDQRO�SULRU�WR�VDPSOH�
FOHDQ�XS��6DPSOH�ZDV�GLVVROYHG�LQ�DEVROXWH�HWKDQRO�����PJ�
P/����DQG�DQ�DOLTXRW�ZDV�TXDQWLWDWLYHO\�WUDQVIHUUHG�WR�WKH�63(�
FROXPQ��7KH�VDPSOH�ZDV�HOXWHG�XVLQJ�Q�+HSWDQH����P/��DQG�
���� WROXHQH��Q�KHSWDQH����P/�� WR�H[WUDFW� WKH�VDWXUDWHG�DQG�
DURPDWLF�K\GURFDUERQV��UHVSHFWLYHO\��7KH�FRPELQHG�VROXWLRQ�
ZDV�FRQFHQWUDWHG�LQ�D�VWUHDP�RI�QLWURJHQ�DQG�UHFRQVWLWXWHG�
ZLWK� ���� P/� Q�KHSWDQH� SULRU� WR� JDV� FKURPDWRJUDSK\�
�6KLPDG]X�*&���%��XVLQJ�D����P�[������PP�,'������ȝP�
¿OP�� %3;�� FDSLOODU\� FROXPQ� �6*(� $QDO\WLFDO� 6FLHQFH��
$XVWUDOLD���ZLWK�WKH�IROORZLQJ�FRQGLWLRQV��FDUULHU�JDV��KLJK�
SXULW\� QLWURJHQ�� LQMHFWRU� DQG� GHWHFWRU� WHPSHUDWXUHV�� ����
�&�DQG������&��UHVSHFWLYHO\��RYHQ�WHPSHUDWXUH�SURJUDP����
PLQXWHV�KROG�DW�����&��UDPS�WR������&�DW����&�PLQ���DQG�KROG�
IRU����PLQXWHV��$�&���DONDQH�DV�UHIHUHQFH��+H[DGHFDQH�����
ȝJ�P/����ZDV�XVHG�WR�PRQLWRU�WKH�H[WHQW�RI�GHJUDGDWLRQ�RI�
WKH�RLO�FRPSRQHQWV�

5(68/76�$1'�',6&866,21

)DWH�RI�2LO�LQ�WKH�0DULQH�(QYLURQPHQW

'LHVHO�� VSHFL¿FDOO\� SHWURGLHVHO� ZDV� XVHG� LQ� WKLV�
H[SHULPHQW� VLQFH� PRVW� ERDWV� DQG� IHUULHV� XVH� LW� DV� IXHO��
7KH�FKDQFHV�RI�LWV�VSLOODJH�LQ�WKH�VHD�DUH�KLJK��3HWURGLHVHO�
LV� SURGXFHG� IURP� WKH� IUDFWLRQDO� GLVWLOODWLRQ� RI� FUXGH� RLO�
EHWZHHQ������&�WR������&�ZLWK�D�W\SLFDO�FRPSRVLWLRQ�RI�&��
WR�&���ZKLFK� FDQ� EH� SDUDI¿QV�� QDSKWKHQHV�� DQG� DURPDWLFV��
,Q� WKH� FODVVL¿FDWLRQ� SURYLGHG� E\�Speight� ������� EDVHG� RQ�
WKH�$PHULFDQ� 3HWUROHXP� ,QGXVWU\� �$3,�� JUDYLW\�� GLHVHO� LV�
FRQVLGHUHG�DV�³KHDY\´�FUXGH�RLOV��ZKLFK�KDYH�$3,�EHWZHHQ�
��� WR� ������7KH� SUH�ZHDWKHULQJ�ZDV� GRQH� WR� VLPXODWH� WKH�
FRQGLWLRQ�RI�RLO�ZKHQ�VRUEHQWV�ZRXOG�EH�DSSOLHG�GXULQJ�VSLOO�
LQFLGHQWV��RLO�KDG�VSUHDG�RYHU�WKH�ZDWHU�VXUIDFH�DQG�H[SRVHG�
WR�WKH�VXQ�

:KHQ� SHWUROHXP� LV� VSLOOHG� LQWR� WKH� VHD�� SK\VLFDO�
FKDQJHV�RFFXU� HYHQ�EHIRUH�ELRGHJUDGDWLRQ�EHJLQV��7KH�RLO�
VSUHDGV� RYHU� WKH� VXUIDFH� RI� WKH� ZDWHU� DQG� LV� VXEMHFWHG� WR�
PDQ\�PRGL¿FDWLRQV�DQG� WKH�FRPSRVLWLRQ�RI� WKH�SHWUROHXP�
FKDQJHV��(YDSRUDWLRQ�RI�WKH�ORZ�PROHFXODU�ZHLJKW�IUDFWLRQV��
GLVVROXWLRQ� RI� WKH� ZDWHU� VROXEOH� FRPSRQHQWV�� PL[LQJ� RI�
RLO� GURSOHWV� ZLWK� VHDZDWHU� DQG� SKRWRFKHPLFDO� R[LGDWLRQ�
FRQWULEXWH�WR�QDWXUDO�ZHDWKHULQJ��Q�$ONDQHV�VKRUWHU�WKDQ�&���
DQG�DURPDWLF� IUDFWLRQV�ERLOLQJ�EHORZ����� �&�DUH� UHPRYHG�
E\�HYDSRUDWLRQ�ZLWK� VRPH�SRUWLRQV�RI� WKH�DURPDWLFV�EHLQJ�
GLVVROYHG� H[HUWLQJ� JUHDW� WR[LFLW\� RQ� DTXDWLF� RUJDQLVPV��
([SRVXUH� WR� VXQOLJKW� FDQ� DIIHFW� SHWUROHXP� LQ� WZR� ZD\V��
OLJKW�LQGXFHG� SRO\PHUL]DWLRQ� DQG�RU� SKRWRGHJUDGDWLRQ�
DFFRUGLQJ�WR�Harayama et. al. �1999���$QRWKHU�REVHUYDWLRQ�
LV� DQ� LQFUHDVH� LQ� WKH� SRODU� IUDFWLRQ� DQG� D� GHFUHDVH� LQ� WKH�
DURPDWLF� IUDFWLRQ��7KH� DOLSKDWLF� FRPSRQHQWV�� RQ� WKH� RWKHU�
KDQG��DUH�EHOLHYHG�WR�EH�SKRWRFKHPLFDOO\�LQHUW��7KRXJK�LQ�WKH�
SUHVHQFH�RI�WKH�DURPDWLF�RU�SRODU�FRPSRQHQWV�RI�SHWUROHXP�
DQG� DQWKUDTXLQRQH� LQ� VHDZDWHU�� SKRWRVHQVLWL]HG� R[LGDWLRQ�
PD\�RFFXU�DQG�FRQYHUW�WKH�Q�DONDQHV�WR�WHUPLQDO�Q�DONHQHV�
DQG�ORZ�PROHFXODU�ZHLJKW�FDUERQ\O�FRPSRXQGV��Ehrhardt & 
Weber 1991 FLWHG�LQ�WKH�VDPH�SDSHU����Harayama, Kishira, 
Kasai & Shutsubo 1999��

7KH� VHDZDWHU� XVHG� ZDV� REWDLQHG� IURP� WKH� %DWDQJDV�
%D\�ZKHUH� WKH�%DWDQJDV�,QWHUQDWLRQDO�3RUW� �ORFDOO\�NQRZQ�
DV� WKH� %DWDQJDV� 3LHU�� DQG� WKH� 6KHOO� 7DEDQJDR� 5H¿QHU\�
DUH� ORFDWHG�� 7KH� DUHD� ZDV� DVVXPHG� WR� EH� FRQVWDQWO\�
H[SRVHG� WR� RLO� FRQWDPLQDWLRQ�� ,W� ZDV� DOVR� DVVXPHG� WKDW�
K\GURFDUERQ�GHJUDGLQJ�EDFWHULD�DUH�SUHVHQW�DQG�ZLOO�DVVLVW�LQ�
ELRUHPHGLDWLRQ��+RZHYHU��QR�PLFURELDO�WHVW�ZDV�SHUIRUPHG�
WR� LGHQWLI\� WKH� VSHFL¿F� PLFURRUJDQLVPV� WKDW� H[LVW�� 6RPH�
SK\VLFR�FKHPLFDO�SDUDPHWHUV�ZHUH�PHDVXUHG��7HPSHUDWXUH�
LV�������&��������S+�LV��������������6DOLQLW\�LV����������������
&RQGXFWLYLW\�LV������P6�FP����������7XUELGLW\�LV���178���
�� DQG�'LVVROYHG�2[\JHQ� LV� �����PJ�/��� �� ������7KH� 3RUW�
$UHD�LV�UHODWLYHO\�FOHDQ�DQG�ZHOO�PDLQWDLQHG��YHU\�PLQLPDO
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�� Kapok Fibers Packed in Nylon Nets as Sorbent

RLO� VOLFN�ZDV�YLVLEOH��QR� VROLG�ZDVWH�ZHUH�GLVSRVHG�RQ� WKH�
ZDWHU�DQG�VHD�EUHH]H�ZDV�VWLOO�UHIUHVKLQJ�DQG�ZLWKRXW�VWHQFK�

(YDOXDWLRQ�RI�.DSRN�DV�2LO�6RUEHQW

2LO� VRUEHQWV� ZRUN� YLD� WZR� GLIIHUHQW� PHFKDQLVPV��
DEVRUSWLRQ� ZKHUHLQ� WKH� OLTXLG� LV� GLVWULEXWHG� WKURXJKRXW�
WKH�PROHFXODU� VWUXFWXUH� FDXVLQJ� WKH�PDWHULDO� WR� VZHOO�� DQG�
DGVRUSWLRQ� ZKHUHLQ� WKH� OLTXLG� DGKHUHV� RQ� WKH� VXUIDFH� RI�
WKH�PDWHULDO� WKURXJK�SRUHV� DQG� FDSLOODULHV� �USNRP 2007���
Kapok� LV� FRQVLGHUHG� DV� DQ� DGVRUEHQW� WKURXJK� FDSLOODU\�
DFWLRQ�VLQFH�LW�KDV�D�KROORZ�WXEXODU�VWUXFWXUH��)LJXUH�����7KH�
OXPHQ�RI�WKH�¿EHU�LV�DSSUR[LPDWHO\����ȝP�ZKLOH�WKH�H[WHUQDO�
GLDPHWHU�LV�DERXW����ȝP��$�GLJLWDO�OLJKW�PLFURVFRSH�LPDJH�
DOVR�VKRZHG� WKH�DEVRUEHG�RLO�GURSOHWV� LQVLGH� WKH� OXPHQ�RI�
WKH�Kapok�¿EHU��)LJXUH����ZKLFK�SURYLGH�DQ�HYLGHQFH�IRU�LWV�
DGVRUSWLYH�FDSDFLW\�

7KH� Kapok� ¿EHUV� SDFNHG� LQ� D� 1\ORQ� QHW�� ZKLFK�
DFFRUGLQJ�WR�WKH�86153�FODVVL¿FDWLRQ�ZLOO�IDOO�XQGHU�7\SH�
,,,�DGVRUEHQWV��SURYLGH�DQ�DGYDQWDJH�RI�HDV\�KDQGOLQJ�DQG�
UHFRYHU\��7KH�¿EHU�FDQ�EH� WKHUHIRUH�EH�XWLOL]HG�DV� VRUEHQW�
IRU�RLO�VSLOOV��EHLQJ�LQH[SHQVLYH�DQG�UHDGLO\�DYDLODEOH��VLQFH�
Kapok� WUHHV� QDWXUDOO\� JURZ� LQ� WKH� FRXQWU\� EXW� EHDU� IUXLWV�
RQO\�RQFH�D�\HDU��+HQFH��WKH�¿EHUV�FDQ�EH�FROOHFWHG�GXULQJ�
WKH�VXPPHU�VHDVRQ�DQG�VWRUHG�LQ�Q\ORQ�QHWV�LQ�SUHSDUDWLRQ�
IRU� DQ� RLO� VSLOO� GLVDVWHU��$QRWKHU� IDFWRU� LV� WKH� ORZ� LQWHUHVW�
RI�SHRSOH� LQ�SODQWLQJ�Kapok VLQFH� LWV� VROH�NQRZQ�SXUSRVH�
LV�IRU�VWXI¿QJ�SLOORZV�DQG�VWXIIHG�WR\V�ZKLFK�LV�QRZ�EHLQJ�
UHSODFHG�ZLWK�V\QWKHWLF�PDWHULDOV�VXFK�DV�IRDP�DQG�¿EHU¿OOV��

6HYHUDO� IDFWRUV� ZRXOG� DIIHFW� WKH� FDSDELOLW\� RI� WKH�
SDFNHG�Kapok DV� RLO� VRUEHQW� DSSOLHG� WR� PDULQH� RLO� VSLOOV��
7KH� LGHDO�FKDUDFWHULVWLFV�RI�JRRG�RLO�VRUEHQW�JLYHQ�E\�Lim 
and Huang� �2007��ZHUH�XVHG� WR�HYDOXDWH� WKH�VXLWDELOLW\�RI�
WKH�SDFNHG�Kapok DV�RLO�VRUEHQW��)DVW�RLO�VRUSWLRQ�UDWH��KLJK�
EXR\DQF\�DQG�ORZ�ZDWHU�SLFNXS�ZHUH�GHPRQVWUDWHG�E\�WKH�
Kapok�¿EHU�GXULQJ� WKH�H[SHULPHQW��2QH�KRXU�ZDV�DOORWWHG�
IRU�DGVRUSWLRQ��7KRXJK��Lim and Huang��2007��VWDWHG�WKDW�
RQO\�D�PLQLPXP�RI����PLQXWHV�ZDV�QHHGHG�IRU�RLO�VRUSWLRQ�
WR� UHDFK� HTXLOLEULXP� IRU� OHVV� GHQVH� RLO� OLNH� GLHVHO�� ORQJHU�
WLPH�ZDV� VHOHFWHG� WR� WHVW� WKH�EXR\DQF\� DQG�ZDWHU� SLFN�XS�
RI� WKH�Kapok� VRUEHQW��7KH�VRUEHQW�GLG�ÀRDW� IRU�VRPH�WLPH�
HYHQ�LI�LW�ZDV�DOUHDG\�VDWXUDWHG�ZLWK�RLO��7KLV�IXUWKHU�SURYHG�
WKDW� WKH�Kapok ¿EHU�GLG�QRW�DEVRUE�PXFK�ZDWHU�GXH� WR� LWV�
K\GURSKRELF� SURSHUW\�� :KHQ� WKH� VRUEHQW� ZDV� DOORZHG� WR�
GULS��LW�ZDV�REVHUYHG�WKDW�YHU\�PLQLPDO�OLTXLG�WR�DOPRVW�QRQH�
GUDLQHG�RXW��7KH�VHOHFWLYLW\�RI�Kapok�IRU�RLO�RYHU�ZDWHU�ZDV�
DOVR�FRQ¿UPHG�IURP�WKH�DSSHDUDQFH�RI� UHFRYHUHG�RLO� IURP�
WKH� VRUEHQW� ODEHOHG� ³LQLWLDO´�ZKLFK�ZDV� DOPRVW� SXUH��7KLV�
VRUEHQW�ZDV�DOORZHG�WR�DGVRUE�WKH�ZHDWKHUHG�RLO�EXW�GLG�QRW�
XQGHUJR�ELRGHJUDGDWLRQ��7KH�VHOHFWLYLW\�RI�WKH�¿EHU�IRU�RLO�
DQG�EHLQJ�ZDWHU�UHSHOODQW�FDQ�EH�DWWULEXWHG�WR�LWV�FHOOXORVLF�
QDWXUH�DQG�WKH�SUHVHQFH�RI�ZD[\�FXWLQ��Lim and Huang 2007��

7KH�RLO�VRUSWLRQ�FDSDFLW\�XVLQJ�WKH������J�FP���SDFNLQJ�
GHQVLW\�ZDV� ����� J� J����ZKLFK�ZDV� KLJKHU� WKDQ� WKH� UHVXOWV�
�����J�J����UHSRUWHG�E\�Lim and Huang �2007���7KLV�PD\�EH�
GXH�WR�WKH�GLIIHUHQFH�LQ�WRWDO�H[SRVHG�VXUIDFH�DUHD�VLQFH�WKH\�
XVHG� F\OLQGULFDO� WHVW� FHOOV�� 7KH� VRUSWLRQ� FDSDFLW\� UHSRUWHG�
E\�Lim and Huang��2007��ZDV�WKH�EDVLV�IRU�WKH�YROXPH�RI�
WKH�SUH�ZHDWKHUHG�RLO�EXW�WKH�H[SHFWHG�DPRXQW�RI�RLO�WR�EH�
DGVRUEHG�ZDV�GRXEOHG�IRU�DOORZDQFH��0RVW�RI�WKH�GLHVHO�RLO�
VSLOOHG� RYHU�ZDWHU�ZDV� DGVRUEHG� RU� DEVRUEHG� DQG� WKDW� WKH�
Kapok VRUEHQW� IRU� WKH� ¿HOG� VFDOH� DGVRUEHG�PRUH� WKDQ� WKH�
FDOFXODWHG�RLO�VRUSWLRQ�FDSDFLW\�������J�J�����)LJXUH���GHSLFWV�
KRZ�HIIHFWLYH�LV�.DSRN�IRU�FOHDQ�XS��DERXW�����J�RI�¿EHUV�
DGVRUEHG�WKH����/�GLHVHO�RLO�ZKLFK�SURYHV�LWV�XVHIXOQHVV�IRU�
RLO�VSLOO�GLVDVWHUV��,Q�DGGLWLRQ��Kapok�GH¿QLWHO\�KDV�D�KLJK�RLO�
UHWHQWLRQ�FDSDFLW\�EHFDXVH�HYHQ�DIWHU�VL[�ZHHNV�RI�VRDNLQJ�
DQG�VKDNLQJ��PRVW�RI�WKH�RLO�VWLOO�UHPDLQV�DGVRUEHG��7DEOH����

Kapok KDV�D�JRRG�UHXVDELOLW\�VLQFH�WKH�DGVRUEHG�RLO�FDQ�
HDVLO\�EH� UHPRYHG�E\� MXVW� VTXHH]LQJ�DQG�KLJKHVW� UHFRYHU\

�
Figure 2. SEM micrograph showing the ultrastructure of the 

Kapok ¿EHU�

�
Figure 3. Kapok� ¿EHU� VKRZLQJ� WKH� DGVRUEHG� RLO� GURSOHWV�

inside the hollow structure.

�
Figure 4. Kapok sorbent in seawater showing with diesel oil 

before (A) and after (B) adsorption.



REWDLQHG�ZDV�������7DEOH�����+RZHYHU��WKH�VRUSWLRQ�FDSDFLW\�
IRU�HYHU\�XVH�ZLOO�HYHQWXDOO\�EH�UHGXFHG�VLQFH�VRPH�RI�WKH�
RLO�UHPDLQHG�WUDSSHG�LQ�WKH�OXPHQ��,Q�DGGLWLRQ��DIWHU�RLO�ZDV�
VTXHH]HG�RXW��WKH�.DSRN�¿EHUV�OXPSHG�WRJHWKHU��)LJXUH�����
Lim and Huang��2007��UHSRUWHG�WKDW�IRXU�F\FOHV�RI�VRUSWLRQ�
GHVRUSWLRQ�RI�GLHVHO�RLO�ZDV�REWDLQHG�E\�WKH�Kapok VRUEHQW��
EH\RQG�WKLV��WKH�FDSDFLW\�UHPDLQV�FRQVWDQW��+RZHYHU��IRU�D�
PRUH�FRQVLVWHQW�GHVRUSWLRQ�PHWKRG��WKH\�XVH�FHQWULIXJDWLRQ�
LQVWHDG�RI�VTXHH]LQJ�WR�UHFRYHU�WKH�GLHVHO�RLO��6TXHH]LQJ�LV�
SUHIHUUHG� LQ� WKLV� H[SHULPHQW� IRU� SUDFWLFDO� DSSOLFDWLRQ�� LWV�
UHXVDELOLW\�ZRXOG�EH�OHVV�WKDQ�IRXU�WKHQ�

$VVHVVPHQW�RI�WKH�%LRGHJUDGDWLRQ�3URFHVV

7KH� H[SHULPHQW� RQ� ELRUHPHGLDWLRQ� ZDV� QRW� GRQH� in 
situ�WR�DYRLG�SUREDEOH�GDPDJH�WR�WKH�HQYLURQPHQW��$OVR��LW�LV�
WKRXJKW�RII�WKDW�WKH�EHVW�UHVSRQVH�IRU�VSLOOHG�RLO�LV�DQ�HDUO\�
FRQWDLQPHQW�DQG� WR�EH� WUHDWHG�ex situ��:DWHU�RU�DQ\� OLTXLG�
PHGLD�H�J��QXWULHQW�EURWK��LV�QHFHVVDU\�IRU�WKH�PLFURRUJDQLVPV�
WR�DFFHVV�WKH�RLO�WKURXJK�HPXOVL¿FDWLRQ��7KH�XVH�RI�QXWULHQW�
EURWK� DV� ZHOO� DV� DUWL¿FLDO� VHDZDWHU� ZRXOG� QRW� EH� IHDVLEOH�
LI� WKH�SURFHGXUH�ZRXOG�EH�DSSOLHG�LQ�ODUJH�VFDOH��7KH�RQO\�
SUHWUHDWPHQW�GRQH�RQ�VHDZDWHU�EHIRUH�XVH�ZDV�¿OWUDWLRQ� WR�
UHPRYH�DQ\�VXVSHQGHG�RUJDQLF�PDWWHU�

�
7KH�JURZWK�RI�PLFURRUJDQLVPV�FDQ�RQO\�KDSSHQ�LI�WKH\�

KDYH�WKH�QHFHVVDU\�SUHFXUVRUV�RU�WKH�HVVHQWLDO�QXWULHQWV�IRU�
PHWDEROLVP� DQG� RWKHU� FHOO� DFWLYLWLHV��7KH� HOHPHQWV� FDUERQ�
�&��� R[\JHQ� �2��� K\GURJHQ� �+��� QLWURJHQ� �1��� SKRVSKRUXV�
�3���VXOIXU��6���SRWDVVLXP��.��DQG�VRGLXP��1D��DUH�DPRQJ

WKH�PDFURQXWULHQWV�QHHGHG�E\�EDFWHULD��&DUERQ�LV� WKH�PRVW�
DEXQGDQW�FRPSRQHQW�RI�FHOOV�VR�LW�LV�UHTXLUHG�LQ�ODUJH�DPRXQWV��
,Q�WKLV�H[SHULPHQW��WKH�GLHVHO�RLO�VHUYHV�DV�WKH�PDLQ�VRXUFH�RI�
&�IRU�WKH�PLFURRUJDQLVPV��0ROHFXODU�R[\JHQ��2

2
��VHUYHV�DV�

D�UHDFWDQW�LQ�WKH�ELRFKHPLFDO�SURFHVVHV�DQG�LWV�LQFRUSRUDWLRQ�
LV� FDWDO\]HG� E\� WKH� HQ]\PHV� FDOOHG� R[\JHQDVHV� �Fritsche 
and Hofrichter 2005��� +HQFH�� WKH� H[SHULPHQWDO� SURFHGXUH�
LQFOXGHV� HYHU\GD\� DHUDWLRQ� YLD� VKDNLQJ� RU� SXPSLQJ��

7KH�DPRXQWV�RI�1�DQG�3�PXVW�EH� LQ�SURSRUWLRQ�ZLWK�
WKH�DYDLODEOH�FRQFHQWUDWLRQ�RI�WKH�K\GURFDUERQ��$PPRQLXP�
VXOIDWH�ZDV�XVHG�WR�SURYLGH�QLWURJHQ�LQ�WKH�IRUP�RI�DPPRQLXP�
�1+�

���DQG�WKH�ZHLJKWV�XVHG�ZHUH�FRPSXWHG�WR�JLYH������J�
1�SHU�JUDP�RI�RLO��6XOIDWH��62�

�����KRZHYHU��FDQ�VXSSO\�WKH�
QHHGHG�6��7KH�RWKHU�VDOW��GLVRGLXP�K\GURJHQ�SKRVSKDWH��ZDV�
WKH�VRXUFH�RI�SKRVSKRUXV� LQ� WKH�IRUP�RI�SKRVSKDWH��32�

����
DQG������J�3�SHU�JUDP�RI�RLO�ZDV�WKH�UDWLR�IROORZHG��+LJK�
FRQFHQWUDWLRQ�RI�ERWK�1�DQG�3�FDQ�OLPLW�JURZWK�DFFRUGLQJ�WR�
Dela Cruz �1997���WKHUHIRUH�WKH�&�1�3�UDWLR�JLYHQ�E\ Philp 
et. al. �2005���ZKLFK�ZDV� WKH� RQH� XVHG� LQ� WKH� H[SHULPHQW��
VHHPHG�WR�EH�DGHTXDWH��7KH�LQRUJDQLF�IRUPV�RI�WKH�HOHPHQWV�
DUH�WKH�PRVW�FRPPRQ�LQ�QDWXUH�DQG�WKH\�DUH�UHDGLO\�XVHG�E\�
WKH�FHOOV�WR�V\QWKHVL]H�DPLQR�DFLGV��QXFOHLF�DFLGV��IDWW\�DFLGV��
RUJDQLF� DFLGV� DQG� VXJDUV� IRU� FHOO� JURZWK� DQG� UHSOLFDWLRQ�

7KH�PLFURRUJDQLVPV�XVHG�ZHUH�Bacillus megaterium��
&RU\QHEDFWHULXP� ÀDYHVFHQV�� Micrococcus luteus�� DQG�
Pseudomonas putida��7KHVH�JHQHUD�RI�EDFWHULD�ZHUH�FKRVHQ�
VLQFH� WKH\�ZHUH� UHSRUWHG�E\�Barraquio �1976���Dela Cruz 
�1997��� DQG� Barredo� �1998�� WR� GHJUDGH� K\GURFDUERQV��
6XPPDU\� RI� WKH� FKDUDFWHULVWLFV� REVHUYHG� IURP� WKH�
7UDQVPLVVLRQ� (OHFWURQ� 0LFURVFRSH� LV� JLYHQ� �7DEOH� ����
7KHVH� ZLOO� EH� XVHG� IRU� WKH� LGHQWL¿FDWLRQ� RI� WKH� EDFWHULD�
WKDW� GRPLQDWHG� DQG� VXUYLYHG� DIWHU� WKH� H[SHULPHQW� ERWK�
LQ� WKH� ODERUDWRU\� VFDOH� DQG� WKH�¿HOG� VFDOH��7KH� LQRFXOXPV�
XVHG�ZHUH�D�PL[WXUH�RI�D����K�FXOWXUH�RI�WKH�IRXU�VSHFLHV�RI�
EDFWHULD��7R�KDYH�DQ�HVWLPDWH�RI�WKH�LQLWLDO�FHOO�FRXQW�RI�HDFK��
WKH�RSWLFDO�GHQVLW\�ZDV�PHDVXUHG�DW�����QP�DQG�WKH�YLDEOH�
SODWH� FRXQWV�ZHUH� REWDLQHG� �7DEOH� ����7KH�.DSRN� VRUEHQW�
IRU�WKH�ODERUDWRU\�VFDOH�H[SHULPHQW�ZKLFK�ZDV�SODFHG�LQ�����
P/� VHDZDWHU�ZDV� LQRFXODWHG�ZLWK� ���P/�RI� WKLV� UHVXOWLQJ�
EDFWHULDO�FRQVRUWLXP�DQG�WKH�FHOO�FRXQW�ZDV�FRPSXWHG�DW�����
[���7�&)8�P/����7KH�YLDEOH�SODWH�FRXQW�ZDV�REWDLQHG�HYHU\�
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Table 1. Percent recovery of adsorbed diesel oil.

6DPSOH 0HDQ�:W��RI�2LO��J�� 
0HDQ�9RO��RI�2LO��P/� $SSUR[��9RO��RI�6TXHH]HG�2LO��P/� 5HFRYHU\����
,QLWLDO ������ ��� ��� ��
)LUVW�ZHHN ����� ��� �� 72

&RQWURO ����� ��� �� ��
7KLUG�ZHHN ������ ��� �� ��
&RQWURO ������ ��� ��� ��
6L[WK�ZHHN ������ ��� �� ��
&RQWURO ������ ��� ��� 77


7KH�GHQVLW\�RI�RLO�XVHG�ZDV��������J�P/���PHDVXUHG�E\�D�S\FQRPHWHU�

�
Figure 5. Kapok sorbent with adsorbed diesel oil (A) and 

after the oil was squeezed out (B).



Kapok Fibers Packed in Nylon Nets as Sorbent

VDPSOLQJ�SHULRG��DIWHU�RQH�ZHHN��DIWHU�WKUHH�ZHHNV�DQG�DIWHU�
VL[�ZHHNV��7KH�WUHQG�RI�WKH�PLFURELDO�SRSXODWLRQ�LV�VKRZQ�
EHORZ��)LJXUH����

Microbial Growth and Activity

7KH�SRSXODWLRQ�RI�WKH�PLFURRUJDQLVPV�VOLJKWO\�LQFUHDVHG�
LQ�WKH�¿UVW�ZHHN��$OO�WKH�LQRFXODWHG�EDFWHULD�VHHPHG�WR�KDYH�
VXUYLYHG�WKH�¿UVW�ZHHN�RI�WUHDWPHQW�EDVHG�IURP�WKH�REVHUYHG�
FXOWXUDO� FKDUDFWHULVWLFV��0RVW� RI� WKH� SODWHV� IRU� WKH� FRQWURO�
FRQWDLQHG� D� VSUHDGHU� DQG� JURZWK� LV� YHU\� PLQLPDO�� 7KUHH�
ZHHNV� ODWHU�� WKH� SRSXODWLRQ� VRPHZKDW� GHFOLQHG�� &RORQLHV�
WKDW�GRPLQDWHG�DUH�VWLOO�WKH�VDPH��0LFURVFRS\�ZDV�SHUIRUPHG�
WR�YHULI\�WKH�RUJDQLVPV�DQG�WKH�UHSUHVHQWDWLYH�FRORQLHV�ZHUH�
SUHSDUHG� IRU� JUDP� VWDLQLQJ�� %DVHG� RQ� WKH� UHVXOWV�� DOO� IRXU�
VSHFLHV� DUH� VWLOO� SUHVHQW�� 7KH� ODVW� DQG� ¿QDO� VDPSOLQJ� ZDV�
GRQH�DIWHU�VL[�ZHHNV�DQG�WKH�SRSXODWLRQ�VHHPHG�WR�SODWHDX��
7KH� REVHUYHG� FRORQLHV� DUH� VWLOO� WKH� VDPH�� 7UDQVPLVVLRQ�
HOHFWURQ� PLFURVFRSH� ZDV� XVHG� WR� VHH� WKH� DFWXDO� EDFWHULDO

FRPSRVLWLRQ� WKDW� SDUWLFLSDWHG� LQ� K\GURFDUERQ� GHJUDGDWLRQ��
%DVHG�RQ�WKH�PRUSKRORJ\�DQG�VL]H��WKH�ODUJHU�ERGLHV�FDQ�EH�C. 
ÀDYHVFHQV�ZKLOH�WKH�VPDOOHU�RQH�ZLWK�D�PRUH�SHUIHFW�FLUFXODU�
VKDSH�LV M. luteus��5RGV�DUH�VKRZQ�ZLWK�ORWV�RI�WLQ\�VSKHUHV�
WKDW�FDQ�SRVVLEO\�EH�VSRUHV��SUHVXPDEO\�B. megaterium��DQG�
VRPH�VDOW�GHSRVLWV��7KH�VPDOOHU�URGV�ZLWK�ÀDJHOOXP�PD\�EH�
P. putida DQG�VRPH�FHOOV�LQ�FOXVWHUV��7KXV��LW�FDQ�EH�GHGXFHG�
WKDW� DOO� LQRFXODWHG� EDFWHULD� FDQ� WROHUDWH� GLHVHO� RLO� DQG� DUH�
LQYROYHG� LQ� K\GURFDUERQ� GHJUDGDWLRQ�� WKRXJK� WKH� URGV� DUH�
RXWQXPEHUHG�E\�WKH�FRFFL��

�
7KH�H[SHULPHQWDO� VHW�XS� IRU� WKH�VLPXODWHG�¿HOG�VFDOH�

ZDV�QRW�VDPSOHG�DV�IUHTXHQW�DV�WKDW�IRU�WKH�ODERUDWRU\�VFDOH��
,W�ZDV�MXVW�FKHFNHG�IRU�JURZWK�DIWHU�WKUHH�ZHHNV�DQG�YLDEOH�
SODWH�FRXQW�ZDV�RQO\�FDUULHG�RXW�ZKHQ�WKH�WUHDWPHQWV�ZHUH�
¿QLVKHG�� +RZHYHU�� PRVW� RI� WKH� SODWHV� KDYH� 717&� RU� WKH�
FRORQLHV� DUH� WRR� QXPHURXV� WR� FRXQW�� ,Q� GRLQJ� YLDEOH� SODWH�
FRXQW��RQO\�IURP����WR�����FRORQLHV�DUH�VDLG� WR�EH�D�YDOLG�
FRXQW��3RSXODWLRQ�LV�WRR�KLJK�DQG�GLOXWLRQV�SULRU�WR�SODWLQJ�
ZHUH�QRW�HQRXJK��,W�FDQ�DOVR�EH�REVHUYHG�WKDW�WKH�SODWH�IRU�
WKH� FRQWURO� KDV� PLFURELDO� JURZWK�� WKHVH� FDQ� EH� IURP� WKH�
VHDZDWHU�RU� IURP�WKH�HQYLURQPHQW��7(0�ZDV�DOVR�GRQH� WR�
GHWHUPLQH�ZKLFK�RUJDQLVP�SHUVLVWHG��$OPRVW�WKH�VDPH�W\SH�
RI� EDFWHULXP� SDUWLFLSDWHG� LQ� WKH� ¿HOG� VFDOH� DV� WKDW� LQ� WKH�
ODERUDWRU\�VFDOH�EDVHG�RQ�PRUSKRORJ\��/DUJH�DQG�PHGLXP�
VSKHULFDO�ERGLHV�ZHUH�REVHUYHG�DV�ZHOO�DV�D�URG�VKDSH�FHOO�
DQG� D� ORW� RI� WLQ\� VSKHUHV�ZHUH� DOVR� VHHQ��7KH� FRQVRUWLXP�
RI�B. megaterium��&�� ÀDYHVFHQV��M. luteus�� DQG�P. putida�
PHWDEROL]HG�WKH�GLHVHO�RLO�ZLWK�DGGLWLRQ�RI�QXWULHQWV�IRU�WKHLU�
JURZWK�

7KH� OLTXLG�PHGLXP�ZKHUH� WKH� WUHDWHG�Kapok VRUEHQW�
ZDV� VRDNHG� VWDUWHG� WR� EHFRPH� WXUELG� DIWHU� WZR� GD\V� RI�
LQRFXODWLRQ� DQG� EHFRPHV� PRUH� XQFOHDU� DIWHU� D� ZHHN��
7XUELGLW\� LV�FRQVLGHUHG�DQ� LQGLFDWRU�RI�SRSXODWLRQ�JURZWK��
,Q�DGGLWLRQ�� WKH�LQRFXODWHG�LV�PRUH�WXUELG�WKDQ�WKH�FRQWURO��
$QRWKHU� REVHUYDWLRQ� LV� WKH� LQFUHDVHG� SURGXFWLRQ� RI� IURWK�
ERWK�LQ�WKH�ODERUDWRU\�VFDOH�DQG�¿HOG�VFDOH�H[SHULPHQWV��,Q�
PLFURELDO�FXOWXUHV��IURWK�FDQ�VXJJHVW�JDV�SURGXFWLRQ�GXULQJ�
PHWDEROLVP��,Q�WKLV�FDVH��LW�LV�DOVR�SURSRVHG�WKDW�WKLV�IRDP�
LV�GXH�WR�WKH�HPXOVL¿FDWLRQ�YLD�IRUPDWLRQ�RI�ELRVXUIDFWDQWV��
7ZR�VSHFLHV�XVHG�LQ�WKLV�H[SHULPHQW��B. megaterium�DQG�P. 
putida��DUH�ZHOO�VWXGLHG�IRU�ELRVXUIDFWDQW�SURGXFWLRQ�

%LRVXUIDFWDQWV� HPXOVLI\� WKH� K\GURFDUERQV�� WKHUHIRUH�
LQFUHDVLQJ� WKH� VROXELOLW\� DQG� DYDLODELOLW\� RI� WKH� RLO� WR�
PLFURELDO�GHJUDGDWLRQ��$FFRUGLQJ�WR�Cheng, Jian and Wang 
�2008���HPXOVL¿FDWLRQ�SURSHUWLHV�FDQ�EH�PHDVXUHG�LQ�WHUPV�
RI�HPXOVL¿FDWLRQ�DFWLYLW\� �($��DQG�HPXOVL¿FDWLRQ�VWDELOLW\�
�(6���($�LV�GLUHFWO\� UHODWHG� WR�RLO�GURSOHW�VL]H�� WKH�VPDOOHU�
WKH� VL]H� WKH� JUHDWHU� WKH� DFWLYLW\��(6�� RQ� WKH� RWKHU� KDQG�� LV�
D�PHDVXUH� RI� WLPH�ZKHQ� WKH� HPXOVLRQ� VHSDUDWHV� EDFN� LQWR�
RLO�DQG�ZDWHU�SKDVHV�VLQFH�LW�LV�WKHUPRG\QDPLFDOO\�XQVWDEOH��
,Q� WKLV�VWXG\�� WKH�DPRXQW�RI�VXUIDFWDQW� LQFUHDVHV�ZLWK� WLPH�
�)LJXUH� ����7KH� FRUUHVSRQGLQJ�PLFURVFRSLF� LPDJHV� RI� WKH

��

Table 2. Cell morphology observed in the TEM of the 
microorganisms used.

6SHFLHV 2SWLFDO�GHQVLW\�
Ȝ ���QP

9LDEOH�SODWH�
FRXQW��&)8�P/��

Bacillus megaterium ����� �����[����

Corynebacterium 
ÀDYHVFHQV

����� �����[����

Micrococcus luteus ����� �����[����

Pseudomonas putida ����� �����[����

Table 3. Initial plate cell count of each bacterium.

6SHFLHV &HOO�VL]H�DQG�VKDSH
Bacillus megaterium 5RGV�ZLWK�ÀDJHOOD���������ȝP�[�

���ȝP
Corynebacterium 
ÀDYHVFHQV

&XERLGDO���������ȝP�VL]H

Micrococcus luteus 6SKHUH���������ȝP�GLD
Pseudomonas putida 5RGV�ZLWK�ÀDJHOOD���������ȝP�[�����

���ȝP

�Figure 6. The population of the microbial consortium obtained 
during the three sampling periods.
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HPXOVLRQV��)LJXUH����VKRZHG�WKDW�RLO�JOREXOHV�GHFUHDVHG�LQ�
VL]H�

7KH�DPRXQW�RI�UHFRYHUHG�GLHVHO�RLO�FDQ�EH�RQH�RI�WKH�
EDVHV�WKDW�LW�LV�EHLQJ�XWLOL]HG�E\�WKH�PLFURRUJDQLVPV��RU�RQ�
WKH�FRQWUDU\�� WKH�RLO� MXVW� UHPDLQV� LQ� WKH� VHDZDWHU�PHGLXP��
+RZ�GR�WKH�PLFURRUJDQLVPV�DFFHVV�WKH�RLO"�&DQ�WKH\�UHDOO\�
SHQHWUDWH� WKH�Kapok� ¿EHU�RU� MXVW� LQ� WKH�SHULSKHU\� DQG�XVH�
WKH�RLO�LQ�WKH�HPXOVLRQ"�'RHV�WKH�RLO�FRPH�RXW�RI�WKH�Kapok 
GXULQJ�VKDNLQJ"�

7KH�6(0�PLFURJUDSKV� RI� WKH� WUHDWHG�Kapok VKRZHG�
WKDW�WKH�PLFURRUJDQLVPV�FDQ�JURZ�RQ�WKH�ZDOOV�RI�WKH�NDSRN�
¿EHU��)LJXUH�����$QDO\VLV�RI� WKH�K\GURFDUERQ�FRPSRVLWLRQ�
RI�WKH�DGVRUEHG�GLHVHO�ZRXOG�IXUWKHU�SURYH�ZKHUH�DQG�KRZ�
GHJUDGDWLRQ�RFFXUUHG�

$QDO\VLV�RI�'HJUDGDWLRQ�3URGXFWV

'LHVHO� RLO� RU� DQ\� SHWUROHXP� SURGXFWV� LV� FRPSRVHG�
RI� YDULRXV� K\GURFDUERQV�� ,Q� WKLV� VWXG\�� K\GURFDUERQ�
GHJUDGDWLRQ� ZDV� DQDO\]HG� XVLQJ� JDV� FKURPDWRJUDSK\�

�)LJXUH� �����+H[DGHFDQH�ZDV� XVHG� DV� D� UHIHUHQFH� IRU� WKH�
GHJUDGDWLRQ� DV� ZHOO� DV� SHDNV� WKDW� ZRXOG� LQGLFDWH� ORZHU�
PROHFXODU� ZHLJKW� K\GURFDUERQV� DV� GHJUDGDWLRQ� SURGXFWV�
�)LJXUH������$�WRWDO�UXQ�WLPH�RI����PLQXWHV�SHU�VDPSOH�ZDV�
FDUULHG� RXW�� 7KH� UHWHQWLRQ� WLPHV� RI� WKH� VROYHQW� YDU\� IURP�
RQH�VDPSOH�WR�DQRWKHU�LQ�D�ZLGH�UDQJH��DERXW�WZR�PLQXWHV��
7KLV�FDQ�EH�DWWULEXWHG�WR�WKH�WLPLQJ�RI�LQMHFWLRQ�VLQFH�LW�ZDV�
GRQH� PDQXDOO\� DQG� WR� WKH� FRQGLWLRQ� RI� WKH� FROXPQ�� 7KH�
KH[DGHFDQH�VWDQGDUG�KDV�D�UHWHQWLRQ�WLPH�RI��������PLQXWHV�
ZKLOH�ZKHQ�VSLNHG�LQ�WKH�VDPSOH�� LW�ZDV�UHVROYHG�DW�������
PLQXWHV�DQG�UHODWLYHO\�WKH�¿IWK�PDMRU�SHDN�

,Q� JDV� FKURPDWRJUDSK\�� LQWHUQDO� VWDQGDUGV� DUH�
QHFHVVDU\� LQ�RUGHU� WR�TXDQWL]HG� WKH�DQDO\WH�DQG�HYDOXDWH�D�
WUHQG��$OVR�� WR� IXOO\� LGHQWLI\� WKH� FRPSRQHQWV� RI� D� VDPSOH��
LW� LV� EHVW� WR� XVH�0DVV� 6SHFWURSKRWRPHWHU� DV� GHWHFWRU�� %XW�
VLQFH� WKH� H[SHULPHQW� LV� MXVW� H[SORUDWRU\� DQG� SUHOLPLQDU\�
LQ� QDWXUH�� WKH� DQDO\VLV�ZRXOG� EH� MXVW� TXDOLWDWLYH� EDVHG� RQ�
WKHRU\� WKDW� K\GURFDUERQV� ZLWK� ORZHU� PROHFXODU� ZHLJKW�
FRPSDUHG�WR�KH[DGHFDQH��&��H����ZRXOG�HOXWH�EHIRUH�LW�DQG�
WKHVH� DUH� SRVVLEOH� GHJUDGDWLRQ� SURGXFWV��$QDO\VLV� VKRZHG�
WKDW�WKH�FRPSRQHQWV�RI�WKH�DGVRUEHG�RLO�DUH�FRPSDUDEOH�WR�
WKH�XQZHDWKHUHG�GLHVHO�RLO�ZLWK�QR�DGGLWLRQDO�PDMRU�SHDNV�
VXJJHVWLQJ�WKDW�QR�VLJQL¿FDQW�UHDFWLRQ�RFFXUUHG�EHWZHHQ�WKH�
RLO�DQG�WKH�¿EHUV��&KURPDWRJUDPV�RI�WKH�WUHDWHG�RLO�LOOXVWUDWH�
WKDW� ��� PDMRU� FRPSRQHQWV� DUH� VWLOO� SUHVHQW�� KRZHYHU� WKH�
WUHQG� LQ� WKHLU� TXDQWLW\� FDQQRW� EH� REWDLQHG��7KHUH� DUH� IRXU�
DGGLWLRQDO�PDMRU�SHDNV�FRPPRQ�WR�DOO�VDPSOHV�ZLWK� ORZHU�
UHWHQWLRQ�WLPH�WKHUHIRUH� ORZHU�PROHFXODU�ZHLJKW�FRPSDUHG�
WR�KH[DGHFDQH��7DEOH����

0RVW� RI� WKH� GLHVHO� RLO� UHPDLQHG� LQVLGH� WKH� ¿EHU�

�
Figure 7. Emulsion formed when the treated seawater was 

extracted with n-heptane and increasing the 
amount after one week (A), three weeks (B) and 
six weeks (C).

�
Figure 8.  Oil emulsion using Mic-D. The size of the globules  

decreases as the biosurfactant concentration 
increases with time.

�
Figure 9. SEM micrographs showing clusters of  bacteria on 

the surface of the treated Kapok�¿EHU�

�
Figure 10. Chromatogram obtained from the untreated 

diesel oil sample.
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WKURXJKRXW� WKH� GXUDWLRQ� RI� WKH� H[SHULPHQW�� KHQFH�� WKH�
GHJUDGDWLRQ� WKDW� RFFXUUHG� LQ� WKH� RLO� VXJJHVWV� WKDW� WKH�
PLFURRUJDQLVPV�IHHG�RQ�LW� LQVLGH�WKH�¿EHU��7KH�DQDO\VLV�RI�
WKH�Q�KHSWDQH�H[WUDFWV�ZRXOG�SURYLGH�HYLGHQFH�LI�VRPH�RI�WKH�
RLO�OHDNV�RXW�GXULQJ�VKDNLQJ�RU�E\�PHUHO\�PLFURELDO�DFWLYLW\�
�7DEOH� ���� +H[DGHFDQH� ZDV� QRW� GHWHFWHG� LQ� WKH� VDPSOHV�
FROOHFWHG� DIWHU� RQH�ZHHN� VLJQLI\LQJ� YHU\�PLQLPDO� DPRXQW�
LV� LQ�WKH�VHDZDWHU�PHGLXP��+RZHYHU�� LW�ZDV�SUHVHQW�LQ�WKH�
VHDZDWHU� PHGLXP� DIWHU� WKUHH� ZHHNV� DQG� VWLOO� H[LVWV� DIWHU�
WKH�VL[WK�ZHHN�LQ�WKH�WUHDWHG�VDPSOHV�EXW�QRW�LQ�WKH�FRQWURO��
1R� SRVVLEOH� GHJUDGDWLRQ� SURGXFWV�ZHUH� GHWHFWHG� DIWHU� RQH�
ZHHN� EXW� GHJUDGDWLRQ� KDYH� RFFXUUHG� DIWHU� WKUHH� ZHHNV��

7KH� VDPH� UHVXOWV� ZHUH� REWDLQHG� IRU� WKH� ¿HOG� VFDOH� DIWHU�
VL[�ZHHNV� WKRXJK� DOO� FRPSRQHQWV� DUH� LQ� JUHDWHU� DPRXQWV�

3UDFWLFDO�$SSOLFDWLRQV

7KH� VRUEHQW� PDWHULDO� DQG� WKH� FDVLQJ� XVHG� LQ� WKLV�
H[SHULPHQW� DUH� QRW� QHZ� WR� WKH� RLO� VSLOO� VXSSOLHV� LQGXVWU\��
+RZHYHU��WKHUH�DUH�VWLOO�QR�PDUNHWHG�RLO�VRUEHQW�SDFNDJLQJ�
DV� WKH� RQH� DVVHPEOHG� LQ� WKLV� UHVHDUFK�� $PRQJ� WKH� IHZ�
WKDW� DUH� SRVWHG� DW� WKH� ZRUOGZLGH� ZHE� DQG� UHVHPEOHV� WKH�
QHWWHG�Kapok �7DEOH�����,W�LV�DVVXPHG�WKDW�WKHUH�LV�QR�ORFDO�
SURGXFWLRQ� RI� RLO� VRUEHQWV� DQG� WKDW� RLO� VSLOO� HTXLSPHQWV�
XVHG� E\� WKH� 3KLOLSSLQH� &RDVW� *XDUG� DUH� LPSRUWHG�� 7KH�
Kapok VRUEHQW� XVHG� LQ� WKH� H[SHULPHQW� ���� [� ���� [� ��
FP� SDFNHG� ZLWK� ��� J� ¿EHU�� URXJKO\� FRVW� 3K3� ������ �VHH�
7DEOH� �� IRU� WKH� FRVWLQJ�� DQG� WKH� DGVRUEHG� RLO� SHU� VRUEHQW�
LV� DSSUR[LPDWHO\� ���� /� EXW� SRVVLEO\� KLJKHU�� 7KLV� LV� YHU\�
SURPLVLQJ� DQG� FRPSDUDEOH� WR� WKH� PDUNHWHG� RLO� VRUEHQWV��
7KH�SULFHV�SURYLGHG�GR�QRW�LQFOXGH�VKLSSLQJ�FRVWV��6LQFH�RLO

�
Figure 11. Chromatograms of hexadecane and spiked diesel 

oil.

3HDN�,' 2LO�IURP�LQLWLDO�VDPSOHV�57�UDQJH��PLQ 2LO�IURP�WUHDWHG�VDPSOHV�57�UDQJH��PLQ
3� ������������� �������������
3� ������������� �������������
G� ND �������������
G� ND �������������
3� ������������� �������������
3� ������������� �������������
G� ND �������������
G� ND �������������
3� ������������� �������������
3� ������������� �������������
3� ������������� �������������
3� ������������� �������������
3� ������������� �������������
3�� ������������� �������������
3�� ������������� �������������
3�� ������������� �������������
3�� ������������� �������������

7DEOH����0DMRU�SHDNV�UHVROYHG�IURP�WKH�WUHDWHG�'LHVHO�RLO�LQ�ERWK�WKH�ODERUDWRU\�VFDOH�DQG�¿HOG�VFDOH�H[SHULPHQWV�

3��LV�SHDN�IRU�KH[DGHFDQH��G���G���G��DQG�G��DUH�SHDNV�RI�SRVVLEOH�GHJUDGDWLRQ�SURGXFWV������������������1'� �QRQH�GHWHFWHG

6DPSOLQJ�WLPH 57�5DQJH��PLQ
6DPSOH &RQWURO

/DERUDWRU\�VFDOH
)LUVW�ZHHN ND ND

7KLUG�ZHHN ������������� ND

6L[WK�ZHHN ������������� ND

)LHOG�VFDOH
6L[WK�ZHHN ������������� ND

Table 5. Monitoring of Hexadecane in the n-Heptane extract.

1'� �QRQH�GHWHFWHG
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VSLOO�UHVSRQVH�LV�EDVHG�RQ�7LHU�FODVVHV��WKH�ORFDO�JRYHUQPHQWV�
DV� ZHOO� DV� FRPPXQLWLHV� PXVW� EH� DZDUH� DQG� FDSDEOH� RI�
UHVSRQGLQJ�� ,I� WKLV�Kapok ¿EHUV�SDFNHG� LQ�1\ORQ� QHWV� RLO�
VRUEHQW� FDQ� EH� HQGRUVHG� WR� WKHVH� LQVWLWXWLRQV�� WKH\� FDQ�
UHDGLO\�FOHDQ�ERGLHV�RI�ZDWHU�WKDW�DUH�FRQWDPLQDWHG�ZLWK�RLO�

,Q�DSSO\LQJ�WKH�Kapok�VRUEHQW�RQ�WKH�¿HOG��WKH�DPRXQW�
QHHGHG�LV�YHU\�LPSRUWDQW��,Q�DQ�LQFLGHQFH�LQ�&XODVL��3DQD\�
,VODQG� ODVW� -XO\� ���� ������ LW�ZDV� UHSRUWHG� WKDW� ������ /� RI�
GLHVHO�IXHO�FDQ�EH�SRVVLEO\�VSLOOHG��,Q�RUGHU�WR�FRQWDLQ�WKLV�
XVLQJ� WKH�Kapok VRUEHQW�� URXJKO\���NJ�RI�¿EHUV�ZRXOG�EH�
UHTXLUHG�DQG�LI�WKH�VDPH�GLPHQVLRQV�RI�WKH�1\ORQ�QHW�ZRXOG�
EH�XVHG��WKLV�LV�HTXLYDOHQW�WR����SDFNV��7KLV�ZLOO�FRVW�DURXQG�
3K3� ���������� +RZHYHU�� LI� WKH� PDULQH� RLO� VSLOO� ZRXOG� EH�
DV�ODUJH�DV�WKDW�RI�LQ�*XLPDUDV�,VODQG�ODVW�$XJXVW����������
ZKHUHLQ���0� OLWHUV� RI� EXQNHU� IXHO�ZHUH� VSLOOHG�� HQRUPRXV�
DPRXQW� RI� Kapok ZRXOG� EH� QHHGHG�� %XW� XVLQJ� VLSKRQV�
ZRXOG� EH� PRUH� HIIHFWLYH� DW� WKLV� VL]H� RI� VSLOO�� WKRXJK� WKH�
VRUSWLRQ�FDSDFLW\�RI�Kapok IRU�PRUH�YLVFRXV�RLO�OLNH�HQJLQH�
RLO� LV� KLJKHU� FRPSDUHG� WR� GLHVHO� IXHO�� ���� J� J��� YHUVXV� ����
J�J��� DW� WKH� VDPH�SDFNLQJ�GHQVLW\� �Lim and Huang 2007���

2LO�UHFRYHU\�E\�VTXHH]LQJ�WKH�Kapok LV�GH¿QLWHO\�WKH�
PRUH�GHVLUDEOH�FKDUDFWHULVWLF�RYHU�WKH�H[LVWLQJ�RLO�VRUEHQWV��
(VSHFLDOO\�IRU�RLO�FRPSDQLHV��¿QDQFLDO�ORVVHV�FDQ�EH�UHGXFHG��
,I�LW�ZLOO�EH�XVHG�LQ�ODUJH�VFDOH�RLO�FOHDQ�XS��WKH�VL]H�RI�WKH�
DVVHPEO\�FDQ�EH�LQFUHDVHG�VLPLODU�WR�D�ERRP�EXW�WKH�SDFNLQJ�
GHQVLW\�PXVW�EH�UHWDLQHG��$OVR��LW�FDQ�EH�LQ�RWKHU�IRUP�VXFK��
DV� PDWV� RU� SDGV�� KRZHYHU� KDQGOLQJ� DQG� WUDQVIHUV� PD\� EH

D�SUREOHP��$QRWKHU� DGYDQWDJH�RI�Kapok LV� WKDW�QR� IXUWKHU�
WUHDWPHQW�LV�QHFHVVDU\�DV�ORQJ�DV�WKH�IUXLWV�DUH�PDWXUH�SULRU�
WR�XVH�DQG�¿EHUV�DUH�GU\��3DFNLQJ�WKH�VRUEHQWV�WKDW�DUH�ORRVH�
RU� SDUWLFXODWH� LQ� VWUXFWXUH� LV� QHFHVVDU\� IRU� PDQDJHDELOLW\��
1\ORQ�QHWV����PP�[���PP�PHVK�VL]H��DUH�UHDGLO\�DYDLODEOH�
LQ�¿VKLQJ�VXSSO\�VWRUHV��'XH�WR�LWV�GXUDELOLW\��LW�FDQ�EH�XVH�
VHYHUDO�WLPHV�DV�ORQJ�DV�LW�LV�QRW�SK\VLFDOO\�GDPDJHG��,W�FDQ�
EH� UH¿OOHG� ZLWK� QHZ� Kapok� ¿EHUV� KHQFH� WKH� GLVSRVDO� RI�
WKH� XVHG�Kapok ¿EHUV�ZRXOG� EH� WKH� FRQFHUQ��%XW� VLQFH� LW�
LV�D�QDWXUDO�SURGXFW�� LWV�ELRGHJUDGDELOLW\�FDQ�EH�KDUQHVVHG�

7KH� GHJUDGDWLRQ� RI� WKH� DGVRUEHG� RLO� LQYROYHG� D�
PLFURELDO�FRQVRUWLXP��,I�WKLV�WHFKQLTXH�ZLOO�DOVR�EH�DGDSWHG��
SURSHU� WUDLQLQJ� IRU� WKH� KDQGOLQJ� RI� PLFURRUJDQLVPV� LV�
QHFHVVDU\��7KRXJK�WKH�EDFWHULD�XVHG�DUH�QRW�SDWKRJHQLF�DQG�
ELRKD]DUGV��PLVKDQGOLQJ�FDQ�VWLOO�SRVH�ULVNV�ERWK�WR�KXPDQV�
DQG�WKH�HQYLURQPHQW��,I� WKH�FRPPXQLW\�ZLOO�EH�DOORZHG�WR�
DSSO\�WKH�Kapok�VRUEHQW�RQ�RLO�VSLOO��WKH�GLVSRVDO�RU�WUHDWPHQW�
PXVW� VWLOO� EH� VXSHUYLVHG� E\� WKH� 3KLOLSSLQH� &RDVW� *XDUG�

&21&/86,21�

0DQ\�RLO�VSLOO�LQFLGHQWV�RFFXU�LQ�WKH�FRXQWU\�EXW�PRVW�
RI� WKHP� DUH� XQGRFXPHQWHG� DQG� SRVVLEO\� QR� LQWHUYHQWLRQ�
ZDV� HPSOR\HG� EHFDXVH� RI� WKHLU� H[WHQW� RI� FRQWDPLQDWLRQ��
+RZHYHU��RLO�VSLOO�FRQWDPLQDWLRQ�LQ�WKH�PDULQH�HQYLURQPHQW��
UHJDUGOHVV�RI� LWV�YROXPH��ZRXOG�VWLOO�KDYH� LWV� LPSDFWV��7KH�
Kapok VRUEHQW�XVHG�LQ�WKLV�UHVHDUFK�ZRXOG�GH¿QLWHO\�EH�RI�
KHOS�LQ�SHUIRUPLQJ�VPDOO�WR�PHGLXP�VL]H��OHVV�WKDQ���������/�

0DQXIDFWXUHU 0DWHULDO 'LPHQVLRQ�
3ULFH &DSDFLW\
6SLOO7HFK�RLO�ERRP��,WHP�QR��:%���61� SRO\SURS\OHQH ������[��������FP�86�������SHU�ERRP �����/�SHU�ERRP
'DZJ��,QF��VRUEHQW�VRFN��,WHP�QR��'$:*�
����

SRO\SURS\OHQH �����[��������FP�86������SHU�VRFN ����/�SHU�VRFN

$QQDSROLV� 9DOOH\� 3HDW� 0RVV� &RPSDQ\�
�&DQVRUE�

&DQDGLDQ�6SKDJQXP�
3HDW�0RVV

1RW�DYDLODEOH HLJKW�WLPHV�LWV�ZHLJKW�
GHSHQGLQJ�RQ�WKH�
K\GURFDUERQ

3&,�3URGXFWV�&RPSDQ\ &RUQ�FRE�¿OOHU �����[��������FP�86������SHU�VRFN ����/�SHU�VRFN
Kapok�VRUEHQW Kapok ���[�����FP�86������SHU�VRFN ����/

Table 6. Comparison of marketed oil sorbents with Kapok sorbent.

0DWHULDOV 8QLW�&RVW 4XDQWLW\ &RVW�SHU�6RUEHQW
.DSRN�¿EHUV 3K3������J ���J 3�����
1\ORQ�QHW 3K3�������\G ����\G 3�����
7KUHDG 3K3����������P ��P 3����
(OHFWULFLW\ 3K3������.:K ��.:K 3����


/DERU 8QLW�FRVW 4XDQWLW\ &RVW�SHU�VRUEHQW
&XWWLQJ�DQG�VHZLQJ 3K3�������KU ����KU 3K3������
)LOOLQJ 3K3�������KU ����KU 3K3������
7RWDO 3K3������

Table 7. Variable costs of producing a unit of Kapok VRUEHQW�����[�����[���FP�SDFNHG�ZLWK����J�¿EHU��
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RLO� VSLOO� FOHDQ�XS� GXH� WR� LWV� ORZ�FRVW� DQG� DYDLODELOLW\�� ,Q�
DGGLWLRQ�� LWV� DSSOLFDWLRQ� LV� YHU\� VLPSOH�� ,W� FDQ�EH�XVHG� IRU�
FRQWDLQPHQW�DQG�FROOHFWLRQ�RI�WKH�VSLOOHG�RLO��)XUWKHUPRUH��
IRU�WKH�GLVSRVDO�RI�WKH�XVHG�Kapok�¿EHUV��ELRGHJUDGDWLRQ�RI�
WKH�DGVRUEHG�GLHVHO�RLO�FDQ�EH�GRQH��VLQFH�SDUWLDO�GHJUDGDWLRQ�
RI�WKH�K\GURFDUERQV�ZDV�REVHUYHG�IRU�VL[�ZHHNV��+RZHYHU��
D�PRUH�H[WHQVLYH�VWXG\�IRU�GHJUDGDWLRQ�LV�QHFHVVDU\��$VLGH�
IURP� ELRUHPHGLDWLRQ�� RWKHU� PHWKRGV� IRU� GLVSRVDO� RI� WKH�
Kapok�VRUEHQW�PD\�EH�GHYHORSHG�

RECOMMENDATIONS

7KH�HQGRUVHPHQW�RI�WKLV�RLO�VRUEHQW�E\�WKH�3KLOLSSLQH�
&RDVW�*XDUG�WR�ORFDO�FRPPXQLWLHV�DQG�/*8V�ZRXOG�UHDOO\�
KHOS� LQ� WKH�SURPRWLRQ� WKRXJK� WKH�ELRUHPHGLDWLRQ�SDUW� VWLOO�
QHHGV� IXUWKHU� VWXG\� DQG� GH¿QLWHO\� ¿QDQFLDO� VXSSRUW� IRU�
IXUWKHU�H[SHULPHQW��,W�LV�UHFRPPHQGHG�WR�GR�D�PRUH�GHWDLOHG�
VWXG\�RQ� WKH�GHJUDGDWLRQ�RI� GLHVHO� EXW� LW� LV� VXJJHVWHG� WKDW�
WKH� DEVRUEHG� RLO� EH� UHPRYHG� ¿UVW� EHIRUH� ELRGHJUDGDWLRQ��
+RZHYHU� VLQFH� WKH�Kapok� ¿EHU� LV� LQHUW� WRZDUGV� GLHVHO� RLO�
DQG�LW�KDV�D�YHU\�KLJK�SHUFHQW�UHFRYHU\��WKH�FROOHFWHG�RLO�FDQ�
WKHQ�EH�UHXVHG��7KH�GHJUDGDWLRQ�SURFHGXUH�FDQ�EH�LPSURYHG�
E\�HPSOR\LQJ�PLFURRUJDQLVPV�FDSDEOH�RI�XWLOL]LQJ�WKH�¿EHU�
LWVHOI��7KLV�LV�LPSRUWDQW�IRU�WKH�SURSHU�GLVSRVDO�RI�WKH�XVHG�
¿EHUV��6LQFH�Kapok�LV������FHOOXORVH�������[\ODQ�DQG������
�� OLJQLQ� �Hori 2000��� RUJDQLVPV� VXFK� DV�Sporocytophaga 
DQG�Cytopahaga��clostridia DQG�actinomycetes DUH�WKH�PRVW�
FRPPRQ��FDQ�EH�XVHG�WR�GLJHVW�FHOOXORVH�ZKLOH�Amphibacillus 
DWWDFNV� WKH� [\ODQ�� +RZHYHU�� LI� ELRGHJUDGDWLRQ� ZRXOG� EH�
HPSOR\HG��SURSHU�WUDLQLQJ�IRU�KDQGOLQJ�WKH�PLFURRUJDQLVPV�
LV� QHFHVVDU\� IRU� ELRVDIHW\� SXUSRVHV�� %XW� ELRGHJUDGDWLRQ�
LV� QRW� WKH� RQO\� ZD\� IRU� GLVSRVDO�� WKH� QHZ� DQG� HPHUJLQJ�
WHFKQRORJ\� RI� EULTXHWWHV� LV� DQRWKHU� SRVVLEOH� VROXWLRQ��7KH�
XVHG Kapok� ¿EHU� ZLWK� WKH� DGVRUEHG� RLO� FDQ� EH� SURFHVVHG�
WR� ELRPDVV� EULTXHWWHV� DQG� EH� D� VXEVWLWXWH� IRU� IRVVLO� IXHOV��
)XUWKHU�UHVHDUFK�RQ�WKLV�PDWWHU�LV�WKXV�UHFRPPHQGHG�
�

$SSOLFDWLRQ� LQ� ODUJH� VFDOH� RU� LQFUHDVLQJ� WKH� VL]H� RI�
WKH� DVVHPEO\� RU� FKDQJLQJ� WKH� IRUP� H�J�� PDWV� VKRXOG� EH�
VWXGLHG�IXUWKHU�ZLWK�D�VSHFLDO�FRQVLGHUDWLRQ�RQ�KRZ�LW�ZLOO�
EH�UHWULHYHG�DQG�VTXHH]HG�VLQFH�WKH�Kapok EHFRPHV�KHDY\�
XSRQ�VDWXUDWLRQ�ZLWK�RLO��0DFKLQHV�RU�DQ\�FRQWUDSWLRQ�ZRXOG�
UHDOO\�EH�QHHGHG�WR�SXOO�WKH�DVVHPEO\�RXW�RI�WKH�ZDWHU�

5()(5(1&(6

$xHO��5��0��'��������'HWHUPLQDWLRQ�RI�WKH�FUXGH�RLO�GHJUDGDWLRQ�
FDSDFLW\� E\� D� VHOHFWHG� PLFURELDO� FRQVRUWLXP�� %6� 7KHVLV��
8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�'LOLPDQ�

%DUUDTXLR��:��/��������&UXGH�RLO�GHJUDGDWLRQ�E\�PLFURRUJDQLVPV��
06�7KHVLV��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�/RV�%DxRV��

%DUUHGR�� &�� *�� ������ %LRUHPHGLDWLRQ� DSSOLFDWLRQ� RI� VHOHFWHG�
PLFURELDO�VWUDLQV� LQ�VLPXODWHG�RLO�VSLOOV� LQ� WKH�3DVLJ�5LYHU��
%6�7KHVLV��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�'LOLPDQ��

%LUNHGDO�� 7��� 6WURPTXLVW�� /� 	� +XHEQHU�� %�� ������ 5HYLHZ� RI�
157�557�)DFWVKHHW���³*XLGDQFH�RQ�WKH�$SSOLFDWLRQ�RI�2LO�
6RUEHQWV�DQG�6ROLGL¿HUV´�IURP�WKH�3HUVSHFWLYH�RI�$UFKHRORJ\�
DQG� RWKHU� &XOWXUDO� 5HVRXUFH� 7\SHV�� 5HWULHYHG� 'HFHPEHU�
��� ����� IURP� KWWS���GQU�DODVND�JRY�SDUNV�RKD�RLOVSLOO�KWP�
�$ODVND�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��'LYLVLRQ�RI�3DUNV�
DQG�5HFUHDWLRQ��2I¿FH�RI�+LVWRU\�DQG�$UFKDHRORJ\��

&KHQJ��.��%���-LLDQ��=��	�:DQJ��=��������(PXOVL¿FDWLRQ�SURSHUWLHV�
RI�EDFWHULDO�ELRVXUIDFWDQWV�QDWLYH�WR�WKH�<HOORZ�5LYHU�'HOWD�
RQ� +H[DGHFDQH� DQG� 'LHVHO� RLO�� 5HVHDUFK� 3DSHU�� &ODUNVRQ�
8QLYHUVLW\��5HWULHYHG�IURP�KWWS���ZHE��FODUNVRQ�HGX�

'H� /RUHQ]R�� 9�� ������ ³%OXHSULQW� RI� DQ� RLO�HDWLQJ� EDFWHULXP�´�
1DWXUH� %LRWHFKQRORJ\� ������� ���� ±� ����� GRL���������
QEW��������

'HOD� &�� -�� �������� ,VRODWLRQ�� LGHQWL¿FDWLRQ� DQG� ELRUHPHGLDWLRQ�
SRWHQWLDO� RI� RLO�GHJUDGLQJ� EDFWHULD� IURP� 0DQLOD� %D\� DQG�
3DVLJ� 5LYHU�� %6� 7KHVLV�� 8QLYHUVLW\� RI� WKH� 3KLOLSSLQHV�
'LOLPDQ�

'XNH��1��&���%XUQV��.��$���6ZDQHOO��5��3��-���'DOKDXV��2��	�5XSS��
5�� -�� ������ ³'LVSHUVDQW�XVH� DQG� D�ELRUHPHGLDWLRQ� VWUDWHJ\�
DV� DOWHUQDWLYH� PHDQV� RI� UHGXFLQJ� LPSDFWV� RI� ODUJH� RLO�
VSLOOV� RQ�PDQJURYHV��7KH�*ODGVWRQH�)LHOG�7ULDOV�´�0DULQH�
3ROOXWLRQ�%XOOHWLQ�� ���������� ��������� GRL���������6�����
���;�������������

)ULWVFKH�� :�� 	� +RIULFKWHU� 0�� ������ ³$HURELF� GHJUDGDWLRQ� RI�
UHFDOFLWUDQW� RUJDQLF� FRPSRXQGV� E\� PLFURRUJDQLVPV�´� ,Q�
-|UGHQLQJ��+��	�:LQWHU�� -�� (QYLURQPHQWDO�%LRWHFKQRORJ\��
&RQFHSWV� DQG�$SSOLFDWLRQV�� *HUPDQ\��:LOH\�9&+�9HUODJ�
*PE+�	�&R��.*D$��SS���������

+DUD\DPD�� 6��� .LVKLUD�� +��� .DVDL�� <�� 	� 6KXWVXER�� .�� ������
³3HWUROHXP� GHJUDGDWLRQ� LQ� PDULQH� HQYLURQPHQW�´� -RXUQDO�
RI�0ROHFXODU�0LFURELRORJ\�DQG�%LRWHFKQRORJ\���������������
ZZZ�KRUL]RQSUHVV�FRP�MPPE�Y��Y�Q�����SGI

+RII��5��������³%LRUHPHGLDWLRQ��DQ�RYHUYLHZ�RI�LWV�GHYHORSPHQW�
DQG� XVH� IRU� RLO� VSLOO� FOHDQXS´� 0DULQH� 3ROOXWLRQ� %XOOHWLQ��
����������������GRL�����������������[����������7

+RUL�� .��� )ODYLHU�� 0�(��� .XJD�� 6��� /DP�� 7�%�7�� 	� ,L\DPD�� .��
������³([FHOOHQW�RLO�DEVRUEHQW�NDSRN�>&HLED�SHQWDQGUD��/���
*DHUWQ�@�¿EHU��¿EHU�VWUXFWXUH��FKHPLFDO�FKDUDFWHULVWLFV��DQG�
DSSOLFDWLRQ�´�-RXUQDO�RI�:RRG�6FLHQFH��������������

/LP�� 7�� 7�� 	� +XDQJ�� ;�� ������ ³(YDOXDWLRQ� RI� .DSRN� �&HLED�
SHQWDQGUD� �/��� *DHUWQ��� DV� D� QDWXUDO� KROORZ� K\GURSKRELF�
ROHRSKLOLF�¿EURXV�VRUEHQW�IRU�RLO�VSLOO�FOHDQXS�´�&KHPRVSKHUH��
����������������GRL���������M�FKHPRVSKHUH�������������

2ODYDULR��$�� &�� 5HVSRQVH� WR� +16� VSLOOV�� 3&*¶V� HPHUJLQJ� QHZ�
FKDOOHQJH�� 5HWULHYHG� $XJXVW� ���� ����� IURP� KWWS���ZZZ�
FRDVWJXDUG�JRY�SK��0DULWLPH�(QYLURQPHQWDO�3URWHFWLRQ��

3KLOS�� -�� &��� :KLWHOH\�� $�� 6��� &LULF�� /�� 	� %DLOH\�� 0�� -�� ������
³0RQLWRULQJ�ELRUHPHGLDWLRQ�� ,Q�5��0��$WODV�	�-��&��3KLOS�
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� �(GV���� %LRUHPHGLDWLRQ�� $SSOLHG� 0LFURELDO� 6ROXWLRQV� IRU�

5HDO�:RUOG�(QYLURQPHQWDO�&OHDQXS��:DVKLQJWRQ�'&��$60�
3UHVV��SS���������

3KLOLSSLQH� &RDVW� *XDUG� /DZ� RI� ������ 5HWULHYHG� 6HSWHPEHU� ���
����� IURP� KWWS���ZZZ�ODZSKLO�QHW�VWDWXWHV�UHSDFWV�UD�����
UDB����B�����KWPO

3ULWFKDUG�� 3�� +�� ������ ³%LRUHPHGLDWLRQ� DV� D� WHFKQRORJ\��
([SHULHQFHV� ZLWK� WKH� ([[RQ� 9DOGH]� RLO� VSLOO�´� -RXUQDO� RI�
+D]DUGRXV�0DWHULDOV����������������

� GRL����������������������������3

5RMR��)��������³'HJUDGDWLRQ�RI�DONDQHV�E\�EDFWHULD�´�(QYLURQPHQWDO�
0LFURELRORJ\�� �������� ����������� GRL�� ��������M������
����������������[

7DORUHWH��7��3��1��������0DULQH�+\GURFDUERQ�GHJUDGLQJ�EDFWHULD�
IURP�WKH�0DQLOD�%D\�1RUWK�+DUERU�DQG�WKHLU�ELRUHPHGLDWLRQ�
SRWHQWLDO��06�7KHVLV��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�'LOLPDQ��

7\DJL��0���'D�)RQVHFD��0��0��5���	�'H�&DUYDOKR��&��&��&��5��������
³%LRDXJPHQWDWLRQ�DQG�ELRVWLPXODWLRQ�VWUDWHJLHV�WR�LPSURYH�
WKH� HIIHFWLYHQHVV� RI� ELRUHPHGLDWLRQ� SURFHVVHV�´� 6SULQJHU�
6FLHQFH�%XVLQHVV� 0HGLD�� ������� ��������� GRL���������
V����������������

8QLWHG� 6WDWHV� 1DWLRQDO� 5HVSRQVH� 7HDP� �86153��� 6FLHQFH� DQG�
7HFKQRORJ\� &RPPLWWHH�� �������� 157�557� )DFWVKHHW�
$SSOLFDWLRQ� RI� 6RUEHQWV� DQG� 6ROLGL¿HUV� IRU� RLO� 6SLOOV��
5HWULHYHG�'HFHPEHU���������IURP�KWWS���ZZZ�QUW�RUJ�

:DQJ�� =��� )LQJDV�� 0�� 	� 6LJTXLQ�� /�� ������ ³&KDUDFWHUL]DWLRQ�
DQG� VRXUFH� LGHQWL¿FDWLRQ� RI� DQ� XQNQRZQ� VSLOOHG� RLO� XVLQJ�
¿QJHUSULQWLQJ�WHFKQLTXHV�E\�*&�06�DQG�*&�),'�´�/&*&��
��������������������KWWS���ZZZ�FKURPDWRJUDSK\RQOLQH�FRP

$&.12:/('*(0(17

7KH� 5HVHDUFKHU� ZRXOG� OLNH� WR� H[SUHVV� KHU� VLQFHUHVW�
WKDQNV� WR� WKH� 6FLHQFH� (GXFDWLRQ� ,QVWLWXWH� �6(,�� RI� WKH�
'HSDUWPHQW� RI� 6FLHQFH� DQG� 7HFKQRORJ\� �'267�� WKURXJK�
WKHLU� $FFHOHUDWHG� 6FLHQFH� DQG� 7HFKQRORJ\� +XPDQ�
5HVRXUFH� 'HYHORSPHQW� 3URJUDP� �$67+5'3�� IRU� WKH�
¿QDQFLDO� VXSSRUW�� WR� WKH�1DWLRQDO�5HVHDUFK�&RXQFLO�RI� WKH�
3KLOLSSLQHV�IRU�DGGLWLRQDO�IXQGLQJ��WR�WKH�1DWLRQDO�,QVWLWXWH�
RI� 0ROHFXODU� %LRORJ\� DQG� %LRWHFKQRORJ\� �%,27(&+��
IRU� DOORZLQJ� PH� WR� XVH� WKHLU� IDFLOLWLHV� DQG� SHUIRUP� P\�
ODERUDWRU\�ZRUN� DQG� WR� WKH� ,QVWLWXWH� RI�&KHPLVWU\� DQG� WKH�
3KLOLSSLQH� &RDVW� *XDUG� LQ� %DWDQJDV� IRU� WKHLU� DVVLVWDQFH�


