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5��*HHWKD����&�7��6DWKLDQ��DQG�
$�-��)ODP\�
'HSDUWPHQW�RI�'DLU\�6FLHQFH
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\����������7KULVVXU��.HUDOD

$EVWUDFW

.H\ZRUGV�
IRRG�� �� ��

/DFWLF�DFLG�EDFWHULD�DUH�D�JURXS�RI�*UDP�
SRVLWLYH�EDFWHULD��IDFXOWDWLYHO\�DQDHURELF��QRQ�
VSRUH� IRUPLQJ�� FRFFL� RU� URGV��ZKLFK� SURGXFH�
ODFWLF� DFLG� DV� WKH�PDMRU� HQG� SURGXFW� GXH� WR�
IHUPHQWDWLRQ� RI� FDUERK\GUDWHV��7KLV� JURXS�RI�
EDFWHULD�LV�XVXDOO\�VHHQ�DVVRFLDWHG�ZLWK�QXWULHQW�
ULFK� KDELWDWV� FRQWDLQLQJ� VLPSOH� VXJDUV�� 7KH�

VWUDLQV�RI�/$%�H[LVWLQJ�LQ�LWV�QDWXUDO�HQYLURQPHQW�
DUH�H[WUHPHO\�GLYHUVH�DQG�DUH�FRQVLGHUHG�WR�EH�
PRUH�SRZHUIXO� LQ� WKHLU� SURVSHFWLYH� HVSHFLDOO\�
LQ� ELRWHFKQRORJLFDO� DVSHFWV� DV� EDFWHULRFLQ�
SURGXFHUV� DQG� QXWULWLRQDO� FKDUDFWHULVWLFV� DV�
SURELRWLFV��7KH\�FDQ�EH�H[SORLWHG�FRPPHUFLDOO\�
WR�GHYHORS�QHZ�DQWLPLFURELDO�IRUPXODWLRQV��%XW�
UHSRUWV�DUH�QHJOLJLEOH�UHJDUGLQJ�WKH�ELRGLYHUVLW\�
RI�YDULRXV�JHQHUD�RI�/$%�DQG�WKHLU�DQWLPLFURELDO�
XQGHUWDNHQ��
0DWHULDOV�DQG�0HWKRGV

$� WRWDO� RI� ��� VDPSOHV� RI� QDWXUDOO\�
IHUPHQWHG� IRRG� LWHPV� VXFK� DV� FXUG�� GRVD�
GRXJK�� SDUWLDOO\� GHFD\HG� YHJHWDEOHV� DQG�
IUXLWV� �WRPDWR�� FDUURW�� FXFXPEHU�� JUHHQ� FKLOOL��
EDQDQD� DQG�PDQJR�� FROOHFWHG� IURP� YDULRXV�
KRXVH�KROGV� DQG� ORFDO�PDUNHWV� RI� 7KULVVXU��
.HUDOD��ZHUH�VFUHHQHG�IRU� WKH�VWXG\��3DUWLDOO\�
GHFD\HG� YHJHWDEOHV� DQG� IUXLWV�ZHUH�ZDVKHG�
LQ�OXNHZDUP�ZDWHU�DQG�SHHOHG��7HQ�JUDP�HDFK�
RI� WKH� DERYH� LWHPV�ZHUH� DVHSWLFDOO\� JUDWHG��
FHQW�� DQG� XVHG� IRU� IXUWKHU� VFUHHQLQJ�� 6HULDO�
GLOXWLRQV�RI�DOO� WKH�VDPSOHV�ZHUH�SUHSDUHG�E\�
DGGLQJ�RQH�JUDP�RI� WKH�VDPSOH� WR�QLQH�PO�RI�
VWHULOL]HG�SHSWRQH�ZDWHU��2QH�PO�DOLTXRW�RI�WKH�
������������������DQG�����GLOXWLRQV�ZHUH�XVHG�IRU�
SUHSDULQJ�WKH�SRXU�SODWHV��)RU�WKH�LVRODWLRQ�RI�
/$%�IURP�WKH�VDPSOHV��WKH�PHWKRG�GHVFULEHG�
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E\�0DUWK�DQG�6WHHOH��������ZDV�IROORZHG��GH�
0DQ��5RJRVD� DQG�6KDUSH� �056�� DJDU�ZDV�
WKH� VHOHFWLYH�PHGLD� XVHG� IRU� FXOWXULQJ� /$%��
7KH� SODWHV�ZHUH� LQFXEDWHG� DQDHURELFDOO\� DW�
��R

SODWHV��3ULPDU\� VFUHHQLQJ� EDVHG� RQ� FXOWXUDO��
PRUSKRORJLFDO�DQG�ELRFKHPLFDO�FKDUDFWHULVWLFV�
ZDV� SHUIRUPHG� RQ� WKH� VHOHFWHG� ��� EDFWHULDO�
LVRODWHV� DFFRUGLQJ� WR� WKH�PHWKRGV� GHVFULEHG�
RI�/$%��7KH�ODFWLF�DFLG�EDFWHULDO�LVRODWHV�ZHUH�
FOLQLFDO� LVRODWHV� RI�
FHOO� IUHH� VXSHUQDWDQWV� RI� /$%� FRQWDLQLQJ� WKH�
H[WUDFHOOXODU� PHWDEROLWHV�� 7KH� VXSHUQDWDQW�
3RO\�(WKHU�6XOIRQH� �3(6��PHPEUDQH� V\ULQJH�
VSHFWUXP�RI� FUXGH� FXOWXUH� VXSHUQDWDQWV�ZHUH�
GHWHUPLQHG� E\�$JDU�:HOO� GLIIXVLRQ� DVVD\� DV�
GHVFULEHG�E\�7DJJ� ����������7KRVH�LVRODWHV�
VKRZHG�SRVLWLYH�WHVW�UHVXOWV�ZHUH�VXEMHFWHG�WR�

���
������ ���JURZWK�DW�GLIIHUHQWLDO� WHPSHUDWXUHV�
���R&�DQG� ���&�� LQ�056�DJDU�� FDUERK\GUDWH�
IHUPHQWDWLRQ� SDWWHUQV�� DUJLQLQH� K\GURO\VLV��
DHVFXOLQH� K\GURO\VLV�� VDOW� WROHUDQFH�� JURZWK�
IHUPHQWDWLRQ� WHVW� WR� GHWHFW� WKH�ELRGLYHUVLW\� RI�
/$%�H[LVWLQJ�LQ�WKHLU�QDWXUDO�HQYLURQPHQW��
5HVXOWV�DQG�'LVFXVVLRQ

$PRQJ� WKH� VDPSOHV� VFUHHQHG� �)LJ����

IRU�LVRODWLQJ�/$%��GLIIHUHQW�FRORQ\�PRUSKRORJLHV�
ZHUH� REVHUYHG�� D�� VPRRWK� ZKLWH� FRORXUHG�
FRORQLHV������WR����PP�LQ�GLDPHWHU�E��FRQYH[�
DQG�VPRRWK�FRORQLHV�ZLWK�RQH�WR�WZR�PLOOLPHWHU�
GLDPHWHU� DQG�ZLWK� HQWLUH� FRORQ\�PDUJLQV� F��
SLQSRLQW�FRORQLHV�LQ�WKH�VXEVXUIDFH�OD\HU�RI�WKH�
PHGLD��3LFWXUH�GHSLFWLQJ�FRORQ\�PRUSKRORJ\�RI�

2XW� RI� WKH� ��� FXOWXUHV� VFUHHQHG�� ���

WHVWV��3ULPDU\�WHVWV�UHFRJQL]HG�/$%�DV�*UDP�
SRVLWLYH� FRFFL� RU� URGV� �)LJ����PLFURDHURSKLOLF��
ZKHUH� JURZWK�ZDV� REVHUYHG� MXVW� EHORZ� WKH�
LQ�QDWXUH��QRQ�VSRUH�IRUPLQJ��FDWDODVH�QHJDWLYH��
R[LGDVH� QHJDWLYH� DQG� VKRZHG� IHUPHQWDWLYH�
UHDFWLRQ� IRU�2)� WHVW��1LQH� RXW� RI� ��� LVRODWHV�
ZHUH� EDFLOOL� DQG� WKH� UHPDLQLQJ� LVRODWHV�ZHUH�
PRUSKRORJLFDO�IHDWXUHV�DQG�FHOO�DUUDQJHPHQWV���
5HVXOWV� RI� SULPDU\� LGHQWLILFDWLRQ� WHVWV� DUH�
SUHVHQWHG�LQ�7DEOH��

FXOWXUH� VXSHUQDWDQW� ZDV� WHVWHG� DJDLQVW�
FOLQLFDO� LVRODWHV� RI� RQO\� ��� /$%�
LVRODWHV� VKRZHG� SRVLWLYH� WHVW� UHVXOWV� DPRQJ�
WKH���� LVRODWHV�VFUHHQHG��7DEOH�����:KHQ� WKH�
RYHUDOO�SHUIRUPDQFH�RI�DOO�WKH����LVRODWHV�ZDV�
ZDV�REVHUYHG�LQ�WKH�DFWLYLW\�VSHFWUXP�DJDLQVW�

��7KH�VDPSOHV�7����&5���DQG�&5���
REWDLQHG� IURP� FUXGH� FXOWXUH� VXSHUQDWDQWV� RI�

7DEOH�
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)LJ���'DWD�RQ�VDPSOHV�VFUHHQHG

)LJ����7\SLFDO�FRORQ\�RI�/$%
/$%�IURP�WRPDWR�DQG�FDUURW�VKRZHG�PD[LPXP�
DQWLPLFURELDO�VSHFWUXP�ZLWK�D�]RQH�RI�LQKLELWLRQ�
RI����������PP�����������PP�DQG����������
PP�GLDPHWHU� UHVSHFWLYHO\�� )LQGLQJV� IURP� WKLV�
DVVD\�SURYHG�WKDW��LQKLELWRU\�VXEVWDQFH�VHFUHWHG�
E\� GLIIHUHQW� /$%� LVRODWHV� KDV� WKHLU� VSHFLILF�
LQKLELWLRQ� VSHFWUXP��6LQFH� WKH�&&(�REWDLQHG�
IURP� WKUHH� GLIIHUHQW� /$%� VWUDLQV�� GHVLJQDWHG�
DV�7����&5��� DQG�&5��� VKRZHG� UHPDUNDEOH�
DQWLPLFURELDO� SRWHQWLDO� DJDLQVW� ��
WKH\�ZHUH�FRQVLGHUHG�DV�SUREDEOH�DQWLPLFURELDO�
VXEVWDQFH�SURGXFHUV� 7KH���� LVRODWHV�ZKLFK�
VKRZHG�SRVLWLYH�WHVW�UHVXOWV�ZHUH�GLIIHUHQWLDWHG�
XS�WR�WKH�JHQXV�OHYHO�RQ�WKH�EDVLV�RI�ELRFKHPLFDO�
WHVWV��7DEOH��D�DQG��E���

JURZ�DW����&��EXW�FRPSHWHQW�WR�JURZ�VXFFHVVIXOO\�
VLQFH�

WKH�RQO\�EDFLOOL�EHORQJLQJ�WR�WKH�JURXS�RI�/$%�WKDW�
FDQ�JURZ�DW ���&�LV� �7KH�JHQHUD��

ZHUH�VHSDUDWHG�IURP�RWKHU�LVRODWHV�
RI� FRFFL� E\� WKHLU� KHWHURIHUPHQWDWLYH� QDWXUH�
DQG� WKHLU� LQDELOLW\� WR� SURGXFH� DPPRQLD� IURP�
DUJLQLQH��VLQFH�LPSRUWDQW�FKDUDFWHULVWLF�XVHG�LQ�
WKH�GLIIHUHQWLDWLRQ�RI�/$%�JHQHUD� LV� WKH�PRGH�
RI�JOXFRVH� IHUPHQWDWLRQ��$FFRUGLQJ� WR�6KDUSH�
�������� /$%� FDQ� EH� JURXSHG� LQWR� WZR�� WKH�

KRPRIHUPHQWDWLYHV��FRQYHUWLQJ�JOXFRVH�WR�ODFWLF�
DFLG� DQG� WKH�KHWHURIHUPHQWDWLYHV�� IHUPHQWLQJ�
JOXFRVH�WR�ODFWLF�DFLG��HWKDQRO�DQG�&2���

$FFRUGLQJ� WR� 'DHVFKHO� � �������
�DUH�DOVR�LPSRUWDQW�LQ�VSRQWDQHRXV�

YHJHWDEOH�IHUPHQWDWLRQV��HVSHFLDOO\�VDXHUNUDXW��
ZKHUH�WKH\�RIWHQ�LQLWLDWH�WKH�ODFWLF�IHUPHQWDWLRQ��
7KH�KRPRIHUPHQWDWLYH�FRFFL�WKDW�JUHZ�DW����&�
DV� JHQXV� � DUH� QRW�
IRRG� LQGXVWU\�� DV� WKH� QRUPDO� KDELWDW� RI�PDQ\�

� LV� WKH� LQWHVWLQH� RI� KXPDQ� DQG�
IDHFLXP�DQG� �KDYH�EHHQ�
XVHG�DV�SURELRWLFV��)XOOHU���������7KH�SRVVLELOLW\�
RI� WKH� LVRODWHV� WR� EH� � ZDV�
UXOHG�RXW� DV� LW� FRXOG� QRW� WROHUDWH����SHU� FHQW�
VRGLXP�FKORULGH��%DVHG�RQ�KRPRIHUPHQWDWLYH�
UHDFWLRQ�� WHWUDG� IRUPLQJ�DELOLW\� DQG�REVHUYLQJ�
VDOW� WROHUDQFH�� /$%� EHORQJLQJ� WR� JHQHUD�
3HGLRFRFFXV� ZDV� LGHQWLILHG�� &HUWDLQ� /$%�
LVRODWHV�DSSHDUHG�DV�FKDLQ�LQ�WKHLU�PRUSKRORJ\��
XQDEOH� WR�JURZ�DW����&��EXW� FDSDEOH� WR�JURZ�
HIIHFWLYHO\�DW����&���DEOH�WR�WROHUDWH�����SHU�FHQW�
WR�EH�EHORQJLQJ�WR�WKH�JHQHUD�RI�

7DEOH�����$QWLPLFURELDO�VSHFWUXP�RI�FUXGH�H[WU�
DFW�IURP����VHOHFWHG�/$%�LVRODWHV
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7KH� UHVXOWV�RI� WKH�FXUUHQW�VWXG\�DJUHH�
ZLWK� WKH� REVHUYDWLRQ� RI�$[HOVVRQ� ��������
$FFRUGLQJ� WR� KLP�� FODVVLILFDWLRQ� RI� ODFWLF�
DFLG� EDFWHULD� LQWR� GLIIHUHQW� JHQHUD� LV� ODUJHO\�
EDVHG� RQ� PRUSKRORJ\�� PRGH� RI� JOXFRVH�
IHUPHQWDWLRQ��JURZWK�DW�GLIIHUHQW�WHPSHUDWXUHV��
FRQILJXUDWLRQ� RI� WKH� ODFWLF� DFLG� SURGXFHG��
DELOLW\� WR� JURZ� DW� KLJK� VDOW� FRQFHQWUDWLRQV�
DQG� DFLG� RU� DONDOLQH� WROHUDQFH��$FFRUGLQJ� WR�
6LPSVRQ�DQG�7DJXFKL� �������3HGLRFRFFL� DQG�

� FRQVWLWXWH� WKH� WHWUDG� IRUPLQJ�
/$%�� DQG�3HGLRFRFFXV� FDQ�EH�GHPRQVWUDWHG�
DV� WKH� RQO\� DFLGRSKLOLF�� KRPRIHUPHQWDWLYH��
/$%�WKDW�GLYLGH�LQ�WZR�SHUSHQGLFXODU�GLUHFWLRQV�
WR� IRUP� WHWUDGV��$FFRUGLQJ� WR�*DUYLH� ������
7DEOH��D

� FDQ� VKRZ� H[WUHPH� VDOW�
WROHUDQFH����SHU�FHQW�1D&O���ZKLFK�GLVWLQJXLVK�
������� WKH� WKHUPRSKLOLF� QDWXUH� GLIIHUHQWLDWHV�

�IURP�PRVW�RWKHU�FRFFL�LQFOXGHG�
XQGHU�WKH�JHQHUD�RI�/$%���

ZKLFK�VKRZHG�DQWLEDFWHULDO�SRWHQWLDO��FRPSULVHG�
RI� ILYH� JHQHUD� �7DEOH� ���� WKUHH� LVRODWHV� RI�

� IRXU� LVRODWHV� RI�
WKUHH�LVRODWHV�RI� �DQG�RQH�LVRODWH�
HDFK��RI�3HGLRFRFFXV�DQG�

9DULRXV� JHQHUD� RI� /$%� H[LVWLQJ� LQ�
QDWXUDOO\� IHUPHQWHG� IRRG�PDWHULDOV�� KDYLQJ�

7DEOH��E
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DQWLPLFURELDO� HIILFLHQF\� ZHUH� LVRODWHG� LQ�
FXUUHQW� UHVHDUFK��7KH� VHOHFWHG� LVRODWHV�ZHUH�
EHORQJHG� WR� � ILYH� GLIIHUHQW� JHQHUD� RI� /$%��
*HQXV� � DQG�

� ZHUH� WKH� SUHGRPLQDQW� JHQHUD�
H[LVWHG�LQ�WKH�VFUHHQHG�VDPSOHV��7KH�FXUUHQW�
VWXG\�LQGLFDWHV�WKDW�ELRGLYHUVLW\�RI�/$%�VWUDLQV�
H[LVWLQJ�LQ�QDWXUDO�KDELWDW�LV�D�YDOXDEOH�UHVRXUFH�
IRU� SURELRWLFV� DQG�EDFWHULRFLQ� SURGXFHUV��7KH�
SKHQRW\SLF� FKDUDFWHULVWLFV� DGRSWHG� LQ� WKH�
SUHVHQW� VWXG\�ZHUH�XVHIXO� DV�D� VWDUWLQJ�SRLQW�
IRU�PRUH�VRSKLVWLFDWHG�WHVWV��$�FRPELQDWLRQ�RI�
SKHQRW\SLF�� FKHPRWD[RQRPLF� DQG� JHQRW\SLF�
PHWKRGV�FDQ�EH�FDUULHG�RXW� IRU�PRUH�SUHFLVH�

$FNQRZOHGJHPHQW
7KH�DXWKRUV�DUH� WKDQNIXO� WR� WKH�'HDQ��

&ROOHJH� RI� 9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV��
0DQQXWK\�IRU�SURYLGLQJ�WKH�IDFLOLWLHV�IRU�WKH�VWXG\�
5HIHUHQFHV
$[HOVVRQ�� /�� ������ /DFWLF� DFLG� EDFWHULD��

6DOPLQHQ��6��DQG�:ULJKW�9��HGV��/DFWLF�
$FLG�%DFWHULD�� �QG� HG��0DUFHO�'HNNHU��
1HZ�<RUN��SS��±���

'DHVFKHO� � 0�'��� $QGHUVVRQ�� 5�(�� DQG�
RI� IHUPHQWLQJ� SODQW�PDWHULDOV�� )(06�

�������±����
)XOOHU��5��������3URELRWLFV��

�����±���

)LJ�����0RUSKRORJ\�DQG�*UDPV�UHDFWLRQ�
RI�VHOHFWHG�/$%

7DEOH� ��� 9DULRXV� JHQHUD� RI� /DFWLF� DFLG� EDFWHULD�

� :LOOLDPV� DQG�:LONLQV�
&RPSDQ\��%DOWLPRUH��SS������±�����

:LOOLDPV� DQG�:LONLQV�� %DOWLPRUH�� SS��
����������

��
��WK(G���:LOOLDPV�DQG�:LONLQV��%DOWLPRUH��
���S�

� ��QG� (G��� 0DUFHO�
'HNNHU�$*��1HZ�<RUN�����S�

6KDUSH��0�(��������
IRU�0LFURELRORJLVWV����QG�(G������S�

7KH�

SS����±����

������ %DFWHULRFLQV� RI� *UDP� SRVLWLYH�
EDFWHULD�� ������������


