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6ZHHW� SRWDWR� JUHHQV� µQHJOHFWHG� YHJHWDEOHV� ULFK� LQ ELRDFWLYH�
FRPSRXQGV¶� �SDUW� ,��� UDGLFDO� VFDYHQJLQJ� DFWLYLW\�� LQKLELWRU\�
HIIHFW�RQ�Į� DP\ODVH�� WRWDO�SKHQROLF�DQG�IODYRQRLG�FRQWHQWV�RI�
ORFDO�VZHHW�SRWDWR��,SRPRHD�EDWDWDV� OHDYHV

6�1XUGMDQDK�� 1�<XOLDQD����2�1DZDQVLK���5�'HZL�

�'HSDUWPHQW�RI�$JULFXOWXUH�3URGXFW�7HFKQRORJ\��)DFXOW\�RI�$JULFXOWXUH��8QLYHUVLW\�RI�
/DPSXQJ�,QGRQHVLD
�'HSDUWPHQW�RI�$JURQRP\�3ROLWHNQLN�1HJHUL�/DPSXQJ��,QGRQHVLD

(�PDLO��VLWL�QXUGMDQDK#IS�XQLOD�D�F�LG

$EVWUDFW��6ZHHW�SRWDWR�JUHHQV�RU�OHDYHV�DUH�FRPPRQO\�FRQVXPHG�E\�UXUDO��SHRSOH�LQ�VRPH�SDUW�
RI�,QGRQHVLD��0DOD\VLD��7KH�3KLOLSSLQHV��DQG�RWKHU�SDUW�RI�WKH�ZRUOG����,Q�DGGLWLRQ�WR�WKHLU�QXWULWLYH�
YDOXH�� VZHHW�SRWDWR� OHDYHV�KDYH�EHHQ� UHSRUWHG� WR�FRQWHQW�DQ�DSSUHFLDEOH�DPRXQW�RI�ELRDFWLYH�
FRPSRXQGV� VXFK� DV� SRO\SKHQRO� LQFOXGLQJ� IODYRQRLGV� � EHQHILFLDO� IRU� KHDOWK�� �2YHU� WKH� \HDUV��
SKHQROLF� LQFOXGLQJ� IODYRQRLGV�DUH� LQWHQVHO\� VWXGLHG� IRU� WKHLU�SK\VLRORJLFDO� KHDOWK�EHQHILWV� � DV�
IXQFWLRQDO� IRRGV�� �+RZHYHU� LQIRUPDWLRQ� RQ� ELRDFWLYH� FRQWHQWV� RI� VZHHW� SRWDWR� JUHHQV� JURZQ�
ORFDOO\�LQ�/DPSXQJ�DUH�LQH[LVWHQW��WKHUHIRUH�WKLV�SDSHU�UHSRUWV�VRPH�FRPSRQHQWV�EHOLHYHG�WR�EH�
SRWHQWLDO�IRU�KXPDQ�KHDOWK��7KH�OHDYHV�RI��ORFDOO\�JURZQ�WKUHH�VZHHW�SRWDWR�JHQRW\SHV��XVHG�LQ�
WKLV�VWXG\�ZHUH�KDUYHVWHG��VL[�ZHHNV�DIWHU�SODQWLQJ��7KH�UHVXOWV�VKRZHG�PHWKDQRO�H[WUDFW�RI�VZHHW�
SRWDWR� OHDYHV�KDG� ��������'33+�UDGLFDO� VFDYHQJLQJ�DFWLYLW\��������� LQKLELWRU\�HIIHFW�RQ�Į�
DP\ODVH� �� ���������� J� *$(����� J� GU\� ZHLJKW� RI� WRWDO� SKHQROLF� FRQWHQW�� DQG� ����������PJ�
4(�����J�GU\�ZHLJKW�RI�IODYRQRLGV��

����,QWURGXFWLRQ
6ZHHW�SRWDWRHV�DUH�FXOWLYDWHG�ZLGHO\�DURXQG�WKH�ZRUOG�SULPDULO\�IRU�WKHLU��XQGHUJURXQG�WXEHUV�XWLOL]HG�
DV��D�UDZ�PDWHULDO�IRU�VWDUFK�SURGXFWLRQ��VWDSOH��DQG�VQDFN�IRRGV���7KH\�FDQ�EH�KDUYHVWHG��XS�WR�WKUHH�
WLPHV�D�\HDU�� � � ,Q�DGGLWLRQ�WR�EH�UHJDUGHG�DV�ELRPDVV�ZDVWH�DIWHU�KDUYHVWLQJ� WKH�WXEHUV��VZHHW�SRWDWR�
OHDYHV�DUH�UHJXODUO\�KDUYHVWHG�DQG�FRQVXPHG�LQ�VRPH��$VLDQ�FRXQWULHV�PDLQO\��EHFDXVH�LW�KDV�D�KLJK�
FRQWHQW�RI�SURWHLQ���PLQHUDO�VXEVWDQFHV��YLWDPLQV�DQG�ELRDFWLYH�FRPSRXQGV��DV�ZHOO�DV�VROXEOH�DQG�QRQ�
VROXEOH�GLHWDU\�ILEHU��6ZHHW�SRWDWR��OHDYHV�FRQWDLQ�XS�WR��������SURWHLQ�RQ�GU\�PDWWHU�EDVLV�GHSHQGLQJ�
RQ�WKH�YDULHWLHV�>�@���DQG�DUH�D�YDOXDEOH�VRXUFH�RI�LURQ��YLWDPLQV�(��EHWD�FDURWHQH�OXWHLQ�DQG�SRO\SKHQRO�
>�@��7KHVH�FRPSRXQGV�KDYH�EHHQ�UHSRUWHG�WR�KDYH�DQWLR[LGDQW�SURSHUWLHV��LQKLELW�Į�JOXFRVLGDVH�DQG�Į�
DP\ODVH�DFWLYLWLHV�>�@��ZKLFK�LV�YHU\�SRWHQWLDO�WR�PDQDJH�EORRG�JOXFRVH�OHYHO�LQ�GLDEHWLF�SDWLHQWV�

%LRDFWLYH� FRPSRQHQWV�� QDPHO\� SRO\SKHQRO�� RI� VZHHW� SRWDWR� OHDYHV�KDYH� EHHQ� LQWHQVLYHO\� VWXGLHG�
EHFDXVH� RI� WKHLU� DELOLW\� WR� SURWHFW� DJDLQVW� � IUHH� UDGLFDOV��7KH� RYHU� SURGXFWLRQ� RI� IUHH� UDGLFDOV� � � DQG��
QLWURJHQ�VSHFLHV�FRXOG�UHVXOW�LQ�R[LGDWLYH�VWUHVV�WKDW�LQFUHDVHV�WKH�RQVHW�RI�FKURQLF�QRQ�FRPPXQLFDWHG�
GLVHDVHV��1&'V��VXFK�DV�VRPH�W\SHV�RI�FDQFHUV��QHXURJLFDO�SUREOHP��DQG�FDUGLRYDVFXODU>���@��7KH�PDLQ�
SRO\SKHQRO�FRQWHQWV�RI�VZHHW�SRWDWR�OHDYHV�DUH�FDIIHR\OTXLQLF�DFLG��&4$��GHULYDWLYHV>�@��7KH�DPRXQW�
RI�SRO\SKHQRO�LQ�OHDYHV�LV�KLJKHU�WKDQ�WKRVH�RI�LQ�WKH�WXEHU�IOHVK�� �DQG�WKH�SHHO>�@��(XJHQLR�HW�DO�>�@
UHSRUWHG� VZHHW� SRWDWR� OHDYHV� FRQWDLQ� KLJK� DPRXQW� RI� SKHQROLF� FRPSRXQGV� PDLQO\� TXHUFHWLQ��
FKORURJUHQLF�DFLG��DQG�URVPDULQLF��
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,Q�/DPSXQJ�DUHDV��VZHHW�SRWDWRHV�DUH�JURZQ�ZLGHO\�DPRQJ�VPDOO�JURZHUV��+RZHYHU��GHVSLWH�RI�WKHLU�
YDOXDEOH�FRQWHQW�RI�SURWHLQ�DQG�ELRDFWLYH�FRPSRXQGV����VZHHW�SRWDWR�OHDYHV�KDYH�QR�HFRQRPLF�YDOXH�
WKH\�DUH�HLWKHU�IHG�WR�FDWWOH�RU�XWLOL]HG�DV�FRPSRVW��7KHUHIRUH�LW�LV�LPSRUWDQW�WR�SURYLGH��LQIRUPDWLRQ�RQ�
YDULRXV�KHDOWK�SURPRWLQJ�ELRORJLFDO�DFWLYLWLHV�RI�VZHHW�SRWDWR�OHDYHV�WR�HQFRXUDJH�SHRSOH�WR�XWLOL]H�VZHHW�
SRWDWR� OHDYHV� DV� SDUW� RI� WKHLU� KHDOWK\� GLHW�� 7KLV� VWXG\� UHYHDOHG� WKH� DQWLR[LGDQW� SURSHUW\�� Į� DP\ODVH�
LQKLELWRU��IODYRQRLG�DQG�WRWDO�SKHQROLF�FRQWHQWV�RI�WKUHH�VZHHW�SRWDWR�JHQRW\SHV�QDPHO\�/3*�����/3*�
���� DQG� /3*���� JURZQ� DW� 3ROLWHNQLN� 1HJHUL� /DPSXQJ� ([SHULPHQWDO� )LHOG�� � 7KHVH� VZHHW� SRWDWR�
JHQRW\SHV�DUH�VWLOO�RQ�JRLQJ�H[SHULPHQW�DQG�KDYH�QRW�EHHQ�JURZQ�FRPPHUFLDOO\�

����0DWHULDO�DQG�0HWKRGV
����0DWHULDOV
7KUHH� VZHHW� SRWDWR� JHQRW\SHV� QDPHO\� /3*����� /3*����� DQG� /3*���� JURZQ� DW� 3ROLWHNQLN� 1HJHUL�
/DPSXQJ�([SHULPHQWDO�)LHOG�ZHUH�XVHG�LQ�WKLV�VWXG\� 6ZHHW�SRWDWR�OHDI�WLSV�XVHG�LQ�WKLV�VWXG\�KDG�WKH�
GHVLUDEOH�DWWULEXWH�IRU�KXPDQ�FRQVXPSWLRQ��7KH\�KDG�VPDOO�VWHPV�DQG�SHWLROHV�WKH\�ZHUH�JODEURXV��WHQGHU�
DQG�VKRZHG�VRPH�YHLQ�SXUSOH�FRORU���7KH����FP�ORQJ�WLSV�ZHUH�KDUYHVWHG���ZHHNV�DIWHU�WUDQVSODQWLQJ��
)RU�HDFK�JHQRW\SH��KDUYHVWHG�ILIWHHQ�VZHHW�SRWDWR� WLS�VWHPV� �ZHUH�ULQVHG�ZLWK� WDS�ZDWHU�� WKHQ�VWHDP�
EODQFKHG�IRU���PLQ��DQG�FRROHG�DW�URRP�WHPSHUDWXUH��7KH\�ZHUH�WKHQ�FXW� LQWR�VPDOO�SLHFHV��SXW� LQWR�
SODVWLF�EDJV��DQG�IUR]HQ�DW�����&�XQWLO�DQDO\VLV�ZDV�SHUIRUPHG���7KH�VDPSOHV�ZHUH�HYDOXDWHG�IRU�WKHLU�
'33+�UDGLFDO�VFDYHQJLQJ�DFWLYLW\���Į�DPO\ODVH�LQKLELWLRQ��WRWDO�SKHQROLF��DQG�WRWDO�IODYRQRLG�FRQWHQWV�
7KH�FKHPLFDOV�VXFK�DV�)ROLQ�&LRFDOWHDX�UHDJHQW��'33+��PHWKDQRO�ZHUH�SXUFKDVHG�IRUP�6LJPD�$OGULFK�
YLD�ORFDO�VXSSOLHU�

��� 6ZHHW�3RWDWR�/HDI�([WUDFWLRQ
6DPSOHV�RI�IUR]HQ�EODQFKHG�VZHHW�SRWDWR�OHDYHV����J��ZHUH�PDFHUDWHG�LQ�����PO�RI�����PHWKDQRO���LQ�
D�FORVHG�FRQWDLQHU�IRU����K�DW���&�LQ�WKH�GDUN�URRP��WKHQ�ILOWHUHG�WKURXJK�:KDWPDQ�1R�����ILOWHU�SDSHU��
7KH�UHPDLQLQJ�UHVLGXHV�ZHUH�ZDVKHG�ZLWK�����PO�RI�PHWKDQRO��ERWK�ILOWUDWHV�ZHUH�FROOHFWHG�DV�WKH�FUXGH�
H[WUDFW�ILOWUDWH��7KH�PHWKDQRO�LQ�WKH�FUXGH�H[WUDFW�ZDV�HYDSRUDWHG�E\�WKH�URWDU\�HYDSRUDWRU������03D��
���&��XQWLO�WKH��YROXPH�ZDV�����P/��NHSW�LQ�D�GDUN�EURZQ�ERWWOH�DQG�VWRUHG�DW�����&�XQWLO�IXUWKHU�DQDO\VLV��

����6FDYHQJLQJ�5DGLFDO�$FWLYLW\
'33+������GLSKHQ\O���SLFU\OK\GUD]\O��UDGLFDO�VFDYHQJLQJ�DFWLYLW\�RI�OHDI�H[WUDFW�ZDV�GHWHUPLQHG�XVLQJ�
PHWKRG�GHVFULEHG�E\�&KXQJ�HW�DO��>�@ ZLWK�VOLJKW�PRGLILFDWLRQ��7ZR��/�RI�WKH�PHWKDQRO�H[WUDFWHG�OHDYHV�
�DV�GHVFULEHG LQ�DERYH�SURFHGXUH��ZHUH�PL[HG�ZLWK�����P/�RI��î�����0�'33+�LQ�PHWKDQRO��7KH�PL[WXUH�
ZDV�VKDNHQ�YLJRURXVO\�DQG�OHIW�LQ�WKH�GDUN�DW����&�IRU����PLQ��7KH�DEVRUEDQFH�RI�PL[WXUH�ZDV�UHDG�
LPPHGLDWHO\�DW�����QP�XVLQJ�D�*(1(6<6���6�6�89�9LVLEOH�VSHFWURSKRWRPHWHU �$VDPSOH���7KH�PL[WXUH�
RI�����PHWKDQRO����P/��DQG�VDPSOH����P/��VHUYH�DV�EODQN��$EODQN���7KH�FRQWURO�VROXWLRQ�ZDV�SUHSDUHG�
E\�PL[LQJ�PHWKDQRO����P/��DQG�'33+�UDGLFDO�VROXWLRQ����P/���$ FRQWURO���7KH�DELOLW\�RI�VZHHW�SRWDWR�OHDI�
H[WUDFW��WR�VFDYHQJH�'33+�UDGLFDO�RU�DQWLR[LGDQW�DFWLYLW\�ZDV�FDOFXODWHG�E\�WKH�IROORZLQJ�HTXDWLRQ��

$VDPSOH�$�EODQN
6FDYHQJLQJ�5DGLFDO�$FWLYLW\  �>����í���������������������������� @��[������

$FRQWURO

����,QYLWUR�Į�DP\ODVH�,QKLELWLRQ��6WXG\
7KH� Į�DP\ODVH� LQKLELWRU\� DFWLYLW\� ZDV� � GHWHUPLQH� XVLQJ� PHWKRG� � GHVFULEHG� E\� =HQJLQ>��@� ZLWK�
PRGLILFDWLRQV��%ULHIO\������ȝO�RI�OHDI�H[WUDFWV�ZLWK�YDU\LQJ�FRQFHQWUDWLRQV�����±����ȝJ�PO��DQG�����ȝO�
RI������0�VRGLXP�SKRVSKDWH�EXIIHU��S+�����ZLWK�������0�VRGLXP�FKORULGH��FRQWDLQLQJ�Į�DP\ODVH��IURP�
$VSHUJLOOXV� � RU\]DH� �� 0HUFN�� VROXWLRQ� ����� PJ�PO�� ZHUH� LQFXEDWHG� IRU� ��� PLQ� DW� ���&�� $IWHU�
SUHLQFXEDWLRQ������ȝO�RI����VWDUFK�VROXWLRQ�LQ������0�VRGLXP�SKRVSKDWH�EXIIHU��S+�����ZLWK�������0�
VRGLXP�FKORULGH��ZDV�DGGHG�WR�HDFK�WXEH�DW���V�LQWHUYDOV��7KH�UHDFWLRQ�PL[WXUHV�ZHUH�WKHQ�LQFXEDWHG�DW�
���&�IRU����PLQ��7KH�UHDFWLRQ�ZDV�VWRSSHG�ZLWK�����ȝO�GLQLWURVDOLF\OLF�DFLG��6LJPD��6W��/RXLV��86$��
FRORU� UHDJHQW��7KH� WXEHV�ZHUH� WKHQ� LQFXEDWHG� LQ�D�ERLOLQJ�ZDWHU�EDWK� IRU���PLQ�DQG�FRROHG� WR� URRP�



���

WHPSHUDWXUH��7KH�UHDFWLRQ�PL[WXUH�ZDV WKHQ�GLOXWHG�E\�DGGLQJ���PO�RI�GLVWLOOHG�ZDWHU��DQG�DEVRUEDQFH�
ZDV�UHDG�DW�����QP�XVLQJ�D�*(1(6<6���6�6�89�9LVLEOH�VSHFWURSKRWRPHWHU��WKH�Į�DP\ODVH�LQKLELWRU\�
DFWLYLW\�ZDV�FDOFXODWHG�DV�SHUFHQWDJH�LQKLELWLRQ��XVLQJ�WKH�IRUPXOD�

��,QKLELWLRQ� �>$EVFRQWURO � $EVVDPSOHV@��$EVFRQWURO�î���

����7RWDO�3KHQROLF
7RWDO�SKHQROLF��FRQWHQW�LQ�VZHHW�SRWDWR�OHDI�H[WUDFW�ZDV�GHWHUPLQHG�E\�FRORULPHWU\�PHWKRG�XVLQJ�)ROLQ�
&LRFDOWHX�UHDJHQW�DVVD\�DV�PRGLILHG�IURP�6LQJOHWRQ�DQG�5RVVL�>��@��63�OHDI�H[WUDFW���PO��ZDV�PL[HG�
ZLWK �PO�RI�)ROLQ�FLRFDOWHX¶V�SKHQRO�UHDJHQW�DQG�DOORZHG�WR�UHDFW�IRU���PLQXWHV��7KHQ�����PO�RI������
�Z�Y��VRGLXP�FDUERQDWH�ZDV�DGGHG��7KH�PL[WXUH�ZDV�DJLWDWHG�DQG�DOORZHG�WR�VWDQG�IRU�IXUWKHU����PLQXWHV�
LQ�WKH�GDUN��7KH�DEVRUEDQFH�RI�OHDI�H[WUDFWV�DQG�D�SUHSDUHG�EODQN�ZHUH�UHDG�DW�����QP�XVLQJ�*(1(6<6�
89�9LVLEOH�VSHFWURSKRWRPHWHU��*DOOLF�DFLG�ZLWK�WKH�FRQFHQWUDWLRQ�UDQJH�IURP�����J�P/�WR������J�P/��
ZDV� XVHG� IRU� WKH� VWDQGDUG� FXUYH� DQG� WKH� WRWDO� SKHQROLF� FRQWHQW� ZDV� H[SUHVVHG� DV� PJ� JDOOLF� DFLG�
HTXLYDOHQWV�SHU�JUDP�RI�GULHG�VDPSOH��J�*$(V����J�GU\�ZHLJKW��

����7RWDO�)ODYRQRLGV��
7RWDO�IODYRQRLG��FRQWHQW�ZDV�GHWHUPLQHG�XVLQJ�WKH�PHWKRG�GHVFULEHG�E\�9XRQJ�HW�DO� >��@ ZLWK�VOLJKW�
PRGLILFDWLRQ�� �([WUDFW������P/��ZDV�DGGHG���P/�RI�GHLRQL]HG��',��ZDWHU�DQG������P/�RI��� �Z�Y��
1D12����NHSW�DW����&�IRU���PLQ��7KHQ�������P/�RI������Z�Y��RI�$O&O� ZDV�DGGHG�DQG�DOORZHG�WR�VWDQG�
IRU���PLQ��IROORZHG�E\�WKH�DGGLWLRQ�RI���P/�RI�����Z�Y��1D2+�DQG�����P/�RI�',�ZDWHU��7KH�PL[WXUH�
ZDV�PL[HG�WKRURXJKO\�DQG�OHIW�DW����&�IRU����PLQ��7KH DEVRUEDQFH�ZDV�UHDG�DW�����QP�XVLQJ�*(1(6<6�
89�9LVLEOH�VSHFWURSKRWRPHWHU��4XHUFHWLQ��ZLWK�WKH�FRQFHQWUDWLRQ�UDQJH�IURP�����J�P/�WR������J�P/�
ZDV�XVHG�DV�D�VWDQGDUG�DQG�WKH�WRWDO�IODYRQRLG�FRQWHQW�ZDV�H[SUHVVHG�DV�PJ��TXHUFHWLQ�HTXLYDOHQWV�SHU�
JUDP�RI�GULHG�VDPSOH��PJ�4(V����J�GU\�ZHLJKW���

����6WDWLVWLFDO�$QDO\VLV
$OO�WKH�DQDO\VLV�ZHUH�FRQGXFWHG�LQ�WULSOLFDWHV�IRU�HDFK�JHQRW\SH��DQG�WKH�GDWD�ZHUH�UHSRUWHG�DV�PHDQV���
VWDQGDUG�GHYLDWLRQ

����5HVXOWV DQG�'LVFXVVLRQ
7KH�UHVXOWV�RI�VFDYHQJLQJ�DFWLYLW\��HQ]\PH�LQKLELWLRQ��WRWDO�SKHQROLF�DQG�WRWDO�IODYRQRLG�FRQWHQWV�DUH�
VXPPDULVHG�LQ�7DEOH����

����6FDYHQJLQJ�5DGLFDO�$FWLYLW\
7KH�'33+�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�RI�WKH�WKUHH�VZHHW�SRWDWR�JHQRW\SHV�FDQ�EH�UDQNHG�DV�/3*���!�
/3*���!�/3*������7KH�GLIIHUHQFH�LQ�WRWDO�DQWLR[LGDQW�DFWLYLW\�DPRQJ�VZHHW�SRWDWR�YDULHWLHV�JURZQ�XQGHU�
VLPLODU�FRQGLWLRQ�PLJKW�EH�LQIOXHQFHG�E\�WKH�SODQWV�WROHUDQFH�DJDLQVW�YLUXVHV�DQG�IXQJL >��@���'33+�LV�D�
IUHH�UDGLFDO�JHQHUDWLQJ�FRPSRXQG�XVHG�WR�PHDVXUH�WKH�VFDYHQJLQJ�DELOLW\�RI�VZHHW�SRWDWR�OHDI�H[WUDFW���
7KH�UDGLFDO�VFDYHQJHU�RI�WKH�OHDI�H[WUDFW�ZLOO�GHFRORUL]H�WKH�FRORU�RI�'33+�LQ�PHWKDQRO�VROXWLRQ��SXUSOH��
WR�\HOORZ�FRORU�EHFDXVH�RI��UHGXFWLRQ�RI�WKH�VWDEOH�'33+�UDGLFDOV�WR�GLSKHQ\O�SULFU\OK\GUD]LQH�LQ�WKH�
SUHVHQFH�RI�+�GRQDWLQJ�DQWLR[LGDQW�����,Q�WKLV�VWXG\��WKH�DQWLR[LGDQW�SURSHUW\�RI�WKH�VZHHW�SRWDWR��OHDI�
H[WUDFW� � ZDV� GHWHUPLQHG� XVLQJ� RQO\� VLQJOH� PHWKRG� �'33+� DVVD\��� 7KH� GHFLVLRQ� ZDV� EDVHG� RQ� LWV�
DYDLODELOLW\�DQG�VLPSOLFLW\��IXUWKHUPRUH�6WHHG�DQG�7UXRQJ�>��@�UHSRUWHG�WKDW�WKH�DQWLR[LGDQW�DFWLYLWLHV�
DVVD\HG�E\�'33+�DQG�25$&��R[\JHQ�UDGLFDO�DEVRUEDQFH�FDSDFLW\��VKRZHG�D�VLJQLILFDQW�FRUUHODWLRQ��

�����Į�$P\ODVH�,QKLELWLRQ�
7KH�LQKLELWRU\�HIIHFW�RQ�Į�DP\ODVH�RI�WKUHH�JHQRW\SHV�VZHHW�SRWDWR�OHDI�H[WUDFWV�ZHUH�EHWZHHQ����WR�
�����/3*���OHDI�H[WUDFW�VKRZHG�WKH�VWURQJHVW�LQKLELWRU\�HIIHFW���IROORZHG�E\�/3*���DQG�/3*����7KH�
YDULDWLRQ�RI�LQKLELWRU\�HIIHFW�RQ�Į�DP\ODVH�FRXOG�EH�GXH�WR�YDULDWLRQ�LQ�WKH�SKHQROLF�FRQWHQW�� �,W�ZDV�
FODLPHG�WKDW�WKH�KLJKHU�OHYHOV�RI�FKORURJHQLF�DFLG��RQH�W\SH�RI�SKHQROLF��PD\�FRQWULEXWH�WR�Į�DP\ODVH�
DQG�Į�JOXFRVLGDVH�LQKLELWRU\�HIIHFW >��@���



���

����7RWDO�3KHQROLF
7KH�WRWDO�SKHQROLF�FRQWHQWV�DPRQJ�OHDI�H[WUDFW�IURP�WKUHH�JHQRW\SHV�VZHHW�SRWDWR�ZHUH�EHWZHHQ������
DQG�����J�*$(V�����J�H[WUDFW���3KHQROLF�FRPSRXQGV��FRQWULEXWH�WR�WKH�DELOLW\�WR�VFDYHQJH��WKH�UHDFWLYH�
R[\JHQ� VSHFLHV� �526�>��@�� DQG� � WKHUHIRUH� � DUH� LPSRUWDQW� WR� NHHS� KHDOWK\� ERG\�� 3KHQROLFV� DOVR� KDV�
LPSRUWDQW�UROH�LQ�PRGXODWLQJ�WKH�FDUERK\GUDWH�DEVRUSWLRQ >��@��ZKLFK�PD\�EH�XVHG�WR�PDQDJH�EORRG�
JOXFRVH�LQ�GLDEHWLF�SDWLHQWV�

����7RWDO�)ODYRQRLGV
7KH�IODYRQRLGV�FRQWHQWV�ZHUH�EHWZHHQ������± ������PJ�4(V����J�GU\�ZHLJKW��7KH�KLJKHVW�ZDV�IRXQG�LQ�
/3*���OHDI�H[WUDFW��IROORZHG�E\�WKRVH�RI�/3*���DQG�/3*�����)ODYRQRLGV�KDYH�EHHQ�LQWHQVHO\�VWXGLHG�
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