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)RFXV�DQG�6FRSH
7KH� $IULFDQ� -RXUQDO� RI � 7URSLFDO�0HGLFLQH� DQG�
%LRPHGLFDO� 5HVHDUFK� LV� D� PXOWLGLVFLSOLQDU\� DQG�
LQWHUQDWLRQDO�MRXUQDO�SXEOLVKHG�E\�WKH�&ROOHJH�RI �
+HDOWK�6FLHQFHV��'HOWD�6WDWH�8QLYHUVLW\�RI �$EUDND��
1LJHULD��,W�SURYLGHV�D�IRUXP�IRU�$XWKRUV�ZRUNLQJ�
LQ�$IULFD� WR� VKDUH� WKHLU� UHVHDUFK� ILQGLQJV�RQ� DOO�
DVSHFWV� RI � 7URSLFDO� 0HGLFLQH� DQG� %LRPHGLFDO�
6FLHQFHV�DQG� WR�GLVVHPLQDWH� LQQRYDWLYH�� UHOHYDQW�
DQG�XVHIXO�LQIRUPDWLRQ�RQ�WURSLFDO�PHGLFLQH�DQG�
ELRPHGLFDO� VFLHQFHV� WKURXJKRXW� WKH� FRQWLQHQW��
7KH�MRXUQDO� � �ZLOO� � �SXEOLVK� � �RULJLQDO� � �UHVHDUFK� � �
DUWLFOHV�� UHYLHZV�� HGLWRULDOV�� FRPPHQWDULHV�� VKRUW�
UHSRUWV�� FDVH� UHSRUWV� DQG� OHWWHUV� WR� WKH� HGLWRU�� �
$UWLFOHV�DUH�ZHOFRPH�LQ�DOO�EUDQFKHV�RI �PHGLFLQH�
DQG�GHQWLVWU\�LQFOXGLQJ�EDVLF�VFLHQFHV��$QDWRP\��
%LRFKHPLVWU\�� 3K\VLRORJ\�� 3KDUPDFRORJ\��
3V\FKRORJ\��1XUVLQJ�HWF��DQG�FOLQLFDO� � � �VFLHQFHV�
�,QWHUQDO� 0HGLFLQH�� 6XUJHU\�� 2EVWHWULFV� DQG�
*\QDHFRORJ\�� 'HQWDO� VXUJHU\�� &KLOG� +HDOWK��
/DERUDWRU\� 6FLHQFHV�� 5DGLRORJ\�� &RPPXQLW\�
0HGLFLQH�� HWF��� $UWLFOHV� DUH� DOVR� ZHOFRPH� IURP�
VRFLDO� VFLHQFH� UHVHDUFKHUV� WKDW� GRFXPHQW� WKH�
LQWHUPHGLDWLQJ� DQG� EDFNJURXQG� VRFLDO� IDFWRUV�
LQIOXHQFLQJ�KHDOWK�LQ�FRXQWULHV�RI �$IULFD��3ULRULW\�
ZLOO�EH�JLYHQ�WR�SXEOLFDWLRQ�RI �DUWLFOHV�WKDW�GHVFULEH�
WKH� DSSOLFDWLRQ� RI � � � WKH� SULQFLSOHV� RI � SULPDU\�
KHDOWK� FDUH� LQ� WKH� SUHYHQWLRQ� DQG� WUHDWPHQW� RI �
GLVHDVHV�

(GLWRULDO�1RWLFHV
7KH� MRXUQDO�ZLOO� EH� SXEOLVKHG� ELDQQXDOO\� LQ� WKH�
PRQWKV� RI � 0DUFK� DQG� 6HSWHPEHU�� $QQXDO�
VXEVFULSWLRQ�IHH�LQ�1LJHULD�LV�WZR�WKRXVDQG�QDLUD�
�1������� SHU� YROXPH� ��LVVXHV��� 2QH�WKRXVDQG�
QDLUD� VLQJOH� FRS\� �1������� 7KH� DQQXDO�
VXEVFULSWLRQ�UDWH�IRU�RWKHU�SDUWV�RI �WKH�ZRUOG�LV�DV�
IROORZV�� �8QLWHG�.LQJGRP������SRVW�IUHH��� �:HVW�
$IULFD������SRVW�IUHH���7KH�UHVW�RI �WKH�:RUOG�DQG�
WKH�8QLWHG�6WDWHV�RI �$PHULFD�������SRVW�IUHH���$�
FKDUJH�RI ����� LV�PDGH� IRU� UHSULQWV� LQFOXVLYH�RI �
SRVWDJH�� &KHTXHV� VKRXOG� PDGH� SD\DEOH� WR� WKH�
$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�

%LRPHGLFDO�5HVHDUFK�DQG�DGGUHVVHG�WR�WKH�(GLWRU�
LQ�&KLHI�

-RXUQDO�&RQWDFW
$OO�FRUUHVSRQGHQFH��LQFOXGLQJ�PDQXVFULSWV�IRU�
SXEOLFDWLRQ��LQ�WULSOLFDWH��VKRXOG�EH�DGGUHVVHG�WR�
� 3URIHVVRU�3�6��,JELJEL�
� 7KH�(GLWRU�LQ�&KLHI��
� 'HSDUWPHQW�RI �$QDWRP\�
� )DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��
� &ROOHJH�RI �+HDOWK�6FLHQFHV�
� 'HOWD�6WDWH�8QLYHUVLW\��$EUDND��
� 'HOWD�6WDWH��1LJHULD�
�
� 2U�
� 3URIHVVRU�/DZUHQFH�2PR�$JKRMD
� (GLWRU
� 'HSDUWPHQW�RI �2EVWHWULFV�DQG
� *\QHFRORJ\�
� )DFXOW\�RI �&OLQLFDO�0HGLFLQH���
� 'HOWD�6WDWH�8QLYHUVLW\��$EUDND��1LJHULD�
� (PDLO��MRXUQDODMWPEU#\DKRR�FRP�
� &F��DOO�HPDLO�WR�� � �
� HJXRQRB����#\DKRR�FRP
� 7HO�������������

$OO�DXWKRUV�DUH�DGYLVHG�WR�VXEPLW�DQ�HOHFWURQLF�FRS\�
LQ� &'�520� DORQJ� ZLWK� D� KDUG� FRS\� RI � WKHLU�
PDQXVFULSW��DV�WKLV�ZLOO�VSDUH�UHPDUNDEOH�WLPH�LQ�WKH�
UHYLHZLQJ�DQG�W\SHVHWWLQJ�SURFHVVHV�

,Q�WKH�DOWHUQDWLYH��DXWKRUV�FDQ�VXEPLW�WKHLU�DUWLFOHV�
DQG� FRYHULQJ� OHWWHU� E\� HPDLO� DWWDFKPHQWV�� $�
FRYHULQJ� OHWWHU� �VLJQHG� E\� DOO� DXWKRUV��
DFFRPSDQ\LQJ�WKH�PDQXVFULSW�VKRXOG�FHUWLI\�WKDW�
WKH�DUWLFOH�KDV�QRW�EHHQ�SUHYLRXVO\�SXEOLVKHG�DQG�LV�
QRW�EHLQJ�FRQVLGHUHG�IRU�SXEOLFDWLRQ�HOVHZKHUH�

,QIRUPDWLRQ�IRU�$XWKRUV
$OO� PDQXVFULSW� DUH� SHHU�UHYLHZHG� DQG� DFFHSWHG�
ZLWK�WKH�XQGHUVWDQGLQJ�WKDW�WKH�ZRUN�KDV�QRW�EHHQ�
SXEOLVKHG� RU� EHLQJ� FRQVLGHUHG� IRU� SXEOLFDWLRQ�
HOVHZKHUH���,QGHHG��WKH�DXWKRUV�ZRXOG�EH�UHTXHVWHG�
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WR� VLJQ� D� FRS\ULJKW� IRUP� WUDQVIHUULQJ� WKH�
RZQHUVKLS�RI �WKH�SDSHU�WR�WKH�$IULFDQ�-RXUQDO�RI �
7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��$OO�
DUWLFOHV� PXVW� LQFOXGH� WKH� FRUUHFW� QDPHV� DQG�
DGGUHVVHV�RI �DXWKRU�V��LQFOXGLQJ�H�PDLO�DGGUHVVHV�
DQG�WHOHSKRQH�QXPEHUV���$UWLFOHV�ZLOO�EH�VXEMHFWHG�
WR� D� WKRURXJK� SHHU� UHYLHZ� SURFHVV� EHIRUH� DQ\�
GHFLVLRQ� LV� PDGH� WR� SXEOLVK� RU� QRW�� � $XWKRUV� � �
VKRXOG�QRWH�WKDW�WKH�$IULFDQ�-RXUQDO�RI �7URSLFDO�
0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK�LV�QRW�XQGHU�
DQ\� REOLJDWLRQ� WR� SXEOLVK� DUWLFOHV� VXEPLWWHG�� DV�
GHFLVLRQ� WR� SXEOLVK� ZLOO� EH� EDVHG� RQ�
UHFRPPHQGDWLRQV�RI �UHYLHZHUV�DQG�WKH�HGLWRULDO�
DGYLVRU\�ERDUG�

0DQXVFULSWV
$UWLFOHV�VXEPLWWHG�IRU�SXEOLFDWLRQ�VKRXOG�EH�W\SHG�
GRXEOH�VSDFHG� ZLWK� ���FP� PDUJLQV� ZLWK�
DFFRPSDQ\LQJ� &'�520� LQ� 0LFURVRIW� :RUG�
IRUPDW� IRU� HDV\� DQG� TXLFN� SHHU� UHYLHZ� DQG�
W\SHVHWWLQJ��(DFK�RI �WKH�IROORZLQJ�VHFWLRQV�VKRXOG�
EHJLQ� LQ� D� QHZ� SDJH�� WLWOH� SDJH�� DEVWUDFW��
LQWURGXFWLRQ�� PDWHULDOV� DQG� PHWKRGV�� UHVXOWV��
GLVFXVVLRQ�� DFNQRZOHGJPHQW� �V��� UHIHUHQFHV��
WDEOHV�� OHJHQGV� WR� ILJXUHV� DQG� LOOXVWUDWLRQV�� 7KH�
PDQXVFULSW�VKRXOG�LQFOXGH�

7LWOH�3DJH
7KH� WLWOH� SDJH� VKRXOG� LQFOXGH� WKH� IROORZLQJ�
LQIRUPDWLRQ�� ��� WKH� WLWOH� DQG� VXE�WLWOH�� ��� WKH�
QDPH�V��RI �WKH�DXWKRU�V������WKH�DIILOLDWLRQ�V��RI �WKH�
DXWKRU�V��� ��� QDPH� DQG� DGGUHVV� RI � WKH�
FRUUHVSRQGLQJ�DXWKRU�DQG����WKUHH�WR�VL[�NH\�ZRUGV�
IRU�LQGH[LQJ�DQG�UHWULHYDO�SXUSRVHV�

$EVWUDFW
7KH�DEVWUDFW�VKRXOG�EH�VWUXFWXUHG�DQG�QRW�PRUH�
WKDQ� ���� ZRUGV�� ,W� VKRXOG� FDUU\� WKH� IROORZLQJ�
KHDGLQJV�� ,QWURGXFWLRQ��0DWHULDOV� DQG�0HWKRGV��
5HVXOWV�DQG�&RQFOXVLRQ�

2ULJLQDO� 5HVHDUFK�� 7KH� MRXUQDO� ZHOFRPHV�

DUWLFOHV� UHSRUWLQJ� RQ� RULJLQDO� UHVHDUFK�� LQFOXGLQJ�
ERWK� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� VWXGLHV�� )XOO�
OHQJWK�DUWLFOHV�VKRXOG�JHQHUDOO\�QRW�H[FHHG������
ZRUGV�� H[FOXGLQJ� DEVWUDFW�� WDEOHV�� ILJXUHV�� DQG�
UHIHUHQFHV�� 7KH� VXEMHFW� PDWWHU� VKRXOG� EH�
RUJDQLVHG�XQGHU� DSSURSULDWH�KHDGLQJV� DQG� VXE�
KHDGLQJV�DV�LWHPL]HG�DERYH�

5HYLHZ�$UWLFOHV��&RPSUHKHQVLYH�UHYLHZ�DUWLFOHV�
RQ�DOO�DVSHFWV�RI �WURSLFDO�PHGLFLQH�DQG�ELRPHGLFDO�
VFLHQFHV�ZLOO�DOVR�EH�FRQVLGHUHG�IRU�SXEOLFDWLRQ�LQ�
WKH�MRXUQDO�� �5HYLHZV�VKRXOG�SURYLGH�D�WKRURXJK�
RYHUYLHZ�RI �WKH�WRSLF�DQG�VKRXOG�LQFRUSRUDWH�WKH�
PRVW� FXUUHQW� UHVHDUFK�� 7KH� OHQJWK� RI � UHYLHZ�
DUWLFOHV� PXVW� QRW� H[FHHG� ������ ZRUGV� DQG� WKH�
RUJDQLVDWLRQDO� KHDGLQJV� DQG� VXE�KHDGLQJV� XVHG�
DUH�DW�WKH�DXWKRU
V�GLVFUHWLRQ�

6KRUW� 5HSRUWV� �� %ULHI � GHVFULSWLRQV� RI �
SUHOLPLQDU\�UHVHDUFK�ILQGLQJV�RU�LQWHUHVWLQJ�FDVH�
VWXGLHV�ZLOO�EH�FRQVLGHUHG�IRU�SXEOLFDWLRQ�DV�VKRUW�
UHSRUWV�� �7KH� OHQJWK�RI � WKH�DEVWUDFW�DQG�DUWLFOH�
VKRXOG� EH� UHVWULFWHG� WR� ���� DQG� ������ ZRUGV�
UHVSHFWLYHO\�DQG�RUJDQLVDWLRQ�RI �VKRUW�UHSRUWV�DUH�
OHIW�WR�WKH�DXWKRU
V�GLVFUHWLRQ�

&RPPHQWDULHV�RU�(GLWRULDOV�� �&RPPHQWDULHV�
RU�HGLWRULDOV�RQ�DQ\�DVSHFW�RI �WURSLFDO�PHGLFLQH�
DQG� ELRPHGLFDO� VFLHQFHV� LQ� $IULFD� ZLOO� EH�
FRQVLGHUHG� IRU� SXEOLFDWLRQ� LQ� WKH� MRXUQDO��
2SLQLRQ� SLHFHV� QHHG� QRW� UHIHUHQFH� SUHYLRXV�
UHVHDUFK��EXW� UDWKHU� UHIOHFW� WKH�RSLQLRQV�RI � WKH�
DXWKRU�V��� �7KH� OHQJWK�VKRXOG�QRW�H[FHHG�������
ZRUGV�

7DEOHV�DQG�)LJXUHV
$OO� WDEOHV� DQG� ILJXUHV� VKRXOG� EH� VXEPLWWHG� RQ�
VHSDUDWH� VKHHWV� RI � SDSHU� DQG� VKRXOG� EH� FOHDUO\�
ODEHOOHG�� � �&RORXUHG� WDEOHV� DQG� ILJXUHV�PD\� EH�
UHSULQWHG� LQ� EODFN� DQG� ZKLWH�� $XWKRUV� VKRXOG�
HVSHFLDOO\� WDNH� FDUH� WKDW� DOO� WDEOHV� DUH� FOHDU� DQG�
XQGHUVWDQGDEOH�E\�WKHPVHOYHV��LQGHSHQGHQW�RI �
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WKH�WH[W��$�UHDGHU�VKRXOG�EH�DEOH�WR�UHDG�RQO\�WKH�
WDEOHV�DQG�HDVLO\�JUDVS�DOO� LQIRUPDWLRQ�ZLWKRXW�
WKH�WH[W�

$FNQRZOHGJPHQWV
$FNQRZOHGJPHQWV� VKRXOG� EH� LQFOXGHG� RQ� D�
VHSDUDWH�VKHHW�RI �SDSHU�DQG�VKRXOG�QRW�H[FHHG�
���ZRUGV�� )XQGLQJ� VRXUFHV� VKRXOG� EH� QRWHG�
KHUH�

5HIHUHQFHV
5HIHUHQFHV�VKRXOG�EH�LQ�WKH�9DQFRXYHU�VW\OH�DQG�
QXPEHUHG�FRQVHFXWLYHO\� LQ� WKH�RUGHU� LQ�ZKLFK�
WKH\�DUH�PHQWLRQHG�LQ�WKH�WH[W��7LWOHV�RI �MRXUQDOV�
VKRXOG� EH� DEEUHYLDWHG� DFFRUGLQJ� WR� WKH� ,QGH[�
0HGLFXV� VW\OH�� $XWKRUV� PXVW� FURVV�FKHFN� DQG�
PDNH�VXUH�WKDW�DOO� LQIRUPDWLRQ�SURYLGHG�LQ�WKH�
UHIHUHQFH�OLVW�LV�FRPSOHWH�DQG�FRUUHFWO\�ZULWWHQ��
5HIHUHQFH�QXPEHUV�VKRXOG�EH�LQVHUWHG�DERYH�WKH�
OLQH�RQ�HDFK�RFFDVLRQ�D�UHIHUHQFH�LV�FLWHG�LQ�WKH�
WH[W�� H�J���«� DV� ���� UHSRUWHG� LQ� RWKHU� VWXGLHV��
1XPEHUHG�UHIHUHQFHV�VKRXOG�DSSHDU�DW�WKH�HQG�
RI �WKH�DUWLFOH�DQG�VKRXOG�LQFOXGH�WKH�QDPHV�DQG�
LQLWLDOV�RI �DOO�DXWKRUV���7KH�IRUPDW�RI �UHIHUHQFHV�
VKRXOG� EH� DV� SXEOLVKHG� E\� WKH� ,QWHUQDWLRQDO�
&RPPLWWHH� RI �0HGLFDO� -RXUQDO� (GLWRUV� LQ� WKH�
%ULWLVK�0HGLFDO�-RXUQDO�������YROXPH������SDJHV�

���������7KH�IROORZLQJ�DUH�VDPSOH�UHIHUHQFHV�IRU�
DQ�DUWLFOH�SXEOLVKHG�LQ�D�MRXUQDO�DQG�IRU�D�ERRN��
$KPHG� <�� � 0ZDED� 3�� &KLQWX� &�� *UDQJH� -0��
8VWLDQRZVNL�$��=XPOD�$��$� VWXG\�RI �PDWHUQDO�
PRUWDOLW\�DW�WKH�8QLYHUVLW\�7HDFKLQJ� � �+RVSLWDO��
/XVDND��=DPELD��WKH�HPHUJHQFH�RI �WXEHUFXORVLV�
DV�D�PDMRU�QRQ�REVWHWULF�FDXVH�RI �PDWHUQDO�GHDWK��
,QW�-�7XEHUF�/XQJ�'LV�������������������:KLWE\�
/*�� 6PLWK� $)�� %HFNHWW� *-�� (Q]\PH� 7HVWV� LQ�
'LDJQRVLV�� ,Q�� /HFWXUH� 1RWHV� RQ� &OLQLFDO�
&KHPLVWU\��:KLWE\�/*��6PLWK�$)�	�%HFNHWW�*-WK�
�HGV�����HGLWLRQV��%ODFNZHOO�6FLHQWLILF�3XEOLFDWLRQV��
��������������

8QLWV�RI �0HDVXUHPHQW
$OO� PHDVXUHPHQWV� VKRXOG� EH� H[SUHVVHG� LQ� 6,�
�6\VWHPH�,QWHUQDWLRQDO��8QLWV�

*DOOH\�SURRIV
&RUUHFWLRQV� RI � JDOOH\� SURRIV� VKRXOG� EH� VWULFWO\�
UHVWULFWHG� WR� 3ULQWHU
V� HUURU� RQO\�� 2UGHUV� IRU�
RIISULQWV�VKRXOG� � �EH�PDGH�ZKHQ�WKH�FRUUHFWHG�
SURRIV�DUH�EHLQJ�UHWXUQHG�E\�WKH�DXWKRUV���$UWLFOHV�
DFFHSWHG�IRU�SXEOLFDWLRQ�UHPDLQ�WKH�SURSHUW\�RI �
WKH�MRXUQDO�DQG�FDQ�RQO\�EH�UHSURGXFHG�HOVHZKHUH�
LQ�OLQH�ZLWK�VHFWLRQ���RI �WKH�FRS\ULJKW�DJUHHPHQW�
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7DEOH�RI �&RQWHQWV

2ULJLQDO�$UWLFOHV
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%ORRG�SUHVVXUH�DQG�DVVRFLDWHG�ULVN� IDFWRUV�RI �K\SHUWHQVLRQ� LQ�SDWLHQWV�DWWHQGLQJ�D�)DPLO\�
0HGLFLQH�&OLQLF�LQ�'HOWD�6WDWH��1LJHULD�

3K\WRFKHPLFDO��$FXWH�7R[LFLW\��DQG�$QWL�SODVPRGLDO�3RWHQWLDO�RI �&RQFRPLWDQW�([WUDFWV�RI�
$]DGLUDFKWD�LQGLFD�DQG�0DQJLIHUD�LQGLFD�RQ�/LYHU�)XQFWLRQ�DQG�0LFURVFRSLF�$QDWRP\�LQ�6ZLVV�
0LFH

3DWWHUQ�RI �)HPDOH�*HQLWDO�7UDFW�0DOLJQDQFLHV�DW�'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��
2JKDUD��1LJHULD

'LVWULEXWLRQ�DQG�IUHTXHQF\�RI �EORRG�JURXSV�DQG�KDHPRJORELQ�JHQRW\SH�SDWWHUQ�DPRQJ�EORRG�
GRQRUV�LQ�D�WHUWLDU\�KRVSLWDO�LQ�VRXWKHUQ�1LJHULD

6RFLR�FOLQLFDO�DQG�,PPXQR�LQIODPPDWRU\�UHODWHG�GLIIHUHQFHV�EHWZHHQ�HDUO\�RQVHW�DQG� ODWH�
RQVHW�FRORUHFWDO�FDQFHU

3ODWHOHW�&RXQW�9DULDELOLW\�LQ�%UHDVW�&DQFHU�3DWLHQWV�8QGHUJRLQJ�&KHPRWKHUDS\��,PSOLFDWLRQ�
IRU�+DHPDWRSRLHWLF�6\VWHP�+HDOWK
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�����'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3���� DQG�3��� LQ�3DWLHQWV�ZLWK� 6FKL]RSKUHQLD� DW� D�
7HUWLDU\�+RVSLWDO�LQ�6RNRWR��1LJHULD
$GHELVL�$6��2QZXFKHNZD�&��8VPDQ�8]��6KLLWX�%6

(FKRQZHUH�8ZLNRU�%(��&KXNZX�3+��.HQ�(]LKXR�68��

2NR\H�-2��&KLHPHND�0(��0HQNLWL�)(��,KHDNZRDED�(&��$JEDNRED�1��2UZD�-

'LULVX��,0��2NXRQJKDH��(0

(VHPXHGH�2��2NKLRQNSDPZRQ\L�2���$EHGL�+2

8GRK��0,��(GDJKD�,$��3HWHU�$,��8GREDQJ�-$��3HWHU�$-��8GRWRQJ�,8��$WDEHQ�0$

(EHUHJKZD�(0���2UKH�2*��$Q\DQZX�%(





3K\WRFKHPLFDO�� $FXWH� 7R[LFLW\�� DQG� $QWL�
SODVPRGLDO� 3RWHQWLDO� RI � &RQFRPLWDQW� ([WUDFWV� RI�
$]DGLUDFKWD�LQGLFD�DQG�0DQJLIHUD�LQGLFD�RQ�/LYHU�)XQFWLRQ�
DQG�0LFURVFRSLF�$QDWRP\�LQ�6ZLVV�0LFH

UHVSHFWLYHO\��$PRQJVW�WKHVH�SDUDVLWHV��3ODVPRGLXP�
EHUJKHL� LV� SUHIHUDEO\� XVHG� DV� PRGHO� IRU�
H[SHULPHQWDO� VWXGLHV�� ,W� SUHIHUHQWLDOO\� LQIHFWV�
QRUPRF\WHV� DQG� UHWLFXORF\WHV� DQG� XVXDOO\�
SURGXFHV� LQIHFWLRQV� LQ�PLFH� WKDW� LQGXFH� VHYHUH�

�SDWKRORJ\ �

$UWHPLVXD�DQXD�� LV� D�&KLQHVH�SODQW�ZKRVH�PDMRU�
FRPSRQHQW� IRUPV� WKH� FXUUHQW� JROG�VWDQGDUG�
WUHDWPHQW� IRU� PDODULD� LV� WKH� DUWHPLVLQLQ�EDVHG�

,1752'8&7,21
0DODULD�LV�DQ�LQIHFWLRXV�GLVHDVH�WKDW�FDQ�EH�OLIH�
WKUHDWHQLQJ� DQG� LV� VSUHDG� E\� PRVTXLWRHV� WR�
KXPDQV�DQG�RWKHU�DQLPDOV��,W� LV�FDXVHG�E\�WKH�
SDUDVLWH� SURWR]RDQV� WKDW� EHORQJ� WR� WKH� JHQXV�

�3ODVPRGLXP ��7KH�GLVHDVH� LV� VSUHDG� WR�SHRSOH�
WKURXJK�WKH�ELWHV�RI � LQIHFWHG�IHPDOH�$QRSKHOHV�
PRVTXLWRHV�� 7KHUH� DUH� DERXW� IRXU� VSHFLHV� RI �
PDODULD�SDUDVLWHV�WKDW�FDQ�LQIHFW�URGHQWV�QDPHO\��
3ODVPRGLD� EHUJKHL�� YLQFNHL�� \RHOOL�� DQG� FKDEDXGL��

� ��� � � � �8GRK��0, ��(GDJKD�,$��3HWHU�$, ��8GREDQJ�-$�� 3HWHU�$-�� 8GRWRQJ�,8�� $WDEHQ�0$

�'HSDUWPHQW�RI �+XPDQ�$QDWRP\��)DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��8QLYHUVLW\�RI �8\R��1LJHULD
�'HSDUWPHQW�RI �+XPDQ�$QDWRP\��6FKRRO�RI �0HGLFLQH��0RL�8QLYHUVLW\��(OGRUHW��.HQ\D
�'HSDUWPHQW�RI �&OLQLFDO�3KDUPDFRORJ\�DQG�7KHUDSHXWLFV��)DFXOW\�RI �%DVLF�&OLQLFDO�6FLHQFHV��8QLYHUVLW\�RI �8\R�7HDFKLQJ�+RVSLWDO��1LJHULD

$EVWUDFW
,QWURGXFWLRQ��,Q�VXE�6DKDUDQ�$IULFD��PDODULD�LV�WKH�SUHGRPLQDQW�FRQWULEXWRU�WR�PRUWDOLW\�DQG�WKHUH�LV�
VLJQLILFDQW� GHSHQGHQFH� RQ� SK\WRWKHUDS\� IRU� LWV� WUHDWPHQW�� 7KLV� VWXG\� LQYHVWLJDWHG� FRPSDUDWLYH�
SK\WRFRQVWLWXHQWV�� DFXWH� WR[LFLW\�� DQWL�SODVPRGLDO� DFWLYLWLHV� RQ� OLYHU� IXQFWLRQ� DQG� PLFURDQDWRPLFDO�
SHUWXUEDWLRQV�IROORZLQJ�WKH�FRQFRPLWDQW�DGPLQLVWUDWLRQ�RI �HWKDQRO�H[WUDFWV�RI � �OHDYHV�$]DGLUDFKWD�LQGLFD
DQG� �EDUN�LQ� �6ZLVV�PLFH�0DQJLIHUD�LQGLFD 3ODVPRGLXP�EHUJKHL�LQIHFWHG

0DWHULDOV�DQG�0HWKRGV��6L[W\�H[SHULPHQWDO�PLFH�ZHUH�DOORWWHG�LQWR����JURXSV��Q� ����DQG�LQRFXODWHG�
�ZLWK���[��� � �WZR�ZHHNV�SRVW��DFFOLPDWL]DWLRQ3��EHUJKHL ��*URXS�RQH�VHUYHG�DV�WKH�QRUPDO�FRQWURO��JURXS�WZR�

>SDUDVLWL]HG�QRQ�WUHDWHG@�DQG�JURXSV���WR����ZHUH�ORZ��PHGLXP��DQG�KLJK�GRVHV�RI �WKH�H[WUDFWV�VLQJO\�DQG�
FRQFRPLWDQWO\��ZKLOH�JURXS����UHFHLYHG�DUWHPHWKHU�OXPHIDQWULQH��$OO�DGPLQLVWUDWLRQV�ZHUH�YLD�RUDO�URXWH�
IRU� WKUHH� GD\V�� UHVSHFWLYHO\�� 3K\WRFKHPLFDO� VFUHHQLQJ�� SDUDVLWH� GHQVLW\�� VHUXP� OLYHU� HQ]\PHV� DQG�
PLFURDQDWRPLFDO�DOWHUDWLRQV�ZHUH�DQDO\]HG�

5HVXOWV��3K\WRFKHPLVWU\�VKRZHG�WKDW�$��LQGLFD�SRVVHVVHG�DEXQGDQW�DONDORLGV�WKDW�ZHUH�DEVHQW�LQ�0��LQGLFD��
7KH�PHGLDQ�OHWKDO�GRVH��/'����RI �$��LQGLFD�OHDI �DQG�0��LQGLFD�EDUN�H[WUDFW�ZDV���������DQG���������
PJ�NJ��UHVSHFWLYHO\��7KH�VLQJOH�DGPLQLVWUDWLRQ�RI �$��LQGLFD�RXWSHUIRUPHG�0��LQGLFD�YLD�PLWLJDWHG�SDUDVLWH�
SURJUHVVLRQ��UHGXFHG�3��EHUJKHL�LQGXFHG�KHSDWRWR[LFLW\�DQG�HOHYDWHG�OLYHU�HQ]\PHV�

&RQFOXVLRQ�� $]DGLUDFKWD� LQGLFD� VXUSDVVHV� 0DQJLIHUD� LQGLFD� LQ� DOOHYLDWLQJ� K\SHUSDUDVLWHPLD�� SDUDVLWH�
DVVRFLDWHG�KHSDWRWR[LFLW\��DQG�KHSDWLF�PLFURDQDWRPLFDO�FKDQJHV�LQ�LQ�YLYR�URGHQWLD�PDODULD�PRGHO��$��LQGLFD�
DOVR�PLOG�WR�PRGHUDWHO\�LPSURYHG�KHSDWLF�FROODJHQ�DQG�JO\FRJHQ�VWRUDJH�WKDQ�0��LQGLFD��,W�SRVVHVVHG�D�
EHWWHU�V\QHUJLVWLF�HIIHFW�WKDQ�0��LQGLFD�DORQH����

.H\ZRUGV��$]DGLUDFKWD�LQGLFD��0DQJLIHUD�LQGLFD��3ODVPRGLXP�EHUJKHL��DQWL�SODVPRGLDO��OLYHU�IXQFWLRQ

&RUUHVSRQGLQJ�DXWKRU��,QQRFHQW�$��(GDJKD��3K'��LQQRFHQWHGDJKD#XQLX\R�HGX�QJ���LQQRFHQWHGDJKD#PX�DF�NH

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����



FRPELQDWLRQ�WKHUDS\��$&7���,W�LV�ZRUWK�QRWLQJ�
WKDW� FRPELQDWLRQ� WKHUDSLHV�� LQ� ZKLFK� WZR� RU�
PRUH� DQWLPDODULDO� GUXJV� ZLWK� GLIIHUHQW�
PHFKDQLVP�RI �DFWLRQ�DUH�JLYHQ�WRJHWKHU�LQ�IL[HG�
GRVH� DUH� TXLWH� HIIHFWLYH� IRU� LPSURYHG� HIILFDF\�

�DQG�UHGXFHG�GUXJ�UHVLVWDQFH�E\�WKH�SDUDVLWHV �

6HYHUDO� SKDUPDFRORJLFDO� VWXGLHV� KDYH� EHHQ�
UHSRUWHG� LQ� D� UHFHQW� UHYLHZ� OLWHUDWXUH� WR�
GHPRQVWUDWH�DQWLPDODULDO�SODQWV�HLWKHU�DV�FUXGH�
H[WUDFWV��RU� LQ�SXULILHG�PHWDEROLWHV� IRU�PDODULD�
WUHDWPHQW�� ,QWHUHVWLQJO\� PRVW� RI � WKHVH� SODQWV�
VKRZ�QR�HYLGHQFH�RI �SDUDVLWH�UHVLVWDQFH�EHFDXVH�
RI � WKHLU� V\QHUJLVWLF� DFWLRQ� RI � SK\WRFKHPLFDO�
FRPSRQHQWV�UHSUHVHQWLQJ�WKH�JUHDW�SRWHQWLDO�RI �

�WKH� SODQW� H[WUDFW� DJDLQVW� PDODULD� UHVLVWDQFH ��
$PRQJVW� VHYHUDO� DQWLPDODULDO� SODQWV� XVHG� LQ�
IRONORUH� DUH�� QHHP� SODQW� �$]DGLUDFKWD� LQGLFD��
SRSXODUO\� FDOOHG� GRQJR\DUR�� DQG�PDQJR� SODQW�
�0DQJLIHUD�LQGLFD��IRXQG�LQ�PDQ\�UXUDO�UHVLGHQFHV�
DQG�QRZ�SRSXODU�LQ�WHD�PL[WXUH�VROG�DW�PDOOV�DQG�
VXSHUPDUNHWV�EDVHG�RQ�SUHIHUHQFH�

$]DGLUDFKWD� LQGLFD� LV� D� WUHH� LQ� WKH� 0DKRJDQ\�
���IDPLO\�0HOLFLFHDH �� ,W� LV�QDWLYH� WR� WURSLFDO�DQG�

VHPL�WURSLFDO� FOLPDWHV� DQG� WKULYHV� LQ� DULG� DQG�
VDYDQQD� SDUWV� RI � 1LJHULD�� 1HHP� DQG� LWV�
GHU LYD W LYHV � KDYH � EHHQ � HPSOR\HG � LQ �
HWKQRPHGLFLQH�DV�DQWLPDODULDOV��7KH�DQWLPDODULDO�
HIIHFW� RI � QHHP� KDV� EHHQ� GRFXPHQWHG� DQG� LV�
WKRXJKW�WR�DFW�E\�UHGR[�SHUWXUEDWLRQ�LQ�WKH�IRUP�
RI � LPSRVLWLRQ� RI � VXEVWDQWLDO� R[LGDQW� VWUHVV�

���GXULQJ�PDODULD�LQIHFWLRQ �

0DQJLIHUD� LQGLFD� LV� D� WUHH� IURP�WKH�$QDFDUGLHFHDH�
IDPLO\�WKDW�LV�ZLGHO\�IRXQG�LQ�WURSLFDO�FRXQWULHV��
7KLV�WUHH�SURGXFHV�YHU\�VZHHW�IUXLWV��$OO�WKH�SDUWV�
RI � D� PDQJR� DUH� YHU\� XVHIXO� DQG� WKXV� D�
SKDUPDFRORJLFDO O\� � HWKQRPHGLFDO � � DQG�

�SK\WRFKHPLFDOO\� GLYHUVH� SODQW ��7KH� EDUN� RI � D�
PDQJR�WUHH�FRQWDLQV�DQ�DFWLYH�VXEVWDQFH�FDOOHG�
PDQJLIHULQ�� ,W� LV� NQRZQ� IRU� LWV� XVH� LQ� QDWXUDO�
PHGLFLQH�� QRW� RQO\� DV� D� KHDOWK� HQKDQFLQJ�

SDQDFHD�RU�DGMXQFW�WKHUDSHXWLF��EXW�DOVR�IRU�EUDLQ�
��IXQFWLRQ�LPSURYHPHQW �

7KH� OLYHU� LV�D�NH\�RUJDQ� LQ� WKH�SDWKRJHQHVLV�RI �
PDODULD�LQIHFWLRQ��,W�VHUYHV�DQ�LPSRUWDQW�SDUW�RI �
WKH� OLIH� F\FOH� RI � WKH� SDUDVLWH�� EHLQJ� WKH� RUJDQ�
ZKHUH�DVH[XDO�UHSURGXFWLRQ��VFKL]RJRQ\��RI �WKH�

�����PRVTXLWR� LQIHFWHG� VSRUR]RLWHV� WDNHV� SODFH ��
)XUWKHUPRUH�� FHUWDLQ� FOLQLFDO� FKDUDFWHULVWLFV�
DVVRFLDWHG� ZLWK� VHYHUH� PDODULD�� LQFOXGLQJ�
K\SRJO\FHPLD�� K\SHUSDUDVLWHPLD�� MDXQGLFH�� DQG�
EUXLVLQJ��DUH�HQWLUHO\�RU�SDUWLDOO\�H[SODLQHG�E\�OLYHU�
GDPDJH� FDXVHG� E\� SDUDVLWHPLD� RU� WKH�
LPPXQRORJLFDO� UHVSRQVH� WR� WKH� SDUDVLWH�� 7KLV�
V WXG\� LQYHVW LJDWHG� WKH� SK\WRFKHPLFDO �
FRQVWLWXHQWV�� DFXWH� WR[LFLW\�� DQG� DQWL�SODVPRGLDO�
DFWLYLW\� RI � WKH� FRQFRPLWDQW� DGPLQLVWUDWLRQ� RI �
$]DGLUDFKWD�LQGLFD�DQG�0DQJLIHUD�LQGLFD�H[WUDFWV�RQ�
WKH� KHSDWLF� IXQFWLRQ� DQG� PLFURDQDWRPLFDO�
DOWHUDWLRQV�LQ�6ZLVV�0LFH�

0$7(5,$/6�$1'�0(7+2'6
7KH�PHGLFLQDO�SODQW�IDUP�RI �WKH�'HSDUWPHQW�RI �
3KDUPDFRORJ\�DQG�1DWXUDO�0HGLFLQH��)DFXOW\�RI �
3KDUPDF\��8QLYHUVLW\�RI �8\R��$NZD�,ERP�6WDWH��
1LJHULD��SURYLGHG�IUHVK�PDWXUH�$]DGLUDFKWD�LQGLFD�
OHDYHV�DQG�0DQJLIHUD�LQGLFD�EDUN��%RWK�SODQWV�ZHUH�
ZDVKHG�WR�UHPRYH�GLUW�DQG�VXQ�GULHG�IRU�RQH�ZHHN�
EHIRUH� EHLQJ� UHFRJQL]HG� DQG� YHULILHG� E\�
WD[RQRPLVWV�DQG�SODFHG�LQ�WKH�+HUEDULXP�8QLW�RI �
WKH�'HSDUWPHQW�RI �%RWDQ\��)DFXOW\�RI �6FLHQFH��
8QLYHUVLW\� RI � 8\R�� 1LJHULD�� ZLWK� VSHFLPHQ�
YRXFKHU�QXPEHU��8�8�+���������

7KH� GULHG� SODQW� PDWHULDOV� ZHUH� WKHUHDIWHU�
VHSDUDWHO\� EOHQGHG� LQWR� D� SRZGHU\� IRUP�� DQG�
SUHVHUYHG� VHSDUDWHO\� LQ� FRQWDLQHUV� ZLWK�
DSSURSULDWH� FRYHULQJ�� DW� URRP� WHPSHUDWXUH��
$ERXW�����OLWHUV�RI �DEVROXWH�HWKDQRO�ZDV�XVHG�WR�
PL[�����J�RI �HDFK�SRZGHUHG�SODQW�PDWHULDO�DQG�
WKH� PL[WXUH� ZDV� NHSW� IRU� ��� KRXUV� DW� URRP�
WHPSHUDWXUH��7KH\�ZHUH�ILOWHUHG�XVLQJ�OLQHQ�DQG�
WKHQ� ILOWHU� SDSHU�� $IWHU� ��� PLQXWHV� RI � SRVW�

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����
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ILOWUDWLRQ�� WKH� ILOWUDWHV� ZHUH� HYDSRUDWHG� WR�
RGU\QHVV� XVLQJ� D� ZDWHU� EDWK� DW� ��� &�� DQG� WKH�

H[WUDFWV�ZHUH�VWRUHG�LQ�D�VHDOHG�FRQWDLQHU�LQ�WKH�
RIUHH]HU����²��� &��XQWLO�LW�ZDV�XVHG�

([WUDFWV� IURP�ERWK� WKH�$]DGLUDFKWD� LQGLFD� OHDI �
DQG�EDUN�RI �0DQJLIHUD� LQGLFD�ZHUH�XVHG�IRU� WKH�

��SK\WRFKHPLFDO�WHVWV�DV�GHVFULEHG�E\�+DUERUQH ��
�� ��6RIRZRUD � DQG� 7UHDVH� DQG� (YDQV �� 7KLV�

SURFHGXUH� ZDV� GRQH� LQ� WKH� 3KDUPDFRORJ\�
'HSDUWPHQW�� )DFXOW\� RI � 3KDUPDF\�� 8QLYHUVLW\�
RI �8\R��1LJHULD�

7KLV� H[SHULPHQW� LQYROYHG� VL[W\� 6ZLVV� PLFH�
ZHLJKLQJ�EHWZHHQ����DQG����J��7KH�PLFH�ZHUH�
VRXUFHG�IURP�WKH�$QLPDO�+RXVH�RI �WKH�)DFXOW\�
RI �3KDUPDF\�DW�WKH�8QLYHUVLW\�RI �8\R�LQ�$NZD�
,ERP��1LJHULD��7KH�SURWRFROV�IRU�WKLV�VWXG\�ZHUH�
DSSURYHG� E\� WKH� 'HSDUWPHQW� RI � +XPDQ�
$QDWRP\�� 8QLYHUVLW\� RI � 8\R�� 1LJHULD�� ZKLFK�
DOLJQV�ZLWK� WKH�JOREDOO\� DFFHSWHG�JXLGHOLQH� IRU�

��WKH� XVH� DQG� KDQGOLQJ� RI � ODERUDWRU\� DQLPDOV ��
$GGLWLRQDOO\��DQ�HWKLFDO�DSSURYDO�ZDV�JUDQWHG�E\�
WKH�+HDOWK�5HVHDUFK�(WKLFV�&RPPLWWHH�RI �WKH�
$NZD�,ERP�6WDWH�0LQLVWU\�RI �+HDOWK�ZLWK�5HI��
0+�356����9RO�,9������ 7KH� VWXG\� ZDV�
FRQGXFWHG� LQ� DFFRUGDQFH� ZLWK� WKH� %DVLF� DQG�
&OLQLFDO� 3KDUPDFRORJ\� DQG� 7R[LFRORJ\� SROLF\�

��IRU� H[SHULPHQWDO� VWXGLHV �� $OO� DQLPDOV� ZHUH�
ZHLJKHG�� LGHQWLILHG�� DQG� SODFHG� LQ� D� VWDQGDUG�
SODVWLF�FDJH�IRU�RQH�ZHHN�RI �DFFOLPDWL]DWLRQ�LQ�
DQ�RSWLPXP�SDWKRJHQ�IUHH�HQYLURQPHQW��ZLWK�D�

R��KRXU� OLJKW�GDUN� F\FOH� RI � ��� ²� ��� &� DQG�
UHODWLYH�KXPLGLW\�RI ����������PHDVXUHG�XVLQJ�D�
&(0�K\GURPHWHU� �'7������6KHQ]KHQ�&KLQD���
7KH�DQLPDO�FDJHV�ZHUH�PDLQWDLQHG�DGHTXDWHO\�E\�
FKDQJLQJ� VDZGXVW�� OHIWRYHU� IHHG� DQG� GULQNLQJ�
ZDWHU��GDLO\��$OO�DQLPDOV�ZHUH�IHG�ZLWK�SHOOHWL]HG�
JURZHU�PDVK� �*UDQG�&HUHDO�9LWDO��)HHG�/WG��
-RV��DQG�SURYLGHG�GULQNLQJ�ZDWHU�DG�OLELWXP��7KH�
$55,9(�JXLGHOLQHV�����DV�FKHFNOLVW�RI �UHOHYDQW�
LQIRUPDWLRQ�IRU�DQLPDO�UHVHDUFK�GRFXPHQWDWLRQ�
RI �LQ�YLYR�H[SHULPHQWV�ZDV�FRQVXOWHG�

%ORRG� VWDJH� 3ODVPRGLXP� EHUJKHL� VDPSOHV� ZHUH�
FROOHFWHG�IURP�D�ODERUDWRU\�VWRFN�YLD�VHULDO�EORRG�
SDVVDJH� IURP� RQH�PRXVH� WR� DQRWKHU�� 7KLV� ZDV�
VRXUFHG� IURP� WKH� )DFXOW\� RI � 3KDUPDF\� DW� WKH�
8QLYHUVLW\�RI �8\R�

/HDI �H[WUDFW�RI �$]DGLUDFKWD�LQGLFD�DQG�EDUN�H[WUDFW�
RI �0DQJLIHUD�LQGLFD�ZHUH�LQYHVWLJDWHG�WR�GHWHUPLQH�
WKHLU� PHGLXP� OHWKDO� GRVHV� �/' �� LQ� WKH���

'HSDUWPHQW� RI � 3KDUPDFRORJ\�� )DFXOW\� RI �
3KDUPDF\��8QLYHUVLW\�RI �8\R��7KLV�ZDV�GRQH�WR�
HVWDEOLVK�WKH�GLIIHUHQW�DPRXQWV�RI �WKH�H[WUDFWV�WR�
EH�DGPLQLVWHUHG�WR�WKH�PLFH�XVLQJ�WKH�PHWKRG�RI �

��/RUNH �

)LIWHHQ������DQLPDOV�ZHUH�VHSDUDWHG�LQWR�ILYH�����
JURXSV� RI � WKUHH� ���� HDFK��(DFK� JURXS� UHFHLYHG�
LQFUHDVLQJ� GRVHV� RI � OHDI�EDUN� H[WUDFWV� �������
������������������DQG������PJ�NJ���7KH�DQLPDOV�
ZHUH�FDUHIXOO\�PRQLWRUHG�IRU����KRXUV�WR�DVVHVV�
WKHLU� EHKDYLRXUDO� DFWLYLWLHV� DV� ZHOO� DV� WKH�
SRVVLELOLW\� RI � IDWDOLW\�� :KHUH� WKHUH� ZDV� QR�
PRUWDOLW\��DQRWKHU�JURXS�RI �WKUHH�����DQLPDOV�ZDV�
JLYHQ�JUHDWHU�GRVHV�DQG�PRQLWRUHG�IRU����KRXUV�

7KH� LQRFXOXP� ZDV� SUHSDUHG� DV� GHVFULEHG� E\�
��(GDJKD� HW� DO �� 7KH� EORRG� GRQRU� ZLWK� KLJK�

SDUDVLWHPLD� ZDV� DFTXLUHG� E\� DQDHVWKHWL]LQJ� WKH�
PRXVH� ZLWK� NHWDPLQH� K\GURFKORULGH� DQG�
FROOHFWLQJ�EORRG�YLD�KHDUW�SXQFWXUH�ZLWK�D�VWHULOH�
V\ULQJH� LQWR� D� VWHULOH� KHSDULQL]HG� WXEH�� 7KH�
SHUFHQWDJH�SDUDVLWHPLD�ZDV�FDOFXODWHG�E\�GLYLGLQJ�
WKH�QXPEHU�RI �SDUDVLWL]HG�UHG�EORRG�FHOOV�E\�WKH�
WRWDO�QXPEHU�RI �UHG�FHOOV��DQG�D�GHVLUHG�YROXPH�RI �
EORRG�ZDV�REWDLQHG�IURP�WKH�GRQRU�PRXVH�DQG�
GLOXWHG�ZLWK�VWHULOH�QRUPDO�VDOLQH�VR�WKDW�WKH�ILQDO�
LQRFXOXP������P/��IRU�HDFK�PRXVH�FRQWDLQHG�WKH�
UHTXLUHG�QXPEHU� RI � SDUDVLWL]HG� UHG� EORRG� FHOOV�

������[��� �SDUDVLWL]HG�UHG�EORRG�FHOOV���ZKLFK�LV�WKH�
VWDQGDUG� LQRFXOXP� IRU� LQIHFWLRQ� RI � D� VLQJOH�
PRXVH�

,QIHFWLRQ� RI � 6ZLVV�0LFH� ZLWK� 3�� EHUJKHL� DQG�

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����
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DGPLQLVWUDWLRQ�RI �WKH�([WUDFWV�RI�$]DGLUDFKWD�
LQGLFD�DQG�0DJQLIHUD�LQGLFD�

7KH�VL[W\�6ZLVV�PLFH�ZHUH�DOORWWHG�LQWR�WZHOYH�
�����JURXSV��Q� ����PLFH�HDFK��$OO�WKH�PLFH�ZHUH�
LQIHFWHG�WZR�ZHHNV�DIWHU�DFFOLPDWL]DWLRQ�ZLWK���[�

� ��� 3�� EHU JKHL� SDUDVLWL]HG� HU\WKURF\WHV�
LQWUDSHULWRQHDOO\�� H[FHSW� WKH� KHDOWK\� FRQWURO�
JURXS� WKDW� LV�� WKH� QRUPDO� FRQWURO� �1&��� 7KH�
LQIHFWLRQ�RI �WKH�UHFLSLHQW�PLFH�ZDV�LQLWLDWHG�E\�
QHHGOH� SDVVDJH� RI � WKH� LQRFXOXP� SDUDVLWH�
SUHSDUDWLRQ�IURP�WKH�GRQRU�WR�KHDOWK\�DQLPDOV�

YLD� DQ� LQWUDSHULWRQHDO� URXWH� DV� GHVFULEHG� E\�
(GDJKD�HW�DO��� ��������7KH�SUHVHQFH�RI �SDUDVLWHV�
ZDV� FRQILUPHG� E\� D� GDLO\� SDUDVLWHPLD�
GHWHUPLQDWLRQ� XVLQJ� GLUHFW� HQXPHUDWLRQ� YLD� D�
*LHPVD�VWDLQHG�WKLQ�EORRG�VPHDU�IURP�WKH�PLFH
V�
ODWHUDO� FDXGDO� YHLQ�� ZKLFK� GHPRQVWUDWHG� WKH�
QXPEHU�RI �35%&V�SHU�����5%&V�RI �SDUDVLWHPLD�
DV� RXWOLQHG� E\�:+2� LQ�PDODULD�PLFURVFRS\� LQ�

��:+2 �� 7KH� H[SHULPHQWDO� JURXSV� FRPPHQFHG�
WUHDWPHQW�ZKHQ�SDUDVLWHPLD�UHDFKHG����RI � WKH�
LQLWLDO� LQRFXOXP�� 7KH� SDUDVLWH� GHQVLW\� ZDV�
FDOFXODWHG�XVLQJ�WKH�IRUPXOD�EHORZ�

��SDUDVLWHPLD

0HDQ���SDUDVLWHPLD�RI �XQWUHDWHG�JURXS���0HDQ���SDUDVLWHPLD�RI �WUHDWHG�JURXS

;����� 

$OVR�WKH�SHUFHQWDJH�LQKLELWLRQ�RI �WKH�SDUDVLWH�IRU�HDFK�GD\�ZDV�FDOFXODWHG�E\�WKH�IRUPXOD�

1XPEHU�RI �SDUDVLWL]HG�5%&
7RWDO�QXPEHU�RI �5%&

0HDQ���SDUDVLWHPLD�RI �XQWUHDWHG�JURXS ;���

([SHULPHQWDO�'HVLJQ
6�1� *URXS� � � 7UHDWPHQW� � � � 'XUDWLRQ��GD\V�
��� 1&� � � ':���P/�NJ�EZW� � � � �
��� 317� � � ':���P/�NJ�EZW� � � � �
���� 3$, ����PJ�$,�NJ�EZW� � � � �/'� � �
���� 3$, ����PJ�$,�NJ�EZW� � � � �0'� � �
���� 3$, ����PJ�$,�NJ�EZW� � � � �+'� � �
��� 30, ����PJ�0,�NJ�EZW� � � � �/'� � �
��� 30, ����PJ�0,�NJ�EZW� � � � �0'� � �
���� 30, ����PJ�0,�NJ�EZW� � � � �+'� � �
��� 3$,0, ����PJ�$,�������PJ�0,��NJ�EZW� � � �/'� �
������� 3$,0, ����PJ�$,�������PJ�0,��NJ�EZW� � � �0'� �
����� 3$,0, ����PJ�$,�������PJ�0,��NJ�EZW� � � �+'� �
����� 3$/� � � ��PJ�NJ�EZW� � � � � �

':�²�'LVWLOOHG�ZDWHU��1&�²�1RUPDO�FRQWURO��317�²�3DUDVLWL]HG�QRQ�WUHDWHG��3$, ²�3DUDVLWL]HG�DQG�/'�

WUHDWHG�ZLWK�$]DGLUDFKWD�LQGLFD�H[WUDFW�²�ORZ�GRVH��3$, ²�3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�$]DGLUDFKWD�LQGLFD�0'�

H[WUDFW�²�PLGGOH�GRVH��3$, ²�3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�$]DGLUDFKWD�LQGLFD�H[WUDFW�²�KLJK�GRVH��30, �²�+'� /'

3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�0DQJLIHUD�LQGLFD�²�ORZ�GRVH��30, �²�3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�0DQJLIHUD�0'

LQGLFD�²�PLGGOH�GRVH��30, �²�3DUDVLWL]HG�DQG� WUHDWHG�ZLWK�0DQJLIHUD� LQGLFD�²�KLJK�GRVH��3$,0, ²�+' /'�
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3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�$]DGLUDFKWD�LQGLFD�H[WUDFW�DQG�0DJQLIHUD�LQGLFD�H[WUDFW�²�ORZ�GRVH��3$,0, ²�0'�

3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�$]DGLUDFKWD�LQGLFD�H[WUDFW�DQG�0DJQLIHUD�LQGLFD�H[WUDFW²�PLGGOH�GRVH��3$,0,+'�
²� 3DUDVLWL]HG� DQG� WUHDWHG�$]DGLUDFKWD� LQGLFD� H[WUDFW� DQG�0DJQLIHUD� LQGLFD� H[WUDFW²� KLJK� GRVH�� 3$/� ²�
3DUDVLWL]HG�DQG�WUHDWHG�ZLWK�$UWKHPHWHU�/XPHIDQWULQH��$&7���$OO�H[WUDFWV�WUHDWPHQW�ZDV�DGPLQLVWHUHG�
RUDOO\�XVLQJ�RUR�JDYDJH�WXEH�HYHU\�GD\�IRU���GD\V�

7HUPLQDWLRQ�RI �WKH�([SHULPHQW
7ZHQW\�IRXU�KRXUV�IROORZLQJ�WKH�ODVW�GRVH��WKH�
DQLPDOV�ZHUH�DQHVWKHWL]HG�LQWUDSHULWRQHDOO\�ZLWK�
��� PJ� SHU� NJ� ERG\� ZHLJKW� RI � NHWDPLQH�
K\GURFKORULGH� �5RWH[�0HGLFD��*HUPDQ\��� 7KH�
WKRUDFRDEGRPLQDO�ZDOO�ZDV�GLVVHFWHG�WR�H[DPLQH�
WKH� KHDUW�� DQG� EORRG� ZDV� WDNHQ� IURP� WKH� OHIW�
YHQWULFOH��7KH�KHSDULQL]HG�EORRG�ZDV�FROOHFWHG�
LPPHGLDWHO\� DQG� FHQWULIXJHG� DW� ����� J� IRU� ���
PLQXWHV�� 7KH� SODVPD� ZDV� UHIULJHUDWHG� DQG�
SURFHVVHG�DV�D�VLQJOH�EDWFK�IRU�GHWHUPLQDWLRQ�RI �
DVSDUWDWH� DPLQRWUDQVIHUDVH� �$67��� DONDOLQH�
S K R V S K D W D V H � � $ / 3 � � � D Q G � D O D Q L Q H�

��DPLQRWUDQVIHUDVH��$/7��OHYHOV�ZLWKLQ����KRXUV �
$� FDQQXOD�ZDV�XWLOL]HG� WR� DGPLQLVWHU� D� JXLGHG�
LQWUDFDUGLDF� SHUIXVLRQ� RI � SKRVSKDWH�EXIIHUHG�
VDOLQH��3%6���0��3+������WR�WKH�DQLPDOV��ZKLFK�
ZHUH� WKHQ� SHUIXVHG�À[HG� ZLWK� ���� EXIIHUHG�
IRUPDOLQ��7KH�OLYHUV�RI �DOO�DQLPDOV�ZHUH�H[WUDFWHG�
DQG�À[HG�LQ�����EXIIHUHG�IRUPDOLQ�IRU����KRXUV�

+LVWRSDWKRORJLFDO�$VVHVVPHQW
7KH� À[HG� WLVVXH�ZDV� GHK\GUDWHG� XVLQJ� JUDGHG�
DOFRKRO� WR� HOLPLQDWH� H[FHVV� ZDWHU� IRXQG� LQ�
WLVVXHV��DV�IROORZV��WZR�FKDQJHV�RI �����DQG�����
DOFRKRO�IRU�WZR�KRXUV�HDFK��DQG�WZR�FKDQJHV�RI �
����� DOFRKRO� IRU� WZR� KRXUV� HDFK�� $IWHU�
GHK\GUDWLRQ��WLVVXH�ZDV�FOHDUHG�ZLWK�WZR�FKDQJHV�
RI �[\OHQH����PLQXWHV�HDFK���7KLV�ZDV�IROORZHG�E\�
LPSUHJQDWLRQ�ZLWK�WZR�FKDQJHV�RI �SDUDIÀQ�ZD[�
LQ� WKH� RYHQ� DW� ���&� IRU� RQH� KRXU� DQG� WKLUW\�
PLQXWHV�HDFK�WR�DOORZ�IRU�LQÀOWUDWLRQ��7LVVXH�ZDV�
SXW�LQWR�PROGV�ÀOOHG�ZLWK�PROWHQ�SDUDIÀQ�ZD[��
2QFH�WKH�SDUDIÀQ�ZD[�KDG�FRROHG�DQG�VHW��WKH�
PROG�ZDV� UHPRYHG�� UHYHDOLQJ� D� VPDOO� SDUDIÀQ�
EORFN� FRQWDLQLQJ� WKH� WLVVXH� VDPSOH�� $IWHU�
IUHH]LQJ� WKH� WLVVXHV�RQ� LFH�� WKH�SDUDIÀQ�EORFNV�
ZHUH�VHFWLRQHG�ZLWK�D�PLFURWRPH�DW�D�WKLFNQHVV�
RI ����P�

7LVVXH� VHFWLRQV� ZHUH� WDNHQ� WR� ZDWHU� E\�
GHSDUDIÀQL]LQJ� LQ� WZR� FKDQJHV� RI � [\OHQH� IRU� ��
PLQXWHV�HDFK�� IROORZHG�E\�UHK\GUDWLRQ� LQ������
DOFRKRO�� ���� DOFRKRO�� ���� DOFRKRO� WZLFH� IRU� ��
PLQXWHV� HDFK�� DQG� ÀQDOO\� ULQVHG� LQ� WDS� ZDWHU��
6HFWLRQV�ZHUH� VWDLQHG�ZLWK�+HPDWR[\OLQ� IRU� ���
PLQXWHV� � ZDVKHG � EU L HÁ\ � LQ � W DS � ZDWH U��
GLIIHUHQWLDWHG� LQ� DFLG� DOFRKRO�� ZDVKHG� ZHOO� LQ�
UXQQLQJ� WDS�ZDWHU� WLOO� LW� WXUQHG�EOXH��7KH�EOXHG�
VHFWLRQV�ZHUH� FRXQWHUVWDLQHG� LQ� (RVLQ� VROXWLRQ�

��IRU� �� PLQXWH �� 7KH� WLVVXHV� ZHUH� DLU� GULHG� DQG�
PRXQWHG� ZLWK� GLSRO\F\VWHLQH� [\OHQH� �'3;��
EHIRUH�EHLQJ�FRYHU�VOLSSHG� IRU�YLHZLQJ�XQGHU� D�
O L JK W � P LF URVFRSH� � 7KUHH � LQGHSHQGHQ W�
KLVWRSDWKRORJLVWV�XQUHODWHG�WR�WKH�VWXG\�HYDOXDWHG�
WKH�WLVVXHV�WR�PLWLJDWH�VWXG\�ELDV��7KH�SURFHVVHG�
VOLGHV�ZHUH� H[DPLQHG� XQGHU� D� OLJKW�PLFURVFRSH�
�2O\PSXV�� 86$��� DQG� SKRWRPLFURJUDSKV� ZHUH�
WDNHQ�

6WDWLVWLFDO�$QDO\VLV
7KH�GDWD�REWDLQHG�IURP�WKLV�VWXG\�ZDV�DQDO\]HG�
XVLQJ� WKH� ,%0� 6WDWLVWLFDO� 3DFNDJH� IRU� 6RFLDO�
6FLHQFH� �6366�� YHUVLRQ� ��� VRIWZDUH�� ZLWK� WKH�
�2QH�:D\�� DQDO\VLV�RI �YDULDQFH� �$129$��DQG�
WKH�7XNH\�SRVW�KRF�WHVW�WR�HVWDEOLVK�VLJQLÀFDQFH��
'DWD�ZDV�SUHVHQWHG�DV�PHDQ���6WDQGDUG�(UURU�RI �
0HDQ�� 9DOXHV� ZHUH� VWDWLVWLFDOO\� VLJQLÀFDQW� �S� ��
������

5(68/76
3K\WRFKHPLFDO� $QDO\VLV� RI � ([WUDFWV� RI �
$]DGLUDFKWD�LQGLFD�/HDI �DQG�0DQJLIHUD�LQGLFD�%DUN
7KH�GLIIHUHQW�SK\WRFKHPLFDO�FRQVWLWXHQWV�SUHVHQW�
LQ�$]DGLUDFKWD� LQGLFD� OHDI � H[WUDFW� DQG�0DQJLIHUD�
LQGLFD�EDUN�H[WUDFW�DUH�VKRZQ�LQ�7DEOH���

7KH� TXDOLWDWLYH� SK\WRFKHPLFDO� DQDO\VLV� RI � WKH�
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H[WUDFW� RI � $]DGLUDFKWD� LQGLFD� UHYHDOHG� WKH�
SUHVHQFH� RI � DONDORLGV�� WDQQLQV�� ÁDYRQRLGV��
SR O \SKHQR O V � DQG � W H U SHQR LG V � L Q � K L JK�
FRQFHQWUDWLRQ�� VDSRQLQV�� FDUERK\GUDWH��
JO\FRVLGH�� DQG� FDUGLDF� JO\FRVLGH� LQ� PRGHUDWH�
FRQFHQWUDWLRQV�� ZKLOH� VWHURLG� ZDV� SUHVHQW� LQ�
WUDFH� FRQFHQWUDWLRQ�� 2Q� WKH� RWKHU� KDQG�� WKH�
SK\WRFKHPLFDO� FRQVWLWXHQWV� RI � H[WUDFW� RI �
0DQJLIHUD� LQGLFD� ZHUH� WDQQLQV�� ÁDYRQRLGV��
SRO\SKHQROV��DQG�JO\FRVLGHV��DOO�SUHVHQW�LQ�KLJK�
FRQFHQWUDWLRQV��VDSRQLQV�DQG�FDUERK\GUDWH�ZHUH�
SUHVHQW� LQ� PRGHUDWH� FRQFHQWUDWLRQV�� FDUGLDF�
JO\FRVLGHV��VWHURLGV�DQG�WHUSHQRLGV�ZHUH�DOVR�LQ�
WUDFH�FRQFHQWUDWLRQ�ZKLOH�DONDORLG�ZDV�DEVHQW�

0HGLDQ�/HWKDO�'RVH��/' ��RI �([WUDFWV�RI �$����

LQGLFD�/HDI �DQG�0��LQGLFD�%DUN�
7KHUH�ZDV�QR�WR[LFLW\�RU�PRUWDOLW\�VHHQ�DV�WKH�
GRVH�RI �$]DGLUDFKWD�LQGLFD�OHDI �H[WUDFWV�LQFUHDVHG�
WR������PJ�NJ�ERG\�ZHLJKW��7KH�PHGLDQ�IDWDO�
GRVH�RI �$]DGLUDFKWD�LQGLFD�H[WUDFW�ZDV�IRXQG�WR�
EH�PRUH�WKDQ������PJ�NJ���7DEOH��D��

7KH� HWKDQROLF� H[WUDFW� RI �0DQJLIHUD� LQGLFD� EDUN�
UHYHDOHG�QR�WR[LFLW\�RU�GHDWK�DW�GRVHV�DV�KLJK�DV�
�����PJ�NJ�ERG\�ZHLJKW��7KH�PHGLDQ�IDWDO�GRVH�
ZDV�SUHGLFWHG�WR�EH�PRUH�WKDQ������PJ�NJ�ERG\�
ZHLJKW���7DEOH��E��

(IIHFW�RI �([WUDFWV�RI �$��LQGLFD�/HDI �DQG�0��
LQGLFD�%DUN�RQ�%RG\�DQG�/LYHU�:HLJKWV�RI �3��
EHUJKHL�LQIHFWHG�6ZLVV�0LFH
7KH�SRVW�SDVVDJH�ZHLJKW�VKRZHG�D�VLJQLÀFDQW��S�
��������UHGXFWLRQ�RI �WKH�ZHLJKWV�LQ�JURXSV�������
��� DQG� ��� UHVSHFWLYHO\��ZKHQ� FRPSDUHG� WR� WKH�
1&��$OWKRXJK�� JURXS���ZDV� VLJQLÀFDQWO\� �S���
������LQFUHDVHG�LQ�ZHLJKW�ZKHQ�FRPSDUHG�WR�WKH�
JURXSV���DQG����JURXS���DOVR�ZDV�VLJQLÀFDQWO\��S�
��������LQFUHDVHG�ZKHQ�FRPSDUHG�WR�WKH�JURXSV�
������DQG���

)LQDO�ERG\�ZHLJKW�GHPRQVWUDWHG�D�VLJQLÀFDQW��S�
��������UHGXFWLRQ�RI �ZHLJKW�LQ�JURXSV�������������
������DQG����UHVSHFWLYHO\�ZKHQ�FRPSDUHG�WR�WKH�
FRQWURO�JURXS��$OWKRXJK��REVHUYDWLRQV�VKRZHG�D�
VLJQLÀFDQW��S���������GHFUHDVH�LQ�WKH�JURXSV���

DQG����WKHUH�LV�D�VLJQLÀFDQW��S���������LQFUHDVH�LQ�
WKH�JURXSV����������DQG����ZKHQ�FRPSDUHG�WR�WKH�
GLVHDVHG�JURXS��JURXS�����

$QDO\VLV�DOVR�REVHUYHG�WKDW� WKHUH�ZHUH�QHJDWLYH�
FKDQJHV� LQ� ZHLJKW� LQ� DOO� WKH� WUHDWPHQW� JURXSV�
H[FHSW� LQ� JURXS� ���� ZKLFK� VKRZHG� D� SRVLWLYH�
FKDQJH�LQ�ZHLJKW�ZKHQ�FRPSDUHG�WR�WKH�FRQWURO�
DQG�RWKHU�WUHDWPHQW�JURXSV��DV�VKRZQ�LQ�7DEOH����

/LYHU�ZHLJKW�DQDO\VLV�GHPRQVWUDWHG�QR�VLJQLÀFDQW�
�S�!� ������ GLIIHUHQFHV� DFURVV� WUHDWPHQW� JURXSV�
ZKHQ�FRPSDUHG�WR�WKH�FRQWURO�JURXS��DV�VKRZQ�LQ�
7DEOH����

(IIHFW� RI �([WUDFWV� RI �$�� LQGLFD�/HDI � DQG�0��
LQGLFD� %DUN� RQ� 6HUXP� /LYHU� (Q]\PHV� RI � 3��
EHUJKHL�LQIHFWHG�6ZLVV�0LFH
7KH� VHUXP� $67� FRQFHQWUDWLRQ� VKRZHG� D�
VLJQLÀFDQW��S���������LQFUHDVH�LQ�JURXSV���DQG���
ZKHQ�FRPSDUHG�WR�WKH�FRQWURO�JURXS��7KHUH�ZDV�D�
V LJQLÀFDQW� �S� �� ������ GHFUHDVH� LQ� $67�
FRQFHQWUDWLRQ�RI �JURXS����ZKHQ�FRPSDUHG�WR�WKH�
SDUDVLWL]HG�QRQ�WUHDWHG��317��JURXS�

$VVHVVPHQW�RI �WKH�$/7�SUHVHQWHG�D�VLJQLÀFDQW��S�
��������LQFUHDVH�LQ�$/7�FRQFHQWUDWLRQ�DFURVV�DOO�
WUHDWPHQW�JURXSV�H[FHSW�IRU�JURXSV�������DQG����
ZKHQ�FRPSDUHG�WR�WKH�FRQWURO�JURXS��:KHUHDV��
JURXSV� ��� ��� ��� ��� ��� ���� ��� DQG� ��� VKRZHG� D�
VLJQLÀFDQW� �S� �� ������ GHFUHDVH� LQ� $/7�
FRQFHQWUDWLRQ�ZKHQ�FRPSDUHG�WR�WKH�317�JURXS��
JURXS���DQG����VKRZHG�D�VLJQLÀFDQW��S���������
UHGXFWLRQ� ZKHQ� FRPSDUHG� WR� JURXS� �� DQG� D�
VLJQLÀFDQW��S���������UHGXFWLRQ�LQ�JURXSV���DQG����
ZKHQ�FRPSDUHG�WR�WKH�JURXS���

5HVXOW� SUHVHQWDWLRQ� VKRZHG� D� VLJQLÀFDQW� �S� ��
������HOHYDWHG�$/3�FRQFHQWUDWLRQ�LQ�WKH�JURXSV���
DQG� �� ZKHQ� FRPSDUHG� WR� WKH� FRQWURO� JURXS��
+RZHYHU�� DOO� RWKHU� WUHDWPHQW� JURXSV� VKRZHG� D�
VLJQLÀFDQW� �S� �� ������ UHGXFWLRQ� LQ� $/3�
FRQFHQWUDWLRQ�ZKHQ�FRPSDUHG�WR�WKH�317�JURXS�
�JURXS�����DV�VKRZQ�LQ�7DEOH���

(IIHFW� RI �([WUDFWV� RI �$�� LQGLFD�/HDI � DQG�0��
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LQGLFD� %DUN� RQ� 3DUDVLWHPLD� RI � 3�� EHUJKHL�
LQIHFWHG�6ZLVV�0LFH

7KH� DVVHVVPHQW� RI � LQLWLDO� SDUDVLWHPLD� OHYHO�
DFURVV� DOO� WUHDWPHQW� JURXSV� VKRZHG� QR�
VLJQLÀFDQW��S�!�������GLIIHUHQFH�ZKHQ�FRPSDUHG�
WR� WKH� 317� JURXS� �JURXS� ���� DV� SUHVHQWHG� LQ�
7DEOH����)LQDO�SDUDVLWHPLD�VKRZHG�D�VLJQLÀFDQW��S�
�� ������ GHFUHDVH� LQ� DOO� WKH� WUHDWPHQW� JURXSV�
ZKHQ�FRPSDUHG� WR� WKH�317�JURXS��JURXS�����
+RZHYHU��D�PRUH�VLJQLÀFDQW��S���������GHFUHDVH�
LV� REVHUYHG� LQ� WKH� JURXSV� ��� DQG� ��� ZKHQ�
FRPSDUHG�WR�RWKHU�WUHDWPHQW�JURXSV�DV�ZHOO�DV�
WKH�317�JURXS��JURXS����

(IIHFW�RI �([WUDFWV�RI �$��LQGLFD�/HDI �DQG�0��
LQGLFD�%DUN�RQ�WKH�+LVWRORJ\�RI �WKH�/LYHU�RI �
3��EHUJKHL�LQIHFWHG�6ZLVV�0LFH
7KH�VHFWLRQ�RI �WKH�OLYHU�RI �JURXS����1&��VKRZHG�
D�UHJXODU�KLVWRDUFKLWHFWXUH�ZLWK�QRUPDO�DUUD\�RI �
KHSDWRF\WHV��+3��DQG�SRUWDO�WULDG�DV�VKRZQ�LQ�
)LJXUH���� �7KH�OLYHU�VHFWLRQ�RI �JURXS���DQLPDOV�

� 317 � � U H Y H D O H G � V H Y H U H O \ � G L V W R U W H G�
KLVWRDUFKLWHFWXUH�GHPRQVWUDWLQJ�WKH�SUHVHQFH�RI �
GHJHQHUDWLQJ�KHSDWRF\WHV��'���QXPHURXV�KHSDWLF�
YDFXRODWLRQV� �9��� ZLGHVSUHDG� PLFURYDVFXODU�
VWHDWRVLV��6W��DQG�ZLGHO\�SRSXODWHG�SDUDVLWHV��S���
*URXSV���WR����GHPRQVWUDWHG�PLOG�WR�PRGHUDWH�
UHYHUVDO� RI � OLYHU� GLVWRUWLRQV�ZKHQ� FRPSDUHG� WR�
1&�� DQG� JURXS� ��� WUHDWHG� ZLWK� VWDQGDUG� DQWL�
PDODULDO�GUXJ��3$/��
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3DUDVLWL]HG� JURXSV� GHPRQVWUDWHG� GHSOHWHG� JO\FRJHQ� H[SUHVVLRQ� H[FHSW� LQ� 3$,0, DQG� 3$/�ZKLFK� KDG� XS�/'�

UHJXODWHG�JO\FRJHQ�FRQWHQWV�

',6&866,21�
+HUEDO�WHD�PL[WXUHV�DUH�QRZ�D�SRSXODU�WUHQG��DQG�
PDQ\� FRQWDLQ� WZR� RU� PRUH� EOHQGV� RI � SODQWV��
PRVWO\�FRQVXPHG�IRU�WKHLU�KHDOWK�EHQHÀWV��+HUH�
ZH� LQYHVWLJDWHG� WKH� FRQFXUUHQW� DGPLQLVWUDWLRQ�

RI �WZR�SRSXODU�DQWL�PDODULDO�SODQWV��HWKDQRO�OHDI �
H[WUDFW�RI�$]DGLUDFKWD� LQGLFD�DQG�0DQJLIHUD� LQGLFD�
EDUN�H[WUDFW����

7KH� SK\WRFKHPLFDO� VFUHHQLQJ� RI � WKH� H[WUDFWV�
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UHYHDOHG�WKDW�ERWK�H[WUDFWV�ZHUH�ULFK�LQ�VDSRQLQ��
WDQQLQ�� FDUERK\GUDWHV�� ÁDYRQRLG�� SRO\SKHQRO�
DQG� JO\FRVLGH� DQG� WKHUH� ZDV� PRGHUDWH�
FRQFHQWUDWLRQ�RI �VWHURLGV��$��LQGLFD�ZDV�DOVR�ULFK�
LQ�DONDORLGV�EXW�QR�WUDFH�RI �DONDORLGV�ZDV�IRXQG�
LQ�0��LQGLFD��DOVR��$��LQGLFD�FRQWDLQV�PRUH�FDUGLDF�
JO\FRVLGHV�� DQG� WHUSHQRLGV� WKDQ�0�� LQGLFD��7KH�
SK\WRFKHPLFDOV� SUHVHQW� LQ� WKHVH� H[WUDFWV� PD\�
VXSSRUW�WKHLU�PHGLFLQDO�HIÀFDF\�DQG�HVWDEOLVKHG�
SDWKZD\V� RI � DFWLRQ� DJDLQVW� PDQ\� GLVHDVHV��
6HYHUDO� RI � WKHVH� SK\WRFKHPLFDOV� KDYH� EHHQ�
VKRZQ�WR�KDYH�DQWL�SODVPRGLDO�HIIHFWV��$ONDORLGV�
DUH� UHSRUWHG� WR� EORFN� SDUDVLWLF� SURWHLQ�

�����V\QWKHVLV �� ,Q� WKLV� VWXG\�� SDUDVLWL]HG� PLFH�
WUHDWHG�ZLWK�$��LQGLFD�VKRZHG�LPSHGHG�SDUDVLWH�
JURZWK�FRPSDUHG�ZLWK�317�JURXS��)ODYRQRLGV�
DUH�RQH�RI �WKH�PRVW�LPSRUWDQW�SK\WRFKHPLFDOV�
GHWHFWHG� LQ� ERWK� H[WUDFWV�� � )ODYRQRLGV� DUH�
FDSDEOH� RI � LPSDLULQJ� 3ODVPRGLXP� QXFOHLF� DFLG�

��EDVH� SDLULQJ �� 6DSRQLQV� KDYH� DQWLPDODULDO��
������F\WRWR[LF��DQG�DQWL�WXPRU�DFWLYLWLHV DQG�SODQWV�

FRQWDLQLQJ� VDSRQLQV� KDYH� EHHQ� XVHG� IRU�
��PHGLFLQDO� SXUSRVHV� IRU� GHFDGHV �� 6DSRQLQV��

WDQQLQV� DQG� SKHQROV� DOVR� SRVH� VRPH� DQWL�
SODVPRGLDO�DFWLYLW\�� �$��LQGLFD�SRVVHVVHV�D�KLJKHU�
FRQFHQWUDWLRQ� RI � WHUSHQRLGV� DQG� WHUSHQRLG�
SRVVHVVHV� HIIHFWV� GHWULPHQWDO� WR� LQIHFWLYH�

�����SURWR]RDQV�� LQFOXGLQJ� 3ODVPRGLXP �� 7KH�
SK\WRFKHPLFDOV�VFUHHQLQJ�DOVR�VKRZHG�WKDW�WKH�
H[WUDFWV�RI �$�� LQGLFD�KDG�DONDORLGV�ZKLFK�ZHUH�
DEVHQW� LQ�0��LQGLFD��DQG�PRUH�WHUSHQRLGV��7KLV�
FRXOG� LQGLFDWH� WKDW� WKH� $�� LQGLFD� H[WUDFW� KDV�
JUHDWHU�ELRORJLFDO�DFWLYLW\�

$FXWH� WR[LFLW\� VWXG\� RQ� WKH� HWKDQROLF� OHDI �
H[WUDFWV� RI� $]DGLUDFKWD� LQGLFD� VKRZHG� WKDW� WKH�
PHGLDQ�OHWKDO�GRVH�RI �WKH�H[WUDFW�LV�RYHU������
PJ�NJ� ERG\� ZHLJKW�� WKLV� YDOXH� LV� OLNH� WKRVH�

��REWDLQHG�E\�$FKL�HW�DO ��:KLOH�WKH�PHGLDQ�OHWKDO�
GRVH�RI �WKH�HWKDQROLF�H[WUDFW�RI �0DQJLIHUD�LQGLFD�
EDUN�ZDV�FDOFXODWHG�WR�EH�RYHU������PJ�NJ�ERG\�
ZHLJKW�� WKLV� YDOXH� LV� OLNH� WKRVH� REWDLQHG� E\�

��5HGGHPDQ� HW� DO �� � 7KHVH� YDOXHV� GHPRQVWUDWH�

WKDW�$�� LQGLFD� KDV� ORZHU� DFXWH� WR[LFLW\� WKDQ�0��
���LQGLFD��$FFRUGLQJ�WR�7DEXWL�HW�DO ERWK�SODQWV�DUH�

SRWHQW� DQWLPDODULD� SODQWV� DQG� DUH� VOLJKWO\� WR[LF��
DOWKRXJK�VDIH�IRU�KXPDQ�FRQVXPSWLRQ�

&RQYHQWLRQDOO\�� ERG\� ZHLJKW� JDLQV� RIWHQ� UHVXOW�
IURP�SK\VLRORJLFDO�YDULDWLRQ�VXFK�DV�IRRG�LQWDNH��

��DQG� PHWDEROLVP �� 7KHUHIRUH�� FKDQJHV� LQ� ERG\�
ZHLJKW� FDQ� WKXV� EH� XVHG� WR� H[DPLQH� LQGLYLGXDO�
UHVSRQVH�WR�SKDUPDFRORJLFDO�HIIHFWV��ERWK�KHUEDO�
DQG�FRQYHQWLRQDO���$OVR��LW�PD\�LQGLFDWH�WKH�VLGH�

��HIIHFWV�RI �GUXJ ��$V�HDUOLHU�UHSRUWHG�E\�)DUDK�HW�
��DO �VLJQLÀFDQW�FKDQJHV�LQ�ERG\�DQG�LQWHUQDO�RUJDQ�
ZHLJKWV� DUH� FRQVLGHUHG� VHQVLWLYH� LQGLFHV� RI �
WR[LFLW\� DIWHU� H[SRVXUH� WR� WR[LF� VXEVWDQFHV�� $�
JUDGXDO� ORVV� RI � DSSHWLWH� DQG�ZHLJKW� DUH� XVXDOO\�
VHHQ�LQ�PRVW�LI �QRW�DOO�FOLQLFDO�PDQLIHVWDWLRQV�RI �
HVWDEOLVKHG�PDODULD�LQIHFWLRQ��7KXV��WKH�FKDQJH�LQ�
ERG\� ZHLJKWV� RI � WKH� H[SHULPHQWDO� LQGLYLGXDOV�
LQGLFDWHG�WKDW�PDODULD�SDUDVLWHPLD�ZDV�DVVRFLDWHG�
ZLWK� FRQVLGHUDEOH� ZHLJKW� ORVV�� 7KH� REVHUYHG�
ZHLJKW�ORVV�LQ�WKH�317�LV�PRVW�OLNHO\�RZLQJ�WR�WKH�
QHJDWLYH� FRQVHTXHQFHV� RI � PDODULD� SDUDVLWHPLD��
7UHDWPHQW� ZLWK� $UWHPHWKHU�/XPHIDQWULQH� ��
&RDUWHP�� �JURXS� ���� ZDV� DVVRFLDWHG� ZLWK� D�
VLJQLÀFDQW� ZHLJKW� JDLQ�� 7KLV� DJUHHV� ZLWK� WKH�

�� ��ÀQGLQJV� RI � 8UDNX � DQG� 2]RNR� HW� DO �� 7KH�
UHERXQG�ULVH�LQ�ERG\�ZHLJKW�DIWHU�WUHDWPHQW�ZLWK�
&RDUWHP���$&7��LV�PRVW�OLNHO\�DWWULEXWDEOH�WR�D�
UHYHUVDO� RI � WKH� QHJDWLYH� HIIHFWV� RI � PDODULD�
SDUDVLWHPLD�LQ�PLFH��7KLV�UHFRYHU\�LV�LQWHUHVWLQJ�
HVSHFLDOO\� ZKHQ� FRPSDUHG� WR� WKH� ÀQGLQJV� E\�

��6DPXHO�HW�DO �ZKR�UHSRUWHG�WKDW�DGPLQLVWUDWLRQ�RI �
$&7�RU�DUWHVXQDWH�LQ�XQSDUDVLWL]HG�UDWV�UHVXOWHG�
LQ� VLJQLÀFDQW� ZHLJKW� ORVV�� ,W� ORRNV� RGG� WKDW�
XQWUHDWHG� PDODULD� SDUDVLWHPLD� ZRXOG� EH�
DVVRFLDWHG�ZLWK�ZHLJKW� ORVV��ZKHUHDV�SDUDVLWL]HG�
WUHDWHG�ZLWK�$&7�ZDV�VWLOO�DVVRFLDWHG�ZLWK�ZHLJKW�
ORVV�� +RZHYHU�� WKH� SHUVLVWHQW� ZHLJKW� ORVV�
REVHUYHG� LQ� WKH� WUHDWPHQW�JURXSV� WKDW� UHFHLYHG�
HWKDQRO�H[WUDFWV�RI �0��LQGLFD�DQG�$��LQGLFD��PD\�EH�
EHFDXVH�RI �WKH�SUHVHQFH�RI �VDSRQLQV�DQG�WDQQLQV�
�GXH� WR� ELWWHUQHVV� DQG� DVWULQJHQW� SURSHUWLHV� RI �
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WKHVH�UHVSHFWLYH�SK\WRFKHPLFDOV���DV�SUHYLRXVO\�
��UHSRUWHG�E\�<HPLWDQ�DQG�$GH\HPL �

7KLV�VWXG\�LQGLFDWHV�WKDW�$��LQGLFD�KDG�EHWWHU�DQWL�
SODVPRGLDO� HIIHFW�FRPSDUHG� WR�0�� LQGLFD�ZKHQ�
DGPLQLVWHUHG� VHSDUDWHO\�� +RZHYHU�� WKHUH� LV� D�
UHPDUNDEOH�DQWL�SODVPRGLDO�HIIHFW�IROORZLQJ�WKH�
FRPELQDWLRQ�RI �ERWK�$��LQGLFD�DQG�0��LQGLFD�RQ�
WKH� SDUDVLWH�� 7KLV� PD\� EH� EHFDXVH� RI � WKH�
FKHPLFDO�LQWHUDFWLRQ�EHWZHHQ�WKH�SK\WRFKHPLFDO�
FRQVWLWXHQWV�RI �ERWK�SODQWV
�H[WUDFWV��DV�ZHOO�DV�
WKHLU� V\QHUJLVWLF� DQWL�SODVPRGLDO� HIIHFW�� 7KLV�
FRUURERUDWHV� WKH� FRQFOXVLRQ� GUDZQ� E\� 2IRUL�

��$WWDK� HW� DO � WKDW� UHSRUWHG� WKH� XVH� RI � WKHVH�
FRQFRFWLRQV�LQ�IRONORULF�PHGLFDO�VHWWLQJV�LQ�WKH�
WUHDWPHQW�RI �PDODULD��$� FRPELQDWLRQ�RI �ERWK�
VLQJOH�SODQW�H[WUDFW�LQFUHDVHG�WKH�FRQFHQWUDWLRQ�
RI � SRO\SKHQROV�� WKXV� LPSURYLQJ� WKHLU� DQWL�
SODVPRGLF� DFWLYLWLHV�� 3RO\SKHQROV� HOHYDWH� UHG�
EORRG� FHOO� R[LGDWLRQ� DQG� LQKLELW� WKH� SDUDVLWHV�

��SURWHLQ� V\QWKHVLV �� 7KLV� DFWLYLW\� QXOOLÀHV� WKH�
R[LGDWLYH� GDPDJH� LQGXFHG� E\� WKH� PDODULD�

��SDUDVLWH ��7KXV��WKH�VWURQJ�DQWLPDODULDO�DFWLYLW\�
REVHUYHG� PD\� EH� GXH� WR� WKH� SUHVHQFH� RI �
QXPHURXV�SRO\SKHQROV�

7KH�FRPPRQHVW�HQ]\PHV�UHJDUGHG�DV�LQGLFDWRUV�
RI � OLYHU� GDPDJH� DUH� DPLQRWUDQVIHUDVH� �$67���
DONDOLQH� SKRVSKDWDVH� �$/3��� DQG� DODQLQH�
DPLQRWUDQVIHUDVH� �$/7��� 7KH� GDPDJH� WR�
KHSDWRFHOOXODU� FHOOV� UHVXOWV� LQ� WKH� LQFUHDVH� LQ�

��WKHVH�HQ]\PHV ��7KLV�UHVHDUFK�VKRZHG�WKDW�WKHUH�
LV�D�VLJQLÀFDQW��S���������LQFUHDVH�LQ�$67�OHYHO�
HVSHFLDOO\� LQ� WKH� JURXS� ZLWK� 317� DQLPDOV� DV�
FRPSDUHG� WR� WKH� QRUPDO� FRQWURO� �1&���
+RZHYHU��H[WUDFWV�FDXVHG�VLJQLÀFDQW�UHGXFWLRQ�
LQ� $67�� $/7�� DQG� $/3� DFWLYLWLHV� LQ� WUHDWHG�
JURXSV�

7KLV�UHVHDUFK�ZRUN�KDV�GHPRQVWUDWHG�WKH�HIIHFW�
RI �DTXHRXV�H[WUDFW�RI �$��LQGLFD�DQG�0��LQGLFD�RQ�
WKH� OLYHU�� 7KLV� FODLP� KDV� EHHQ� VXSSRUWHG� E\�

� �3 U D V DG � H W � D O � ZKR � U H SR U W HG � RQ � W K H�
KHSDWRSURWHFWLYH� SRWHQWLDOV� RI � WKHVH� KHUEDO�

FRPSRXQGV��+LVWRSDWKRORJLFDO�DVVHVVPHQW�XVLQJ�
+	(� WHFKQLTXH� ZDV� HPSOR\HG� WR� VWXG\� WKH�
KHSDWLF� WLVVXH� DOWHUDWLRQV� LQGXFHG� E\� PDWHULDO�
SDUDVLWHV��7KH�317�JURXS�VKRZHG�YDU\LQJ�OHYHOV�
RI � KHSDWRWR[LF� LQMXULHV� DQG� GHJHQHUDWLRQV� RI �
KHSDWRF\WHV� � FH O OX ODU � YDFXRODW LRQV� � DQG�
ZLGHVSUHDG� PLFUR�YHVLFXODU� VWHDWRVLV� DQG�
HYLGHQFH� SDUDVLWHV� SUHVHQW� LQ� WKH� EORRG� YHVVHOV�
DQG�ZLWKLQ�VLQXVRLGV�RI �WKH�KHSDWLF�OREXOHV��5HVXOW�
DOVR�VKRZHG�YDU\LQJ�OHYHOV�RI �WKLV�LQÁDPPDWRU\�
DQG� GHJHQHUDWLYH� FRQGLWLRQ� LQ� WKH� H[WUDFW�
DGPLQLVWHUHG�� � /LYHU� LQYROYHPHQW� LQ� VHYHUH�
PDODULDO�LQIHFWLRQ�LV�FRPPRQO\�D�VLJQLÀFDQW�FDXVH�

��RI � PRUWDOLW\� DPRQJ� KXPDQV �� ,W� ZDV� DOVR�
GRFXPHQWHG�LQ�WKH�VWXG\�WKDW�KHSDWRSDWKRORJLFDO�
FKDQJHV� RI � VHYHUH� PDODULDO� SDUDVLWH� FDVHV� ZHUH�
DVVRFLDWHG�ZLWK�WRWDO�ELOLUXELQ�OHYHOV��DSRSWRVLV�RI �
.XSIIHU� FHOOV� DQG� SRUWDO� WUDFWV� O\PSKRF\WH�

��DFWLYDWLRQ �� ,W� LV� WKHUHIRUH� DQ� HVWDEOLVKHG� IDFW�
EDVHG� RQ� ÀQGLQJV� WKDW� 3ODVPRGLXP� VWUDLQV� DUH�
ORFDOL]HG� LQ� WKH� OLYHU� RI � WKH� ÀUVW� SKDVH� RI � WKH�
LQIHFWLRQ� FDXVLQJ� YDU\LQJ� OHYHOV� RI � KHSDWRWR[LF�

��HIIHFWV ��DV�VKRZQ�LQ�WKLV�VWXG\�

$�� LQGLFD� DQG�0�� LQGLFD� H[KLELW� KHSDWRSURWHFWLYH�
�����DFWLYLWLHV �� $OWKRXJK� WKH� KHSDWLF� SDWKRORJLFDO�

IHDWXUHV�REVHUYHG� LQ� WKH�317�JURXS�ZHUH� DOVR�
REYLRXV� LQ� VRPH�RI � WKH� H[WUDFW� WUHDWHG�JURXSV��
ERWK�LQ�WKH�VLQJOH�DQG�LQ�FRPELQDWLRQ�JURXSV��WKH�
LQWHQVLW\�RI �WKHVH�IHDWXUHV�ZHUH�PLOG��DQG�UHYHUVHG�
LQ� WKH� VWDQGDUG� GUXJV� WUHDWPHQW� JURXS� ZKHQ�
FRPSDUHG�WR�1&�JURXS��7KH�EHQHÀFLDO�DQG�WR[LF�
DFWLYLWLHV�RI �WDQQLQV�KDYH�DOVR�EHHQ�LQYHVWLJDWHG�

�� �DQG�GRFXPHQWHG �� 7KH�SUHVHQFH�RI � WDQQLQV� LQ�
ERWK�H[WUDFWV�RI �VWXG\�PD\�EH�LPSOLFDWHG�LQ�WKH�
UHVLGXDO� KHSDWRWR[LF� FKDQJHV� REVHUYHG� LQ� WKH�
UHVXOW�

)XUWKHUPRUH�� DV� UHYHDOHG� E\� WKH� SHULRGLF� DFLG�
6FKLII �VWDLQLQJ��JO\FRJHQ�GHSOHWLRQ�LQ�WKH�OLYHU�ZDV�
REVHUYHG� LQ� DOO� WUHDWPHQW� JURXSV� EHVLGHV� WKH�
QRUPDO� FRQWURO� DQG� SRVLWLYH� FRQWURO� �$&7�
WUHDWHG���*O\FRJHQ�LV�D�VWRUHG�IRUP�RI �JOXFRVH��WKH�
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SULPDU\�VRXUFH�RI �KXPDQ�HQHUJ\�UHFHLYHG�IURP�
FDUERK\GUDWHV� DEVRUEHG� WKURXJK� PHDOV�� 7KH�
VNHOHWDO� PXVFOHV� DQG� OLYHU� DUH� WKH� WZR� PDLQ�
VWRUDJH�IDFLOLWLHV�IRU�JO\FRJHQ��'XH�WR�LWV�SLYRWDO�
UROH�LQ�PHWDEROLF�IXHO�SURGXFWLRQ��GHSOHWLRQ�RI �
JO\FRJHQ�LQ�WKH�OLYHU��WKH�PHWDEROLVP�KXE�RI �WKH�
ERG\�FRXOG�EH�OLQNHG�WR�UHGXFWLRQ�LQ�ERG\�ZHLJKW�
DV�REVHUYHG�LQ�WKH�0��LQGLFD�DQG�$��LQGLFD�H[WUDFW�
WUHDWHG� JURXSV�� 7KRXJK� WKH� PHFKDQLVP� E\�
ZKLFK� WKH� H[WUDFWV�PD\� OLNHO\� LQGXFH� JO\FRJHQ�
GHSOHWLRQ� LQ� WKH� H[SHULPHQWDO� JURXSV� UHPDLQV�
XQFOHDU��IROORZLQJ�WKLV�VWRUDJH�GHSOHWLRQ��WKHUH�
PD\� EH� D� SUREDEOH� FHOOXODU� FRPSHWLWLRQ� IRU�
DYDLODEOH� JOXFRVH� DIWHU� IRRG� LQWDNH��7KHUHIRUH��
LQVXIÀFLHQW�JOXFRVH�RU�D�ODFN�WKHUHRI �PD\�KLQGHU�
VHYHUDO� FHOOXODU� DFWLYLWLHV� LQFOXGLQJ� UHSDLUV� DQG�
UHJHQHUDWLRQ�� ZKLFK� ZLOO� QHJDWLYHO\� LPSDFW� RQ�
WKH� RYHUDOO� ERG\� ZHLJKWV� RI � WKH� H[SHULPHQWDO�
DQLPDOV�� 7KLV� LV� XQLVRQ� ZLWK� WKH� UHSRUW� RI �

���/DFRPEH� HW� DO ZKR� UHSRUWHG� WKDW� DIWHU�
JO\FRJHQ�GHSOHWLQJ� H[HUFLVH�� VLJQLÀFDQW�
GHFUHDVHG�LQ�ERG\�ZHLJKWV�ZHUH�UHFRUGHG�EHIRUH�
LQFUHPHQWDO�H[HUFLVH�WHVW�LQ�D�KRUVH�PRGHO�

*O\FRJHQ� VWRUDJH� KDV� EHHQ� D� GRFXPHQWHG�
��IXQFWLRQ�RI � WKH� OLYHU ��7KH�SUHVHQFH�RI � WKHVH�

VWRUHG�PROHFXOHV� LQ� WKH� OLYHU�KDV�EHHQ�VWXGLHG�
��DSSO\LQJ�WKH�SHULRGLF�DFLG�6FKLII �WHFKQLTXH ��$V�

D�KLVWRFKHPLFDO�WHFKQLTXH��LW�LV�XWLOL]HG�WR�DVVLVW�
LQ�WKH�H[DPLQDWLRQ�RI �WLVVXHV��7KH�OLYHU�VHFWLRQ�
VWDLQHG� IRU� JO\FRJHQ� ZLOO� GLVSOD\� PDJHQWD�
VWDLQLQJ�� EXW� ZLWK� WKH� 3$6� VDPSOHV� �GHSOHWHG�
VDPSOH�FHOOV��ZLOO�KDYH�D�SURIRXQG�ORVV�DEVHQFH�

� �RI � WKH� PDJHQWD� VWDLQLQJ � � 7KLV� VWXG\�
GHPRQVWUDWHG� D� KLJK� H[SUHVVLRQ� RI � JO\FRJHQ�
VWDLQ� LQ� WKH� OLYHU� WLVVXH�RI � WKH�QRUPDO� FRQWURO�
JURXS�DQG�WKH�VWDQGDUG�GUXJ��$/��WUHDWHG�JURXS��
7KH�SURIRXQG�DEVHQFH�RI �JO\FRJHQ�H[SUHVVLRQ�
LQ� WKH� 317� JURXS� DQG� WKH� H[WUDFW� WUHDWPHQW�
JURXSV�PD\�EH�GXH�WR�FRPSHWLWLYH�DFWLYLWLHV�RI �
WKH�SDUDVLWHV�IRU�V\VWHPLF�JOXFRVH�WR�EH�XWLOL]HG�
DQG�VWRUHG�E\�WKH�KHSDWRF\WHV��ZKLFK�LV�GLVWLQFW�
IURP� WKH�SUHVHQFH�RI � JO\FRJHQ� LQ� WKH�KHSDWLF�

WLVVXH�RI � WKH�$/� �VWDQGDUG�GUXJ�� WUHDWHG�JURXS�
PD\�EH�GXH�WR�WKH�GUXJ�WR[LFLWLHV�WR�WKH�SDUDVLWHV��
FDXVLQJ� WKHLU� GHVWUXFWLRQ� KHQFH� OHVVHQLQJ� WKH�
FRPSHWLWLYH�WHQGHQFLHV�RI �WKH�SDUDVLWHV�IRU�OLYHU�
JOXFRVH��DQG�KLQGHULQJ�RI �JO\FRJHQ�VWRUDJH�ZLWKLQ�
WLVVXH�

&21&/86,21�
$ONDORLGV� DUH� DEXQGDQWO\� SUHVHQW� ������ LQ�
$]DGLUDFKWD�LQGLFD�OHDI �H[WUDFW�EXW�WRWDOO\�DEVHQW�����
LQ� 0DQJLIHUD� LQGLFD� EDUN� H[WUDFW�� 1RWDEO\�� WKH�
PHGLDQ� OHWKDO� GRVH� �/' �� GHPRQVWUDWHG� WKDW���

$]DGLUDFKWD� LQGLFD� ��������� PJNJ�� FRPDSUHG� WR�
0DQJLIHUD�LQGLFD����������PJ�NJ���,QWHUHVWLQJO\��$��
LQGLFD� VLQJOH� GRVHV� RXWSHUIRUPHG� 0�� LQGLFD� LQ�
UHYHUVLQJ� 3�� EHUJKHL�LQGXFHG� KHSDWRWR[LFLW\�
WKURXJK� PLWLJDWLQJ� SDUDVLWH� SURJUHVVLRQ� DQG�
DVVRFLDWHG� HOHYDWHG� OLYHU� HQ]\PHV�� 'RVH�
GHSHQGHQW� FRQFHQWUDWLRQV� RI �0�� LQGLFD� VHYHUHO\�
DOWHUHG� KHSDWLF� FROODJHQ� DQG� JO\FRJHQ� VWRUDJH�
FRPSDUHG�WR�$��LQGLFD��

$XWKRU�&RQWULEXWLRQV
0,8�� ,$(�� $,3�� DQG� -$8� FRQFHSWXDOL]HG� DQG�
GHVLJQHG�DQG�VXSHUYLVHG�WKH�VWXG\��$-3��,88�DQG�
0$$�SHUIRUPHG� WKH�H[SHULPHQWV��DQDO\]HG� WKH�
GDWD�� DQG� FR�GUDIWHG� WKH�PDQXVFULSW�ZLWK�0,8��
,$(��$,3��DQG�-$8�

)LQDQFLDO�6XSSRUW�DQG�6SRQVRUVKLS�
1LO��

&RQÁLFWV�RI �,QWHUHVW�
7KHUH�DUH�QR�FRQÁLFWV�RI �LQWHUHVW�

5()(5(1&(6
��� :RUOG� +HDOWK� 2UJDQL]DWLRQ�� 0DODULD� IDFW�

VKHHW�� 8SGDWHG� $SULO� ��� ������ $FFHVVHG�
'HFHPEHU� ��� ������ KWWSV���ZZZ�ZKR�LQW��
QHZV�URRP�IDFW�VKHHWV�GHWDLO�PDODULD

��� 6X�;=��:X�-��;X�)��3DWWDUDGLORNUDW�6��*HQHWLF�
PDSSLQJ�RI �GHWHUPLQDQWV�LQ�GUXJ�UHVLVWDQFH��
YLUXOHQFH�� GLVHDVH� VXVFHSWLELOLW\�� DQG�
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LQWHUDFWLRQ� RI � KRVW�URGHQW� PDODULD�
SDUDVLWHV��,QW�-�3DUDVLWRO�����������������

��� 7DODSNR�-��ãNUOHF�,��$OHELý�7��-XNLý�0��9ÿHY�
$�� 0DODULD�� 7KH� SDVW� DQG� WKH� SUHVHQW��
0LFURRUJDQLVPV����������������

��� +DELEL�3��6KL�<��*URVVL�GH�6D�0)��.KDQ�,��
3 ODQWV � DV � VRXUFHV � RI � QDWXUD O � DQG�
UHFRPELQDQW� DQWLPDODULD� DJHQWV�� 0RO�
%LRWHFKQRO��������������������

��� +DZDGDN�-��)RNR�/3��3DQGH�9��6LQJK�9��,Q�
Y L W U R � D Q W L S O D V P R G L D O � D F W L Y L W \ ��
KHPRFRPSDWLELOLW\� DQG� WHPSRUDO� VWDELOLW\�
RI �$]DGLUDFKWD�LQGLFD�VLOYHU�QDQRSDUWLFOHV��
$U W L I � &HO OV � 1DQRPHG� %LRWHFKQRO ��
�������������������

��� $EGXODL� 6,�� ,VKROD� $$�� %HZDML� &2��
$QWLPDODULDO� DFWLYLWLHV� RI � D� WKHUDSHXWLF�
FRPELQDWLRQ� RI � $]DGLUDFKWD� LQGLFD��
0DQJLIHUD� LQGLFD� DQG� 0RULQGD� OXFLGD�
OHDYHV��$�PROHFXODU�YLHZ�RI �LWV�DFWLYLW\�RQ�
3ODVPRGLXP� IDOFLSDUXP� SURWHLQV�� $FWD�
3DUDVLWRO���������������������

��� )DUDKQD�0��6HOPD�%��.KDOLG�6��HW�DO��$QWL�
SODVPRGLDO�HIIHFW�RI �$]DGLUDFKWD�LQGLFD�LQ�
H[SHULPHQWDO�FHUHEUDO�PDODULD��DSRSWRVLV�RI �
FHUHEHOODU� 3XUNLQMH� FHOOV� RI � PLFH� DV� D�
PDUNHU��1�$P�-�0HG�6FL�����������������
����

��� 0XHPD�-0��%DUJXO�-/��2ERQ\R�0$��HW�DO��
&RQWHPSRUDU\� H[SORLWDWLRQ� RI � QDWXUDO�
SURGXFWV� IRU� DUWKURSRG�ERUQH� SDWKRJHQ�
WUDQVPLVVLRQ�EORFNLQJ� LQWHUYHQWLRQV��
3DUDVLW�9HFWRUV��������������

��� =LYNRYLý�-��.XPDU�.$��5XVKHQGUDQ�5��HW�DO��
3KDUPDFRORJLFDO�SURSHUWLHV�RI �PDQJLIHULQ��
ELRDYDLODELOLW\��PHFKDQLVPV�RI � DFWLRQ�DQG�
F O L Q L F D O � S H U V S H F W L Y H V � � 1 D X Q \ Q�
6FKPLHGHEH UJ V � $UFK � 3KD UPDFR O ��
�����������������

���� =DMDF�'��6WDVLQVND�$��'HOJDGR�5��3RNRUVNL�
0�� 0DQJLIHULQ� DQG� LWV� WUDYHUVDO� LQWR� WKH�
EUDLQ��$GY�([S�0HG�%LRO�� �������������
����

���� *KRVK�$.��-DFREV�/RUHQD�0��3ODVPRGLXP�
VSRUR]RLWH�LQYDVLRQ�RI �WKH�PRVTXLWR�VDOLYDU\�
J O D Q G V � � & X U U � 2 S L Q � 0 L F U R E L R O ��
�������������������� GRL���������M�PLE��
�����������

���� 7ULYHGL� 6�� &KDNUDYDUW\� $�� 1HXURORJLFDO�
FRPSOLFDWLRQV� RI � PDODULD�� &XUU� 1HXURO�
1HXURVFL�5HS������������������

���� +DUERUQH� -%�� 3K\WRFKHPLFDO� 0HWKRGV�� $�
*XLGH� WR� 0RGHUQ� 7HFKQLTXHV� RI � 3ODQW�
$QDO\VLV���UG�HG��&KDSPDQ�DQG�+DOO�������

���� 6RIRZRUD� $� � 0HGLF LQD O � 3 ODQWV � DQG�
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