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���&RQWHQWV���

+XPHUDO�FRQG\ODU�IUDFWXUH�LQ�GRJ��D�FDVH�UHSRUW��WKHUDSHXWLF�FRPSOH[LWLHV��������������������,,,
0RRVD�-DYGDQL��$EROID]O�%DU]HJDU�%DIURXHL

,QYHVWLJDWLRQ RI 1HZFDVWOH 'LVHDVH 9LUXVHV $QWLERG\ LQ 5XUDO 3RXOWULHV RI 7KH 1RUWKHUQ�
3URYLQFHV�RI�,UDQ«««««««««««««««««««««««��«««�� ,9�
VH\LHG�DOL�SRXUEDNKVK��DEEDV�DOHPLDQ��$EGXO�+DPLG�6KRXVKWDUL��KDGL�NH\YDQIDU

7KH�WHUDWRJHQLF�HIIHFWV�RI�DTXHRXV�H[WUDFW�RI�(SKHGUD�PDMRU�RQ�%DOE�&�PRXVH�HPEU\RV�
WKLUG�WR�VL[WK�GD\V�RI�SUHJQDQF\��������������������������������������������������������������������������������������������9
6DIIDUL�6DIRRUD��7RUDE]DGHK�3DUYLQ��.DULPL�$OL

$�FDVH�UHSRUW�RI�D�SQHXPRWKRUD[�FDXVHG�E\�D�EXOOHW�LQ�D�FDW�DQG�LWV�UDUH�VLGH�HIIHFWV����9,
-DKDQGLGHK�$5��9DNLOL�0RJKDGDP�1

0HDVXUHPHQW�RI�VRPH�KHDY\�PHWDOV�LQ�FKLFNHQ�PHDW�VXSSOLHG�LQ�,VIDKDQ�SURYLQFH�����9,,
*KRODPL�$KDQJDUDQ��0���$KPDGL�'DVWJHUGL��$�

7KH HIIHFWV RI YDULRXV FRQFHQWUDWLRQV RI SRO\JRQXP K\GUR�DOFRKROLF H[WUDFW RQ ELRORJLFDO�
SDUDPHWHUV�DQG�VSHFLILF�LQGLFHV�RI�VSHUP�IHUWLOLW\�LQ�URRVWHU����������������������������������������9,,,�
6RKHLO�+HPPDWL��$OLUH]D�3DLPDUG��0DMLG�*KRODPL�$KDQJDUDQ
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+XPHUDO�FRQG\ODU�IUDFWXUH�LQ�GRJ��D�FDVH�UHSRUW��
WKHUDSHXWLF�FRPSOH[LWLHV

0RRVD�-DYGDQL���$EROID]O�%DU]HJDU�%DIURXHL�

�� 'HSDUWPHQW�RI�&OLQLFDO�6FLHQFHV��)DFXOW\�RI�9HWHULQDU\
0HGLFLQH��6KDKUHNRUG�8QLYHUVLW\��,UDQ

&RUUHVSRQGLQJ�$XWKRU�����EDU]HJDU#JPDLO�FRP

$EVWUDFW�

&DVH�'HVFULSWLRQ� $Q�DGXOW�PDOH�GRJ��VN\H WHUULHU�EUHHG��DIILOLDWHG�ZLWK�WKH�WUDXPD�KLVWRU\�
LQ�WKRUDFLF�OLPE�HOERZ ZDV�UHIHUUHG�WR�WKH�'HSDUWPHQW�RI�9HWHULQDU\�6XUJHU\�DQG�5DGLRORJ\�RI�
6KDKUHNRUG�8QLYHUVLW\��&OLQLFDO�VLQJV�LQFOXGHG�VHYHUH ODPHQHVV�RI�WKH�LQYROYHG�OLPE��VZHOOLQJ�
DQG�SDLQ�LQ�WKH�SDOSDWLRQ�DQG�WKH�FUHDWLRQ�RI�D�FUDFN�LQ�WKH�HOERZ�DUHD�

&OLQLFDO�)LQGLQJV� ,Q� WKH�HYDOXDWLRQ�RI� WKH� UHJLRQ
V�5DGLRORJ\�VHFWLRQ�� WKH� IUDFWXUH�RI� WKH�
KXPHUDO�FRQG\OH�DQG�GLVSODFHPHQW�RI�WKH�HOERZ�MRLQWV�ZDV�GHWHUPLQHG�

7UHDWPHQW� DQG� 2XWFRPH� 7KH� ILQDO� WUHDWPHQW� IRU� VXUJLFDO� LQWHUYHQWLRQ� ZDV� FKRVHQ� WR�
HVWDEOLVK�WKH�LQWHUQDO�IL[DWLRQ�RI�IUDFWXUH�SDUWV�E\�XVLQJ�WKH�WUDQVFRQG\ODU�ODJ�VFUHZ�PHWKRG�DQG�
WKHQ�XVLQJ�WKH�VFUHZ�DQG�SODWHV�

&OLQLFDO�5HOHYDQFH� 7KH�KXPHUDO�FRQG\ODU�IUDFWXUHV�LQ�WKH�GRJ�LV�WKH�FRPPRQ�IUDFWXUH�FDVHV�
EHFDXVH� WKH� H[LVWHQFH� VXSUDFRQG\ODU� IRUDPHQ� LQ� WKH� KXPHUXV� ERQH�� UHQGHUV� WKH� GRJ� SURQH� WR�
VXFK�IUDFWXUHV��+XPHUDO�FRQG\ODU�IUDFWXUHV�FDQ�EH�GLYLGHG�LQWR�ODWHUDO�FRQG\ODU��PHGLDO�FRQG\ODU�
DQG� LQWHUFRQG\ODU� IUDFWXUHV�� +XPHUDO� FRQG\ODU� IUDFWXUHV� PD\� EH� VHHQ� LQ� DQ\� EUHHG� RI� GRJ�
DOWKRXJK�VSDQLHOV�DUH�FRPPRQO\�DIIHFWHG�GXH�WR�WKHLU�SUHGLVSRVLWLRQ�WR LQFRPSOHWH�RVVLILFDWLRQ�
RI�WKH�KXPHUDO�FRQG\OH��,2+&���'RJV�ZLWK�D�UHFHQW�KXPHUDO�FRQG\ODU�IUDFWXUH�SUHVHQW�ZLWK�QRQ�
ZHLJKWEHDULQJ� WKRUDFLF� OLPE� ODPHQHVV�� 7KH� GLDJQRVLV� LV� UHDGLO\� PDGH� IURP� RUWKRJRQDO�
UDGLRJUDSKV�� 7R� IL[DWLRQ� WKH� IUDFWXUH� SDUWV�� XVLQJ� WKH� WUDQVFRQG\ODU� ODJ� VFUHZ�PHWKRG�ZKLW� D�
.LUVFKQHU� ZLUH� �.�ZLUH��� ,Q� WKH� LQWHUFRQG\ODU� IUDFWXUHV�� XVLQJ� WZR� SODWHV� �XVLQJ� D� ELODWHUDO�
DSSURDFK��LV�DWWHPSWHG�WR�IL[�WKH�IUDFWXUHG�SDUWV�

.H\�ZRUGV��)UDFWXUH��+XPHUDO�&RQG\OH��)UDFWXUH�)L[DWLRQ��6XUJHU\��$UWKURGHVLV
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7KH�WHUDWRJHQLF�HIIHFWV�RI�DTXHRXV�H[WUDFW�RI�
(SKHGUD�PDMRU�RQ�%DOE�&�PRXVH�HPEU\RV�WKLUG�WR�

VL[WK�GD\V�RI�SUHJQDQF\

6DIIDUL�6DIRRUD���7RUDE]DGHK�3DUYLQ���.DULPL�$OL�
˺0�6F��'HSDUWPHQW�RI��'HYHORSPHQWDO�%LRORJ\��.DUDM�%UDQFK��,VODPLF�

$]DG�8QLYHUVLW\��NDUDM��,UDQ�
˻'HSDUWPHQW�RI��'HYHORSPHQWDO�%LRORJ\��.DUDM�%UDQFK��,VODPLF�$]DG�

8QLYHUVLW\���NDUDM��,UDQ

�&RUUHVSRQGLQJ�$XWKRU� S�WRUDE]DGHK#JPDLO�FRP

$EVWUDFW�

(SKHGUD�PDMRU�SODQW� LQ� WUDGLWLRQDO�PHGLFLQH� LV�XVHG� ORVV�ZHLJKW� EORRG�SOHDVXUH� WUHDWPHQW��

FRPPRQ�FROG�DQG�PXVFXODU�ZHDNQHVV��%XW�HIIHFWV�RQ�WKH�ERG\�HVSHFLDOO\�GXULQJ�SUHJQDQF\�KDV�

QRW� EHHQ� UHYLHZHG�� 7KHUHIRUH� LQ� VWXG\� WKH� WHUDWRJHQLF� HIIHFWV� RI� DTXHRXV� H[WUDFW� RI�(SKHGUD�

PDMRU�RQ�%DOE�&�PRXVH� HPEU\RV� WKLUG� WR� VL[WK�GD\V�RI�SUHJQDQF\�KDV�EHHQ� UHYLHZHG� ,Q� WKLV�

VWXG\����IHPDOH�%DOE�&�PLFH�ZHUH�UDQGRPO\ GLYLGHG�LQWR���HTXDO�JURXSV�D�FRQWURO�JURXS��QRQ�

LQMHFWLRQ����PLFH��DQG�ZLWHVV��LQMHFWLRQ�RI�3K\VLRORJ\�VHUXP����PLFH��DQG���H[SHULPHQWDO�JURXSV�

�HDFK�RI����PLFH���$� OHWKDOGRVH�/'�� ZDV�GHWHUPLQHG� LQ�FRQGLWLRQ�RI������PJ�NJ�EZ�LQ�YLYR�

DQG�VHOHFWHG�GRVH�IRU�LQMHFWLRQ����������PJ�NJ�EZ��,QMHFWLRQ�ZDV�GRQH�RQ�WKH�WKLUG�WR�VL[WK�GD\V�

E\�HQHPD�DQG�PLFH�ZHUH�VDFULILFHG�RQ�ILIWHHQWK�GD\�RI�SUHJQDQF\��$129$�VWDWLVWLFDO�PHWKRG�

ZDV�XVHG�DQG�6366���ZDV�XVHG�IRU�GLDJUDPPLQJ�VRIWZDUH�DQG� WR�FRPSDUH�JURXSV�RI�'XQFDQ�

WHVW� ZDV� XVHG� ZLWK� VLJQLILFDQW� FRQGLWLRQ� 3������� $FFRUGLQJ� WR� WKH� UHVXOWV� DOO� HPEU\RV� ZDV�

DWURILHG LQ ��� PJ�NJ�EZ GRVH� %XW LQ ��� PJ�NJ� EZ GRVH� H[SHULPHQWDO HPEU\RPLFH FRPSDUHG�

ZLWK WKH FRQWURO JURXS DQG VKDP KDYH DEQRUPDOLWLHV OLNH ([DQFHSKDO� ([RKHSDWLF� H\H DEQRUPDO�

OLWLHV��ODFN�RI�OLPEV��DV\PPHWU\�RI�KHDG��EOHHGLQJ�LQ�YDULRXV�SDUWV�RI�WKH�HPEU\RV�ZDV�DEVHUYHG�

,Q� FRQFOXVLRQ� WKH� XVH� (SKHGUD� PDMRU� LV� GDQJHURXV� GXULQJ� SUHJQDQF\� DQG� LW� KDV� WHUDWRJHQLF�

HIIHFWV�DQG�DERUWLILFLHQW�PD\�EH�XVH�DV�D�FRQWUDFHSWLYH�SLOO�LQ�IXWXUH�

.H\ZRUGV��(SKHGUD�0DMRU��7HUDWRJHQ��$ERUWLIDFLHQW��0RXVH�(PEU\R�
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$�FDVH�UHSRUW�RI�D�SQHXPRWKRUD[�FDXVHG�E\�D�
EXOOHW�LQ�D�FDW�DQG�LWV�UDUH�VLGH�HIIHFWV�

-DKDQGLGHK�$5���9DNLOL�0RJKDGDP�1�

���'HSDUWPHQW�RI�6XUJHU\��)DFXOW\�RI�6SHFLDOL]HG�9HWHULQDU\�6FLHQFHV�

6FLHQFH�	�5HVHDUFK�%UDQFK�,VODPLF�$]DG�8QLYHUVLW\��7HKUDQ��,UDQ

���'90��6WXGHQW��)DFXOW\�RI�6SHFLDOL]HG�9HWHULQDU\�6FLHQFHV��6FLHQFH�

	�5HVHDUFK�%UDQFK�,VODPLF�$]DG�8QLYHUVLW\��7HKUDQ��,UDQ

&RUUHVSRQGLQJ�$XWKRU�1HGD�GYP#JPDLO�FRP

$EVWUDFW�

&KHVW�LQMXULHV��HVSHFLDOO\�WHQVLRQ�SQHXPRWKRUD[��FDQ�EH�VHULRXV�DQG�OLIH�WKUHDWHQLQJ7HQVLRQ��
7HQVLRQ�3QHXPRWKRUD[�LV�D�EXOOHW�VKRW�DQG�D�FRPSOLFDWLRQ�RI�WKH�VXEVHTXHQW�+RUQHU�V\QGURPH�
LV�YHU\�UDUH��7KLV�FDVH�UHSRUW�UHFRUGV�D�UDUH�FDVH�RI�WUHDWHG�WHQVLRQ�SQHXPRWKRUD[�DQG�+RUQHU
V�
6\QGURPH�LQ�D�FDW�

$���\HDU�ROG�DGXOW�IHPDOH�FDW��ZHLJKLQJ������JUDPV�LQ�WKH�LQLWLDO�H[DPLQDWLRQ�VKDOORZ�UDSLG�
RSHQ�PRXWK� UHVSLUDWLRQ� ���� EUHDWKV� PLQ±���� WDFK\FDUGLD� ���� EHDWV� PLQ±��� DQG� QRUPDO� UHFWDO�
WHPSHUDWXUH�������&��DQG�UHGXFHG�OXQJ�DXVFXOWDWLRQ�VRXQG�LQ�WKH�ULJKW�OXQJ ZDV�UHIHUUHG�WR�WKH�
FOLQLF��2Q�WKH�OHIW�VLGH�RI�WKH�FKHVW��WKHUH�ZDV�D�VPDOO�ZRXQG��$IWHU�UDGLRJUDSK\��JXQ�EXOOHWV�DQG�
WHQVLRQ� SQHXPRWKRUD[� ZHUH� UHSRUWHG� LQ� WKH� FKHVW�� 'HSHQGLQJ� RQ� WKH� GLDJQRVLV� DQG� WKH�
HPHUJHQF\�� VXUJHU\�ZDV�SHUIRUPHG�WR�VDYH� WKH�DQLPDO
V� OLIH��7KRUDFRV\QWKHVLV�ZDV�SHUIRUPHG�
DQG� WKH� FKHVW� ZDV� UHPRYHG� IURP� WKH� FKHVW� WKHQ� D� UDGLRJUDSKLF� SLFWXUH� ZDV� WDNHQ� WR� HQVXUH�
SQHXPRWKRUD[� UHFRYHU\��$IWHU� UHFRYHU\�� WKH� DQLPDO
V� EUHDWKLQJ� LPSURYHG� DQG� WKH� DQLPDO�ZDV�
GLVFKDUJHG� ZLWK� DQWLELRWLFV� ZLWK� D� JRRG� JHQHUDO� FRQGLWLRQ�� ,Q� WKH� QH[W� UHIHUUDO� DIWHU� �� GD\V��
UDGLRJUDSK\�DQG�KHDOWK�VWDWXV�ZHUH�QRUPDO��EXW�+RUQHU
V�V\QGURPH�ZDV�GLDJQRVHG�DV�KDYLQJ�D�
FRPSOHWHO\�LPSURYHG�V\QGURPH�LQ�WKH�QH[W�WZR�ZHHNV�RI�WUHDWPHQW��7KLV�VWXG\�VKRZHG�WKDW�WKH�
JRRG�SURJQRVLV�RI WKH�+RUQHU�V\QGURPH�ZDV�LQ�WKH�SQHXPRWKRUD[�WUDXPD�LQ�WKH�FDW�

.H\ZRUGV��7HQVLRQ�SQHXPRWKRUD[��&DW� EXOOHW�LQMXU\��+RUQHU¶V�6\QGURPH
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0HDVXUHPHQW�RI�VRPH�KHDY\�PHWDOV�LQ�FKLFNHQ�
PHDW�VXSSOLHG�LQ�,VIDKDQ�SURYLQFH

*KRODPL�$KDQJDUDQ��0����$KPDGL�'DVWJHUGL��$� �

�� 'HSDUWPHQW�RI�+\JLHQH DQG�'LVHDVHV�RI�3RXOWU\��9HWHULQDU\�0HGLFLQH�

)DFXOW\��6KDKUHNRUG�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��6KDKUHNRUG��,UDQ

�� 'HSDUWPHQW�RI�)RRG�6FLHQFH DQG�7HFKQRORJ\��$UGHVWDQ�%UDQFK��

,VODPLF�$]DG�8QLYHUVLW\��$UGHVWDQ��,UDQ

&RUUHVSRQGLQJ�DXWKRU��(]DWROODK)DWKL��3RXOWU\�'LVHDVHV�'HSDUWPHQW�

9HWHULQDU\�0HGLFLQH�)DFXOW\��6KDKUHNRUG�%UDQFK��,VODPLF�$]DG

8QLYHUVLW\� 6KDKUHNRUG��,UDQ�

&RUUHVSRQGLQJ�$XWKRU��PJKRODPLD����#\DKRR�FRP

$EVWUDFW�

7RGD\��RQH�RI�WKH�FRQFHUQV�RI�FRQVXPHUV�RI�DQLPDO�SURWHLQ�VRXUFHV�LV�WKH�SUHVHQFH�RI�KHDY\�
PHWDOV��7KH�DFFXPXODWLRQ�RI�WKHVH�HOHPHQWV�LQ�PHDW�DQG�LWV�FRQVXPSWLRQ�E\�KXPDQV�FDQ�FDXVH�
DFXWH� DQG� FKURQLF� GLVRUGHUV� LQ� WKH� IXQFWLRQ� RI� YLWDO� RUJDQV�� ,Q� RUGHU� WR� HVWLPDWH� KHDY\�PHWDO�
FDGPLXP�� ]LQF� DQG� VLOYHU� LQ� PHDW� DQG� SRXOWU\� SURGXFWV�� ���� VDPSOHV� RI� FKLFNHQ� EUHDVW� DQG�
FKLFNHQ�WKLJK�DQG�����VDPSOHV�RI�KHDUW�DQG�OLYHU�IURP�GLIIHUHQW�VDOHV�FHQWHUV�ZHUH�FROOHFWHG�LQ�
,VIDKDQ�SURYLQFH��$IWHU�WLVVXH�GLJHVWLRQ�DQG�SDVVLQJ�IURP�ILOWHU�SDSHU��WKH�HOHPHQWV�RI�FDGPLXP��
]LQF� DQG� VLOYHU�ZHUH�PHDVXUHG� LQ� WLVVXH� VDPSOHV� E\� DQ� DWRPLF� DEVRUSWLRQ� VSHFWURSKRWRPHWHU��
7KH� UHVXOWV� VKRZHG� WKDW� WKH�PHDQ� ���6'��RI� FDGPLXP�FRQFHQWUDWLRQ� LQ� FKLFNHQ� WKLJK��EUHDVW��
OLYHU� DQG� KHDUW� VDPSOHV�ZDV� �������� ������ ������ �� ������� �������� ������� DQG� ������ �� ������
PJ�NJ��0HDQ����6'��RI�]LQF�FRQFHQWUDWLRQ�LQ�FKLFNHQ�WKLJK��EUHDVW��OLYHU�DQG�KHDUW�VDPSOHV�ZHUH�
�������������������������������������������DQG��������������PJ�NJ��UHVSHFWLYHO\��7KH�DPRXQW�RI�
FDGPLXP� DQG� ]LQF� LQ� DOO� H[DPLQHG� VDPSOHV� LV� EHORZ� WKH� LQWHUQDWLRQDO� SHUPLVVLEOH� OLPLW�� 7KH�
PHDQ���6'��RI�VLOYHU�FRQFHQWUDWLRQ�LQ�FKLFNHQ�WKLJK��EUHDVW��OLYHU�DQG�KHDUW�VDPSOHV�ZDV��������
�� �������� ��������� �������� �������� ������ DQG� ������� �� ������� UHVSHFWLYHO\�� 7KH� DPRXQW� RI�
VLOYHU�LQ�WLVVXH�VDPSOHV�KDV�QRW�EHHQ�GHWHFWHG�LQ�PRVW�VDPSOHV��$OWKRXJK�LQ�WKH�UHFHQW�VWXG\��WKH�
VWRUDJH� RI� WKH� VWXGLHG� HOHPHQWV� LQ� PHDW� DQG� SRXOWU\� SURGXFWV� LV� OHVV� WKDQ� WKH� LQWHUQDWLRQDO�
SHUPLVVLEOH�OLPLW��EXW�IUHTXHQW�PRQLWRULQJ�RI�KHDY\�PHWDOV�LV�QHFHVVDU\�

.H\ZRUGV��&KLFNHQ�0HDW��+HDY\�0HWDOV��,VIDKDQ
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7KH�HIIHFWV�RI�YDULRXV�FRQFHQWUDWLRQV�RI�
SRO\JRQXP�K\GUR�DOFRKROLF�H[WUDFW�RQ�ELRORJLFDO�
SDUDPHWHUV�DQG�VSHFLILF�LQGLFHV�RI�VSHUP�IHUWLOLW\�

LQ�URRVWHU

6RKHLO�+HPPDWL���$OLUH]D�3DLPDUG���0DMLG�*KRODPL�$KDQJDUDQ�

�� *UDGXDWHG�RI�9HWHULQDU\�0HGLFLQH�)DFXOW\��6KDKUHNRUG�%UDQFK��

,VODPLF�$]DG�8QLYHUVLW\��6KDKUHNRUG��,UDQ�

�� 3RXOWU\�'LVHDVHV�GHSDUWPHQW��6KDKUHNRUG�%UDQFK��,VODPLF�$]DG�

8QLYHUVLW\�

&RUUHVSRQGLQJ�$XWKRU��VRKHLGYP����#JPDLO�FRP

$EVWUDFW�

0HGLFLQDO� 3ODQWV� ZLWK� DQWLR[LGDQW� SURSHUWLHV� FDQ� LPSURYH� WKH� TXDQWLWDWLYH� DQG� TXDOLWDWLYH�
VSHFLILF�LQGLFHV�RI�VSHUP�IHUWLOLW\�DQG�LQFUHDVH�WKH�KDWFKDELOLW\�UDWH�LQ�URRVWHU�E\�GLVWXUELQJ�WKH�
SURGXFWLRQ�SURFHVV�RI� IUHH� UDGLFDOV�DQG�QHXWUDOL]LQJ�RI�R[LGDWLYH�VWUHVV��7KH�DLP�RI� WKLV� VWXG\�
ZDV�WR�LQYHVWLJDWH�WKH�HIIHFW RI�YDULRXV�FRQFHQWUDWLRQV�RI�JLQJHU�H[WUDFW�RQ�ELRORJLFDO�SDUDPHWHUV�
DQG�VSHFLDOL]HG�LQGLFHV�RI�VSHUP�IHUWLOLW\�LQ�*ROSD\JDQL�URRVWHUV� ,Q�WKLV�VWXG\��K\GUR�DOFRKROLF�
H[WUDFW�RI�SRO\JRQXP��SODQW�ZDV�SUHSDUHG�DW�FRQFHQWUDWLRQV�RI��������������DQG������PJ�/�DQG�
ZDV�DGGHG�WR�GULQNLQJ�ZDWHU�RI����DGXOW�PDOH�����ZHHNV�ROG��*ROSD\JDQL�FRFN��$IWHU�RQH�ZHHN��
WKH� HIIHFW� RI� GLIIHUHQW� FRQFHQWUDWLRQV� RI� WKH� H[WUDFW� RQ� WKH� VSHFLILF� LQGLFHV� RI� VSHUP� IHUWLOLW\�
�60,��)6&��306&D��306&E�DQG�06&��ZHUH�HYDOXDWHG�DQG�FRPSDUHG��7KH�SDSHQLFXODU�VWDLQLQJ�
ZDV� DOVR� XVHG� WR� VSHFLILF� HYDOXDWLRQ� RI� VSHUP� DEQRUPDOLWLHV�� 7KH� XVH� RI� SRO\JRQXP� H[WUDFW�
VLJQLILFDQWO\� LPSURYHG� WKH� VSHUP� IHUWLOLW\� LQGLFHV�� 7KH� PRVW� QXPEHU� RI� VSHUP� ZLWK� IDVW�
SURJUHVVLYH�PRYHPHQWV� �306&D��� WKH�KLJKHVW� OHYHOV�RI�60,��)6&�DQG�06&�LQGLFHV�� WKH� OHDVW�
VWUXFWXUDO�DQG�PRWLOLW\�DEQRUPDOLWLHV�ZDV�GHPRQVWUDWHG�LQ������DQG������PJ�H[WUDFW��3��������
6LJQLILFDQW�GLIIHUHQFHV�ZHUH�QRW�REVHUYHG�EHWZHHQ� WKH� WZR�DERYH�PHQWLRQHG� LQWHUPHGLDWH�DQG�
KLJK�FRQFHQWUDWLRQV�LQ�VRPH�SDUDPHWHUV��3!��������7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�DERYH�
LQGLFHV� EHWZHHQ� PHGLXP� DQG� KLJK� FRQFHQWUDWLRQV� RI� H[WUDFW� �3!������ ,Q� FRQFOXVLRQ��
SRO\JRQXP� GXH� WR� WKH� KLJK� DPRXQWV� RI� DQWLR[LGDQW� FRPSRXQGV�� VLJQLILFDQWO\� LQFUHDVHV� WKH�
VSHUP�LQGLFHV�DQG�DOVR�LPSURYHV�WKH�VSHFLILF�SDUDPHWHUV�RI�VSHUP�IHUWLOLW\�LQ�URRVWHU�

.H\ZRUGV��SRO\JRQXP��6SHUP��$QWLR[LGDQW�FRPSRXQGV��5RRVWHU��)HUWLOLW\


