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$%675$&7
,Q�QXFOHDU�PHGLFLQH��UDGLDWLRQ�DEVRUEHG�GRVH�HVWLPDWHV�FDOFXODWHG�E\�VWDQGDUG�PRGHOV�DW�WKH�ZKROH�ERG\�RU�RUJDQ�DUH�YHU\�ORZ��$W��FHOOXODU�OHYHO��KRZHYHU� WKH�KHWHURJHQHLW\�RI�UDGLRQXFOLGH�GLVWULEXWLRQV�RI�UDGLDWLRQ�GRVH�SDWWHUQV�PD\� EH� VLJQLILFDQW��:H� SUHVHQW� KHUH� DEVRUEHG� GRVHV� DW� FHOOXODU� OHYHO� DQG� HYDOXDWH� WKHLU� SRVVLEOH� LPSDFW� RQ� WKH�XVXDOO\� DVVXPHG� ULVN�EHQHILW� UHODWLRQVKLSV� LQ� QXFOHDU�PHGLFLQH� VWXGLHV�� 7KH� DEVRUEHG� GRVH� YDOXHV� FDOFXODWHG� DUH�VXUSULVLQJO\�KLJK��DQG�DUH�GLIILFXOW�WR�LQWHUSUHW��,Q�WKH�SUHVHQW�VWXG\��ZH�VKRZ�FDOFXODWHG�GRVHV�DW�WKH�FHOOXODU�OHYHO�DQG�GLVFXVV�SRVVLEOH�ELRORJLFDO�FRQVHTXHQFHV��IRU�WZR�UDGLRSKDUPDFHXWLFDOV�ODEHOOHG�ZLWK�WHFKQHWLXP���P��KXPDQ�VHUXP�DOEXPLQ�PLFURVSKHUHV�XVHG�IRU�SXOPRQDU\�VFLQWLJUDSLHV�DQG�+03$2�XVHG�WR�ODEHOOHG�OHXNRF\WHV��
.H\�ZRUGV��7HFKQHWLXP���P��DEVRUEHG�GRVHV��ELRORJLFDO�HIIHFWV


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
1XFOHDU�PHGLFLQH� �10�� SUDFWLFHV� KDYH� LQFUHDVHG�FRQWLQXDOO\ LQ� UHFHQW� GHFDGHV�� 7KLV� PRGDOLW\� LV�FKRVHQ� IRU� LWV� GLDJQRVWLF� TXDOLWLHV� DQG� DSSHDUV� WR�EH�DGYDQWDJHRXV�LQ�GHOLYHULQJ�ORZ�UDGLDWLRQ�GRVHV�WR� SDWLHQWV�� 7KH� GLVWULEXWLRQ� RI� WKH�UDGLRSKDUPDFHXWLFDOV� �53V�� DQG� RI� WKH� FDOFXODWHG�DEVRUEHG�GRVHV�DUH�XVXDOO\�DVVXPHG�WR�EH�XQLIRUP��1XPHURXV� VWXGLHV�� KRZHYHU�� KDYH� VKRZQ� WKDW�53�GLVWULEXWLRQ� FDQ� EH� YHU\� KHWHURJHQHRXV� DW� WKH�FHOOXODU� OHYHO� �5RELQVRQ� HW� DO��� ������� 7KXV��DEVRUEHG� GRVHV� PD\� EH� DOVR� EH� QRQXQLIRUP� LQ�SDUWLFXODU� FHOOV�� ZLWK� SRVVLEOH� UDGLRELRORJLFDO�FRQVHTXHQFHV�� ,W� LV� NQRZQ� WKDW� WKH�GHFD\� VFKHPH�RI� WHFKQHWLXP���P� ���P7F�� KDV� ���� RI� FDVHV�LQYROYLQJ� HPLVVLRQ� RI� HOHFWURQV� RI� ORZ� HQHUJ\��ZLWK� VKRUW� UDQJHV� LQ� WKH� WLVVXH�� )RU� H[DPSOH�� WKH�$XJHU�HOHFWURQV�RI���P7F��HQHUJ\� ������WR������NH9�� DEXQGDQFH� RI� a���� RU� ���� RI� WKH� WRWDO�HOHFWURQ� HPLVVLRQV�� KDYH� D� UDQJH� YDU\LQJ� IURP�

����� WR� ���� PLFURPHWHUV�� ,Q� D� SUHYLRXV� VWXG\��+LQGLH� HW� DO��� ������ ZH� VKRZHG� WKDW� WKH� GRVH�DEVRUEHG� E\� UDGLRODEHOOHG� .XSIIHU� FHOOV� DIWHU���P7F�VXOIXU�FROORLG�LQMHFWLRQ�ZDV�DSSUR[LPDWHO\�������� WLPHV� WKH�PHDQ�HOHFWURQ�GRVH� WR� WKH� VDPH�FHOOV� DV� HVWLPDWHG� XVLQJ� WKH� FRQYHQWLRQDO� 0,5'�6FKHPD�� WR� WKLV� SRLQW� WKLV� UHVXOW� KDV� QRW� UDLVHG�VLJQLILFDQW� FRQFHUQV� DERXW� URXWLQH� 10� SUDFWLFHV��,Q�DQRWKHU�VWXG\��0DNULJLRUJRV�HW�DO���������XVHG�D�FRPSXWHU� SURJUDP� EDVHG� RQ� D� WKHRUHWLFDO� PRGHO�WKDW� DFFRXQWHG� IRU� WKH�QRQXQLIRUP�GLVWULEXWLRQ�RI���P7F�ODEHOHG�PLFURVSKHUHV�WR�FDOFXODWH�WKH�GRVHV�GHOLYHUHG� WR� OXQJ�FHOOV� IURP���P7F�HOHFWURQV�DQG�SKRWRQV�� 7KH� GRVH� WR� ��� RI� WKH� FHOO� SRSXODWLRQ�ZDV�YHU\�KLJK����WR������WLPHV�WKH VWDQGDUG�0,5'�HVWLPDWH���7KH�REYLRXV�TXHVWLRQ�LQ�WKHVH���UHVXOWV�LV�� ZKDW� DUH� WKH� SRVVLEOH� UDGLRELRORJLFDO�FRQVHTXHQFHV�RI� LWV�KLJK�UDGLDWLRQ�GRVHV" �.DVVLV�HW�DO���������:H� SUHVHQW� KHUH� WKH� UHVXOWV� RI� �� VWXGLHV� DW� RXU�ODERUDWRU\� FRQFHUQLQJ� WKH� SRWHQWLDO ELRORJLFDO�
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���
FRQVHTXHQFHV RI�LUUDGLDWLRQ�IURP�WZR���P7F �53V�FXUUHQWO\�XVHG�LQ�10�
� +XPDQ� 6HUXP� $OEXPLQ� �+6$�� PLFURVSKHUHV��5RELQVRQ�HW�DO����������DQG� +03$2���P7F��&��GH�/DEULROOH�9D\OHW�HW�DO���������
7KH� UHODWLRQVKLS� EHWZHHQ� FDOFXODWHG� GRVHV� DQG�ELRORJLFDO� HIIHFWV� DQG� WKH� SRVVLEOH� LQDGHTXDF\� RI�VWDQGDUG�PRGHOV�LV�GLVFXVVHG�
0$7(5,$/6�$1'�0(7+2'6
��� %LRORJLFDO� VWXGLHV� RI� OXQJ� FHOOV� LUUDGLDWHG� E\���P7F
7KH�SULQFLSDO� UHVXOWV�RI�RXU�SXEOLVKHG�VWXG\�ZHUH�SUHVHQWHG�
�� 7KH�KHWHURJHQHLW\�RI�WKH�GLVWULEXWLRQ�RI ��P7F�ODEHOOHG� PLFURVSKHUHV� ��V�� LQ� UDW� OXQJ� WLVVXH�ZDV� YLVXDOL]HG� DQG� TXDQWLILHG� XVLQJ� D�PLFURUDGLRDXWRJUDSKLF� ³WUDFN´�PHWKRG� �05$���%DUEX�HW�DO������������ $� YHU\� KHWHURJHQHRXV� WULGLPHQVLRQDO�GLVWULEXWLRQ�RI�WKH�PLFURVSKHUHV�ZLWKLQ�WKH�OXQJ�ZDV� GHPRQVWUDWHG� ZLWK� LQWHUSDUWLFOH� GLVWDQFHV�UDQJLQJ�IURP����WR������PLFURQV��� 7KXV� RQO\� GHOLYHUHG� GRVHV� FORVHU� WR� WKH�PLFURVSKHUHV�ZHUH�FDOFXODWHG��� 7KHVH� GRVHV� UHDFKHG� DSSUR[LPDWHO\� �� *\� IRU�WKH� FORVHVW� HQGRWKHOLDO� FHOOV� DQG� �� *\� IRU�HSLWKHOLDO�FHOOV�
%LRORJLFDO�VWXGLHV�ZHUH�SHUIRUPHG�XVLQJ�HOHFWURQLF�PLFURVFRSH� WHFKQLTXH� DQG� ELRFKHPLFDO� WHFKQLTXH��6XUH[SUHVVLRQ� RI� S��� SURWHLQ�� ELRLQGLFDWRU� RI� D�'1$�VWUHVV���-DFTXHW�HW�DO���������
D� 8OWUDVWUXFWXUDO�VWXG\
7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� HYDOXDWH� WKH�KLVWRORJLFDO�GDPDJH� WR� WKH�SXOPRQDU\�FHOOV� LQ� WKH�QHLJKERUKRRG� RI� ODEHOOHG�PLFURVSKHUHV� FRPSDUHG�ZLWK�FRQWURO�FHOOV��7KUHH�JURXSV�ZHUH�FRPSDUHG��D�FRQWURO�JURXS� �ZLWKRXW��V��� DQG� WZR�RWKHU�JURXSV�ZLWK�ODEHOOHG�DQG�XQODEHOOHG��V�
E� 1XFOHDU� H[SUHVVLRQ� RI� S��� SURWHLQ� ZDV�DVVHVVHG�XVLQJ�LPPXQRKLVVWRFKHPLVWU\�

7KH�LQWHQVLW\�RI�WKH�QXFOHDU�VWDLQLQJ�ZDV�JUDGHG�E\�FRORUDWLRQ��7ZR�REVHUYHUV� LQWHUSUHWHG� WKH�QXFOHDU�VWDLQLQJ�
���+03$2�ODEHOOHG�O\PSKRF\WHV
$W�SUHVHQW����P7F�+03$2�ODEHOOLQJ�LV�URXWLQHO\�SHUIRUPHG�RQ�PL[HG�OHXNRF\WH�SUHSDUDW LRQV�ZKLFK�LQFOXGH� O\PSKRF\WHV�� +03$2� LV� QRW� D� VSHFLILF�WUDFHU� IRU� SRO\PRUSKRQXFOHDU� FHOOV�� *OREDO�OHXNRF\WH� ODEHOOLQJ� HIILFLHQF\� ZDV� �������� RU� ��������� $IWHU� VHOHFWLYH� VHGLPHQWDWLRQ��UDGLRDFWLYLW\�ZDV�GLVWULEXWHG�DV�IROORZV���������LQ�PRQRQXFOHDU� FHOOV� ������ LQ� 310V�� ���� LQ� UHG�EORRG�FHOOV�DQG�!���� LQ�SODVPD��&��GH�/DEULROOH �9D\OHW�HW�DO����������05$�VWXGLHV�VKRZHG�WKDW�WKH�ODEHOOLQJ� ZDV� YHU\� KHWHURJHQHRXV� ���� LQWHQVHO\�ODEHOOHG�FHOOV���
D� (IIHFWV� RI� ��P7F�+03$2� ODEHOOLQJ� RQ�O\PSKRF\WH�IXQFWLRQ
3+$� VWLPXODWLRQ�ZDV�XVHG� WR� HYDOXDWH� WKH� DELOLW\�RI�ODEHOOHG�O\PSKRF\WHV�WR� WKH�V\QWKHVLV�RI�'1$
E� 9LDELOLW\�RI�+03$2�ODEHOOHG�O\PSKRF\WHV�
7KH�SODWLQJ�HIILFLHQF\�RI�WKH�ODEHOOHG�O\PSKRF\WHV�ZDV� FRPSDUHG� ZLWK� WKDW� RI� FRQWURO� O\PSKRF\WHV��7KH� H[SHULPHQWDO� SURFHGXUH ZDV� GHVFULEHG�SUHYLRXVO\��6DOD�7UHSDW�HW�DO���������
F� &KURPRVRPDO�DEHUUDWLRQV
/DEHOOHG� DQG� XQODEHOOHG� O\PSKRF\WHV� ZHUH�FXOWXUHG�ZLWK�D�FODVVLFDO�WHFKQLTXH��$,($���������7KH� PHWDSKDVHV� DUH� LGHQWLILHG� DIWHU� IOXRUHVFHQFH�ZLWK� *LHPVD� VWDLQLQJ�� 7KH� GLFHQWULFV DQG� ULQJV�ZHUH� FRXQWHG� DQG� WKH� IUHTXHQF\� RI� XQVWDEOH�FKURPRVRPDO� DEHUUDWLRQV�ZDV� FDOFXODWHG� LQ� WKH� ��JURXSV�
5(68/76
���,UUDGLDWHG�OXQJ�FHOOV
D� 0RUSKRORJLFDO�VWXGLHV
/XQJ�HOHFWURQ�PLFURJUDSKV��REWDLQHG���KRXUV�DIWHU�DGPLQLVWUDWLRQ� RI� ODEHOOHG� DQG� XQODE HOOHG�PLFURVSKHUHV�DUH�VKRZQ��&HOOV�LQ�FORVH�FRQWDFW�WR�WKH� ODEHOOHG�PLFURVSKHUHV� VKRZHG� QR� OHVLRQV��1R�
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���
VLJQV� RI� DSRSWRVLV� ZHUH� VHHQ�� 2QO\� DQ�LQIODPPDWRU\� UHVSRQVH�� FRUUHVSRQGLQJ� WR� WKH�SUHVHQFH�RI�VHYHUDO�SRO\PRUSKRQXFOHDU�FHOO��31V���ZDV�IRXQG�LQ�WKH���JURXSV�LQ�WKH�FDSLOODU\�OXPLQD���)LJ�����

2Q� OHIW�� �� KUV��$IWHU� DGPLQLVWUDWLRQ� RI� XQODEHOOHG�PLFURVSKHUHV��2QO\�D�OHXNRF\WH�LQILOWUDWLRQ��31��LV�QRWHG�� 2Q� ULJKW�� DIWHU� DGPLQLVWUDWLRQ� RI� ODEHOOHG�PLFURVSKHUHV�� SQHXPRF\WHV� �3,,�� DQG� HQGRWKHOLDO�FHOO��(&� DUH�QRUPDO�
D� 1XFOHDU�H[SUHVVLRQ�RI�S���LQ�SXOPRQDU\�FHOOV
6WDWLVWLFDO�DQDO\VLV�VKRZHG�QR�GLIIHUHQFH�EHWZHHQ�WKH� JURXSV� �FRQWURO�� ZLWK� XQODEHOOHG� DQG� ODEHOOHG�PLFURVSKHUHV��

���+03$2�ODEHOOHG�O\PSKRF\WHV
D� 3ODWLQJ�HIILFLHQF\
7KH� SODWLQJ� HIILFLHQF\� RI� ��P�7F�+03$2�ODEHOOHG� O\PSKRF\WHV�ZDV� IRXQG� WR�EH� ORZHU� WKDQ�IRU� FRQWURO� O\PSKRF\WHV�� 6RPH� RI� WKH� ODEHOOHG�O\PSKRF\WHV�ZHUH�VWLOO�YLDEOH�� WKHUHIRUH��DQG�DEOH�WR�IRUP�FORQHV�XQGHU�URXWLQH�FRQGLWLRQV�
E� &KURPRVRPDO�DEHUUDWLRQ
1R� DEQRUPDOLW\� ZDV� QRWHG� LQ� WKH� XQ ODEHOOHG�O\PSKRF\WHV�� $EHUUDWLRQ� IUHTXHQFLHV� LQ� ODEHOOHG�O\PSKRF\WHV� ZHUH� IRXQG� WR� EH� KLJKHU� WKDQ� LQ�FRQWURO�FHOOV��&��GH�/DEULROOH�9D\OHW�HW�DO��������
',6&866,21
���/XQJ�VWXGLHV
7KH� UHIHUHQFH� WHFKQLTXH� RI� HOHFWURQ� PLFURVFRS\�ZDV� XVHG� WR� HYDOXDWH� PRUSKRORJLFDO� FHOOXODU�OHVLRQV� �FHOO� DOWHUDWLRQV�� DSRSWRVLV�� QHFURVLV��� ,Q�RXU� VWXG\�� QXPHURXV� HOHFWURQ� PLFURJUDSKV� ZHUH�DQDO\VHG��DERXW�����IRU�LUUDGLDWHG�OXQJV���'HVSLWH�WKH�YHU\�KLJK�FDOFXODWHG�PHDQ�GRVHV�GHOLYHUHG��QR�PRUSKRORJLFDO�GDPDJHV�RU�VLJQV�RI�FHO O�GHDWK�ZHUH�REVHUYHG��2QO\� � WKH� LQWURGXFWLRQ�RI�PLFURVSKHUHV�LQGXFHG� LQIODPPDWRU\� UHVSRQVHV�� 1R� VLJQLILFDQW��LQFUHDVH�RI��QXFOHDU��H[SUHVVLRQ�RI�S���ZDV�QRWHG�LQ� WKH� ODEHOOHG� FHOOV�� 1R� FRUUHODWLRQ� EHWZHHQ� WKH�SK\VLFDO� SDUDPHWHU� �DEVRUEHG� GRVH� LQ� *\�� ZDV�IRXQG�ZLWK� WKH� ELRORJLFDO� IDWH� RI� LUUDGLDWHG� FHOOV��2XU�ODERUDWRU\�KDV�SHUIRUPHG�D�IXUWKHU�VWXG\�WRRO�XVLQJ� ELRORJLFDO� GRVLPHWU\� �-DFTXHW� HW� DO��� �������$� VSHFLILF� FXUYH� IRU� ��P7F� ZDV� HVWDEOLVKHG� WR�HYDOXDWH� WKH� GRVH�HIIHFW� UHODWLRQVKLS� EHWZHHQ�UDGLDWLRQ� GRVH� DQG� XQVWDEOH� UDGLRLQGXFHG�FKURPRVRPDO�DEHUUDWLRQV�
���+03$2�ODEHOOHG�O\PSKRF\WHV
��P7F�+30$2�LV�QRW�D�VSHFLILF�WUDFHU�IRU�301V��LW�DOVR�ODEHOOHG�O\PSKRF\WHV���$IWHU�05$�VWXGLHV��WKH� GHJUHH� RI� KHWHURJHQHLW\� FRXOG� QRW� EH�YLVXDOL]HG�� 7KXV�� LW� ZDV� FOHDU� W KDW� WKH� PHDQ�DEVRUEHG�GRVH��DERXW���*\��FRXOG�QRW�EH�XVHG�IRU�HYDOXDWLQJ� WKH� ELRORJLFDO� FRQVHTXHQFHV� RI� FHOO�ODEHOOLQJ��'LG�VRPH�RI�WKH�FHOOV�GLH��DV�RQH�PLJKW�VXSSRVH"� ,I� RWKHUV� GLG� QRW� GLH�� ZKDW� OHVLRQV� RU�RWKHU� IXQFWLRQDO� FKDQJHV� PD\� KDYH� UHVXOWHG�� DQG�
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���
ZKDW� ZHUH� WKH� FHOOV¶� UHSDLU� FDSDFLW\"� �&RODV �/LQKDUW���������7KH�PRVW�LPSRUWDQW�UHVXOW�ZDV�WKH�UHGXFHG�SODWLQJ�HIILFLHQF\�RI�ODEHOOHG�O\PSKRF\WHV�DV� FRPSDUHG� WR� FRQWURO� FHOOV�� VRPH� O\PSKRF\WHV�ZHUH�DEOH�WR�IRUP�FORQHV�DQG�ZHUH�VWLOO�³DOLYH´�E\�UDGLRELRORJLFDO� GHILQLWLRQ�� ,W� ZDV� WKHUHIRUH�VXJJHVWHG� WKDW� O\PSKRF\WHV� VKRXOG� EH� UHPRYHG�IURP� ��P7F�+03$2� FHOO� SUHSDUDWLRQ� EHIRUH�DGPLQLVWUDWLRQ�WR�SDWLHQWV�
&21&/86,21
%LRORJLFDO� VWXGLHV� DUH� YHU\� LPSRUWDQW� IRU�HYDOXDWLRQ�RI�SDWLHQW�ULVN�LQ�10�VWXGLHV��$V�.DVVLV�ZURWH� �.DVVLV� HW� DO��� ������ �� ³1RQHWKHOHVV�� WKH�UHVXOWV� ZRXOG� HQKDQFH� RXU� NQRZOHGJH� DERXW�UDGLDWLRQ� FDUFLQRJHQHVLV� DQG� IROORZLQJ�3DVFDO¶JDPEOH� �3DVFDO�� ������ �� ³,W� LV� EHWWHU� WR�NQRZ�WKDQ�WR�EH�VRUU\�´
5(6802
&RPR� DYDOLDU� D� UHODomR� ULVFR �EHQHILFLR� GH�FLQWLJUDILDV"�(P�PHGLFLQD�QXFOHDU��D�GRVH�GHYLGD�j�UDGLDomR�DEVRUYLGD�QR�FRUSR�LQWHLUR�RX�QRV�yUJmRV�WHP� VLGR� VXEHVWLPDGD� DSHVDU� GH� VXD� EDL[D�LQWHQVLGDGH�� 2V� PpWRGRV� GH� DYDOLDomR� WHP�DVVXPLGR� XPD� GLVWULEXLomR� XQLIRUPH� GR� SURGXWR�UDGLRDWLYR��(QWUHWDQWR��HP�QtYH O�FHOXODU��H[LVWH�XPD�GLVWULEXLomR� KHWHURJrQHD� GR� SURGXWR� UDGLRDWLYR� H�FRQVHT�HQWHPHQWH� XPD� KHWHURJHQHLGDGH� GD�HPLVVmR� UDGLRDWLYD�� $WXDOPHQWH�� DV� GRVHV�DEVRUYLGDV� HP� QtYHO� FHOXODU� VmR� FDOFXODGDV�FRQVLGHUDQGR� XPD� GLVWULEXLomR� QmR� XQLIRUPH�� 2V�YDORUHV�GD�GRVH�DEVRUYLGD�HVWLPDGRV�DWUDYpV�GHVVD�KLSyWHVH� VmR� JHUDOPHQWH� UHOHYDQWHV� PHVPR� QRV�FDVRV� PDLV� FRPSOH[RV�� 1R� SUHVHQWH� HVWXGR�� QyV�DYDOLDPRV� DV� FRQVHT�rQFLDV� ELROyJLFDV�� HP� QtYHO�FHOXODU�� LQGX]LGDV� SRU� GRLV� SURGXWRV� UDGLRDWLYRV�PDUFDGRV� FRP� R� WHFQpFLR���P�� PLFURHVIHUDV� GH�DOEXPLQD� GH� VRUR�KXPDQR�XVDGR�SDUD� FLQWLJUDILDV�SXOPRQDUHV� H� +03$2� XWLOL]DGR� HP� OHXFyFLWRV�PDUFDGRV�

5()(5(1&(6
$,($� �$JHQFH� ,QWHUQDWLRQDOH� GH� O
(QHUJLH� $WRPLTXH����������� %LRORJLFDO� GRVLPHWU\� �� FKURPRVRPH�DEHUUDWLRQ� DQDO\VLV� IRU� GRVH� DVVHVVPHQW�� 7HFKQLFDO�UHSRUW�VHULHV��SS������%DUEX�� 0��� &RODV�/LQKDUW�� 1�� DQG� %RN� %�� ��������7HFKQHWLXP���P� DXWRUDGLRDXWRJUDSK\� RI� ODEHOHG�ZKLWH�FHOOV��$FWD�+DHPDW ������������&RODV�/LQKDUW��1����������(GLWRULDO��&HOO��0RO��%LRO������'H�/DEULROOH�9D\OHW��&���&RODV�/LQKDUW��1���6DOD�7UHSDW��0��� 3HWLHW�� $��� 9RLVLQ�� 3�� DQG� %RN�� %�� ��������%LRORJLFDO� FRQVHTXHQFHV� RI� WKH� KHWHURJHQHRXV�LUUDGLDWLRQ� RI� O\PSKRF\WHV� GXULQJ� WHFKQHWLXP���P�KH[DPHWK\OSURS\OHQH� DPLQH� R[LPH� ZKLWH� EORRG� FHOO�ODEHOOLQJ��(XU��-��1XFO��0HG�����������������+LQGLp�� (��� &RODV�/LQKDUW�� 1��� 3HWLHW�� $�� DQG� %RN�� %���������� 0LFURDXWRUDGLRJUDSKLF� VWXG\� RI� WHFKQHWLXP���P�FROORLG�XSWDNH�E\�WKH�UDW�OLYHU��-��1XFO��0HG�����������������-DFTXHW�� 1��� %RXUDKOD�� .��� *XLUDXG�9LWDX[�� )��� 3HWLHW��$��� 9RLVLQ�� 3�� DQG� &RODV�/LQKDUW�� 1�� ��������%LRORJLFDO� FRQVHTXHQFHV� RI� LUUDGLDWLRQ� E\� ORZ� GRVHV�RI� WHFKQHWLXP� ��P�� XOWUDVWUXFWXUDO� VWXGLHV�� S���SURWHLQ� H[SUHVVLRQ� DQG� JHQHWLF� HIIHFWV�� &HOO�� 0RO��%LRO����� ����������������.DVVLV�� $�� /�� DQG� $OGHUVWHLQ�� 6�� -�� �������� 'RHV�QRQXQLIRUPLW\�RI�GRVH�KDYH�LPSOLFDWLRQV�IRU�UDGLDWLRQ�SURWHFWLRQ"�-��1XFO��0HG���������������0DNULJLRUJRV��*��0���$OGHUVWHLQ��6��-��DQG�.DVVLV��$��,����������/LPLWDWLRQ�RI�FRQYHQWLRQDO�LQWHUQDO�GRVLPHWU\�DW�WKH�FHOOXODU�OHYHO��-��1XFO��0HG�����������������0DNULJLRUJRV��*��0���$OGHUVWHLQ��6��-��DQG�.DVVLV��$��,���������� &HOOXODU� UDGLDWLRQ� GRVLPHWU\� DQG� LWV�LPSOLFDWLRQV� IRU� HVWLPDWLRQV� RI� UDGLDWLRQV� ULVNV��-$0$���������������5RELQVRQ�� 0��� &RODV�/LQKDUW�� 1��� *XLUDXG�9LWDX[�� )���3HWLHW�� $�� DQG� %RN�� %�� �������� +HWHURJHQHRXV�GLVWULEXWLRQ� RI� WHFKQHWLXP���P� ODEHOHG� PLFURVSKHUH�LQ� UDW� OXQJV�� PLFURDXWRUDGLRJUDSKLF� HYLGHQFH� DQG�GRVLPHWULF�FRQVHTXHQFHV� -��1XFO��0HG���������������6DOD�7UHSDW��0���&ROH��-���*UHHQ��0��+��/���5LJDXG��2���9LOFRT�� -�� 5�� DQG� 0RXVWDFFL�� (�� �������� *HQRWR[LF�HIIHFWV� RI� UDGLRWKHUDS\� DQG� FKHPRWKHUDS\� RQ� WKH�FLUFXODWLQJ� O\PSKRF\WHV� RI� EUHDVW� FDQFHU� SDWLHQWV��0HDVXUHPHQW� RI� PXWDQW� IUHTXHQF\� WR� ��WKLRJXDQLQH�UHVLVWDQFH��0XWDJHQHVLV�������������
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