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,QWURGXFWLRQ�� 3URGXFWLRQ� DQG� H[SRUW� RI� KRUWLFXOWXUDO�SURGXFWV� DUH� LQFUHDVLQJ� UDSLGO\� LQ� PDQ\�GHYHORSLQJ� FRXQWULHV�� )URP� ����� WR� ������IUXLW� DQG� YHJHWDEOH� SURGXFWLRQ� LQ�GHYHORSLQJ� FRXQWULHV� DOPRVW� TXDGUXSOHG�IURP�����WR�����PLOOLRQ�PHWULF�WRQV��ZKLOH�H[SRUWV� PRUH� WKDQ� WULSOHG� IURP� ���� WR� ����PLOOLRQ� PHWULF� WRQV� �1RUWRQ� HW� DO��� �������5DSLG� JURZWK� LQ� KRUWLFXOWXUDO� SURGXFWLRQ�KDV� EHHQ� DFFRPSDQLHG� E\� KHDY\� XVH� RI�

SHVWLFLGHV� DQG� E\� KHLJKWHQHG� FRQFHUQ� RYHU�KHDOWK� HIIHFWV� DVVRFLDWHG�ZLWK�SHVWLFLGH�XVH�DQG�DEXVH��3RWHQWLDO� IRRG�VDIHW\� ULVNV� IURP�SHVWLFLGH�UHVLGXHV�DUH�D�VLJQLILFDQW�LVVXH�IRU�LPSRUWHUV�RI�IUHVK�YHJHWDEOHV�DQG�IUXLWV�DQG�D PDUNHW�ULVN�IDFWRU�IRU�H[SRUWHUV�ZKR�PD\�KDYH� VKLSPHQWV� GHWDLQHG� RU� UHMHFWHG� LI�UHVLGXHV� H[FHHG� DOORZDEOH� OLPLWV�� (J\SW� LV�DPRQJ� WKH� FRXQWULHV� DGRSWLQJ� WKH�)$2�:+2� LQWHUQDWLRQDOO\� HVWDEOLVKHG�0D[LPXP�5HVLGXH�/LPLW��05/V��IRU�VRPH�SHVWLFLGHV� RQ� GLIIHUHQW� FURSV�� +RZHYHU��
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WKHUH� DUH� SHVWLFLGHV� ZLWKRXW� UHFRPPHQGHG�05/V�� HVSHFLDOO\� WKRVH� QRW� LPSRUWDQW� WR�LQWHUQDWLRQDO� WUDGH��:LWK� WKH�RSHQLQJ�XS�RI�(J\SW� WR� ZRUOG� WUDGH�� LW� LV� QHFHVVDU\� WR�JHQHUDWH�UHVLGXH�GDWD�IRU�SHVWLFLGHV�LQ�XVH�WR�HVWDEOLVK� RXU� ORFDO� 05/V� DQG� WR� SURWHFW�FRQVXPHUV�IURP�DGYHUVH�VLGH�HIIHFWV��*UHHQ�SHSSHU� DQG� HJJSODQW� DUH� FRQVLGHUHG� DV� DQ�LPSRUWDQW� SDUW� RI� HGLEOH� YHJHWDEOH�SURGXFWLRQ� LQ� (J\SW�� *HQHUDOO\�� WKHVH�YHJHWDEOH� YDULHWLHV� DUH� DWWDFNHG� E\� D�QXPEHU� RI� LQVHFWV� DQG� GLVHDVHV� ZKLFK�UHTXLUH� IUHTXHQW� XVH� RI� SHVWLFLGHV��3LULPLSKRV�PHWK\O� DQG� SURIHQRIRV� DUH�RUJDQRSKRVSKRUXV� LQVHFWLFLGHV�ZLGHO\� XVHG�WR�FRQWURO�YDULRXV�LQVHFW�SHVWV�LQFOXGLQJ�OHDI�ZRUPV�� DSKLGV�� OHDIKRSSHUV��ZKLWHIOLHV� DQG�WKULSV� RQ� SHSSHU� DQG� HJJSODQW�� 7KHUH� LV� D�ODFN�RI�SXEOLVKHG�GDWD�LQ�(J\SW�IRU�WKH�IDWH�RI� SLULPLSKRV�PHWK\O� DQG� SURIHQRIRV� RQ�WKHVH� YHJHWDEOH� FURSV�� 7KHUHIRUH��DVVHVVPHQW�RI� WKHLU� UHVLGXHV�RQ�SHSSHU�DQG�HJJSODQW� IUXLWV� LV� RI� JUHDW� FRQFHUQ�� 7KH�SUHVHQW�ZRUN�ZDV�FDUULHG�RXW� LQ�DQ�DWWHPSW�WR�� ���� VWXG\� WKH�SHUVLVWHQFH�RI�SLULPLSKRV�PHWK\O�DQG�SURIHQRIRV�RQ�JUHHQ�SHSSHU�DQG�HJJSODQW� IUXLWV�� DQG� ���� LQYHVWLJDWH� WKH�HIIHFW�RI�WKH�WZR�WHVWHG�LQVHFWLFLGH�UHVLGXHV�RQ�VRPH�TXDOLW\�SDUDPHWHUV�RI�IUXLW���0DWHULDOV�DQG�0HWKRGV��,QVHFWLFLGHV�XVHG��3LULPLSKRV�PHWK\O�� 2����GLHWK\O��DPLQR���PHWK\O� S\ULPLGLQ���\O�� 2�2�GLPHWK\O� SKRVSKRURWKLRDWH� ZLWK� DFXWH� RUDO�/'��� RI� ����� PJ�NJ� IRU� UDWV�� WHFKQLFDO�JUDGH�VDPSOH�ZLWK�SXULW\�RI�������SURYLGHG�E\�,&,�3/&��3ODQW�3URWHFWLRQ�'LYLVLRQ��8.��DQG� SURIHQRIRV�� 2����EURPR���FKORURSKHQ\O��� 2�HWK\O�6�SURS\O�SKRVSKRURWKLRDWH� ZLWK� DFXWH� RUDO� /'��� RI����� PJ�NJ� IRU� UDWV�� WHFKQLFDO� JUDGH� ZLWK�SXULW\� RI� ���� REWDLQHG� IURP� &LED� *HLJ\�/WG�� �6ZL]HUODQG��� ZHUH� XVHG� IRU� */&�VWDQGDUGL]DWLRQ� LQ� WKH� SUHVHQW� VWXG\�� 7KH�HPXOVLILDEOH� FRQFHQWUDWH� ���� RI�

SLULPLSKRV�PHWK\O�DQG�����RI�SURIHQRIRV�ZDV�HPSOR\HG�LQ�WKH�ILHOG�H[SHULPHQW��)LHOG�H[SHULPHQW�DQG�VDPSOLQJ����)LHOG� H[SHULPHQWV� ZHUH� FRQGXFWHG�GXULQJ� WKH� VXPPHU� LQ� WKH� $EHHV� DUHD��$OH[DQGULD� *RYHUQRUDWH�� (J\SW�� 3ORWV�FRQVLVWLQJ� RI� ��� URZV� VHSDUDWHG� E\� D� ��URZ� EHOW� RI� JUHHQ� SHSSHU� �&DSVLFXP�DQQXXP� /��� YDU�� &DOLIRUQLD� ZRQGHU� DQG�HJJSODQW� �6RODQXP� PHORQJHQD� /��� YDU��%DODG\� ZHUH� DOORFDWHG� WR� UDQGRPL]HG�EORFNV�ZLWK�WKUHH�UHSOLFDWHV��0DWXUH�SODQWV�ZHUH�VSUD\HG�ZLWK���SLULPLSKRV�PHWK\O�RU�SURIHQRIRV�RQFH�DW� WKH�UHFRPPHQGHG�UDWH�RI� DW� ���� FP��IHGGDQ� �IHGGDQ�  � �����KHFWDUH��� �� GD\V� EHIRUH� WKH� ILUVW�KDUYHVWLQJ�� 6SUD\LQJ� ZDV� FDUULHG� RXW�XVLQJ�D�NQDSVDFN�VSUD\HU��&S����SURYLGHG�ZLWK� RQH� QR]]OH� GHOLYHULQJ� ���� OLWHUV�ZDWHU�IHGGDQ�� ZKLFK� KDV� SURYHG� WR� EH�VXIILFLHQW� WR� JLYH� JRRG� FRYHUDJH� RQ� WKH�WUHDWHG� SODQWV�� 8QVSUD\HG� FRQWURO� SORWV�ZHUH� LQFOXGHG� IRU� HDFK� WUHDWPHQW�� $OO�DJULFXOWXUDO� PDQDJHPHQW� SUDFWLFHV� ZHUH�PDGH� DV� XVXDOO\� SUDFWLFHG� LQ� FRPPHUFLDO�SURGXFWLRQ� RI� SHSSHU� RU� HJJSODQW�� )UXLW�VDPSOHV�ZHUH�UDQGRPO\�FROOHFWHG������JP�ZHUH�VDPSOHG�SHU�UHSOLFDWH���)UXLW�VDPSOHV�ZHUH�WDNHQ�DW�LQWHUYDOV�RI������KU��������������� ��� DQG����GD\V� DIWHU� DSSOLFDWLRQ� ��7KH�FROOHFWHG� VDPSOHV� ZHUH� SODFHG� LQ� SODVWLF�EDJV� DQG� IUR]HQ� DW� ��R& XQWLO� LQVHFWLFLGH�UHVLGXH�DQDO\VLV�ZDV�UXQ���([WUDFWLRQ�DQG�FOHDQ�XS��)RU� H[WUDFWLRQ� RI� SLULPLSKRV�PHWK\O�DQG�SURIHQRIRV�UHVLGXHV��WKH�FKRSSHG�IUXLW�VDPSOHV� ����JP�VXE�VDPSOHV��ZHUH� WDNHQ�DQG� H[WUDFWHG� ZLWK� DFHWRQH� ����� PO�� IRU�WKUHH� PLQXWHV� IROORZHG� E\� SDUWLWLRQLQJ�XVLQJ� GLFKORURPHWKDQH� �%RZPDQ�� �������7KH� UHVXOWLQJ�H[WUDFWV�ZHUH�HYDSRUDWHG� WR�QHDU� GU\QHVV� XVLQJ� D� URWDU\� HYDSRUDWRU� DW���R&�� 7KH� FRQFHQWUDWH� ZDV� WDNHQ� LQ� �PO�Q�KH[DQH� IRU� FOHDQ�XS��7KH� H[WUDFWV�ZHUH�FOHDQHG�XS� LQ� D� VLOLFD� JHO� FROXPQ�
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DPHQGHG� ZLWK� �� JP� DFWLYDWHG� FKDUFRDO�XVLQJ� ���� DFHWRQH� LQ� Q�KH[DQH� DV� DQ�HOXWLQJ� VROYHQW� �%RZPDQ� DQG� /HXFN��������� DIWHU� ZKLFK� WKH\� ZHUH� DJDLQ�FRQFHQWUDWHG� DQG� VWRUHG� LQ� WKH� IUHH]HU�XQWLO�UHVLGXH�DQDO\VLV�����7R�H[DPLQH�WKH�HIILFDF\�RI�H[WUDFWLRQ�DQG� FOHDQ�XS�� WKUHH� VDPSOHV� IURP� HDFK�IUXLW� W\SH� ZHUH� VSLNHG� ZLWK� NQRZQ�FRQFHQWUDWLRQ� ��� PJ�NJ�� RI� WKH� SXUH�LQVHFWLFLGH� VWDQGDUG� VROXWLRQ�� ([WUDFWLRQ�DQG�FOHDQ�XS�ZHUH�SHUIRUPHG�DV�GHVFULEHG�HDUOLHU� DQG� WKH� DYHUDJH� UHFRYHU\� UDWHV�ZHUH� IRXQG� WR� EH� ������ DQG� ������� IRU�SHSSHU� DQG� HJJSODQW� IUXLWV� WUHDWHG� ZLWK�SLULPLSKRV�PHWK\O�� UHVSHFWLYHO\�� 7KH�FRUUHVSRQGLQJ� UHFRYHULHV� ZHUH� IRXQG� WR�EH� ������ DQG� ������ �� IRU� IUXLWV� WUHDWHG�ZLWK� SURIHQRIRV�� 5HVXOWV� ZHUH� FRUUHFWHG�DFFRUGLQJ�WR�WKH�DYHUDJH�RI�UHFRYHU\���5HVLGXH�GHWHUPLQDWLRQ��'HWHUPLQDWLRQ� RI� SLULPLSKRV�PHWK\O�DQG�SURIHQRIRV�UHVLGXHV�ZDV�SHUIRUPHG�RQ�D 6KLPDG]X� ��&0� �3)(�� *&�� )3'� ZLWK�DQ� DQDO\WLFDO� JODVV� FROXPQ� ���P� [� ��PP�L�G��SDFNHG�ZLWK����6(���������29�����RQ��������&KURPRVRUE�:��7KH�RSHUDWLQJ�WHPSHUDWXUHV� �R&�� IRU� ERWK� WHVWHG�LQVHFWLFLGHV� ZHUH� PDLQWDLQHG� DV� IROORZV��&ROXPQ� ���� LVRWKHUPDO�� LQMHFWRU� �����GHWHFWRU� ���� DQG� JDV� IORZ� UDWH� �PO�PLQ��ZHUH�� QLWURJHQ� ���� K\GURJHQ� ��� DQG� DLU������ WKH� OLPLWV� RI� GHWHFWLRQ� XQGHU� WKHVH�FRQGLWLRQV� ZHUH� ����� DQG� ���� QJ� IRU�SLULPLSKRV�PHWK\O� DQG� SURIHQRIRV��UHVSHFWLYHO\�� ,GHQWLILFDWLRQ� RI� HDFK� WHVWHG�LQVHFWLFLGH� UHVLGXH� ZDV� DFFRPSOLVKHG� E\�UHWHQWLRQ� WLPH� �W5� DQG� FRPSDUHG� ZLWK�NQRZQ� VWDQGDUGV� DW� WKH� VDPH� FRQGLWLRQV��7KH� TXDQWLWLHV�ZHUH� FDOFXODWHG�RQ� D� SHDN�KHLJKW� EDVLV�� 8VLQJ� WKHVH� FRQGLWLRQV�� WKH�UHWHQWLRQ� WLPHV� RI� SLULPLSKRV�PHWK\O� DQG�SURIHQRIRV� ZHUH� ���� DQG� ��� PLQXWHV��UHVSHFWLYHO\���

'HWHUPLQDWLRQ� RI� VRPH� LQWHUQDO� TXDOLW\�SDUDPHWHUV��$QDO\WLFDO� GHWHUPLQDWLRQ� IRU� WKH�VWXGLHG� FKHPLFDO� TXDOLW\� SDUDPHWHUV� ZDV�PDGH� RQ� WUHDWHG� DQG� XQWUHDWHG� IUXLW� WR�HYDOXDWH� WKH� VLGH� HIIHFW� RI� WKH� WHVWHG�LQVHFWLFLGH� UHVLGXHV� RQ� WKH� TXDOLW\� RI� IUXLW��7KHVH� FKHPLFDO� SDUDPHWHUV� LQFOXGHG� WRWDO�VROXEOH� VXJDUV� ZKLFK� ZHUH� GHWHUPLQHG�FRORXULPHWULFDOO\� XVLQJ� WKH� SLFULF� DFLG�PHWKRG� DV� GHVFULEHG� E\� 7KRPDV� DQG�'XWFKHU� �������� �� DFLGLW\�� DVFRUELF� DFLG��YLWDPLQ� &��� �� GU\� PDWWHU� DQG� SURWHLQ�FRQWHQW� ZHUH� GHWHUPLQHG� DFFRUGLQJ� WR� WKH�PHWKRGV� RI� $2$&� �������� 7RWDO� VROXEOH�VROLGV� �7�6�6��� ZHUH� HVWLPDWHG� XVLQJ� D�
UHIUDFWRPHWHU�� E�FDURWHQH� ZDV� GHWHUPLQHG�E\� WKH� PHWKRG� RI� %HQ�$PRW]D� DQG� $YURQ��������� IDWW\� DFLG� FRQWHQW� ZDV� GHWHUPLQHG�DFFRUGLQJ� WR� 5DGZDQ� �������� XVLQJ� *&�DIWHU� WKH� FRQYHUVLRQ�RI� IDWW\� DFLG� LQWR� IDWW\�DFLG�PHWK\O�HVWHUV�DQG�DPLQR�DFLGV�FRQWHQW�ZDV� GHWHUPLQHG� XVLQJ� DPLQR� DFLG� DQDO\]HU�DFFRUGLQJ� WR� WKH� PHWKRG� RI� 0RRUH� HW� DO��������������6WDWLVWLFDO�$QDO\VLV��6WDWLVWLFDO� VLJQLILFDQFH�RI� WKH� GDWD�ZDV�GHWHUPLQHG�E\�WKH�DQDO\VLV�RI�YDULDQFH�ZLWK�WKH� /6'� PHWKRG� DW� SUREDELOLW\� RI� ������6WHHO�DQG�7RUULH�����������5HVXOWV�DQG�'LVFXVVLRQ��,QVHFWLFLGH�UHVLGXHV��*UHHQ�SHSSHU� DQG�HJJSODQW� FURSV�ZHUH�VSUD\HG� DW� IUXLW� VHW�ZLWK�SLULPLSKRV�PHWK\O�RU� SURIHQRIRV� XVLQJ� D� UHFRPPHQGHG� ILHOG�UDWH� WR� VWXG\� WKH� SHUVLVWHQFH� RI� VXFK�LQVHFWLFLGHV�DW�GLIIHUHQW�LQWHUYDOV��5HVXOWV� LQ� 7DEOH� ���� VKRZHG� WKDW� WKH�LQLWLDO� GHSRVLWV� RI� SLULPLSKRV�PHWK\O� DQG�SURIHQRIRV� LQ�RQ� SHSSHU� IUXLW� KDG�DSSUR[LPDWHO\� WKH� VDPH� OHYHO� RI� GHSRVLW��
RQH�KRXU�DIWHU�VSUD\LQJ��|�����SSP����
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�5HVLGXH�D >XJ�J���� 'LVVLSDWLRQ�@�
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F1'�� |����� �������������
F1'�� |�����

D 0HDQ�RI�WKUHH�UHSOLFDWHV���
E ,QLWLDO�GHSRVLWV�RI�WKH�LQVHFWLFLGH��
F�1'�1RW�GHWHFWHG��
� $ UDSLG� GHJUDGDWLRQ� RI� LQVHFWLFLGH�UHVLGXHV�ZDV�QRWLFHG�ZLWK� SLULPLSKRV�PHWK\O�DQG� SURIHQRIRV�� RQH� GD\� DIWHU� DSSOLFDWLRQ�� DW�������DQG��������ORVV��UHVSHFWLYHO\��7KH�ILUVW�ZHHN�ZDV�FULWLFDO��VKRZLQJ�WKH�KLJKHVW�UDWH�RI�GLVVLSDWLRQ� IURP� SHSSHU� IUXLW�� DW� ������ DQG�������� ZLWK� SLULPLSKRV�PHWK\O� DQG�SURIHQRIRV�� UHVSHFWLYHO\�� %\� WKH� HQG� RI�H[SHULPHQW� �WZR� ZHHNV��� IUXLW� FRQWDLQHG�QHJOLJLEOH� UHVLGXHV� RI� ������ SSP� IRU�SLULPLSKRV�PHWK\O��ZKHUHDV�QR�UHVLGXHV�ZHUH�GHWHFWHG� IRU� SURIHQRIRV� DW� WKDW� WLPH�
UHSUHVHQWLQJ� ������ DQG� |����� ORVV��UHVSHFWLYHO\��

�7KH� H[WUDFWDEOH� UHVLGXHV� RI� SLULPLSKRV�PHWK\O� LQ�RQ�HJJSODQW� IUXLW� UDQJHG�IURP������SSP��RQH�KRXU�DIWHU�DSSOLFDWLRQ��WR������SSP�LQ� �� GD\V� VDPSOHV� ZKHQ� DSSOLHG� DW� WKH� ILHOG�

UDWH�� 7KH� SHUFHQW� RI� GLVVLSDWLRQ� DW� �� DQG� ��GD\V� ZDV� IRXQG� WR� EH� ������ DQG� �������UHVSHFWLYHO\�� 7KH� FRUUHVSRQGLQJ� DYHUDJH�UHVLGXHV� RI� SURIHQRIRV� UDQJHG� IURP� ����� WR������ SSP� DW� ]HUR� WLPH� WR� �� GD\V� DQG� WKH�GLVVLSDWLRQ� UDQJHG� IURP������� WR��������IRU�� DQG���GD\V�� UHVSHFWLYHO\��$IWHU� WZR�ZHHNV��QR� GHWHFWDEOH� UHVLGXHV� RI� SURIHQRIRV� ZHUH�PHDVXUHG� RQ� HJJSODQW� IUXLW�� EXW� D� QHJOLJLEOH�DPRXQW� ������ SSP�� RI� SLULPLSKRV�PHWK\O�UHPDLQHG�DW�WKDW�WLPH���7KH� FDOFXODWHG� KDOI�OLIH� YDOXHV� RI�SLULPLSKRV�PHWK\O� ZHUH� ����� DQG� ����� GD\V�RQ� SHSSHU� DQG� HJJSODQW� IUXLWV�� UHVSHFWLYHO\��7KH� FRUUHVSRQGLQJ� KDOI� OLIH� YDOXHV� RI�SURIHQRIRV� ZHUH� ����� DQG� ����� GD\V��UHVSHFWLYHO\��7DEOH�����
�7DEOH����7KH�YDOXH�RI�DSSDUHQW�UDWH�FRQVWDQW��.��DQG�KDOI�OLIH�WLPH��W���� RI�WHVWHG�LQVHFWLFLGHV�RQ�JUHHQ�SHSSHU�DQG�HJJSODQW�IUXLWV�XVLQJ�*&�PHWKRG���

,QVHFWLFLGH� 6DPSOH� $SSDUHQW�5DWH�&RQVWDQW��N�D +DOI�/LIH�7LPH��W����E �'D\��3LULPLSKRV�PHWK\O� 3HSSHU� ����� �����(JJSODQW� ����� �����3URIHQRIRV� 3HSSHU� ����� ������ (JJSODQW� ����� �����
DN  ���WOQD��P��ZKHUH�N� �DSSDUHQW�UDWH�FRQVWDQW��D� �LQLWLDO�FRQFHQWUDWLRQ��P� �FRQFHQWUDWLRQ�DIWHU�W��DQG�W� �WLPH�LQ�GD\V��
EW���� �OQ����N� �������N��

��
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,W� FRXOG� EH� FRQFOXGHG� WKDW� ���� SSP�RI�SLULPLSKRV�PHWK\O� RU� SURIHQRIRV� UHVLGXHV�ZDV�GHWHFWHG�RQ�SHSSHU� IUXLW�����GD\V�DIWHU�DSSOLFDWLRQ��7KLV�LQGLFDWHG�WKDW����GD\V�ZDV�ORQJ� HQRXJK� WR� UHGXFH� WKH� UHVLGXH� RI� HDFK�LQVHFWLFLGH� EHORZ� WKH� SHUPLVVLEOH� UHVLGXH�OLPLWV�� SLULPLSKRV�PHWK\O� ��SSP�� DQG�SURIHQRIRV� ����� SSP�� RQ� SHSSHU� �&RGH[�$OLPHQWDULHV�&RPPLVVLRQ���������$OVR��WKH�QHJOLJLEOH�DPRXQW������SSP��RI�SLULPLSKRV�PHWK\O�ZDV�GHWHFWHG�RQ�HJJSODQW� IUXLW�DIWHU���� GD\V� RI� VSUD\LQJ��ZKLOH� SURIHQRIRV�ZDV�XQGHWHFWDEOH�DW�WKDW�WLPH��7KH�&RGH[�05/V�IRU� SURIHQRIRV� DQG� SLULPLSKRV�PHWK\O�UHVLGXHV� LQ�RQ� VHYHUDO� FRPPRGLWLHV� UDQJHG�IURP������WR���PJ�NJ�DQG������WR����PJ�NJ��UHVSHFWLYHO\� �&RGH[� $OLPHQWDULHV�&RPPLVVLRQ�� ������� 7KH� OLVW�� KRZHYHU��ODFNV� 05/V� IRU� HDFK� LQVHFWLFLGH� RQ�HJJSODQW��7KHUHIRUH��HJJSODQW�IUXLW�FRXOG�EH�PDUNHWHG� ZLWK� DSSDUHQW� VDIHW\� IRU� KXPDQ�FRQVXPSWLRQ� ZKHQ� IUHH� IURP� DQ\� UHVLGXHV�RI�SURIHQRIRV�RU�SLULPLSKRV�PHWK\O��7KH� SUHVHQW� UHVXOWV� RI� SLULPLSKRV�PHWK\O� DQG� SURIHQRIRV� UHVLGXHV� RQ� SHSSHU�DQG�HJJSODQW�IUXLWV�DUH�FRPSDUDEOH�WR�WKRVH�UHSRUWHG� LQ� HDUOLHU� VWXGLHV�� WKH� LQLWLDO�GHSRVLWV� RI� SURIHQRIRV� LQ�RQ� XQZDVKHG�WRPDWR� DQG� RNUD� IUXLWV� ZHUH� ������ DQG������� SSP�� UHVSHFWLYHO\�� :KHUHDV� WKDW� RI�SLULPLSKRV�PHWK\O� ZHUH� ������ DQG� ������SSP�� UHVSHFWLYHO\�� 7KHVH� ILJXUHV� ZHUH�GHFUHDVHG� WR� ����� 	� ������ DQG� ������ 	������ SSP� DIWHU� ��� GD\V� RI� VSUD\LQJ��5DPDGDQ�� ������� 7RPDWRHV� WUHDWHG� ZLWK�SLULPLSKRV�PHWK\O� FRXOG� EH� PDUNHWHG� RQH�GD\� DIWHU� DSSOLFDWLRQ�� DIWHU� �� GD\V� ZKHQ�IUXLW� LV� WUHDWHG� ZLWK� SURIHQRIRV�� *UHHQ�EHDQV�� FRXOG� EH� FRQVXPHG� VDIHO\� �� DQG� ���GD\V� DIWHU� VSUD\LQJ�ZLWK�SLULPLSKRV�PHWK\O�DQG� SURIHQRIRV�� UHVSHFWLYHO\� �$EG�$OOD� HW�DO��� ������� 0LQXWH� DPRXQWV� ������ SSP�� RI�SURIHQRIRV�ZHUH�GHWHFWHG�LQ�SRGV�RI�FRZSHD���� GD\V� DIWHU� VSUD\LQJ�� ZKLOH� SLULPLSKRV�PHWK\O�ZDV�XQGHWHFWDEOH�LQ�WKH�ZKROH�SRGV�DIWHU����GD\V��6ROLPDQ���������7KH�OHYHO�RI�SLULPLSKRV�PHWK\O� RU� FKORURS\ULIRV�PHWK\O�UHVLGXHV�RQ�EURDG�EHDQ�VHHGV�ZDV�IRXQG�WR�

EH� ZLWKLQ� WKH� 05/¶V� �� GD\V� DIWHU�DSSOLFDWLRQ��ZKLOH�H[FHHGLQJ�WKH�05/¶V�RQ�WRPDWRHV�DIWHU���DQG���GD\V�RI�DSSOLFDWLRQ��UHVSHFWLYHO\� �5DGZDQ� HW� DO��� ������� 7KH�ZDLWLQJ�SHULRG�RI� ���GD\V� DIWHU� DSSOLFDWLRQ�RI� SLULPLSKRV�PHWK\O� RQ� JUDSHV� LV� HQRXJK�WR� UHGXFH� UHVLGXHV� WR� EHORZ� WKH� 05/V��5DGZDQ�HW�DO�����������(IIHFW�RI�SLULPLSKRV�PHWK\O�DQG�SURIHQRIRV�UHVLGXHV� RQ� LQWHUQDO� TXDOLW\� SDUDPHWHUV� RI�JUHHQ�SHSSHU�DQG�HJJSODQW�IUXLWV��3HVWLFLGH� UHVLGXHV� PD\� LQWHUIHUH� ZLWK�ELRFKHPLFDO�DQG�SK\VLRORJLFDO�SURFHVVHV� LQ�SODQWV�UHWDUGLQJ�WKH�JURZWK�RI�WKH�SODQW�DQG�\LHOG��$OVR��WKH\�PD\�ORZHU�LWV�IRRG�TXDOLW\�DQG� PD\� HYHQ� SUHYHQW� LWV� XVH� DV� IRRG� E\�DIIHFWLQJ� LWV� TXDOLW\� FKDUDFWHULVWLFV��%DUWKRORPHZ�HW�DO����������6R��WKH�SRVVLEOH�HIIHFW�RI�SLULPLSKRV�PHWK\O�DQG�SURIHQRIRV�UHVLGXHV� RQ� FKHPLFDO� FKDUDFWHULVWLFV� RI�JUHHQ� SHSSHU� DQG� HJJSODQW� IUXLWV� ZDV�GHWHUPLQHG��7KH� GDWD� LQ� 7DEOH� ���� LQGLFDWHG� WKDW�SURIHQRIRV� VLJQLILFDQWO\� GHFUHDVHG� WKH� WRWDO�VROXEOH� VXJDUV� LQ� SHSSHU� IUXLW� WKURXJKRXW�WKH�H[SHULPHQW��ZKHUHDV�SLULPLSKRV�PHWK\O�LQFUHDVHG� WKHP�� 7KH� DYHUDJH� RI� WRWDO� DFLG�FRQWHQW� H[SUHVVHG� DV���FLWULF� DFLG�ZDV�QRW�DIIHFWHG�E\�DSSOLFDWLRQ�RI�HLWKHU�SLULPLSKRV�PHWK\O�RU�SURIHQRIRV�ZKHQ�FRPSDUHG�WR�WKH�XQWUHDWHG� VDPSOHV�� 7KH� PHDQ� DPRXQW� RI�7�6�6� ZDV� VLJQLILFDQWO\� ORZHU� LQ� IUXLW�WUHDWHG�ZLWK�SLULPLSKRV�PHWK\O�DQG�ZDV�QRW�VLJQLILFDQWO\� DIIHFWHG� E\� SURIHQRIRV��3LULPLSKRV�PHWK\O� VLJQLILFDQWO\� LQFUHDVHG�GU\� PDWWHU� DQG� SURWHLQ� FRQWHQWV�� \HW�GHFUHDVHG�HIIHFW�ZDV�QRWLFHG�ZKHQ�IUXLW�ZDV�WUHDWHG� ZLWK� SURIHQRIRV�� 1R� VLJQLILFDQW�GLIIHUHQFHV�LQ�DVFRUELF�DFLG�FRQWHQW�RI�IUXLW��
ZKLOH� E�FDURWHQH� FRQWHQW� VLJQLILFDQWO\��LQFUHDVHG� FRPSDUHG� WR� WKH� FRQWURO� ZKHQ�WUHDWHG�ZLWK� SLULPLSKRV�PHWK\O�� 3URIHQRIRV�GLG�QRW�VKRZ�DQ\�VLJQLILFDQW�HIIHFW�RQ�HLWKHU�SDUDPHWHU���
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7DEOH������(IIHFW�RI�SLULPLSKRV�PHWK\O�DQG�SURIHQRIRV�RQ�VRPH�)UXLW�4XDOLW\�3DUDPHWHUV�RI�7UHDWHG�*UHHQ�3HSSHU���
7UHDWPHQWVD�3DUDPHWHU� 8QWUHDWHG� 3LULPLSKRV�PHWK\O� 3URIHQRIV�

7RWDO�VROXEOH�VXJDUV��PJ�JOXFRVH����JP�� �����r �����E� ������r �����D� ������r �����F�
� $FLGLW\� �����r �����D� �����r �����D� �����r �����D�7�6�6�� �����r �����D� �����r �����E� �����r �����DE�� GU\�PDWWHU� ������r �����E� ������r �����D� �����r �����F�� SURWHLQ� �����r �����E� �����r �����D� �����r �����F�$VFRUELF�DFLG��PJ����JP�� ������r �����D� ������r �����D� ������r �����D�E �FDURWHQH��PJ����JP�� �����r ����E� ������r �����D� �����r �����E�

D(DFK�YDOXH�LQ�WKH�WUHDWPHQWV�LV�D�PHDQ�RI�WKUHH�UHSOLFDWHV�r 6'��0HDQV�IROORZHG�E\�WKH�VDPH�OHWWHU��V���LQ�
HDFK�URZ��DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��$129$��/6'�WHVW��3d �������� 7DEOH����(IIHFW�RI�SLULPLSKRV�PHWK\O�DQG�SURIHQRIRV�RQ�VRPH�IUXLW�TXDOLW\�SDUDPHWHUV�RI�WUHDWHG�HJJSODQW���

7UHDWPHQWVD3DUDPHWHU� 8QWUHDWHG� 3LULPLSKRV�PHWK\O� 3URIHQRIRV�
7RWDO�VROXEOH�VXJDUV��PJ�JOXFRVH����JP�� ������r �����D� ������r �����E� ������������F�
� $FLGLW\� �����r �����D� �����r �����E� �����r �����F��7�6�6�� �����r �����D� �����r �����E� �����r �����E�� GU\�PDWWHU� ������r �����D� �����r �����D� ������r �����D�� SURWHLQ� �����r �����E� �����r �����DE� �����r �����D�$VFRUELF�DFLG��PJ����JP�� �����r �����E� �����r �����D� �����r �����D�

D (DFK�YDOXH�LQ�WKH�WUHDWPHQWV�LV�D�PHDQ�RI�WKUHH�UHSOLFDWHV�r 6'��0HDQ�IROORZHG�E\�WKH�VDPH�OHWWHU��V���
LQ�HDFK�URZ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��$129$��/6'�WHVW�3d �������� 5HVXOWV� LQ� 7DEOH� ���� VKRZHG� WKDW� ERWK�LQVHFWLFLGH� UHVLGXHV� VLJQLILFDQWO\� GHFUHDVHG�WRWDO�VROXEOH�VXJDUV����DFLGLW\�DQG�7�6�6��LQ�HJJSODQW� IUXLW�� 7KH� UHGXFWLRQ� HIIHFW� ZDV�KLJKHU� LQ� SURIHQRIRV� WKDQ� SLULPLSKRV�PHWK\O� WUHDWHG� IUXLW� ZKHQ� FRPSDUHG� ZLWK�WKH� FRQWURO�� 3LULPLSKRV�PHWK\O� GLG� QRW�SURGXFH�DQ\�VLJQLILFDQW�HIIHFW�RQ�GU\�PDWWHU�DQG� SURWHLQ� FRQWHQW� FRPSDUHG� ZLWK� WKH�FRQWURO�� EXW� SURIHQRIRV� H[KLELWHG� DQ�LQFUHDVH� LQ� WKH� SURWHLQ� FRQWHQW�� %RWK�FRPSRXQGV�VLJQLILFDQWO\� LQFUHDVHG�DVFRUELF�DFLG�FRQWHQW�LQ�HJJSODQW�IUXLW��,W LV� ZHOO� HVWDEOLVKHG� WKDW� FHUWDLQ�SHVWLFLGHV� LQIOXHQFH� WKH� FKHPLFDO�FRPSRVLWLRQ� RI� WKH� SODQWV� DIWHU� WKH\� DUH�

DSSOLHG�� 3URIHQRIRV� UHVLGXHV� LQFUHDVHG�SURWHLQ� DQG� DVFRUELF� DFLG� FRQWHQW� LQ�SRWDWRHV� �+DELED� � HW� DO��� ������� $OVR�� WKLV�FRPSRXQG� LQFUHDVHG�7�6�6�DQG�DFLGLW\��EXW�GHFUHDVHG�WKH�JOXFRVH��SURWHLQ�DQG�DVFRUELF�DFLG� FRQWHQW� RI� WRPDWRHV� �,VPDLO� HW� DO���������� �5DGZDQ�HW�DO�� �������UHSRUWHG�WKDW�SLULPLSKRV�PHWK\O� UHVLGXHV� DSSHDUHG� WR�KDYH�VLJQLILFDQW�DGYHUVH�HIIHFWV�RQ�WKH�WRWDO�VROXEOH�VXJDUV�DQG�DVFRUELF�DFLG�FRQWHQW�RI�WRPDWR� IUXLW� DQG� EURDG� EHDQ� VHHGV��3LULPLSKRV�PHWK\O� H[KLELWHG� D� VLJQLILFDQW�LQFUHDVH� RQ� WRWDO� VROXEOH� VXJDUV� DQG� ��DFLGLW\� RI�JUDSH�EHUULHV��ZKHUHDV� WKHUH�ZDV�QR�HIIHFW�RQ�UHIUDFWRPHWULF�7�6�6���5DGZDQ�HW DO����������

��
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7DEOH����(IIHFW�RI�SLULPLSKRV�PHWK\O�DQG�SURIHQRIRV�UHVLGXHV�RQ�WKH�SHUFHQWDJH�RI�WHVWHG�IDWW\�DFLGV�RI�WUHDWHG�FURSV���
3HSSHU�IUXLWD� � (JJSODQW�IUXLWD�)DWW\��$FLG� &RQWURO� 3LULPLSKRV�PHWK\O� 3URIHQRIRV� � &RQWURO� 3LULPLSKRV�PHWK\O� 3URIHQRIRV�/DXULF�&����� ������E� ������D� ������E� �����D� �����D� �����D�0\ULVWLF�&����� ������D� ������D�� ������D� �����D� �����D� �����D�3DOPLWLF�&����� �������E� �������DE� �������D� ������D� ������E� ������DE�3DOPLWROLWLF�&����� ������D� ������E� ������D� �����D� �����E�� �����E�6WHDULF�&����� ������D� ������D� ������D� ������D� �����D� ������D�2OHLF�&����� �������D� ������D� ������D� ������E� ������D� ������D�/LQROHLF�&����� �������DE� �������D� �������E� ������D� ������D� ������D�/LQROHQLF�&����� ������D� ������D� ������D� �����D� �����D� �����D�$UDFKLGLF�&����� ������E� ������F� ������D� �����E� �����D�� �����D�%HKHQLF�&����� ������D� ������D� ������D� �����D� �����D� �����D�6DWXUDWHG��� �������D� �������D� �������D� ������D� ������E� ������DE�8QVDWXUDWHG��� �������D� �������D� �������D� ������E� ������D� ������DE�

D(DFK�YDOXH�LQ�WUHDWHG�DQG�XQWUHDWHG�IUXLW�LQ�HDFK�FURS�LV�D�PHDQ�RI�WKUHH�UHSOLFDWHV�r 6'��0HDQV�IROORZHG�E\�WKH�VDPH�OHWWHU��V���LQ�HDFK�URZ�IRU�HDFK�FURS��DUH�
QRW�VLJQLILFDQWO\�GLIIHUHQW��$129$��/6'�WHVW�3d ������� �

��
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(IIHFW� RQ� WKH� SHUFHQWDJH� RI� IDWW\� DFLGV�
FRQWHQW�

�
7KH� HIIHFW� RI� SLULPLSKRV�PHWK\O� DQG�

SURIHQRIRV� UHVLGXHV� RQ� WKH� SHUFHQWDJH� RI�
WHVWHG� IDWW\� DFLGV� RI� SHSSHU� DQG� HJJSODQW�
IUXLWV� ZDV� UHFRUGHG� LQ� 7DEOH� �����
3LULPLSKRV�PHWK\O� UHVLGXHV� VLJQLILFDQWO\�
LQFUHDVHG� WKH� OHYHO� RI� ODXULF� DFLG� DQG�
GHFUHDVHG� WKDW�RI�SDOPLWROLWLF�DQG�DUDFKLGLF�
DFLGV�� 2Q� WKH� RWKHU� KDQG�� SURIHQRIRV�
VLJQLILFDQWO\� LQFUHDVHG� WKH�OHYHO�RI�SDOPLWLF�
DQG� DUDFKLGLF� DFLGV�� 1R� VLJQLILFDQW�
GLIIHUHQFHV� ZHUH� IRXQG� EHWZHHQ� WKH� WZR�
WHVWHG� WUHDWPHQWV� DQG� WKH� FRQWURO� IRU� WKHLU�
HIIHFWV� RQ� WKH� SHUFHQWDJH� RI� VDWXUDWHG� DQG�
XQVDWXUDWHG�IDWW\�DFLGV��

%RWK LQVHFWLFLGDO� WUHDWPHQWV� FDXVHG�
VLJQLILFDQW� LQFUHDVH�RU�GHFUHDVH�LQ�WKH�OHYHO�
RI VRPH� IDWW\� DFLGV� LQ� HJJSODQW� IUXLW��
3URIHQRIRV� LQFUHDVHG� WKH� OHYHO�RI�ROHLF�DQG�
DUDFKLGLF�DFLGV�DQG�RQO\�GHFUHDVHG�WKH�OHYHO�
RI SDOPLWROLWLF� DFLG�� $OVR�� SLULPLSKRV�
PHWK\O� LQFUHDVHG� WKH� DERYH� WZR� IDWW\� DFLGV�
DV SURIHQRIRV� DQG� GHFUHDVHG� SDOPLWROLWLF�
SOXV SDOPLWLF� DFLGV�� 3URIHQRIRV� FDXVHG� QR�
VLJQLILFDQW�FKDQJHV�LQ�WKH�OHYHO�RI�VDWXUDWHG�
DQG� XQVDWXUDWHG� IDWW\� DFLGV�� ZKHUHDV�
SLULPLSKRV�PHWK\O� FDXVHG� VLJQLILFDQW�
GHFUHDVHV� DQG� LQFUHDVHV� LQ� VDWXUDWHG� DQG�
XQVDWXUDWHG� IDWW\� DFLGV�� UHVSHFWLYHO\�� 7KHVH�
UHVXOWV�DUH�VXSSRUWHG�ZLWK�WKRVH�UHSRUWHG�E\�
$]KRJLQD� HW� DO��� ������ DQG� ������� 7KH\�
LQGLFDWHG� WKDW� WKH� WZR� RUJDQRSKRVSKRUXV�
LQVHFWLFLGHV�� SKRVDODQ� DQG� PHWDSKRV�
GHFUHDVHG� WKH� WRWDO� OHYHO�RI� OLSLGV�� FKDQJHG�
WKH� UDWLR� RI� VDWXUDWHG� DQG� XQVDWXUDWHG� IDWW\�
DFLGV�� GHFUHDVHG� WKH� OHYHO� RI� SDOPLWLF� DQG�
SDOPLWROHWLF�DFLGV�DQG�LQFUHDVHG�WKH�OHYHO�RI�
EHKHQLF� DQG� HUXFLF� DFLGV� ZKHQ� DGGHG� WR�
JUDSH�MXLFH��PDOWV�RU�ZLQH��
�
(IIHFW RQ�WKH�WRWDO�DPLQR�DFLGV�

�
7KH� HIIHFW� RI� SLULPLSKRV�PHWK\O� DQG�

SURIHQRIRV� UHVLGXHV� RQ� WRWDO� DPLQR� DFLG�

SDWWHUQV�RI�JUHHQ�SHSSHU�DQG�HJJSODQW�IUXLWV�
DUH SUHVHQWHG� LQ�7DEOH� ����� ,W�ZDV�REVHUYHG�
WKDW� ERWK� RI� WKH� WHVWHG� LQVHFWLFLGHV� GLG� QRW�
FDXVH� DQ\� VLJQLILFDQW� HIIHFW� RQ� WRWDO� DPLQR�
DFLGV�� 3LULPLSKRV�PHWK\O� VLJQLILFDQWO\�
GHFUHDVHG� WKH� OHYHOV� RI� WKUHRQLQH�� SUROLQH��
DODQLQH��YDOLQH��LVROHXFLQH��OHXFLQH��W\URVLQH�
DQG SKHQ\ODODQLQH�� ZKLOH� FDXVLQJ� DQ�
LQFUHDVH� LQ� WKH� OHYHO� RI� DUJLQLQH� ZKHQ�
FRPSDUHG�WR�WKH�XQWUHDWHG�SHSSHU�IUXLW��7KLV�
LQVHFWLFLGH� VLJQLILFDQWO\� LQFUHDVHG� WKH� OHYHO�
RI SUROLQH� DQG� DUJLQLQH�� ZKLOH� GHFUHDVLQJ�
WKH� OHYHO� RI� WKUHRQLQH� DQG� PHWKLRQLQH� LQ�
HJJSODQW� IUXLW�� � 2Q� WKH� RWKHU� KDQG��
SURIHQRIRV VLJQLILFDQWO\� GHFUHDVHG� DODQLQH��
LVROHXFLQH�� OHXFLQH� DQG� SKHQ\ODODQLQH� LQ�
SHSSHU�IUXLW��ZKHUHDV�LW�FDXVHG�D�VLJQLILFDQW�
LQFUHDVH� LQ� WKH� OHYHOV� RI� SUROLQH� DQG�
DUJLQLQH� SOXV� JOXWDPLF� DFLG�� KLVWLGLQH� DQG�
O\VLQH� ZKHQ� FRPSDUHG� WR� WKH� XQWUHDWHG�
HJJSODQW� IUXLW�� 7KH� REVHUYHG� LQFUHDVHV� RI�
DPLQR� DFLGV� PD\� EH� WKH� UHVXOW� RI� DQ�
LQFUHDVHG� UDWH� RI� V\QWKHVLV� RI� DPLQR� DFLGV��
DQ LQFUHDVHG�UDWH�RI�GHJUDGDWLRQ�RI�SURWHLQV��
RU ERWK�� 7KH� OHYHO� RI� DPLQR� DFLGV� DQG� WKH�
FDSDFLW\�RI�WKH�OHYHOV�RI�WUHDWHG�LQVHFWLFLGHV�
WR�UHGXFH�QLWUDWH��WKURXJK�QLWUDWH�UHGXFWDVH��
DQG V\QWKHVL]H� DPLQR� DFLGV� �WKURXJK�
JOXWDPLF�DFLG�GHK\GURJHQDVH��WUDQVDPLQDVH��
UHVSLUDWRU\� HQ]\PHV�� S\UXYDWH� NLQDVH� DQG�
F\WRFKURPH� R[LGDVH�� DSSDUHQWO\� OHG�
%LGZHOO� HW� DO��� ������� WR� EHOLHYH� WKDW� VXFK�
LQVHFWLFLGHV� LQGXFH� HIILFLHQW� V\QWKHVLV� RI�
DPLQR�DFLGV��

,Q FRQFOXVLRQ�� WKH� SUHVHQW� VWXG\�
SURYLGHV�UHVLGXH�GDWD�ZKLFK�PD\�EH�XVHG�WR�
SURSRVH 05/¶V� IRU� WKHVH� LQVHFWLFLGHV� RQ�
YHJHWDEOHV� XQGHU� (J\SWLDQ� ILHOG� FRQGLWLRQV�
DQG VXJJHVWV� WKH� QHHG� IRU� LPSOHPHQWDWLRQ�
RI WKHVH� VDIHW\� LQWHUYDOV� EHIRUH� KDUYHVWLQJ�
DQG PDUNHWLQJ� VXFK� FURS� IUXLW�� DQG� WKH�
SRVVLEOH� HIIHFW� RQ� IUXLW� TXDOLW\� WKDW� VKRXOG�
EH FRQVLGHUHG�WR�DYRLG�SUREOHPV�ZKLFK�PD\�
DULVH� DV� D� UHVXOW� RI� VLGH� HIIHFWV� RI�
LQVHFWLFLGHV�
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7DEOH����(IIHFW�RI�SLULPLSKRV�PHWK\O�DQG�SURIHQRIRV�UHVLGXHV�RQ�WKH�WRWDO�DPLQR�DFLGV��PJ����JP�SURWHLQ��RI�WUHDWHG�FURSV���
3HSSHU�IUXLWD� � (JJSODQW�IUXLWD�$PLQR�DFLG� &RQWURO� 3LULPLSKRV�PHWK\O� 3URIHQRIRV� � &RQWURO� 3LULPLSKRV�PHWK\O� 3URIHQRIRV�$VSDUWLF�DFLG� �����D� �����D� �����D� �����D� �����D� �����D�7KUHRQLQH� �����D�� �����E� �����DE� �����D� �����E� �����D�6HULQH� �����D� �����D� �����D� �����D� �����D� �����D�*OXWDPLF�DFLG� �����D� ������D� �����D� �����E� �����DE� �����D�3UROLQH� �����D� �����E� �����DE� �����F� �����E� �����D�*O\FLQH� �����D� �����D� �����D� �����D� �����D� �����D�$ODQLQH� �����D� �����E� �����E� �����D� �����D� �����D�&\VWLQH� �����D� �����D� �����D� �����D� �����D� �����D�9DOLQH� �����D� �����E� �����DE� �����D� �����D� �����D�0HWKLRQLQH� �����D� �����D� �����D� �����D� �����E� �����DE�,VROHXFLQH� �����D� �����E� �����E� �����D� �����D� �����D�/HXFLQH� �����D� �����F� �����E� �����D� �����D� �����D�7\URVLQH� �����D� �����E� �����DE� �����D� �����D� �����D�3KHQ\ODODQLQH� �����D� �����E� �����E� �����D� �����D� �����D�+LVWLGLQH� �����D� �����D� �����D� �����E� �����E� �����D�/\VLQH� �����D� �����D� �����D� �����E� �����E� �����D�$UJLQLQH� �����DE� �����D� �����E� �����E� �����D� �����D�7RWDO� ������D� ������D� ������D� ������D� ������D� ������D�

D (DFK�YDOXH�LQ�WUHDWHG�DQG�XQWUHDWHG�IUXLW�LQ�HDFK�FURS�LV�D�PHDQ�RI�WKUHH�UHSOLFDWHV�r 6'��0HDQV�IROORZHG�E\�WKH�VDPH�OHWWHU��V���LQ�HDFK�URZ�IRU�HDFK�FURS��DUH�
QRW�VLJQLILFDQWO\�GLIIHUHQW��$129$��/6'�WHVW�3d ��������
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5HIHUHQFHV��$EG�$OOD�� (�� )��� (�� $�� 6DPPRXU� 6�� $��$EG�$OODK� DQG� (�� (O�6D\HG�� ������3HUVLVWHQFH� RI� VRPH� RUJDQRSKRVSKDWH�LQVHFWLFLGH�UHVLGXHV�RQ�WRPDWR�DQG�EHDQ�SODQWV�� %XOO�� )DF�� $JULF�� &DLUR� 8QLY�������������������$QRQ\PRXV��������/LVW�RI�&RGH[�0D[LPXP�5HVLGXH� /LPLWV�� $XJXVW�� ����:+2�)$2���$2$&�� ������ 2IILFLDO� 0HWKRG� RI� $QDO\VLV�RI�WKH�$VVRFLDWLRQ�RI�2IILFLDO�$QDO\WLFDO�&KHPLVWV��6LGQ\�:LOOLDPV��(G����WK�(G��$VVRFLDWLRQ� RI� 2IILFLDO� $QDO\WLFDO�&KHPLVWV�� ,QF�� $UOLQJWRQ�� 9LUJLQLD��8�6�$���$]KRJLQD�� 9�� $��� 7�� ,�� *XJXFKNLQD� DQG� 1��0�� $JHHYD�� ������ 3HVWLFLGH� UHVLGXHV�LQIOXHQFH� RQ� WKH� IDWW\� DFLG� FRPSRVLWLRQ�RI� OLSLG� FRPSOH[� LQ� JUDSH� MXLFH�� *LJ�6DQLW��������������F�I��&KHP��$EVW�����������������\����$]KRJLQD�� 9�� $��� 1�� 0�� $JHHYD� DQG� 7�,��*XJXFKNLQD�� ������ 7UDQVIRUPDWLRQ� RI�OLSLG�FRPSOH[�RI�PXVWV�DQG�ZLQHV�XQGHU�WKH� DFWLRQ� RI� SHVWLFLGHV�� 3LVKFK��7HNKQRO��� ����� ������� �F�I�� &KHP��$EVW�����������������������G����%DUWKRORPHZ��(��7���:��6��6WHZDUW�DQG�*��(��&DUPDQ�� ������ 6RPH� SKRVLRORJLFDO�HIIHFWV� RI� LQVHFWLFLGHV� RQ� FLWUXV� IUXLWV�DQG� OHDYHV�� 7KH� %RWDQLFDO� *D]HWWH� �������������������%HQ�$PRW]��$��%��DQG�0��$YURQ��������2Q�
WKH� IDFWRUV�ZKLFK�GHWHUPLQH�PDVVLYH�E�FDURWHQH� DFFXPXODWLRQ� LQ� WKH�KDORWROHUDQW� DOJD� 'XQDOLHOOD� EDUGDZLO��3ODQW��3K\VLRO����������������%LGZHOO�� 5�� *��� 6�� 5�� $�� %DUU� DQG� )�� &��6WHZDUG�� ������ 3URWHLQ� V\QWKHVLV� DQG�

WXUQRYHU� LQ� FXOWXUHG� SODQW� WLVVXH��6RXUFHV�RI�FDUERQ� IRU� V\QWKHVLV�DQG� WKH�IDWH�RI� WKH�SURWHLQ�EUHDNGRZQ�SURGXFWV��1DWXUH����������������%RZPDQ�� � 0�� &�� ������ $QDO\VLV� RI�RUJDQRSKRVSKRUXV� SHVWLFLGHV�� ,Q�� +�� $��0R\H� �(G���� 33�� ��������� $QDO\VLV� RI�3HVWLFLGH�5HVLGXHV��-RKQ�:LOH\�	��6RQV�,QF����%RZPDQ�� 0�� &�� DQG� '�� %�� /HXFN�� ������'HWHUPLQDWLRQ� DQG� SHUVLVWDQFH� RI�SKR[LP�DQG�LWV�R[\JHQ�DQDORJ�LQ�IRUDJH�FRUQ�DQG�JUDVV��-��$JULF��)RRG�&KHP����������������������+DELED�� 5�$��� +�� 0�� $OL� DQG� 6�� 0�� 0��,VPDLO�� ������ %LRFKHPLFDO� HIIHFWV� RI�SURIHQRIRV� UHVLGXHV� LQ� SRWDWRHV�� -��$JULF��)RRG�&KHP������������������,VPDLO��6��0���+��0��$OL� DQG�5��$��+DELED��������*&�(&'�DQG�*&�06�DQDO\VLV�RI�SURIHQRIRV� UHVLGXHV� DQG� ELRFKHPLFDO�HIIHFWV�LQ�WRPDWRHV�DQG�WRPDWR�SURGXFWV��-��$JULF��)RRG�&KHP����������������0RRUH��6���'��+��6SDFNPDQ�DQG�:��+��6WHLQ�������� &KURPDWRJUDSK\� RI� DPLQR� DFLGV�RQ� VXOIRQDWHG� SRO\VW\UHQH� UHVLQV�� $QDO��&KHP����������������������1RUWRQ�� *�:��� *�� (�� 6DQFKH]� '�� &�� +DUULV�DQG�+��.��7UDRUH�� ������)RRG�VDIHW\� LQ�IRRG� VHFXULW\� DQG� IRRG� WUDGH�� &DVH�VWXG\�� 5HGXFLQJ� SHVWLFLGH� UHVLGXHV� RQ�KRUWLFXOWXUDO� FURSV�� ,QWHUQDWLRQDO� )RRG�3ROLF\� 5HVHDUFK� ,QVWLWXWH�� :DVKLQJWRQ��'�&���8�6�$���5DGZDQ��0��$���0��+�� 6KLERRE��$��$EGHO�$DO� DQG� 0�� $EX�(ODPD\HP�� ������5HVLGXHV� RI� SLULPLSKRV�PHWK\O� DQG�IHQLWURWKLRQ� LQ� JUDSHV�� WKHLU� HIIHFW� RQ�VRPH� TXDOLW\� SURSHUWLHV� DQG� WKHLU�GLVVLSDWLRQ� GXULQJ� WKH� UHPRYDO� DQG�
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SURFHVVLQJ� PHWKRGV�� -�� 3HVW� &RQW�� 	�(QYLURQ��6FL������������������5DGZDQ��0��$���0��0��<RXVVHI�$��$EG�(O�$OO�� *�� /�� (O�+HQDZ\� DQG� $�� 0DUHL�������� 5HVLGXH� OHYHOV� RI� SLULPLSKRV�PHWK\O� DQG� FKORUS\ULIRV�PHWK\O� RQ�WRPDWR� DQG� IDED� EHDQ� SODQWV� LQ� UHODWLRQ�WR� WKHLU� LPSDFW�RQ�VRPH�LQWHUQDO�TXDOLW\�SDUDPHWHUV�� $OH[�� 6FL�� ([FK�� ��� ���������������5DGZDQ�� 6�� 6�� ������ &RXSOLQJ� RI� WZR�GLPHQWLRQ� WKLQ� OD\HU� FKURPDWRJUDSK\�ZLWK� JDV� FKURPDWRJUDSK\� IRU� WKH�TXDQWLWDWLYH� DQDO\VLV� RI� OLSLGV� FODVVHV�DQG� WKHLU� FRQVWLWXHQW� IDWW\� DFLGV�� -��&KURPDWRJ��6FL����������������5DPDGDQ�� 5�� $�� ������ 5HVLGXHV� RI�SURIHQRIRV� DQG� SLULPLSKRV�PHWK\O� LQ�

WRPDWR� DQG� RNUD� IUXLWV� DV� LQIOXQFHG� E\�FHUWDLQ�WHFKQRORJLHDO�SURFHVVHV���WK�1HW��&RQI��RI�3HVWV�DQG�'LV��RI�9HJ�	�)UXLWV��,VPDOOLD��(J\SW��SS������������6ROLPDQ��0��0��0��������(IILFLHQF\�RI�VRPH�LQVHFWLFLGHV� DJDLQVW� OHJXPLQRXV� SRG�ERUHU� (WLHOOD� =LQFNHQHOOD� 7UHLWVFKNH� RQ�FRZSHD� ZLWK� VSHFLDO� UHIHUHQFH� WR�SHVWLFLGH� UHVLGXHV�� 0�� 6F�� 7KHVLV�� )DF��$JULF��&DLUR�8QLY���(J\SW���6WHHO�� 5�� *�� '�� DQG� -�� +�� 7RUULH�� ������3ULQFLSOHV�DQG�SURFHGXUHV�RI�VWDWLVWLFV��$�ELRPHWULFDO�DSSURDFK���QG�HG��0F*UDZ�+LOO�.RJDNXVKD��/WG���SS��������7KRPDV��:��DQG�5��$��'XWFKHU��������3LFULF�DFLG�PHWKRG� IRU� FDUERK\GUDWH�� -��$PHU��&KHP��6FL����������������
�
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