
-RXUQDO�RI�WKH�,VODPLF�8QLYHUVLW\�RI�*D]D���1DWXUDO�6FLHQFHV�6HULHV���9RO������1R���33������������� �

��

2FFXUUHQFH�RI�(VFKHULFKLD�FROL�2����LQ�*D]D�6WULS���$ 3UHOLPLQDU\�6WXG\��)DGHO�$��6KDULI�0HGLFDO�WHFKQRORJ\�'HSDUWPHQW�RI�,VODPLF�8QLYHUVLW\�RI�*D]D�� +DVKHP�=��$UDID�3XEOLF�+HDOWK�/DE��6DEKD�&HQWUDO�/DE��*D]D��3DOHVWLQH��
�

2����
�2���� »

¿ �
����� ������ »���� » »

����� �¿����»
2������������������������»

��������
2���� » »

���������� �
�$EVWUDFW��7KLV� VWXG\� ZDV� FDUULHG� RXW� LQ� RUGHU� WR� LQYHVWLJDWH� WKH� RFFXUUHQFH� RI�(�� FROL�2����LQ�GLIIHUHQW�W\SHV�RI�VDPSOHV�FROOHFWHG�UDQGRPO\�IURP�DOO�RYHU�WKH�*D]D�6WULS��'DWD�RQ�SUHYDOHQFH�RI�WKLV�HPHUJLQJ�FDXVH�RI�IRRG�ERUQH�LOOQHVV�LQ�*D]D�6WULS�DUH�QRW�DYDLODEOH��7KH� VDPSOHV� WHVWHG� LQ� WKLV� VWXG\� LQFOXGHG�� ���� PLQFHG� PHDW� VDPSOHV�� ���� YHJHWDEOH�VDPSOHV�� ���� GULQNLQJ� ZDWHU� VDPSOHV�� ���� GLDUUKHDO� VWRRO� VSHFLPHQV� DQG� ���� VHZDJH�VDPSOHV��7KH�RYHUDOO�RFFXUUHQFH�RI�(��FROL�2����ZDV�DV�IROORZV��������LQ�PLQFHG�PHDW��������LQ�YHJHWDEOH�VDPSOHV�������LQ�GULQNLQJ�ZDWHU�DQG�������LQ�VHZDJH�VDPSOHV���(�� FROL�2���� ZDV� PRUH� SUHYDOHQW� LQ� GLDUUKHDO� VWRROV� FROOHFWHG� IURP� WKH� ���� \HDUV� DJH�JURXS�DQG� LWV�RYHUDOO� RFFXUUHQFH� LQ� VWRRO� VSHFLPHQV�ZDV��������7KHVH� UHVXOWV� LPSOLFDWH�WKDW�WKLV�SDWKRJHQ�FDQ�QRW�EH�LJQRUHG�DV�D�SRVVLEOH�FDXVH�RI�GLDUUKHD�LQ�*D]D�6WULS��7KH�KHDY\�XVH�RI�XQWUHDWHG�RUJDQLF� IHUWLOL]HUV�� ODFN�RI�SURSHU� VHZDJH�GLVSRVDO�DQG�SRRU�K\JLHQH�SUDFWLFHV�DUH�EHOLHYHG�WR�EH�WKH�PDLQ�IDFWRUV�FRQWULEXWLQJ�WR�WKH�RFFXUUHQFH�RI�(��FROL�2����LQ�*D]D�6WULS��,QWURGXFWLRQ�7R[LJHQLF� (�� FROL� 2���� LV� DQ� HPHUJLQJ� FDXVH� RI� IRRG�ERUQH� LOOQHVV�� ,Q�KXPDQV� LQIHFWLRQV� ZLWK� WKLV� VHURW\SH� PD\� FDXVH� PLOG� GLDUUKHD�� EORRG\�GLDUUKHD��KHPRUUKDJLF�FROLWLV��DQG�LQ�FKLOGUHQ��LQIHFWLRQV�ZLWK�WKLV�SDWKRJHQ�PD\� OHDG� WR� WKH� GLDUUKHD�DVVRFLDWHG� IRUP� RI� KHPRO\WLF� XUHPLF� V\QGURPH��+86����7KH� PHFKDQLVP� E\� ZKLFK� 2���� VWUDLQV� FDXVH� GLVHDVH� DUH� WKRXJKW� WR� EH�WKURXJK� WKH� SURGXFWLRQ� RI� HLWKHU� RU� ERWK� RI� WZR� SKDJH�HQFRGHG� WR[LQV��YHURF\WRWR[LQ���DQG�YHURF\WRWR[LQ����ZKLFK�FDXVH�WKH�YDVFXODU�HQGRWKHOLDO�GDPDJH�REVHUYHG�LQ�SDWLHQWV�ZLWK�KHPRUUKDJLF�FROLWLV�DQG�WKH�+86���+HDOWK\� GRPHVWLF� DQLPDOV�� LQ� SDUWLFXODU� UXPLQDQWV� OLNH� FDWWOH�� VKHHS� DQG�JRDWV�DUH�UHJDUGHG�DV�WKH�SULQFLSDO�UHVHUYRLUV�RI�(��FROL�2�����
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(�� FROL� 2���� FDQ� EH� WUDQVPLWWHG� WR� KXPDQV� WKURXJK� GLUHFW� RU� LQGLUHFW�FRQWDPLQDWLRQ� RI� IRRG� E\� IHFDO�PDWHULDO�� 8QGHUFRRNHG� EHHI� DQG� UDZ�PLON�KDYH� PRVW� RIWHQ� EHHQ� LPSOLFDWHG� LQ� IRRG�ERUQH� LQIHFWLRQV�� ,Q� DGGLWLRQ� WR�FRQVXPSWLRQ�RI�FRQWDPLQDWHG�IRRGV��KXPDQV�FDQ�EHFRPH�LQIHFWHG�E\�GLUHFW�WUDQVPLVVLRQ� (�� FROL� 2���� IURP� LQIHFWHG� DQLPDOV� RU� E\� VHFRQGDU\� VSUHDG�IURP�SHUVRQ�WR�SHUVRQ��5HSRUWHG� HVWLPDWHV� RI� WKH� SUHYDOHQFH� RI� (�� FROL� 2���� LQ� PDQ\� FRXQWULHV�UDQJH� IURP� �� WR� DOPRVW� ����� 7KH� LVRODWLRQ� UDWH� LV� JUHDWO\� LQIOXHQFHG� E\�IDFWRUV� VXFK� DV� WKH� WDUJHW� SRSXODWLRQ�� WKH� VDPSOLQJ� VWUDWHJ\� DQG� WKH�VFUHHQLQJ�PHWKRG�XVHG��)XUWKHUPRUH��JHRJUDSKLF�DQG�VHDVRQDO�YDULDWLRQV�LQ�SUHYDOHQFH�PD\�RFFXU��(��FROL�2����GRHV�QRW�IHUPHQW�VRUELWRO��DQG�WKLV�IDFW�LV�XVHG�LQ�LWV�LVRODWLRQ�RQ�VRUELWRO�FRQWDLQLQJ�EDFWHULRORJLFDO�PHGLD�� 08*����PHWK\OXPEHOOLIHU\O��'�JOXFXURQLGH�� DVVD\� XVHG� LQ� FRQMXQFWLRQ� ZLWK� WHVWLQJ� IRU� VRUELWRO�IHUPHQWDWLRQ� DQG� DJJOXWLQDWLRQ� LQ�(�� FROL� 2���� DQWLVHUXP� LV� FRQVLGHUHG� D�XVHIXO�VFUHHQLQJ�WHVW�IRU�WR[LJHQLF�VWUDLQV�RI�(��FROL�2������7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�RFFXUUHQFH�RI�(��FROL�2����LQ *D]D�6WULS�DQG�GHWHUPLQH�WKH�SRWHQWLDO�VRXUFHV�RI�LQIHFWLRQ�E\�WKLV�VWUDLQ��HVSHFLDOO\� WKDW�� VWXGLHV�RQ� WKLV�PLFURRUJDQLVP�KDYH�QHYHU�EHHQ�XQGHUWDNHQ�LQ WKLV�DUHD��0DWHULDOV�DQG�0HWKRGV�7KH�SUHVHQW�VWXG\�ZDV�FRQGXFWHG�RYHU�D�SHULRG�RI�WZR�\HDUV��$SULO�������WR�0DUFK��������6DPSOHV�ZHUH� WHVWHG� DW� WKH�3XEOLF�+HDOWK�/DE� IRU�)RRG�DQG�:DWHU��*D]D��6DPSOH�&ROOHFWLRQ�DQG�SUHSDUDWLRQ�6DPSOHV�LQYHVWLJDWHG�LQ�WKLV�VWXG\�LQFOXGHG������PLQFHG�PHDW�VDPSOHV������YHJHWDEOH� VDPSOHV�� ���� GULQNLQJ� ZDWHU� VDPSOHV�� ���� GLDUUKHDO� VWRRO�VSHFLPHQV�DQG�����VHZDJH�VDPSOHV��0LQFHG�PHDW�VDPSOHV������JUDP�HDFK��ZHUH�FROOHFWHG�LQ�VWHULOH�SODVWLF�FXSV�IURP� *D]D� 6WULS� EXWFKHUV�� DQG� ZHUH� WUDQVIHUUHG� WR� WKH� ODE� LQ� DQ� LFHER[�LPPHGLDWHO\�DIWHU�FROOHFWLRQ�����JUDPV�RI�HDFK�VDPSOH�ZHUH�PL[HG�ZLWK�����PO������SHSWRQH�ZDWHU�DQG�KRPRJHQL]HG�LQ�D�VWRPDFKHU��7HQ�IROG�GLOXWLRQV�ZHUH� WKHQ� SUHSDUHG� XVLQJ� ����� SHSWRQH� ZDWHU� DV� WKH� GLOXHQW�� 'LOXWHG�VDPSOHV�ZHUH�XVHG�ZLWKLQ�WHQ�PLQXWHV�RI�SUHSDUDWLRQ����5DZ� 9HJHWDEOH� VDPSOHV� ����� JUDP� HDFK�� ZHUH� FROOHFWHG� IURP� UHWDLO�YHJHWDEOH�VWRUHV�LQ�VWHULOH�SODVWLF�EDJV�DQG�WUDQVSRUWHG�WR�WKH�ODE�DW�DPELHQW�WHPSHUDWXUH�� 3DUVOH\�� FXFXPEHU�� HJJ� SODQW�� JUHHQ� SHSSHU�� SRWDWR�� PDUURZ��WRPDWR�� )UHQFK� EHDQV�� 1DOWD� MXWH� �0RORNKL\H��� ZKLWH� EHDW� DQG� RNUDV�ZHUH�WKH�PDLQ� W\SHV�RI�YHJHWDEOHV�H[DPLQHG��9HJHWDEOH�VDPSOHV�ZHUH� WUHDWHG�DV�GHVFULEHG�IRU�PHDW�VDPSOHV�DERYH��
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'ULQNLQJ�ZDWHU�VDPSOHV� WHVWHG�LQ�WKLV�VWXG\�ZHUH�DOO�FROLIRUP�SRVLWLYH�DQG�ZHUH�VXEPLWWHG�WR�WKH�ODE�IRU�PLFURELRORJLFDO�DQDO\VLV�IURP�GLIIHUHQW�UHJLRQV�RI�*D]D�6WULS��0RUHRYHU��PRVW�RI�WKHVH�VDPSOHV�ZHUH�IURP�SULYDWH�ZHOOV��'LDUUKHDO�VWRRO�VSHFLPHQV�ZHUH�FROOHFWHG�RQ�UHFWDO�VZDEV�DQG�WUDQVSRUWHG�WR�WKH� ODE� LQ� DQ� LFHER[� ZLWKLQ� RQH� KRXU� RI� FROOHFWLRQ�� )RU� WKH� SXUSRVH� RI�HQULFKPHQW��HDFK�VZDE�ZDV�SODFHG�LQ���PO�SHSWRQH�ZDWHU�VXSSOHPHQWHG�ZLWK�FHIL[LPH�������PJ�O���FHIVXORGLQ�����PJ�O��DQG�YDQFRP\FLQ����PJ�O���)HFDO�PDWHULDO�ZDV� VXVSHQGHG� LQ� WKH�PHGLXP�E\�YRUWH[�PL[LQJ�� DQG� WKH�PL[WXUH�ZDV�LQFXEDWHG�DW����&�IRU���K��6HZDJH� VDPSOHV� ZHUH� FROOHFWHG� IURP�*D]D� 6WULS� VHZDJH� RXWOHWV� LQ� VWHULOH�JODVV� ERWWOHV� DQG� WUDQVSRUWHG� WR� WKH� ODE� LQ� DQ� LFHER[�ZLWKLQ� IHZ� KRXUV� RI�FROOHFWLRQ�� 2QH� PO� RI� HDFK� VDPSOH� ZDV� HQULFKHG� IRU� (�� FROL� 2���� DV�GHVFULEHG�IRU�WKH�VWRRO�VSHFLPHQV�DERYH���$OO�VDPSOHV�ZHUH�SURFHVVHG�ZLWKLQ����KRXUV�RI�FROOHFWLRQ����,VRODWLRQ�DQG�LGHQWLILFDWLRQ�RI�(��FROL�2����6XLWDEOH�DOLTXRWV�RI�WKH�VDPSOHV��ZLWK�RU�ZLWKRXW�HQULFKPHQW��ZHUH�SODWHG�LQ�GXSOLFDWHV� RQ� VRUELWRO�0DF&RQNH\� �60$&�� DJDU� �2[RLG��� $IWHU� ��� K�LQFXEDWLRQ� DW� ���&�� VRUELWRO�QHJDWLYH� �FRORUOHVV�� FRORQLHV� �RQH� RU� PRUH�FRORQLHV�SHU�SODWH��ZHUH�VHOHFWHG�IRU�IXUWKHU�WHVWLQJ��,VRODWHV�ZHUH�FRQILUPHG�DV�(��FROL�E\�ELRFKHPLFDO�WHVWLQJ�XVLQJ�DQ�$3,��(�WHVW�VWULSV��ELR�0HULHX[���6RUELWRO�QHJDWLYH�(�� FROL� LVRODWHV� ZHUH� VXEFXOWXUHG� RQ� YLROHW� UHG� ELOH� DJDU��'LIFR��FRQWDLQLQJ�����PJ�O�08*��3ODWHV�ZHUH�LQFXEDWHG�DW����&�IRU����K��08*�QHJDWLYH� FRORQLHV� GR� QRW� IOXRUHVFH� XSRQ� H[SRVXUH� WR� VKRUW�ZDYH�XOWUDYLROHW�OLJKW��(��FROL�2����DSSHDU�DV�YLROHW�FRORUHG�FRORQLHV���6RUELWRO�QHJDWLYH��08*�QHJDWLYH�(��FROL�LVRODWHV�ZHUH�ILQDOO\�WHVWHG�IRU�WKH�VRPDWLF�2����DQWLJHQ��ZLWK�VOLGH�DJJOXWLQDWLRQ��ZLWK�(��FROL�2����DQWLVHUXP��2[RLG���5HVXOWV�7KH�RFFXUUHQFH�RI�(��FROL�2����LQ�WKH�GLIIHUHQW�VDPSOHV�LQYHVWLJDWHG�LQ�WKLV�VWXG\�LV�LOOXVWUDWHG�LQ�7DEOH����7DEOH��� 2FFXUUHQFH�RI�(��FROL�2����LQ�WKH�WHVWHG�VDPSOHV��
7\SH�RI�6DPSOH� 1XPEHU�WHVWHG� 3RVLWLYH�IRU�(��FROL�2����� 1R���������������������������
0LQFHG�PHDW� ���� ����������������������������������
9HJHWDEOHV� ���� ����������������������������������
'ULQNLQJ�ZDWHU� ���� �����������������������������������
'LDUUKHDO�VWRRO�� ���� �����������������������������������
6HZDJH� ���� ������������������������������������
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,Q�VWRRO�VSHFLPHQV��RXW�RI�����VSHFLPHQV�FROOHFWHG�IURP�WKH�DJH�JURXS�����\HDUV������������ZHUH�SRVLWLYH�IRU�(��FROL�2����ZKLOH��RQO\�����������RI�WKH�����VSHFLPHQV�FROOHFWHG�IURP�WKH�DJH�JURXS�!���\HDUV�ZHUH�SRVLWLYH��7DEOH������7DEOH��� 2FFXUUHQFH�RI�(��FROL�2����LQ�VWRRO�VSHFLPHQV�ZLWK�UHVSHFW�WR�DJH��
$JH�JURXS�� 6WRRO�VSHFLPHQV�1R����������������������������� 3RVLWLYH�IRU�(��FROL�2����1R������������������������������
����\HDUV� �������������������������������� ����������������������������������
! ��\HDUV� �������������������������������� �����������������������������������

7RWDO� ������������������������������� ���������������������������������
'LVFXVVLRQ������(�� FROL� 2���� LV� D� JOREDO� FDXVH� RI� LQIHFWLRQ�� ZLWK� GRFXPHQWHG� FDVHV�WKURXJKRXW�WKH�86��&DQDGD��WKH�8.��$IULFD��$UJHQWLQD��&KLOH��&KLQD��-DSDQ�DQG�6DXGL�$UDELD��0RUHRYHU�� WKH� RUJDQLVP�KDV� EHHQ� LVRODWHG� LQ� QXPHURXV�ZRUOGZLGH�RXWEUHDNV�RI�KHPRUUKDJLF�FROLWLV�DQG�+86��,Q� WKH� SUHVHQW�ZRUN��(�� FROL�2����ZDV� HQFRXQWHUHG� LQ� ����RI� WKH� VHZDJH�VDPSOHV�� DQG� VLQFH� XQWUHDWHG� VHZDJH� LV� LPSURSHUO\� GLVSRVHG� RII� LQ� PDQ\�UHJLRQV�RI�*D]D�6WULS�� WKLV�SUDFWLFH�HQWDLOV�D�PDMRU�ULVN�RI� WKH�VSUHDG�RI�(��FROL�2����LQWR�UHFUHDWLRQDO�ZDWHUV�DQG�GULQNLQJ�ZDWHU�VXSSOLHV��,VRODWLQJ�WKH�SDWKRJHQ� IURP� ����� RI� WKH� GULQNLQJ� ZDWHU� VDPSOHV�� ZKHUH� PRVW� RI� WKH�VDPSOHV�FDPH�IURP�XQWUHDWHG�SULYDWH�ZHOO�ZDWHU��VXSSRUWV�WKLV�WKHVLV��(�� FROL� 2���� HQWHULQJ� EDWKLQJ� DQG� XQWUHDWHG� GULQNLQJ�ZDWHUV� �H�J��� SULYDWH�ZHOOV�� LV�TXLWH�KD]DUGRXV�� HVSHFLDOO\�EHFDXVH�RI� WKH� ORZ� LQIHFWLRXV�GRVH�RI�WKLV�SDWKRJHQ��1XPHURXV� VWXGLHV� KDYH� VKRZQ� WKDW� KHDOWK\� UXPLQDQWV� FRQVWLWXWH� D�ZRUOGZLGH� QDWXUDO� UHVHUYRLU� RI� (�� FROL� 2����� DQG� WKDW� WKH\� VHUYH� DV� WKH�SULPDU\� VRXUFH� RI� WKH� RUJDQLVP��0RVW� RI� WKH� UXPLQDQWV� LQ�*D]D� 6WULS� DUH�LPSRUWHG��WKURXJK�,VUDHO��IURP�YDULRXV�FRXQWULHV��'DWD�RQ�WKH�OHYHO�RI�(��FROL�2���� LQ� WKRVH� DQLPDOV�� KRZHYHU�� DUH� QRW� DYDLODEOH�� DQG� RQH� RI� RXU� IXWXUH�SODQV� LV� WR� LQYHVWLJDWH� WKH�(�� FROL�2���� IHFDO� VKHGGLQJ� UDWH� LQ�*D]D� 6WULS�UXPLQDQWV�����7KH�LQWHQVLYH�XVH�RI�XQWUHDWHG�PDQXUH�LQ�DJULFXOWXUH�DQG�LUULJDWLQJ�FURSV�E\�VHZDJH�FRQWDPLQDWHG� ZDWHU� FRXOG� EH� WKH� PDLQ� UHDVRQV� EHKLQG� WKH�RFFXUUHQFH�RI�(��FROL�2����LQ�������RI�WKH�UDZ�YHJHWDEOHV�H[DPLQHG�LQ�WKH�FXUUHQW�VWXG\��6HYHUDO�LQYHVWLJDWRUV�KDYH�LVRODWHG�(��FROL�2����IURP�YDULRXV�UDZ� YHJHWDEOHV�� DQG� WKH\� KDYH� VKRZQ� WKDW� WKH� FRQWDPLQDWLQJ� VRXUFH� LV� WKH�DSSOLFDWLRQ�RI�ERWK�DQLPDO��FDWWOH�VOXUU\��DQG�KXPDQ��VHZDJH�VOXGJH��ZDVWHV�RI�IHFDO�RULJLQ�������2XU�UHVXOWV�VKRZHG�WKDW�WKH�RFFXUUHQFH�RI�(��FROL�2����LQ�PLQFHG�PHDWV�ZDV��������3XEOLVKHG�UHVHDUFK�KDV�UHSRUWHG�WKDW�WKH�SUHYDOHQFH�RI�WKH�SDWKRJHQ�LQ PHDW� DQLPDOV�� DW� WKH� WLPH�RI� VODXJKWHU�� YDULHV� IURP����������7KHUHIRUH��
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DQG� RQ� WKH� DVVXPSWLRQ� WKDW� RXU� DQLPDOV� FRQWDLQ� WKH� PLFURRUJDQLVP�� WKH�SUHVHQFH� RI� (�� FROL� 2���� LQ� PLQFHG� PHDWV� PXVW� KDYH� RFFXUUHG� SRVW�HYLVFHUDWLRQ�RI�FDUFDVVHV�� �&RQVHTXHQWO\��WKH�RFFXUUHQFH�RI�WKH�SDWKRJHQ�LQ�PLQFHG�PHDW�VDPSOHV�VXJJHVWV�WKH�LQHIIHFWLYHQHVV�RI�WKH�VDQLWDU\�SURFHGXUHV�IROORZHG�E\�*D]D�6WULS�EXWFKHUV�GXULQJ�WKH�SURFHVVLQJ�RI�PHDWV��$ KLJK�OHYHO�RI�(��FROL�2������������ZDV�HQFRXQWHUHG�LQ�WKH�GLDUUKHDO�VWRRO�VSHFLPHQV� LQYHVWLJDWHG� LQ� WKLV� VWXG\�� +HUH� ZH� VXJJHVW� WKDW� DOO� GLDUUKHDO�VWRROV� VKRXOG� EH� WHVWHG� IRU� WKLV� SDWKRJHQ�� HVSHFLDOO\� EHFDXVH�RI� WKH� VHYHUH�FRPSOLFDWLRQV�RI�(��FROL�2����LQIHFWLRQ��H�J���+86��DQG� WKH�DGYHUVH�HIIHFW�RI�DQWLELRWLF�WUHDWPHQW�IRU�WKLV�RUJDQLVP���+XPDQ�LQIHFWLRQV�E\�WKLV�SDWKRJHQ�DUH�JHQHUDOO\�H[SODLQHG�E\�FRQVXPSWLRQ�RI�XQGHUFRRNHG�PHDWV��UDZ�PLON�DQG�FRQWDFW�ZLWK�DQLPDOV����7KHVH�DUH�QRW��KRZHYHU�� FRPPRQ� SUDFWLFHV� LQ�*D]D� 6WULS�� DQG�ZH� EHOLHYH� WKDW� WKH�PDMRU�VRXUFHV� RI� LQIHFWLRQ� E\� (�� FROL�2���� LQ� RXU� FRXQWU\� DUH� FRQVXPSWLRQ� RI�XQZDVKHG�UDZ�YHJHWDEOHV��GULQNLQJ�XQWUHDWHG�ZDWHU��DQG�GLUHFW�WUDQVPLVVLRQ�IURP�LOO�RU�DV\PSWRPDWLF�FDUULHUV��7KH�KLJKHU�RFFXUUHQFH�RI�(��FROL�2����LQIHFWLRQ�LQ�WKH�DJH�JURXS�����\HDUV�DV FRPSDUHG� WR� ROGHU� DJHV� LV� LQ� DJUHHPHQW� ZLWK� SXEOLVKHG� GDWD� RQ� WKLV�UHJDUG��� DQG� FRXOG� EH� H[SODLQHG� E\� WKH� ODFN� RI� DZDUHQHVV� DQG� SURSHU�K\JLHQH�SUDFWLFHV�DPRQJ�WKLV�DJH�JURXS������)URP� WKLV� SUHOLPLQDU\� VWXG\� ZH� FRQFOXGH� WKDW� WKH� RFFXUUHQFH� RI� (�� FROL�2���� LQ� *D]D� 6WULS� LV� UHODWLYHO\� KLJK�� $PHOLRUDWLRQ� RI� WKH� WKUHDW� RI� WKLV�IRRGERUQH� SDWKRJHQ� VKRXOG� EH� SDUW� RI� DQ� LQWHJUDWHG� SURJUDP� WKDW� ZLOO�HQKDQFH�IRRG�VDIHW\��6XFK�D�SURJUDP�VKRXOG�LQFOXGH�WKH�SURGXFHU��WKH�IRRG�SURFHVVLQJ�VWHSV��WKH�GLVWULEXWRUV��UHWDLOHUV�DQG�WKH�FRQVXPHU����5HIHUHQFHV���� *ULIILQ�30�DQG�7DX[H�59�� ��������7KH�HSLGHPLRORJ\�RI� LQIHFWLRQV�FDXVHG� E\�(VFKHULFKLD� FROL�2����+��� RWKHU� HQWHURKHPRUUKDJLF�(�� FROL�DQG�WKH�DVVRFLDWHG�KHPRO\WLF�XUHPLF�V\QGURPH��(SLGHPLRO��5HY��������������� 7HVK� 9/� DQG� 2
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