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([HFXWLYH�6XPPDU\ ������������������������������������������������������������������������������������������������������������������ ��
5HFODLPLQJ�0HWDOV ���������������������������������������������������������������������������������������������������������������� ��
%XUQLQJ�RI�3ODVWLFV ���������������������������������������������������������������������������������������������������������������� ��
6ROXWLRQV�������������������������������������������������������������������������������������������������������������������������������� ��

���,QWURGXFWLRQ ��������������������������������������������������������������������������������������������������������������������������� ��
���&RQWHQWV�RI�:DVWH�(OHFWULFDO�(OHFWURQLF�(TXLSPHQW������������������������������������������������������������� ��
���5HF\FOLQJ�RI�&RPSXWHUV�DQG�0RELOH�3KRQHV�LQ�0RUH�'HYHORSHG�&RXQWULHV ����������������������� ��
����3URFHVVHV�WR�5HFRYHU�0HWDOV�DQG�3ODVWLFV�IURP�(OHFWULFDO�(OHFWURQLF�:DVWH ����������������� ��
������'LVPDQWOLQJ �������������������������������������������������������������������������������������������������������������� ��
������6PHOWLQJ ������������������������������������������������������������������������������������������������������������������� ��
������0HFKDQLFDO�6HSDUDWLRQ ������������������������������������������������������������������������������������������� ���
������%XUQLQJ�RI�3ODVWLFV ������������������������������������������������������������������������������������������������� ���
������&DWKRGH�5D\�7XEHV ������������������������������������������������������������������������������������������������ ���

����3URFHVVHV�WR�5HFRYHU�0HWDOV��&RPSRQHQWV�DQG�3ODVWLFV�LQ�/HVV�'HYHORSHG�&RXQWULHV ���
���)RUPDWLRQ�RI�%URPLQDWHG�DQG�%URPLQDWHG�&KORULQDWHG�'LEHQ]RGLR[LQV�DQG�'LEHQ]RIXUDQV�
IURP�%URPLQDWHG�)ODPH�5HWDUGDQWV ���������������������������������������������������������������������������������������� ���
����7KHUPDO�7UHDWPHQW�RI�%URPLQDWHG�)ODPH�5HWDUGDQWV �������������������������������������������������� ���
����8QFRQWUROOHG�%XUQLQJ�RI�%URPLQDWHG�)ODPH�5HWDUGDQWV ���������������������������������������������� ���
����,QFLQHUDWRUV�������������������������������������������������������������������������������������������������������������������� ���
����6PHOWHUV������������������������������������������������������������������������������������������������������������������������� ���

���(PLVVLRQ�RI�0HWDOV�IURP�6PHOWHUV�������������������������������������������������������������������������������������� ���
���6WXGLHV�RQ�2FFXSDWLRQDO�([SRVXUH�WR�0HWDOV�DQG�%URPLQDWHG�)ODPH�5HWDUGDQWV�DQG�+HDOWK�
(IIHFWV�RI�5HF\FOLQJ��(OHFWULFDO�(OHFWURQLF�:DVWH ������������������������������������������������������������������ ���
����+HDOWK�,PSDFWV �������������������������������������������������������������������������������������������������������������� ���
����([SRVXUH�WR�0HWDOV�������������������������������������������������������������������������������������������������������� ���

������3RWHQWLDO�([SRVXUH�WR�0HWDOV�DQG�+HDOWK�(IIHFWV��������������������������������������������������� ���
������%HU\OOLXP���������������������������������������������������������������������������������������������������������������� ���

����([SRVXUH�WR�%URPLQDWHG�)ODPH�5HWDUGDQWV������������������������������������������������������������������� ���
���&RQFOXVLRQV ������������������������������������������������������������������������������������������������������������������������� ���
5HIHUHQFHV ������������������������������������������������������������������������������������������������������������������������������� ���
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([HFXWLYH�6XPPDU\�
�
7KHUH�LV�FXUUHQWO\�D�UDSLGO\�JURZLQJ�ZDVWH�VWUHDP�RI�HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW�LQ�WKH�
ZRUOG��7KLV�ZDVWH�LV�RI�JUHDW�FRQFHUQ�EHFDXVH�PDQ\�RI�WKH�FRPSRQHQWV�WKDW�PDNH�XS�
HOHFWULFDO�HOHFWURQLF�SURGXFWV�DUH�KD]DUGRXV��7KH�KD]DUGRXV�PDWHULDOV�LQFOXGH�PDQ\�KHDY\�
PHWDOV��LQFOXGLQJ�OHDG��FDGPLXP��PHUFXU\�DQG�EHU\OOLXP��DV�ZHOO�DV�KD]DUGRXV�FKHPLFDOV�LQ�WKH�
SODVWLF�FDVLQJV�DQG�SULQWHG�FLUFXLW�ERDUGV��LQFOXGLQJ�EURPLQDWHG�IODPH�UHWDUGDQWV���
�
7KH�TXDQWLWLHV�RI�HOHFWULFDO�HOHFWURQLF�ZDVWH�EHLQJ�SURGXFHG�DUH�YDVW��3UHVHQWO\��VRPH�RI�WKLV�
ZDVWH�JRHV�LQWR�WKH�QRUPDO�PXQLFLSDO�ZDVWH�VWUHDP�WR�EH�ODQGILOOHG�RU�LQFLQHUDWHG��%RWK�WKHVH�
PHWKRGV�RI�GLVSRVDO�DUH�SUREOHPDWLF�EHFDXVH�WKH\�FDQ�UHVXOW�LQ�HQYLURQPHQWDO�FRQWDPLQDWLRQ�
ZLWK�KD]DUGRXV�VXEVWDQFHV���,Q�VRPH�FDVHV��ZDVWH�SURGXFWV�VXFK�DV�PRELOH�SKRQHV�DQG�
FRPSXWHUV�DUH�UHXVHG��,Q�FDVHV�ZKHUH�WKH\�DUH�QRW�UHXVHG��WKHVH�SURGXFWV�DQG�RWKHU�
HOHFWULFDO�HOHFWURQLF�ZDVWH�DUH�EHLQJ�WUHDWHG�WR�UHFODLP�PHWDOV�DQG��VRPHWLPHV��UHF\FOH�WKH�
SODVWLFV��,Q�VRPH�FRXQWULHV�LQ�$VLD���LQFOXGLQJ�,QGLD�DQG�&KLQD��PHWDOV�DUH�EHLQJ�UHFRYHUHG�IURP�
WKH�ZDVWH�RIWHQ�LQ�VPDOO�ZRUNVKRSV�XVLQJ�D�ZLGH�UDQJH�RI�WHFKQLTXHV��,Q�VRPH�PRUH�GHYHORSHG�
FRXQWULHV���PHWDOV�DUH�UHFODLPHG�DW�VPHOWHUV�PHWDO�UHILQHULHV�RU�XVLQJ�PHFKDQLFDO�VHSDUDWLRQ�
WHFKQLTXHV��:LWK�UHJDUG�WR�VPHOWHUV��WKHUH�DUH�IRXU�GHVLJQDWHG�DV�³LQWHJUDWHG�VPHOWHUV´���ORFDWHG�
LQ�6ZHGHQ��%HOJLXP��*HUPDQ\�DQG�&DQDGD��ZKLFK�GHDO�ZLWK�ODUJH�TXDQWLWLHV�RI�
HOHFWULFDO�HOHFWURQLF�ZDVWH���
�
7KHUH�DUH�PDQ\�HQYLURQPHQWDO�DQG�KXPDQ�KHDOWK�SUREOHPV�WKDW�DUH�DVVRFLDWHG�ZLWK�FXUUHQW�
PHWKRGV�RI�UHF\FOLQJ�HOHFWULFDO�HOHFWURQLF�ZDVWH���7KHVH�FDQ�EH�PRVWO\�GLYLGHG�LQWR�WZR�
FDWHJRULHV��QDPHO\�WKH�UHFODLPLQJ�RI�PHWDOV�DQG�WKH�EXUQLQJ�RI�SODVWLFV���
�
5HFODLPLQJ�0HWDOV�
�

• ,Q�ZRUNVKRSV�LQ�,QGLD�DQG�&KLQD��D�QXPEHU�RI�PHWKRGV�DUH�EHLQJ�XVHG�WR�UHFRYHU�PHWDOV��
6ROGHU�LV�UHFRYHUHG�IURP�SULQWHG�FLUFXLW�ERDUGV�XVLQJ�RSHQ�IODPHV�RU�KRW�SODWHV��DQG�
VXEVHTXHQWO\�WKH�HOHFWURQLF�FRPSRQHQWV�DUH�UHPRYHG��HLWKHU�IRU�UH�XVH��RU�WR�EH�JURXQG�
GRZQ�WR�UHFRYHU�PHWDOV��$QRWKHU�WHFKQLTXH�LQFOXGHV�EXUQLQJ�RI�HOHFWULFDO�HOHFWURQLF�
ZDVWHV�LQ�ILUHV�WR�EXUQ�RII�SODVWLFV�DQG�UHFRYHU�PHWDOV��$OVR��LQ�&KLQD��SULQWHG�FLUFXLW�
ERDUGV�DUH�VKUHGGHG�DQG�WKH�PHWDOV�VHSDUDWHG�E\�YLEUDWLRQ��7KH�SURFHVVHV�EHLQJ�XVHG�
WKDW�LQYROYH�JULQGLQJ�RU�VKUHGGLQJ�PD\�UHVXOW�LQ�HQYLURQPHQWDO�FRQWDPLQDWLRQ�DQG�
KXPDQ�H[SRVXUH�IURP�PHWDO�GXVWV��7KH�EXUQLQJ�KHDWLQJ�SURFHVVHV�PD\�UHVXOW�LQ�HPLVVLRQ�
WR�DLU�RI�PHWDOV�DQG�SRVVLEOH�KXPDQ�H[SRVXUH��2I�SDUWLFXODU�FRQFHUQ�ZLWK�UHJDUG�WR�
KHDOWK�LV�H[SRVXUH�WR�OHDG��FDGPLXP��PHUFXU\�DQG�EHU\OOLXP��)URP�FXUUHQW�SUDFWLFHV�WR�
UHFODLP�PHWDOV��WKHUH�LV�DOVR�OLNHO\�WR�EH�FRQVLGHUDEOH�FRQWDPLQDWLRQ�RI�WKH�ORFDO�
HQYLURQPHQW�ZLWK�KHDY\�PHWDOV��)RU�LQVWDQFH��ZDVWHV�JHQHUDWHG�IURP�VRPH�RI�WKH�
SURFHVVHV�DUH�NQRZQ�WR�EH�GXPSHG�LQ�ORFDO�ULYHUV��)XUWKHUPRUH��DFLG�VROXWLRQV�
FRQWDLQLQJ�KLJK�FRQFHQWUDWLRQV�RI�KD]DUGRXV�PHWDOV�DUH�GXPSHG�RQWR�JURXQG�DQG�LQWR�
ULYHUV��3UHVHQWO\��WKHUH�LV�D�ODFN�RI�VFLHQWLILF�GDWD�RQ�HQYLURQPHQWDO�FRQWDPLQDWLRQ�DQG�
KXPDQ�H[SRVXUH�IURP�WKHVH�SUDFWLFHV��2QH�VWXG\�RQ�KHDOWK�LPSDFWV�WR�ZRUNHUV�DQG�ORFDO�
UHVLGHQWV�LQ�D�WRZQ�LQ�&KLQD�LQGLFDWHG�D�QHJDWLYH�LPSDFW�RQ�KHDOWK�WR�WKHVH�SHRSOH���

�
• ,Q�PRUH�GHYHORSHG�FRXQWULHV��ZKHUH�VPHOWHUV�DQG�PHWDO�UHILQHULHV�DUH�XVHG�WR�UHFODLP�

PHWDOV�IURP�HOHFWULFDO�HOHFWURQLF�ZDVWH��WKHUH�LV�DOVR�WKH�SRWHQWLDO�IRU�H[SRVXUH�RI�
ZRUNHUV��ORFDO�FRPPXQLWLHV�DQG�WKH�ZLGHU�HQYLURQPHQW�WR�KHDY\�PHWDO�IXPHV�DQG�GXVWV�
DJDLQ�LQFOXGLQJ�OHDG��FDGPLXP��PHUFXU\�DQG�EHU\OOLXP��7KHUH�LV�D�ODFN�RI�RFFXSDWLRQDO�
KHDOWK�GDWD�RQ�H[SRVXUH�DQG�KHDOWK�LPSDFWV�LQ�ZRUNHUV�LQYROYHG�LQ�UHFODLPLQJ�PHWDOV�
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IURP�ZDVWH�HOHFWULFDO�HOHFWURQLF�JRRGV�LQ�VPHOWHUV�DQG�UHILQHULHV��+RZHYHU��RQH�VWXG\�DW�
D�SUHFLRXV�PHWDOV�UHILQHU\�LQ�WKH�ODWH�����V�GLG�LGHQWLI\�EHU\OOLXP�LQ�IXPHV�IURP�WKH�
SURFHVV�DQG�IRXQG�FKURQLF�EHU\OOLXP�GLVHDVH�LQ�VRPH�ZRUNHUV��([SRVXUH�WR�EHU\OOLXP�LV�
RI�JUHDW�FRQFHUQ�HYHQ�IRU�ZRUNHUV�LQ�LQGXVWULDO�VPHOWHUV�DQG�UHILQHULHV�EHFDXVH�FKURQLF�
EHU\OOLXP�GLVHDVH�KDV�EHHQ�IRXQG�LQ�SHRSOH�ZKRVH�H[SRVXUH�ZDV�PXFK�ORZHU�WKDQ�
SHUPLVVLEOH�OLPLWV��(QYLURQPHQWDO�FRQWDPLQDWLRQ�ZLWK�KHDY\�PHWDOV�LV�DOVR�D�FRQFHUQ��
2QH�VWXG\�RQ�DQ�LQWHJUDWHG�VPHOWHU�LQ�&DQDGD�UHSRUWHG�WKDW�KD]DUGRXV�PHWDOV��LQFOXGLQJ�
FRSSHU��OHDG��FDGPLXP��]LQF��QLFNHO�DQG�EHU\OOLXP�ZHUH�IRXQG�WR�EH�GHSRVLWHG�RQ�WKH�
VXUURXQGLQJ�ODQGVFDSH�XS�WR�D�GLVWDQFH�RI����NP�DZD\���

�
• 0HFKDQLFDO�VHSDUDWLRQ�WHFKQLTXHV�WR�UHFRYHU�PHWDOV�IURP�HOHFWULFDO�HOHFWURQLF�ZDVWH�FDQ�

UHVXOW�LQ�H[SRVXUH�RI�ZRUNHUV�WR�GXVWV�FRQWDLQLQJ�EURPLQDWHG�IODPH�UHWDUGDQWV�DQG�KHDY\�
PHWDOV��%URPLQDWHG�IODPH�UHWDUGDQWV�DUH�JHQHUDOO\�SHUVLVWHQW��ELRDFFXPXODWLYH�FKHPLFDOV�
WKDW�KDYH�EHHQ�VKRZQ�WR�H[HUW�DGYHUVH�LPSDFWV�RQ�KHDOWK�LQ�DQLPDOV���

�
%XUQLQJ�RI�3ODVWLFV�
�
3ODVWLF�FDVLQJ�RI�HOHFWULFDO�HOHFWURQLF�SURGXFWV�VXFK�DV�FRPSXWHUV�DQG�PRELOH�SKRQHV��DQG�SODVWLF�
LQ�SULQWHG�FLUFXLW�ERDUGV�IURP�VXFK�HTXLSPHQW��PD\�DOO�FRQWDLQ�EURPLQDWHG�IODPH�UHWDUGDQWV��
6WXGLHV�KDYH�VKRZQ�WKDW�ZKHQ�EURPLQDWHG�IODPH�UHWDUGDQWV�DUH�EXUQHG�DW���������R&��RWKHU�
FKHPLFDOV��FDOOHG�SRO\EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV��3%''�)V��DQG�PL[HG�
FKORULQDWHG�EURPLQDWHG�GLR[LQV�DQG�IXUDQV�DUH�SURGXFHG�DV�D�UHVXOW��3%''�)V�DQG�PL[HG�
FKORULQDWHG�EURPLQDWHG�GLR[LQV�DQG�IXUDQV��OLNH�WKH�ZHOO�NQRZQ�HQYLURQPHQWDO�SROOXWDQWV�
FKORULQDWHG�GLR[LQV�DQG�IXUDQV��DUH�SHUVLVWHQW��ELRDFFXPXODWLYH�DQG�KDYH�D�ZLGH�UDQJH�RI�
DGYHUVH�LPSDFWV�RQ�KHDOWK��)RU�H[DPSOH��DQLPDO�VWXGLHV�KDYH�VKRZQ�WKDW�H[SRVXUH�WR�3%''�)V�
DQG�PL[HG�FKORULQDWHG�EURPLQDWHG�GLR[LQV�DQG�IXUDQV�FDQ�UHVXOW�LQ�WR[LFLW\�WR�WKH�LPPXQH�
V\VWHP��WKH�UHSURGXFWLYH�V\VWHP�DQG�WKH�GHYHORSLQJ�IRHWXV�GXULQJ�SUHJQDQF\�DQG�WKDW�WKH\�
VKRXOG�EH�FRQVLGHUHG�DV�EHLQJ�FDSDEOH�RI�FDXVLQJ�FDQFHU�LQ�KXPDQV���
�

• ,Q�VPDOO�ZRUNVKRSV�LQ�,QGLD�DQG�&KLQD��ZKHUH�RSHQ�IODPHV�KRW�SODWHV�DUH�XVHG�IRU�
UHFRYHULQJ�VROGHU�IURP�SULQWHG�FLUFXLW�ERDUGV��DQG�RSHQ�EXUQLQJ�RI�HOHFWULFDO�HOHFWURQLF�
ZDVWHV�LV�FRQGXFWHG���LW�LV�KLJKO\�OLNHO\�WKDW�3%''�)V�DQG�PL[HG�FKORULQDWHG�EURPLQDWHG�
GLEHQ]R�GLR[LQV�DQG�IXUDQV�ZLOO�EH�SURGXFHG��7KLV�ZLOO�LQHYLWDEO\�UHVXOW�LQ�H[SRVXUH�RI�
ZRUNHUV�DQG�WKH�VXUURXQGLQJ�HQYLURQPHQW�WR�WKHVH�WR[LF�FKHPLFDOV���

�
• ,W�LV�SRVVLEOH�WKDW�3%''�)V�DQG�PL[HG�FKORULQDWHG�EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�

IXUDQV�DUH�SURGXFHG�E\�VPHOWHUV�DQG�PHWDO�UHILQHULHV�WKDW�EXUQ�SODVWLFV�IURP�
HOHFWULFDO�HOHFWURQLF�ZDVWH���7KHUH�DSSHDUV�WR�EH�QR�SXEOLVKHG�VFLHQWLILF�OLWHUDWXUH�RQ�WKH�
EXUQLQJ�RI�SODVWLFV�FRQWDLQLQJ�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�VPHOWHUV�PHWDO�UHILQHULHV��
EXW�WKHUH�DUH�GDWD�IURP�EXUQLQJ�RI�WKHVH�FKHPLFDOV�LQ�RWKHU�KLJK�WHPSHUDWXUH�IDFLOLWLHV��
L�H��LQ�LQFLQHUDWRUV�DQG�LQ�WHVW�LQFLQHUDWRUV��6RPH��EXW�QRW�DOO�RI�WKLV�UHVHDUFK�KDV�VKRZQ�
WKDW�3%''�)V�DQG�PL[HG�FKORULQDWHG�EURPLQDWHG�GLR[LQV�DQG�IXUDQV�FDQ�EH�HPLWWHG�LQ�
WKH�IOXH�JDV�RQ�EXUQLQJ�RI�EURPLQDWHG�IODPH�UHWDUGDQWV��,W�LV��WKHUHIRUH��SUREDEOH�WKDW�
WKHVH�FKHPLFDOV�ZRXOG�DOVR�EH�UHOHDVHG�IURP�VPHOWHUV�PHWDO�UHILQHULHV��DOEHLW�LQ�
TXDQWLWLHV�GHSHQGHQW�RQ�WKH�GHVLJQ�DQG�RSHUDWLQJ�FRQGLWLRQV�RI�WKH�SODQW��7KH�LQWHJUDWHG�
VPHOWHUV�XVH�YHU\�KLJK�WHPSHUDWXUH�EXUQLQJ�������WR�������R&��DQG�UDSLG�JDV�FRROLQJ��D�
PHWKRG�ZKLFK�UHGXFHV�WKH�SURGXFWLRQ�RI�FKORULQDWHG�GLR[LQV�DQG�VKRXOG�DOVR�GHFUHDVH�
WKH�SURGXFWLRQ�RI�EURPLQDWHG�GLR[LQV�DQG�IXUDQV��,QIRUPDWLRQ�VXSSOLHG�E\�RQH�FRPSDQ\�
RSHUDWLQJ�DQ�LQWHJUDWHG�VPHOWHU�UHSRUWHG�WKDW�RQH�WHVW�KDG�VKRZQ�WKDW�QR�3%''�)V�ZHUH�
GHWHFWHG�DW�GHWHFWLRQ�OLPLWV�LQ�WKH�UDQJH�RI��������WR�������QJ�P���+RZHYHU��VLQFH�WKH�
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EURPLQDWHG�IODPH�UHWDUGDQW�FRQWHQW�LQ�WKH�ZDVWH�ZDV�GHVFULEHG�DV�UDWKHU�PRGHUDWH��
IXUWKHU�WHVWLQJ�GXULQJ�URXWLQH�RSHUDWLRQV�ZRXOG�EH�QHFHVVDU\�WR�FRQILUP�ZKHWKHU�
EURPLQDWHG�RU�PL[HG�EURPLQDWHG�FKORULQDWHG�GLR[LQV�DQG�IXUDQV�DUH�SURGXFHG�DV�D�UHVXOW�
RI�VPHOWLQJ�HOHFWULFDO�HOHFWURQLF�ZDVWH��

�
• 6RPH�SODVWLFV�IURP�PRELOH�SKRQHV�DQG�FRPSXWHU�FDVHV�DUH�EHLQJ�VHSDUDWHG�DQG�VHQW�IRU�

UHF\FOLQJ�WR�EH�PDGH�LQWR�RWKHU�SODVWLF�SURGXFWV��+RZHYHU��RWKHUV�DUH�QRW�VHSDUDWHG�DQG�
JR�VWUDLJKW�WR�D�VPHOWHU��)XUWKHUPRUH��SODVWLFV�IURP�PHFKDQLFDO�UHF\FOLQJ�PD\�DOVR�JR�WR�
D�VPHOWHU�RU�WR�DQ�LQFLQHUDWRU��,Q�VPHOWHUV��WKH�SODVWLFV�DFW�DV�D�IXHO�DQG�DV�D�VXEVWLWXWH�IRU�
FRNH�WKDW�LV�QRUPDOO\�XVHG�DV�D�UHGXFLQJ�DJHQW�LQ�WKH�VPHOWLQJ�SURFHVV��,Q�DGGLWLRQ�WR�WKH�
SRWHQWLDO�SUREOHP�RI�IRUPDWLRQ�RI�3%''�)V�DQG�PL[HG�FKORULQDWHG�EURPLQDWHG�GLEHQ]R�
GLR[LQV�IURP�WKH�EXUQLQJ�RI�SODVWLFV��WKLV�PHWKRG�RI�SODVWLF�GLVSRVDO�LV�QRW�LQ�NHHSLQJ�
ZLWK�UHVSRQVLEOH�ZDVWH�PDQDJHPHQW��0DWHULDO�UHFRYHU\��DQG�WKXV�LQ�WKLV�FDVH�UHF\FOLQJ�
RI�SODVWLF��LV�KLJKHU�LQ�WKH�ZDVWH�PDQDJHPHQW�KLHUDUFK\�DQG��WKHUHIRUH��SUHIHUDEOH�WR�
FRPEXVWLRQ�HYHQ�LI�FRPELQHG�ZLWK�HQHUJ\�UHFRYHU\��

�
6ROXWLRQV��
�
(OHFWULFDO�HOHFWURQLF�ZDVWH�FRQWDLQV�KD]DUGRXV�VXEVWDQFHV��7KLV�PHDQV�WKDW�WKHUH�DUH�FXUUHQWO\�
QR�FRPSOHWHO\�VDIH�GLVSRVDO�PHWKRGV�WR�GHDO�ZLWK�WKLV�ZDVWH�ZKHQ�FRQVLGHUHG�IURP�D�KHDOWK�DQG�
DQ�HQYLURQPHQWDO�SHUVSHFWLYH��7KLV�LV�WKH�OHJDF\�RI�SURGXFLQJ�SURGXFWV�WKDW�FRQWDLQ�KD]DUGRXV�
VXEVWDQFHV��'LVPDQWOLQJ�DQG�SURFHVVLQJ�RI�ZDVWH�HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW��³H�
ZDVWH´���LQ�VPDOO�ZRUNVKRSV�LQ�,QGLD�DQG�&KLQD��ZLWKRXW�DSSURSULDWH�SURWHFWLYH�FORWKLQJ��
HTXLSPHQW�RU�HPLVVLRQ�FRQWUROV�LV�FOHDUO\�QRW�VDIH�IRU�ZRUNHUV��ORFDO�FRPPXQLWLHV�RU�WKH�
HQYLURQPHQW��3UHIHUDEOH�WR�WKLV�LV�WR�XQGHUWDNH�WKH�RSHUDWLRQ�LQ�D�SURSHU�UHF\FOLQJ�SODQW��WR�
VHSDUDWH�RXW�KD]DUGRXV�FRPSRQHQWV�RI�WKH�ZDVWH�DQG�XVH�PHFKDQLFDO�VHSDUDWLRQ�WHFKQLTXHV��HJ��
PDJQHWLF�DQG�HOHFWULF�FRQGXFWLYLW\�EDVHG�VHSDUDWLRQ�WHFKQLTXHV��DQG�RU�VPHOWLQJ�PHWDO�UHILQLQJ��
+RZHYHU��WKHVH�PHWKRGV�DOVR�SUHVHQW�VLJQLILFDQW�SUREOHPV��)LUVWO\��WKHUH�LV�WKH�SUREOHP�RI�
SRVVLEOH�KXPDQ�H[SRVXUH�WR�KD]DUGRXV�VXEVWDQFHV�DQG�FRQVHTXHQWO\�ULVNV�WR�KHDOWK��6HFRQGO\��
IURP�VPHOWLQJ��WKHUH�LV�WKH�SUREOHP�RI�SRVVLEOH�FRQWDPLQDWLRQ�RI�WKH�HQYLURQPHQW�ZLWK�
KD]DUGRXV�PHWDOV�DQG��3%''�)V�DQG�PL[HG�FKORULQDWHG�EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV���
�
7KH�RQO\�VXVWDLQDEOH�VROXWLRQ�WR�WKHVH�SUREOHPV�LV�WR�SURGXFH�D�FOHDQ�HOHFWULFDO�HOHFWURQLF�
SURGXFW��IUHH�IURP�KD]DUGRXV�VXEVWDQFHV�IURP�WKH�RXWVHW��DQG�WKDW�LV�GHVLJQHG�WR�EH�UHF\FODEOH���
7KHUHIRUH��QR�KD]DUGRXV�VXEVWDQFHV�VKRXOG�EH�XVHG�LQ�WKH�SURGXFWLRQ�RI�HOHFWULFDO�HOHFWURQLF�
JRRGV��LQFOXGLQJ�QR�KD]DUGRXV�PHWDOV�DQG�QR�EURPLQDWHG�IODPH�UHWDUGDQWV��3URGXFWV�VKRXOG�DOVR�
EH�HDV\�WR�GLVPDQWOH�ZLWK�UHF\FODEOH�SDUWV�DQG�UHFRYHUDEOH�PHWDOV���
�
7KH� (XURSHDQ� 'LUHFWLYH� RQ� WKH� 5HVWULFWLRQ� RI� WKH� 8VH� RI� &HUWDLQ� +D]DUGRXV� 6XEVWDQFHV� LQ�
(OHFWULFDO� DQG�(OHFWURQLF�(TXLSPHQW� � �5R+6�� LV�GXH� WR�EH� LPSOHPHQWHG�E\�0HPEHU�6WDWHV� LQ�
-XO\� ������ :KLOH� WKH� UHPRYDO� RI� FHUWDLQ� KD]DUGRXV� VXEVWDQFHV� QHFHVVLWDWHG� E\� 5R+6� LV� DQ�
LPSRUWDQW�VWHS��LW�LV�DOVR�LPSRUWDQW�WKDW�DGGLWLRQDO�PHDVXUHV�DUH�WDNHQ�WR�DGGUHVV�RWKHU�KD]DUGRXV�
FKHPLFDO� FRQVWLWXWHQWV�� ,Q� WKLV� UHJDUG�� WKH� HOHFWURQLFV� LQGXVWU\� PXVW� ZRUN� WRZDUGV� WKH�
HOLPLQDWLRQ�RI�DOO�KD]DUGRXV�VXEVWDQFHV�IURP�WKHLU�SURGXFWV��QRW�RQO\�WKRVH�FXUUHQWO\�FRYHUHG�E\�
WKH�5R+6�'LUHFWLYH��7KLV�PXVW�EH�FRQGXFWHG�RQ�D�JOREDO�EDVLV��2QO\�WKHQ�ZLOO�LW�EH�SRVVLEOH�WR�
SURGXFH� QRQ�KD]DUGRXV� JRRGV� WKDW� DUH� FRPSOHWHO\� UHF\FODEOH� XVLQJ� RQO\� PHFKDQLFDO� PHDQV��
7KHVH�PHDVXUHV�DUH�HVVHQWLDO�WR�SURWHFW�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW��
�
�
�
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���,QWURGXFWLRQ�
�
7KH�SURGXFWLRQ�RI�HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW�LV�LQFUHDVLQJ�ZRUOGZLGH��&XL�DQG�
)RUVVEHUJ�������DQG�WKH�OLIHVSDQ�RI�VRPH�RI�WKH�HTXLSPHQW�LV�YHU\�VKRUW��)RU�H[DPSOH��
FRPSXWHUV�LQ�WKH�HDUO\�����V�ZHUH�XVHG�RQ�DYHUDJH�IRU�DERXW�WHQ�\HDUV�EXW�WKHLU�OLIHVSDQ�KDV�
VLQFH�UHGXFHG�WR�DQ�DYHUDJH�RI�DERXW�WKUHH�\HDUV��7KLV�LV�GXH�WR�WKH�UDSLG�DQG�FRQWLQXDO�
LPSURYHPHQWV�LQ�WHFKQRORJ\�ZKLFK�TXLFNO\�RXWGDWH�ROGHU�PRGHOV���0RELOH�SKRQHV�WRR�EHFRPH�
RXWGDWHG�DQG�DUH�UHSODFHG�RQ�DYHUDJH�DIWHU�DERXW�WZR�\HDUV��%RJKH��������$V�D�FRQVHTXHQFH�RI�
WKH�LQFUHDVLQJ�PDUNHW�H[SDQVLRQ�LQ�HOHFWULFDO�DQG�HOHFWURQLF�JRRGV�DQG�WKHLU�VKRUW�OLIHVSDQ��WKH�
ZDVWH�VWUHDP�RI�WKHVH�SURGXFWV�LV�IDVW�JURZLQJ��7KLV�LV�D�VLJQLILFDQW�SUREOHP�EHFDXVH�VRPH�RI�
WKH�SURGXFWV��LQFOXGLQJ�FRPSXWHUV�DQG�PRELOH�SKRQHV��FRQWDLQ�KHDY\�PHWDOV�DQG�RWKHU�
FKHPLFDOV�ZKLFK�DUH�KD]DUGRXV��DQG�DUH�FRQVHTXHQWO\�D�WKUHDW�WR�WKH�HQYLURQPHQW�DQG�WR�KXPDQ�
KHDOWK��,QGHHG��HOHFWULFDO�DQG�HOHFWURQLF�ZDVWH�KDV�EHHQ�LGHQWLILHG�DV�RQH�RI�WKH�ODUJHVW�VRXUFHV�
RI�KHDY\�PHWDOV�DQG�RUJDQLF�SROOXWDQWV�LQ�PXQLFLSDO�ZDVWH��%RJKH��������DQG�LV�LGHQWLILHG�DV�WKH�
IDVWHVW�JURZLQJ�ZDVWH�VWUHDP��%HWUDP�HW�DO���������
�
:DVWH�HOHFWULFDO�HOHFWURQLF�HTXLSPHQW�RIWHQ�HQGV�XS�LQ�ODQGILOOV�RU�LQFLQHUDWRUV��81(3��������
6XFK�GLVSRVDO�RI�HOHFWULFDO�DQG�HOHFWURQLF�ZDVWH�YLD�WKH�XVXDO�PXQLFLSDO�ZDVWH�VWUHDP�URXWHV�RI�
ODQGILOO�RU�PXQLFLSDO�ZDVWH�LQFLQHUDWLRQ�LV�SUREOHPDWLF�EHFDXVH�KD]DUGRXV�FRPSRQHQWV�LQ�WKH�
ZDVWH�PD\�JHW�LQWR�WKH�HQYLURQPHQW��7KHVH�LQFOXGH�EURPLQDWHG�IODPH�UHWDUGDQWV�DQG�KHDY\�
PHWDOV�VXFK�DV�FDGPLXP��OHDG�DQG�PHUFXU\���5LFKWHU�HW�DO���������,QFLQHUDWLRQ�RI�
HOHFWULFDO�HOHFWURQLF�ZDVWH�LQ�PXQLFLSDO�ZDVWH�LQFLQHUDWRUV��IRU�H[DPSOH��FDQ�OHDG�WR�WKH�
FRQFHQWUDWLRQ�RI�PHWDOV�LQ�WKH�IO\�DVK��&RQQHFWLFXW�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ�
������DQG�SRVVLEO\�PHWDO�HPLVVLRQV�WR�DLU��,Q�DQ�DWWHPSW�WR�RYHUFRPH�WKH�ZDVWH�GLVSRVDO�
SUREOHPV��UHF\FOLQJ�VFKHPHV�DUH�EHLQJ�VHW�XS�WR�UHFRYHU�VRPH�RI�WKH�PHWDOV�DQG�SODVWLFV�LQ�WKH�
ZDVWH��/HJLVODWLRQ�LV�EHLQJ�LPSOHPHQWHG�WR�FRQWURO�WKH�GLVSRVDO��)RU�H[DPSOH��LQ�*HUPDQ\�
�=KDQJ�DQG�)RUVVEHUJ��������6ZLW]HUODQG��.�Q]OHU�%RVVDUW�	�3DUWQHU�*PE+�������DQG�7DLZDQ�
�6KLK��������OHJLVODWLRQ�KDV�EHHQ�LPSOHPHQWHG�ZKLFK�UHTXLUHV�WKDW�PDQXIDFWXUHUV�WDNH�EDFN�
GRPHVWLF�HOHFWULFDO�HOHFWURQLF�JRRGV�DW�WKH�HQG�RI�WKHLU�OLIHVSDQ��:LWKLQ�WKH�(XURSHDQ�
&RPPXQLW\��WZR�GLUHFWLYHV�KDYH�EHHQ�DGRSWHG��QDPHO\�WKH�GLUHFWLYH�RI�WKH�(XURSHDQ�3DUOLDPHQW�
DQG�WKH�(XURSHDQ�&RXQFLO�RQ�:DVWH�(OHFWULFDO�DQG�(OHFWURQLF�(TXLSPHQW��:(((��DQG�WKH�
GLUHFWLYH�RQ�WKH�5HVWULFWLRQ�RI�WKH�8VH�RI�&HUWDLQ�+D]DUGRXV�6XEVWDQFHV�LQ�(OHFWULFDO�DQG�
(OHFWURQLF�(TXLSPHQW��5R+6���7KHVH�GLUHFWLYHV�QHFHVVLWDWH��DPRQJ�RWKHU�UHTXLUHPHQWV��WKDW�
0HPEHU�6WDWHV�DUH�UHVSRQVLEOH�IRU�HQVXULQJ�WKDW�WKH�SURGXFHUV�VHW�XS�V\VWHPV�IRU�WUHDWPHQW�DQG�
UHFRYHU\�RI�HOHFWULFDO�DQG�HOHFWURQLF�ZDVWH��)HV]W\�HW�DO���������DV�ZHOO�DV�SODFLQJ�SURKLELWLRQV�
RQ�WKH�XVH�RI�FHUWDLQ�KD]DUGRXV�VXEVWDQFHV�LQ�WKH�PDQXIDFWXUH�RI�HOHFWULFDO�HOHFWURQLF�JRRGV�DW�
WKH�RXWVHW��7KH�8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDP��81(3��KDV�SURSRVHG�HVWDEOLVKLQJ�D�
QHWZRUN�RI�SROLF\�PDNHUV�DQG�H[SHUWV�WR�KHOS�GHDO�ZLWK�WKH�SUREOHP�RI�HOHFWULFDO�HOHFWURQLF�
ZDVWH�LQ�$VLD�DQG�WKH�3DFLILF��81(3���������
�
7KH�DPRXQW�RI�HOHFWULFDO�HOHFWURQLF�ZDVWH�WR�GHDO�ZLWK�LV�YDVW��)RU�H[DPSOH��LQ�(XURSH�LW�KDV�
EHHQ�HVWLPDWHG�WKDW�ZDVWH�HOHFWULFDO�HOHFWURQLF�HTXLSPHQW�FRQVWLWXWHV�DERXW����RI�PXQLFLSDO�
ZDVWH��%RJKH��������DQG�LQ�WKH�86$�DERXW�����81(3���������)LJXUHV�IRU�ZHVW�(XURSH�VKRZ�
WKDW���PLOOLRQ�WRQQHV�RI�ZDVWH�HOHFWULFDO�HOHFWURQLF�HTXLSPHQW�ZDV�JHQHUDWHG�LQ������DQG�WKH�
DPRXQW�LV�H[SHFWHG�WR�LQFUHDVH�E\�DW�OHDVW������SHU�DQQXP��&XL�DQG�)RUVVEHUJ��������,Q�WKH�8.�
DORQH��D�VWXG\�LQ������HVWLPDWHG�WKDW���PLOOLRQ�WRQQHV�RI�ZDVWH�ZRXOG�EH�GLVFDUGHG�LQ�D�\HDU��VHH�
)HV]W\�HW�DO���������2WKHU�UHVHDUFK�LQ�WKH�8.�HVWLPDWHG�WKDW�,7�DQG�WHOHFRPV�ZDVWH�HTXLSPHQW��
ZKLFK�LQFOXGHV�PRELOH�SKRQHV�DQG�FRPSXWHUV��UHSUHVHQWHG�����RI�WKH�QXPEHU�RI�LWHPV�LQ�
GRPHVWLF�ZDVWH�HOHFWULFDO�HOHFWURQLF�HTXLSPHQW�GLVFDUGHG�LQ�������VHH�,&(5��������,Q�&KLQD��DQ�
HVWLPDWHG���PLOOLRQ�3&V�DUH�GLVFDUGHG�HYHU\�\HDU��81(3���������
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�
7KLV�UHSRUW�ZDV�XQGHUWDNHQ�WR�LQYHVWLJDWH�WKH�FXUUHQW�PHWKRGV�WKDW�DUH�EHLQJ�XVHG�WR�
UHF\FOH�GLVSRVH�RI�HOHFWULFDO�HOHFWURQLF�HTXLSPHQW��SDUWLFXODUO\�PRELOH�SKRQHV�DQG�FRPSXWHUV���
�
�
���&RQWHQWV�RI�:DVWH�(OHFWULFDO�(OHFWURQLF�(TXLSPHQW�
�
0DQ\�RI�WKH�FRPSRQHQWV�LQ�HOHFWURQLF�ZDVWHV�DUH�KD]DUGRXV��7DEOH���OLVWV�WKH�PDMRU�KD]DUGRXV�
FRPSRQHQWV�LQ�ZDVWH�HOHFWULF�DQG�HOHFWURQLF�HTXLSPHQW��LQFOXGLQJ�FRPSXWHUV�DQG�PRELOH�
SKRQHV��0RELOH�SKRQHV�FRQVLVW�RI�D�SODVWLF�RXWHU�FDVH��D�IODW�VFUHHQ�GLVSOD\�DQG�LQVLGH��D�FLUFXLW�
ERDUG�DQG�EDWWHULHV��7\SLFDOO\��FRPSXWHUV�FRQVLVW�RI�DQ�RXWHU�SODVWLF�RU�VWHHO�FDVLQJ�ZKLOH�WKH�
LQWHUQDO�ZRUNLQJV�LQFOXGH�ERWK�SODVWLF�DQG�PHWDO�FRQWDLQLQJ�GHYLFHV�VXFK�DV�SULQWHG�FLUFXLW�
ERDUGV��6WDQGDUG�PRQLWRUV�LQFOXGH�FDWKRGH�UD\�WXEHV��DOWKRXJK�WKHVH�DUH�LQFUHDVLQJO\�EHLQJ�
UHSODFHG�ZLWK�IODW�VFUHHQV�ZKLFK�RSHUDWH�E\�OLTXLG�FU\VWDO�GLVSOD\V��/&'V���'XH�WR�WKH�SRWHQWLDO�
WR[LFLW\�DQG�FDUFLQRJHQLFLW\�RI�VRPH�RI�WKH�VXEVWDQFHV�LQ�/&'V��WKH\�KDYH�EHHQ�XQGHU�VXVSLFLRQ�
RI�EHLQJ�D�KHDOWK�KD]DUG��2(&'��������7KH\�PD\�DOVR�FRQWDLQ�PHUFXU\��%DVHO�$FWLRQ�1HWZRUN�
DQG�6LOLFRQ�9DOOH\�7R[LFV�&RDOLWLRQ���������
�
�
7DEOH����0DMRU�+D]DUGRXV�&RPSRQHQWV�LQ�:DVWH�(OHFWULFDO�DQG�(OHFWURQLF�(TXLSPHQW�
0DWHULDOV�DQG�FRPSRQHQWV� 'HVFULSWLRQ�
%DWWHULHV� +HDY\�PHWDOV�VXFK�DV�OHDG��PHUFXU\�DQG�

FDGPLXP�DUH�SUHVHQW�LQ�EDWWHULHV���
&DWKRGH�UD\�WXEHV��&57V�� /HDG�LQ�WKH�FRQH�JODVV�DQG�

FDGPLXP�]LQF�\WWULXP�VXOSKLGH�LQ�WKH�
IOXRUHVFHQW�FRDWLQJ��

0HUFXU\�FRQWDLQLQJ�FRPSRQHQWV��VXFK�DV�
VZLWFKHV�

0HUFXU\�LV�XVHG�LQ�WKHUPRVWDWV��VHQVRUV��UHOD\V�
DQG�VZLWLFKHV��IRU�H[DPSOH��RQ�SULQWHG�FLUFXLW�
ERDUGV���

/LTXLG�FU\VWDO�GLVSOD\V��/&'V�� /&'V�RI�JUHDWHU�WKDQ�����FP��KDYH�WR�EH�
UHPRYHG�IURP�HOHFWULF�HOHFWURQLF�ZDVWH��/&'V�
DUH�XVHG�LQ�PRELOH�SKRQHV�DQG�IODW�VFUHHQ�
FRPSXWHU�PRQLWRUV�DQG�PD\�FRQWDLQ�PHUFXU\��

3ULQWHG�FLUFXLW�ERDUGV� ,Q�SULQWHG�FLUFXLW�ERDUGV��FDGPLXP�RFFXUV�LQ�
FHUWDLQ�FRPSRQHQWV��2WKHU�KD]DUGRXV�PHWDOV�
DUH�DOVR�SUHVHQW��VHH�WH[W��

3ODVWLFV�FRQWDLQLQJ�KDORJHQDWHG�IODPH�
UHWDUGDQWV�

'XULQJ�LQFLQHUDWLRQ�FRPEXVWLRQ�RI�WKH�
SODVWLFV��KDORJHQDWHG�IODPH�UHWDUGDQWV�FDQ�
SURGXFH�WR[LF�FRPSRQHQWV��

6ROGHU� /HDG�WLQ�DQG�RWKHU�WUDFH�PHWDOV�
�6RXUFH��$GDSWHG�IURP�&XL�DQG�)RUVVEHUJ���������
�
7KH�SODVWLF�FDVLQJ�RI�FRPSXWHUV�DQG�PRELOH�SKRQHV�DQG�WKH�SULQWHG�FLUFXLW�ERDUGV�ZLWKLQ�WKHP�
FRQWDLQ�KD]DUGRXV�FKHPLFDOV��FRPPRQO\�LQFOXGLQJ�EURPLQDWHG�IODPH�UHWDUGDQWV��%URPLQDWHG�
IODPH�UHWDUGDQWV�DUH�JHQHUDOO\�HQYLURQPHQWDOO\�SHUVLVWHQW�FKHPLFDOV��VRPH�RI�ZKLFK�DUH�NQRZQ�
WR�ELRDFFXPXODWH�DQG�WR�FDXVH�D�ZLGH�UDQJH�RI�DGYHUVH�KHDOWK�LPSDFWV�LQ�ODERUDWRU\�DQLPDOV��
:KHUH�WKH\�DUH�XVHG���WUHDWHG�SODVWLFV�FRQWDLQ�W\SLFDOO\�������E\�ZHLJKW�RI�EURPLQDWHG�IODPH�
UHWDUGDQWV��$XVWUDOLDQ�*RYHUQPHQW��'HSDUWPHQW�RI�WKH�(QYLURQPHQW�DQG�&KHPLFDOV�
0DQDJHPHQW��������9HLW�HW�DO���������JLYHV�WKH�EURPLQH�FRQWHQW�RI�WKH�SODVWLFV��HVSHFLDOO\�DV�
IODPH�UHWDUGDQWV��DV������,W�KDV�EHHQ�HVWLPDWHG�WKDW�D�VLQJOH�SHUVRQDO�FRPSXWHU�PD\�FRQWDLQ�
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DERXW����NJ�RI�IODPH�UHWDUGDQWV��RI�ZKLFK�����LV�LQ�WKH�FDELQHW�DQG�WKH�UHPDLQGHU�LQ�WKH�SULQWHG�
FLUFXLW�ERDUG��0HQDG�HW�DO���������$Q�H[SHULPHQWDO�VWXG\�WR�GHWHUPLQH�WKH�TXDQWLWLHV�RI�
VXEVWDQFHV�LQ�SULQWHG�FLUFXLW�ERDUGV��LQFOXGLQJ�EURPLQDWHG�IODPH�UHWDUGDQWV��IRXQG�WKDW�WKH�
DYHUDJH�FRQFHQWUDWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��ZDV������PJ�NJ�DQG�WKH�
DYHUDJH�FRQFHQWUDWLRQ�RI�WHWUDEURPRELVSKHQRO�$��7%%3�$��ZDV������PJ�NJ���5LFKWHU�HW�DO��
���������
�
3ULQWHG�FLUFXLW�ERDUGV�DOVR�FRQWDLQ�DQWLPRQ\�WULR[LGH�DV�D�IODPH�UHWDUGDQW��W\SLFDOO\������E\�
ZHLJKW���$XVWUDOLDQ�*RYHUQPHQW��'HSDUWPHQW�RI�WKH�(QYLURQPHQW�DQG�&KHPLFDOV���$QWLQRP\�
WULR[LGH�LV�VXVSHFWHG�WR�EH�FDUFLQRJHQLF��9HLW�HW�DO����������
�
6RPH�ZDVWH�HOHFWULFDO�HOHFWURQLF�HTXLSPHQW��LQFOXGLQJ�PRELOH�SKRQHV�DQG�FRPSXWHUV��FRQWDLQ�
SULQWHG�FLUFXLW�ERDUGV��,Q�JHQHUDO��SULQWHG�FLUFXLW�ERDUG�VFUDS�IURP�HOHFWULFDO�HOHFWURQLF�SURGXFWV�
FRQWDLQV�DSSUR[LPDWHO\�����PHWDOV������SODVWLFV�DQG�����FHUDPLFV��&XL�DQG�)RUVVEHUJ��������
7KH�PHWDOV�LQ�SULQWHG�FLUFXLW�ERDUGV�FRQVLVW�RI�D�ODUJH�DPRXQW�RI�EDVH�PHWDOV�VXFK�DV�FRSSHU��
LURQ��DOXPLQLXP�DQG�WLQ�DV�ZHOO�DV�UDUH�PHWDOV�OLNH�WDQWDOXP��JDOOLXP��DQG�RWKHU�UDUH�SODWLQXP�
JURXS�PHWDOV��DQG�VR�FDOOHG�QREOH�PHWDOV�VXFK�DV�JROG��VLOYHU�DQG�SDOODGLXP��+D]DUGRXV�PHWDOV�
WKDW�DUH�SUHVHQW�LQ�SULQWHG�FLUFXLW�ERDUGV�LQFOXGH�FKURPLXP��OHDG��PHUFXU\��FDGPLXP��]LQF�DQG�
QLFNHO��/L�HW�DO���������/HDG�LV�SUHVHQW�LQ�VROGHU��&DGPLXP�DQG�DPHULFLXP�PD\�DOVR�EH�XVHG�IRU�
VROGHU�MRLQWV��/L�HW�DO���������6LJQLILFDQW�OHYHOV�RI�DQRWKHU�KD]DUGRXV�PHWDO��EHU\OOLXP�PD\�EH�
SUHVHQW��$XVWUDOLDQ�*RYHUQPHQW��'HSDUWPHQW�RI�WKH�(QYLURQPHQW�DQG�&KHPLFDOV�0DQDJHPHQW�
�������%HU\OOLXP�LV�SUHVHQW�DV�FRSSHU�EHU\OOLXP�DOOR\V��ZKLFK�W\SLFDOO\�FRQWDLQ�DURXQG����
EHU\OOLXP���7KHVH�DOOR\V�DUH�XVHG�LQ�VSULQJV��UHOD\V�DQG�FRQQHFWLRQV�DQG��KLVWRULFDOO\��LQ�
FRPSXWHU�PRWKHUERDUGV��2(&'�������7D\ORU�HW�DO�����������
�
:LWK�UHJDUG�WR�TXDQWLWLHV�RI�PHWDOV��FRSSHU�W\SLFDOO\�PDNHV�XS�DURXQG��������E\�ZHLJKW��OHDG�
�����DQG�QLFNHO�������3UHFLRXV�PHWDOV�LQFOXGLQJ�VLOYHU��JROG��SODWLQXP�DQG�SDOODGLXP��
JHQHUDOO\�WRWDO�DURXQG�����WR��������9HLW�HW�DO���������
�
�
���5HF\FOLQJ�RI�&RPSXWHUV�DQG�0RELOH�3KRQHV�LQ�0RUH�'HYHORSHG�&RXQWULHV�
�
7KHUH�DUH�PDQ\�FRPSDQLHV�ZKR�GHDO�ZLWK�WKH�UHF\FOLQJ�RI�PRELOH�SKRQHV�DQG�FRPSXWHUV��$�
VHDUFK�RI�ZHEVLWHV�RI�VXFK�FRPSDQLHV�LQ�WKH�8.�UHYHDOHG�WKDW�ERWK�PRELOHV�DQG�FRPSXWHUV�DUH�
EHLQJ�UH�XVHG�ZKHUH�SRVVLEOH��0RELOH�SKRQHV�DUH�EHLQJ�UHIXUELVKHG�DQG�VHQW�WR�OHVV�GHYHORSHG��
FRXQWULHV�IRU�UHXVH��6LPLODUO\��FRPSXWHUV�DUH�EHLQJ�UH�XVHG�DQG�VHQW��IRU�LQVWDQFH��WR�FKDULWLHV�
DQG�VFKRROV��
�
3KRQHV�DQG�FRPSXWHUV�WKDW�FDQQRW�EH�UH�XVHG�DUH�GLVSRVHG�RI�LQ�D�PDQQHU�VLPLODU�WR�HDFK�RWKHU���
)RU�WKH�FDVLQJ�RI�PRELOH�SKRQHV��D�QXPEHU�RI�FRPSDQLHV�WKDW�ZHUH�SHUVRQDOO\�FRQWDFWHG�DV�SDUW�
RI�WKLV�VWXG\�KDG�WKH�SODVWLF�JURXQG�GRZQ�DQG�VXEVHTXHQWO\�UH�XVHG�IRU�PDNLQJ�ORZ�JUDGH�
SURGXFWV�VXFK�DV�WUDIILF�FRQHV��3ODVWLF�FRPSXWHU�FDVHV�PD\�DOVR�EH�JUDQXODWHG�IRU�UHF\FOLQJ�LQWR�
RWKHU�SURGXFWV��VXFK�DV�SODVWLF�SRVWV�DQG�EHQFKHV��,Q�VRPH�FDVHV��WKH�SODVWLF�ZDV�QRW�EHLQJ�UH�
XVHG�EXW�VHQW�IRU�ODQGILOO���
�
$FFRUGLQJ�WR�WKH�FRPSDQLHV�FRQWDFWHG��VWHHO�FRPSXWHU�FDVHV�DUH�VHQW�IRU�PHWDO�UHF\FOLQJ��7KH�
SULQWHG�FLUFXLW�ERDUGV�LQVLGH�PRELOH�SKRQHV�DQG�FRPSXWHUV�DUH�VHQW�IRU�SURFHVVLQJ�WR�UHFRYHU�
PHWDOV��)RU�DERXW����FRPSDQLHV�WKDW�ZHUH�FRQWDFWHG�LQ�WKH�8.��WKH�SURFHVV�EHLQJ�XVHG�IRU�PHWDO�
UHFRYHU\�ZDV�VPHOWLQJ��WKLV�LV�GLVFXVVHG�IXUWKHU�EHORZ��,Q�VRPH�FDVHV��KRZHYHU��WKH�SODVWLF�FDVH�
RI�PRELOH�SKRQHV�LV�QRW�URXWLQHO\�VHSDUDWHG�IRU�UHF\FOLQJ�VXFK�WKDW�ZKROH�SKRQHV��PLQXV�WKH�
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EDWWHULHV��DUH�EHLQJ�VHQW�IRU�VPHOWLQJ��7KH�SODVWLF�LV�WKHQ�XVHG�DV�µIXHO¶�DQG�DOVR�VHUYHV�DV�D�
UHGXFLQJ�DJHQW�WR�UHSODFH�FRNH�LQ�WKH�VPHOWHU��VHH�VHFWLRQ���������SHUVRQDO�FRPPXQLFDWLRQ�IURP�
WKH�8PLFRUH�VPHOWHU��%HOJXLP���
�
����3URFHVVHV�WR�5HFRYHU�0HWDOV�DQG�3ODVWLFV�IURP�(OHFWULFDO�(OHFWURQLF�:DVWH�
�
0HWKRGV�DUH�LQ�SODFH�IRU�UHFRYHULQJ�PHWDOV�VXFK�DV�VLOYHU��JROG��SDOODGLXP��SODWLQXP��FRSSHU�DQG�
DOXPLQLXP�IURP�HOHFWULFDO�HOHFWURQLF�VFUDS�RI�FRPSXWHUV�DQG�PRELOH�SKRQHV��+RZHYHU��LW�KDV�
EHHQ�UHSRUWHG�WKDW�WKH�HIILFLHQF\�ZLWK�ZKLFK�PHWDOV�DUH�UHFRYHUHG�IURP�SULQWHG�FLUFXLW�ERDUGV�LV�
QRW�KLJK��)RU�LQVWDQFH��PRVW�UHF\FOLQJ�DSSURDFKHV�WKDW�DUH�SUDFWLFHG�FDQ�RQO\�UHFRYHU�PHWDO�
FRQWHQWV�RI�SULQWHG�FLUFXLW�ERDUG�VFUDSV�WR�DQ�H[WHQW�RI�����RI�WKH�WRWDO�ZHLJKW��0RUH�WKDQ�����
RI�SULQWHG�FLUFXLW�ERDUG�VFUDSV�FDQQRW�EH�HIILFLHQWO\�UHFRYHUHG�DQG�KDYH�WR�EH�LQFLQHUDWHG�RU�ODQG�
ILOOHG��/L�HW�DO���������,W�ZDV�QRWHG�WKDW�LW�LV�WKHUHIRUH�LPSRUWDQW�WR�GHYHORS�UHF\FOLQJ�WHFKQLTXHV�
WKDW�KDYH�KLJKHU�UHF\FOLQJ�HIILFLHQFLHV����
�
5HF\FOLQJ�SURFHVVHV�FRPPRQO\�HPSOR\HG�LQYROYH�D�QXPEHU�RI�VHSDUDWH�VWDJHV�ZKLFK�DUH�
GLVFXVVHG�EHORZ��
�
������'LVPDQWOLQJ�
7KH�ILUVW�VWDJH�RI�WKH�SURFHVV�IRU�UHFRYHULQJ�PHWDOV�DQG�SODVWLF�IURP�HOHFWULFDO�HOHFWURQLF�VFUDS�
LQYROYHV�GLVPDQWOLQJ�REVROHWH�HTXLSPHQW��,Q�WKLV�VWHS��HTXLSPHQW�LV�GLVPDQWOHG�DQG�VRPH�
KD]DUGRXV�FRPSRQHQWV�PD\�EH�UHPRYHG��VXFK�DV�FDWKRGH�UD\�WXEHV��PHUFXU\�FRPSRQHQWV�DQG�
EDWWHULHV��=KDQJ�DQG�)RUVVEHUJ��������)RU�LQVWDQFH��EDWWHULHV�DUH�JHQHUDOO\�UHPRYHG�IURP�
PRELOH�SKRQHV�DQG�VHQW�IRU�SURFHVVLQJ�WR�UHFRYHU�OLWKLXP��FDGPLXP�DQG�QLFNHO��SHUVRQDO�
FRPPXQLFDWLRQ�IURP�)RQHEDN���3UHVHQWO\��WKH�QH[W�VWHS�FDQ�LQYROYH�HLWKHU�PHFKDQLFDO�
VHSDUDWLRQ�WHFKQLTXHV�RU�DOWHUQDWLYHO\�VPHOWLQJ��
�
������6PHOWLQJ�
2QH�PHWKRG�RI�UHF\FOLQJ�SULQWHG�FLUFXLW�ERDUGV�WKDW�KDYH�EHHQ�PDQXDOO\�VHSDUDWHG�IURP�
HOHFWULFDO�HOHFWURQLF�ZDVWH�LV�VPHOWLQJ��&RSSHU�DQG�OHDG�VPHOWLQJ�SURFHVVHV�KDYH�EHHQ�XVHG�
�/HJDUWK��������7KHUH�DUH�D�IHZ�ODUJH�VPHOWLQJ�RSHUDWLRQV�ZKLFK�DUH�GHDOLQJ�ZLWK�D�ORW�RI�
HOHFWULFDO�HOHFWURQLF�ZDVWH��7KHVH�VR�FDOOHG�LQWHJUDWHG�VPHOWHUV�LQFOXGH�%ROLGHQ�LQ�6ZHGHQ��
8PLFRUH�LQ�%HOJLXP��1RUDQGD�LQ�&DQDGD�DQG�1RUGGHXWVFKH�$IILQHULH�$*�LQ�*HUPDQ\����
�
)ROORZLQJ�VPHOWLQJ��IXUWKHU�VHSDUDWLRQ�DQG�UHFRYHU\�RI�PHWDOV�PD\�EH�FDUULHG�RXW�XVLQJ�PHWDO�
UHILQLQJ�RU�K\GURPHWDOOXUJLFDO�WHFKQLTXHV��4XLQHW��������UHSRUWV�RQ�WKH�H[SHULPHQWDO�
GHYHORSPHQW�RI�D�K\GURPHWDOOXUJLFDO�WHFKQLTXH�ZLWKRXW�VPHOWLQJ�IRU�WKH�UHFRYHU\�RI�PHWDO�IURP�
SULQWHG�FLUFXLW�ERDUGV�LQ�PRELOH�SKRQHV���
�
:LWK�UHJDUG�WR�SROOXWLRQ�IURP�WKHVH�PHWKRGV�RI�PHWDO�UHFRYHU\��WKH�VPHOWLQJ�SURFHVV�JHQHUDWHV�
DWPRVSKHULF�SROOXWLRQ��ZKLOVW��K\GURPHWDOOXUJLFDO�SURFHVVHV�JHQHUDWH�JUHDW�DPRXQWV�RI�HIIOXHQW�
�9HLW�HW�DO���������3RVVLEOH�KD]DUGRXV�HPLVVLRQV�IURP�VPHOWLQJ�LQFOXGH�FHUWDLQ�KD]DUGRXV�PHWDOV�
DQG�EURPLQDWHG�GLR[LQV�IURP�EXUQLQJ�SODVWLFV�LQ�WKH�SULQWHG�FLUFXLW�ERDUGV��VHH�VHFWLRQV���DQG�
�����
�
+D]DUGRXV�ZDVWHV�IURP�WKH�VPHOWLQJ�SURFHVV�LQFOXGH�PHUFXU\��$W�%ROLGHQ��6ZHGHQ��WKHVH�
ZDVWHV�DUH�FXUUHQWO\�VWRFNSLOHG�DQG�VWRUHG��SHUVRQDO�FRPPXQLFDWLRQ����
�
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������0HFKDQLFDO�6HSDUDWLRQ�
)ROORZLQJ�WKH�GLVPDQWOLQJ�VWDJH��DQ�DOWHUQDWLYH�PHWKRG�RI�PHWDO�UHFRYHU\�WR�VPHOWLQJ�UHILQLQJ�LV�
E\�PHFKDQLFDO�VHSDUDWLRQ��&XL�DQG�)RUVVEHUJ�������=KDQJ�HW�DO��������9HLW�HW�DO���������,Q�PRUH�
GHYHORSHG�FRXQWULHV��PHFKDQLFDO�VHSDUDWLRQ�SURFHVVHV�DUH�IDU�PRUH�VRSKLVWLFDWHG�WKDQ�WKRVH�XVHG�
LQ�VPDOO�ZRUNVKRSV�LQ�RWKHU�FRXQWULHV�VXFK�DV��&KLQD�DQG�,QGLD��7KH�SULQWHG�FLUFXLW�ERDUGV�DUH�
JURXQG�XS�LQWR�VPDOO�SDUWLFOHV�DQG�WKHQ�VHSDUDWHG�PDJQHWLFDOO\��D�SURFHVV�IRU�WKH�UHFRYHU\�RI�
IHUURPDJQHWLF�PHWDOV�IURP�QRQ�IHUURPDJQHWLF�PHWDOV��)XUWKHU�VHSDUDWLRQ�PD\�WKHQ�EH�DFKLHYHG�
E\�HOHFWULF�FRQGXFWLYLW\�EDVHG�VHSDUDWLRQ�WHFKQLTXHV�VXFK�DV�HGG\�FXUUHQW�VHSDUDWLRQ�RU�FRURQD�
HOHFWURVWDWLF�VHSDUDWLRQ��WKH�ODWWHU�SURFHVV�EHLQJ�LQ�LWV�LQIDQF\�IRU�HOHFWURQLF�VFUDS��&XL�DQG�
)RUVVVEHUJ��������(OHFWURVWDWLF�VHSDUDWLRQ�KDV�EHHQ�XVHG�IRU�WKH�UHFRYHU\�RI�DOXPLQLXP�IURP�
FKRSSHG�HOHFWULF�ZLUHV�DQG�FDEOHV��DQG�WKH�UHFRYHU\�RI�FRSSHU�DQG�SUHFLRXV�PHWDOV�IURP�SULQWHG�
FLUFXLW�ERDUGV��9HLW�HW�DO����������
�
=KDQJ�DQG�)RUVVEHUJ��������UHSRUWHG�WKDW��IROORZLQJ�PHFKDQLFDO�VHSDUDWLRQ��WKH�YDULRXV�PHWDO�
FRQFHQWUDWHV�REWDLQHG�PD\�WKHQ�EH�VHQW�WR�D�VPHOWHU�IRU�VHSDUDWLRQ�RI�WKH�PHWDOV��,Q�DQ�
H[SHULPHQWDO�VWXG\��9HLW�HW�DO���������UHSRUWHG�WKDW��IROORZLQJ�HOHFWURVWDWLF�VHSDUDWLRQ�RI�SULQWHG�
FLUFXLW�ERDUG�VFUDS��WKH�PHWDO�FRQFHQWUDWHV�REWDLQHG�FRXOG�EH�IXUWKHU�WUHDWHG�E\�D�SURFHVV�NQRZQ�
DV�HOHFWURZLQQLQJ�ZKLFK�FDQ�VHSDUDWH�PRVW�PHWDOV�IURP�HDFK�RWKHU���
�
'XULQJ�VKUHGGLQJ�DQG�JULQGLQJ�RI�HOHFWULFDO�HOHFWURQLF�ZDVWHV�XVHG�IRU�PHFKDQLFDO�VHSDUDWLRQ�
WHFKQLTXHV��WKHUH�ZLOO�EH�DQ�LQHYLWDEOH�IRUPDWLRQ�RI�GXVWV�FRQWDLQLQJ�KD]DUGRXV�PHWDOV�VXFK�DV�
OHDG��FDGPLXP�DQG�EHU\OOLXP��:RUNHUV�FDQ�SRWHQWLDOO\�H[SRVHG�YLD�LQKDODWLRQ�RI�WKH�GXVWV���
�
,Q�6ZLW]HUODQG��WKH�FRPSDQ\�,PPDUN��XVHV�PHFKDQLFDO�VHSDUDWLRQ�WHFKQLTXHV�IRU�ODUJH�DPRXQWV�
��������WRQQHV�\HDU��RI�HOHFWULFDO�HOHFWURQLF�ZDVWH��7KH�YDULRXV�PHWDOOLF�IUDFWLRQV�JR�WR�VPHOWHUV�
IRU�IXUWKHU�VHSDUDWLRQ��&XUUHQWO\��SODVWLFV�FRQWDLQLQJ�EURPLQDWHG�IODPH�UHWDUGDQWV�DUH�JHQHUDOO\�
QRW��UHF\FOHG�LQ�6ZLW]HUODQG���,QVWHDG��DW�,PPDUN��WKH�VHSDUDWHG�SODVWLF�IUDFWLRQ�IURP�WKH�ZDVWH�
JRHV�WR�D�VPHOWHU�LQ�%HOJLXP��8PLFRUH��WR�EH�XVHG�DV�IXHO��RU�WR�KLJK�WHPSHUDWXUH�LQFLQHUDWLRQ��
$W�,PPDUN��ZRUN�LV�EHLQJ�FRQGXFWHG�RQ�VHSDUDWLRQ�WHFKQLTXHV�VR�WKDW�LQ�WKH�IXWXUH�LW�PD\�EH�
SRVVLEOH�WR�VHSDUDWH�SODVWLFV�WKDW�FRQWDLQ�EURPLQDWHG�IODPH�UHWDUGDQWV�DQG�SODVWLFV�WKDW�GR�QRW���
�
,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�UHF\FOLQJ�RI�SODVWLFV�IURP�ZDVWH�PRELOH�SKRQHV�DQG�FRPSXWHUV�LV�
RFFXUULQJ�LQ�WKH�8.�DFFRUGLQJ�WR�WKH�IHZ�FRPSDQLHV�LQYROYHG�LQ�WKH�ZRUN�ZKLFK�ZHUH�FRQWDFWHG�
DV�SDUW�RI�WKLV�VWXG\��$FFRUGLQJ�WR�DQRWKHU�*UHHQSHDFH�VWXG\��SODVWLF�UHF\FOLQJ�IURP�ZDVWH�
HOHFWULFDO�HOHFWURQLF�HTXLSPHQW�LV�DOVR�NQRZQ�WR�EH�RFFXUULQJ�LQ�,QGLD�DQG�&KLQD��,W�LV�SRVVLEOH�
WKDW�KD]DUGRXV�FRPSRXQGV��QDPHO\��EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV��PD\�EH�IRUPHG�
GXULQJ�WKH�UHF\FOLQJ�RI�SODVWLFV�GXH�WR�WKH�SUHVHQFH�RI�EURPLQDWHG�IODPH�UHWDUGDQWV��7KH�DPRXQW�
RI�EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�SURGXFHG�GHSHQGV�RQ�WKH�SURFHVVLQJ�WHPSHUDWXUH�DQG�
WKH�SXULW\�RI�WKH�IODPH�UHWDUGDQW��+DPP�HW�DO���������$�VWXG\�E\�7DQJH�DQG�'URKPDQQ��������
UHSRUWHG�WKDW�VHYHUDO�UHF\FOLQJ�VWXGLHV�KDYH�VKRZQ�WKDW�UHF\FOLQJ�RI�SODVWLFV�FRQWDLQLQJ�
EURPLQDWHG�IODPH�UHWDUGDQWV�FDQ�PHHW�WKH�*HUPDQ�UHJXODWRU\�OLPLWV�RQ�HPLVVLRQV�RI�EURPLQDWHG�
GLEHQ]R�GLR[LQV�DQG�IXUDQV��LI�SURSHU�WHFKQLTXHV�DQG�FRQWUROV�DUH�XVHG���
�
������%XUQLQJ�RI�3ODVWLFV�
$FFRUGLQJ�WR�8.�FRPSDQLHV�WKDW�ZHUH�FRQWDFWHG��VRPH�RI�WKH�SODVWLFV�WKDW�DUH�VHSDUDWHG�
PDQXDOO\�IURP�HOHFWULFDO�HOHFWURQLF�ZDVWH�DUH�EHLQJ�UHF\FOHG��+RZHYHU��=KDQJ�DQG�)RUVVEHUJ�
�������UHSRUWHG�WKDW�WKH�PHFKDQLFDOO\�VHSDUDWHG�QRQ�PHWDO�IUDFWLRQ�RI�WKH�SULQWHG�FLUFXLW�ERDUGV�
LV�ULFK�LQ�KHDWLQJ�SRZHU�DQG�FDQ�EH�XVHG�IRU�FRPEXVWLRQ�SXUSRVHV��7KLV�PD\�EH�VR�EXW�WKHUH�DUH�
HQYLURQPHQWDO�FRQFHUQV�ZLWK�VXFK�DQ�DSSURDFK��7KH�SODVWLFV�FRQWDLQ�EURPLQDWHG�IODPH�
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UHWDUGDQWV�VXFK�WKDW��LI�XVHG�DV�D�IXHO�IRU�FRPEXVWLRQ�SURFHVVHV��LW�FRXOG�UHVXOW�LQ�HPLVVLRQV�RI�
KD]DUGRXV�FRPSRXQGV�LQFOXGLQJ�EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV����
�
2Q�D�VLPLODU�QRWH��ELJ�VPHOWHUV�VXFK�DV�8PLFRUH�LQ�%HOJLXP�DFFHSW�PRELOH�SKRQHV�IRU�VPHOWLQJ�
ZKLFK�KDYH�QRW�KDG�WKH�FDVLQJ�PDQXDOO\�VHSDUDWHG��SHUVRQDO�FRPPXQLFDWLRQ���7KH�FDVLQJ�LV�
EXUQHG�LQ�WKH�VPHOWHU�DQG�LV�VDLG�WR�DFW�DV�D�µIXHO¶�DQG�DOVR�DV�D�VXEVWLWXWH�IRU�FRNH�WKDW�LV�
QRUPDOO\�XVHG�DV�D�UHGXFLQJ�DJHQW�LQ�WKH�VPHOWLQJ�SURFHVV���
�
$�UHSRUW�ZKLFK�ZDV�FRPPLVVLRQHG�E\�WKH�6ZHGLVK�WDNH�EDFN�V\VWHP�IRU�HOHFWURQLF�SURGXFWV��(O�
.UHWVHQ��VWXGLHG�ZKHWKHU�WKH�µGLUHFW�VPHOWHU�URXWH¶�IRU�PRELOH�SKRQHV�ZDV�HQYLURQPHQWDOO\�DQG�
HFRQRPLFDOO\�EHWWHU�RU�ZRUVH�WKDQ�WKH�µGLVDVVHPEO\�URXWH¶�ZKHUH�WKH�FDVLQJ�ZDV�PDQXDOO\�
UHPRYHG�IRU�UHF\FOLQJ��+XLVPDQ��������7KH�FDOFXODWLRQV�LQ�WKH�UHSRUW�ZHUH�EDVHG�DURXQG�
VHQGLQJ�WKH�SKRQHV�WR�WKH�%ROLGHQ�VPHOWHU�IRU�SURFHVVLQJ��7KH�FDOFXODWLRQV�FRQVLGHUHG�WUDQVSRUW�
FRVWV�DQG�WKH�FRVWV�RI�UHF\FOLQJ��7KH�UHSRUW�FRQFOXGHG�WKDW�WKH�µGLUHFW�VPHOWHU�URXWH¶�ZDV�WKH�
PRVW�HFR�HIILFLHQW�SURFHVV��+RZHYHU��WKH�UHSRUW�KDV�EHHQ�FULWLFLVHG�RQ�D�QXPEHU�RI�SRLQWV�E\�
gNRSRO��,QVWLWXWH�IRU�(QYLURQPHQWDO�6WUDWHJLHV��6DQGHU��������7KLV�FULWLTXH�QRWHG�WKDW�WKH�
HQYLURQPHQWDO�HIIHFWV�RI�HPLVVLRQV�IURP�EXUQLQJ�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�WKH�SODVWLFV�
ZHUH�QRW�FRQVLGHUHG�LQ�WKH�(O�.UHWVHQ�UHSRUW��$OVR��WKHUH�ZHUH�XQFHUWDLQWLHV�ZLWK�UHJDUG�WR�WKH�
HFRQRPLF�FDOFXODWLRQ�EHFDXVH�RI�D�ODFN�RI�WUDQVSDUHQF\��,Q�DGGLWLRQ��LW�ZDV�TXHVWLRQHG�ZKHWKHU�
WKH�FDOFXODWLRQV�ZRXOG�EH�WUDQVIHUDEOH�WR�RWKHU�VPHOWHUV�DQG�ZKHWKHU�WKH�WUDQVSRUW�FRVWV�ZRXOG�
EH�WUDQVIHUDEOH�WR�RWKHU�FRXQWULHV���
�
7KH�EXUQLQJ�RI�FRPSOHWH�PRELOH�SKRQHV�LQ�VPHOWHUV�ZLWKRXW�DQ\�SUH�SURFHVVLQJ��DSSHDUV�WR�
FRQWUDYHQH�WKH�FXUUHQW�:(((�'LUHFWLYH�RI�WKH�(8��ZKLFK�VWLSXODWHV�WKH�UHTXLUHPHQW�RI�
GLVPDQWOLQJ�EHIRUH�VPHOWLQJ��)XUWKHUPRUH��WKH�SRVVLEOH�SURGXFWLRQ�RI�HPLVVLRQV�RI�EURPLQDWHG�
GLEHQ]R�GLR[LQV�DQG�IXUDQV�LV�D�FRQFHUQ�IRU�WKH�HQYLURQPHQW�DQG�KXPDQ�KHDOWK��VHH�VHFWLRQ�����
)XUWKHUPRUH��LI�FRQVLGHUHG�IURP�D�ZDVWH�PDQDJHPHQW�SHUVSHFWLYH��UHVSRQVLEOH�ZDVWH�
PDQDJHPHQW�ZRXOG�DOZD\V�OHDG�WR�VHOHFWLRQ�RI�PDWHULDOV�UHFRYHU\�DV�WKH�SUHIHUUHG�RSWLRQ�WR�
FRPEXVWLRQ�RU�ODQGILOOLQJ��8WLOL]DWLRQ�RI�FRPEXVWLRQ�DV�WKH�GLVSRVDO�RSWLRQ�IRU�PRELOH�SKRQH�
SODVWLFV�DFWV�GLUHFWO\�DJDLQVW�LQFHQWLYHV�IRU�WDNH�EDFN�DQG�JUHHQHU�GHVLJQV��
�
������&DWKRGH�5D\�7XEHV�
&DWKRGH�UD\�WXEHV��&57V��DUH�XVHG�LQ�WHOHYLVLRQ�VHWV�DQG�LQ�FRPSXWHU�PRQLWRUV��7KH\�FRQVLVW�RI�
D�JODVV�IXQQHO��ZKLFK�FRQWDLQV�OHDG�R[LGH�LQ�WKH�JODVV��DQG�RQ�WKH�IURQW�RI�WKH�IXQQHO��D�JODVV�
SODWH�ZKLFK�FRQWDLQV�D�KLJK�OHYHO�RI�EDULXP�R[LGH��EXW�QR�OHDG�R[LGH���7KH�IXQQHO�VHFWLRQ�
FRQWDLQV�XS�WR�����OHDG�R[LGH��WKH�QHFN�RI�WKH�IXQQHO�XS�WR�����OHDG�R[LGH��6ROGHU�JODVV�
FRQWDLQLQJ�XS�WR�����OHDG�R[LGH�LV�XVHG�WR�MRLQ�WKH�GLIIHUHQW�SDUWV�RI�WKH�IXQQHO�WRJHWKHU��,&(5�
�������(DFK�&57�PRQLWRU�DQG�79�WKHUHIRUH�FRQWDLQV�DERXW�����NJ�DQG���NJ�RI�OHDG�UHVSHFWLYHO\�
LQ�WKH�IRUP�RI�OHDG�R[LGH��0HQDG��������5HVHDUFK�KDV�VKRZQ�WKDW�ZKHQ�&57V�DUH�GLVSRVHG�RI�LQ�
ODQGILOO�VLWHV��OHDG�FDQ�OHDFK�IURP�WKH�FUXVKHG�JODVV�DQG�FRQWDPLQDWH�JURXQG�ZDWHU��VHH�,&(5�
�������7KLV�KDV�EHHQ�RQH�RI�WKH�PDMRU�UHDVRQV�IRU�WU\LQJ�WR�UHF\FOH�&57V��/HDG�LV�WR[LF�WR�SODQW�
DQG�DQLPDO�FHOOV�DQG�ORQJ�WHUP�H[SRVXUH�FDQ�EH�KDUPIXO�RU�HYHQ�IDWDO��0HQDG��������&DWKRGH�
UD\�WXEHV�DOVR�FRQWDLQ�D�IOXRUHVFHQW�FRDWLQJ�ZKLFK�FRQWDLQV�FDGPLXP�VXOSKLGH�DQG�WR�D�OHVVHU�
H[WHQW�\WWULXP�DQG�]LQF�VXOSKLGHV���
�
7KH�:(((�GLUHFWLYH�RI�WKH�(8�VHWV�WDUJHWV�IRU�WKH�UHF\FOLQJ�RI�&57V�DQG�LQ�$XJXVW������ZLOO�
UHTXLUH�WKDW�SURGXFHUV�SD\�IRU�UHF\FOLQJ�RI��ZDVWH�HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW�IURP�
KRXVHKROGV��&XUUHQWO\��7KH�(XURSHDQ�+D]DUGRXV�:DVWH�&DWDORJXH�FODVVLILHV�&57V�DV�KD]DUGRXV�
ZDVWH�DQG�WKH�/DQGILOO�'LUHFWLYH�UHTXLUHV�&57V�WR�JR�WR�VSHFLDOO\�GHVLJQDWHG�KD]DUGRXV�ZDVWH�
ODQGILOOV��
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�
7KH�DPRXQW�RI�ZDVWH�&57V�LQ�WKH�8.�LQ������ZDV�HVWLPDWHG�WR�EH���������WRQQHV��(VWLPDWLRQV�
IRU������SXW�WKH�DPRXQW�RI�ZDVWH�&57V�DW���������WRQQHV��ZKLFK�LQFOXGHG�D�ORZHU�LQSXW�IURP�
FRPSXWHU�PRQLWRUV�GXH�WR�WKH�VKLIW�WR�IODW�VFUHHQ�GLVSOD\�WHFKQRORJ\�EXW�DQ�LQFUHDVH�IURP�79V�
EHFDXVH�RI�ODUJHU�VFUHHQ�VL]HV��,&(5���������
�
7KH�UHF\FOLQJ�RI�&57V�LV�SUREOHPDWLF�EHFDXVH�WKHUH�LV�D�ODFN�RI�DSSOLFDWLRQV�IRU�JODVV�ZKLFK�
FRQWDLQV�KLJK�OHYHOV�RI�OHDG�R[LGH��,&(5��������QRWHG�WKDW�VRPH�&57V�IURP�HQG�RI�OLIH�
FRPSXWHU�PRQLWRUV�DUH�VHQW�WR�D�FRSSHU�OHDG�VPHOWHU�LQ�(XURSH�ZKHUH�WKH�JODVV�DFWV�DV�D�
VXEVWLWXWH�IRU�VDQG�LQ�WKH�VPHOWLQJ�SURFHVV��+RZHYHU��H[SHULPHQWV�E\�,&(5��������VKRZHG�WKDW�
JODVV�VPHOWLQJ�UHVXOWHG�RQO\�LQ�D������UHGXFWLRQ�RI�OHDG�R[LGH�IURP�WKH�&57�ZDVWH�DQG�EDULXP�
DQG�VWURQWLXP�ZHUH�UHGXFHG�E\�����DQG�����UHVSHFWLYHO\��,W�ZDV�FRQFOXGHG�WKDW��XQGHU�
H[SHULPHQWDO�FRQGLWLRQV��WKH�UHPRYDO�RI�OHDG��EDULXP�DQG�VWURQWLXP�WR�DFFHSWDEO\�ORZ�OHYHOV�
ZDV�QRW�SUDFWLFDO��,W�ZDV�QRWHG�WKDW�VPHOWHG�ZDVWH�JODVV�VKRXOG�QRW�EH�XVHG�LQ�DSSOLFDWLRQV�VXFK�
DV�IRRG�DQG�GULQN�FRQWDLQHUV�ZKHUH�WKHUH�DUH�OLPLWV�RQ�OHDG��EDULXP�DQG�VWURQWLXP�R[LGHV��
$QRWKHU�UHSRUW�E\�,&(5��������QRWHG�WKDW�LW�LI�&57�JODVV�LV�XVHG�LQ�VPHOWLQJ�RSHUDWLRQV��LW�LV�
QHFHVVDU\�WKDW�WKH�OHDG�LQ�WKH�JODVV�FDQ�EH�UHFRYHUHG�DQG�WKDW�WKH�UHVXOWLQJ�VODJ�LV�VXIILFLHQWO\�
QRQ�WR[LF�WR�XVH�LQ�VHFRQGDU\�DSSOLFDWLRQV�VXFK�DV�URDG�DJJUHJDWH��0HQDG��������UHSRUWHG�WKDW�
UHF\FOLQJ�RI�&57V�RQ�DQ�LQGXVWULDO�VFDOH�KDV�EHHQ�DFKLHYHG�E\�VRPH�FRPSDQLHV�LQ�*HUPDQ\�DQG�
86$��2QH�SURFHVV�XVHG�ZDVWH�&57�JODVV�LQ�WKH�PDQXIDFWXUH�RI�QHZ�&57V��$QRWKHU�H[WUDFWHG�
WKH�OHDG�IURP�&57�JODVV�XVLQJ�D�FKHPLFDO�SURFHVV���
�
����3URFHVVHV�WR�5HFRYHU�0HWDOV��&RPSRQHQWV�DQG�3ODVWLFV�LQ�/HVV�'HYHORSHG�&RXQWULHV�
�
$�VWXG\�FRQGXFWHG�E\�*UHHQSHDFH�DW�UHF\FOLQJ�ZRUNVKRSV�LQ�1HZ�'HOKL��,QGLD�DQG�*XL<X��
&KLQD��KDV�UHYHDOHG�WKDW�WKHUH�DUH�D�EURDG�UDQJH�RI�SURFHVVHV�EHLQJ�ZLGHO\�XVHG�LQ�VPDOO��EDFN�
VWUHHW�RSHUDWLRQV�WR�UHFRYHU�PDWHULDOV�IURP�HOHFWULFDO�HOHFWURQLF�ZDVWH��7KHVH�VPDOO�ZRUNVKRSV�
RSHUDWH�ZLWK�RQO\�UXGLPHQWDU\�HTXLSPHQW��,Q�,QGLD��RQH�WHFKQLTXH�WR�UHFRYHU�VROGHU�IURP�SULQWHG�
FLUFXLW�ERDUGV�LQYROYHG�KHDWLQJ�RYHU�DQ�RSHQ�IODPH��ZKLOVW�LQ�&KLQD��WKLV�SURFHVV�ZDV�W\SLFDOO\�
FRQGXFWHG�E\�KHDWLQJ�RQ�KRW�SODWHV��%RWK�WHFKQLTXHV�PD\�FDXVH�HPLVVLRQV�RI�PHWDOV�WR�DLU�DQG�
SRVVLEOH�KXPDQ�H[SRVXUH�DQG�OLNHO\�HPLVVLRQV�RI�EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�IURP�
KHDWLQJ�WKH�SODVWLFV��)ROORZLQJ�UHPRYDO�RI�WKH�VROGHU��VRPH�RI�WKH�FRPSRQHQWV�RI�WKH�SULQWHG�
FLUFXLW�ERDUGV�ZHUH�UHPRYHG�IRU�UH�XVH��2WKHU�FRPSRQHQWV�ZHUH�JURXQG�GRZQ�PHFKDQLFDOO\�WR�
IXUWKHU�UHFRYHU�PHWDOV��7KLV�SURFHVV�ZRXOG�UHVXOW�LQ�SURGXFWLRQ�RI�GXVWV�FRQWDLQLQJ�PHWDOV�DQG�
SRVVLEOH�KXPDQ�H[SRVXUH�YLD�LQKDODWLRQ�RI�GXVWV��,Q�VRPH�FDVHV��PHFKDQLFDO�VKUHGGLQJ�RI�
SULQWHG�FLUFXLW�ERDUGV�ZDV�FDUULHG�RXW�WR�UHFRYHU�PHWDOV�DQG�SODVWLF�ZDV�JURXQG�GRZQ�IRU�
UHF\FOLQJ��:DVWHV�ZHUH�DOVR�EXUQHG�LQ�RSHQ�ILUHV�WR�EXUQ�RII�WKH�SODVWLFV�DQG�UHFRYHU�PHWDOV��
7KLV�SURFHVV�ZRXOG�SRVVLEO\�UHVXOW�LQ�HPLVVLRQV�RI�PHWDOV�DQG�EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�
IXUDQV���
�
$QRWKHU�WHFKQLTXH�XVHG�LQ�ERWK�,QGLD�DQG�&KLQD�ZDV�DFLG�SURFHVVLQJ�RI�HOHFWULFDO�HOHFWURQLF�
ZDVWH�WR�UHFRYHU�PHWDOV��:DVWH�DFLGV�IURP�WKLV�SURFHVV��ZKLFK�FRQWDLQHG�KLJK�FRQFHQWUDWLRQV�RI�
PHWDOV��ZHUH�GXPSHG�GLUHFWO\�RQ�WKH�JURXQG�RU�LQ�ULYHUV��7KLV�ZRXOG�LQHYLWDEO\�UHVXOW�LQ�
HQYLURQPHQWDO�FRQWDPLQDWLRQ�ZLWK�DFLGV�DQG�PHWDOV��
�
$�WHFKQLTXH�IRXQG�LQ�&KLQD�ZDV�WKH�VKUHGGLQJ�RI�HOHFWURQLF�ZDVWH�IROORZHG�E\�YLEUDWLRQ�WR�
VHSDUDWH�RXW�GLIIHUHQW�IUDFWLRQV��:DVWH�IUDFWLRQV�IURP�WKLV�SURFHVV�ZHUH�GXPSHG�LQWR�ULYHUV��7KLV�
ZRXOG�UHVXOW�LQ�HQYLURQPHQWDO�FRQWDPLQDWLRQ�ZLWK�PHWDOV�DQG�SODVWLFV�FRQWDLQLQJ�EURPLQDWHG�
IODPH�UHWDUGDQWV���
�
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�
���)RUPDWLRQ�RI�%URPLQDWHG�DQG�%URPLQDWHG�&KORULQDWHG�'LEHQ]RGLR[LQV�DQG�
'LEHQ]RIXUDQV�IURP�%URPLQDWHG�)ODPH�5HWDUGDQWV�
�
3RO\FKORULQDWHG�GLEHQ]RGLR[LQV��3&''V��DQG�SRO\FKORULQDWHG�GLEHQ]RIXUDQV��3&')V���DOVR�
NQRZQ�UHVSHFWLYHO\�DV�GLR[LQV�DQG�IXUDQV��DUH�SHUKDSV�RQH�RI�WKH�PRVW�ZHOO�NQRZQ�FODVVHV�RI�
HQYLURQPHQWDO�SROOXWDQWV��7KH\�DUH�SHUVLVWHQW���UHVLVW�QDWXUDO�EUHDNGRZQ�SURFHVVHV���
ELRDFFXPXODWLYH���EXLOG�XS�LQ�WLVVXHV�RI�DQLPDOV�DQG�KXPDQV���DQG�H[HUW�D�ZLGH�UDQJH�RI�WR[LF�
HIIHFWV��7KH\�DUH�IRUPHG�XQLQWHQWLRQDOO\�DV�E\�SURGXFWV�RI�YDULRXV�LQGXVWULDO�SURFHVVHV��XVXDOO\�
LQYROYLQJ�FKORULQH�RU�FKORULQDWHG�FKHPLFDOV��2QH�ZD\�WKDW�GLR[LQV�DQG�IXUDQV�FDQ�EH�IRUPHG�LV�
E\�LQFRPSOHWH�FRPEXVWLRQ�SURFHVVHV��G¶6LOYD�HW�DO��������DQG�FRQVHTXHQWO\�RQH�RI�WKH�VRXUFHV�
RI�WKHVH�FKHPLFDOV�RYHU�UHFHQW�GHFDGHV�KDV�EHHQ�IURP��LQFLQHUDWRUV��6WULQJHU�DQG�-RKQVWRQ�������
$OOVRSS�HW�DO���������$OWKRXJK�WKHVH�FKORULQDWHG�GLR[LQV�DQG�IXUDQV�KDYH�GRPLQDWHG�SROOXWLRQ�
LVVXHV�EHFDXVH�WKH\�DUH�ZLGHVSUHDG�JOREDO�SROOXWDQWV�DQG�DUH�H[WUHPHO\�WR[LF��WKHLU�EURPLQDWHG�
FRXQWHUSDUWV�DUH�DOVR�SURGXFHG�XQLQWHQWLRQDOO\�E\�VRPH�RI�WKH�VDPH�SURFHVVHV��)RU�LQVWDQFH��
EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV��3%''�)V��KDYH�EHHQ�GHWHFWHG�LQ�LQFLQHUDWRU�HPLVVLRQV�
DQG�LQ�IO\�DVK��%LUQEDXP�HW�DO���������6WXGLHV�VXJJHVW�WKDW�3%''�)V��DQG�PL[HG�EURPLQDWHG�
FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV��H[HUW�D�VLPLODU�UDQJH�RI�WR[LF�HIIHFWV�WR�WKHLU�FKORULQDWHG�
FRXQWHUSDUWV��VHH�WH[W�ER[���%LUQEDXP�HW�DO��������0HQQHDU�DQG�/HH���������
�
$V�GLVFXVVHG�LQ�VHFWLRQ��������RQH�PHWKRG�RI�UHF\FOLQJ�ZDVWH�HOHFWURQLF�DQG�HOHFWULFDO�
HTXLSPHQW�LV�E\�VPHOWLQJ�DQG�UHILQLQJ�WR�UHFRYHU�PHWDOV��+RZHYHU��LW�KDV�EHHQ�QRWHG�WKDW�D�
VLJQLILFDQW�GUDZEDFN�RI�WKHUPDO�WUHDWPHQW�RI�VXFK�ZDVWH�LV�WKH�OLNHO\�SURGXFWLRQ�RI�GLR[LQV�DQG�
IXUDQV��/XGD�HW�DO���������7KLV�LV�GXH�WR�WKH�SUHVHQFH�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�WKH�
SODVWLFV�WKDW�FDQ�UHVXOW�LQ�WKH�SURGXFWLRQ�RI�EURPLQDWHG�RU�PL[HG�EURPLQDWHG�FKORULQDWHG�
GLEHQ]R�GLR[LQV�DQG�IXUDQV�ZKHQ�FRPEXVWHG��7KHUH�LV�HYLGHQFH�IURP�ODERUDWRU\�H[SHULPHQWV��
DQG�IURP�WHVWV�DW�PXQLFLSDO�ZDVWH�LQFLQHUDWRUV��WKDW�WKH�WKHUPDO�WUHDWPHQW�RI�EURPLQDWHG�IODPH�
UHWDUGDQWV�FDQ�FDXVH�WKH�UHOHDVH�RI�WKHVH�GLR[LQV�DQG�IXUDQV�DV�GLVFXVVHG�EHORZ��
�
����7KHUPDO�7UHDWPHQW�RI�%URPLQDWHG�)ODPH�5HWDUGDQWV�
,Q�D�UHYLHZ�RI�YDULRXV�WKHUPDO�WUHDWPHQWV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV��:HEHU�DQG�.XFK�
�������UHSRUWHG�WKDW�QXPHURXV�ODERUDWRU\�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�WKHUPDO�WUHDWPHQW�RI�
EURPLQDWHG�IODPH�UHWDUGDQWV�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�SRO\EURPLQDWHG�GLEHQ]R�GLR[LQV�
�3%''V��DQG�SRO\EURPLQDWHG�GLEHQ]R�IXUDQV��3%')V���)RU�H[DPSOH��KHDWLQJ�RI�WZR�W\SHV�RI�
EURPLQDWHG�IODPH�UHWDUGDQWV��QDPHO\�3%'(V�DQG�7%%3�$��WHWUDEURPRELVSKHQRO�$���WR�
WHPSHUDWXUHV�RI�����WR�����R&�LQ�RYHQV�RU�TXDUW]�WXEHV�YLDOV��UHVXOWHG�LQ�WKH�SURGXFWLRQ�RI�
3%''�)V��7KHVH�GLR[LQV�DQG�IXUDQV�PD\�EH�SURGXFHG�GLUHFWO\�IURP�WKH�3%'(V�DQG�7%%3�$�
WKHPVHOYHV�XQGHU�WKHUPDO�VWUHVV��$OWHUQDWLYHO\��KHDWLQJ�3%'(V�DQG�7%%3�$�PD\�ILUVW�FDXVH�WKH�
IRUPDWLRQ�RI��EURPRSKHQROV��FKHPLFDOV�ZKLFK�FDQ�WKHQ�VXEVHTXHQWO\�IRUP�3%''�)V��)RU�
LQVWDQFH��%DURQWLQL�HW�DO���������WKHUPDOO\�WUHDWHG�7%%3�$�DQG��UHSRUWHG�WKH�SURGXFWLRQ�RI�
DSSUHFLDEOH�TXDQWLWLHV�RI�������WULEURPRSKHQRO��D�SRVVLEOH�SUHFXUVRU�WR�3%''V��7KHUPDO�
WUHDWPHQW�RI�WKH�DQRWKHU�EURPLQDWHG�IODPH�UHWDUGDQW��KH[DEURPRF\FORGHFDQH��+%&'���KDV�EHHQ�
VKRZQ�WR�SURGXFH�ORZ�OHYHO�HPLVVLRQV�RI�3%')V��'XPOHU�HW�DO���������
�
����8QFRQWUROOHG�%XUQLQJ�RI�%URPLQDWHG�)ODPH�5HWDUGDQWV�
3%''�)V�DUH�NQRZQ�WR�EH�IRUPHG�GXULQJ�H[SHULPHQWDO�ILUHV�RI�SODVWLFV�FRQWDLQLQJ�EURPLQDWHG�
IODPH�UHWDUGDQWV�DQG�IURP�DFFLGHQWDO�ILUHV��7KH�SUHVHQFH�RI�EURPLQH�LQ�D�ILUH�LQKLELWV�
FRPEXVWLRQ��(YDQV�DQG�'HOOLQJHU��������,QGHHG��LW�LV�IRU�WKLV�SXUSRVH�WKDW�EURPLQDWHG�IODPH�
UHWDUGDQWV�KDYH�EHHQ�GHYHORSHG�DQG�DUH�VR�ZLGHO\�XVHG�LQ�HOHFWULFDO�HOHFWURQLF�HTXLSPHQW���
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(QYLURQPHQWDO�2FFXUUHQFH�DQG�+HDOWK�(IIHFWV�RI�3RO\EURPLQDWHG�'LEHQ]R�'LR[LQV�DQG�
)XUDQV�
�
3RO\EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV��3%''�)V��RFFXU�DV�WUDFH�FRQWDPLQDWHV�LQ�EURPLQDWHG�IODPH�
UHWDUGDQWV�DQG�DUH�SURGXFHG�E\�FRPEXVWLRQ�RI�WKHVH�FKHPLFDOV��3%''�)V�DUH�DOVR�SURGXFHG�ZKHQ�RUJDQLF�
VXEVWDQFHV�DUH�LQFLQHUDWHG�LQ�WKH�SUHVHQFH�RI�EURPLQH�VXFK�DV�LQ�PXQLFLSDO�RU�LQGXVWULDO�LQFLQHUDWRUV��0HQQHDU�
DQG�/HH��������7KHUH�LV�WKH�SRWHQWLDO�IRU�WKH�H[LVWHQFH�RI�QHDUO\������GLIIHUHQW�EURPLQH�FRQWDLQLQJ�GLR[LQV�DQG�
IXUDQV�����3%''V������3%')V�������PL[HG�EURPLQDWHG�FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG������PL[HG�
EURPLQDWHG�FKORULQDWHG�GLEHQ]R�IXUDQV��%LUEDXP�HW�DO����������
�
6WXGLHV�VXJJHVW�WKDW�3%''�)V�PD\�EH�GHJUDGHG�E\�OLJKW��SKRWRO\WLF�GHJUDGDWLRQ��EXW�PRUH�VWXGLHV�DUH�QHHGHG�
EHIRUH�DQ\�FRQFOXVLRQ�FDQ�EH�UHDFKHG��%LUQEDXP�HW�DO���������QRWHG�WKDW�WKH�HQYLURQPHQWDO�DQG�KXPDQ�KHDOWK�
ULVN�IURP�EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�LV�GLIILFXOW�WR�JDXJH�EHFDXVH�WKHUH�LV�YLUWXDOO\�QR�GDWD�RQ�
HQYLURQPHQWDO�RFFXUUHQFH�RI�WKHVH�FKHPLFDOV��ZKHWKHU�WKH\�SHUVLVW�LQ�WKH�HQYLURQPHQW�RU�DUH�GHJUDGHG��DQG�
WKHUHIRUH�OLWWOH�LV�NQRZQ�DERXW�H[SRVXUH��6LQFH�WKLV�ZDV�UHSRUWHG��KRZHYHU��RQH�VWXG\�KDV�GHWHFWHG�3%''�)V�
DQG�PL[HG�EURPLQDWHG�FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�LQ�DLU�VDPSOHV�WDNHQ�LQ�.\RWR��-DSDQ�
�+D\DNDZD�HW�DO��������DQG�DQRWKHU�KDV�GHWHFWHG�3%''�)V�LQ�KXPDQ�DGLSRVH�WLVVXH�IURP�WKH�JHQHUDO�
SRSXODWLRQ�LQ�-DSDQ��&KRL�HW�DO���������7KXV�WKH�SUHVHQFH�RI�WKHVH�FKHPLFDOV�LQ�WKH�HQYLURQPHQW�KDV�EHHQ�
FRQILUPHG��7KH�VWXG\�RQ�DLU�VDPSOLQJ�GHWHFWHG�WUDFH�TXDQWLWLHV�RI�3%''V�LQ�DLU�VDPSOHV�EXW�KLJKHU�TXDQWLWLHV�
RI�3%')V�DQG�PRQREURPR�SRO\FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV��5HVXOWV�VXJJHVWHG�WKDW�RQH�RI�WKH�
VRXUFHV�RI�WKH�PRQREURPR�SRO\FKORULQDWHG�GLEHQ]R�GLR[LQV�ZDV�LQFLQHUDWLRQ��$OVR��WKH�OHYHOV�RI�3%''�)V�LQ�
WKH�DWPRVSKHUH�UHODWHG�WR�WKDW�RI�EURPLQDWHG�IODPH�UHWDUGDQWV��VSHFLILFDOO\�WKH�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��
RU�3%'(V���7KLV�VXJJHVWHG�WKDW�3%''�)V�LQ�WKH�DWPRVSKHUH�PD\�DULVH�DV�LPSXULWLHV�RI�3%'(�SURGXFWV�RU�PD\�
EH�IRUPHG�GXULQJ�WKH�FRPEXVWLRQ�RI�SODVWLFV�FRQWDLQLQJ�3%'(V��7KH�VWXG\�RQ�KXPDQ�DGLSRVH�WLVVXH�IURP�
-DSDQ�QRWHG�WKDW��ZKHUHDV�SUHYLRXV�UHVHDUFK�LQ�WKH�8QLWHG�6WDWHV�DQG�6ZHGHQ�KDG�QRW�IRXQG�3%''�)V�LQ�
KXPDQ�WLVVXH��VDOPRQ�RU�RVSUH\���WKUHH�3%''�)V�ZHUH�GHWHFWDEOH�LQ�KXPDQ�WLVVXH�VDPSOHV�WKDW�ZHUH�WHVWHG�LQ�
-DSDQ��7KHVH�ZHUH����������WHWUDEURPR�GLEHQ]R�GLR[LQ�DQG�IXUDQ��ZKLFK�DUH�NQRZQ�WR�EH�WR[LF�WR�ODERUDWRU\�
DQLPDOV��DQG�����������SHQWDEURPR�GLEHQ]R�IXUDQ��&KRL�HW�DO���������
�
7KHUH�KDV�EHHQ�H[WHQVLYH�UHVHDUFK�LQWR�WKH�WR[LFLW\�RI�SRO\FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV��3&''�)V���
SDUWLFXODUO\�WKH�PRVW�WR[LF�FRQJHQHU�RI�WKLV�JURXS����������WHWUDFKORURGLEHQ]R�S�GLR[LQ��7&''���7KHUH�KDV�
EHHQ�OHVV�UHVHDUFK�RQ�3%''�)V�DQG�PL[HG�EURPLQDWHG�FKORULQDWHG�GLR[LQV�DQG�IXUDQV��EXW�VWXGLHV�VXJJHVW�WKDW�
ELRORJLFDO�HIIHFWV�RI�WKHVH�EURPLQDWHG�FRPSRXQGV�DUH�VLPLODU�WR�WKHLU�FKORULQDWHG�FRXQWHUSDUWV��%LUEDXP�HW�DO��
������0HQQHDU�DQG�/HH��������)RU�H[DPSOH��HVVHQWLDOO\�DOO�RI�WKH�FODVVLF�HIIHFWV�GHPRQVWUDWHG�LQ�DQLPDO�
VWXGLHV�IRU�7&''�DQG�RWKHU�FKORULQDWHG�GLR[LQV�DQG�IXUDQV�KDYH�DOVR�EHHQ�REVHUYHG�IRU�3%''�)V��7KH�HIIHFWV�
LQFOXGH�OHWKDOLW\��ZHLJKW�ORVV��WK\PLF�DWURSK\��UHSURGXFWLYH�HIIHFWV��HQ]\PH�LQGXFWLRQ��VNLQ�OHVLRQV�DQG�WR[LFLW\�
WR�WKH�LPPXQH�V\VWHP��%LUQEDXP�HW�DO���������,Q�DGGLWLRQ��3%''�)V��OLNH�7&''��DUH�SRWHQW�GHYHORSPHQWDO�
WR[LQV�LQ�PLFH��WKDW�LV��WKH\�DGYHUVHO\�DIIHFW�WKH�GHYHORSLQJ�IRHWXV��0HQQHDU�DQG�/HH��������7KH�PHFKDQLVP�
E\�ZKLFK�WR[LF�HIIHFWV�DUH�FDXVHG�E\�3%''�)V�LV�WKH�VDPH�DV�3&''�)V��0HQQHDU�DQG�/HH��������QRWHG�WKDW�
3%''�)V�VKRXOG�DOVR�EH�FRQVLGHUHG�WR�EH�KXPDQ�FDUFLQRJHQV�OLNH�WKH�FKORULQDWHG�GLR[LQV�DQG�IXUDQV��,Q�
DQLPDO�H[SHULPHQWV��WKH�PL[HG�EURPLQDWHG�FKORULQDWHG�GLR[LQV�DQG�IXUDQV�KDYH�EHHQ�VKRZQ�WR�EH�HTXDOO\�RU�
HYHQ�PRUH�SRWHQW�WKDQ�7&''�LQ�VRPH�FDVHV��%LUEDXP�HW�DO����������
�
:LWK�UHJDUG�WR�KXPDQV��WKHUH�DUH�DOPRVW�QR�GDWD�RQ�HIIHFWV�RI�3%''�)V��%LUQEDXP�HW�DO���������+RZHYHU��
IURP�DQLPDO�GDWD�RQ�3%''�)V��DQG�KXPDQ�WR[LFLW\�GDWD�RI�3&''�)V��LW�ZDV�VXJJHVWHG�WKDW�WKH�KXPDQ�KHDOWK�
KD]DUGV�WKDW�FRXOG�EH�DVVRFLDWHG�ZLWK�H[SRVXUHV�WR�WKH�EURPLQDWHG�FRPSRXQGV�LQFOXGH�FDUFLQRJHQLFLW\��
GHYHORSPHQWDO�WR[LFLW\��VNLQ�WR[LFLW\��OLYHU�WR[LFLW\��JDVWURLQWHVWLQDO�GLVRUGHUV�DQG�WR[LFLW\�WR�WKH�LPPXQH�
V\VWHP��0HQQHDU�DQG�/HH��������,W�ZDV�DOVR�VXJJHVWHG�WKDW�JLYHQ�WKH�FRPPRQ�PHFKDQLVP�RI�DFWLRQ�DQG�
HIIHFWV�RI�3%''�)V�FRPSDUHG�WR�3&''�)V��LW�LV�UHDVRQDEOH�WR�SUHGLFW�WKDW�H[SRVXUH�WR�3%''�)V�ZLOO�DGG�WR�
WKH�WRWDO�GLR[LQ�ERG\�EXUGHQ����QJ�7(4�NJ�ERG\�ZHLJKW���ZKLFK�LV�DOUHDG\�DW�RU�QHDU�WR�WKDW�ZKHUH�HIIHFWV�PD\�
EH�RFFXUULQJ�LQ�WKH�JHQHUDO�SRSXODWLRQ��%LUEDXP�HW�DO���������
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+RZHYHU��WKH�DFWLRQ�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�LQKLELWLQJ�FRPSOHWH�FRPEXVWLRQ�FDQ�LQ�
WXUQ�UHVXOW�LQ�WKH�IRUPDWLRQ�RI�SURGXFWV�RI�LQFRPSOHWH�FRPEXVWLRQ�VXFK�DV�3%''�)V����,Q�
DFFLGHQWDO�ILUHV��WKH�SUHVHQFH�RI�EURPLQH�ZLOO�EH�VXIILFLHQW�WR�LQKLELW�FRPSOHWH�FRPEXVWLRQ�DQG�
WKXV�LQFUHDVH�WKH�OLNHOLKRRG�RI�WKH�IRUPDWLRQ�RI�SURGXFWV�RI�LQFRPSOHWH�FRPEXVWLRQ�VXFK�DV�
3%''�)V��(YDQV�DQG�'HOOLQJHU��������:HEHU�DQG�.XFK��������QRWHG�WKDW�3%''�)V�DUH�IRUPHG�
LQ�H[SHULPHQWDO�ILUHV�RI�HOHFWULFDO�DSSOLDQFHV�DQG�LQ�DFFLGHQWDO�ILUHV��,Q�RQH�DFFLGHQWDO�ILUH��D�
KLJK�OHYHO�RI�3%''�)V�ZDV�SUHVHQW�LQ�WKH�UHVLGXHV�RI�D�EXUQHG�79�FDVH�PRVW�OLNHO\�EHFDXVH�RI�
WKH�FRPEXVWLRQ�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�WKH�SODVWLF��=HOLQVNL�HW�DO���������
�
�$�VWXG\�E\�*UHHQSHDFH�LQ�&KLQD�DQG�,QGLD�KDV�UHYHDOHG�WKDW�VROGHU�IURP�SULQWHG�FLUFXLW�ERDUGV�
LV�UHFRYHUHG�E\�KHDWLQJ�RQ�KRW�SODWHV�RU�RYHU�D�RSHQ�IODPH��,Q�DGGLWLRQ��VRPH�
HOHFWULFDO�HOHFWURQLF�ZDVWHV�DUH�EXUQHG�LQ�ILUHV�WR�UHPRYH�SODVWLFV�DQG�UHFRYHU�PHWDOV��,Q�DOO�RI�
WKHVH�SURFHVVHV��EURPLQDWHG�IODPH�UHWDUGDQWV�SUHVHQW�LQ�SODVWLF�DUH�KHDWHG���&RQVLGHULQJ�WKH�
ODERUDWRU\�HYLGHQFH�RQ�EXUQLQJ�EURPLQDWHG�IODPH�UHWDUGDQWV��DV�GLVFXVVHG�DERYH��LW�LV�KLJKO\�
OLNHO\�WKDW�3%''�)V�DQG�PL[HG�FKORULQDWHG�EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�ZLOO�EH�
HPLWWHG�WR�DLU�IURP�DOO�RI�WKHVH�SURFHVVHV��
�
����,QFLQHUDWRUV�
�
:LWK�UHJDUG�WR�IXOO�VFDOH�RSHUDWLQJ�LQFLQHUDWRUV��LW�KDV�EHHQ�UHSRUWHG�WKDW�D�YHU\�KLJK�
FRQFHQWUDWLRQ�RI�3%''�)V�ZDV�GHWHFWHG�LQ�D�PXQLFLSDO�LQFLQHUDWRU�LQ�*HUPDQ\�GXULQJ�WKH�
LQFLQHUDWLRQ�RI�SULQWHG�ZLUH�ERDUGV��L�H��FLUFXLW�ERDUGV���0HQDG�HW�DO���������7KLV�LV�RI�JUHDW�
FRQFHUQ�VLQFH�%HWUDP�HW�DO���������UHSRUWHG�WKDW�D�VLJQLILFDQW�SURSRUWLRQ�RI�ZDVWH�HOHFWULFDO�DQG�
HOHFWURQLF�HTXLSPHQW�LQ�(XURSH�LV�VWLOO�GLVSRVHG�RI�DV�SDUW�RI�WKH�PXQLFLSDO�ZDVWH�VWUHDP��D�URXWH�
WKDW�LQFOXGHV�LQFLQHUDWLRQ��7KLV�LV�DOVR�D�OLNHO\�VFHQDULR�LQ�PDQ\�RWKHU�FRXQWULHV��
�
:HEHU�DQG�.XFK��������QRWHG�WKDW�VWXGLHV�KDYH�VKRZQ�WKDW�DQ�LQFUHDVH�LQ�EURPLQH�LQSXW�GXULQJ�
WHVWV�DW�LQFLQHUDWRUV�UHVXOWHG�LQ�LQFUHDVHG�OHYHOV�RI�KDORJHQDWHG�GLR[LQV�DQG�IXUDQV��2QH�RI�WKHVH�
VWXGLHV�DOVR�UHSRUWHG�DQ�LQFUHDVH�LQ�FKORULQDWHG�GLR[LQV�DQG�IXUDQV�ZKHQ�ZDVWH�HOHFWURQLFV�
FRQWDLQLQJ�3%'(V�ZDV�FRPEXVWHG��VHH�9HKORZ�HW�DO���������,QWHUHVWLQJO\��HQKDQFHG�IRUPDWLRQ�
RI�3&''�)V�ZDV�DOVR�REVHUYHG�LQ�DQ�H[SHULPHQWDO�LQFLQHUDWRU�LQ�UHVSRQVH�WR�WKH�DGGLWLRQ�RI�
EURPLQH��/HPLHX[�DQG�5\DQ����������
�
6HYHUDO�VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�IRUPDWLRQ�RI�3%''�)V�IURP�EURPLQDWHG�IODPH�UHWDUGDQWV�
LQ�H[SHULPHQWDO�LQFLQHUDWRUV���:KHUHDV�VRPH�VWXGLHV�LQGLFDWH�D�OLQN�EHWZHHQ�WKH�SUHVHQFH�RI�
EURPLQDWHG�FRPSRXQGV�LQ�WKH�ZDVWH�VWUHDP�DQG�EURPLQDWHG�GLR[LQ�IXUDQ�IRUPDWLRQ��WKLV�LV�QRW�
ERUQH�RXW�E\�DOO�VWXGLHV���)RU�LQVWDQFH��LQ�VRPH�VWXGLHV�RQ�WHVW�LQFLQHUDWRUV��RQO\�LQVLJQLILFDQW�
DPRXQWV�RI�3%''�)V�ZHUH�IRXQG��EXW�LQ�RWKHU�FDVHV�VLJQLILFDQW�TXDQWLWLHV�ZHUH�GHWHFWHG�DV�
GLVFXVVHG�EHORZ��
�
,Q�WKHLU�UHYLHZ��:HEHU�DQG�.XFK��������QRWH�WZR�VWXGLHV�LQ�SDUWLFXODU��6DNDL�HW�DO�������DQG�
9HKORZ�HW�DO��������ZKLFK�LQGLFDWH�WKDW�EURPLQDWHG�IODPH�UHWDUGDQWV�FDQ�LQ�IDFW�EH�GHVWUR\HG�
XVLQJ�FRQWUROOHG�FRPEXVWLRQ�FRQGLWLRQV�DQG�WKDW�RQO\�D�OLPLWHG�DPRXQW�RI�EURPLQDWHG�RU�PL[HG�
EURPLQDWHG�FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�DUH�WKHUHDIWHU�SURGXFHG�LQ�WKH�UHVXOWLQJ�IOXH�
JDVHV��
�
)RU�H[DPSOH��6DNDL�HW�DO���������FRPEXVWHG�3%'(V��79�FDVLQJ�DQG�SULQWHG�FLUFXLW�ERDUGV�LQ�D�
ODERUDWRU\�EDVHG�WHVW�LQFLQHUDWRU�DQG�GHWHFWHG�RQO\�OLPLWHG�DPRXQWV�RI�3%''�)V�DQG�PL[HG�
EURPLQDWHG�FKORULQDWHG�GLR[LQV�DQG�IXUDQV�LQ�WKH�IOXH�JDV�DQG�LQ�LQFLQHUDWLRQ�UHVLGXHV��
&RPEXVWLRQ�RI�D�PL[WXUH�RI�79�FDVLQJ�DQG�SULQWHG�FLUFXLW�ERDUGV�\LHOGHG�D�WRWDO�FRQFHQWUDWLRQ�
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RI�FKORULQDWHG��EURPLQDWHG�DQG�PL[HG�FKORULQDWHG�EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�LQ�WKH�
RXWSXW�WKDW�ZDV�OHVV�WKDQ�WKDW�GHWHFWHG�LQ�WKH�ZDVWH�LWVHOI�EHIRUH�EXUQLQJ��2YHUDOO��WKH�VWXG\�
VKRZHG�WKDW�3%''�)V�ZHUH�GHVWUR\HG�LQ�WKLV�LQFLQHUDWLRQ�V\VWHP�EXW�DOVR�VWUHVVHG�WKDW�IXUWKHU�
WHVWLQJ�XVLQJ�RWKHU�IXUQDFHV�DQG�IODPH�UHWDUGHG�SODVWLFV�ZRXOG�EH�QHFHVVDU\�LQ�RUGHU�WR�GUDZ�
PRUH�JHQHUDO�FRQFOXVLRQV���
�
9HKORZ�HW�DO���������FRPEXVWHG�PXQLFLSDO�ZDVWH�PL[HG�ZLWK�ZDVWH�HOHFWULFDO�DQG�HOHFWURQLF�
SODVWLFV�LQ�D�WHVW�LQFLQHUDWRU�DQG�IRXQG�YLUWXDOO\�QR�3%''�)V�LQ�WKH�HPLWWHG�JDV�DQG�RQO\�OLPLWHG�
DPRXQWV�RI�PL[HG�EURPLQDWHG�FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV��7KH�PL[HG�EURPLQDWHG�
FKORULQDWHG�GLR[LQV�DQG�IXUDQV�WKDW�ZHUH�GHWHFWHG�PRVWO\�FRQWDLQHG�RQH�EURPLQH�DWRP�DQG�WKH�
IRUPDWLRQ�RI�IXUDQV�H[FHHGHG�WKDW�RI�GLR[LQV��+RZHYHU��WKH�IRUPDWLRQ�RI�EURPLQH�FRQWDLQLQJ�
IXUDQV�GLG�LQFUHDVH�ZLWK�LQFUHDVLQJ�EURPLQH�LQSXW�LQ�WKH�ZDVWH��7KLV�VXJJHVWHG�WKDW�WKH�IXUDQV�
FRXOG�EH�SURGXFHG�DV�D�UHVXOW�RI�WKH�SUHVHQFH�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�WKH�ZDVWH���
�
$QRWKHU�VWXG\�DW�WKH�VDPH�WHVW�LQFLQHUDWRU�FRPEXVWHG�D�PL[WXUH�RI�PXQLFLSDO�ZDVWH�ZLWK�SODVWLFV�
FRQWDLQLQJ�EURPLQDWHG�IODPH�UHWDUGDQWV�DQG�UHSRUWHG�WKDW�WKH�SURGXFWLRQ�RI�3%''�)V�ZDV�QRW�
DOWHUHG�E\�WKH�SUHVHQFH�RI�EURPLQH�FRQWDLQLQJ�ZDVWH��7DQJH�DQG�'URKPDQQ��������+RZHYHU��
WKLV�ODWHU�VWXG\�GLG�QRW�PRQLWRU�PL[HG�EURPLQDWHG�FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�ZKLFK�
PD\�KDYH�EHHQ�SURGXFHG��
�
'HVSLWH�WKH�ILQGLQJV�VXPPDULVHG�DERYH��RWKHU�VWXGLHV�XVLQJ�WHVW�LQFLQHUDWRUV�KDYH�VKRZQ�WKDW�
EURPLQDWHG�DQG�EURPLQDWHG�FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�FDQ�EH�SURGXFHG�LQ�
VLJQLILFDQW�TXDQWLWLHV�DV�D�UHVXOW�RI�WKH�FRPEXVWLRQ�RI�EURPLQDWHG�IODPH�UHWDUGDQWV��)RU�H[DPSOH��
)XQFNH�DQG�+HPPLQJKDXV��������XVHG�WKH�VDPH�WHVW�LQFLQHUDWRU�DV�9HKORZ�HW�DO���������DQG�
7DQJH�DQG�'URKPDQQ���������EXW�IRXQG�WKDW�GLR[LQV�DQG�IXUDQV�ZHUH�SURGXFHG�DV�D�UHVXOW�RI�WKH�
FRPEXVWLRQ�RI�EURPLQDWHG�IODPH�UHWDUGDQWV��7KH�VWXG\�LQYROYHG�FRPEXVWLRQ�RI�PXQLFLSDO�ZDVWH�
DQG�FR�FRPEXVWLRQ�RI�PXQLFLSDO�ZDVWH�ZLWK�HOHFWULFDO�HOHFWURQLF�ZDVWH�FRQWDLQLQJ�EURPLQDWHG�
IODPH�UHWDUGDQWV��:KHQ�WKH�HOHFWULFDO�HOHFWURQLF�ZDVWH�ZDV�DGGHG��WKH�TXDQWLW\�RI�3%''�)V�DQG�
PL[HG�EURPLQDWHG�FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�LQ�WKH�IOXH�JDV�LQFUHDVHG��7KH�
LQFUHDVH�LQ�EURPLQDWHG�FKORULQDWHG�GLR[LQV�DQG�IXUDQV�FRUUHODWHG�ZLWK�WKH�LQFUHDVH�LQ�EURPLQH�
FRQWHQW�RI�WKH�ZDVWH���
�
,Q�DQRWKHU�VWXG\��6|GHUVWU|P�DQG�0DUNOXQG��������WHVWHG�WKH�FRPEXVWLRQ�RI�PXQLFLSDO�ZDVWH�
SOXV�3%'(V��7%%3�$�DQG�+%&'�LQ�D�ODERUDWRU\�VFDOH�LQFLQHUDWRU��&RPEXVWLRQ�RI�DOO�WKUHH�
W\SHV�RI�IODPH�UHWDUGDQW�UHVXOWHG�LQ�WKH�SURGXFWLRQ�RI�3%''�)V�DQG�PL[HG�FKORULQDWHG�
EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV��0RQR���GL���WUL��DQG�WHWUD�EURPLQDWHG�DQG�FKORULQDWHG�
EURPLQDWHG�GLR[LQV�DQG�IXUDQV�ZHUH�SURGXFHG���
�
����6PHOWHUV�
�
7KHUH�ZHUH�QR�GDWD�LQ�WKH�SHHU�UHYLHZHG�VFLHQWLILF�OLWHUDWXUH�RQ�HPLVVLRQV�RI�EURPLQDWHG�RU�
PL[HG�EURPLQDWHG�FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�IURP�VPHOWLQJ�HOHFWULFDO�HOHFWURQLF�
ZDVWH��'LUHFW�FRPPXQLFDWLRQ�ZLWK�SHUVRQQHO�DW�WKH�LQWHJUDWHG�VPHOWHUV�LQ�%HOJLXP��8PLFRUH��
DQG�6ZHGHQ��%ROLGHQ��ZKR�DUH�GHDOLQJ�ZLWK�HOHFWULFDO�HOHFWURQLF�ZDVWH�E\�VPHOWLQJ�JDYH�VRPH�
GDWD�RQ�GLR[LQ�HPLVVLRQV���,QIRUPDWLRQ�IURP�8PLFRUH�H[SODLQHG�WKDW�FKORULQDWHG�GLR[LQ�
HPLVVLRQV�ZHUH�ORZ�GXH�WR�GHVWUXFWLRQ�E\�KLJK�WHPSHUDWXUHV�������WR������R&���UDSLG�FRROLQJ�RI�
WKH�JDVHV�DQG�D�JDV�FOHDQLQJ�V\VWHP��7KH�(&�UHJXODWRU\�OLPLW�IRU�GLR[LQ�HPLVVLRQV�IURP�IOXH�
JDVHV�LV�����QJ�,�7(4�P���$W�8PLFRUH��LW�ZDV�QRWHG�WKDW�WKH�FKDUDFWHULVWLF�YDOXHV�IRU���KRXUO\�
PHDVXUHPHQWV�DUH��������QJ7(4�1Pñ�DQG�PRQWKO\�PHDVXUHPHQWV�DUH����������QJ7(4�1Pñ�
�SHUVRQDO�FRPPXQLFDWLRQ���+RZHYHU��RQO\�RQH�PHDVXUHPHQW�RI�EURPLQDWHG�GLR[LQV�DQG�IXUQDV�
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KDG�EHHQ�PDGH���7KLV�WHVW�ZDV�FDUULHG�RXW�RQ�HOHFWULFDO�HOHFWURQLF�ZDVWH�LQ�ZKLFK�WKH�EURPLQDWHG�
IODPH�UHWDUGDQW�IUDFWLRQ�ZDV�GHVFULEHG�DV�µUDWKHU�PRGHVW¶��6L[�SRO\EURPLQDWHG�GLR[LQV�DQG�QLQH�
SRO\EURPLQDWHG�IXUDQV�ZHUH�DQDO\VHG�EXW�QRQH�ZHUH�DERYH�WKH�GHWHFWLRQ�OLPLWV��LQ�WKH�UDQJH�RI�
������������QJ�P����)XUWKHU�WHVWV�GXULQJ�UHJXODU�RSHUDWLRQV�RI�SURFHVVLQJ�HOHFWULFDO�HOHFWURQLF�
ZDVWH�DW�WKH�SODQW�ZRXOG�EH�QHHGHG�WR�FRQILUP�ZKHWKHU�EURPLQDWHG��RU�PL[HG�EURPLQDWHG�
FKORULQDWHG�GLR[QV�DQG�IXUDQV�DUH�SURGXFHG��3UHVHQWO\�DW�8PLFRUH�DQG�DW�%ROLGHQ��EURPLQDWHG�
GLR[LQV�DQG�IXUDQV�DUH�QRW�URXWLQHO\�PHDVXUHG��,W�LV��WKHUHIRUH��OLNHO\�WKDW�RWKHU�VPHOWHUV�GR�QRW�
PRQLWRU�WKHVH�FKHPLFDOV�GXULQJ�WKH�SURFHVVLQJ�RI�HOHFWULFDO�HOHFWURQLF�ZDVWH�FRQWDLQLQJ�SODVWLFV��
)URP�H[SHULPHQWDO�HYLGHQFH�RQ�LQFLQHUDWRUV��LW�LV�FOHDUO\�SRVVLEOH�WKDW�EURPLQDWHG�DQG�PL[HG��
EURPLQDWHG�FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�DUH�IRUPHG�GXULQJ�VPHOWLQJ�DQG�LW�ZRXOG�
WKHUHIRUH�VHHP�ORJLFDO�WR�PRQLWRU�WKHP��
�
7KH�SURFHVV�RI�VPHOWLQJ�RI�HOHFWULFDO�HOHFWURQLF�ZDVWH�ZKLFK�FRQWDLQV�SODVWLFV�LQ�LQWHJUDWHG�
VPHOWHUV�GRHV�UHVXOW�LQ�WKH�SURGXFWLRQ�RI�FKORULQDWHG�GLR[LQV��HYHQ�WKRXJK�WKH\�DUH�ZLWKLQ�
UHJXODWRU\�VWDQGDUGV��,W�PD\�DOVR�UHVXOW�LQ�WKH�SURGXFWLRQ�RI�EURPLQDWHG�DQG�PL[HG�FKORULQDWHG�
EURPLQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�ZKLFK�ZRXOG�DGG�WR�WKH�WRWDO�GLR[LQ�7(4���7KH�HPLVVLRQ�
RI�GLR[LQV�IURP�VPHOWLQJ�HOHFWULFDO�HOHFWURQLF�ZDVWH�FOHDUO\�UHSUHVHQWV�RQH�GUDZEDFN�RI�
SURFHVVLQJ�HOHFWULFDO�HOHFWURQLF�ZDVWH�E\�WKLV�PHWKRG�EHFDXVH��LI�GLR[LQ�SURGXFWLRQ�FDQ�EH�
DYRLGHG��LW�VKRXOG�EH�DYRLGHG��,W�LV�SRVVLEOH�WKDW�SURFHVVLQJ�RI�HOHFWULFDO�HOHFWURQLF�ZDVWH�LQ�
VPDOOHU�VPHOWHUV��ZKLFK�KDYH�OHVV�VRSKLVWLFDWHG�WHFKQRORJ\�WKDQ�WKH�LQWHJUDWHG�VPHOWHUV��PD\�
UHVXOW�LQ�KLJKHU�HPLVVLRQV�RI�FKORULQDWHG�DQG�EURPLQDWHG�GLR[LQV�DQG�IXUDQV��+RZHYHU��WKHUH�
DSSHDUV�WR�EH�LQIRUPDWLRQ�RQ�WKLV�VXEMHFW�LQ�WKH�SXEOLVKHG�VFLHQWLILF�OLWHUDWXUH����
�
�
���(PLVVLRQ�RI�0HWDOV�IURP�6PHOWHUV�
�
$FFRUGLQJ�WR�WKH�FRPSDQ\�1RUQDGD�,QF��LQ�&DQDGD��RQH�RI�WKH�IXQFWLRQV�FDUULHG�RXW�DW�LWV�+RUQH��
VPHOWHU�LQ�5RX\Q�1RUDQGD��4XHEHF��LV�SURFHVVLQJ�RI�ZDVWH�HOHFWURQLF�PDWHULDO��$�VFLHQWLILF�
VWXG\�ZDV�XQGHUWDNHQ�DURXQG�WKH�VLWH�RI�WKLV�VPHOWHU�WR�LQYHVWLJDWH�WKH�DWPRVSKHULF�WUDQVSRUW�DQG�
GHSRVLWLRQ�RI�FHUWDLQ�HOHPHQWV�IURP�VPHOWHU�HPLVVLRQV��7HOPHU�HW�DO���������7KH�VWXG\�
PRQLWRUHG�WKH�OHYHOV�RI����GLIIHUHQW�HOHPHQWV�LQ�VQRZ�XS�WR�D�UDGLXV�RI����NP�DURXQG�WKH�
VPHOWHU�LQ�0DUFK�������5HVXOWV�VKRZHG�WKDW�PDQ\�RI�WKH�HOHPHQWV��DW�OHDVW�����ZHUH�HPLWWHG�E\�
WKH�VPHOWHU�DQG�VXEVHTXHQWO\�GHSRVLWHG�RQ�WKH�ODQG��7KHVH�LQFOXGHG�VRPH�SRWHQWLDOO\�KD]DUGRXV�
PHWDOV��QDPHO\�FRSSHU��OHDG��]LQF��FDGPLXP��EHU\OOLXP�DQG�QLFNHO��7KH�FRQFHQWUDWLRQ�RI�PDQ\�
RI�WKH�VXEVWDQFHV�UHPDLQHG�HOHYDWHG�DERYH�QRUPDO�EDFNJURXQG�FRQFHQWUDWLRQV�HYHQ�DW�D�GLVWDQFH�
RI����NP�IURP�WKH�VPHOWHU��7KH�FRQFHQWUDWLRQV�RI�FRSSHU�DQG�OHDG�QHDU�WR�WKH�VPHOWHU�ZHUH�����
DQG������µJ�O�PHOWZDWHU��RU�SSE��UHVSHFWLYHO\�DQG�IHOO�WR�����DQG������µJ�O��RU�SSE��DW�D�GLVWDQFH�
RI����NP�DZD\����)RU�FRPSDULVRQ�SXUSRVHV��EDFNJURXQG�FRQFHQWUDWLRQV�RI�WKHVH�PHWDOV�UHFRUGHG�
LQ�VQRZ�VDPSOHV�IURP�XUEDQ�DQG�UXUDO�DUHDV�RI�&DQDGD�LQ�WKH�6W��/DZUHQFH�YDOOH\�LQ������ZHUH�
�����WR������SSE�IRU�FRSSHU�DQG������WR������SSE�IRU�OHDG��6LPRQHWWL�HW�DO���������7KXV�WKH�OHYHOV�
RI�WKHVH�WZR�PHWDOV�IRXQG�LQ�XUEDQ�DQG�UXUDO�DUHDV�DUH�WZR�RUGHUV�RI�PDJQLWXGH�ORZHU�WKDQ�WKH�
OHYHOV�IRXQG�QHDU�WR�WKH�VPHOWHU���
�
7KH�VWXG\�RQ�OHYHOV�RI�FRQWDPLQDQWV�LQ�WKH�YLFLQLW\�RI�WKH�1RUDQGD�VPHOWHU�ZDV�WKH�RQO\�
SXEOLVKHG�VWXG\�ORFDWHG�LQ�WKH�VFLHQWLILF�OLWHUDWXUH�RQ�PHWDO�FRQWDPLQDWLRQ�IURP�VPHOWHUV�WKDW�
SURFHVV�HOHFWURQLF�HOHFWULFDO�ZDVWH��7KHUH�LV��WKHUHIRUH��D�ODFN�RI�SXEOLVKHG�GDWD�RQ�WKLV�VXEMHFW��
�
�
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���6WXGLHV�RQ�2FFXSDWLRQDO�([SRVXUH�WR�0HWDOV�DQG�%URPLQDWHG�)ODPH�5HWDUGDQWV�DQG�
+HDOWK�(IIHFWV�RI�5HF\FOLQJ��(OHFWULFDO�(OHFWURQLF�:DVWH�
�
����+HDOWK�,PSDFWV�
2QH�VWXG\�KDV�LQYHVWLJDWHG�KHDOWK�LPSDFWV�IURP�H[SRVXUH�WR�GLVDVVHPEOLQJ�LPSRUWHG�HOHFWULFDO�
ZDVWH�LQ�&KLQD��6KHQ�HW�DO���������7KH�VWXG\�SHUIRUPHG�WHVWV�RQ�ZRUNHUV�ZKR�ZRUNHG�LQ�RSHQ�
DLU�GLVDVVHPEO\�ZRUNVKRSV�LQ�RQH�WRZQ��7KH�VWXG\�DOVR�WHVWHG�UHVLGHQWV�IURP�WKLV�WRZQ��
LQFOXGLQJ�FKLOGUHQ��$�FRQWURO�JURXS�RI�UHVLGHQWV�DQG�FKLOGUHQ�IURP�DQRWKHU�WRZQ�ZKHUH�WKHUH�
ZHUH�QR�GLVDVVHPEOLQJ�ZRUNVKRSV�ZDV�DOVR�WHVWHG��7KH�VWXG\�IRXQG�GLIIHUHQFHV�LQ�RQH�PHDVXUH�
RI�EORRG�ELRFKHPLVWU\��PHDVXUHV�RI�LPPXQH�V\VWHP�IXQFWLRQLQJ�DQG�D�PHDVXUH�RI�FKURPRVRPH�
DEHUUDWLRQ�EHWZHHQ�ZRUNHUV�DQG�UHVLGHQWV�RI�WKH�WRZQ�ZLWK�GLVDVVHPEO\�ZRUNVKRSV�FRPSDUHG�WR�
UHVLGHQWV�RI�WKH�FRQWURO�WRZQ��7KH�GLIIHUHQFHV�LQGLFDWHG�D�QHJDWLYH�LPSDFW�RQ�KHDOWK�RI�WKH�
ZRUNHUV�DQG�UHVLGHQWV�RI�WKH�WRZQ�ZLWK�GLVDVVHPEO\�ZRUNVKRSV�FRPSDUHG�WR�UHVLGHQWV�RI�WKH�
FRQWURO�WRZQ��7KH�VWXG\�FRQFOXGHG�WKDW�GLVDVVHPEOLQJ�HOHFWULFDO�HTXLSPHQW�FDQ�KDYH�D�QHJDWLYH�
HIIHFW�RQ�FHUWDLQ�SDUDPHWHUV�RI�KHDOWK��DOWKRXJK�FOHDUO\�FRXOG�QRW�GUDZ�FRQFOXVLRQV�UHJDUGLQJ�
VSHFLILF�FKHPLFDO�PHWDO�H[SRVXUHV�ZKLFK�PD\�KDYH�EHHQ�UHVSRQVLEOH���
�
����([SRVXUH�WR�0HWDOV�
�
$�VWXG\�ZDV�FRQGXFWHG�LQ�*HUPDQ\�RQ�H[SRVXUH�WR�PHWDOV�UHVXOWLQJ�IURP�WKH�PDQXDO�
GLVDVVHPEO\�RI�ZDVWH�HOHFWULFDO�HOHFWURQLF�HTXLSPHQW�DW�ILYH�GLIIHUHQW�FRPSDQLHV��)DOOHU�HW�DO��
�������'XVW�H[SRVXUH�ZDV�LGHQWLILHG�WR�EH�WKH�FRUH�SUREOHP��0HWDOV�WKDW�ZRUNHUV�ZHUH�H[SRVHG�
WR�LQFOXGHG�FDGPLXP��OHDG��QLFNHO��FRSSHU�DQG�VLOYHU��7KH�VWXG\�QRWHG�WKDW��DW�WKH�WLPH�RI�WKH�
VWXG\���������LW�ZDV�QRW�SRVVLEOH�WR�JXDUDQWHH�WKDW�FRQFHQWUDWLRQV�RI�PL[HG�PHWDOV�ZRXOG�IDOO�
EHORZ�WKH�OHJDO�OLPLW�DW�WKHVH�ZRUNSODFHV���
�
������3RWHQWLDO�([SRVXUH�WR�0HWDOV�DQG�+HDOWK�(IIHFWV�
([SRVXUH�WR�PHWDOV�SUHVHQW�LQ�HOHFWULFDO�HOHFWURQLF�ZDVWH�PD\�RFFXU�DW�VPHOWLQJ�IDFLOLWLHV�GXH�WR�
GXVWV�IURP�WKH�UDZ�ZDVWH�DQG�GXH�WR�IXPHV�GXULQJ�WKH�VPHOWLQJ�SURFHVV��,Q�WKLV�UHJDUG��
KD]DUGRXV�PHWDOV�VXFK�DV�EHU\OOLXP��FDGPLXP��OHDG�DQG�PHUFXU\�DUH�RI�SDUWLFXODU�FRQFHUQ�GXH�
WR�WKHLU�WR[LF�SRWHQWLDO��$�VHDUFK�RI�WKH�VFLHQWLILF�OLWHUDWXUH�GLG�QRW�UHYHDO�DQ\�VWXGLHV�VSHFLILFDOO\�
RQ�H[SRVXUH�IURP�VPHOWLQJ�RI�HOHFWULFDO�HOHFWURQLF�ZDVWH���
�
,Q�,QGLD�DQG�&KLQD��D�ZLGH�UDQJH�RI�SURFHVVHV�DUH�EHLQJ�XVHG�LQ�VPDOO�ZRUNVKRSV�WR�UHFRYHU�
PDWHULDOV�IURP�HOHFWULFDO�HOHFWURQLF�ZDVWHV��7KHUH�DUH�VHYHUDO�SRWHQWLDO�URXWHV�RI�H[SRVXUH�WR�
PHWDOV�IURP�WKHVH�RSHUDWLRQV��7KHVH�LQFOXGH�H[SRVXUH�WR�GXVWV�IURP�PHFKDQLFDO�VKUHGGLQJ�DQG�
JULQGLQJ�RI�HOHFWULFDO�FRPSRQHQWV��3RVVLEOH�H[SRVXUH�WR�PHWDO�IXPHV�DQG�SDUWLFXODWHV�PD\�DOVR�
UHVXOW�IURP�EXUQLQJ�ZDVWHV�DQG�IURP�KHDWLQJ�SULQWHG�FLUFXLW�ERDUGV�RQ�RSHQ�IODPHV�KRW�SODWHV��
�
������%HU\OOLXP�
([SRVXUH�WR�EHU\OOLXP�FDQ�OHDG�WR�KHDOWK�LPSDFWV��6WXGLHV�RQ�ZRUNHUV�LQYROYHG�LQ�WKH�UHILQLQJ�
DQG�SURFHVVLQJ�RI�EHU\OOLXP�DQG�LWV�FRPSRXQGV�QRWH�WKDW�IXPHV�DQG�GXVWV�RI�EHU\OOLXP�DQG�
EHU\OOLXP�R[LGH�FDQ�EH�SURGXFHG���6XEVHTXHQWO\��WKH�PDLQ�URXWH�RI�EHU\OOLXP�H[SRVXUH�IRU�
ZRUNHUV�LQ�WKHVH�LQGXVWULHV�LV�LQKDODWLRQ��)LHOG��������([SRVXUH�FDQ�FDXVH�FKURQLF�EHU\OOLXP�
GLVHDVH��&%'���D�GHELOLWDWLQJ�DQG�SRWHQWLDOO\�IDWDO�FRQGLWLRQ�WKDW�PDLQO\�DIIHFWV�WKH�OXQJV�
�,QIDQWH�DQG�1HZPDQ��������&%'�KDV�EHHQ�LGHQWLILHG�LQ�ZRUNHUV�HYHQ�DIWHU�ORZ�H[SRVXUH��)RU�
H[DPSOH��&%'�ZDV�IRXQG�LQ�ZRUNHUV�ZKRVH�DYHUDJH�EHU\OOLXP�H[SRVXUH�OHYHOV�ZHUH��������
WLPHV�ORZHU�WKDQ�WKH�FXUUHQW�SHUPLVVLEOH�OLPLW��.HOOHKHU�HW�DO����������(YHQ�LQGLYLGXDOV�ZLWK�
E\VWDQGHU�H[SRVXUHV�VXFK�DV�VHFUHWDULHV��VHFXULW\�JXDUGV�DQG�LQVSHFWRUV�FDQ�FRQWUDFW�WKH�GLVHDVH�
�,QIDQWH�DQG�1HZPDQ��������:RUNHUV�FDQ�DOVR�FDUU\�EHU\OOLXP�GXVWV�DZD\�IURP�WKH�ZRUNSODFH�
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RQ�WKHLU�FORWKHV�DQG�VKRHV��H[SRVLQJ�WKHLU�IDPLO\�PHPEHUV��&RKHQ�	�3RVLWDQR�������6DQGHUVRQ�
HW�DO����������7KHUH�DUH�UHSRUWHG�FDVHV�RI�WKH�VSRXVHV�RI�EHU\OOLXP�ZRUNHUV�GHYHORSLQJ�EHU\OOLXP�
VHQVLWLYLW\�DQG�FKURQLF�EHU\OOLXP�GLVHDVH��&%'���.QLVKNRZ\�	�%DNHU��������$OWKRXJK�
V\PSWRPV�RI�&%'�FDQ�EH�VXSSUHVVHG�ZLWK�VWHURLGV��WKH�GLVHDVH�LV�FXUUHQWO\�LQFXUDEOH��)LHOG�
�������%HU\OOLXP�KDV�DOVR�EHHQ�FODVVLILHG�DV�D�KXPDQ�FDUFLQRJHQ�RQ�WKH�EDVLV�RI�LQFUHDVHG�UDWHV�
RI�OXQJ�FDQFHU�LQ�EHU\OOLXP�SURGXFWLRQ�ZRUNHUV��,QWHUQDWLRQDO�$JHQF\�IRU�5HVHDUFK�RQ�&DQFHU�
��������
([SRVXUH�WR�EHU\OOLXP�PD\�RFFXU�GXULQJ�WKH�UHF\FOLQJ�RI�HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW�
FRQWDLQLQJ�EHU\OOLXP�FRSSHU�DOOR\V���%HU\OOLXP�GXVWV�PD\�EH�JHQHUDWHG�GXULQJ�VKUHGGLQJ�DQG�
JULQGLQJ��DQG�IXPHV�PD\�EH�JHQHUDWHG�GXULQJ�KLJK�WHPSHUDWXUH�SURFHVVHV�VXFK�DV�WKRVH�XVHG�DW�
PHWDO�UHILQHULHV��%DVHO�������2(&'��������,QIDQWH�DQG�1HZPDQ��������UHSRUWHG�WKDW�UHF\FOLQJ�
RI�HOHFWURQLFV�DQG�FRPSXWHUV�WR�UHFRYHU�FRSSHU�UHVXOWV�LQ�EHU\OOLXP�H[SRVXUH�RI�DQ�XQNQRZQ�
QXPEHU�RI�ZRUNHUV��PDQ\�RI�ZKRP�DUH�XQDZDUH�RI�WKH�ULVNV��7KHUH�DUH�QR�VWXGLHV�ZKLFK�GLUHFWO\�
UHODWH�WR�H[SRVXUH�WR�EHU\OOLXP�IURP�UHF\FOLQJ�RQO\�HOHFWULFDO�HOHFWURQLF�ZDVWH��WKRXJK�RQH�VWXG\�
ZDV�FDUULHG�RXW�RQ�H[SRVXUH�WR�EHU\OOLXP�DW�D�SUHFLRXV�PHWDOV�UHILQHU\�ZKHUH�ZDVWH�SULQWHG�
FLUFXLW�ERDUGV�ZHUH�DPRQJ�WKH�PDWHULDOV�WKDW�ZHUH�KDQGOHG��&XOOHQ�HW�DO���������7KH�VWXG\�
PRQLWRUHG�H[SRVXUH�WR�EHU\OOLXP�E\�DQDO\VLQJ�IRU�WKH�PHWDO�LQ�DLU�ILOWHULQJ�GHYLFHV��7KH�VWXG\�
VKRZHG�WKDW�WKHUH�ZDV�H[SRVXUH�WR�EHU\OOLXP�LQ�WKH�IXUQDFH�DUHD�DQG�DOVR�D�PXFK�KLJKHU�
H[SRVXUH�LQ�WKH�DUHD�ZKHUH�SULQWHG�FLUFXLW�ERDUGV�ZHUH�FUXVKHG�SULRU�WR�JRLQJ�WR�WKH�IXUQDFH��
7KH�VWXG\�FRPPHQWHG�WKDW��LQ�WKH�PLOOLQJ�FUXVKLQJ�DUHD��EHU\OOLXP�ZRXOG�EH�LQ�WKH�IRUP�RI�
GXVWV��ZKHUHDV�LQ�WKH�IXUQDFH�DUHD�LW�ZRXOG�EH�LQ�WKH�IRUP�RI�EHU\OOLXP�R[LGH�LQ�IXPHV��)RXU�RI�
WKH�ZRUNHUV�LQ�WKH�VWXG\�ZHUH�IRXQG�WR�KDYH�&%'��7KLV�UHVXOWHG�SULPDULO\�IURP�H[SRVXUH�LQ�WKH�
IXUQDFH�DUHD�QRW�WKH�PLOOLQJ�DUHD��7KHVH�UHVXOWV�VXJJHVWHG�WKDW�WKH�H[SRVXUH�WR�EHU\OOLXP�IURP�
WKH�IXPHV�RI�WKH�KLJK�WHPSHUDWXUH�RSHUDWLRQ�ZHUH�PRUH�SDWKRJHQLF�WKDQ�H[SRVXUH�IURP�³FROG´�
PLOOLQJ�RSHUDWLRQV���,W�ZDV�QRWHG�WKDW�WKLV�LV�FRQVLVWHQW�ZLWK�RWKHU�VWXGLHV�ZKLFK�IRXQG�WKDW�
³FROG´�ZRUNLQJ�RI�DOOR\V�UDUHO\�FDXVHV�&%'��7KH�VWXG\�DOVR�PRQLWRUHG�H[SRVXUH�WR�RWKHU�PHWDOV�
DQG�IRXQG�WKHUH�ZDV�PRGHUDWH�H[SRVXUH�RI�ZRUNHUV�WR�FDGPLXP��QLFNHO��OHDG�DQG�DUVHQLF�DW�WKH�
SODQW���
$QRWKHU�VWXG\�VKRZHG�WKDW�H[SRVXUH�WR�EHU\OOLXP�FRSSHU�DOOR\��ZLWK�QR�RWKHU�EHU\OOLXP�
H[SRVXUH��UHVXOWHG�LQ�WZR�FDVHV�RI�&%'�LQ�ZRUNHUV��%DONLVVRRQ�DQG�1HZPDQ��������7KH�VWXG\�
DOVR�QRWHG�WKDW�EHU\OOLXP�VHQVLWL]DWLRQ�KDG�RFFXUUHG�LQ�ZRUNHUV�ZLWK�H[SRVXUH�WR�WKLV�DOOR\��
%HU\OOLXP�VHQVLWL]DWLRQ�PD\�XOWLPDWHO\�GHYHORS�LQWR�&%'��)LHOG��������
�
$W�WKH�%ROLGHQ�VPHOWHU��ZKHUH�HOHFWURQLF�ZDVWH�LV�VPHOWHG��OHYHOV�RI�EHU\OOLXP�DUH�URXWLQHO\�
PRQLWRUHG�DQG�DUH�DSSDUHQWO\�EHORZ�UHJXODWRU\�OLPLWV��SHUVRQDO�FRPPXQLFDWLRQ���'DWD�IURP�
RWKHU�VPHOWHUV�FRXOG�QRW�EH�REWDLQHG��,W�LV�QHYHUWKHOHVV�RI�FRQFHUQ�IRU�DOO�ZRUNHUV�DW�VPHOWHUV�
ZKR�DUH�SURFHVVLQJ�HOHFWULFDO�HOHFWURQLF�ZDVWH�WKDW�FKURQLF�EHU\OOLXP�GLVHDVH�KDV�EHHQ�IRXQG�LQ�
ZRUNHUV�ZKRVH�H[SRVXUH�OHYHOV�ZHUH�ZHOO�EHORZ�UHJXODWRU\�OLPLWV���
�
����([SRVXUH�WR�%URPLQDWHG�)ODPH�5HWDUGDQWV�
�
%URPLQDWHG�IODPH�UHWDUGDQWV�LQFOXGH�3%'(V��+%&'�DQG�7%%3�$��7KH�PDMRULW\�DUH��
HQYLURQPHQWDOO\�SHUVLVWHQW�DQG�VRPH�DUH�ELRDFFXPXODWLYH��5HVHDUFK�LQ�ODERUDWRU\�DQLPDOV�KDV�
VKRZQ�WKDW�VRPH�RI�WKHVH�FKHPLFDOV�H[HUW�D�ZLGH�UDQJH�RI�WR[LFLWLHV�LQFOXGLQJ�DGYHUVH�HIIHFWV�RQ�
GHYHORSPHQW��(ULNVVRQ�HW�DO���������WKH�QHUYRXV�V\VWHP��0DULXVVHQ�DQG�)RQQXP��������WKH�
LPPXQH�V\VWHP��'DUQHUXG�������DQG�WKH�UHSURGXFWLYH�V\VWHP��%LUQEDXP�DQG�6WDVNDO�������DQG�
PD\�LQWHUIHUH�ZLWK�WK\URLG�KRUPRQH�ELQGLQJ��0HHUWV�HW�DO���������������
�
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3HUVRQQHO�LQYROYHG�LQ�HOHFWURQLFV�UHF\FOLQJ�LQ�6ZHGHQ�KDYH�EHHQ�VKRZQ�WR�KDYH�HOHYDWHG�EORRG�
OHYHOV�RI�WKH�3%'(V��6M|GLQ�HW�DO���������7KH�EURPLQDWHG�IODPH�UHWDUGDQW�7%%3�$�ZDV�DOVR�
PHDVXUDEOH�LQ�EORRG�RI�WKH�ZRUNHUV��,Q�WKH�HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\��HOHYDWHG�DLU�
FRQFHQWUDWLRQV�RI�3%'(V�DQG�7%%3�$�ZHUH�DOVR�IRXQG��SRVVLEO\�DV�D�UHVXOW�RI�WKH�XVH�RI�
SQHXPDWLFDOO\�RSHUDWHG�SRZHU�WRROV�IRU�GLVPDQWOLQJ�PDFKLQHU\�ZKLFK�PRELOL]HV�ODUJH�TXDQWLWLHV�
RI�GXVW�WKDW�KDV�DFFXPXODWHG�ZLWKLQ�WKH�HOHFWURQLF�HTXLSPHQW��7KH�GXVW�UHSUHVHQWV�D�SRVVLEOH�
URXWH�RI�RFFXSDWLRQDO�H[SRVXUH�WR�WKH�FKHPLFDOV��7KH�KDOI�OLYHV�RI�FHUWDLQ�3%'(V�DQG�7%%3�$�
ZHUH�HVWLPDWHG�E\�EORRG�VDPSOLQJ�IURP�WKH�HOHFWURQLFV�UHF\FOLQJ�ZRUNHUV��7KH�KDOI�OLYHV�RI�WKH�
3%'(�FRQJHQHU�%'(������GHFDEURPRGLSKHQ\O�HWKHU�RU�³GHFD´��DQG�RI�7%%3�$�ZHUH�VKRUW��
UHVSHFWLYHO\�RQH�ZHHN�DQG���GD\V��7KH�KDOI�OLIH�RI�%'(�������DQ�RFWDEURPLQDWHG�FRQJHQHU��ZDV�
ORQJHU��HVWLPDWHG�WR�EH���PRQWKV��$QRWKHU�VWXG\�RQ�D�OLPLWHG�QXPEHU�RI�HOHFWURQLF�UHF\FOLQJ�
ZRUNHUV�LQ�1RUZD\�VKRZHG�WKDW�WKH�H[SRVXUH�ZDV�OHVV�SURQRXQFHG�WKDQ�LQ�WKH�6ZHGLVK�VWXG\��
SRVVLEO\�EHFDXVH�UHVSLUDWRUV�ZHUH�ZRUQ�E\�WKH�ZRUNHUV�LQ�1RUZD\��VHH�6M|GLQ�HW�DO���������
�
���&RQFOXVLRQV�
�
7KHUH�DUH�WZR�PDLQ�JRDOV�RI�PRGHUQ�ZDVWH�PDQDJHPHQW���WR�SURWHFW�KXPDQ�KHDOWK�DQG�WKH�
HQYLURQPHQW��DQG�WR�FRQVHUYH�UHVRXUFHV�VXFK�DV�PDWHULDOV��HQHUJ\�DQG�VSDFH��%HWUDP�HW�DO��
�������3UHVHQWO\��WKHUH�DUH�SUREOHPV�ZLWK�PHHWLQJ�ERWK�WKHVH�FULWHULD�XVLQJ�FXUUHQW�PHWKRGV�IRU�
UHF\FOLQJ�HOHFWULFDO�HOHFWURQLF�ZDVWH��
�

• ,Q�,QGLD�DQG�&KLQD���PHWDOV�DUH�EHLQJ�UHFODLPHG�IURP�HOHFWULFDO�HOHFWURQLF�ZDVWH�E\�
KHDWLQJ�WHFKQLTXHV��VKUHGGLQJ�DQG�JULQGLQJ����6KUHGGLQJ�DQG�JULQGLQJ�ZLOO�UHVXOW�LQ�
IRUPDWLRQ�RI�PHWDO�GXVWV�ZKLOH�KHDWLQJ�PD\�FDXVH�HPLVVLRQV�RI�PHWDO�IXPHV�DQG�
SDUWLFXODWHV��,W�LV�RI�JUHDW�FRQFHUQ�WKDW�ZRUNHUV�PD\�EH�H[SRVHG�WR�KD]DUGRXV�PHWDOV�VXFK�
DV�OHDG��FDGPLXP��PHUFXU\�DQG�EHU\OOLXP�IURP�WKH�SURFHVVHV�EHLQJ�XVHG�DQG�WKDW�
HQYLURQPHQWDO�FRQWDPLQDWLRQ�PD\�RFFXU��,Q�DGGLWLRQ��HQYLURQPHQWDO�FRQWDPLQDWLRQ�ZLWK�
KD]DUGRXV�PHWDOV�DQG�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�SODVWLFV�RFFXUV�IURP�GLUHFW�
GXPSLQJ�RI�ZDVWHV�IURP�VXFK�SURFHVVHV��7KLV�LQFOXGHV�GXPSLQJ�RI�DFLGLF�VROXWLRQV�
FRQWDLQLQJ�KLJK�FRQFHQWUDWLRQV�RI�PHWDOV�ERWK�RQ�WKH�JURXQG�DQG�WR�ULYHUV��3URFHVVHV�LQ�
ZKLFK�HOHFWULFDO�HOHFWURQLF�ZDVWH�LV�EXUQHG�LQ�RSHQ�ILUHV��RU�ZKHUH�SULQWHG�FLUFXLW�ERDUGV�
DUH�KHDWHG�WR�UHFRYHU�VROGHU��ZLOO�PRVW�OLNHO\�UHVXOW�LQ�WKH�HPLVVLRQ�RI�3%''�)V�RU�
PL[HG�EURPLQDWHG�FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�ZKLFK�DUH�D�KD]DUG�WR�WKH�
HQYLURQPHQW�DQG�WR�KXPDQ�KHDOWK��

�
• ,Q�VRPH�PRUH�GHYHORSHG�FRXQWULHV��HOHFWULFDO�HOHFWURQLF�ZDVWH�LV�EHLQJ�VHQW�WR�VPHOWHUV�WR�

UHFODLP�PHWDOV��,Q�WKH�FDVH�RI�RQH�LQWHJUDWHG�VPHOWHU�LQ�&DQDGD��D�VWXG\�KDV�VKRZQ�WKDW��
KD]DUGRXV�PHWDOV�ZHUH�GHSRVLWHG�RQ�WKH�VXUURXQGLQJ�ODQG��ZLWK�HOHYDWHG�OHYHOV�
GHWHFWDEOH�XS�WR����NP�DZD\��,Q�DGGLWLRQ��ZRUNHUV�DW�VPHOWHUV�PD\�EH�H[SRVHG�WR�
KD]DUGRXV�PHWDO�IXPHV�VXFK�DV�EHU\OOLXP�R[LGH�DQG�SRVVLEO\�RWKHU�KD]DUGRXV�PHWDO�
IXPHV��$W�LQWHJUDWHG�VPHOWHUV��SODVWLF�IURP�PRELOH�SKRQH�FDVHV�DQG�IURP�SULQWHG�FLUFXLW�
ERDUGV�PD\�EH�EXUQHG���UHVXOWLQJ�LQ�WKH�IRUPDWLRQ�RI�FKORULQDWHG�DQG�SRVVLEO\�
EURPLQDWHG�RU�PL[HG�EURPLQDWHG�FKORULQDWHG�GLEHQ]R�GLR[LQV�DQG�IXUDQV�DQG�WKHLU�
HPLVVLRQ�WR�DLU�DQG�RU�WR�DVKHV��$OWKRXJK�WKH�HPLVVLRQV�RI�FKORULQDWHG�GLR[LQV�DQG�IXUDQV�
DUH�UHSRUWHG�WR�EH�ZLWKLQ�UHJXODWRU\�VWDQGDUGV��WKH�HPLVVLRQ�RI�WKHVH�FRPSRXQGV�LV�
XQGHVLUDEOH�DQG�WKH�TXDQWLWLHV�RI�EURPLQDWHG�GLR[LQV�DQG�IXUDQV�HPLWWHG�UHPDLQ�
XQNQRZQ��)XUWKHUPRUH��IURP�D�ZDVWH�PDQDJHPHQW�SRLQW�RI�YLHZ��WKH�UHF\FOLQJ�DQG�UH�
XVH�RI�SODVWLFV�LV�SUHIHUDEOH�WR�EXUQLQJ�LQ�VPHOWHUV���

�
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• ,Q�VRPH�FRXQWULHV��HOHFWULFDO�HOHFWURQLF�ZDVWH�LV�PHFKDQLFDOO\�WUHDWHG�WR�UHFRYHU�PHWDOV�
DQG�SODVWLFV��7HFKQLTXHV�HPSOR\HG�LQ�WKH�LQLWLDO�VWDJHV�RI�IRU�PHFKDQLFDO�WUHDWPHQW��VXFK�
DV�VKUHGGLQJ�RU�JULQGLQJ�WKH�ZDVWH��FDQ�UHVXOW�LQ�H[SRVXUH�RI�ZRUNHUV�WR�EURPLQDWHG�
IODPH�UHWDUGDQWV�DQG�KD]DUGRXV�PHWDOV�IURP�GXVWV���

�
7R�RYHUFRPH�WKH�SUREOHPV�LQKHUHQW�LQ�GHDOLQJ�ZLWK�HOHFWULFDO�HOHFWURQLF�ZDVWH��LW�LV�QHFHVVDU\�WR�
FKDQJH�UDGLFDOO\�WKH�GHVLJQ�RI�WKH�SURGXFWV��)LUVWO\��WKHUH�LV�D�QHHG�WR�UHPRYH�KD]DUGRXV�
FKHPLFDOV�DQG�PHWDOV��,Q�(XURSH��WKH�5HVWULFWLRQ�RI�+D]DUGRXV�6XEVWDQFHV��5R+6��'LUHFWLYH�
ZLOO�UHTXLUH�HOHFWURQLFV�PDQXIDFWXUHUV�WR�VWRS�PDUNHWLQJ�SURGXFWV�FRQWDLQLQJ�FDGPLXP��OHDG��
PHUFXU\��KH[DYDOHQW�FKURPLXP�DQG�WKH�EURPLQDWHG�IODPH�UHWDUGDQWV�3%'(V�DQG�3%%V�IURP�
-XO\�������:KLOH�WKLV�LV�H[WUHPHO\�LPSRUWDQW��IXUWKHU�PHDVXUHV�DUH�QHHGHG�WR�VDIHJXDUG�KXPDQ�
KHDOWK�DQG�WKH�HQYLURQPHQW�ERWK�LQ�(XURSH�DQG�RQ�D�JOREDO�EDVLV���
�
,Q�RUGHU�WR�IDFLOLWDWH�WUXO\�VXVWDLQDEOH�UHXVH�DQG�UHF\FOLQJ�RI�HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW�
DQG�WR�DYRLG�DGYHUVH�KHDOWK�DQG�HQYLURQPHQWDO�FRQVHTXHQFHV�RI�KDQGOLQJ�WKH�UHVXOWLQJ�ZDVWH��LW�
ZLOO�EH�QHFHVVDU\�WR�UHSODFH�DOO�KD]DUGRXV�VXEVWDQFHV�FXUUHQWO\�LQ�XVH�ZLWK�OHVV�KD]DUGRXV��
SUHIHUDEO\�QRQ�KD]DUGRXV��DOWHUQDWLYHV�DW�WKH�GHVLJQ�DQG�PDQXIDFWXULQJ�VWDJH���7KLV�UHTXLUHPHQW�
PXVW�LQFOXGH�DOO�EURPLQDWHG�IODPH�UHWDUGDQWV��LQ�RUGHU�WR�DYRLG�WKH�SRWHQWLDO�IRU�IRUPDWLRQ�RI�
EURPLQDWHG�E\�SURGXFWV�VXFK�DV�GLR[LQV�DQG�IXUDQV��DQG�DOO�KD]DUGRXV�PHWDOV���,Q�DGGLWLRQ��
81(3��������VXJJHVW�WKH�QHHG�IRU�LQFUHDVHG�XVH�RI�UHQHZDEOH�PDWHULDOV��VXFK�DV�ELR�EDVHG�
SODVWLFV��LQ�IXWXUH�FRQVWUXFWLRQ�RI�HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW���
�
$V�D�VHFRQG�SUHUHTXLVLWH��WKH�GHVLJQ�RI�HOHFWULFDO�HOHFWURQLF�SURGXFWV�PXVW�EH�FKDQJHG�VR�WKDW�
WKH�SURGXFW�FRPSRQHQWV�FDQ�EH�HIILFLHQWO\�DQG�FRPSOHWHO\�UHF\FOHG��)RU�LQVWDQFH��SURGXFWV�
VKRXOG�EH�DGDSWHG�VR�WKDW�WKH\�DUH�HDV\�WR�GLVPDQWOH��%RJKH�������DQG�VKRXOG�RQO\�FRQWDLQ�
UHF\FODEOH�SDUWV�DQG�UHFRYHUDEOH�PHWDOV��/L�HW�DO���������'HVLJQ�VKRXOG�HQDEOH�VLPSOH�
PHFKDQLFDO�VHSDUDWLRQ�IRU�UHF\FOLQJ�RI�DOO�SDUWV�DQG�VKRXOG��WKHUHIRUH��QHJDWH�WKH�EXUQLQJ�RI�
SODVWLFV�LQ�VPHOWHUV���
�
%RWK�WKH�UHPRYDO�RI�KD]DUGRXV�FRPSRQHQWV�IURP�HOHFWURQLF�SURGXFWV��DQG�WKH�UH�GHVLJQLQJ�IRU�
FRPSOHWH�UHF\FOLQJ�DELOLW\��DUH�PHDVXUHV�WKDW�QHHG�WR�EH�DGRSWHG�E\�PDQXIDFWXUHUV�JOREDOO\��
�
�
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5HIHUHQFHV��
�
$OOVRSS�0���&RVWQHU�3�DQG�-RKQVWRQ�3����������,QFLQHUDWLRQ�DQG�KXPDQ�KHDOWK��6WDWH�RI�NQRZOHGJH�RI�WKH�

LPSDFWV�RI�ZDVWH�LQFLQHUDWRUV�RQ�KXPDQ�KHDOWK��3XEOLVKHG�E\�*UHHQSHDFH�,QWHUQDWLRQDO��,6%1�����
������������KWWS���ZZZ�JUHHQSHDFH�WR�SXEOLFDWLRQVBSGI�HXLQFLQ�SGI�

$XVWUDOLDQ�*RYHUQPHQW��'HSDUWPHQW�RI�WKH�(QYLURQPHQW�DQG�&KHPLFDOV�0DQDJHPHQW���������(OHFWURQLF�
VFUDS�±�D�KD]DUGRXV�ZDVWH�IDFW�VKHHW��'HSDUWPHQW�RI�WKH�(QYLURQPHQW�DQG�+HULWDJH��-DQXDU\��������
KWWS���ZZZ�GHK�JRY�DX�LQGXVWU\�FKHPLFDOV�KZD�HOHFWURQLF�VFUDS�IV�KWPO��

%DONLVVRRQ�5�&��DQG�1HZPDQ�/�6����������%HU\OOLXP�FRSSHU�DOOR\������FDXVHV�FKURQLF�EHU\OOLXP�
GLVHDVH��-RXUQDO�RI�2FFSDWLRQDO�DQG�(QYLURQPHQWDO�0HGLFLQH������������������

%DURQWLQL�)���0DUVDQLFK�.���3HWDUFD�/��DQG�&R]]DQL�9����������7KH�WKHUPDO�GHJUDGDWLRQ�SURFHVV�RI�
WHWUDEURPRELVSKHQRO�$��,QGXVWULDO�	�(QJLQHHULQJ�&KHPLVWU\�5HVHDUFK��������������������

%DVHO���������7HFKQLFDO�JXLGHOLQHV�RQ�WKH�HQYLURQPHQWDOO\�VRXQG�UHF\FOLQJ�UHFODPDWLRQ�RI�PHWDOV�DQG�
PHWDO�FRPSRXQGV��5����&RQIHUHQFH�RI�WKH�3DUWLHV�WR�WKH�%DVHO�&RQYHQWLRQ�RQ�WKH�&RQWURO�RI�
7UDQVERXQGDU\�0RYHPHQWV�RI�+D]DUGRXV�:DVWHV�DQG�7KHLU�'LVSRVDO��81(3�&+:�����$GG������
ZZZ�EDVHO�LQW�PHHWLQJV�FRS�FRS��GRFV���D�H�SGI�

%DVHO�$FWLRQ�1HWZRUN�DQG�6LOLFRQ�9DOOH\�7R[LFV�&RDOLWLRQ���������([SRUWLQJ�+DUP��7KH�KLJK�WHFK�
WUDVKLQJ�RI�$VLD��)HEUXDU\������������

%HWUDP�0���*UDHGHO�7�(���5HFKEHUJHU�+��DQG�6SDWDUL�6����������7KH�FRQWHPSRUDU\�(XURSHDQ�FRSSHU�
F\FOH��ZDVWH�PDQDJHPHQW�VXEV\VWHP��(FRORJLFDO�(FRQRPLFV������������

%LUQEDXP�/�6�	�6WDVNDO�'�)����������%URPLQDWHG�IODPH�UHWDUGDQWV��FDXVH�IRU�FRQFHUQ"�(QYLURQPHQWDO�
+HDOWK�3HUVSHFWLYHV����������������

%LUQEDXP�/�6���6WDVNDO�'��DQG�'LOLEHUWR�-�-����������+HDOWK�HIIHFWV�RI�SRO\EURPLQDWHG�GLEHQ]R�S�GLR[LQV�
�3%''V��DQG�GLEHQ]RIXUDQV��3%')V���(QYLURQPHQW�,QWHUQDWLRQDO��������������

%RJKH�'����������(OHFWURQLF�VFUDS��D�JURZLQJ�UHVRXUFH��0%0��-XQH��������������
&KRL�-�:���)XMLPDNL�6���.LWDPXUD�.���+DVKLPRWR�6���,WR�+���6X]XNL�1���6DNDL�6�,��DQG�0RULWD�0��

3RO\EURPLQDWHG�GLEHQ]R�S�GLR[LQV��GLEHQ]RIXUDQV��DQG�GLSKHQ\O�HWKHUV�LQ�-DSDQHVH�KXPDQ�DGLSRVH�
WLVVXH��(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\������������������

&RKHQ��%�6��	�3RVLWDQR��5����������5HVXVSHQVLRQ�RI�GXVW�IURP�ZRUN�FORWKLQJ�DV�D�VRXUFH�RI�LQKDODWLRQ�
H[SRVXUH���$PHULFDQ�,QGXVWULDO�+\JLHQH�$VVRFLDWLRQ�-RXUQDO�����������������

&RQQHFWLFXW�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ���������&RPSXWHU�DQG�WHOHYLVLRQ�UHF\FOLQJ��
KWWS���GHS�VWDWH�FW�XV�UHF\FOH�FRPSXWHO�KWP�

&XL�-��DQG�)RUVVEHUJ�(����������0HFKDQLFDO�UHF\FOLQJ�RI�ZDVWH�HOHFWULF�DQG�HOHFWURQLF�HTXLSPHQW��D�
UHYLHZ��-RXUQDO�RI�+D]DUGRXV�0DWHULDOV�%�������������

&XOOHQ��0�5���.RPLQVN\��-�5���5RVVPDQ��0�'���&KHUQLDFN��0�*���5DQNLQ��-�$���%DOPHV��-�5���.HUQ��-�$���
'DQLHOH��5�3���3DOPHU��/���1DHJHO��*�3���0F0DQXV��.��	�&UX]�5����������&KURQLF�EHU\OOLXP�GLVHDVH�
LQ�D�SUHFLRXV�PHWDO�UHILQHU\��FOLQLFDO��HSLGHPLRORJLF�DQG�LPPXQRORJLF�HYLGHQFH�IRU�FRQWLQXLQJ�ULVN�
IURP�H[SRVXUH�WR�ORZ�OHYHO�EHU\OOLXP�IXPH��$PHULFDQ�5HYLHZ�RI�5HVSLUDWRU\�'LVHDVH��������������

'¶6LOYD�.���)HUQDQGHV�$��DQG�5RVH�0����������%URPLQDWHG�RUJDQLF�PLFURSROOXWDQWV�±�LJQLWLQJ�WKH�IODPH�
UHWDUGDQW�LVVXH��&ULWLFDO�5HYLHZV�LQ�(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\��������������

'DUQHUXG�3�2����������7R[LF�HIIHFWV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�PDQ�DQG�LQ�ZLOGOLIH��(QYLURQPHQW�
,QWHUQDWLRQDO������������������

'XPOHU�5���7KRPD�+���/HQRLU�'��DQG�+XW]LQJHU�2����������3%')�DQG�3%''�IURP�WKH�FRPEXVWLRQ�RI�
EURPLQH�FRQWDLQLQJ�IODPH�UHWDUGHG�SRO\PHUV��D�VXUYH\��&KHPRVSKHUH���������������������

(QYRFDUH���������0RELOH�SKRQH�UHF\FOLQJ��KWWS���ZZZ�HQYRFDUH�FR�XN�PRELOHBSKRQHV�KWP�
(ULNVVRQ��3���9LEHUJ��+���-DNREVVRQ��(���gUQ��8��	�)UHGULNVVRQ��$����������3%'(�����¶����¶���

SHQWDEURPRGLSKHQ\O�HWKHU��FDXVHV�SHUPDQHQW�QHXURWR[LF�HIIHFWV�GXULQJ�D�GHILQHG�SHULRG�RI�QHRQDWDO�
EUDLQ�GHYHORSPHQW���2UJDQRKDORJHQ�&RPSRXQGV��������������

(YDQV�&�6��DQG�'HOOLQJHU�%����������0HFKDQLVPV�RI�GLR[LQ�IRUPDWLRQ�IURP�WKH�KLJK�WHPSHUDWXUH�
S\URO\VLV�RI���EURPRSKHQRO��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\���������������������

)DOOHU�+���2WW�*��DQG�:XUVWHU�8����������([SRVXUH�WR�KD]DUGRXV�VXEVWDQFHV�GXULQJ�WKH�UHF\FOLQJ�RI�ROG�
HOHFWULFDO�HOHFWURQLF�GHYLFHV"�*HIDKUVWRIIH�5HLQKDOWXQJ�'HU�/XIW������������������

)HV]W\�.���0XUFKLVRQ�&���%DLUG�-��DQG�-DPQHMDG�*����������$VVHVVPHQW�RI�WKH�TXDQWLWLHV�RI�ZDVWH�
HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW��:(((��LQ�6FRWODQG��:DVWH�0DQDJHPHQW�DQG�5HVHDUFK���������
������
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)LHOG�6����������7R[LF�%HU\OOLXP��1HZ�6ROXWLRQV�IRU�D�FKURQLF�SUREOHP���(QYLURQPHQWDO�+HDOWK�
3HUVSHFWLYHV���������$���$����

)XQFNH�:��DQG�+HPPLQJKDXV�+�-����������3;')�'�LQ�IOXH�JDV�IURP�DQ�LQFLQHUDWRU�FKDUJLQJ�ZDVWHV�
FRQWDLQLQJ�&O�DQG�%U�DQG�D�VWDWLVWLFDO�GHVFULSWLRQ�RI�WKH�UHVXOWLQJ�3;')�'�FRPEXVWLRQ�SURILOHV��
2UJDQRKDORJHQ�&RPSRXQGV������������

+DPP�6���6WULNNHOLQJ�0���5DQNHQ�3�)��DQG�5RWKHQEDFKHU�.�3����������'HWHUPLQDWLRQ�RI�SRO\EURPLQDWHG�
GLSKHQ\O�HWKHUV�DQG�3%''�)V�GXULQJ�WKH�UHF\FOLQJ�RI�KLJK�LPSDFW�SRO\VW\UHQH�FRQWDLQLQJ�
GHFDEURPRGLSKHQ\O�HWKHU�DQG�DQWLPRQ\�R[LGH��&KHPRVSKHUH���������������������

+D\DNDZD�.���7DNDWVXNL�+���:DWDQDEH�,�DQG�6DNDL�6����������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V���
SRO\EURPLQDWHG�GLEHQ]R�S�GLR[LQV�GLEHQ]RIXUDQV��3%''�)V��DQG�PRQREURPR�SRO\FKORULQDWHG�
GLEHQ]R�S�GLR[LQV�GLEHQ]RIXUDQV��0R%3;''�)V��LQ�WKH�DWPRVSKHUH�DQG�EXON�GHSRVLWLRQ�LQ�.\RWR��
-DSDQ��&KHPRVSKHUH��������������

+XLVPDQ�-����������4:(57<�DQG�HFR�HIILFLHQF\�DQDO\VLV�RQ�FHOOXODU�SKRQH�WUHDWPHQW�LQ�6ZHGHQ��7KH�
HFR�HIILFLHQF\�RI�WKH�GLUHFW�VPHOWHU�URXWH�YHUVXV�PDQGDWRU\�GLVDVVHPEO\�RI�SULQWHG�FLUFXLW�ERDUGV��78�
'HOIW��2&3�'HVLJQ�IRU�6XVWDLQDELOLW\�3URJUDP��

,&(5��������,QGXVWU\�&RXQFLO�IRU�(OHFWURQLF�(TXLSPHQW�5HF\FOLQJ��,&(5���1HZ�$SSURDFK�WR�&DWKRGH�
5D\�7XEH��&57��5HF\FOLQJ��KWWS���ZZZ�LFHU�RUJ�XN�UHVHDUFK�KWP�

,&(5���������,QGXVWU\�&RXQFLO�IRU�(OHFWURQLF�(TXLSPHQW�5HF\FOLQJ��,&(5���0DWHULDOV�UHFRYHU\�IURP�
ZDVWH�FDWKRVH�UD\�WXEHV��&57V���3XEOLVKHG�E\�7KH�:DVWH�	�5HVRXUFHV�$FWLRQ�3URJUDP��,6%1����
�������������KWWS���ZZZ�LFHU�RUJ�XN�UHVHDUFK�KWP�

,&(5���������,QGXVWU\�&RXQFLO�IRU�(OHFWURQLF�(TXLSPHQW�5HF\FOLQJ��,&(5���6WDWXV�UHSRUW�RQ�ZDVWH�
HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW�LQ�WKH�8.��������KWWS���ZZZ�LFHU�RUJ�XN�UHVHDUFK�KWP�

,QIDQWH�3�)�DQG�1HZPDQ�/�6����������%HU\OOLXP�H[SRVXUH�DQG�FKURQLF�EHU\OOLXP�GLVHDVH��7KH�/DQFHW�
�����)HEUXDU\��WK������������

,QWHUQDWLRQDO�$JHQF\�IRU�5HVHDUFK�RQ�&DQFHU��,$5&���������%HU\OOLXP�DQG�%HU\OOLXP�&RPSRXQGV��,Q�
,QWHUQDWLRQDO�$JHQF\�IRU�5HVHDUFK�RQ�&DQFHU��,$5&��PRQRJUDSK��%HU\OOLXP��&DGPLXP��0HUFXU\��
DQG�([SRVXUHV�LQ�WKH�*ODVV�0DQXIDFWXULQJ��,$5&��PRQRJUDSK��9RO���������SS�,6%1�������������

.HOOHKHU��3�&���0DUW\Q\��-�:���0UR]��0�0���0DLHU��/�$���5XWWHQEHU��$�-���<RXQJ��'�$��	�1HZPDQ��/�6��
��������%HU\OOLXP�SDUWLFXODWH�H[SRVXUH�DQG�GLVHDVH�UHODWLRQV�LQ�D�EHU\OOLXP�PDFKLQLQJ�SODQW���-RXUQDO�
RI�2FFXSDWLRQDO�	�(QYLURQPHQWDO�0HGLFLQH�����������������
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/L�-���6KULYDVWDYD�3���*DR�=��DQG�=KDQJ�+�&����������3ULQWHG�FLUFXLW�ERDUG�UHF\FOLQJ��$�VWDWH�RI�±WKH�DUW�
VXUYH\��,(((�7UDQVDFWLRQV�RQ�(OHFWURQLFV�3DFNDJLQJ�0DQXIDFWXULQJ����������������
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0HQDG�1���������&DWKRGH�UD\�WXEH�UHF\FOLQJ��5HVRXUFHV��&RQVHUYDWLRQ�DQG�5HF\FOLQJ������������������
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SHUVRQDO�FRPSXWHUV��������6HSWHPEHU�������9LHQQD��$XVWULD��
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(19�(32&�:*:35��������),1$/��
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