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7KH�GDQJHURXV�FKHPLFDOV�LQ�HOHFWURQLF�SURGXFWV�
�

(OHFWURQLF� SURGXFWV� DUH� D� FRPSOH[�PL[WXUH� RI� VHYHUDO� KXQGUHG� FRPSRQHQWV��
PDQ\� RI� ZKLFK� FRQWDLQ� KHDY\� PHWDOV� DQG� KD]DUGRXV� FKHPLFDOV�� 7KHVH�
GDQJHURXV� VXEVWDQFHV� FDXVH� VHULRXV� SROOXWLRQ� DQG� SXW� ZRUNHUV� DW� ULVN� RI�
H[SRVXUH�ZKHQ�WKH�SURGXFWV�DUH�SURGXFHG�RU�GLVSRVHG�RI���
%HU\OLXP�
�
%HU\OOLXP� LV� D�PHWDO�ZLWK� XQLTXH� SURSHUWLHV�� LW� LV� OLJKWHU� WKDQ� DOXPLQLXP�DQG�
VWURQJHU� WKDQ� VWHHO�� DV� ZHOO� DV� EHLQJ� D� YHU\� JRRG� FRQGXFWRU� RI� KHDW� DQG�
HOHFWULFLW\� �7D\ORU�HW�DO�� ������� �%HU\OOLXP� LV�XVHG� LQ�HOHFWULFDO� DQG�HOHFWURQLF�
HTXLSPHQW�DV�FRSSHU�EHU\OOLXP�DOOR\V�W\SLFDOO\�FRQWDLQLQJ����EHU\OOLXP���7KLV�
DOOR\�LQFUHDVLQJ�WKH�VWUHQJWK�WR�VL[�WLPHV�WKDW�RI�FRSSHU���,W�LV�XVHG�LQ�VSULQJV��
UHOD\V� DQG� FRQQHFWLRQV�� DQG� KLVWRULFDOO\� LQ� FRPSXWHU� PRWKHUERDUGV� �2(&'�
������7D\ORU�HW�DO����������
�
'XULQJ�WKH�UHILQLQJ�DQG�SURFHVVLQJ�RI�EHU\OOLXP�DQG�LWV�FRPSRXQGV��IXPHV�DQG�
GXVWV�RI�EHU\OOLXP�DQG�EHU\OOLXP�R[LGH�FDQ�EH�SURGXFHG�� �7KHLU� LQKDODWLRQ� LV�
WKH� PDLQ� URXWH� RI� EHU\OOLXP� H[SRVXUH� IRU� ZRUNHUV� LQ� WKHVH� LQGXVWULHV� �)LHOG�
��������+LVWRULFDOO\�PDQ\�EHOLHYHG�WKDW�WKH�PDQXIDFWXUH�DQG�XVH�RI�EHU\OOLXP�
FRSSHU� DOOR\V� GLG� QRW� SRVH� KHDOWK� ULVNV� WR� ZRUNHUV� �VHH� ,QIDQWH� 	� 1HZPDQ�
������� KRZHYHU� UHFHQW� VWXGLHV� KDYH� VKRZQ� WKDW� SHRSOH� ZRUNLQJ� ZLWK� VXFK�
DOOR\V� FDQ� KDYH�D� VLJQLILFDQW� ULVN� RI� H[SRVXUH� WR� EHU\OOLXP�DQG� VXIIHU� KHDOWK�
LPSDFWV� LQFOXGLQJ�GHYHORSLQJ�&%'� �%DONLVVRRQ�	�1HZPDQ�������6FKXOHU�HW�
DO�����������:RUNHUV�FDQ�DOVR�FDUU\�EHU\OOLXP�GXVWV�DZD\�IURP�WKH�ZRUNSODFH�
RQ�WKHLU�FORWKHV�DQG�VKRHV��H[SRVLQJ�WKHLU�IDPLO\�PHPEHUV��&RKHQ�	�3RVLWDQR�
������6DQGHUVRQ�HW�DO���������DQG�WKHUH�DUH�UHSRUWHG�FDVHV�RI�WKH�VSRXVHV�RI�
EHU\OOLXP� ZRUNHUV� GHYHORSLQJ� EHU\OOLXP� VHQVLWLYLW\� DQG� FKURQLF� EHU\OOLXP�
GLVHDVH��&%'���.QLVKNRZ\�	�%DNHU��������
�
:KLOH� PRVW� UHSRUWHG� FDVHV� RI� EHU\OOLXP� H[SRVXUH� DUH� UHODWHG� WR� ZRUNHUV�
LQYROYHG�LQ�SURFHVVLQJ�DQG�PDQXIDFWXULQJ�DFWLYLWLHV��H[SRVXUH�PD\�DOVR�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�� RU� GXULQJ� KLJK� WHPSHUDWXUH� SURFHVVHV� VXFK� DV� WKRVH� XVHG� DW�
PHWDO� UHILQHULHV� �%DVHO� ������ 2(&'� ������� ZKLFK� FDQ� OHDG� WR� EHU\OOLXP�
VHQVLWLYLW\�DQG�&%'�LQ�ZRUNHUV��&XOOHQ�HW�DO��������,QIDQWH�	�1HZPDQ��������
�
%HU\OOLXP�LV�ERWK�DFXWHO\�DQG�FKURQLFDOO\�WR[LF�WR�KXPDQV��PDLQO\�DIIHFWLQJ�WKH�
OXQJV���%UHDWKLQJ�KLJK�FRQFHQWUDWLRQV�RI�EHU\OOLXP�GXVWV�RU�IXPHV�FDQ�UHVXOW�LQ�
DFXWH�EHU\OOLXP�GLVHDVH��$%'���ZLWK�D�UDQJH�RI�HIIHFWV�LQFOXGLQJ�VKRUWQHVV�RI�
EUHDWK�� FRXJKLQJ�� FKHVW� SDLQ�� UDSLG� KHDUW� UDWH� DQG� GHDWK� LQ� H[WUHPH� FDVHV���



$SSUR[LPDWHO\� ���� RI� $%'� VXIIHUHUV� ZLOO� HYHQWXDOO\� GHYHORSHG� FKURQLF�
EHU\OOLXP�GLVHDVH��&%'���DOVR�NQRZQ�DV�EHU\OOLRVLV����
�
([SRVXUH� WR�EHU\OOLXP��HYHQ�DW�YHU\� ORZ� OHYHOV�DQG� IRU�VKRUW�SHULRGV�RI� WLPH��
FDQ� OHDG� WR� EHU\OOLXP� VHQVLWLVDWLRQ�� � 6RPH� LQGLYLGXDOV�ZLOO� JR� RQ� WR� GHYHORS�
&%'��D�GHELOLWDWLQJ�GLVHDVH�ZLWK�V\PSWRPV�LQFOXGLQJ�HPSK\VHPD�DQG�ILEURVLV�
RI� WKH� OXQJV� WKDW� FDQ� VRPHWLPHV� EH� IDWDO�� � $OWKRXJK� V\PSWRPV� FDQ� EH�
VXSSUHVVHG�ZLWK�VWHURLGV��&%'�LV�FXUUHQWO\� LQFXUDEOH��)LHOG�������� �&%'�FDQ�
GHYHORS� VRRQ� DIWHU� H[SRVXUH� EHJLQV� RU� EH� GHOD\HG� IRU� ORQJ� SHULRGV�� XS� WR�
PDQ\�\HDUV�DIWHU� LQLWLDO�H[SRVXUH� �1HZPDQ�HW�DO��������� �7KH� OHQJWK�RI� WLPH�
DQG� DPRXQW� RI� H[SRVXUH� WKDW� UHVXOWV� LQ� VHQVLWLVDWLRQ� DQG� VXEVHTXHQW�
GHYHORSPHQW�RI�&%'�LV�KLJKO\�YDULDEOH�EHWZHHQ�LQGLYLGXDOV���1RW�DOO�LQGLYLGXDOV�
ZKR�EHFRPH�VHQVLWLVHG�ZLOO�JR�RQ�WR�GHYHORS�&%'���6RPH�SHRSOH�FDQ�GHYHORS�
EHU\OOLRVLV� IROORZLQJ�VHHPLQJ�YHU\� ORZ� OHYHOV�RI�H[SRVXUH��DQG�KHDOWK�HIIHFWV�
KDYH� EHHQ� UHSRUWHG� IROORZLQJ� H[SRVXUH� WR� OHYHOV� ������� WLPHV� ORZHU� WKDQ�
ZLGHO\�XVHG�ZRUNSODFH�H[SRVXUH� OLPLWV� �.HOOHKHU�HW�DO�� �������� �7KLV�HIIHFW� LV�
EHOLHYHG� WR� EH� D� UHVXOW� RI� D� JHQHWLF� SUHGLVSRVLWLRQ� �)LHOG� ������ 9LHW� HW� DO���
��������,Q�PDQ\�FDVHV�&%'�LQ�ZRUNHUV�LV�HLWKHU�XQGLDJQRVHG�RU�PLVGLDJQRVHG�
�,QIDQWH� 	� 1HZPDQ� ������ 1HZPDQ� ������� � 6NLQ� FRQWDFW� FDQ� DOVR� SURGXFH�
GHUPDWLWLV�� DQG� PD\� FDXVH� EHU\OOLXP� VHQVLWL]DWLRQ�� D� SUHFXUVRU� WR� &%'�
GHYHORSPHQW���7LQNOH�HW�DO����������
�
)XUWKHUPRUH�� EHU\OOLXP� DQG� EHU\OOLXP� FRPSRXQGV� KDYH� EHHQ� FODVVLILHG� DV�
NQRZQ� KXPDQ� FDUFLQRJHQV� E\� WKH� ,QWHUQDWLRQDO� $JHQF\� IRU� 5HVHDUFK� RQ�
&DQFHU�� EDVHG� XSRQ� WKH� LQFUHDVHG� UDWHV� RI� OXQJ� FDQFHU� LQ� EHU\OOLXP�
SURGXFWLRQ�ZRUNHUV��,$5&�������
�
,Q� VRPH� FRXQWULHV� FRQWUROV� H[LVW� WR� DGGUHVV� EHU\OOLXP� H[SRVXUH� LQ� WKH�
ZRUNSODFH��ZLWK�PD[LPXP�DOORZDEOH�DLU�FRQFHQWUDWLRQV���0DQ\�FRXQWULHV�KDYH�
DGRSWHG�ZRUNSODFH�H[SRVXUH�OLPLWV�RI����� J�P���:+2�������� �)RU�H[DPSOH��
LQ� WKH�86$�D�PD[LPXP�DYHUDJH�SHUPLVVLEOH�H[SRVXUH� OLPLW� �3(/�� LV�VHW�DW���
J�P�� RYHU� �� KRXUV��ZLWK� D� OLPLW� RI� �� J�P�� IRU� DQ\����PLQXWH� SHULRG�DQG� D�

SHDN�PD[LPXP�RI���� J�P���86&)5����������
�
:RUNSODFH� H[SRVXUH� OLPLWV� DUH� W\SLFDOO\� EDVHG� XSRQ� WRWDO� EHU\OOLXP� DLU�
FRQFHQWUDWLRQV���7KHVH�GR�QRW�DGGUHVV�RWKHU�IDFWRUV�WKDW�FDQ�DIIHFW�H[SRVXUH�
VXFK�DV�GXVW�SDUWLFOH�VL]H�DQG�WKH�FKHPLFDO�IRUP�RI�EHU\OOLXP���5HFHQW�VWXGLHV�
LQGLFDWH�WKDW�VRPH�ZRUNHUV�FDQ�GHYHORS�&%'�DW�H[SRVXUHV�VLJQLILFDQWO\�EHORZ�
VXFK�OLPLWV��.HOOHKHU�HW�DO���������.RODQ]��������
�
&DGPLXP�
�
&DGPLXP� DQG� LWV� FRPSRXQGV� DUH� XVHG� LQ� D� QXPEHU� RI� DSSOLFDWLRQV� ZLWKLQ�
HOHFWURQLFV�SURGXFWV�� �&DGPLXP�LV�XVHG� LQ�VRPH�FRQWDFWV�DQG�VZLWFKHV��DQG�
PDQ\� ODSWRS� FRPSXWHUV� FRQWDLQ� UHFKDUJHDEOH� QLFNHO�FDGPLXP� �1L�&G��
EDWWHULHV�� � &DGPLXP� FRPSRXQGV� KDYH� DOVR� EHHQ� XVHG� DV� VWDELOLVHUV� ZLWKLQ�
39&�IRUPXODWLRQV��VXFK�WKRVH�XVHG�DV�ZLUH�LQVXODWLRQ���&DGPLXP�VXOSKLGH�KDV�
EHHQ�DOVR�XVHG� LQ�ROGHU�FDWKRGH�UD\� WXEHV��&57V��DV�D�SKRVSKRU�FRDWLQJ��D�



PDWHULDO� XVHG� RQ� WKH� LQWHULRU� VXUIDFH� RI� WKH� VFUHHQ� WR� SURGXFH� OLJKW� �2(&'�
�������
�
'LVSRVDO� RI� FDGPLXP� FRQWDLQLQJ� SURGXFWV� FDQ� FDXVH� UHOHDVHV� LQWR� WKH�
HQYLURQPHQW�� � ,QFLQHUDWLRQ� FDQ� UHOHDVH� FDGPLXP�FRPSRXQGV� ERWK� WR� WKH� DLU�
DQG� ZLWKLQ� IO\� DVKHV� �$OOVRSS� HW� DO�� � ������� � 5HF\FOLQJ� RSHUDWLRQ�� VXFK� DV�
EUHDNLQJ�RI�&57�JODVV��PD\�DOVR�UHOHDVH�FDGPLXP�WR�WKH�HQYLURQPHQW�DQG�EH�
KD]DUGRXV�WR�ZRUNHUV�WKURXJK�WKH� LQKDODWLRQ�RI�FDGPLXP�VXOSKLGH�FRQWDLQLQJ�
GXVWV��2(&'��������
�
&DGPLXP� LV� D� UDUH� PHWDO�� IRXQG� QDWXUDOO\� DV� YHU\� ORZ� FRQFHQWUDWLRQV�
�6DORPRQV� 	� )RUVWQHU� ������� � ,W� LV� SHUVLVWHQW� LQ� WKH� HQYLURQPHQW�� DQG� LQ�
DTXDWLF� HQYLURQPHQWV� FDGPLXP� LV� PRUH� PRELOH� WKDQ� PRVW� RWKHU� PHWDOV�
�$76'5� ������� � &DGPLXP� LV� KLJKO\� WR[LF� WR� SODQWV�� DQLPDOV� DQG� KXPDQV��
KDYLQJ� QR� NQRZQ� ELRFKHPLFDO� RU� QXWULWLRQDO� IXQFWLRQ� �$76'5� ������ :+2�
������� �([SRVXUH� FDQ� UHVXOW� LQ� ELRDFFXPXODWLRQ�RI� FDGPLXP� LQ� KXPDQV�DQG�
DQLPDOV�� � 6RPH� IRRG� FURSV� VXFK� DV� JUDLQ�� ULFH� DQG� YHJHWDEOHV� FDQ� DOVR�
DFFXPXODWH� FDGPLXP�� ZKLFK� FDQ� SURYLGH� DGGLWLRQDO� H[SRVXUHV� IRU� KXPDQV�
�(OLQGHU�	�-DUXS��������
�
&DGPLXP�H[SRVXUH�FDQ�RFFXU�RFFXSDWLRQDOO\�WKURXJK�LQKDODWLRQ��EUHDWKLQJ�LQ��
RI� IXPHV� RU� GXVWV� FRQWDLQLQJ� FDGPLXP� DQG� LWV� FRPSRXQGV� RU� WKURXJK�
HQYLURQPHQWDO� H[SRVXUHV�� SULPDULO\� GLHW�� � &DGPLXP� LV� D� FXPXODWLYH� WR[LFDQW�
DQG� ORQJ�WHUP� H[SRVXUH� FDQ� UHVXOW� LQ� GDPDJH� WR� WKH� NLGQH\V� DQG� ERQH�
WR[LFLW\���)RU�DQLPDOV�DV�IRU�KXPDQV�FDGPLXP�H[SRVXUH�WKRXJK�GLHW�SULPDULO\�
DIIHFWV�WKH�NLGQH\V��(OLQGHU�	�-DUXS�������:+2���������5HFHQW�VWXGLHV�KDYH�
GHPRQVWUDWHG� NLGQH\� GDPDJH� DW� ORZHU� OHYHOV� RI� H[SRVXUH� WKDQ� SUHYLRXVO\�
DQWLFLSDWHG��+HOOVWURP�HW�DO�����������
�
2WKHU�HIIHFWV� LQFOXGH�GLVUXSWLRQ� WR�FDOFLXP�PHFKDQLVPV� LQ� WKH�ERG\�DQG� WKH�
GHYHORSPHQW�RI�K\SHUWHQVLRQ��KLJK�EORRG�SUHVVXUH��DQG�KHDUW�GLVHDVH��(OLQGHU�
	�-DUXS�������:+2���������7KH�LQKDODWLRQ�RI�FDGPLXP�R[LGH�IXPHV�RU�GXVWV�
FDQ�DIIHFW�WKH�UHVSLUDWRU\�V\VWHP��ZLWK�HIIHFWV�LQFOXGLQJ�WUDFKHREURQFKLWLV�DQG�
SXOPRQDU\�RHGHPD��$76'5�������:+2�������� �)XUWKHUPRUH��FDGPLXP�DQG�
LWV�FRPSRXQGV�DUH�NQRZQ�WR�EH�KXPDQ�FDUFLQRJHQV��SULPDULO\�IRU�OXQJ�FDQFHU�
IROORZLQJ�LQKDODWLRQ��'+66��������
�
$�QXPEHU�RI� UHJLRQDO�FRQWUROV�H[LVW�RQ� WKH�XVH�RI�FDGPLXP�LQ�SURGXFWV�� �(8�
OHJLVODWLRQ� UHVWULFWLQJ� WKH� XVH� RI� FHUWDLQ� KD]DUGRXV� VXEVWDQFHV� �52+6�� LQ�
HOHFWULFDO� DQG� HOHFWURQLF� HTXLSPHQW�� SURKLELWV� WKH� XVH� RI� FDGPLXP� LQ� QHZ�
HTXLSPHQW�SXW�RQ�WKH�PDUNHW�IURP���-XO\�������(&�����D���ZLWK�D�PD[LPXP�
DOORZDEOH� FRQFHQWUDWLRQ� RI� ������ FDGPLXP� E\� ZHLJKW� LQ� KRPRJHQHRXV�
PDWHULDOV�� � 7KHUH� DUH� H[HPSWLRQV� WR� WKLV� IRU� WKH� XVH� RI� FDGPLXP� LQ� FHUWDLQ�
SODWLQJ� DSSOLFDWLRQV�� � 8QGHU� OHJLVODWLRQ� DGGUHVVLQJ� ZDVWH� HOHFWULFDO� DQG�
HOHFWURQLF� HTXLSPHQW� �:(((��� EDWWHULHV� FRQWDLQLQJ� PRUH� WKDQ� �������
FDGPLXP� E\� ZHLJKW� PXVW� EH� VHSDUDWHG� IURP� ZDVWHVWUHDPV� DQG� UHF\FOHG�
ZKHUH�DSSURSULDWH��(&�����E����7KH�XVH�RI�FDGPLXP�LQ�SURGXFWV�LV�DGGUHVVHG�
XQGHU� RWKHU� (8� OHJLVODWLRQ�� LQFOXGLQJ� UHVWULFWLRQV� RQ� LWV� XVH� DV� FRORXULQJ� RU�
SODVWLF�VWDELOLVHU�DJHQWV�LQ�D�ZLGH�UDQJH�RI�SURGXFWV��LQFOXGLQJ�39&��ZKHUH�WKH�



FDGPLXP�FRQWHQW�H[FHHGV���������ZLWK�VRPH�H[FHSWLRQV� IRU� VDIHW\� UHDVRQV�
�((&��������
�
,Q�������WKH�0LQLVWHULDO�0HHWLQJ�RI�WKH�263$5�FRQYHQWLRQ�IRU�WKH�3URWHFWLRQ�RI�
WKH� 0DULQH� (QYLURQPHQW� RI� WKH� 1RUWK�(DVW� $WODQWLF� DJUHHG� RQ� WKH� WDUJHW� RI�
FHVVDWLRQ�RI�GLVFKDUJHV��HPLVVLRQV�DQG�ORVVHV�RI�DOO�KD]DUGRXV�VXEVWDQFHV�WR�
WKH�PDULQH�HQYLURQPHQW�E\�������� WKH�RQH�JHQHUDWLRQ�FHVVDWLRQ�WDUJHW���DQG�
LQFOXGHG�FDGPLXP�FRPSRXQGV�RQ�WKH� ILUVW� OLVW�RI�FKHPLFDOV� IRU�SULRULW\�DFWLRQ�
WRZDUGV�WKLV�WDUJHW��263$5��������
�
&KURPLXP�+H[DYDOHQW�
�
+H[DYDOHQW� FKURPLXP� LV� RQH� FKHPLFDO� IRUP� RI� WKH�PHWDO� FKURPLXP�� � ,W� KDV�
PDQ\�XVHV� LQFOXGLQJ�DV�D�FRUURVLRQ� LQKLELWRU�DQG� LQ�KDUGHQLQJ�DQG�FRUURVLRQ�
SURWHFWLRQ�LQ�PHWDO�KRXVLQJV���+H[DYDOHQW�FKURPLXP�LV�IDU�PRUH�UHDFWLYH�DQG�
VROXEOH� LQ�ZDWHU� WKDQ�RWKHU� IRUPV�RI�FKURPLXP��PDNLQJ� LW�PRUH�PRELOH� LQ� WKH�
HQYLURQPHQW��0XNKHUMHH��������
�
,QFLQHUDWLRQ� RI� FKURPLXP� FRQWDLQLQJ� ZDVWHV� FDQ� UHVXOW� LQ� UHOHDVHV� WR� WKH�
DWPRVSKHUH� DQG� JHQHUDWH� IO\� DVK� FRQWDLQLQJ� KH[DYDOHQW� FKURPLXP�� ZKLFK�
VXEVHTXHQWO\�FDQ� OHDFK� IURP�WKH�DVK��$OOVRSS�HW�DO��������0DQJLDODUGL�HW�DO��
�������
�
:KLOH� RWKHU� IRUPV� RI� FKURPLXP� FDQ� EH� WUDFH� QXWULHQWV� IRU� DQLPDOV� DQG�
KXPDQV��KH[DYDOHQW�FKURPLXP�LV�KLJKO\�WR[LF�HYHQ�DW�ORZ�FRQFHQWUDWLRQV��DQG�
LQ� VRPH� FDVHV� FDUFLQRJHQLF� �$76'5� ������� � ,W� LV� DOVR� FRUURVLYH� DQG� FDQ�
UHDGLO\� FDXVH� DOOHUJLF� VNLQ� UHDFWLRQV� IROORZLQJ� FRQWDFW�� LQGHSHQGHQW� RI� WKH�
DPRXQW�� �'DPDJH� WR� WKH�NLGQH\�DQG� OLYHU� KDYH�DOVR�EHHQ� UHSRUWHG� �$76'5�
��������V,Q�DGGLWLRQ��RFFXSDWLRQDO�H[SRVXUH�WR�DLUERUQH�KH[DYDOHQW�FKURPLXP�
KDV� EHHQ� DVVRFLDWHG� ZLWK� OXQJ� FDQFHU�� DQG� WKH� ,QWHUQDWLRQDO� $JHQF\� IRU�
5HVHDUFK� RQ� &DQFHU� KDV� FODVVLILHG� KH[DYDOHQW� FKURPLXP� FRPSRXQGV� DV�
NQRZQ�KXPDQ�FDUFLQRJHQV��,$5&�������� �+H[DYDOHQW�FKURPLXP�LV�DOVR�WR[LF�
WR�DQLPDOV�DQG�SODQWV��DQG�DQLPDO�VWXGLHV�KDYH�DOVR� IRXQG� LQFUHDVHG�ULVN�RI�
FDQFHU�IROORZLQJ�LQKDODWLRQ��$76'5��������
�
(8�OHJLVODWLRQ�UHVWULFWLQJ�WKH�XVH�RI�FHUWDLQ�KD]DUGRXV�VXEVWDQFHV��52+6��LQ�
HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW��SURKLELWV�WKH�PDUNHWLQJ�RI�QHZ�HTXLSPHQW�
FRQWDLQLQJ�KH[DYDOHQW� FKURPLXP�DW� D� FRQFHQWUDWLRQ�RI� JUHDWHU� WKDQ������E\�
ZHLJKW�IURP���-XO\�������(&�����D���
�
/HDG�
�
/HDG� KDV� WZR� PDLQ� XVHV� LQ� HOHFWURQLFV� SURGXFWV�� � 0HWDOOLF� OHDG� LV� XVHG� LQ�
HOHFWULFDO�VROGHU�SULPDULO\�RQ�SULQWHG�FLUFXLW�ERDUGV��FRPPRQO\�DV�DQ�DOOR\�ZLWK�
WLQ����/HDG�R[LGH�LV�XVHG�LQ�FDWKRGH�UD\�WXEHV��&57V���LQFRUSRUDWHG�ZLWKLQ�WKH�
JODVV�DQG�DOVR�LQ�WKH�IULW��D�W\SH�RI�JODVV�VROGHU�XVHG�WR�MRLQ�WKH�IDFHSODWH�DQG�
IXQQHO� VHFWLRQV�� �&57V�FRQWDLQ�DSSUR[LPDWHO\����NJ�RI� OHDG� LQ�ROGHU�PRGHOV�



DQG���NJ�LQ�QHZHU�PRGHOV��2(&'���������,Q�DGGLWLRQ��OHDG�FRPSRXQGV�KDYH�
EHHQ�XVHG�DV�VWDELOLVHUV�LQ�39&�IRUPXODWLRQV��0DWWKHZV��������
�
/HDG� FDQ� OHDFK� IURP�&57V� XQGHU� ODQGILOO� FRQGLWLRQV� �0XVVRQ�HW� DO�� � ��������
,QFLQHUDWLRQ�FDQ�DOVR�UHVXOW�LQ�UHOHDVH�RI�OHDG�WR�WKH�DLU�DV�LQ�WKH�DVK�SURGXFHG�
�$OOVRSS�HW�DO��������� �/HDG� LQ�&57V�DQG�SULQWHG�FLUFXLW�ERDUGV�PD\�DOVR�EH�
UHOHDVHG� DV� OHDG� R[LGH� GXVW� RU� OHDG� IXPH� GXULQJ� JODVV� FUXVKLQJ� RU� KLJK�
WHPSHUDWXUH�SURFHVVLQJ��VXFK�DV�VPHOWLQJ�RU�DSSOLFDWLRQ�RI�KHDW�WR�ORRVHQ�WKH�
VROGHU��2(&'��������
�
:RUNHUV�XVLQJ�OHDG�LQ�KLJK�WHPSHUDWXUH�SURFHVVHV��VXFK�DV�DW�OHDG�VPHOWHUV��
FDQ� EH� VLJQLILFDQWO\� H[SRVHG� WR� OHDG� IXPHV� �6FKXW]�HW� DO�� � ������� �:RUNHUV�
XVLQJ� OHDG� EDVHG� VROGHUV� PD\� DOVR� EH� H[SRVHG� WR� OHDG�EHDULQJ� GXVWV� DQG�
IXPHV� �$76'5�������� �5HVSLUDWRU\� LPSDLUPHQW� KDV� EHHQ� UHSRUWHG� DPRQJVW�
ZRUNHUV�XVLQJ�OHDG�WLQ�VROGHUV��WKRXJK�WKH�FRQWULEXWLRQ�IURP�OHDG�LQ�WKH�VROGHU�
ZDV�QRW�HYDOXDWHG��*XSWD�HW�DO����������
�
/HDG�WHQGV�WR�DFFXPXODWH�ZKHQ�UHOHDVHG�LQWR�WKH�HQYLURQPHQW��KDYLQJ�D�ORQJ�
UHVLGHQFH� WLPH� FRPSDUHG�ZLWK�PRVW� SROOXWDQWV�� � ,W� FDQ� UHPDLQ� DFFHVVLEOH� WR�
WKH� IRRG� FKDLQ� DQG� WR� KXPDQ�PHWDEROLVP� IDU� LQWR� WKH� IXWXUH�� � +XPDQV� FDQ�
DFFXPXODWH�OHDG��DV�FDQ�PDQ\�SODQWV�DQG�DQLPDOV��6DXYH�HW�DO��������$76'5�
��������:KHUH�VRLOV�DQG�GXVWV�DUH�FRQWDPLQDWHG�ZLWK�OHDG��FKLOGUHQ�FDQ�KDYH�
LQFUHDVHG�H[SRVXUH�WKURXJK�EHKDYLRU�VXFK�DV�KDQG�WR�PRXWK�WUDQVIHU��0DOFRH�
HW�DO���������
�
/HDG�LV�KLJKO\�WR[LF�WR�KXPDQV�DV�ZHOO�DV�PDQ\�DQLPDOV�DQG�SODQWV���,W�KDV�QR�
NQRZQ�ELRFKHPLFDO� RU� QXWULWLRQDO� IXQFWLRQ� �$76'5�������*R\HU� ������� � 7KH�
WR[LF� HIIHFWV� RI� OHDG� DUH� WKH� VDPH� LUUHVSHFWLYH� RI� ZKHWKHU� LW� LV� LQJHVWHG� RU�
LQKDOHG�� � ,Q�KXPDQV��H[SRVXUH� WR� OHDG�KDV�D�ZLGH� UDQJH�RI�HIIHFWV� LQFOXGLQJ�
GDPDJH�WR�WKH�QHUYRXV�V\VWHP�DQG�EORRG�V\VWHP��LPSDFWV�RQ�WKH�NLGQH\V�DQG�
RQ�UHSURGXFWLRQ���2I�SDUWLFXODU�FRQFHUQ� LV�WKH�HIIHFW�RI� ORZ�OHYHO�H[SRVXUH�RQ�
WKH�GHYHORSPHQW�RI� WKH�EUDLQ�DQG�FHQWUDO� QHUYRXV�V\VWHP� LQ� FKLOGUHQ��ZKLFK�
FDQ�UHVXOW�LQ�LQWHOOHFWXDO�LPSDLUPHQW��&DQILHOG�HW�DO��������*R\HU���������/HDG�
H[SRVXUH� LV� FXPXODWLYH�DQG� LWV� HIIHFWV�DSSHDU� WR�EH� LUUHYHUVLEOH� �%HOOLQJHU�	�
'LHWULFK���������6LPLODU�WR[LF�HIIHFWV�DUH�VHHQ�LQ�DQLPDOV��DQG�OHDG�LV�DOVR�WR[LF�
WR�DOO�DTXDWLF�OLIH��:+2�����D��6DGLT��������
�
$� QXPEHU� RI� UHJLRQDO� FRQWUROV� H[LVW� RQ� WKH� XVH� RI� OHDG� LQ� SURGXFWV�� � (8�
OHJLVODWLRQ� UHVWULFWLQJ� WKH� XVH� RI� FHUWDLQ� KD]DUGRXV� VXEVWDQFHV� �52+6�� LQ�
HOHFWULFDO� DQG� HOHFWURQLF� HTXLSPHQW�� SURKLELWV� WKH� XVH� RI� OHDG� LQ� QHZ�
HTXLSPHQW�SXW�RQ�WKH�PDUNHW�IURP���-XO\�������(&�����D���ZLWK�D�PD[LPXP�
DOORZDEOH� FRQFHQWUDWLRQ� RI� ����� OHDG� E\� ZHLJKW� LQ� KRPRJHQHRXV�PDWHULDOV���
7KHUH�DUH�FHUWDLQ�H[HPSWLRQV�LQFOXGLQJ�WKH�XVH�RI�OHDG�LQ�FHUWDLQ�VROGHUV�DQG�
LQ� WKH�JODVV� RI� FDWKRGH� UD\� WXEHV�� � ,Q� DGGLWLRQ�� OHJLVODWLRQ� DGGUHVVLQJ�ZDVWH�
HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW��:(((��VSHFLILHV�WKDW�EDWWHULHV�FRQWDLQLQJ�
PRUH� WKDQ� ����� OHDG� E\�ZHLJKW�PXVW� EH� VHSDUDWHG� IURP�ZDVWHVWUHDPV� DQG�
UHF\FOHG�ZKHUH�DSSURSULDWH��(&�����E����,Q�DGGLWLRQ��WKH�39&�LQGXVWU\�LQ�WKH�
(8�KDV�D�YROXQWDU\�DJUHHPHQW�WR�SKDVH�RXW� OHDG�VWDELOLVHUV� LQ�39&�E\������
�(1'6��������
�



0HUFXU\�
�
0HUFXU\� LV�XVHG� LQ� OLJKWLQJ�GHYLFH� WKDW� LOOXPLQDWH� IODW�VFUHHQ�GLVSOD\V�� � ,W�KDV�
DOVR� EHHQ� XVHG� LQ� VZLWFKHV� DQG� UHOD\V� RI� ROGHU� PDLQIUDPH� FRPSXWHUV� DQG�
VRPH�ROGHU�FRPSXWHU�PD\�FRQWDLQ�EDWWHULHV�FRQWDLQLQJ�PHUFXU\��2(&'��������
�
5HOHDVHV�RI�PHUFXU\�FDQ�RFFXU�GXULQJ�WKH�GLVPDQWOLQJ�RI�HTXLSPHQW�VXFK�DV�
IODW� VFUHHQ�GLVSOD\V�� � ,QFLQHUDWLRQ�RU� ODQGILOOLQJ�FDQ�DOVR� UHVXOW� LQ� UHOHDVHV�RI�
PHUFXU\� WR� WKH� HQYLURQPHQW� �$OOVRSS� HW� DO�� ������ 2(&'� ������� � 8SRQ�
UHOHDVHG� LQWR� WKH�DWPRVSKHUH��VXFK�DV� IURP� LQFLQHUDWLRQ��PHUFXU\�FDQ� WUDYHO�
JOREDOO\� DQG� LPSDFW� IDU� IURP� WKH� VRXUFH� RI� LWV� UHOHDVH� �81(3� ��������
6XEVHTXHQW� WR� UHOHDVH�� PHUFXU\� FDQ� HQWHU� ZDWHU� ERGLHV� �HLWKHU� GLUHFWO\� RU�
IROORZLQJ� GHSRVLWLRQ�� DQG� EH� WUDQVIRUPHG� WR� PHWK\O� PHUFXU\�� D� KLJKO\� WR[LF�
IRUP� RI� PHUFXU\� WKDW� FDQ� ELRDFFXPXODWH� DQG� ELRPDJQLI\� �SURJUHVVLYHO\�
FRQFHQWUDWH��WR�KLJK�OHYHOV�LQ�IRRG�FKDLQV��SDUWLFXODUO\�LQ�ILVK���7KLV�LV�WKH�PDMRU�
URXWH�RI�H[SRVXUH�IRU�WKH�JHQHUDO�SXEOLF��:+2�����E��81(3���������:RUNHUV�
PD\� DOVR� EH� H[SRVHG� WR� PHUFXU\� WKURXJK� LQKDODWLRQ� RI� PHUFXU\� YDSRXU� RU�
GXVW��
�
0HUFXU\� DQG� LWV� FRPSRXQGV� DUH� KLJKO\� WR[LF� DQG� WKLV� PHWDO� WKDW� KDV� QR�
ELRFKHPLFDO� RU� QXWULWLRQDO� YDOXH� �:+2� ������� � ,QKDODWLRQ� RI� KLJK� OHYHOV� RI�
PHUFXU\�YDSRXU�PD\�FDXVH�D�UDQJH�RI�HIIHFWV�LQFOXGLQJ�LPSDFW�WR�WKH�FHQWUDO�
QHUYRXV�V\VWHP��&16���$76'5�������*R\HU�������� �/RQJ�WHUP�H[SRVXUH� WR�
ORZHU�OHYHOV�RI�PHUFXU\�YDSRXU�FDQ�DOVR�FDXVH�HIIHFWV�RQ�WKH�&16�DQG�NLGQH\�
GDPDJH� �5DWFOLIIH�HW� DO�� ������*R\HU� ������� � 7KHVH� HIIHFWV� KDYH� DOVR� EHHQ�
UHSRUWHG�LQ�DQLPDO�VWXGLHV��$76'5�������
�
)RU�WKH�JHQHUDO�SRSXODWLRQ�WKH�SULPDU\�URXWH�RI�H[SRVXUH�LV�WR�PHWK\O�PHUFXU\�
WKURXJK�GLHW��81(3���������7KLV�IRUP�RI�PHUFXU\�FDQ�DFFXPXODWH�LQ�WKH�ERG\�
DQG�WKH�PDLQ�LPSDFW� LV�GDPDJH�WR�WKH�QHUYRXV�V\VWHP���0HWK\O�PHUFXU\�FDQ�
UHDGLO\�SDVV�WKURXJK�WKH�SODFHQWDO�EDUULHU�DQG�WKH�EORRG�EUDLQ�EDUULHU��DQG�FDQ�
KDYH�DGYHUVH�HIIHFWV�RQ� WKH�GHYHORSLQJ�EUDLQ�DQG�FHQWUDO�QHUYRXV�V\VWHP�LQ�
IRHWXVHV� DQG� FKLOGUHQ�� HYHQ� DW� OHYHOV� WR� ZKLFK� PDQ\� SHRSOH� DUH� FXUUHQWO\�
H[SRVHG��0DKDIIH\�HW�DO���������81(3���������5HFHQW�UHVHDUFK�DOVR�VXJJHVW�
WKDW�H[SRVXUH�FDQ�DOVR�LQFUHDVH�FDUGLRYDVFXODU�DQG�KHDUW�GLVHDVH��9LUWDQHQ�HW�
DO���������
�
$�QXPEHU�RI� UHJLRQDO� FRQWUROV�H[LVW� RQ� WKH�XVH�RI�PHUFXU\� LQ�SURGXFWV�� �(8�
OHJLVODWLRQ� UHVWULFWLQJ� WKH� XVH� RI� FHUWDLQ� KD]DUGRXV� VXEVWDQFHV� �52+6�� LQ�
HOHFWULFDO� DQG� HOHFWURQLF� HTXLSPHQW�� SURKLELWV� WKH� XVH� RI� PHUFXU\� LQ� QHZ�
HTXLSPHQW�SXW�RQ�WKH�PDUNHW�IURP���-XO\������ZLWK�D�PD[LPXP�FRQFHQWUDWLRQ�
RI� ����� E\� ZHLJKW� LQ� VSHFLILF� PDWHULDOV� DQG� FRPSRQHQWV�� ZLWK� FHUWDLQ�
H[FHSWLRQV� IRU� WKH�XVH�RI�PHUFXU\� LQ� IOXRUHVFHQW� ODPSV� �(&�����D��� �8QGHU�
OHJLVODWLRQ� DGGUHVVLQJ� ZDVWH� HOHFWULFDO� DQG� HOHFWURQLF� HTXLSPHQW� �:(((���
PHUFXU\�FRQWDLQLQJ�FRPSRQHQWV�VXFK�DV�VZLWFKHV�RU�EDFNOLJKWLQJ�ODPSV�PXVW�
EH� UHPRYHG� IURP� DQ\� VHSDUDWHO\� FROOHFWHG� :(((� DQG� PHUFXU\� PXVW� EH�
UHPRYHG� IURP� JDV� GLVFKDUJH� ODPSV� �(&� ����E��� � 7KH� XVH� RI� PHUFXU\� LQ�
SURGXFWV�LV�IXUWKHU�DGGUHVVHG�XQGHU�(8�OHJLVODWLRQ��LQFOXGLQJ�WKH�SURKLELWLQJ�RI�
PDUNHWLQJ� EDWWHULHV� DQG� DFFXPXODWRUV� FRQWDLQLQJ� PRUH� WKDQ� �������� RI�



PHUFXU\�E\�ZHLJKW�� RWKHU� WKDQ� IRU� EXWWRQ� FHOOV�ZLWK� D�PHUFXU\� FRQWHQW� RI� QR�
PRUH�WKDQ����E\�ZHLJKW��(&��������
�
,Q� DGGLWLRQ�� WKH� 0LQLVWHULDO� 0HHWLQJ� RI� WKH� 263$5� FRQYHQWLRQ� IRU� WKH�
3URWHFWLRQ� RI� WKH� 0DULQH� (QYLURQPHQW� RI� WKH� 1RUWK�(DVW� $WODQWLF� LQFOXGHG�
PHUFXU\� RQ� WKH� OLVW� RI� FKHPLFDOV� IRU� SULRULW\� DFWLRQ� WR� DFKLHYH� FHVVDWLRQ� RI�
GLVFKDUJHV��HPLVVLRQV�DQG�ORVVHV�RI�DOO�KD]DUGRXV�VXEVWDQFHV�WR�WKH�PDULQH�
HQYLURQPHQW�E\��������WKH�RQH�JHQHUDWLRQ�FHVVDWLRQ�WDUJHW��263$5��������
�
%URPLQDWHG�IODPH�UHWDUGDQWV��%)5V��
�
%URPLQDWHG� IODPH� UHWDUGDQWV� �%)5V�� DUH� D� GLYHUVH� JURXS� RI� RUJDQREURPLQH�
FRPSRXQGV�ZKLFK�DUH�XVHG�WR�SUHYHQW�FRPEXVWLRQ�DQG�RU�UHWDUG�WKH�VSUHDG�RI�
IODPHV� LQ� D� YDULHW\� RI� SODVWLFV� DQG� RWKHU�PDWHULDOV�� � $OWKRXJK�PRUH� WKDQ� ���
EURPLQDWHG�FRPSRXQGV�RU�JURXSV�DUH�UHSRUWHGO\� LQ�XVH�DV�%)5V��/DVVHQ�HW�
DO���������WKUHH�FKHPLFDO�JURXSV�GRPLQDWH�FXUUHQW�XVDJH��WKH�SRO\EURPLQDWHG�
GLSKHQ\O�HWKHUV��3%'(V���KH[DEURPRF\FORGRGHFDQH��+%&'��DQG�EURPLQDWHG�
ELVSKHQROV��HVSHFLDOO\� WHWUDEURPRELVSKHQRO�$� �7%%3$��� �7%%3$� LV�JHQHUDOO\�
XVHG�DV�D�UHDFWLYH�FRPSRQHQW��EHLQJ�FKHPLFDOO\�ERXQG�WR�WKH�SODVWLF��ZKHUHDV�
3%'(V� DQG� +%&'� DUH� XVHG� DV� DGGLWLYHV�� VLPSO\� EOHQGHG� ZLWK� SODVWLF� DQG�
WKHUHIRUH� PRUH� OLNHO\� WR� OHDFK� RXW� RI� WKH� SURGXFWV� �$ODHH� HW� DO�� ������� � ,Q�
HOHFWURQLFV�JRRGV�7%%3$� LV�XVHG�SULPDULO\� LQ�SULQWHG�FLUFXLW�ERDUGV� WKDW�FDQ�
FRQWDLQ�DSSUR[LPDWHO\�����EURPLQH��$ODHH�HW�DO����������3'%(V�DQG�7%%3$�
DUH� DOVR� LQFRUSRUDWHG� LQWR� SODVWLF� FDVLQJV� �2(&'� ������� � +LVWRULFDOO\�
SRO\EURPLQDWHG�ELSKHQ\OV��3%%V��ZHUH�DOVR�XVHG�DV�IODPH�UHWDUGDQWV��WKRXJK��
DFFRUGLQJ� WR� LQGXVWU\�� SURGXFWLRQ� RI� WKHVH� FKHPLFDOV� KDV� QRZ� FHDVHG�
�263$5�&RPPLVVLRQ��������
�
0RVW� %)5V� DUH� HQYLURQPHQWDOO\� SHUVLVWHQW� DQG� VRPH�� SDUWLFXODUO\� FHUWDLQ�
3%'(V�� DUH� KLJKO\� ELRDFFXPXODWLYH�� � +RZHYHU�� DOO� WKRVH� OLVWHG� DERYH� DUH�
ELRDYDLODEOH� DQG� FDQ� EH� PHDVXUHG� LQ� WKH� WLVVXHV� RI� ZLOGOLIH� DQG� KXPDQV���
,QGHHG�� WKHLU�PDQXIDFWXUH� KDV� OHG� WR� WKHLU� ZLGHVSUHDG� DQG�� LQ� VRPH� FDVHV��
JURZLQJ�SUHVHQFH� LQ� WKH�HQYLURQPHQW�� �3%'(V��+%&'�DQG�7%%3$�KDYH�DOO�
EHHQ�GHWHFWHG�LQ�LQGRRU�DLU�DQG�RU�GXVWV�LQ�WKH�ZRUNSODFH��6M|GLQ�HW�DO��������
-DNREVVRQ� HW� DO�� ������� � 3%'(V� KDYH� DOVR� EHHQ� IRXQG� LQ� DOPRVW� DOO�
HQYLURQPHQWDO� FRPSDUWPHQWV�� LQFOXGLQJ� VHGLPHQWV� �$OOFKLQ� HW� DO�� �������
IUHVKZDWHU�DQG�PDULQH�ILVK��$VSOXQG�HW�DO������D��E���ELUGV�HJJV��+LWHV�������
DQG�HYHQ�ZKDOHV� IURP�WKH�GHHS�RFHDQV�DQG�WKH�$UFWLF� �GH�%RHU�HW�DO��������
,NRQRPRX� HW� DO�� � ������� � )HZHU� GDWD� H[LVW� IRU� WKH� RWKHU� EURPLQDWHG� IODPH�
UHWDUGDQWV�LQ�FRPPRQ�XVH����
�
3%'(V� KDYH� DOVR� EHHQ� UHSRUWHG� DV� FRPPRQ� FRQWDPLQDQWV� LQ� KXPDQV��
LQFOXGLQJ�UHSRUWV�IURP�6ZHGHQ��6SDLQ��)LQODQG�DQG�1RUWK�$PHULFD��/LQGVWURP�
HW� DO�� ������0HQHVHV�HW� DO�� ������6WUDQGPDQ�HW� DO�� ������6KH�HW� DO�� ��������
&RQFHQWUDWLRQV� RI� 3%'(V� LQ� KXPDQ� EUHDVW� PLON� DQG� EORRG� KDYH� VKRZQ�
LQFUHDVLQJ�OHYHOV�RYHU�WKH�ODVW�WZR�GHFDGHV��$ODHH�HW�DO��������0HLURQ\WH�HW�DO��
������7KRPVHQ�HW�DO�� ��������DQG�WKHUH� LV�VRPH�HYLGHQFH�IRU�D�VLPLODU�WUHQG�
IRU� 7%%3$�� � ,Q� WKH� RFFXSDWLRQDO� VHWWLQJ�� LQFOXGLQJ� HOHFWURQLFV� UHF\FOLQJ��
HOHYDWHG�FRQFHQWUDWLRQV�RI�3%'(V�DQG�7%%3$�KDYH�EHHQ�IRXQG�LQ�WKH�DLU�DQG�



LQ� WKH� EORRG� RI� ZRUNHUV�� ZKLFK� LV� EHOLHYHG� WR� UHVXOW� IURP� LQKDODWLRQ� RI�
FRQWDPLQDWHG�GXVWV� �6M|GLQ�HW�DO��������6M|GLQ�HW�DO��������� �)RU� WKH�JHQHUDO�
SRSXODWLRQ� WKH� SULPDU\� URXWH� RI� H[SRVXUH� LV� OLNHO\� WR� EH� WKURXJK� IRRGV�
�HVSHFLDOO\� IRU� WKH� PRUH� ELRDFFXPXODWLYH� 3%'(V�� WKRXJK� RWKHU� VRXUFHV� RI�
H[SRVXUH�DUH�DOVR� OLNHO\� WR�EH�VLJQLILFDQW�� LQFOXGLQJ�GLUHFW�FRQWDFW�ZLWK� IODPH�
UHWDUGHG�SURGXFWV�WKURXJK�WKH�LQKDODWLRQ�RI�LQGRRU�DLU�DQG�RU�GXVWV��+DUUDG�HW�
DO���������
�
.QRZOHGJH�RQ� WKH� ORQJ�WHUP�� ORZ�GRVH� WR[LFLW\� IRU�%)5V� LV�JHQHUDOO\� OLPLWHG���
:KLOH�WKH�DFXWH�WR[LFLW\�RI�%)5V�LV�FRQVLGHUHG�WR�EH�ORZ��FKURQLF�H[SRVXUH�WR�
3%'(V��HVSHFLDOO\� LQ� WKH�ZRPE��KDV�EHHQ�VKRZQ�WR� LQWHUIHUH�ZLWK�EUDLQ�DQG�
VNHOHWDO�GHYHORSPHQW�LQ�DQLPDO�H[SHULPHQW��(ULNVVRQ�HW�DO���������ZKLFK�PD\�
OHDG�WR�SHUPDQHQW�QHXURORJLFDO�HIIHFWV�VXFK�DV�LPSDLUHG�OHDUQLQJ�DQG�PHPRU\�
IXQFWLRQV�� DQG� EHKDYLRXUDO� HIIHFWV� �'DUQHUXG� ������ (ULNVVRQ� HW� DO�� ��������
7KHUH� LV� FRQFHUQ� RYHU� ULVNV� IRU� QHXUREHKDYLRXUDO� GHYHORSPHQW� LQ� KXPDQV�
WKURXJK�QHRQDWDO�H[SRVXUH�WR�3%'(V�YLD�PRWKHU¶V�PLON��%UDQFKL�HW�DO����������
7KHUH�LV�DOVR�VRPH�HYLGHQFH�IRU�3%'(��+%&'�DQG�733%$�EHLQJ�QHXURWR[LF�
�0DULXVVHQ�	�)RQQXP���������%)5V�FDQ�DOVR�DIIHFW�FHUWDLQ�KRUPRQH�V\VWHPV��
PHWDEROLWHV� RI�3%'(V�DQG�7%%3$�FDQ� LQWHUIHUH�ZLWK� WK\URLG� KRUPRQHV�ZLWK�
SRVVLEOH�HIIHFWV�RQ�JURZWK�DQG�GHYHORSPHQW��0HHUWV�HW�DO����������������%)5V�
DUH� DOVR� SRWHQWLDO� HQGRFULQH� GLVUXSWRUV� RI� HVWURJHQ� SDWKZD\V� �/HJOHU� 	�
%URXZHU���������,Q�DQLPDO�H[SHULPHQWV�RQ�URGHQWV�3'%(V�KDYH�EHHQ�IRXQG�WR�
FDXVH� GHOD\HG� SXEHUW\� DQG� DGYHUVH� HIIHFWV� RQ� WKH� OLYHU� DQG� RQ� IRHWDO�
GHYHORSPHQW��DV�ZHOO�DV�HIIHFWV�RQ�WKH�LPPXQH�V\VWHP��%LUQEDXP�	�6WDVNDO�
������'DUQHUXG���������+%&'�DOVR�FDXVHG�DGYHUVH�HIIHFWV�RQ�WKH�OLYHU�LQ�UDWV�
�VHH�$ODHH�HW�DO��������'DUQHUXG��������
�
)RU�DOO�%)5V��LQFLQHUDWLRQ�RI�ZDVWHV�FRQWDLQLQJ�WKHVH�FRPSRXQGV�FRQWULEXWHV�
WR� WKH� IRUPDWLRQ� RI� EURPLQDWHG� GLR[LQV� DQG� IXUDQV�� ZKLFK� H[KLELW� HTXLYDOHQW�
WR[LFLWLHV�WR�WKHLU�ZHOO�NQRZQ�FKORULQDWHG�FRXQWHUSDUWV��,3&6��������
�
%URPLQDWHG� IODPH� UHWDUGDQWV� KDYH� EHHQ� LQFOXGHG� DV� D� JURXS� RQ� WKH� OLVW� RI�
FKHPLFDOV� IRU� SULRULW\� DFWLRQ� WR� DFKLHYH� FHVVDWLRQ� RI� GLVFKDUJHV�� HPLVVLRQV�
DQG�ORVVHV�RI�DOO�KD]DUGRXV�VXEVWDQFHV�WR�WKH�PDULQH�HQYLURQPHQW�E\������DW�
WKH������0LQLVWHULDO�0HHWLQJ�RI� WKH�263$5�FRQYHQWLRQ� IRU� WKH�3URWHFWLRQ�RI�
WKH�0DULQH�(QYLURQPHQW�RI� WKH�1RUWK�(DVW�$WODQWLF� �263$5�������� �263$5�
KDV�VLQFH�UHYLHZHG�RSSRUWXQLWLHV�IRU�DFWLRQ�IRU�WKH�3%'(V�DQG�+%&'��EXW� LV�
DZDLWLQJ� WKH� RXWFRPH� RI� DVVHVVPHQWV� ZLWKLQ� WKH� (8� EHIRUH� GHYHORSLQJ�
VSHFLILF�PHDVXUHV��263$5���������1R�PHDVXUHV�LQ�263$5�KDYH�EHHQ�WDNHQ�
RQ� 7%%3�$�� WKRXJK� WKH� 263$5� EDFNJURXQG� GRFXPHQW� UHFRPPHQGV�
VXEVWLWXWLRQ�ZLWK� VDIHU� FKHPLFDOV�SRVLQJ� OHVV� ULVN� WR� WKH�HQYLURQPHQW� VKRXOG�
EH�HQFRXUDJHG��263$5�&RPPLVVLRQ��������
�
(8�OHJLVODWLRQ�UHVWULFWLQJ�WKH�XVH�RI�FHUWDLQ�KD]DUGRXV�VXEVWDQFHV��52+6��LQ�
HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW�SURKLELWV�WKH�PDUNHWLQJ�RI�QHZ�HTXLSPHQW�
FRQWDLQLQJ�3%%V�DQG�3%'(V�IURP���-XO\�������(&�����D���ZLWK�D�PD[LPXP�
DOORZDEOH�FRQFHQWUDWLRQ�RI������E\�ZHLJKW� IRU�HDFK�JURXS�� �$Q�H[FHSWLRQ� IRU�
GHFD�%'(�UHPDLQV�XQGHU�GLVFXVVLRQ��DQ�(8�ULVN�DVVHVVPHQW�KDV�FRQFOXGHG�
WKDW� FRQWUROV� DUH� QRW� QHHGHG�� WKRXJK� WKH� (8� VFLHQWLILF� FRPPLWWHH� RQ� KHDOWK�
DQG�HQYLURQPHQWDO�ULVNV��6FKHU��UHFHQWO\�UHMHFWHG�WKLV�FRQFOXVLRQ�DQG�VWURQJO\�



UHFRPPHQGHG�IXUWKHU�ULVN�UHGXFWLRQ�PHDVXUHV��6&+(5���������0RUH�JHQHUDO�
(8�OHJLVODWLRQ�EDQV�WKH�PDUNHWLQJ�DQG�XVH�RI�SHQWD��DQG�RFWD�%'(�LQ�D�ZLGHU�
UDQJH�RI�SURGXFWV��(8��������
�
(YHQ�ZKHQ�QDWLRQDO�DQG�RU� UHJLRQDO�EDQV� WDNH�HIIHFW��KRZHYHU��D�VXEVWDQWLDO�
OHJDF\�RI� DOO� EURPLQDWHG� IODPH� UHWDUGDQWV�ZLOO� UHPDLQ� LQ� SURGXFWV� VWLOO� LQ� XVH�
DQG�RU�LQ�WKH�ZDVWH�VWUHDP���8QGHU�(8�OHJLVODWLRQ�DGGUHVVLQJ�ZDVWH�HOHFWULFDO�
DQG� HOHFWURQLF� HTXLSPHQW� �:(((��� SODVWLF� FRQWDLQLQJ� EURPLQDWHG� IODPH�
UHWDUGDQWV� KDYH� WR� EH� UHPRYHG� IURP� DQ\� VHSDUDWHO\� FROOHFWHG� :(((� �(&�
����E���
�
%HFDXVH�RI�LWV�KLJK�SHUVLVWHQFH�DQG�SURSHQVLW\�WR�ELRDFFXPXODWH��SHQWD�%'(�
LV� LQFOXGHG� DV� D� ³SULRULW\� KD]DUGRXV� VXEVWDQFH´� XQGHU� WKH� (8� :DWHU�
)UDPHZRUN�'LUHFWLYH��(&���������)XUWKHUPRUH��LQ�UHFRJQLWLRQ�RI�LWV�³323�OLNH´�
SURSHUWLHV�� SHQWD�%'(� LV� DOVR� EHLQJ� FRQVLGHUHG� IRU� DGGLWLRQ� WR� WKH� OLVW� RI�
SHUVLVWHQW�RUJDQLF�SROOXWDQWV��323V��VXEMHFW�WR�JOREDO�FRQWURO�XQGHU�WKH������
6WRFNKROP�&RQYHQWLRQ�GHYHORSHG�XQGHU�WKH�DXVSLFHV�RI�81(3��3HOWROD�	�<OD�
0RQRQHQ��������
�
3RO\YLQ\O�FKORULGH�39&�
�
3RO\YLQ\O� FKORULGH� �39&�� LV� D� FKORULQDWHG� SODVWLF� LQFRUSRUDWHG� LQWR� VRPH�
HOHFWULFDO�DQG�HOHFWURQLF�SURGXFWV��LQFOXGLQJ�DV�LQVXODWLRQ�RQ�ZLUHV�DQG�FDEOHV�
�2(&'���������%RWK�WKH�SURGXFWLRQ�RI�39&�DQG�LWV�GLVSRVDO�E\�LQFLQHUDWLRQ��RU�
VLPSO\�EXUQLQJ��FDQ�UHVXOW�LQ�WKH�JHQHUDWLRQ�RI�FKORULQDWHG�GLR[LQV�DQG�IXUDQV���
7KHVH� FKHPLFDOV� DUH� KLJKO\� SHUVLVWHQW� LQ� WKH� HQYLURQPHQW�� DEOH� WR�
ELRDFFXPXODWH� DQG� PDQ\� DUH� WR[LF� DW� YHU\� ORZ� FRQFHQWUDWLRQV� �6WULQJHU� 	�
-RKQVWRQ� ������� � ,Q� DGGLWLRQ�� PDQ\� 39&� IRUPXODWLRQV� FRQWDLQ� DGGLWLRQDO�
FKHPLFDOV�� RUJDQRWLQ�� OHDG� DQG� FDGPLXP� EDVHG� VWDELOLVHUV�� DQG� SODVWLFLVLQJ�
�VRIWHQLQJ�� DGGLWLYHV� LQ� IOH[LEOH� 39&�� LQFOXGLQJ� SKWKDODWHV� �0DWWKHZV� ��������
0DQ\�DGGLWLYHV�FDQ�EH� UHOHDVHG� IURP�39&�GXULQJ� WKH� OLIHWLPH�RI� WKH�SURGXFW�
DQG� IROORZLQJ�GLVSRVDO� �6DQWLOOR�HW�DO�� �������� �+HDY\�PHWDOV� IURP�VWDELOLVHUV�
DUH�DOVR�UHOHDVHG�GXULQJ�GLVSRVDO��SDUWLFXODUO\�WKURXJK�LQFLQHUDWLRQ��$OOVRSS�HW�
DO���������
�
3KWKDODWHV��SKWKDODWH�HVWHUV��
�
3KWKDODWHV� DUH� HVWHU� GHULYDWLYHV� RI� SKWKDOLF� DFLG� WKDW� DUH� ZLGHO\� XVHG� LQ� D�
UDQJH�RI�LQGXVWULDO�DQG�FRQVXPHU�DSSOLFDWLRQV���6RPH�DUH�PDUNHWHG�DQG�XVHG�
DV�GLVFUHHW�FKHPLFDO�SURGXFWV��H�J��WKH�ZHOO�NQRZQ�GL�HWK\OKH[\O��SKWKDODWH�RU�
'(+3��� ZKLOH� RWKHUV� DUH� FRPSOH[� LVRPHULF� PL[WXUHV� FRPSULVLQJ� PDQ\�
LQGLYLGXDO� FRPSRXQGV� ZLWK� VLPLODU� FKHPLFDO� VWUXFWXUHV� �H�J�� GL�LVR�QRQ\O�
SKWKDODWH��',13��DQG�GL�LVR�GHF\O�SKWKDODWH��','3��� �$V�D�UHVXOW�RI� WKHLU�KLJK�
YROXPH�XVHV� LQ�RSHQ�DSSOLFDWLRQV�� WKH\�DUH�QRZ�DPRQJ� WKH�PRVW�XELTXLWRXV�
PDQ�PDGH�FKHPLFDOV�IRXQG�LQ�WKH�HQYLURQPHQW��0D\HU�HW�DO���������
�
3KWKDODWHV�KDYH�D�UDQJH�RI�DSSOLFDWLRQV��GHSHQGHQW�RQ� WKH�SUHFLVH�FKHPLFDO�
IRUP��DOWKRXJK�E\�IDU�WKHLU�JUHDWHVW�XVH�LV�DV�SODVWLFLVLQJ��VRIWHQLQJ��DGGLWLYHV�



LQ� IOH[LEOH� SODVWLFV�� HVSHFLDOO\� 39&�� � 7KH\� DUH� SURGXFHG� LQ� YHU\� ODUJH�
TXDQWLWLHV�� IRU� H[DPSOH� LQ� ����� DOPRVW� ���� ���� WRQQHV� RI� '(+3� ZHUH�
SURGXFHG� LQ� (XURSH� DORQH� �&67((� ������� � 2I� WKH� WKUHH� PDLQ� SKWKDODWHV�
�'(+3�� ',13� 	� ','3��� RYHU� ���� RI� XVH� LV� LQ� D� ZLGH� UDQJH� RI� 39&�
DSSOLFDWLRQV� �VHH� H�J�� KWWS���ZZZ�HFSL�RUJ�SODVWLFLVHUV�LQGH[�KWPO��� � 0LQRU�
DSSOLFDWLRQV� LQFOXGH�XVH�DV�FRPSRQHQWV�RI� LQNV��DGKHVLYHV��SDLQWV�� VHDODQWV�
DQG�VXUIDFH�FRDWLQJV����
�
$OO�XVHV�RI�SKWKDODWHV��HVSHFLDOO\�WKH�PDMRU�XVH�DV�39&�SODVWLFLVHUV��UHVXOW�LQ�
ODUJH�VFDOH�ORVVHV�WR�WKH�HQYLURQPHQW��ERWK�LQGRRUV�DQG�RXWGRRUV��GXULQJ�WKH�
OLIHWLPH�RI�SURGXFWV��DQG�DJDLQ� IROORZLQJ�GLVSRVDO�� � -XVW�ZLWKLQ� WKH�(XURSHDQ�
8QLRQ��(8��WKLV�DPRXQWV�WR�WKRXVDQGV�RI�WRQQHV�SHU�\HDU��&67((�����D����$V�
D� FRQVHTXHQFH�� SKWKDODWHV� KDYH� ORQJ� EHHQ� UHFRJQLVHG� DV� RQH� RI� WKH�PRVW�
DEXQGDQW�DQG�ZLGHVSUHDG�PDQ�PDGH�HQYLURQPHQWDO�FRQWDPLQDQWV� �0D\HU�HW�
DO�� ������ DQG� KXPDQ� H[SRVXUH� WR� SKWKDODWHV� LV� WKHUHIRUH� ZLGHVSUHDG� DQG�
FRQWLQXRXV��
�
)ROORZLQJ� UHOHDVH�� DOWKRXJK� VRPH� GHJUDGDWLRQ� LV� SRVVLEOH�� SKWKDODWHV� DUH�
FRQVLGHUHG� WR� EH� UHODWLYHO\� SHUVLVWHQW�� HVSHFLDOO\� LQ� VRLOV� DQG� VHGLPHQWV���
:LGHVSUHDG� GLVWULEXWLRQ� RI� SKWKDODWHV� KDV� EHHQ� GRFXPHQWHG� LQ� DOO�
HQYLURQPHQWDO� FRPSDUWPHQWV� �H�J�� VHH� &67((� ����E��� � %HFDXVH� RI� WKHLU�
H[WHQVLYH� XVH� LQ� EXLOGLQJ�PDWHULDOV� DQG� KRXVHKROG� SURGXFWV�� SKWKDODWHV� DUH�
FRPPRQ�FRQWDPLQDQWV� LQ� LQGRRU�DLU� �2WDNH�HW�DO�� ������� LQFOXGLQJ�FKLOG�GD\�
FDUH�FHQWUHV��:LOVRQ�HW�DO��������)URPPH�HW�DO����������3KWKDODWHV�KDYH�DOVR�
EHHQ� UHSRUWHG� DV� VXEVWDQWLDO� FRPSRQHQWV� RI� KRXVH� GXVW�� LQ� VRPH� FDVHV� DW�
PRUH� WKDQ� �� SDUW� SHU� WKRXVDQG� ��J�NJ�� RI� WKH� WRWDO� PDVV� RI� GXVW� �%XWWH� 	�
+HLQ]RZ� ������� � 39&� SURGXFWV� KDYH� EHHQ� VKRZQ� WR� HPLW� WKH� SKWKDODWHV�
'(+3�DQG�'%3� �$IVKDUL�HW�DO�� �������DQG� LQ�RQH�VWXG\� WKH�FRQFHQWUDWLRQ�RI�
EXW\O� EHQ]\O� SKWKDODWH� �%%]3�� DQG� '(+3� LQ� GXVW� VDPSOHV� IURP� KRPHV�
FRUUHODWHG� ZLWK� WKH� DPRXQW� RI� 39&� IORRULQJ� LQ� WKH� KRPHV� �%RUQHKDJ� HW� DO��
�������
�
3KWKDODWHV�DOVR�KDYH� WKH� LQKHUHQW�DELOLW\� WR�DFFXPXODWH� LQ�ELRORJLFDO� WLVVXHV��
DOWKRXJK�FRQWLQXRXV�H[SRVXUH�DOVR�FRQWULEXWHV�WR�ERG\�EXUGHQ�OHYHOV���6WXGLHV�
LQ�PDQ\�FRXQWULHV�KDYH�IRXQG�SKWKDODWHV�DQG�WKHLU�SULPDU\�PHWDEROLWHV�LQ�WKH�
KXPDQ� ERG\� �&RORQ� HW� DO�� ������ %ORXQW� HW� DO�� ������� � ,Q� D� 86� VWXG\��
PHWDEROLWHV� RI� SKWKDODWHV� ZHUH� IRXQG� LQ� PRUH� WKDQ� ���� RI� KXPDQ� XULQH�
VDPSOHV� DQDO\VHG�� GHPRQVWUDWLQJ� ZLGHVSUHDG� H[SRVXUH� WR� SKWKDODWHV��
VSHFLILFDOO\� GLHWK\O� SKWKDODWH� �'(3��� GLEXW\O� SKWKDODWH� �'%3�� RU�
GLLVREXW\OSKWKDODWH�� EHQ]\OEXW\O� SKWKDODWH� DQG� '(+3� �6LOYD� HW� DO�� ��������
$QRWKHU�VWXG\�GHWHFWHG�SKWKDODWHV�LQ�VDPSOHV�RI�XULQH�IURP�SUHJQDQW�ZRPHQ�
LQ� 1HZ� <RUN� DQG� .UDNRZ�� 3RODQG�� DQG� IRXQG� WKDW� LQKDODWLRQ� RI� DLU� ZDV� DQ�
LPSRUWDQW�URXWH�RI�H[SRVXUH�WR�SKWKDODWHV��$GLEL�HW�DO����������
�
6XEVWDQWLDO�FRQFHUQV�H[LVW�ZLWK� UHJDUG� WR� WKH� WR[LFLW\�RI�SKWKDODWHV� WR�ZLOGOLIH�
DQG�WR�KXPDQV��DOWKRXJK�WKH�SUHFLVH�PHFKDQLVPV�DQG� OHYHOV�RI� WR[LFLW\�YDU\�
IURP�RQH� FRPSRXQG� WR� DQRWKHU�� � ,Q�PDQ\� FDVHV� LW� LV� WKH�PHWDEROLWHV� RI� WKH�
SKWKDODWHV�ZKLFK�DUH�UHVSRQVLEOH�IRU�WKH�JUHDWHVW�WR[LFLW\��H�J��'DOJDDUG�HW�DO��
������� �)RU�KXPDQV��DOWKRXJK�VXEVWDQWLDO� H[SRVXUH�FDQ�RFFXU� WKURXJK� IRRG��
GLUHFW�H[SRVXUH�WR�SKWKDODWHV�IURP�FRQVXPHU�SURGXFWV�DQG�RU�PHGLFDO�GHYLFHV�



LV� OLNHO\� WR� EH� YHU\� VLJQLILFDQW�� � 3HUKDSV� WKH� EHVW�NQRZQ� H[DPSOH� LV� WKH�
H[SRVXUH� RI� FKLOGUHQ� WR� SKWKDODWHV� XVHG� LQ� VRIW� 39&� WHHWKLQJ� WR\V� �VHH� H�J��
6WULQJHU�HW�DO���������QRZ�VXEMHFW�WR�FRQWUROV�ZLWKLQ�(XURSH��VHH�EHORZ���
�
'(+3��RQH�RI�WKH�PRVW�ZLGHO\�XVHG�SKWKDODWHV��LV�D�NQRZQ�UHSURGXFWLYH�WR[LQ��
LQWHUIHULQJ�ZLWK�WHVWHV�GHYHORSPHQW�LQ�PDPPDOV��DQG�LV�FODVVLILHG�LQ�WKH�(8�DV�
³WR[LF�WR�UHSURGXFWLRQ´���,QGHHG��LWV�WR[LFLW\�WR�WKH�GHYHORSLQJ�PDOH�UHSURGXFWLYH�
V\VWHP�KDV�EHHQ� UHFRJQLVHG� IRU�PRUH� WKDQ���� \HDUV� �3DUN�HW� DO�� ������� � ,Q�
DQLPDO�VWXGLHV�'(+3�KDV�DOVR�EHHQ�IRXQG�WR�KDYH�DGYHUVH�HIIHFWV�RQ�IHPDOH�
UHSURGXFWLRQ� LQ� DGXOW� UDWV�� DQG� KDV� DGYHUVH� LPSDFWV� RQ� GHYHORSPHQW� RI� WKH�
\RXQJ��/RYHNDPS�6ZDQ�	�'DYLV��������2EVHUYHG�WR[LFLW\�LV�GXH�PDLQO\�WR�WKH�
FRPSRXQG�0(+3��IRUPHG�LQ�WKH�ERG\�DV�D�PHWDEROLWH�RI�'(+3��DQG�DSSHDUV�
WR� LPSDFW� RQ� PDQ\� DVSHFWV� RI� GHYHORSPHQW� DQG� OLYHU� IXQFWLRQ�� LQFOXGLQJ�
KRUPRQH�PHWDEROLVP�DQG� LPPXQH�IXQFWLRQ��'DOJDDUG�HW�DO��������:RQJ�DQG�
*LOO�������� �2WKHU�DQLPDO�VWXGLHV�KDYH�UHDIILUPHG� WKH�UHSURGXFWLYH� WR[LFLW\�RI�
'(+3� DQG� VHYHUDO� RWKHU� FRPPRQO\� XVHG� SKWKDODWHV�� LQFOXGLQJ� EXW\O� EHQ]\O�
SKWKDODWH� �%%]3�� DQG� GLEXW\O� SKWKDODWH� �'%3�� �(PD� 	� 0L\DZDNL� ������
0\OFKUHHVW�HW� DO�� ������� � $QLPDO� GDWD� DOVR� LQGLFDWH� WKDW� %%]3��'%3��'(+3�
DQG�0(+3�FDQ�GDPDJH� WKH� WHVWHV�DQG�GHFUHDVH�VSHUP�SURGXFWLRQ� �'XW\�HW�
DO����������$V�IRU�'(+3��'%3�LV�FODVVLILHG�LQ�WKH�(8�DV�³WR[LF�WR�UHSURGXFWLRQ´����
�
5HSURGXFWLYH�WR[LFLW\�LV�JHQHUDOO\�WKRXJKW�WR�EH�RI�ORZHU�FRQFHUQ�IRU�WKH�RWKHU�
ZLGHO\� XVHG� SKWKDODWHV� ',13� DQG� ','3�� DOWKRXJK� WKHUH� LV� HYLGHQFH� IRU�
DEQRUPDO�VH[XDO�GHYHORSPHQW�LQ�UDWV�H[SRVHG�WR�',13��*UD\�HW�DO��������DQG�
WKDW�WKLV�SKWKDODWH�LV�ZHDNO\�RHVWURJHQLF��+DUULV�HW�DO����������2WKHU�FRQFHUQV�
IRU�',13�DQG�','3�UHODWH�SULPDULO\�WR�WR[LF�HIIHFWV�RQ�WKH�OLYHU�DQG�NLGQH\����
�
,Q�WKH�LQGRRU�HQYLURQPHQW��FRUUHODWLRQV�KDYH�EHHQ�UHSRUWHG�EHWZHHQ�LQFLGHQFH�
RI�EURQFKLDO�REVWUXFWLRQ��DVWKPD��LQ�FKLOGUHQ�DQG�WKH�DEXQGDQFH�RI�SKWKDODWH�
FRQWDLQLQJ�PDWHULDOV� LQ� WKH� KRPH� �2LH�HW� DO��������� � /HYHOV� RI� SKWKDODWHV� LQ�
KRXVH�GXVW��LQ�WKH�UDQJH�QRUPDOO\�IRXQG�LQ�WKH�LQGRRU�HQYLURQPHQW��KDYH�DOVR�
EHHQ�DVVRFLDWHG�ZLWK�DOOHUJLF�V\PSWRPV�LQ�FKLOGUHQ�LQFOXGLQJ�UKLQLWLV��HF]HPD�
DQG�DVWKPD��%RUQHKDJ�HW�DO����������,Q�DGXOWV��H[SRVXUH�WR�FHUWDLQ�SKWKDODWHV�
�'%3�DQG�'(3��KDV�EHHQ�UHSRUWHG�WR�EH�DVVRFLDWHG�ZLWK�DGYHUVH�LPSDFWV�RQ�
VRPH� PHDVXUHV� RI� SXOPRQDU\� �OXQJ�� IXQFWLRQ� LQ� PHQ�� WKRXJK� QRW� ZRPHQ�
�+RSSLQ�HW�DO���������
�
$W� SUHVHQW�� WKHUH� DUH� IHZ� FRQWUROV� RQ� WKH�PDUNHWLQJ� DQG� XVH� RI� SKWKDODWHV��
GHVSLWH� WKHLU� WR[LFLW\�� WKH� YROXPHV� XVHG� DQG� WKHLU� SURSHQVLW\� WR� OHDFK� RXW� RI�
SURGXFWV�WKURXJKRXW�WKHLU�OLIHWLPH���2I�WKH�FRQWUROV�ZKLFK�GR�H[LVW��SUREDEO\�WKH�
EHVW� NQRZQ� LV� WKH� (8�ZLGH� HPHUJHQF\� EDQ� RQ� WKH� XVH� RI� VL[� SKWKDODWHV� LQ�
FKLOGUHQ¶V� WR\V� GHVLJQHG� WR� EH� FKHZHG� �ILUVW� DJUHHG� LQ� ����� DQG� WKHQ�
FRQWLQXRXVO\� UHQHZHG� WR� GDWH�� (&� ������� � :KLOH� WKLV� EDQ� DGGUHVVHG� RQH�
LPSRUWDQW� H[SRVXUH� URXWH�� H[SRVXUHV� WKURXJK� RWKHU� FRQVXPHU� SURGXFWV�
UHPDLQ�XQDGGUHVVHG��
�
,Q�������WKH�0LQLVWHULDO�0HHWLQJ�RI�263$5�FRQYHQWLRQ�IRU�WKH�3URWHFWLRQ�RI�WKH�
0DULQH� (QYLURQPHQW� RI� WKH� 1RUWK�(DVW� $WODQWLF� DJUHHG� RQ� WKH� WDUJHW� RI�
FHVVDWLRQ�RI�GLVFKDUJHV��HPLVVLRQV�DQG�ORVVHV�RI�DOO�KD]DUGRXV�VXEVWDQFHV�WR�
WKH�PDULQH�HQYLURQPHQW�E\�������WKH�³RQH�JHQHUDWLRQ´�FHVVDWLRQ�WDUJHW���DQG�



LQFOXGHG� WKH� SKWKDODWHV� '%3� DQG� '(+3� RQ� WKH� ILUVW� OLVW� RI� FKHPLFDOV� IRU�
SULRULW\�DFWLRQ�WRZDUGV�WKLV�WDUJHW��263$5���������'(+3�LV�DOVR�SURSRVHG�DV�
D� ³SULRULW\� KD]DUGRXV� VXEVWDQFH´� XQGHU� WKH� (8�:DWHU� )UDPHZRUN� 'LUHFWLYH�
�(8��������VXFK�WKDW�DFWLRQ�WR�SUHYHQW�UHOHDVHV�WR�ZDWHU�ZLWKLQ����\HDUV�ZLOO�
EH�UHTXLUHG�WKURXJKRXW�(XURSH��
�
2UJDQRWLQV�
�
2UJDQRWLQV� DUH� RUJDQLF� FRPSRXQGV� FRQWDLQLQJ� DW� OHDVW� RQH� ERQG� EHWZHHQ�
FDUERQ�DQG�WKH�PHWDO�WLQ���%\�IDU�WKH�EHVW�NQRZQ�LV�WULEXW\OWLQ��7%7��ZKLFK��DV�D�
UHVXOW�RI�LWV�ZLGHVSUHDG�XVH�LQ�DQWLIRXOLQJ�SDLQWV�RQ�VKLSV�DQG�ERDWV��KDV�OHG�WR�
ZLGHVSUHDG� FKDQJHV� LQ� VH[XDO� GHYHORSPHQW� LQ� PDULQH� VQDLOV�� � +RZHYHU��
VHYHUDO�RWKHU�RUJDQRWLQ�FRPSRXQGV�DUH�LQ�FRPPRQ�XVH��PRVW�QRWDEO\�PRQR��
DQG� GLEXW\OWLQ� �0%7�� '%7��� PRQR�� DQG� GLRFW\O� WLQ� �027�� '27�� DQG�
WULSKHQ\OWLQV��737���
�
$OWKRXJK�DQWLIRXOLQJ�SDLQWV�KDYH�DFFRXQWHG�IRU�WKH�PDMRULW\�RI�7%7�XVHG��WKLV�
FRPSRXQG� LV�DOVR�XVHG�DV�DQ�DQWLIXQJDO�DJHQW� LQ�VRPH�FRQVXPHU�SURGXFWV��
LQFOXGLQJ� FHUWDLQ�39&� �YLQ\O�� IORRULQJ� �$OOVRSS�HW� DO�� ������2HNR�7HVW� ��������
,Q�FRQVXPHU�SURGXFWV�WKH�PRVW�DEXQGDQW�RUJDQRWLQV�DUH�0%7�DQG�'%7��XVHG�
DV� KHDW� VWDELOLVHUV� LQ� ULJLG� 39&� �SLSHV�� SDQHOV�� DQG� VRIW� �ZDOO�FRYHULQJV��
IXUQLVKLQJV�� IORRULQJ�� WR\V�� 39&� SURGXFWV� DQG� LQ� FHUWDLQ� JODVV� FRDWLQJ�
DSSOLFDWLRQV��0DWWKHZV���������8VH�LQ�39&�UHSUHVHQWV�DERXW�WZR�WKLUGV�RI�WKH�
JOREDO�FRQVXPSWLRQ�RI�WKHVH�FRPSRXQGV��6DGLNL�	�:LOOLDPV��������ZKLFK�FDQ�
FRPSULVH�XS�WR����E\�ZHLJKW�RI�WKH�ILQLVKHG�SURGXFW���0RQR��DQG�GLRFW\O�WLQV�
�027�� '27�� DUH� DOVR� XVHG� DV� 39&� VWDELOLVHUV�� SULPDULO\� LQ� IRRG� FRQWDFW�
DSSOLFDWLRQV�� ZLWK� OHYHOV� XS� WR� WKH� J�NJ� UDQJH� UHSRUWHG� IRU� 027� LQ� 39&�
FRQWDLQHUV��.DZDPXUD�HW�DO�����������
�
0XFK� RI� WKH� UHVHDUFK� GHVFULELQJ� WKH� HQYLURQPHQWDO� GLVWULEXWLRQ� RI� RUJDQRWLQ�
FRPSRXQGV�KDV��XQGHUVWDQGDEO\��IRFXVHG�RQ�WKH�VSUHDG�RI�7%7�DQG�LWV�EUHDN�
GRZQ�SURGXFWV��LQFOXGLQJ�'%7��LQ�WKH�PDULQH�HQYLURQPHQW���7KH�JOREDO�XVH�RI�
7%7� DQWLIRXOLQJ� SDLQWV� KDV� UHVXOWHG� LQ� FRQWDPLQDWLRQ� RQ� D� JOREDO� VFDOH� ZLWK�
GHYDVWDWLQJ� LPSDFWV� RQ� SRSXODWLRQV� RI� R\VWHUV� DQG� RWKHU� PDULQH� PROOXVFV�
�6DQWLOOR�HW�DO������D��� �7KH� UHODWLYH�SHUVLVWHQFH�RI�EXW\O� WLQV��FRPELQHG�ZLWK�
WKHLU�DIILQLW\� IRU�ELRORJLFDO� WLVVXHV��KDV� OHG� WR� WKHLU�ZLGHVSUHDG�RFFXUUHQFH� LQ�
ILVK�� VHDOV�� ZKDOHV� DQG� GROSKLQV� LQ� DOO� PDMRU� VHD� DUHDV� �,ZDWD� HW� DO�� ������
.DQQDQ�HW�DO�� ������$ULHVH�HW� DO�� ������� �0XFK� OHVV� LQIRUPDWLRQ� LV� DYDLODEOH�
FRQFHUQLQJ� WKH� GLVWULEXWLRQ� RI� RUJDQRWLQV� LQ� RWKHU� HQYLURQPHQWDO�
FRPSDUWPHQWV�� � ,Q� RQH� RI� WKH� IHZ� VWXGLHV� ZKLFK� KDYH� EHHQ� FRQGXFWHG��
7DNDKDVKL�HW�DO���������UHSRUWHG�EXW\OWLQ�UHVLGXHV�LQ�WKH�OLYHUV�RI�PRQNH\V�DQG�
RWKHU�PDPPDOV�LQ�-DSDQ��DV�ZHOO�DV�LQ�KXPDQ�OLYHUV��DQG�VXJJHVWHG�WKDW�XVHV�
LQ� FRQVXPHU� SURGXFWV� PD\� UHSUHVHQW� DQ� LPSRUWDQW� H[SRVXUH� URXWH�� � ,W� KDV�
EHHQ�UHFRJQLVHG�IRU�VRPH�WLPH�WKDW�EXW\OWLQ�VWDELOLVHUV�FDQ�PLJUDWH�IURP�39&�
XVHG� LQ�VXFK�SURGXFWV�GXULQJ�QRUPDO�XVH��6DGLNL�	�:LOOLDPV�������DQG�VXFK�
XVHV� XQGRXEWHGO\� FRQWULEXWH� WR� WKH� ZLGHVSUHDG� SUHVHQFH� RI� RUJDQRWLQ�
FRPSRXQGV� LQ� GXVWV� IURP� WKH� LQGRRU� HQYLURQPHQW� �VHH� H�J�� 6DQWLOOR� HW� DO��
����E���
�



2UJDQRWLQV�DUH�NQRZQ�WR�EH�WR[LF�DW�UHODWLYHO\�ORZ�OHYHOV�RI�H[SRVXUH��QRW�RQO\�
WR�PDULQH�LQYHUWHEUDWHV�EXW�DOVR�IRU�PDPPDOV���,Q�PDULQH�LQYHUWHEUDWHV��7%7�LV�
JHQHUDOO\�PRUH�WR[LF�WKDQ�'%7��ZKLFK�LV�LQ�WXUQ�PRUH�WR[LF�WKDQ�0%7��&LPD�HW�
DO����������+RZHYHU��WKLV�LV�E\�QR�PHDQV�DOZD\V�WKH�FDVH��'%7�LV�PRUH�WR[LF�
WKDQ�7%7�WR�FHUWDLQ�PDULQH�RUJDQLVP�HQ]\PH�V\VWHPV��$O�*KDLV�HW�DO��������
DQG�LV�IUHTXHQWO\�D�PRUH�SRWHQW�WR[LQ�WKDQ�7%7�LQ�ILVK��2¶+DOORUDQ�HW�DO���������
ZLWK�WKH�LPPXQH�V\VWHP�WKH�SULPDU\�WDUJHW��
�
2UJDQRWLQV� KDYH� DOVR� EHHQ� GHPRQVWUDWHG� WR� KDYH� LPPXQRWR[LF� DQG�
WHUDWRJHQLF� �GHYHORSPHQWDO�� SURSHUWLHV� LQ�PDPPDOLDQ� V\VWHPV� �.HUJRVLHQ�	�
5LFH��������DJDLQ�ZLWK�'%7�IUHTXHQWO\�PRUH�WR[LF�WKDQ�7%7��(PD�HW�DO����������
'%7� DQG� 7%7� KDYH� EHHQ� UHSRUWHG� WR� LQKLELW� FHOOV� RI� WKH� LPPXQH� V\VWHP�
�QDWXUDO�NLOOHU�FHOOV�� LQ�YLWUR��DW�FRQFHQWUDWLRQV�VLPLODU�WR�OHYHOV�WKDW�KDYH�EHHQ�
GHWHFWHG� LQ� KXPDQ� EORRG� �-HQNLQV� HW� DO�� ������� � '%7� LV� QHXURWR[LF� WR�
PDPPDOLDQ�EUDLQ�FHOOV��(VNHV�HW�DO��������� �5HFHQWO\�QHXURWR[LFLW\�KDV�EHHQ�
UHSRUWHG�DW� OHYHOV� ORZHU� WKDQ�WKRVH�WKDW�KDYH�EHHQ�GHWHFWHG� LQ�KXPDQ�EORRG�
VDPSOHV��-HQNLQV�HW�DO���������VXJJHVWLQJ�WKDW�FKURQLF�H[SRVXUH�WR�ORZ�OHYHOV�
RI�'%7� LQ� WKH�KXPDQ�SRSXODWLRQ�PD\�EH�QHXURWR[LF��'%7�ZDV�DOVR� IRXQG� WR�
FDXVH�DQ�LQFUHDVHG�LQFLGHQFH�RI�FHOO�GHDWK��DSRSWRVLV��LQ�FHUWDLQ�EUDLQ�WLVVXHV�
RI� UDWV� H[SRVHG� GXULQJ� GHYHORSPHQW� �-HQNLQV� HW� DO�� ������� ([SRVXUH� RI�
DQLPDOV�WR�WULPHWK\OWLQ��707��GXULQJ�GHYHORSPHQW�FDQ�FDXVH�LPSDLUHG�OHDUQLQJ�
DQG�PHPRU\��-HQNLQV�	�%DURQH���������7R[LF�HIIHFWV�RQ�WHVWHV�GHYHORSPHQW�
LQ�PLFH�KDYH�DOVR�EHHQ�UHSRUWHG��.XPDVDND�HW�DO���������
�
%RWK� DQLPDO� VWXGLHV� DQG� KXPDQ� VWXGLHV� KDYH� GHPRQVWUDWHG� WKDW� DFXWH�
H[SRVXUH� WR� RUJDQRWLQV� FDQ� UHVXOW� LQ� QHXURWR[LFLW\� RU� LPPXQRWR[LFLW\�� )RU�
H[DPSOH�� DFXWH� KXPDQ� H[SRVXUH� WR� KLJK� GRVHV� RI� WULPHWK\OWLQ� GXH� WR�
DFFLGHQWDO�SRLVRQLQJ�KDV�UHVXOWHG� LQ�PHPRU\�GHILFLWV��VHL]XUHV��KHDULQJ� ORVV��
GLVRULHQWDWLRQ� DQG� GHDWK� �-HQNLQV� HW� DO�� ������� � :KLOH� VHDIRRG� SUREDEO\�
UHPDLQV�WKH�SUHGRPLQDQW�VRXUFH�RI�RUJDQRWLQ�H[SRVXUH�IRU�PDQ\�FRQVXPHUV��
H[SRVXUH�WR�FRQVXPHU�SURGXFWV�ZKLFK�FRQWDLQ�WKHP��RU�WR�GXVWV�LQ�WKH�KRPH��
PD\�DOVR�EH�VLJQLILFDQW��
��
7R�GDWH�� OHJLVODWLYH�FRQWUROV�RQ�RUJDQRWLQ�FRPSRXQGV�KDYH�IRFXVHG�SULPDULO\�
RQ�7%7�LQ�DQWLIRXOLQJ�SDLQWV���,Q�WKH�(XURSHDQ�8QLRQ��(8��WKH�XVH�RQ�YHVVHOV�
OHVV�WKDQ���P�KDV�EHHQ�EDQQHG�VLQFH�������(YDQV���������0RUH�UHFHQWO\��WKH�
,QWHUQDWLRQDO�0DULWLPH�2UJDQLVDWLRQ��,02��DJUHHG�RQ�D�JOREDO�SKDVH�RXW�RI�DOO�
7%7� DSSOLFDWLRQV� �IURP� -DQXDU\� ������ DQG� 7%7� SUHVHQFH� RQ� VKLSV� �IURP�
������ XQGHU� LWV� &RQYHQWLRQ� RQ� +DUPIXO� $QWL�IRXOLQJ� 6\VWHPV� �VHH�
ZZZ�LPR�RUJ���
�
+RZHYHU��GHVSLWH�WKH�WR[LFLW\�WR�PDPPDOV�QRWHG�DERYH��7%7�FRQWLQXHV�WR�EH�
XVHG�DV�DQ�DGGLWLYH�LQ�VRPH�FRQVXPHU�SURGXFWV��DV�GR�XVHV�RI�RWKHU�EXW\OWLQV�
DQG�RFW\OWLQV���)RU�H[DPSOH��ZLWKLQ�WKH�(8�RUJDQRWLQ�FRPSRXQGV�PXVW�QRW�EH�
XVHG�IRU�FHUWDLQ�WH[WLOHV�WR�TXDOLI\�IRU�DQ�³HFR�ODEHO´��(8��������EXW�WKHUH�DUH�
RWKHUZLVH�QR�UHVWULFWLRQV�RQ�WKHLU�XVH�XQOHVV�WKH�WUHDWHG�PDWHULDOV�RU�SURGXFWV�
DUH�XVHG�LQ�FRQWDFW�ZLWK�ZDWHU���7KLV�LV�GHVSLWH�WKH�IDFW�WKDW�7%7�LV�FODVVLILHG�
XQGHU� WKH� (8¶V� ODEHOOLQJ� 'LUHFWLYH� DV� ³KDUPIXO� LQ� FRQWDFW� ZLWK� VNLQ�� WR[LF� LI�
VZDOORZHG�� LUULWDWLQJ� WR� WKH� H\HV� DQG� VNLQ´� DQG� DV� SUHVHQWLQJ� D� ³GDQJHU� RI�



VHULRXV� GDPDJH� WR� KHDOWK� E\� SURORQJHG� H[SRVXUH� WKURXJK� LQKDODWLRQ� RU� LI�
VZDOORZHG´��
�
,Q�������WKH�0LQLVWHULDO�0HHWLQJ�RI�WKH�263$5�&RQYHQWLRQ�IRU�WKH�3URWHFWLRQ�
RI� WKH�0DULQH�(QYLURQPHQW�RI�WKH�1RUWK�(DVW�$WODQWLF�DJUHHG�RQ�WKH�WDUJHW�RI�
FHVVDWLRQ�RI�GLVFKDUJHV��HPLVVLRQV�DQG�ORVVHV�RI�DOO�KD]DUGRXV�VXEVWDQFHV�WR�
WKH�PDULQH�HQYLURQPHQW�E\�������WKH�³RQH�JHQHUDWLRQ´�FHVVDWLRQ� WDUJHW��DQG�
LQFOXGHG�RUJDQRWLQ�FRPSRXQGV�RQ�WKH�ILUVW� OLVW�RI�FKHPLFDOV�IRU�SULRULW\�DFWLRQ�
WRZDUGV� WKLV� WDUJHW� �263$5� ������� � :KLOH� LQLWLDO� DFWLRQ� IRFXVHG� RQ� WKH�
DFKLHYHPHQW�RI�WKH�,02�&RQYHQWLRQ�RQ�+DUPIXO�$QWLIRXODQWV��263$5��������
LQ� �����263$5� EHJDQ� WR� FRQVLGHU� WKH� VFRSH� IRU� DFWLRQ� RQ� RWKHU� XVHV� DQG�
RWKHU� RUJDQRWLQ� FRPSRXQGV�� LQFOXGLQJ� WKH� ZLGHVSUHDG� XVH� RI� EXW\OWLQ�
VWDELOLVHUV��WKRXJK�VR�IDU��QR�IXUWKHU�PHDVXUHV�DUH�SURSRVHG��
�
5HIHUHQFHV�
�
$GLEL�-�-���3HUHUD�)�3���-HGU\FKRZVNL�:���&DPDQQ�'�(���%DUU�'��	�-DFHN�5���������3UHQDWDO�

H[SRVXUH� WR� SKWKDODWHV� DPRQJ� ZRPHQ� LQ� 1HZ� <RUN� &LW\� DQG� .UDNRZ�� 3RODQG��
(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV���������������������

$IVKDUL�$���*XQQDUVHQ�/���&ODXVHQ�3�$��	�+DQVHQ�9���������(PLVVLRQ�RI�SKWKDODWHV�IURP�39&�
DQG�RWKHU�PDWHULDOV��,QGRRU�$LU�����������������

$ODHH� 0��� $ULDV� 3��� 6M|GLQ� $� 	� %HUJPDQ� $�� �������� $Q� RYHUYLHZ� RI� FRPPHUFLDOO\� XVHG�
EURPLQDWHG� IODPH� UHWDUGDQWV�� WKHLU� DSSOLFDWLRQV�� WKHLU� XVH� SDWWHUQV� LQ� GLIIHUHQW�
FRXQWULHV�UHJLRQV�DQG�SRVVLEO\�PRGHV�RI� UHOHDVH��(QYLURQPHQW� ,QWHUQDWLRQDO���� ���������
����

$O�*KDLV�� 6�0�� 	� $KPDG�� $�%�� ������� � 'LIIHUHQWLDO� LQKLELWLRQ� RI� [HQRELRWLF�PHWDEROL]LQJ�
FDUER[\OHVWHUDVHV�E\�RUJDQRWLQV�LQ�PDULQH�ILVK���(FRWR[LFRORJ\�DQG�(QYLURQPHQWDO�6DIHW\�
���������������

$OOFKLQ�� &�� 	� 0RUULV�� 6�� � ������� 7KH� GHWHUPLQDWLRQ� DQG� RFFXUUHQFH� RI� WKUHH� JURXSV� RI�
EURPLQDWHG�IODPH�UHWDUGDQWV��SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��WHWUDEURPRELVSKHQRO�$�DQG�
KH[DEURPRF\FORGRGHFDQH�� LQ� VDPSOHV� RI� DTXDWLF� RULJLQ� IURP� WKH�8.�� � ,Q�� 5HDGPDQ�� -���
:RUVIROG�� 3��� HGV�� � 3URFHHGLQJV� RI� ,6($&� ���� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� WKH�
(QYLURQPHQW�DQG�$QDO\WLFDO�&KHPLVWU\��3O\PRXWK��������-XQH����������

$OOVRSS�� 0��� 6DQWLOOR�� '�� 	� -RKQVWRQ�� 3�� �������� � +D]DUGRXV� FKHPLFDOV� LQ� 39&� IORRULQJ���
*UHHQSHDFH� 5HVHDUFK� /DERUDWRULHV� 7HFKQLFDO� 1RWH� ������� 1RYHPEHU� ������ ��� SS��
>SXEOLVKHG�XQGHU�FRYHU�WLWOH�³3RLVRQ�8QGHUIRRW��+D]DUGRXV�&KHPLFDOV�LQ�39&�)ORRULQJ�DQG�
+D]DUGRXV�&KHPLFDOV�LQ�&DUSHWV��,6%1��������������@�

$OOVRSS�� 0��� &RVWQHU�� 3�� 	� -RKQVWRQ�� 3�� �������� ,QFLQHUDWLRQ� DQG� +XPDQ� +HDOWK�� 6WDWH� RI�
NQRZOHGJH� RI� WKH� LPSDFWV� RI� ZDVWH� LQFLQHUDWRUV� RQ� KXPDQ� KHDOWK�� 3XEO�� *UHHQSHDFH�
,QWHUQDWLRQDO��$PVWHUGDP��,6%1�������������������SS���

$ULHVH��)���YDQ�+DWWXP��%���+RSPDQ��*���%RRQ��-��	�WHQ�+DOOHUV�7MDEEHV��&��������� �%XW\OWLQ�
DQG� SKHQ\OWLQ� FRPSRXQGV� LQ� OLYHU� DQG� EOXEEHU� VDPSOHV� RI� VSHUP� ZKDOHV� �3K\VHWHU�
PDFURFHSKDOXV�� VWUDQGHG� LQ� WKH�1HWKHUODQGV�DQG�'HQPDUN��� � ,QVWLWXWH� IRU�(QYLURQPHQWDO�
6WXGLHV��9ULMH�8QLYHUVLWHLW��$PVWHUGDP��5HSRUW�:�������0DUFK������

$VSOXQG�� /��� $WKDQDVLDGRX�� 0��� 6M|GLQ�� $��� %HUJPDQ�� c�� 	� %RUMHVRQ�� +�� �����E��
2UJDQRKDORJHQ�VXEVWDQFHV�LQ�PXVFOH��HJJ�DQG�EORRG�IURP�KHDOWK\�%DOWLF�VDOPRQ��6DOPR�
VDODU��DQG�%DOWLF�VDOPRQ�WKDW�SURGXFHG�RIIVSULQJ�ZLWK�WKH�0���V\QGURPH��$PELR�����������
���

$VSOXQG�� /��� +RUQXQJ�� 0��� 3HWHUVRQ�� 5�(�� 7XUHVVRQ�� .�� 	� %HUJPDQ�� c�� �����D�� /HYHOV� RI�
SRO\EURPLQDWHG� GLSKHQ\O� HWKHUV� �3%'(V�� LQ� ILVK� IURP� WKH� *UHDW� /DNHV� DQG� %DOWLF� 6HD��
2UJDQRKDORJHQ�&RPSRXQGV������������

$67'5��������7R[LFRORJLFDO�SURILOH�IRU�FDGPLXP�RQ�&'�520��$JHQF\�IRU�7R[LF�6XEVWDQFHV�
DQG�'LVHDVH�5HJLVWU\��

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



%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�&+:�����$GG�����$YDLODEOH�ZZZ�EDVHO�LQW�PHHWLQJV�FRS�FRS��GRFV���D�H�SGI�

%HOIURLG�� $�&��� 3XUSHUKDUW�� 0�� 	� $ULHVH�� )�� ������� � 2UJDQRWLQ� OHYHOV� LQ� VHDIRRG�� � 0DULQH�
3ROOXWLRQ�%XOOHWLQ����������������

%HOOLQJHU�� '�� 	� 'LHWULFK�� .�1�� ������� /RZ�OHYHO� OHDG� H[SRVXUH� DQG� FRJQLWLYH� IXQFWLRQLQJ� LQ�
FKLOGUHQ���3HGLDWULF�$QQDOV�������������

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

%ORXQW�� %�&��� 6LOYD��0�-��� &DXGLOO�� 6�3��� 1HHGKDP�� /�/��� 3LUNOH�� -�/��� 6DPSVRQ�� (�-��� /XFLHU��
*�:���-DFNVRQ��5�-��	�%URFN��-�:���������/HYHOV�RI�VHYHQ�XULQDU\�SKWKDODWH�PHWDEROLWHV�LQ�
D�KXPDQ�UHIHUHQFH�SRSXODWLRQ���(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV������������������

%RUQHKDJ� &�*��� 6XQGHOO� -��� :HVFKOHU� &�-��� 6LJVJDDUG� 7��� /XQGJUHQ� %��� +DVVHOJUHQ� 0�� 	�
+lJHUKHG�(QJPDQ�/�� �������7KH�DVVRFLDWLRQ�EHWZHHQ�DVWKPD�DQG�DOOHUJLF�V\PSWRPV� LQ�
FKLOGUHQ�DQG�SKWKDODWHV�LQ�KRXVH�GXVW��D�QHVWHG�FDVH�FRQWURO�VWXG\��(QYLURQPHQWDO�+HDOWK�
3HUVSHFWLYHV���������������������

%UDQFKL� ,��� &DSRQH� )��� $OOHYD� (�� 	� &RVWD� /�*�� �������� 3RO\EURPLQDWHG� 'LSKHQ\O� HWKHUV��
QHXUREHKDYLRXUDO�HIIHFWV�IROORZLQJ�GHYHORSPHQWDO�H[SRVXUH��1HXUR7R[LFRORJ\�������������
����

%XWWH�� :�� 	� +HLQ]RZ�� %�� ������� � 3ROOXWDQWV� LQ� KRXVH� GXVW� DV� LQGLFDWRUV� RI� LQGRRU�
FRQWDPLQDWLRQ���5HYLHZV�LQ�(QYLURQPHQWDO�&RQWDPLQDWLRQ�DQG�7R[LFRORJ\�����������

&DQILHOG�� 5�/��� +HQGHUVRQ�� &�5��� &RU\�6OHFKWD�� '�$��� &R[�� &��� -XVNR�� 7�$��� /DQSKHDU�� %�3��
������� ,QWHOOHFWXDO� LPSDLUPHQW� LQ� FKLOGUHQ�ZLWK�EORRG� OHDG�FRQFHQWUDWLRQV�EHORZ����PX�J�
SHU�GHFLOLWHU��1HZ�(QJODQG�-RXUQDO�RI�0HGLFLQH��������������������

&LPD��)���%DOODULQ��/���%UHVVD��*���0DUWLQXFFL��*��	�%XULJKHO��3����������7R[LFLW\�RI�RUJDQRWLQ�
FRPSRXQGV�RQ�HPEU\RV�RI�D�PDULQH�LQYHUWHEUDWH��6W\HOD�SOLFDWD��7XQLFDWD����(FRWR[LFRORJ\�
DQG�(QYLURQPHQWDO�6DIHW\����������������

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

&RORQ�� ,���&DUR��'���%RXUGRQ\��&�-��	�5RVDULR��2�� ������� ,GHQWLILFDWLRQ�RI�SKWKDODWH�HVWHUV� LQ�
WKH�VHUXP�RI�\RXQJ�3XHUWR�5LFDQ�JLUOV�ZLWK�SUHPDWXUH�EUHDVW�GHYHORSPHQW��(QYLURQPHQWDO�
+HDOWK�3HUVSHFWLYHV�����������������

&67((� �����D�� (&� 6FLHQWLILF� &RPPLWWHH� RQ� 7R[LFLW\�� (FRWR[LFLW\� DQG� WKH� (QYLURQPHQW��
2SLQLRQ�RQ�WKH�UHVXOWV�RI�WKH�5LVN�$VVHVVPHQW�RI������%HQ]HQHGLFDUER[\OLF�DFLG��GL�&�����
EUDQFKHG�DON\O�HVWHUV��&��ULFK�DQG�GL��LVRQRQ\O��SKWKDODWH���5HSRUW�YHUVLRQ��+XPDQ�+HDOWK�
(IIHFWV���)LQDO�UHSRUW��0D\�������2SLQLRQ�H[SUHVVHG�DW�WKH���WK�&67((�SOHQDU\�PHHWLQJ��
%UXVVHOV�����2FWREHU���������SS��KWWS���HXURSD�HX�LQW�FRPP�IRRG�IV�VF�VFW�RXW���BHQ�SGI��

&67((� �����E�� (&� 6FLHQWLILF� &RPPLWWHH� RQ� 7R[LFLW\�� (FRWR[LFLW\� DQG� WKH� (QYLURQPHQW��
2SLQLRQ�RQ�WKH�UHVXOWV�RI�WKH�5LVN�$VVHVVPHQW�RI������%HQ]HQHGLFDUER[\OLF�DFLG��GL�&�����
EUDQFKHG�DON\O�HVWHUV��&��ULFK�DQG�GL��LVRQRQ\O��SKWKDODWH���5HSRUW�YHUVLRQ��(QYLURQPHQW���
)LQDO�UHSRUW��0D\�������2SLQLRQ�H[SUHVVHG�DW�WKH���WK�&67((�SOHQDU\�PHHWLQJ��%UXVVHOV��
���2FWREHU���������SS��KWWS���HXURSD�HX�LQW�FRPP�IRRG�IV�VF�VFW�RXW���BHQ�SGI�

&67((��������(&�6FLHQWLILF�&RPPLWWHH�RQ�7R[LFLW\��(FRWR[LFLW\�DQG�WKH�(QYLURQPHQW��2SLQLRQ�
RQ� WKH� UHVXOWV� RI� WKH� 5LVN� $VVHVVPHQW� RI� %LV� ���HWK\OKH[\O�� SKWKDODWH� �'(+3��� 5HSRUW�
YHUVLRQ��+XPDQ�+HDOWK��6HSWHPEHU�������2SLQLRQ�H[SUHVVHG�DW�WKH���WK�&67((�SOHQDU\�
PHHWLQJ�� %UXVVHOV�� ��� -DQXDU\� ������ �� SS��
KWWS���HXURSD�HX�LQW�FRPP�IRRG�IV�VF�VFW�RXW���BHQ�SGI��

&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�������������

'DOJDDUG��0���1HOOHPDQQ��&���/DP��+�5���6RUHQVHQ��,�.��	�/DGHIRJHG��2����������7KH�DFXWH�
HIIHFWV� RI� PRQR���HWK\OKH[\O�SKWKDODWH� �0(+3�� RQ� WHVWHV� RI� SUHSXEHUWDO� :LVWDU� UDWV���
7R[LFRORJ\�/HWWHUV������������

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

GH�%RHU��-���:HVWHU�3�*���.ODPHU�+�-�&���/HZLV��:�(��	�%RRQ�-�3���������'R�IODPH�UHWDUGDQWV�
WKUHDWHQ�RFHDQ�OLIH"�1DWXUH��������-XO\���������'++6����������WK�5HSRUW�RQ�&DUFLQRJHQV��



8�6�� 'HSDUWPHQW� RI� +HDOWK� DQG� +XPDQ� 6HUYLFHV�� 86� 3XEOLF� +HDOWK� 6HUYLFH�� 1DWLRQDO�
7R[LFRORJ\�3URJUDP�

'XW\��6�0���6LQJK��1�3���6LOYD��0�-���%DUU��'�%���%URFN��-�:���5\DQ��/���+HUULFN��5�)���&KULVWLDQL��
'�&��	�+DXVHU��5���������7KH�UHODWLRQVKLS�EHWZHHQ�HQYLURQPHQWDO�H[SRVXUHV�WR�SKWKDODWHV�
DQG�'1$�GDPDJH�LQ�KXPDQ�VSHUP��XVLQJ�WKH�QHXWUDO�FRPHW�DVVD\���(QYLURQPHQWDO�+HDOWK�
3HUVSHFWLYHV��������������������

(&� ������� &RPPLVVLRQ� 'LUHFWLYH� �������(&� RI� ��� 'HFHPEHU� ����� DGDSWLQJ� WR� WHFKQLFDO�
SURJUHVV�&RXQFLO�'LUHFWLYH��������((&�RQ�EDWWHULHV�DQG�DFFXPXODWRUV�FRQWDLQLQJ�FHUWDLQ�
GDQJHURXV�VXEVWDQFHV��2IILFLDO�-RXUQDO�/����������������������

(&��������'HFLVLRQ�1R�����������(&�RI� WKH�(XURSHDQ�3DUOLDPHQW�DQG�RI� WKH�&RXQFLO�RI����
1RYHPEHU������HVWDEOLVKLQJ�WKH�OLVW�RI�SULRULW\�VXEVWDQFHV�LQ�WKH�ILHOG�RI�ZDWHU�SROLF\�DQG�
DPHQGLQJ�'LUHFWLYH���������(&��2IILFLDO�-RXUQDO�/������������������������

(&� �����D�� 'LUHFWLYH� ��������(&� RI� WKH� (XURSHDQ� 3DUOLDPHQW� DQG� RI� WKH� &RXQFLO� RI� ���
-DQXDU\������RQ� WKH� UHVWULFWLRQ�RI� WKH�XVH�RI� FHUWDLQ�KD]DUGRXV�VXEVWDQFHV� LQ�HOHFWULFDO�
DQG�HOHFWURQLF�HTXLSPHQW��2IILFLDO�-RXUQDO�/������������������������

(&� �����E�� 'LUHFWLYH� ��������(&� RI� WKH� (XURSHDQ� 3DUOLDPHQW� DQG� RI� WKH� &RXQFLO� RI� ���
-DQXDU\������RQ�ZDVWH�HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW��:(((����-RLQW�GHFODUDWLRQ�RI�
WKH� (XURSHDQ� 3DUOLDPHQW�� WKH� &RXQFLO� DQG� WKH�&RPPLVVLRQ� UHODWLQJ� WR� $UWLFOH� ���2IILFLDO�
-RXUQDO�/��������������������±���

(&��������'LUHFWLYH���������(&�RI�WKH�(XURSHDQ�3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI���)HEUXDU\�
�����DPHQGLQJ� IRU� WKH���WK� WLPH�&RXQFLO�'LUHFWLYH��������((&�UHODWLQJ� WR� UHVWULFWLRQV�RQ�
WKH� PDUNHWLQJ� DQG� XVH� RI� FHUWDLQ� GDQJHURXV� VXEVWDQFHV� DQG� SUHSDUDWLRQV�
�SHQWDEURPRGLSKHQ\O�HWKHU��RFWDEURPRGLSKHQ\O�HWKHU���2IILFLDO� -RXUQDO�/�����������������
������

(&��������&RPPLVVLRQ�'HFLVLRQ����������(&�DPHQGLQJ�'HFLVLRQ����������(&�FRQFHUQLQJ�
PHDVXUHV�SURKLELWLQJ�WKH�SODFLQJ�RQ�WKH�PDUNHW�RI�WR\V�DQG�FKLOGFDUH�DUWLFOHV�LQWHQGHG�WR�
EH�SODFHG�LQ�WKH�PRXWK�E\�FKLOGUHQ�XQGHU�WKUHH�\HDUV�RI�DJH�PDGH�RI�VRIW�39&�FRQWDLQLQJ�
FHUWDLQ�SKWKDODWHV���2IILFLDO�-RXUQDO�/������������������������

((&� ������� 'LUHFWLYH� �������((&� RI� ��� -XQH� ����� DPHQGLQJ� IRU� WKH� ��WK� WLPH� 'LUHFWLYH�
�������((&�RQ�WKH�DSSUR[LPDWLRQ�RI�WKH�ODZV��UHJXODWLRQV�DQG�DGPLQLVWUDWLYH�SURYLVLRQV�RI�
WKH�0HPEHU�6WDWHV�UHODWLQJ�WR�UHVWULFWLRQV�RQ�WKH�PDUNHWLQJ�DQG�XVH�RI�FHUWDLQ�GDQJHURXV�
VXEVWDQFHV�DQG�SUHSDUDWLRQV��2IILFLDO�-RXUQDO�/������������������������

(OLQGHU�� &�*�� DQG� -DUXS�� /�� ������� &DGPLXP� H[SRVXUH� DQG� KHDOWK� ULVNV�� UHFHQW� ILQGLQJV��
$PELR����������������

(PD��0���.XURVDND��5���$PDQR��+��	�2JDZD��<���������&RPSDUDWLYH�GHYHORSPHQWDO�WR[LFLW\�
RI�EXW\OWLQ�WULFKORULGH��GLEXW\OWLQ�GLFKORULGH�DQG�WULEXW\OWLQ�FKORULGH�LQ�UDWV���-RXUQDO�RI�$SSOLHG�
7R[LFRORJ\����������������

(PD��0��	�0L\DZDNL��(����������(IIHFWV�RQ�GHYHORSPHQW�RI�WKH�UHSURGXFWLYH�V\VWHP�LQ�PDOH�
RIIVSULQJ� RI� UDWV� JLYHQ� EXW\O� EHQ]\O� SKWKDODWH� GXULQJ� ODWH� SUHJQDQF\�� � 5HSURGXFWLYH�
7R[LFRORJ\�����������

(1'6��������39&�,QGXVWU\�DJUHHV�WR�SKDVH�RXW�OHDG�VWDELOLVHUV�E\�������7KH�(1'6�5HSRUW�
1R�������0D\�������������

(ULNVVRQ�� 3��� 9LEHUJ�� +��� $QNDUEHUJ�� (��� -DNREVVRQ�� (��� gUQ�� 8�� 	� )UHGULNVVRQ�� $�� �������
3RO\EURPLQDWHG�GLSKHQ\OHWKHUV��3%'(V���D�QRYHO�FODVV�RI�HQYLURQPHQWDO�QHXURWR[LFDQWV�LQ�
RXU�HQYLURQPHQW��,Q��$VSOXQG��/���%HUJPDQ��c���GH�:LW��&���HW�DO��HGV��3URFHHGLQJV�RI�WKH�
6HFRQG�,QWHUQDWLRQDO�:RUNVKRS�RQ�%URPLQDWHG�)ODPH�5HWDUGDQWV��%)5�������6WRFNKROP��
0D\�������������������

(VNHV��&���+RQHJJHU�� 3��� -RQHV�/HSS�� 7��� 9DUQHU�� .���0DWWKLHX�� -�0��	�0RQQHW�7VFKXGL�� )��
������� �1HXURWR[LFLW\�RI� GLEXW\OWLQ� LQ�DJJUHJDWLQJ�EUDLQ� FHOO� FXOWXUHV�� �7R[LFRORJ\� ,Q�9LWUR�
�����������������

(YDQV�� 6�0�� �������0DULQH� DQWLIRXODQWV�� � ,Q��&�� 6KHSSDUG� >(G�@�� 6HDV� DW� WKH�0LOOHQLXP��$Q�
(QYLURQPHQWDO�(YDOXDWLRQ��9ROXPH�,,,��*OREDO�,VVXHV�DQG�3URFHVVHV��(OVHYLHU�6FLHQFH�/WG��
2[IRUG��,6%1�����������������&KDSWHU��������������

)LHOG�6���������7R[LF�%HU\OOLXP��1HZ�6ROXWLRQV�IRU�D�FKURQLF�SUREOHP���(QYLURQPHQWDO�+HDOWK�
3HUVSHFWLYHV���������$���$���

)URPPH�+��� /DKU]� 7��� 3LORW\�0��� *HEKDUW� +��� 2GGR\� $�� 	� 5�GHQ�+�� �������2FFXUUHQFH� RI�
SKWKDODWHV�DQG�PXVN�IUDJUDQFHV�LQ�LQGRRU�DLU�DQG�GXVW�IURP�DSDUWPHQWV�DQG�NLQGHUJDUWHQV�
LQ�%HUOLQ��*HUPDQ\���,QGRRU�$LU�����������������

*R\HU��5�$���������/HDG�WR[LFLW\��FXUUHQW�FRQFHUQV��(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV������
��������



*R\HU�� 5�$�� ������� 7R[LF� HIIHFWV� RI� PHWDOV�� ,Q� &DVDUHWW� 	� 'RXOO¶V� 7R[LFRORJ\�� 7KH� %DVLF�
6FLHQFH� RI� 3RLVRQV�� )LIWK� (GLWLRQ�� .ODDVVHQ�� &�'�� >(G@�� 0F*UDZ�+LOO� +HDOWK� 3URIHVVLRQV�
'LYLVLRQ��,6%1������������

*UD\�� /�(��� 2VWE\�� -��� )XUU�� -��� 3ULFH�� 0��� 9HHUDPDFKDQHQL�� '�1�5�� 	� 3DUNV�� /�� ��������
3HULQDWDO�H[SRVXUH�WR�WKH�SKWKDODWHV�'(+3��%%3�DQG�',13��EXW�QRW�'(3��'03�RU�'273��
DOWHUV�VH[XDO�GLIIHUHQWLDWLRQ�RI�WKH�PDOH�UDW���7R[LFRORJLFDO�6FLHQFHV����������������

*XSWD��%�1���5DVWRJL��6�.���+XVDLQ��7���0DWKXU��1���3DQJWH\��%�6���������$�VWXG\�RI�UHVSLUDWRU\�
PRUELGLW\�DQG�SXOPRQDU\�IXQFWLRQ�DPRQJ�VROGHUHUV�LQ�WKH�HOHFWURQLFV�LQGXVWU\���$PHULFDQ�
,QGXVWULDO�+\JLHQH�$VVRFLDWLRQ�-RXUQDO��������������

+DUUDG�6���:LMHVHNHUD�5���+XQWHU�6���+DOOLZHOO�&��	�%DNHU�5����������3UHOLPLQDU\�DVVHVVPHQW�
RI� 8.� KXPDQ� GLHWDU\� DQG� LQKDODWLRQ� H[SRVXUH� WR� SRO\EURPLQDWHG� GLSHK\O� HWKHUV��
(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\�������������������

+DUULV� &�$��� +HQWWX�� 3��� 3DUNHU�� 0�*�� 	� 6XPSWHU�� -�3�� ������� 7KH� HVWURJHQLF� DFWLYLW\� RI�
SKWKDODWH�HVWHUV�LQ�YLWUR�(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV������������������

+HOOVWURP��/���(OLQGHU��&�*���'DKOEHUJ��%��/XQGEHUJ��0���-DUXS��/���3HUVVRQ��%���	�$[HOVRQ��2��
��������&DGPLXP�([SRVXUH�DQG�(QG�6WDJH�5HQDO�'LVHDVH���$PHULFDQ�-RXUQDO�RI�.LGQH\�
'LVHDVHV�������������������

+LWHV�5�$����������3RO\EURPLQDWHG�'LSKHQ\O�HWKHUV�LQ�WKH�HQYLURQPHQW�DQG�LQ�SHRSOH��$�PHWD�
DQDO\VLV�RI�FRQFHQWUDWLRQV��(QYLURQPHQW��6FLHQFH�DQG�7HFKQRORJ\�����������������

+RSSLQ� -�$��� 8OPHU� 5�� 	� /RQGRQ� 6�-�� ������� 3KWKDODWH� H[SRVXUH� DQG� SXOPRQDU\� IXQFWLRQ��
(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV������������������

,NRQRPRX��0�*���5D\QH��6��	�$GGLVRQ��5�)���������([SRQHQWLDO�LQFUHDVHV�RI�WKH�EURPLQDWHG�
IODPH� UHWDUGDQWV�� SRO\EURPLQDWHG� GLSKHQ\O� HWKHUV�� LQ� WKH� &DQDGLDQ� $UFWLF� IURP� ����� WR�
������(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\������������������

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

,QWHUQDWLRQDO� $JHQF\� IRU� 5HVHDUFK� RQ� &DQFHU�� ,$5&� ������� &KURPLXP�� ,Q� ,QWHUQDWLRQDO�
$JHQF\� IRU� 5HVHDUFK� RQ� &DQFHU� �,$5&�� PRQRJUDSK�� &KURPLXP�� 1LFNHO� DQG� :HOGLQJ��
,$5&��PRQRJUDSK��9RO���������SS�,6%1������������

,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������������

,3&6� ������� 3RO\EURPLQDWHG� GLEHQ]R�S�GLR[LQV� DQG� GLEHQ]RIXUDQV�� (QYLURQPHQWDO� +HDOWK�
&ULWHULD��1R�������,QWHUQDWLRQDO�3URJUDPPH�RQ�&KHPLFDO�6DIHW\��81(3�,/2�:+2��,6%1����
����������������SS��

,ZDWD�� +��� 7DQDEH�� 6��� 0L]XQR�� 7�� 	� 7DWVXNDZD�� 5�� ������� � +LJK� DFFXPXODWLRQ� RI� WR[LF�
EXW\OWLQV�LQ�PDULQH�PDPPDOV�IURP�-DSDQHVH�FRDVWDO�ZDWHUV���(QYLURQPHQWDO�6FLHQFH�DQG�
7HFKQRORJ\���������������

-DNREVVRQ�� .��� 7KXUHVVRQ�� .��� 5\ODQGHU�� /��� 6M|GLQ�� $��� +DJPDU�� /�� 	� %HUJPDQ�� c�� �������
([SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�WHWUDEURPRELVSKHQRO�$�DPRQJ�FRPSXWHU�
WHFKQLFLDQV���&KHPRVSKHUH����������������

-HQNLQV�� 6�0�� 	� %DURQH�� 6�� ������� 7KH� QHXURWR[LFDQW� WULPHWK\OWLQ� LQGXFHV� DSRSWRVLV� YLD�
FDSDVH� DFWLYDWLRQ�� S��� SURWHLQ� NLQDVH�� DQG� R[LGDWLYH� VWUHVV� LQ� 3&��� FHOOV�� 7R[LFRORJ\�
/HWWHUV����������������

-HQNLQV�� 6�0��� (KPDQ�� .�� 	� %DURQH�� 6�� ������� 6WUXFWXUH�DFWLYLW\� FRPSDULVRQ� RI� RUJDQRWLQ�
VSHFLHV�� GLEXW\OWLQ� LV� D� GHYHORSPHQWDO� QHXURWR[LFDQW� LQ� YLWUR� DQG� LQ� YLYR�� 'HYHORSPHQWDO�
%UDLQ�5HVHDUFK�����������������

.DQQDQ�� .��� &RUVROLQL�� 6��� )RFDUGL�� 6��� 7DQDEH�� 6�� 	� 7DWVXNDZD�� 5�� ������� � $FFXPXODWLRQ�
SDWWHUQ� RI� EXW\OWLQ� FRPSRXQGV� LQ� GROSKLQ�� WXQD� DQG� VKDUN� FROOHFWHG� IURP� ,WDOLDQ� FRDVWDO�
ZDWHUV���$UFKLYHV�RI�(QYLURQPHQWDO�&RQWDPLQDWLRQ�DQG�7R[LFRORJ\�����������

.DZDPXUD�� <��� 0DFKDUD�� 7��� 6X]XNL�� 7�� 	� <DPDGD�� 7�� ������� � 'HWHUPLQDWLRQ� RI� RUJDQRWLQ�
FRPSRXQGV� LQ� NLWFKHQ� XWHQVLOV�� IRRG� SDFNDJHV� DQG� WR\V� E\� JDV� FKURPDWRJUDSK\�DWRPLF�
HPLVVLRQ�GHWHFWLRQ�PHWKRG���-RXUQDO�RI�WKH�)RRG�+\JLHQLF�6RFLHW\�RI�-DSDQ����������������

.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����������������

.HUJRVLHQ�� '�+�� 	� 5LFH�� &�'�� ������� 0DFURSKDJH� VHFUHWRU\� IXQFWLRQ� LV� HQKDQFHG� E\� ORZ�
GRVHV� RI� WULEXW\OWLQ�R[LGH� �7%72��� EXW� QRW� WULEXW\OWLQ�FKORULGH� �7%7&O��� $UF�� (QYLURQ��
&RQWDP��7R[LFRO��������������



.QLVKNRZ\��%��	�%DNHU��(�/���������7UDQVPLVVLRQ�RI�RFFXSDWLRQDO�GLVHDVH�WR�IDPLO\�FRQWDFWV���
$PHULFDQ�-RXUQDO�RI�,QGXVWULDO�0HGLFLQH���������������

.RODQ]�� 0�(�� ������� ,QWURGXFWLRQ� WR� %HU\OOLXP�� 8VHV�� 5HJXODWRU\� +LVWRU\�� DQG� 'LVHDVH���
$SSOLHG�2FFXSDWLRQDO�DQG�(QYLURQPHQWDO�+\JLHQH�����������������

.XPDVDND�� .��� 0L\D]DZD�� 0��� )XMLPDND�� 7��� 7DR�� +��� 5DPDVZDP\�� %�5��� 1DND]DZD�� +���
0DNLQR�� 7�� 	� 6DWRK�� 6�� ������� � 7R[LFLW\� RI� WKH� WULEXW\OWLQ� FRPSRXQG� RQ� WKH� WHVWLV� LQ�
SUHPDWXUH�PLFH���-RXUQDO�RI�5HSURGXFWLRQ�DQG�'HYHORSPHQW����������������

/RYHNDPS�6ZDQ�7��	�'DYLV�%�-���������0HFKDQLVPV�RI�SKWKDODWH�HVWHU�WR[LFLW\�LQ�WKH�IHPDOH�
UHSURGXFWLYH�V\VWHP��(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV������������������

/DVVHQ��&���/RNNH��6��	�+DQVHQ��/�,�� �������%URPLQDWHG�)ODPH�5HWDUGDQWV��VXEVWDQFH� IORZ�
DQDO\VLV� DQG� VXEVWLWXWLRQ� IHDVLELOLW\� VWXG\�� � 'DQLVK� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\�
(QYLURQPHQWDO�3URMHFW�1R�������&RSHQKDJHQ��,6%1��������������������SS��

/HJOHU� -�� 	� %URXZHU� $�� �������� $UH� EURPLQDWHG� IODPH� UHWDUGDQWV� HQGRFULQH� GLVUXSWRUV"�
(QYLURQPHQWDO�,QWHUQDWLRQDO�����������������

/LQGVWURP�� *��� YDQ� %DYHO�� %��� +DUGHOO�� /�� 	� /LOMHJUHQ�� *�� ������� ,GHQWLILFDWLRQ� RI� WKH� IODPH�
UHWDUGDQWV� SRO\EURPLQDWHG� GLSKHQ\O� HWKHUV� LQ� DGLSRVH� WLVVXH� IURP� SDWLHQWV� ZLWK� QRQ�
+RGJNLQ¶V�O\PSKRPD�LQ�6ZHGHQ��2QFRORJ\�5HSRUWV����������������

0DKDIIH\��.�5���&OLFNQHU��5�3��	�%RGXURZ��&�&���������%ORRG�2UJDQLF�0HUFXU\�DQG�'LHWDU\�
0HUFXU\�,QWDNH��1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\�������DQG��������
(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV�����������������

0DOFRH��/�+���/\QFK��5�$���.HJOHU��0�&��	�6NDJJV��9�-���������/HDG�VRXUFHV��EHKDYLRUV��DQG�
VRFLRHFRQRPLF� IDFWRUV� LQ� UHODWLRQ� WR�EORRG� OHDG�RI�QDWLYH�$PHULFDQ�DQG�ZKLWH�FKLOGUHQ��$�
FRPPXQLW\�EDVHG� DVVHVVPHQW� RI� D� IRUPHU� PLQLQJ� DUHD�
(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV������6XSSOHPHQW��������������

0DQJLDODUGL��7���3LJD��/���6FKHQD��*��	�6LULQL��3�� �������&KDUDFWHULVWLFV�RI�06:� LQFLQHUDWRU�
DVK�IRU�XVH�LQ�FRQFUHWH��(QYLURQPHQWDO�(QJLQHHULQJ�6FLHQFH����������������

0DULXVVHQ� (�� 	� )RQQXP� )�� �������� 7KH� HIIHFW� RI� EURPLQDWHG� IODPH� UHWDUGDQWV� RQ�
QHXURWUDQVPLWWHU� XSWDNH� LQWR� UDW� EUDLQ� V\QDSWRVRPHV� DQG� YHVLFOHV�� 1HXURFKHPLVWU\�
,QWHUQDWLRQDO������������������

0DWWKHZV��*����������39&���SURGXFWLRQ��SURSHUWLHV�DQG�XVHV���3XEO��7KH�,QVWLWXWH�RI�0DWHULDOV��
/RQGRQ��

0D\HU�� )�/��� 6WDOOLQJ�� '�/�� 	� -RKQVRQ�� -�/�� ������� � 3KWKDODWH� HVWHUV� DV� HQYLURQPHQWDO�
FRQWDPLQDQWV���1DWXUH��������������

0HHUWV��,�$�7�0���0DUVK��*���YDQ�/HHXZHQ�%RO��,���/XLMNV��(�$�&���-DNREVVRQ��(���%HUJPDQ��c��
	�%URXZHU��$�� ������� � ,QWHUDFWLRQ� RI� SRO\EURPLQDWHG� GLSKHQ\O� HWKHU�PHWDEROLWHV� �3%'(�
2+��ZLWK�KXPDQ�WUDQVWK\UHWLQ�LQ�YLWUR��2UJDQRKDORJHQ�&RPSRXQGV�������������

0HHUWV�� ,�$�7�0���/HWFKHU��5�-���+RYLQJ��6���0DUVK��*���%HUJPDQ��c���/HPPHQ��-�*���YDQ�GHU�
%XUJ�� %�� 	� %URXZHU�� $�� ������� ,Q� YLWUR� HVWURJHQLFLW\� RI� SRO\EURPLQDWHG� GLSKHQ\O� HWKHUV��
K\GUR[\ODWHG�3%'(V�DQG�SRO\EURPLQDWHG�ELVSKHQRO�$�FRPSRXQGV���(QYLURQPHQWDO�+HDOWK�
3HUVSHFWLYHV�����������������

0HLURQ\WH��'���1RUHQ��.��	�%HUJPDQ��c���������$QDO\VLV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�
6ZHGLVK� KXPDQ�PLON��$� WLPH�UHODWHG� WUHQG� VWXG\�� ����������� -RXUQDO� RI� 7R[LFRORJ\� DQG�
(QYLURQPHQWDO�+HDOWK���3DUW�$����������������

0HQHVHV��0���:LQJIRUV��+���6FKXKPDFKHU��0���'RPLQJR��-�/���/LQGVWURP��*��	�YRQ�%DYHO��%��
������� 3RO\EURPLQDWHG� GLSKHQ\O� HWKHUV� GHWHFWHG� LQ� KXPDQ� DGLSRVH� WLVVXH� IURP� 6SDLQ��
&KHPRVSKHUH�������������������

0XNKHUMHH��$�%�� �������&KURPLXP� LQ� WKH�HQYLURQPHQW�RI�)LQODQG��7KH�6FLHQFH�RI� WKH�7RWDO�
(QYLURQPHQW�����������

0XVVRQ�� 6�(��� -DQJ�� <�&��� 7RZQVHQG�� 7�*��� &KXQJ�� ,�+�� ������� &KDUDFWHUL]DWLRQ� RI� OHDG�
OHDFKDELOLW\� IURP� FDWKRGH� UD\� WXEHV� XVLQJ� WKH� WR[LFLW\� FKDUDFWHULVWLF� OHDFKLQJ� SURFHGXUH���
(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\�������������������

0\OFKUHHVW�� (��� 6DU�� 0��� :DOODFH�� '�*�� 	� )RVWHU�� 3�0�'�� ������� � )HWDO� WHVWRVWHURQH�
LQVXIILFLHQF\�DQG�DEQRUPDO�SUROLIHUDWLRQ�RI�/H\GLJ�FHOOV�DQG�JRQRF\WHV� LQ�UDWV�H[SRVHG�WR�
GL�Q�EXW\O��SKWKDODWH���5HSURGXFWLYH�7R[LFRORJ\�����������

1HZPDQ�� /�6�� ������� %HU\OOLXP� GLVHDVH� DQG� VDUFRLGRVLV�� FOLQLFDO� DQG� ODERUDWRU\� OLQNV��
6DUFRLGRVLV����������

1HZPDQ��/�6���/OR\G��-��	�'DQLORII��(���������7KH�QDWXUDO�KLVWRU\�RI�EHU\OOLXP�VHQVLWL]DWLRQ�DQG�
FKURQLF�EHU\OOLXP�GLVHDVH���(QYLURQPHQWDO�+HDOWK�SHUVSHFWLYHV������6XSSOHPHQW���������
����



2LH�� /���+HUVRXJ�� /�*��	�0DGVHQ�� -�2�� ������� �5HVLGHQWLDO� H[SRVXUH� WR� SODVWLFL]HUV� DQG� LWV�
SRVVLEOH�UROH�LQ�WKH�SDWKRJHQHVLV�RI�DVWKPD��(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV����������
��������

2¶+DOORUDQ��.���$KRNDV��-�7��	�:ULJKW��3�)�$����������5HVSRQVH�RI�ILVK�LPPXQH�FHOOV�WR�LQ�YLWUR�
RUJDQRWLQ�H[SRVXUHV���$TXDWLF�7R[LFRORJ\������������������

2(&'� ������� 7HFKQLFDO� JXLGDQFH� IRU� WKH� HQYLURQPHQWDOO\� VRXQG� PDQDJHPHQW� RI� VSHFLILF�
ZDVWH� VWUHDPV�� XVHG� DQG� VFUDS� SHUVRQDO� FRPSXWHUV�� � 2UJDQLVDWLRQ� IRU� (FRQRPLF� &R�
RSHUDWLRQ�DQG�'HYHORSPHQW��2(&'��:RUNLQJ�*URXS�RQ�:DVWH�3UHYHQWLRQ�DQG�5HF\FOLQJ���
(19�(32&�:*:35��������),1$/��

2HNR�7HVW��������6RQGHUP�OO�LP�+DXV��|NR�WHVW�PDJD]LQH���������������
263$5��������263$5�6WUDWHJ\�ZLWK�5HJDUG�WR�+D]DUGRXV�6XEVWDQFHV��263$5�&RQYHQWLRQ�

IRU� WKH�3URWHFWLRQ�RI� WKH�0DULQH�(QYLURQPHQW�RI� WKH�1RUWK�(DVW�$WODQWLF��263$5���������
$QQH[����

263$5��������263$5�%DFNJURXQG�'RFXPHQW�RQ�2UJDQLF�7LQ�&RPSRXQGV��263$5�3ULRULW\�
6XEVWDQFHV�6HULHV��263$5�&RQYHQWLRQ� IRU� WKH�3URWHFWLRQ�RI� WKH�0DULQH�(QYLURQPHQW�RI�
WKH�1RUWK�(DVW�$WODQWLF��263$5�&RPPLVVLRQ��/RQGRQ��,6%1������������������SS��

263$5� ������� &HUWDLQ� %URPLQDWHG� )ODPH� 5HWDUGDQWV� ±� 3RO\EURPLQDWHG� 'LSKHQ\OHWKHUV��
3RO\EURPLQDWHG� %LSKHQ\OV�� +H[DEURPRF\FORGRGHFDQH�� 263$5� 3ULRULW\� 6XEVWDQFHV�
6HULHV��263$5�&RQYHQWLRQ�IRU�WKH�3URWHFWLRQ�RI�WKH�0DULQH�(QYLURQPHQW�RI�WKH�1RUWK�(DVW�
$WODQWLF��263$5�&RPPLVVLRQ��/RQGRQ����SS��

263$5��������263$5�&RPPLVVLRQ�������XSGDWHG��������%DFNJURXQG�GRFXPHQW�RQ�FHUWDLQ�
EURPLQDWHG�IODPH�UHWDUGDQWV�±�SRO\EURPLQDWHG�GLSKHQ\OHWKHUV��SRO\EURPLQDWHG�ELSKHQ\OV��
KH[DEURPR�F\FORGRGHFDQH��,6%1���������������

2WDNH��7���<RVKLQDJD��-��	�<DQDJLVDZD��<���������$QDO\VLV�RI�RUJDQLF�HVWHUV�RI�SODVWLFL]HU�LQ�
LQGRRU�DLU�E\�*&�06�DQG�*&�)3'���(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\��������������
�����

3DUN�� -�'��� +DEHHEX�� 6�6�0�� 	� .ODDVVHQ�� &�'�� ������� � 7HVWLFXODU� WR[LFLW\� RI� GL����
HWK\OKH[\O�SKWKDODWH�LQ�\RXQJ�6SUDJXH�'DZOH\�UDWV���7R[LFRORJ\��������������

3HOWROD��-��	�<OD�0RQRQHQ��/���������3HQWDEURPRGLSKHQ\O�HWKHU�DV�D�JOREDO�323���7HPD1RUG�
����������1RUGLF�&RXQFLO�RI�0LQLVWHUV��&RSHQKDJHQ��,6%1�������������������SS��

5DWFOLIIH�� +�(��� 6ZDQVRQ�� *�0�� DQG� )LVFKHU�� /�-�� �������� +XPDQ� H[SRVXUH� WR� PHUFXU\�� D�
FULWLFDO�DVVHVVPHQW�RI� WKH�HYLGHQFH�RI�DGYHUVH�KHDOWK�HIIHFWV��-RXUQDO�RI�7R[LFRORJ\�DQG�
(QYLURQPHQWDO�+HDOWK�������������

6DGLNL��$�,��	�:LOOLDPV��'�7�� �������$�VWXG\�RQ�RUJDQRWLQ� OHYHOV� LQ�&DQDGLDQ�GULQNLQJ�ZDWHU�
GLVWULEXWHG�WKURXJK�39&�SLSHV��&KHPRVSKHUH�������������������

6DGLT��0�� ������� 7R[LF�PHWDO� FKHPLVWU\� LQ�PDULQH� HQYLURQPHQWV��0DUFHO� 'HNNHU� ,QF��� 1HZ�
<RUN��%DVHO��+RQJ�.RQJ��,6%1������������

6DORPRQV�� :�� DQG� )RUVWQHU�� 8�� ������� 0HWDOV� LQ� WKH� K\GURF\FOH�� 6SULQJHU�9HUODJ�� %HUOLQ��
+HLGHOEHUJ��1HZ�<RUN��7RN\R��,6%1������������

6DQGHUVRQ�� :�7��� +HQQHEHUJHU�� 3�.��� 0DUW\Q\�� -��� (OOLV�� .��� 0UR]�� 0�0�� 	� 1HZPDQ� /�6��
������� %HU\OOLXP� FRQWDPLQDWLRQ� LQVLGH� YHKLFOHV� RI� PDFKLQH� VKRS� ZRUNHUV�� � $SSOLHG�
2FFXSDWLRQDO�DQG�(QYLURQPHQWDO�+\JLHQH����������������

6DQWLOOR��'��� -RKQVWRQ�� 3�� 	� /DQJVWRQ��:�-�� �����D�� 7ULEXW\OWLQ� �7%7�� DQWLIRXODQWV�� D� WDOH� RI�
VKLSV�� VQDLOV� DQG� LPSRVH[�� &KDSWHU� ��� LQ�� 3�� +DUUHPRsV�� '�� *HH�� 0�� 0DF*DUYLQ�� $��
6WLUOLQJ�� -�� .H\V�� %�� :\QQH�� 6�*�� 9D]� >HGV@�� /DWH� /HVVRQV� IURP� (DUO\� :DUQLQJV�� WKH�
SUHFDXWLRQDU\� SULQFLSOH� ����������� (XURSHDQ� (QYLURQPHQW� $JHQF\� (QYLURQPHQWDO� ,VVXH�
5HSRUW�1R�����2IILFH�IRU�2IILFLDO�3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV��/X[HPERXUJ��
,6%1�������������������������

6DQWLOOR��'���-RKQVWRQ��3��	�%ULJGHQ��.�������E��7KH�SUHVHQFH�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�
DQG� RUJDQRWLQ� FRPSRXQGV� LQ� GXVWV� FROOHFWHG� IURP� 3DUOLDPHQW� EXLOGLQJV� IURP� HLJKW�
FRXQWULHV�� �*UHHQSHDFH�5HVHDUFK�/DERUDWRULHV�7HFKQLFDO�1RWH����������0DUFK����������
SS��

6DQWLOOR�� '��� /DEXQVND�� ,��� 'DYLGVRQ�� +��� -RKQVWRQ�� 3��� 6WUXWW�� 0�� 	� .QRZOHV�� 2�� ��������
&RQVXPLQJ�&KHPLFDOV��+D]DUGRXV�&KHPLFDOV� LQ�KRXVH�GXVW�DV�DQ� LQGLFDWRU�RI� FKHPLFDO�
H[SRVXUH� LQ� WKH� KRPH��3DUW� ,� ��8.��*UHHQSHDFH�5HVHDUFK� /DERUDWRULHV� 7HFKQLFDO�1RWH�
���������$SULO����������SS��

6DXYH�� 6��� 0F%ULGH�� 0�%�� 	� +HQGHUVKRW�� :�+�� ������� 6SHFLDWLRQ� RI� OHDG� LQ� FRQWDPLQDWHG�
VRLOV��(QYLURQPHQWDO�3ROOXWLRQ����������������

6FKXOHU��&�5���.HQW��0�6���'HXEQHU��'�&���%HUDNLV��0�7���0F&DZOH\��0���+HQQHEHUJHU��3�.���
5RVVPDQ�� 0�'�� 	� .UHLVV�� .�� ������� 3URFHVV�UHODWHG� ULVN� RI� EHU\OOLXP� VHQVLWL]DWLRQ� DQG�



GLVHDVH�LQ�D�FRSSHU�EHU\OOLXP�DOOR\�IDFLOLW\���$PHULFDQ�-RXUQDO�RI�,QGXVWULDO�0HGLFLQH��������
��������

6FKXW]��$���2OVVRQ��0���-HQVHQ��$���*HUKDUGVVRQ��/���%RUMHVVRQ��-���0DWWVVRQ��6���6NHUIYLQJ��
6�� ������� /HDG� LQ� ILQJHU� ERQH��ZKROH� EORRG�� SODVPD� DQG� XULQH� LQ� OHDG�VPHOWHU�ZRUNHUV��
H[WHQGHG� H[SRVXUH� UDQJH�� � ,QWHUQDWLRQDO� $UFKLYHV� RI� 2FFXSDWLRQDO� DQG� (QYLURQPHQWDO�
+HDOWK��������������

6FLHQWLILF�&RPPLWWHH�RQ�+HDOWK�DQG�(QYLURQPHQWDO�5LVNV��6&+(5��������2SLQLRQ�RQ�³8SGDWH�
RI� WKH� ULVN�DVVHVVPHQW�RI�ELV�SHQWDEURPRSKHQ\O��HWKHU� �GHFDEURPRGLSKHQ\O�HWKHU�´�� ��WK�
0DUFK� ������ � $YDLODEOH��
KWWS���HXURSD�HX�LQW�FRPP�KHDOWK�SKBULVN�FRPPLWWHHV���BVFKHU�GRFV�VFKHUBRB����SGI�

6KH��-���:LQNOHU��-���9LVLWD��3���0F.LQQH\��0��	�3HWUHDV��0���������$QDO\VLV�RI�3%'(V�LQ�VHDO�
EOXEEHU�DQG�KXPDQ�EUHDVW�DGLSRVH�WLVVXH�VDPSOHV��2UJDQRKDORJHQ�&RPSRXQGV�����������

6LOYD�0�-���%DUU�'�%���5HLG\�-�$���0DOHN�1�$���+RGJH�&�&���&DXGLOO�6�3���%URFN�-�:���1HHGKDP�
/�/�� 	� &DODIDW� $�0�� ������� 8ULQDU\� OHYHOV� RI� VHYHQ� SKWKDODWH� PHWDEROLWHV� LQ� WKH� 8�6��
SRSXODWLRQ� IURP� WKH�1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\� �1+$1(6�������
������(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV�������������������

6M|GLQ��$���&DUOVVRQ��+���7KXUHVVRQ��.���6MROLQ��6���%HUJPDQ��c��	�2VWPDQ��&���������)ODPH�
UHWDUGDQWV� LQ� LQGRRU�DLU�DW�DQ�HOHFWURQLFV�UHF\FOLQJ�SODQW�DQG�DW�RWKHU�ZRUN�HQYLURQPHQWV��
(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\����������������

6M|GLQ� $��� 3DWWHUVRQ� '�*�� DQG� %HUJPDQ� $�� �������� $� UHYLHZ� RQ� KXPDQ� H[SRVXUH� WR�
EURPLQDWHG� IODPH� UHWDUGDQWV� ±� SDUWLFXODUO\� SRO\EURPLQDWHG� GLSKHQ\O� HWKHUV�� (QYLURQPHQW�
,QWHUQDWLRQDO�������������

6WUDQGPDQ��7���.RLVWLQHQ��-���.LYLUDQWD��+���9XRULQHQ��3�-���7XRPLVWR��-��	�9DUWLDLQHQ��7���������
/HYHOV�RI�VRPH�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�ILVK�DQG�KXPDQ�DGLSRVH�WLVVXH�
LQ�)LQODQG��2UJDQRKDORJHQ�&RPSRXQGV������������

6WULQJHU�� 5��� /DEXQVND�� ,�� 6DQWLOOR�� '��� -RKQVWRQ�� 3��� 6LGGRUQ�� -�� 	� 6WHSKHQVRQ�� $�� ��������
&RQFHQWUDWLRQV�RI�SKWKDODWH�HVWHUV�DQG� LGHQWLILFDWLRQ�RI�RWKHU�DGGLWLYHV� LQ�39&�FKLOGUHQ¶V�
WR\V���(QYLURQPHQWDO�6FLHQFH�DQG�3ROOXWLRQ�5HVHDUFK�������������

6WULQJHU�� 5�/�� 	� -RKQVWRQ�� 3�$�� ������� &KORULQH� DQG� WKH� (QYLURQPHQW�� $Q�2YHUYLHZ� RI� WKH�
&KORULQH� ,QGXVWU\�� 3XEO�� .OXZHU�$FDGHPLF�3XEOLVKHUV��'RUGUHFKW��1HWKHUODQGV�� � ,6%1���
����������������SS�

7DNDKDVKL�� 6��� 0XNDL�� +��� 7DQDEH�� 6��� 6DND\DPD�� .��� 0L\D]DNL�� 7�� 	� 0DVXQR�� +�� ��������
%XW\OWLQ�UHVLGXHV�LQ�OLYHUV�RI�KXPDQV�DQG�ZLOG�WHUUHVWULDO�PDPPDOV�DQG�LQ�SODVWLF�SURGXFWV���
(QYLURQPHQWDO�3ROOXWLRQ��������������

7D\ORU�� 7�3��� 'LQJ�� 0��� (KOHU�� '�6��� )RUHPDQ�� 7�0��� .DV]XED�� -�3�� 	� 6DXHU�� 1�1�� �������
%HU\OOLXP�LQ�WKH�HQYLURQPHQW��$�UHYLHZ���-RXUQDO�RI�(QYLURQPHQWDO�6FLHQFH�DQG�+HDOWK�3DUW�
$�7R[LF�+D]DUGRXV�6XEVWDQFHV�	�(QYLURQPHQWDO�(QJLQHHULQJ����������������

7KRPVHQ�� &��� /XQGDQHV�� (�� 	� %HFKHU�� *�� ������� %URPLQDWHG� IODPH� UHWDUGDQWV� LQ� DUFKLYHG�
VHUXP� VDPSOHV� IURP� 1RUZD\�� $� VWXG\� RQ� WHPSRUDO� WUHQGV� DQG� WKH� UROH� RI� DJH���
(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\������������������

7LQNOH��6�6���$QWRQLQL��-�0���5LFK��%�$���5REHUWV��-�5���6DOPHQ��5���'H3UHH��.��	�$GNLQV��(�-��
������� � 6NLQ� DV� D� URXWH� RI� H[SRVXUH� DQG� VHQVLWL]DWLRQ� LQ� FKURQLF� EHU\OOLXP� GLVHDVH���
(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV�������������������

81(3��������*OREDO�0HUFXU\�$VVHVVPHQW��8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDPPH��81(3��
&KHPLFDOV��*HQHYD��6ZLW]HUODQG���$YDLODEOH�DW��ZZZ�FKHP�XQHS�FK�PHUFXU\�

8QLWHG� 6WDWHV� &RGH� RI� )HGHUDO� 5HJXODWLRQV�� 86)&5� ������� 7LWOH� ���� /DERU�� 3DUW� �������
2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�6WDQGDUGV��6XESDUW�=��7R[LF�DQG�+D]DUGRXV�6XEVWDQFHV��
7LWOH�����9ROXPH����SDUWV������������:DVKLQJWRQ��'&�

9LHW��6�0���7RUPD�.UDMHZVNL��-��	�5RJHUV�-���������&KURQLF�EHU\OOLXP�GLVHDVH�DQG�EHU\OOLXP�
VHQVLWL]DWLRQ� DW� 5RFN\� )ODWV�� $� FDVH� FRQWURO� VWXG\�� � $PHULFDQ� ,QGXVWULDO� +\JHLQH�
$VVRFLDWLRQ�-RXUQDO�������������

9LUWDQHQ�� -�.��� 9RXWLODLQHQ�� 6��� 5LVVDQHQ�� 7�+��� 0XUVX�� -��� 7XRPDLQHQ�� 7��� .RUKRQHQ�� 0�-���
9DONRQHQ��9���6HSSD�QHQ��.��� /DXNNDQHQ�� -�$���6DORQHQ�� -�7�� �������0HUFXU\��)LVK�2LOV��
DQG�5LVN�RI�$FXWH�&RURQDU\�(YHQWV�DQG�&DUGLRYDVFXODU�'LVHDVH��&RURQDU\�+HDUW�'LVHDVH��
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