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1HZ�'UXJV�&RUQHU 
 
'LIHOLNHIDOLQ 
02$��.DSSD�RSLRLG�UHFHSWRU �
DJRQLVW� 
,QGLFDWLRQ��7UHDWPHQW�RI�
PRGHUDWH-WR-VHYHUH�SUXULWXV�
DVVRFLDWHG�ZLWK�FKURQLF�NLGQH\�
GLVHDVH��&.'-D3��LQ�DGXOWV�XQ�
GHUJRLQJ�KHPRGLDO\VLV��+'�� 
 
)LQHUHQRQH 
02$��1RQ-VWHURLGDO�PLQHUDOR�
FRUWLFRLG�UHFHSWRU�DQWDJRQLVW� 
,QGLFDWLRQ��7R�UHGXFH�WKH�U LVN�
RI�NLGQH\�DQG�KHDUW�FRPSOLFD�
WLRQV�LQ�FKURQLF�NLGQH\�GLVHDVH�
DVVRFLDWHG�ZLWK�W\SH���GLDEHWHV 

 
%HOXPRVXGLO 
02$��.LQDVH�LQKLELWRU� 
,QGLFDWLRQ��7R�WUHDW�FKURQLF�
JUDIW-YHUVXV-KRVW�GLVHDVH�DIWHU�
IDLOXUH�RI�DW�OHDVW�WZR�SULRU�
OLQHV�RI�V\VWHPLF�WKHUDS\ 

 
2GHYL[LEDW 
02$��,OHDO�ELOH�DFLG�WUDQV�
SRUWHU��,%$7��LQKLELWRU� 
,QGLFDWLRQ��7UHDWPHQW�RI�SUX�
ULWXV�LQ�SDWLHQWV���PRQWKV�RI�
DJH�DQG�ROGHU�ZLWK�SURJUHVVLYH�
IDPLOLDO�LQWUDKHSDWLF�FKROHVWDVLV�
�3),&� 
 
$QLIUROXPDE-IQLD 
02$��7\SH�,�LQWHUIHURQ��,)1��
UHFHSWRU�DQWDJRQLVW� 
,QGLFDWLRQ��7R�WUHDW�PRGHUDWH-
WR�VHYHUH�V\VWHPLF�OXSXV�HU\�
WKHPDWRXVXV�DORQJ�ZLWK�VWDQG�
DUG�WKHUDS\� 

5HIHUHQFH��86)'$ 
 

'HDU�5HDGHUV�� 
7KH�SXUSRVH�RI�WKLV�EXOOHWLQ�LV�WR�GLVVHPLQDWH�VRPH��LPSRUWDQW�LQIRUPDWLRQ�UHODWHG�WR�GUXJV�DQG�PHGLFDO�
GHYLFHV�OLNHO\�WR�EH�RI�LQWHUHVW�WR�HYHU\RQH��LQYROYHG�GLUHFWO\�RU�LQGLUHFWO\��LQ�SDWLHQW�FDUH��7KH�FXUUHQW�
LVVXH�KLJKOLJKWV�DERXW�WKH�YDULRXV�PHGLFDWLRQ�VDIHW\�SURJUDPPHV�UXQQLQJ�LQ�RXU�FRXQWU\��GUXJ�ZLWK�
GUDZDOV��UHFHQW�GUXJ�DSSURYDOV�DQG�IHZ�SRWHQWLDO�SUH-FOLQLFDO�UHVHDUFK�VWXGLHV��)HHGEDFN�DQG�VXJJHV�
WLRQV��LI�DQ\��PD\�EH��VHQW��DW�HPDLO�,G��WKHSLOOER[DIPF#JPDLO�FRP�� 

3KDUPDFRYLJLODQFH 
$Q�LPSRUWDQW�WRRO�IRU�PHGLFDWLRQ�VDIHW\ 

7KH�3LOO�%R[ ,VVXH��7KLUG��-XO–�6HS����� 

7KH�3LOO�%R[�4XL]���� 
 
,QVWUXFWLRQV� 
6FDQ�WKH�45�FRGH�WR�DWWHPSW�WKH�TXHVWLRQV�DQG� 
ILQG�FRUUHFW�DQVZHUV�� 
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³3KDUPDFRYLJLODQFH´ 

3KDUPDFRQ��*UHHN�-'UXJ���9LJLODUH��/DWLQ�-WR�NHHS�ZDWFK 

:+2�'HILQLWLRQ��7KH�VFLHQFH�DQG�DFWLYLWLHV�UHODWLQJ�WR�WKH�GHWHF�
WLRQ��HYDOXDWLRQ��XQGHUVWDQGLQJ�DQG�SUHYHQWLRQ�RI�DGYHUVH�GUXJ����
UHDFWLRQV�RU�DQ\�RWKHU�GUXJ-UHODWHG�SUREOHPV� 

*RDOV�RI�3KDUPDFRYLJLODQFH 
�-(DUO\�GHWHFWLRQ�RI�XQNQRZQ�VDIHW\�SUREOHPV 
�-'HWHFWLRQ�RI�LQFUHDVH�LQ�IUHTXHQF\ 
�-,GHQWLILFDWLRQ�RI�ULVN�IDFWRUV 
�-4XDQWLI\LQJ�ULVNV 
�-3UHYHQWLQJ�SDWLHQWV�IURP�EHLQJ�DIIHFWHG�XQQHFHVVDULO\ 

5DWLRQDO�DQG�6DIH�XVH�RI�0HGLFLQHV 

:K\�3KDUPDFRYLJLODQFH" 
-,QVXIILFLHQW�HYLGHQFH�RI�GUXJ�VDIHW\�IURP�FOLQLFDO�
WULDOV�GXH�WR�OLPLWHG�VL]H�DQG�DJH�VH[�GLVHDVH�VSHFLILF�
VWXG\�SRSXODWLRQ��VKRUWHU�VWXG\�SHULRG�GXUDWLRQ�DQG�
FRQWUROOHG�VWXG\�HQYLURQPHQW 
-$GYHUVH�'UXJ�5HDFWLRQV�DPRQJ�WRS�WHQ�FDXVHV�RI�
PRUWDOLW\� 
-3HUFHQWDJH�RI�KRVSLWDO�DGPLVVLRQV�GXH�WR�GUXJ�UHODW�
HG�HYHQWV�LQ�VRPH�FRXQWULHV�LV�DERXW�RU�PRUH�WKDQ�
����� 

3URJUDPPHV�LQ�,QGLD�IRU�$'5�PRQLWRULQJ 
-3KDUPDFRYLJLODQFH�SURJUDPPH�RI�,QGLD��3Y3,� 
-+DHPRYLJLODQFH�SURJUDPPH�RI�,QGLD��+Y3,� 
-0DWHULRYLJLODQFH�SURJUDPPH�RI�,QGLD��0Y3,� 
-$GYHUVH�(YHQW�)ROORZLQJ�,PPXQL]DWLRQ��$(),� 



 

,VVXH��6HFRQG��$SU–�-XQ����� 7KH�3LOO�%R[��,VVXH�7KLUG��-XO-6HS����� 

 

 

 

 

 
 

³7R�XQGHUJR�WUHDWPHQW�\RX�KDYH�WR�EH�YHU\�KHDOWK\��EHFDXVH�DSDUW�IURP�\RXU����
VLFNQHVV�\RX�KDYH�WR�ZLWKVWDQG�WKH�PHGLFLQH´�-�0ROLqUH 

$)0&�$'5�0RQLWRULQJ�FHQWHU� 
'HSDUWPHQW�RI�3KDUPDFRORJ\ 

0RE�1R������������ 
(PDLO�LG��SYSLDIPF#JPDLO�FRP 

3KDUPDFRYLJLODQFH�3URJUDPPH�RI�,QGLD��3Y3,� 
,QGLD�MRLQHG�:+2�SURJUDPPH�IRU�,QWHUQDWLRQDO�'UXJ�0RQLWRULQJ�LQ������EXW�ZDV�QRW�YHU\�VXFFHVVIXO��
/DWHU�� WKH�1DWLRQDO�3URJUDPPH�RI�3KDUPDFRYLJLODQFH�ZDV� ODXQFKHG� LQ�������DQG�ZDV�UHQDPHG�DV� WKH�
3KDUPDFRYLJLODQFH�3URJUDPPH�RI� ,QGLD� �3Y3,�� LQ�������7KH�SUHVHQW�KHDGTXDUWHU�RI�3Y3,� LV�DW� ,QGLDQ�
3KDUPDFRSRHLD�&RPPLVVLRQ��,3&���*KD]LDEDG��3UHVHQWO\�WKHUH�DUH�DERXW�����$GYHUVH�'UXJ�0RQLWRULQJ�
&HQWUHV� �$0&V�� DW�PHGLFDO�FROOHJHV� DQG�KRVSLWDOV� WKURXJKRXW� WKH�QDWLRQ��$GYHUVH�'UXJ� UHDFWLRQV�DUH�
FDSWXUHG�WKURXJK�D�ZHOO-VWUXFWXUHG�IRUPDW�DQG�UHSRUWHG�WR�WKH�$0&V�RU�GLUHFWO\�WR�3Y3,-1&&�E\�KHDOWK�
SURYLGHUV� DQG� HYHQ� JHQHUDO� SHRSOH�� 7KH� $'5V� DUH� DQDO\VHG� E\� 3Y3,-1&&� DQG� UHSRUW� VXEPLWWHG� WR�
&'6&2�DQG�:+2-80&��2Q�WKH�EDVLV�RI�WKLV�UHSRUW�&'6&2�WDNHV�QHFHVVDU\�DFWLRQ�RQ�WKH�XVH�RI�WKH�
GUXJ�� 7KHUH� DUH� WKUHH� PRUH� SDUDOOHO� SURJUDPPHV� OLNH� +DHPRYLJLODQFH�� 0DWHULRYLJLODQFH� DQG� $(),�
ZKLFK�DUH�LQWHJUDWHG�WR�WKH�3Y3,� 
 

0DWHULRYLJLODQFH�3URJUDPPH�RI�,QGLD��0Y3,� 
 

�$IWHU� VHYHUDO� KRUULILF� FDVHV� DVVRFLDWHG� ZLWK� PDOIXQFWLRQLQJ� RI� PHGLFDO� GHYLFHV� OLNH� LQIDQWV� EXUQW� WR�
GHDWK� GXH� WR� VKRUW� FLUFXLWV� LQ� LQFXEDWRUV�� RU� KLS� LPSODQWV� FDXVLQJ� EORRG� SRLVRQLQJ�� WKH� 0LQLVWU\� RI�
+HDOWK� DQG� )DPLO\� :HOIDUH� �0R+):��� *RYHUQPHQW� RI� ,QGLD� KDYH� ODXQFKHG� 0DWHULRYLJLODQFH� 3UR�
JUDPPH�LQ�-XO\�������7KH�PDLQ�DLP�LV�WR�DGGUHVV�SRWHQWLDO�DGYHUVH�HYHQWV�UHODWHG�WR�PHGLFDO�GHYLFHV��
WKHUHE\�LPSURYLQJ�PHGLFDO�GHYLFH�TXDOLW\�� LQ�DGGLWLRQ�WR�FUHDWLQJ�GDWDEDVH�RQ�PHGLFDO�GHYLFH�DGYHUVH�
HYHQW��,W�LV�PHDQW�WR�DQDO\VH��VFUXWLQL]H�DQG�SUHYHQW�WKH�UHFXUUHQFH�RI�KDUPIXO�HIIHFWV�GXH�WR�XVH�RI�PHG�
LFDO�GHYLFHV��7KH�,QGLDQ�3KDUPDFRSRHLD�&RPPLVVLRQ��,3&��IXQFWLRQV�DV�1DWLRQDO�&RRUGLQDWLRQ�&HQWUH�
�1&&���6UHH�&KLWUD�7LUXQDO�,QVWLWXWH�IRU�0HGLFDO�6FLHQFHV�	�7HFKQRORJ\� �6&7,067���7KLUXYDQDQWKD�
SXUDP�DFW�DV�1DWLRQDO�&ROODERUDWLRQ�&HQWUH��0Y3,�LV�D�JRRG�LQLWLDWLYH��WR�HQVXUH��VDIHW\��RI�PHGLFDO�GH�
YLFHV�XVH���%DVHG�RQ�WKH�ULVN��LQYROYHG��WKH�PHGLFDO�GHYLFHV�KDYH�EHHQ�FODVVLILHG�DV�FODVV�$��ORZ�ULVN��WR�
FODVV�'��KLJK�ULVN�� 

+DHPRYLJLODQFH�3URJUDPPH�RI�,QGLD��+Y3,� 
7KH�+DHPRYLJLODQFH�3URJUDPPH�RI�,QGLD��+Y3,��ZDV�ODXQFKHG�RQ���WK�'HFHPEHU���������,W�LV�D�VHW�RI�
VXUYHLOODQFH�SURFHGXUHV�FRYHULQJ�WKH�ZKROH�WUDQVIXVLRQ�FKDLQ�IURP� WKH�FROOHFWLRQ�RI�EORRG�DQG�LWV�FRP�
SRQHQWV�WR�WKH�IROORZ-XS�RI�LWV�UHFLSLHQWV�LQWHQGHG�WR�FROOHFW�DQG�DVVHVV�LQIRUPDWLRQ�RQ�XQH[SHFWHG�RU�
XQGHVLUDEOH�HIIHFWV�UHVXOWLQJ�IURP�WKH�WKHUDSHXWLF�XVH�RI�ODELOH�EORRG�SURGXFWV�DQG�WR�SUHYHQW�WKHLU�RF�
FXUUHQFH� DQG� UHFXUUHQFH�� ,W� LV� DQ� LPSRUWDQW� WRRO� IRU� LPSURYLQJ� VDIH� EORRG� WUDQVIXVLRQ� SUDFWLFHV� LQ� D�
FRXQWU\�� 

$GYHUVH�(YHQW�)ROORZLQJ�,PPXQL]DWLRQ��$(),� 
$(),�VXUYHLOODQFH�LV�D�YDFFLQH�VDIHW\�LQLWLDWLYH��$Q DGYHUVH�HYHQW�IROORZLQJ�LPPXQL]DWLRQ �$(),��LV�

DQ\�XQWRZDUG�PHGLFDO�RFFXUUHQFH�ZKLFK�IROORZV�LPPXQL]DWLRQ�DQG�ZKLFK�GRHV�QRW� 
QHFHVVDULO\�KDYH�D�FDXVDO�UHODWLRQVKLS�ZLWK�WKH�XVDJH�RI�WKH�YDFFLQH��7KH�DGYHUVH�HYHQW�PD\�
EH�DQ\�XQIDYRXUDEOH�RU�XQLQWHQGHG�VLJQ��DEQRUPDO�ODERUDWRU\�ILQGLQJ��V\PSWRP�RU�GLVHDVH�� 



 

7KH�3LOO�%R[��,VVXH�7KLUG��-XO-6HS����� 

'UXJ�EDQ�ZLWKGUDZQ�EODFN�ER[�ZDUQLQJ��$�JOLPSVH� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

'XH�WR�WKH�FRQVWDQW�$'5�PRQLWRULQJ�DFWLYLWLHV��WKHUH�DUH�FHUWDLQ�GUXJV�ZKLFK�
KDYH�EHHQ�EDQQHG��ZLWKGUDZQ��RU�EODFN�ER[�ZDUQLQJ��GUXJ�ODEHO�FKDQJHV�RF�
FXUUHG�GXH�WR�DFWLRQ�E\�UHJXODWRU\�DXWKRULWLHV��6RPH�RI�WKHVH�GUXJV�DORQJ�ZLWK�
WKHLU�UHDVRQ�IRU�ZLWKGUDZDO�DUH�VKRZQ�EHORZ�- 

'UXJV�ZLWKGUDZQ�EODFN�ER[�ZDUQLQJ�SODFHG� 

'UXJ�1DPH 'UXJ�&ODVV 'DWH�RI�
UHOHDVH 

'DWH�RI�
,QGLDQ�
EDQ��
ZDUQLQJ 

5HDVRQ�IRU�EDQ��ZLWKGUDZDO 

$VWHPL]ROH �QG�JHQ�DQWL�
KLVWDPLQH� 

����� ����� 5DUH�EXW�IDWDO�47�LQWHUYDO�SURORQJDWLRQ�DQG�UHODWHG�
DUUK\WKPLD 

&LVDSULGH� �-+7� DJRQLVW 
 

����� ����� 5DUH�EXW�IDWDO�47�LQWHUYDO�SURORQJDWLRQ�DQG�UHODWHG�
DUUK\WKPLD� 

'LFORIHQDF 16$,'6 ����� ����� /LYHU�WR[LFLW\�LQ�YXOWXUHV�DQG�KHQFH�EDQQHG�IRU�
DQLPDO�XVH�LQ�,QGLD�LQ����� 

3KHQIRUPLQ %LJXDQLGHV ����� ����� /DFWLF�$FLGRVLV�LQ�WKH�ODWH�����V�ZKLFK�ZDV�IDWDO�
LQ�����RI�FDVHV� 

7HUILQDGLQH� �QG�JHQ�DQWL�
KLVWDPLQH� 
 

����� ����� /LYHU�GDPDJHV�DQG�VHYHUH�FDUGLRYDVFXODU�FRPSOL�
FDWLRQV� 

*DWLIOR[DFLQ� )OXRURTXLQR�
ORQH� 

����� ����� 'LDEHWHV�ULVN�UHSRUWHG�LQ�D�&DQDGLDQ�VWXG\�SXE�
OLVKHG�LQ�1(-0������OHG�WR�D�)'$�EODFN�ER[�
ZDUQLQJ�LQ������DQG�ZLWKGUDZQ�IURP�,QGLDQ�PDU�
NHW�LQ����� 

5RVLJOLWD�
]RQH� 

7KLD]ROL�
GLQHGLRQH� 
 

����� ����� ,QFUHDVHG�ULVN�RI�KHDUW�DWWDFNV�E\�����DQG�VXEVH�
TXHQW�GHDWKV�OHG�WR�D�86�)'$�DOHUW 

7HJDVHURG� �-+7��DJRQLVW� ����� ����� %DQQHG�JOREDOO\�GXH�WR����IROG�LQFUHDVH�LQ�ULVN�RI�
KHDUW�DWWDFNV�DQG�VWURNHV�LQ������DQG�ZLWKGUDZQ�
IURP�,QGLDQ�PDUNHW�DIWHU�D�UHSRUW�'7$%�LQ������ 

5RIHFR[LE� 6HOHFWLYH�&2;
-��LQKLELWRU 

���� ���� ,QFUHDVHG�ULVN�RI�KHDUW�DWWDFN�DQG�VWURNH�RQ�ORQJ�
WHUP�XVH�LQ�KLJK�GRVHV�OHG�YROXQWDU\�ZLWKGUDZDO�
E\�0HUFN�IURP�WKH�86�PDUNHW�DQG�LQ�,QGLD� 

)OXRURTXLQ�
RORQH� 

4XLQRORQHV�
DQWLELRWLF 

- ���� %ODFN�ER[�ZDUQLQJ��LQFUHDVHG�ULVN�RI�WHQGLQLWLV�
DQG�RU�WHQGRQ�UXSWXUH� 

5LPRQDEDQW� 6HOHFWLYH�FDQ�
QDELQRLG�&%-��
UHFHSWRU�DQWDJ�
RQLVW� 

����� ���� 6HULRXV�VXLFLGDO�WHQGHQFLHV�OHG�WKH�(XURSHDQ�GUXJ�
UHJXODWRU�DQG�WKH�1DWLRQDO�+HDOWK�5HJXODWRU�WR�UH�
FDOO�LQ������DQG�LQ������LQ�,QGLD�� 

/HWUR]ROH� 1RQVWHURLGDO�
DURPDWDVH�LQ�
KLELWRU� 

���� ���� 6HYHUH�JHQHWLF�DEQRUPDOLWLHV�LQ�EDELHV�ERUQ�WR�LQ�
IHUWLOH�ZRPHQ�OHG�WKH�,QGLDQ������8QLRQ�KHDOWK�PLQ�
LVWU\�WR�ZLWKGUDZ�WKH�GUXJ��LQ������ 

0HGUR[\�
SURJHVWHURQH� 

3URJHVWHURQH - ���� %ODFN�ER[�ZDUQLQJ��GHFUHDVHG�ERQH�GHQVLW\�ZLWK�
ORQJ�WHUP�XVH� 



 

³:H�KDYH�PRUH�WR�OHDUQ�IURP�DQLPDOV�WKDQ�DQLPDOV�KDYH�WR�OHDUQ�IURP�XV�´�$�'�:LOOLDPV� 

7KH�3LOO�%R[��,VVXH�7KLUG��-XO�-�6HS����� 

3UH-FOLQLFDO�UHVHDUFK���3RWHQWLDO�PROHFXOHV 

3URPLVLQJ�ELR-WKHUDSHXWLFV�IRU�REHVLW\�DQG�UHODWHG�PHGLFDO�FRPSOLFDWLRQV 

2EHVLW\�LV�D�JOREDO�SDQGHPLF�DVVRFLDWHG�ZLWK�D�VLJQLILFDQWO\�UHGXFHG�OLIH�H[SHFWDQF\��,W�DOVR�LQFUHDVHV�
WKH�ULVN�RI� W\SH���GLDEHWHV��K\SHUWHQVLRQ��FRURQDU\�KHDUW�GLVHDVH��VWURNH��FKURQLF�NLGQH\�GLVHDVH�DQG�
FDQFHU��$GLSRQHFWLQ�DQG�DGLSRNLQH�UHJXODWHV�JOXFRVH�OHYHOV��LPSURYH�OLSLG�PHWDEROLVP�DQG�LV�D�PDMRU�
SOD\HU�LQ�WKH�SDWKRJHQHVLV�RI�REHVLW\��2EHVH�SDWLHQWV�KDYH�ORZ�DGLSRQHFWLQ�OHYHOV��D�FRQGLWLRQ�NQRZQ�
DV�K\SRDGLSRQHFWLQHPLD��ZKLFK�FRQWULEXWHV�WR�LQFUHDVH�ULVNV�RI�FDUGLRYDVFXODU��PHWDEROLF�GLVHDVHV�DV�
ZHOO�DV�DJJUHVVLYH�GHYHORSPHQW�RI�PDOLJQDQFLHV�ZLWK�SRRU�SURJQRVHV��$GLSRQHFWLQ�VXSSOHPHQWDWLRQ�LV�
D�ORQJ-VRXJKW-DIWHU�VWUDWHJ\�IRU�WKH�SUHYHQWLRQ�DQG�WUHDWPHQW�RI�FDQFHU�DQG�PHWDEROLF�GLVHDVHV��HVSH�
FLDOO\� LQ�REHVH�SDWLHQWV��+RZHYHU�� WKH�DGLSRQHFWLQ�DSSOLFDWLRQ� LQ� WKHUDS\�KDV�EHHQ�KDPSHUHG�E\� WKH�
GLIILFXOW�SURGXFWLRQ�RI�KXPDQ�DGLSRQHFWLQ��7KH�UHVHDUFKHU�KDYH�GHYHORSHG�DQ�HIILFLHQW�V\QWKHWLF�DS�
SURDFK� WR� SURGXFH� WKH� DGLSRQHFWLQ-GHULYHG� JO\FRSHSWLGHV� WKDW� H[KLELW� SRWHQW� DQWL-WXPRU�� LQVXOLQ-
VHQVLWLVLQJ�DQG�PHWDEROLF�DFWLYLWLHV�LQ�YDULRXV�PRXVH�PRGHOV�� 

5HIHUHQFH��:X��+�� HW�DO���������&KHPLFDO�6\QWKHVLV�DQG�%LRORJLFDO�(YDOXDWLRQV�RI�$GLSRQHFWLQ�&ROODJHQRXV�'RPDLQ�
*O\FRIRUPV� -RXUQDO�RI�$PHULFDQ�&KHPLFDO�6RFLHW\��GRL�RUJ���������MDFV��F������ 

%ORFNLQJ�$%&%���SURWHLQ�LQ�OLYHU�FHOOV�SURWHFWV�DJDLQVW�KLJK�EORRG�VXJDU��IDWW\�OLYHU�GLVHDVH 

1RQ-DOFRKROLF�IDWW\�OLYHU�GLVHDVH��1$)/'��LV�EHFRPLQJ�LQFUHDVLQJO\�FRPPRQ�DQG�IRXQG�WR�EH�FORVHO\�
OLQNHG�WR�REHVLW\�DQG�RWKHU�GLVRUGHUV�UHODWHG�WR�LQVXOLQ�UHVLVWDQFH��7KH�PHQWLRQHG�VWXG\�VKRZV�WKDW�LQ�
FUHDVHG�ELOLUXELQ�FRQWHQW�LQVLGH�WKH�PLWRFKRQGULD�GULYHQ�E\�$%&%���DFWLYLW\�LV�FRQWULEXWLQJ�WR�IDWW\�
OLYHU�GLVHDVH��,Q�WKH�VWXG\��WKH�UHVHDUFKHUV�UHPRYHG�WKH�$%&%���SURWHLQ�VHOHFWLYHO\�IURP�WKH�OLYHUV�RI�
PLFH�WR�WHVW�ZKHWKHU�$%&%���UHPRYDO�LPSDFWHG�WKH�DELOLW\�RI�REHVH�PLFH�WR�WROHUDWH�JOXFRVH�DQG�KRZ�
ZHOO� WKH�PLWRFKRQGULD� LQ� WKHLU� OLYHUV�ZHUH�ZRUNLQJ� WR� FRQYHUW� QXWULHQWV� LQWR� XVDEOH� HQHUJ\�� ,Q� OHDQ�
PLFH��WKH�UHVHDUFKHUV�IRXQG�QR�GLIIHUHQFH�LQ�PHWDEROLVP�DQG�KHDOWK�ZKHQ�$%&%���ZDV�UHPRYHG�IURP�
WKHLU� OLYHUV�� ZKLOH� LQ� REHVH� PLFH� WKH\� IRXQG� WKDW� UHPRYLQJ� $%&%��� SURWHFWHG� DJDLQVW� LQVXOLQ� UH�
VLVWDQFH�DQG�IDWW\�OLYHU�GLVHDVH��$%&%���WUDQVSRUWV�ELOLYHUGLQ�RXW�RI�WKH�PLWRFKRQGULD�DQG�LQFUHDVHV�
ELOLUXELQ�SURGXFWLRQ�LQ�OLYHU�FHOOV��:KHQ�WKH\�UHVWRUHG�ELOLUXELQ�FRQWHQW�LQ�WKH�PLWRFKRQGULD��WKH�EHQH�
ILWV�RQ�WKH�IXQFWLRQ�RI�PLWRFKRQGULD�UHVXOWLQJ�IURP�WKH�UHPRYDO�RI�$%&%���ZHUH�UHYHUVHG� 

5HIHUHQFH��6KXP��0�� HW�DO���������$%&%���H[SRUWV�PLWRFKRQGULDO�ELOLYHUGLQ��GULYLQJ�PHWDEROLF�PDODGDSWDWLRQ�LQ������
REHVLW\� �6FLHQFH�7UDQVODWLRQDO�0HGLFLQH� �GRL�RUJ���������VFLWUDQVOPHG��DEG����� 

1HZ�SHSWLGHV�DOORZ�FDQQDELV-GHULYHG�GUXJV�WR�ILJKW�SDLQ�LQ�PLFH�ZLWKRXW�VLGH�HIIHFWV 

$W�SUHVHQW��WKHUH�DUH�WZR�PDLQ�W\SHV�RI�DQDOJHVLFV�SUHVFULEHG�EDVHG�RQ�WKH�VHYHULW\�RI�WKH�SDLQ��1RQ�
VWHURLGDO�DQWL-LQIODPPDWRU\�GUXJV�DUH�RIWHQ�XVHG�WR�WUHDW�PLOG�SDLQ��ZKLOH�RSLRLGV�DUH�XVHG�IRU�VHYHUH�
SDLQ��7KHUH�LV�D�ODFN�RI�VDIH�DQG�HIIHFWLYH�GUXJV�WR�WUHDW�PRGHUDWH�FKURQLF�RU�QHXURSDWKLF�SDLQ��VXFK�DV�
WKDW�FDXVHG�E\�QHUYH�GDPDJH�IRU�SHRSOH�ZLWK�GLDEHWHV�RU�KHUSHV���&DQQDELV-GHULYHG�GUXJV�KDYH�DQ�H[�
FHOOHQW�RSSRUWXQLW\�WR�SURYLGH�UHOLHI��EXW�WKHLU�WKHUDSHXWLF�XVH�LV�OLPLWHG�E\�WKHLU�VLGH�HIIHFWV��LQFOXGLQJ�
SUREOHPV�ZLWK�PHPRU\�DQG�RWKHU�FRJQLWLYH�IXQFWLRQV��7+&�SURGXFHV�DQDOJHVLD�E\�ELQGLQJ�WR�FDQQD�
ELQRLG�W\SH����&%���UHFHSWRUV��+RZHYHU��WKHVH�UHFHSWRUV�LQWHUDFW�ZLWK�WKH�VHURWRQLQ�UHFHSWRU��+7�$��
DQG�WKLV�LQWHUDFWLRQ�FDXVHV�PHPRU\�ORVV�ZKHQ�7+&�LV�SUHVHQW��%DVHG�RQ�PROHFXODU�G\QDPLFV�VLPXOD�
WLRQV�DQG�FXUUHQW�SKDUPDFHXWLFDO�FKHPLVWU\�VWUDWHJLHV��WKH�UHVHDUFKHUV�KDYH�GHYHORSHG�D�VPDOOHU�SHS�
WLGH�ZLWK�KLJK�VWDELOLW\�� DOORZLQJ�RUDO�DGPLQLVWUDWLRQ�ZKLOH� LQFUHDVLQJ� LWV�DELOLW\� WR�FURVV� WKH�EORRG-
EUDLQ�EDUULHU�WR�DFFHVV�DQG�DFW�RQ�EUDLQ�FHOOV��0LFH�WUHDWHG�ZLWK�ERWK�7+&�DQG�WKH�RSWLPL]HG�SHSWLGH�
REWDLQHG� WKH�EHQHILWV� RI�7+&� LQ� UHOLHYLQJ�SDLQ� DQG�DOVR� VKRZHG�EHWWHU�PHPRU\� FRPSDUHG� WR� WKRVH�
WUHDWHG�ZLWK�7+&�DORQH�� 

5HIHUHQFH��*DOOR��0�� HW�DO���������RUDOO\�$FWLYH�3HSWLGH�9HFWRU�$OORZV�8VLQJ�&DQQDELV�WR�)LJKW�3DLQ�:KLOH�$YRLGLQJ�
6LGH�(IIHFWV� -RXUQDO�RI�0HGLFLQDO�&KHPLVWU\� GRL�RUJ���������DFV�MPHGFKHP��F������ 


