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6XPPDU\

7R[RSODVPD�JRQGLL�LV�RQH�RI�WKH�PRVW�FRPPRQ�]RRQRWLF
SDUDVLWHV �ZRUOGZLGH� �7KLV �SDUDVLWH �FDXVHV �WKH �GLVHDVH
WR[RSODVPRVLV� �ZKLFK �LV �D �FRVPRSROLWDQ �IRRG �DQG
ZDWHUERUQH �LQIHFWLRQ� �ZLWK �DQ �HVWLPDWHG �� �WR �� �ELOOLRQ
�DSSUR[LPDWHO\ ����� �RI �WKH �ZRUOG{V �SRSXODWLRQ �LQIHFWHG�
7KUHH�VHYHUH�LQIHFWLRQ�VHTXHODH�KDYH�PDMRU�KHDOWK�LPSDFWV
LQ�KXPDQV��FRQJHQLWDO�LQIHFWLRQ��RFXODU�WR[RSODVPRVLV��DQG
FHUHEUD O � WR[RS ODVPRV LV � LQ �+,9� LQ IHFWHG �DQG
LPPXQRFRPSURPLVHG �SHRSOH� �2RF\VWV �DUH �WKH �UREXVW
HQYLURQPHQWDO�VWDJH�RI�WKH�SDUDVLWH��DQG�DUH�H[FUHWHG�RQO\
LQ �WKH �IHFHV �RI �GRPHVWLF �FDWV �DQG�ZLOG �IHOLGV� �7� �JRQGLL
RRF\VWV �FDQ�FRQWDPLQDWH�VRLO �DQG�ZDWHU�ZKHUH�WKH\�FDQ
SHUVLVW�XQGHU�H[WUHPH�HQYLURQPHQWDO�FRQGLWLRQV�DQG�PD\
UHPDLQ �LQIHFWLYH �IRU �RQH �RU �PRUH �\HDUV� �(QYLURQPHQWDO
FRQWDPLQDWLRQ �ZLWK �RRF\VWV �KDV �EHHQ �GRFXPHQWHG
ZRUOGZLGH��DQG�WKHLU�SHUVLVWHQFH�XQGHU�D�UDQJH�RI�FKHPLFDO
DQG�SK\VLFDO�ZDWHU�DQG�VHZDJH�WUHDWPHQW�SURFHVVHV�SRVH�D
VHULRXV�WKUHDW�WR�SXEOLF�KHDOWK��7R[RSODVPRVLV�LV�FRQVLGHUHG
D �QHJOHFWHG �GLVHDVH� �DQG �LV �DVVRFLDWHG �ZLWK �ORZHU
VRFLRHFRQRPLF �VWDWXV �LQ �ERWK �GHYHORSHG �DQG �GHYHORSLQJ
FRXQWULHV��6HZDJH�LV�QRW�VRXUFH�RI�WKLV�SDUDVLWH�XQOHVV�IHFDO
ZDVWH�RI�GRPHVWLF�FDWV�DUH�LQWURGXFHG�WR�WKH�VHZHU�V\VWHP�
KRZHYHU �RRF\VWV �KDYH �EHHQ �GHWHFWHG �LQ �VHZDJH�
ZDVWHZDWHU� �DQG �IUHVK �VXUIDFH �ZDWHU� �7KXV� �ZDWHUERUQH
WUDQVPLVVLRQ �DVVRFLDWHG �ZLWK �FRQWDPLQDWLRQ �IURP
FDW�IHFHV�LV�UHOHYDQW�WR�KXPDQ�SXEOLF�KHDOWK�RQ�D�JOREDO
VFDOH�����

7R[RSODVPD�JRQGLL

��� �(SLGHPLRORJ\ �RI �WKH �'LVHDVH �DQG
3DWKRJHQ�V�

����*OREDO�%XUGHQ�RI�'LVHDVH

7KH�JOREDO�EXUGHQ�RI�WR[RSODVPRVLV�KDV�EHHQ�HVWLPDWHG
PDLQO\�LQ�WKH�FRQWH[W�RI�FRQJHQLWDO�LQIHFWLRQ��LQFOXGLQJ�ERWK
QHXURORJLF �DQG �RFXODU�YLVXDO �VHTXHODH�� �DQG �DOVR �LQ �WKH
FRQWH[W�RI�IRRGERUQH�GLVHDVH��7RUJHUVRQ�DQG�0DVWURLDFRYR�
������:+2���������,Q�������WKH�JOREDO�DQQXDO�LQFLGHQFH�RI
FRQJHQLWDO �WR[RSODVPRVLV �ZDV �HVWLPDWHG �WR �EH ��������
FDVHV �ZLWK �D ���� �FRQILGHQFH �LQWHUYDO ��7RUJHUVRQ �DQG
0DVWURLDFRYR� ������� �,QWHJUDWHG �PHWULFV �WKDW �KDYH �EHHQ
HPSOR\HG�WR�HVWLPDWH�WKH�GLVHDVH�EXUGHQ�LQFOXGH�TXDOLW\�
DGMXVWHG �RU �GLVDELOLW\�DGMXVWHG �OLIH�\HDUV ��4$/<V� �RU
�'$/<V���UHVSHFWLYHO\��DQG�WKH�FRVW�RI�LOOQHVV��2SVWHHJK�HW
DO����������*OREDOO\��WKH�EXUGHQ�RI�FRQJHQLWDO�WR[RSODVPRVLV
ZDV�HVWLPDWHG�DW������PLOOLRQ�'$/<V�ZLWK�KLJKHU�EXUGHQV�LQ
ORZ�LQFRPH�FRXQWULHV��7RUJHUVRQ�DQG�0DVWURLDFRYR��������
DQG �FRQJHQLWDO �DQG �DFTXLUHG �LQIHFWLRQV �OHDGLQJ �WR �����
PLOOLRQ�'$/<V��:+2��������

,Q �WKH �8QLWHG �6WDWHV �RI �$PHULFD ��86$�� �WKH �DQQXDO
EXUGHQ�RI�7��JRQGLL�ZDV�HVWLPDWHG�DW��������4$/<V��DQG�LV
WKH �WKLUG �PRVW �LPSRUWDQW �IRRGERUQH �SDWKRJHQ �DIWHU
6DOPRQHOOD�HQWHULFD�DQG�&DPS\OREDFWHU�VSHFLHV��LQ�WHUPV�RI
FRVWV�RI�LOOQHVV�DW�!�����ELOOLRQ��%DW]�HW�DO����������,Q�WKH
1HWKHUODQGV��DPRQJ����HQWHULF�SDWKRJHQV��7��JRQGLL�UDQNHG

ILUVW �ZLWK �D �WRWDO �EXUGHQ �HVWLPDWHG �DW ������ �'$/<V�
LQFOXGLQJ ������ �'$/<V �DWWULEXWHG �WR �DFTXLUHG �LQIHFWLRQV
�+DYHODDU�HW�DO����������,W�LV�QRWHZRUWK\�WKDW�WKH�EXUGHQ
HVWLPDWHG �LQ �WKH �FRQWH[W �RI �IRRGERUQH �GLVHDVH �LV �OLNHO\
XQGHUHVWLPDWHG� �EHFDXVH �LW �GRHV �QRW �DFFRXQW �IRU
WR[RSODVPRVLV �DFTXLUHG �E\ �LQJHVWLRQ �RI �IUHVK �IUXLWV �DQG
YHJHWDEOHV��D�QHJOHFWHG�URXWH�RI�LQIHFWLRQ�GXH�WR�ODFN�RI
VWDQGDUGL]HG�PHWKRGV�IRU�RRF\VW�GHWHFWLRQ�LQ�IRRG�PDWULFHV
�/DVV�HW�DO�� �������$KPDG�HW�DO�� �������+RKZH\HU�HW�DO��
������

������*OREDO�GLVWULEXWLRQ

7KH�JOREDO�SUHYDOHQFH�RI�WR[RSODVPRVLV�LV�HVWLPDWHG�WR
EH�HTXLYDOHQW�WR�����RI�WKH�ZRUOG�SRSXODWLRQ��+RZHYHU��WKH
GLVWULEXWLRQ�RI�KXPDQ�H[SRVXUH�WR�WKH�SDUDVLWH�YDULHV�IURP
� �WR ����� ��-DFNVRQ �DQG �+XWFKLVRQ ������ �&KDWWHUWRQ
������=XEHU�DQG�-DFTXLHU�������7HQWHU�HW�DO���������'XEH\
HW�DO�� �������3H\URQ�HW�DO�� ������� �6HURSUHYDOHQFH�YDULHV
DPRQJ�FRXQWULHV�DQG�UHJLRQV�ZLWKLQ�WKH�VDPH�FRXQWU\�GXH
WR �LQGLYLGXDO �VXESRSXODWLRQV{ �UHOLJLRXV �SUDFWLFHV�
VRFLRHFRQRPLF �VWDWXV� �FXOWXUDO �KDELWV� �HQYLURQPHQWDO
IDFWRUV ��KXPLG�DQG�ZDUP�FOLPDWH�� �WKH�SUHVHQFH�RI �FDWV
�'DEULW]�DQG�&RQUDG���������RU�RWKHU�\HW�XQNQRZQ�IDFWRUV
WKDW �FDQ �KDYH �DQ �LPSDFW �RQ �WKH �HSLGHPLRORJ\ �RI
WR[RSODVPRVLV��$QWKURSRJHQLF�IDFWRUV�FDQ�DOVR�LQIOXHQFH�WKH
HSLGHPLRORJ\ �RI �LQIHFWLRQ �IRU �KXPDQV ��7HQWHU �HW �DO��
����� �3DSSDV �HW �DO�� ������ �$IRQVR �HW �DO�� ������ �5REHUW�
*DQJQHX[ �DQG �'DUGm� ������� �6HURSUHYDOHQFH �LQ �KXPDQV
LQFUHDVHV�ZLWK�DJH��EXW�WKH�UDWH�RI�DFTXLVLWLRQ�RI�LQIHFWLRQ
LQ �UHODWLRQ �WR �DJH �YDULHV �DFFRUGLQJ �WR �WKH �FRXQWU\ �DQG
VRFLRHFRQRPLF�OHYHO��5REHUW�*DQJQHX[�DQG�'DUGm��������
%HWZHHQ����DQG�����RI�DGXOWV�LQ�WKH�86$�DQG�8.�KDYH
EHHQ�IRXQG�WR�EH�VHURSRVLWLYH� �EXW�LQ�RWKHU�FRXQWULHV�LQ
ZHVWHUQ�(XURSH��W\SLFDO�VHURSUHYDOHQFH�UDWHV�YDU\�IURP���
WR�����LQ�6FDQGLQDYLD��������LQ�3RUWXJDO��/LWR�HW�DO���������
����LQ�,WDO\� �DQG�XS�WR�����LQ�%HOJLXP��3DSSDV�HW�DO��
�������,Q�5XVVLD��������RI�FKLOGUHQ�IURP���WR����\HDUV�RI
DJH�ZHUH�SRVLWLYH�WR�7��JRQGLL��-DQVH�HW�DO����������,Q�6RXWK
$PHULFD��LQ�VRPH�UHJLRQV�RI�%UD]LO��LQIHFWLRQ�UDWHV�RI�RYHU
����KDYH�EHHQ�UHSRUWHG��'XEH\�HW�DO����������,Q�&RORPELD
VHURSUHYDOHQFH �ZDV ���� �LQ �RQH �QDWLRQDO �VWXG\ �LQ �WKH
JHQHUDO�SRSXODWLRQ�DQG�����LQ�SUHJQDQW�ZRPHQ��&DqrQ�
)UDQFR�HW�DO����������6HURSUHYDOHQFHV�RI�DSSUR[LPDWHO\����
KDYH�EHHQ�UHSRUWHG�IURP�YDULRXV�$IULFDQ�FRXQWULHV��5REHUW�
*DQJQHX[ �DQG �'DUGm� ������� �,Q �1HZ �*XLQHD �DQG
0R]DPELTXH�WKH�VHURSUHYDOHQFH�ZDV�����LQ�WKH�JHQHUDO
SRSXODWLRQ ��-RKQ �HW �DO�� ������ �DQG �������LQ �ZRPHQ �RI
FKLOGEHDULQJ�DJH��'RPLQJRV�HW�DO����������+LJK�SUHYDOHQFH
���z�����ZDV�UHSRUWHG�LQ�1RUWK�$IULFD�DQG�0LGGOH�(DVW
�0(1$� �FRXQWULHV �LQFOXGLQJ �0RURFFR� �7XQLVLD� �(J\SW�
/HEDQRQ��-RUGDQ��,UDT��DQG�,UDQ��ZKHUHDV�ORZHU�SUHYDOHQFHV
���z�����ZHUH�UHSRUWHG�LQ�6DXGL�$UDELD��%DKUDLQ�DQG�4DWDU
�%RXUDWELQH�DQG�$RXQ���������,Q�$VLD��LQIHFWLRQ�UDWHV�YDU\
IURP�OHVV�WKDQ�����LQ�VRPH�UHJLRQV�RI�&KLQD�WR�!����LQ
0DLQDR�LQ�WKH�3KLOLSSLQHV��3DSSDV�HW�DO���������=KRX�HW�DO��
������ �$ �WUHQG �RI �GHFUHDVLQJ �VHURSUHYDOHQFHV �KDV �EHHQ
REVHUYHG�LQ�PDQ\�(XURSHDQ�FRXQWULHV�DQG�WKH�86$��3DSSDV
HW�DO����������SUREDEO\�DWWULEXWHG��DW�OHDVW�LQ�SDUW��WR�WKH
K\JLHQLF�LPSURYHPHQWV�LQ�DQLPDO�KXVEDQGU\��2Q�WKH�RWKHU
KDQG� �VWDEOH �RU �LQFUHDVLQJ �VHURSUHYDOHQFHV �KDYH �EHHQ
UHSRUWHG�LQ�&RORPELD��&KLQD��%UD]LO��DQG�.RUHD��$GRX�%U\Q
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HW�DO���������5RVVR�HW�DO���������=KRX�HW�DO���������<DQJ�HW
DO���������/LP�HW�DO���������

������6\PSWRPDWRORJ\

7R[RSODVPD�LQIHFWLRQ�V\PSWRPDWRORJ\�DQG�SDWKRJHQHVLV
DUH�YDULDEOH�DQG�DVVRFLDWHG�ZLWK�WKH�VWDJH�RI�LQIHFWLRQ�DQG
URXWH�RI�H[SRVXUH��6\PSWRPV�W\SLFDOO\�GLIIHU�EHWZHHQ�WKH
LQLWLDO �DFXWH �VWDJH� �DV �FRPSDUHG �ZLWK �FKURQLF� �ODWHQW
WR[RSODVPRVLV��7KH�SDWLHQW{V�LPPXQH�VWDWXV�DQG�DJH�DOVR
LQIOXHQFH�WKH�GLVHDVH�RXWFRPH��+ROODQG���������,Q�LPPXQH
FRPSHWHQW�DGXOWV �GXULQJ�WKH�DFXWH�VWDJH� �PLOG�DQG�QRQ�
VSHFLILF�IOX�OLNH�V\PSWRPV�RFFXU� �VXFK�DV�IHYHU� �P\DOJLD�

HQODUJHG �O\PSK�QRGHV� �VRUH �WKURDW� �DQG �DEGRPLQDO �SDLQ
�$QDQG�HW�DO����������&RQJHQLWDO�WR[RSODVPRVLV�RFFXUV�ZKHQ
WKH�IHWXV�EHFRPHV�LQIHFWHG�GXULQJ�SUHJQDQF\��0RQWR\D�DQG
/LHVHQIHOG� ������� �&RQJHQLWDO �WR[RSODVPRVLV �FDQ�SURGXFH
PHQWDO�UHWDUGDWLRQ��KHDULQJ�DQG�RFXODU�SUREOHPV��3H\URQ�HW
DO�� ������� �7KH�PRVW �LPSRUWDQW �PHGLFDO �FRQVHTXHQFHV�RI
IHWDO �LQIHFWLRQ �DUH �K\GURFHSKDO\ �DQG �UHWLQRFKRURLGLWLV
�)LJXUH�����ZKLFK�FDQ�FRQWULEXWH�WR�SHUPDQHQW�QHXURORJLFDO
GLVDELOLWLHV�DQG�VHYHUH�YLVXDO�LPSDLUPHQW��0F/HRG�HW�DO��
������2ODULX�HW�DO�� ��������,Q�&RORPELD��D�����PRUWDOLW\
UDWH �GXH �WR �YHUWLFDOO\ �DFTXLUHG �WR[RSODVPRVLV �KDV �EHHQ
GHVFULEHG�LQ �QHZERUQV �IURP�XQWUHDWHG �PRWKHUV ��*rPH]�
0DULQ�HW�DO�����������

)LJXUH ��� �&HUHEUDO �WRPRJUDSK\�VKRZLQJ�PXOWLSOH �FHUHEUDO �FDOFLILFDWLRQV ��UHG�DUURZV� �DQG�YHQWULFXODU �GLODWDWLRQ
�EOXHFLUFOH��LQ�D�FKLOGUHQ�ZLWK�FRQJHQLWDO�WR[RSODVPRVLV

&RPSDUHG �ZLWK �(XURSH �DQG �1RUWK �$PHULFD� �RFXODU
WR[RSODVPRVLV��ZKLFK�FDQ�GHYHORS�IURP�FRQJHQLWDO�DV�ZHOO
DV �IURP�DFTXLUHG�LQIHFWLRQ�� �LV �PRUH �SUHYDOHQW �LQ �6RXWK
$PHULFD� �&HQWUDO �$PHULFD� �WKH �&DULEEHDQ� �DQG �SDUWV �RI
WURSLFDO�$IULFD��ZKLOH�LW�LV�TXLWH�UDUH�LQ�&KLQD��.LMOVWUD�DQG
3HWHUVHQ� ������ �3HWHUVHQ �HW �DO � � ������� �2FXODU
WR[RSODVPRVLV �LV �D �VLJQLILFDQW �FDXVH �RI �EOLQGQHVV ��GH�OD�
7RUUH�HW �DO�� �����D�� �DQG�WKH�OHDGLQJ�FDXVH�RI �SRVWHULRU
XYHLWLV �LQ �WKH �ZRUOG ��GH�OD�7RUUH �HW �DO�� �����E� �%DKLD�
2OLYHLUD �HW �DO�� ������ �+ROODQG� ������� �7KH �SDWKRORJ\ �RI
RFXODU �WR[RSODVPRVLV �SULPDULO\ �DIIHFWV �WKH �UHWLQD �DQG
FKRURLGV��ZKHUH�SDUDVLWH�OHVLRQV�FDQ�EH�IRXQG��)LJXUH�����,I
OHVLRQV�DUH�ORFDWHG�LQ�WKH�SHULSKHUDO�UHWLQD��PDQLIHVWDWLRQV
PD\�EH�DV\PSWRPDWLF��KRZHYHU��LI�PDFXODU�OHVLRQV�FDQ�OHDG
WR�ORVV�RI�FHQWUDO�YLVLRQ�RU�FRPSOHWH�ORVV�RI�YLVLRQ��2FXODU
WR[RSODVPRVLV�ZDV�SUHYLRXVO\�FRQVLGHUHG�WR�RFFXU�RQO\�DV�D
FRQVHTXHQFH�RI�FRQJHQLWDO�LQIHFWLRQV��EXW�LW�LV�QRZ�NQRZQ

WKDW �PRVW �FDVHV �UHVXOW �IURP �DFTXLUHG �LQIHFWLRQ �LQ
LPPXQRFRPSHWHQW�LQGLYLGXDOV��$UDQWHV�HW�DO���������-RQHV
HW �DO � � ������� �:K\ �VRPH �SHRSOH �GHYHORS �RFXODU
PDQLIHVWDWLRQV �DQG �RWKHUV �GR �QRW �LV �QRW �FRPSOHWHO\
HVWDEOLVKHG��EXW�UHDVRQV�OLNHO\�LQFOXGH�JHQHWLF�KRVW�IDFWRUV
VXFK�DV�SRO\PRUSKLVPV�LQ�F\WRNLQH�JHQHV�RU�LWV�SURPRWHUV
RU�FRIDFWRUV��3HL[RWR�5DQJHO�HW�DO���������%DKLD�2OLYHLUD�HW
DO���������'XWUD�HW�DO���������3HL[H�HW�DO���������.LMOVWUD�DQG
3HWHUVHQ ������ �%DKLD�2OLYHLUD �HW �DO�� ������� �'LIIHUHQWLDO
YLUXOHQFH�DPRQJ�SDUDVLWH�VWUDLQV�LV�DOVR�DQ�LPSRUWDQW�IDFWRU
�GH�OD�7RUUH�HW�DO���������3IDII�HW�DO����������,Q�&RORPELD�
%UD]LO��DQG�WKH�86$��LW�ZDV�HVWLPDWHG�WKDW�RFXODU�OHVLRQV
ZLOO�GHYHORS�LQ�DSSUR[LPDWHO\�����RI�SRVWQDWDOO\�LQIHFWHG
SHRSOH ��.LMOVWUD �DQG �3HWHUVHQ� ������ �GH�OD�7RUUH �HW �DO��
����E��$UDQWHV�HW�DO����������,Q�%UD]LO��LW�ZDV�DGGLWLRQDOO\
GHWHUPLQHG�WKDW�WKH�ULVN�RI�GHYHORSLQJ�RFXODU�WR[RSODVPRVLV
DIWHU �DFTXLUHG �SRVWQDWDO �LQIHFWLRQ �ZDV ����� �SHU �\HDU
�$UDQWHV�HW�DO���������
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)LJXUH����5HWLQRFKRURLGDO�OHVLRQ�LQ�RFXODU�WR[RSODVPRVLV��DUURZV��

&OLQLFDO�VLJQV�DQG�V\PSWRPV�RI�FHUHEUDO�WR[RSODVPRVLV
FDQ �EH �IRFDO �RU �JHQHUDO L]HG� �VXFK �DV �VHL]XUHV�
QHXURSV\FKRORJLFDO�DQG�FRJQLWLYH�GLVWXUEDQFHV��KHDGDFKH�
IRFDO �FHUHEUDO �VLJQV ��KHPLSDUHVLV� �KHPLDQRSLD� �DWD[LD�
G\VDUWKULD���DQG�LPSDLUPHQW�RI�FRQVFLRXVQHVV��0DVFKNH�HW
DO�� ������� �0HQLQJRHQFHSKDOLWLV �LV �WKH �PRVW �LPSRUWDQW
FOLQLFDO �SUHVHQWDWLRQ �RI �WR[RSODVPRVLV �LQ �+,9�LQIHFWHG
SDWLHQWV ��3HUHLUD�&KLRFFROD �HW �DO�� ������ �UHVXOWLQJ �IURP
UHDFWLYDWLRQ�RI�SDVW�LQIHFWLRQ�ZKHQ�&'���O\PSKRF\WHV�IDOO
EHORZ�����PP���6X]XNL���������,Q�(XURSH�DQG�WKH�86$��XVH
RI �WKH�KLJKO\ �DFWLYH �DQWL�UHWURYLUDO �WKHUDS\��+$$57� �KDV
UHVXOWHG �LQ �VLJQLILFDQW �UHGXFWLRQ �RI �WKLV �FOLQLFDO
SUHVHQWDWLRQ� �+RZHYHU �LQ �$IULFD �DQG �/DWLQ �$PHULFD� �LW
UHPDLQV �DV �WKH �PRVW �LPSRUWDQW �RSSRUWXQLVWLF �GLVHDVH �LQ
SDWLHQWV�LQIHFWHG�ZLWK�+,9��9LGDO�HW�DO����������&HUHEUDO�RU
GLVVHPLQDWHG �WR[RSODVPRVLV �FDQ �DOVR �RFFXU �DIWHU
WUDQVSODQWDWLRQ�RI�VROLG�RUJDQV�RU�KHPDWRSRLHWLF�VWHP�FHOOV�
7KLV �ULVN �GHSHQGV �ODUJHO\ �RQ �WKH �SUHYDOHQFH �RI
WR[RSODVPRVLV �LQ �WKH �SRSXODWLRQ �DQG �RQ �WKH �XVH �RI
FKHPRSURSK\OD[LV �DIWHU �WUDQVSODQWDWLRQ ��'HURXLQ �HW �DO��
������0DUWLQR�HW�DO����������7KH�LQFLGHQFH�RI�WR[RSODVPRVLV
DIWHU �WUDQVSODQWV �YDULHV �IURP �� �WR ���� �GHSHQGLQJ �RQ
ZKHWKHU �WKH �SDWLHQW �UHFHLYHV �FKHPRSURSK\OD[LV �RU �QRW�
UHVSHFWLYHO\� �LQGLFDWLQJ �WKDW �SUHYHQWLRQ �YLD �DQWLSURWR]RDO
GUXJV�FDQ�HIILFLHQWO\�UHGXFH�WKH�ULVN�IRU�WUDQVSODQW�ERUQH
LQIHFWLRQV��'HURXLQ�HW�DO���������

1XPHURXV �VWXGLHV �GHVFULEHG �DVVRFLDWLRQ �EHWZHHQ
KLJKHU�SUHYDOHQFH�RI�DQWLERGLHV�IRU�7��JRQGLL �DQG�PHQWDO
GLVRUGHUV��)OHJU�DQG�+UGw���������
2NXVDJD �H W �D O � � ������ �+RUDFHN �H W �D O � � ������ �
(SLGHPLRORJLFDO �VWXGLHV �OLQN �WR[RSODVPRVLV �ZLWK
VFKL]RSKUHQLD��VRPH�IRUPV�RI�GHSUHVVLRQ��DQG�KLJKHU�UDWHV
RI�VXLFLGH�DQG�PRRG�GLVRUGHUV��2NXVDJD�HW�DO���������3HDUFH
HW �DO�� ������� �$ �PHWD�DQDO\VLV �IRXQG �WKDW �7� �JRQGLL
VHURSRVLWLYLW\ �ZDV ���� �WLPHV �KLJKHU �LQ �VFKL]RSKUHQLF

SDWLHQWV�WKDQ�LQ�WKH�JHQHUDO�SRSXODWLRQ��7RUUH\�DQG�<RONHQ�
�������$OWKRXJK��WKHUH�DUH�HSLGHPLRORJLFDO��2NXVDJD�HW�DO��
������ �ODERUDWRU\ ��(OVKHLNKD �HW �DO�� ������� �DQG �FHUHEUDO
LPDJLQJ�VWXGLHV��+RUDFHN�HW�DO����������WKHVH�LQYHVWLJDWLRQV
KDYH �QRW �FRQYLQFLQJO\ � O LQNHG �FDXVH �DQG �HIIHFW�
(VWDEOLVKPHQW�RI�D�GHILQLWLYH�OLQN�EHWZHHQ�LQIHFWLRQ�ZLWK�7�
JRQGLL �DQG �PHQWDO �GLVRUGHUV �ZLOO �UHTXLUH �LVRODWLRQ �DQG
FKDUDFWHUL]DWLRQ �RI �SDUDVLWH �VWUDLQV �IURP �SDWLHQWV �ZLWK
SV\FKLDWULF�GLVHDVHV�DQG�GHPRQVWUDWLRQ�WKDW�WUHDWPHQW�ZLWK
DQWL�7��JRQGLL�SKDUPDFHXWLFDOV�LV�EHQHILFLDO��,Q�WZR�GRXEOH�
EOLQG�WULDOV�LQ�FKURQLF�VFKL]RSKUHQLF�SDWLHQWV��WKHUH�ZDV�QR
LPSURYHPHQW �RI �FOLQLFDO �FRQGLWLRQ �E\ �LQFOXGLQJ �DQWL�7�
JRQGLL �PHGLFDWLRQ��'LFNHUVRQ�HW �DO�� ������ �6KLEUH�HW �DO��
������ �+RZHYHU� �RQH �UHFHQW �DQDO\VLV �RI �WKH �RXWFRPH�RI
ELSRODU�SDWLHQWV�H[SRVHG�WR�7��JRQGLL�IRXQG�PRUH�OLIHWLPH
GHSUHVVLYH�HSLVRGHV��S� ��������DIWHU�DGMXVWPHQW�IRU�DJH�
VH[�DQG�VRFLRGHPRJUDSKLF�FKDUDFWHULVWLFV�ZKHQ�WUHDWHG�E\
PHGLFDWLRQ�KDYLQJ�QR�DQWL�7��JRQGLL�DFWLYLW\��FRPSDUHG�WR
SDWLHQWV �KDYLQJ �UHFHLYHG �PHGLFDWLRQ �ZLWK �DQWL�7� �JRQGLL
HIIHFWV��)RQG�HW�DO���������

����7D[RQRPLF�&ODVVLILFDWLRQ�RI�WKH�$JHQW

7R[RSODVPD�JRQGLL�EHORQJV�WR�

3K\OXP��$SLFRPSOH[D��/HYLQH������

&ODVV��6SRUR]RDVLGD��/HXNDUW������

6XEFODVV��&RFFLGLDVLQD��/HXNDUW������

2UGHU��(LPHULRULQD��/HJHU������

)DPLO\��7R[RSODVPDWLGDH��%LRFFD������

*HQXV� �7R[RSODVPD �1LFROOH �DQG�0DQFHDX[� ������DQG
WKHUH�LV�RQO\�RQH�VSHFLHV�RI�7R[RSODVPD��7��JRQGLL��'XEH\�
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$FFRUGLQJ �WR �WKH �QHZ�FODVVLILFDWLRQ �SURSRVHG �E\ �WKH
,QWHUQDWLRQDO �6RFLHW\ �RI �3URWR]RRORJ\� �WKLV �SDUDVLWH �LV
LQFOXGHG�LQ�WKH�VXSHUJURXS�6$5��6WUDPHQRSLOHV��$OYHRODWD
DQG �5DGLFXODULD�� �ILUVW �UDQN �$OYHRODWD �DQG �VHFRQG �UDQN
$SLFRPSOH[D��$GO�HW�DO���������

������3K\VLFDO�GHVFULSWLRQ�RI�WKH�DJHQW

7KHUH �DUH �WKUHH �LQIHFWLYH �VWDJHV �RI �7� �JRQGLL� �WKH
WDFK\]RLWHV ��UDSLGO\ �GLYLGLQJ �DQG �LQYDVLYH �LQ �JURXSV �RU
FORQHV�� �WKH�EUDG\]RLWHV��VORZO\�GLYLGLQJ�LQ�WLVVXH�F\VWV��
DQG�WKH�HQYLURQPHQWDO�VSRUR]RLWH�VWDJH��SURWHFWHG�ZLWKLQ
WKH�RRF\VW��

��������7DFK\]RLWH

7KH�WDFK\]RLWH��DOVR�FDOOHG�HQGRG\R]RLWH�RU�HQGR]RLWH��LV
FKDUDFWHUL]HG�E\�UDSLG�UHSOLFDWLRQ�RI�WKLV�VWDJH��LQ�JUHHN

WDFK\� �UDSLG��]RLWH�GHULYHG�IURP�]RR �DQLPDO���)UHQNHO�
����� �LQ �DQ\ �FHOO �RI �WKH �LQWHUPHGLDWH �KRVW �DQG �LQ �QRQ�
LQWHVWLQDO �HSLWKHOLDO �FHOOV �RI �WKH �GHILQLWLYH �KRVW ��IHOLQHV��
7DFK\]RLWHV�DUH�FUHVFHQW�VKDSHG�FHOOV��DSSUR[LPDWHO\���eP
ORQJ �DQG �� �eP�ZLGH� �$IWHU �HQWHULQJ �WKH �KRVW �FHOO� �WKH
WDFK\]RLWH �EHFRPHV �RYRLG �DQG �LV �VXUURXQGHG �E\ �D
SDUDVLWRSKRURXV �YDFXROH ��39� �ZKHUH �GLYLVLRQV �ZLOO �WDNH
SODFH��7KH�WDFK\]RLWH�SRVVHVVHV�D�VKDUS�DSLFDO�HQG�WKDW�LV
FKDUDFWHULVWLF�RI �RWKHU�PHPEHUV�RI �SK\OXP�$SLFRPSOH[D�
DQG �D �URXQGHG �SRVWHULRU �HQG ��)LJXUH ���� �8QGHUO\LQJ �D
FRPSOH[�PHPEUDQH��SHOOLFOH��WKDW�HQFORVHV�WKH�WDFK\]RLWH�LV
FORVHO\ �DVVRFLDWHG �F\WRVNHOHWRQ �SURYLGLQJ �VWUXFWXUDO
LQWHJULW\�DQG�PRWLOLW\��7DFK\]RLWHV�DOVR�SRVVHVV�D�QXFOHXV�
FHQWULROHV��D�PLWRFKRQGULRQ��D�*ROJL�FRPSOH[��ULERVRPHV��DQ
HQGRSODVPLF �UHWLFXOXP� �DQG �D �PXOWLSOH�PHPEUDQH�ERXQG
SODVWLG�OLNH�RUJDQHOOH��WKH�DSLFRSODVW��GH�6RX]D��������GH
6RX]D�DQG�6RXWR�3DGUrQ��������5RRV�HW�DO����������,Q�WKH
DSLFDO�HQG�DUH�SRODU�DSLFDO�ULQJV�DQG�VWUXFWXUHV�LQYROYHG�LQ
FHOO�LQYDVLRQ��LQFOXGLQJ�WKH�FRQRLG��UKRSWULHV�>523V@��GHQVH
JUDQXOHV��DQG�PLFURQHPHV�>0,&V@���DV�GHSLFWHG�LQ�)LJXUH��
�

)LJXUH����6FKHPDWLF�GUDZLQJV�RI�D�WDFK\]RLWH��OHIW��DQG�D�EUDG\]RLWH��ULJKW��RI�7��JRQGLL��7KH�GUDZLQJV�DUH�FRPSRVLWHV�RI
HOHFWURQ�PLFURJUDSKV��5HSURGXFHG�ZLWK�SHUPLVVLRQ�IURP��'XEH\��-��3���/LQGVD\��'��6���	�6SHHU��&��$����������6WUXFWXUHV�RI�7R[RSODVPD
JRQGLL�WDFK\]RLWHV��EUDG\]RLWHV��DQG�VSRUR]RLWHV�DQG�ELRORJ\�DQG�GHYHORSPHQW�RI�WLVVXH�F\VWV��&OLQLFDO�PLFURELRORJ\�UHYLHZV��������
��������

��������%UDG\]RLWH

7KH�EUDG\]RLWH��DOVR�FDOOHG�F\VWR]RLWH��LV�FKDUDFWHUL]HG
E\�VORZ�UHSOLFDWLRQ��EUDG\� �VORZ�LQ�*UHHN���)UHQNHO��������
7KH\�GHYHORS�IURP�WKH�FRQYHUVLRQ�RI�WDFK\]RLWHV�DQG�IRUP
WLVVXH �F\VWV� �7KH\ �DUH �VWUXFWXUDOO\ �YHU\ �VLPLODU �WR
WDFK\]RLWHV��)LJXUH�����EXW�GLIIHU�LQ�PHWDEROLVP��ZKLFK�LV
ODWHQW�DQG�DGDSWHG�WR�ORQJ�WHUP�VXUYLYDO�ZLWKLQ�KRVW�FHOOV�
%UDG\]RLWHV �UHPDLQ�LQWUDFHOOXODU �ZLWKLQ �WLVVXH�F\VWV� �DQG
VORZO\ �GLYLGH�E\�HQGRG\RJHQ\��)HUJXVRQ�DQG�+XWFKLVRQ�
����D��)HUJXVRQ�DQG�+XWFKLVRQ������E���7LVVXH�F\VWV�FDQ
SHUVLVW�IRU�WKH�OLIH�RI�WKH�KRVW�ZLWKRXW�FDXVLQJ�D�SHUFHLYDEOH

LQIODPPDWRU\�UHVSRQVH��7KH\�YDU\�LQ�VL]H�IURP�VPDOO��\RXQJ
WLVVXH�F\VWV��F\VWV�DERXW���eP�LQ�GLDPHWHU��FRQWDLQLQJ�DV
IHZ�DV�WZR�EUDG\]RLWHV��WR�ODUJH�����eP�WLVVXH�F\VWV��ROGHU
DQG�FRQWDLQLQJ�KXQGUHGV�RI�EUDG\]RLWHV���/DUJH�WLVVXH�F\VWV
LQ�WKH�EUDLQ�DUH�VSKHURLGDO��ZKHUHDV�LQWUDPXVFXODU�F\VWV
DUH�HORQJDWHG��7KH�F\VW�ZDOO�LV�HODVWLF��SURYLGLQJ�UHVLVWDQFH
RI�EUDG\]RLWHV�WR�DFLGLF�SHSVLQ������KRXU�VXUYLYDO�LQ�SHSVLQ�
+&O��IDFLOLWDWLQJ�VXUYLYDO�WKURXJK�WKH�VWRPDFK�DQG�LQIHFWLRQ
LQ�WKH�LQWHVWLQH�YLD�FDUQLYRULVP�
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��������2RF\VWV�DQG�6SRUR]RLWHV

6SRUR]RLWHV �DUH �WKH �LQIHFWLYH �VWDJH �LQVLGH �RI �PDWXUH 
�VSRUXODWHG��RRF\VWV�WKDW�IDFLOLWDWH�SURORQJHG�HQYLURQPHQWDO 
VXUYLYDO �RI �WKH �SDUDVLWH� �7KH �RRF\VW �VWUXFWXUH �KDV �DQ 
H[WUHPHO\�UREXVW�PXOWLOD\HU�FRPSRVLWLRQ��0DL�HW�DO��������� 
ZKLFK �SURWHFWV �WKH �VSRUR]RLWHV �IURP �PHFKDQLFDO �DQG 
FKHPLFDO�LQVXOWV��6SRUR]RLWHV�ZLWKLQ�RRF\VWV�FDQ�VXUYLYH�IRU 
ORQJ �SHULRGV� �XS �WR �\HDUV� �LQ �IDYRUDEOH �HQYLURQPHQWV 
�VHFWLRQ ������ �2RF\VWV �IRUP �IURP �WKH �VH[XDO �F\FOH �WKDW 
RFFXUV�RQO\�LQ�WKH�IHOLQH�LQWHVWLQH� �7KH\�DUH�H[FUHWHG�LQ 
IHOLQH�IHFHV�XQVSRUXODWHG��LPPDWXUH��L�H�QRQ�LQIHFWLYH���VXE�
VSKHULFDO�WR�VSKHULFDO�ZLWK�GLDPHWHU�RI����E\����eP� 

)LJXUH����$��OLJKW�PLFURJUDSK\�RI�DQ�XQVSRUXODWHG�RRF\VW�VKRZLQJ�D�VLQJOH�F\WRSODVPLF�PDVV�%�)OXRUHVFHQW�LPDJH�RI�D
VSRUXODWHG�RRF\VW�ZLWK�WZR�VSRURF\VWV��LW �LV�QRW�SRVVLEOH�WR�YLVXDOL]H�WKH�IRXU�VSRUR]R\WHV�LQVLGH�HDFK�VSRURF\VW�&�
VFKHPDWLF�GUDZLQJ�RI�D�VSRUXODWHG�RRF\VW�VKRZLQJ�WZR�VSRURF\VWV�ZLWK�IRXU�VSRUR]RLWHV�HDFK��%DU�� ���bP���$�DQG�%
UHSURGXFHG�IURP�)HUJXVRQ��'��-����������7R[RSODVPD�JRQGLL�������������KRPDJH�WR�1LFROOH��0DQFHDX[�DQG�6SOHQGRUH��0HPbULDV�GR
,QVWLWXWR�2VZDOGR�&UX]��������������������

������7KH�FRPSOH[�SDUDVLWH�OLIH�F\FOH

7KH �WKUHH �7� �JRQGLL �OLIH �VWDJHV ��RRF\VW�VSRUR]RLWH� 
WDFK\]RLWH�DQG�EUDG\]RLWH��DUH�FRQQHFWHG�LQ�D�FRPSOH[�OLIH 
F\FOH�UHSUHVHQWHG�LQ�WKH�GLDJUDP�RI�)LJXUH����IRU�GHWDLOV 
DQG �KLVWRULFDO �DVSHFWV �RI �WKH �SDUDVLWH �OLIH �F\FOH �DQG 
VWUXFWXUH �VHH ��'XEH\�HW �DO�� �����D� �)HUJXVRQ� ������� �7� 
JRQGLL �EHORQJV �WR �WKH �WLVVXH�F\VW �IRUPLQJ �FRFFLGLDQ 
SDUDVLWHV� �KRZHYHU� �XQOLNH�HQWHULF �FRFFLGLDQ�SDUDVLWHV� �LW 
XWLOL]HV�DQ�DOWHUQDWLQJ�WZR�KRVW��KHWHUR[HQRXV���IDFXOWDWLYH 
OLIH�F\FOH��)HUJXVRQ��������'XEH\���������,Q�QDWXUH��WKH�OLIH 
F\FOH�FDQ�EH�PDLQWDLQHG�E\�RRF\VWV�RU�EUDG\]RLWH�PHGLDWHG 
LQIHFWLRQV� �DQG �WKHUHIRUH �LQ �WKHRU\ �WKH �SDUDVLWH �FDQ �EH 
PDLQWDLQHG�LQ�WKH�DEVHQFH�RI�WKH�GHILQLWLYH�KRVW��IHOLQHV� 
WKURXJK�FDUQLYRULVP��'XEH\�HW�DO�������D���)HOLQHV�H[FUHWH 
RRF\VWV �LQ �WKHLU �IHFHV �DIWHU �LQJHVWLQJ �DQ\ �RI �WKH �WKUHH 
LQIHFWLRXV� VWDJHV� RI� 7�� JRQGLL� � 2 Q F H � W L V V X H � F \ V W V �
D U H  LQJHVWHG��WKH�F\VW�ZDOO�LV�GLVVROYHG�E\�SURWHRO\WLF�

Sporulation (formation of sporozoites) occurs only in the 
environment within 1 to 5 days of excretion depending upon 
aeration and temperature. Sporulated oocysts are sub-
spherical to ellipsoidal, measure 11 by 13 µm in diameter, 
and contain two sporocysts, each with four sporozoites 
(Dubey et al., 1998a) (Figure 4). Sporozoites are 
structurally similar to tachyzoites and bradyzoites, differing 
only in certain organelles and inclusion bodies (Dubey et 
al., 1998a).

enzymes in the stomach and small intestine of felids. The 
released bradyzoites penetrate the epithelial cells of the small 
intestine and develop numerous asexual generations of T. 
gondii before gametogony begins. Gametogony depends on 
parasite differentiation that occurs during the asexual 
replications of the parasite in the feline intestines to produce 
male (micro) and female (macro) gametes within two days 
after tissue cysts were ingested by the felid. The oocyst is the 
developed zygote formed by fertilization of the macrogamete 
by the microgamete; it is released into the intestinal lumen 
and is excreted in feces. In the environment, oocysts sporulate 
(and become infective) within 1–5 days, depending on 
aeration, humidity and temperature. The asexual component of 
the life cycle occurs after intermediate hosts (including 
humans) ingest oocysts from contaminated water, unwashed 
fresh fruits and vegetables, raw seafood, or soil; or when 
ingesting uncooked or undercooked meat containing tissue 
cysts. After an acute infection with dissemination of 
tachyzoites throughout the body, tissue cysts form.
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)LJXUH���/LIH�F\FOH�RI�7R[RSODVPD�JRQGLL���7KH�VH[XDO�F\FOH��WRS�VHFWLRQ�GHILQLWLYH�KRVW��LV�LQLWLDWHG�ZKHQ�D�GRPHVWLF�FDW�RU�D
ZLOG�IHOLQH��LQJHVW�HLWKHU�RRF\VWV�WKURXJK�HQYLURQPHQWDO�WUDQVPLVVLRQ��RU�EUDG\]RLWH�WLVVXHV�F\VWV�SUHVHQW�LQ�LQIHFWHG�SUH\���,QIHFWHG
FDWV�H[FUHWH�RRF\VWV�WKDW�EHFRPH�KLJKO\�LQIHFWLRXV�DQG�VXUYLYH�LQ�WKH�HQYLURQPHQW�IRU�PRQWKV�WR�\HDUV��$Q\�ZDUP�EORRGHG�DQLPDO�
LQFOXGLQJ �KXPDQV� �WKDW �LQJHVWV �RRF\VWV ��HQYLURQPHQWDO �WUDQVPLVVLRQ� �EHFRPHV �D �KRVW �IRU �WKH �DVH[XDO �F\FOH ��ERWWRP �VHFWLRQ�
LQWHUPHGLDWH�KRVWV���7UDQVPLVVLRQ�WR�LQWHUPHGLDWH�KRVWV�DOVR�RFFXUV�XSRQ�LQJHVWLRQ�RI�WLVVXH�F\VWV�LQ�XQFRRNHG�RU�XQGHUFRRNHG�PHDW
IURP �D �FKURQLFDOO\ �LQIHFWHG �DQLPDO� � �0RGLILHG �IURP �0LFKDHO �:� �%ODFN� �DQG �-RKQ �&� �%RRWKUR\G �0LFURELRO� �0RO� �%LRO� �5HY�
����������������ZLWK�SHUPLVVLRQ���*UDSKLF�GHVLJQ�E\�%LDQFD�0DJQHOOL�0DQJLDYDFFKL��/%5�8(1)��DQG�/HRQDUGR�*RPHV��8)5-�

������3DUDVLWH�SRSXODWLRQ��VWUDLQ�GLYHUVLW\�DQG�YLUXOHQFH

7R[RSODVPD �KDV �D �KDSORLG �JHQRPH �FRQWDLQLQJ ���
FKURPRVRPHV�DQG�������JHQHV��ZLWK�D�WRWDO�JHQRPH�VL]H�RI
���������� �EDVH �SDLUV ��.KDQ �HW �DO�� ������� �%DVHG �RQ
UHVWULFWLRQ �IUDJPHQW �OHQJWK �SRO\PRUSKLVP��5)/3�� �+RZH
DQG �6LEOH\ �SURSRVHG �7� �JRQGLL �FODVVLILFDWLRQ �LQWR �WKUHH
JHQHWLF�W\SHV��,��,,��,,,��EDVHG�RQ�VWUDLQV�LVRODWHG�PDLQO\�LQ
(XURSH�DQG�1RUWK�$PHULFD��DQG�DVVRFLDWHG�PRXVH�YLUXOHQFH
ZLWK�JHQHWLF �W\SHV� �7\SH�, �LVRODWHV�ZHUH������OHWKDO �WR
PLFH� �LUUHVSHFWLYH�RI �WKH�GRVH� �ZKLOH �W\SHV�,, �DQG�,,, �LQ
JHQHUDO�ZHUH�QRW�YLUXOHQW�IRU�PLFH��+RZH�DQG�6LEOH\��������
$�IRXUWK�FORQDO�OLQHDJH�ZDV�ODWHU�UHSRUWHG�DQG�ZDV�ODUJHO\
FRQILQHG�WR�1RUWK�$PHULFD��ZKHUH�LW�LV�PRUH�FRPPRQ�LQ
ZLOG�DQLPDOV��.KDQ�HW�DO�� ������� �6LQFH�WKH�FRQYHQWLRQDO
GHVLJQDWLRQ�DVVXPHG�WKH�FORQDO�SRSXODWLRQ�VWUXFWXUH�ZLWK
7\SHV�, �,, �DQG�,,,� �RWKHU�JHQRW\SHV�KDYH�EHHQ�LGHQWLILHG
ZRUOGZLGH�DQG�WHUPHG�DV�|DW\SLFDO}�RU�|H[RWLF}��'DUGm�HW
DO����������7KH�ODUJHVW�PXOWLORFXV�DQG�KDSORW\SH�DQDO\VLV�LQ

����VWUDLQV�IRXQG�D�ELSKDVLF�SDWWHUQ�RI�JOREDO�GLVWULEXWLRQ
RI �SDUDVLWH �SRSXODWLRQ� �KLJKO\ �FORQDO �JHQRW\SHV �LQ �WKH
QRUWKHUQ�KHPLVSKHUH�DQG�KLJKO\�GLYHUVH�XQLTXH�KDSORW\SHV
LQ�6RXWK�$PHULFD��,Q�WRWDO�����KDSORJURXSV�ZHUH�FROOHFWLYHO\
GHILQHG �DV �VL[ �PDMRU �FODGHV �E\ �XVLQJ �PLFURVDWHOOLWH �DQG
PXOWLORFXV�5)/3�DVVD\V��6X�HW�DO����������$�JUHDWHU�JHQHWLF
GLYHUVLW\�RI�SDUDVLWHV�ZDV�VHHQ�LQ�6RXWK�$PHULFD�YV��WKH
SUHGRPLQDQW �FORQDO �VWUXFWXUH �VHHQ �LQ �WKH �1RUWKHUQ
+HPLVSKHUH��6LEOH\�DQG�$MLRND���������,Q�6RXWK�$PHULFD
WKH �SDUDVLWH �SRSXODWLRQV �DUH �FKDUDFWHUL]HG �E\ �D �GLYHUVH
DVVHPEODJH�WKDW�VKRZ�JUHDWHU�HYLGHQFH�RI�UHFRPELQDWLRQ
�6X�HW �DO�� ������ �:HLVV�DQG�.LP�������� �2QH�K\SRWKHVLV
VXJJHVWV�WKDW�WKH�SDUDVLWH�RULJLQDWHG�LQ�6RXWK�$PHULFD��DQG
WKDW�FRQWLQHQWDO �GULIW �RYHU�KXQGUHGV�RI �PLOOLRQV�RI �\HDUV
IDYRUHG�GLIIHUHQW�HYROXWLRQ�IRU�GLIIHUHQW�7��JRQGLL �VWUDLQV
�/HKPDQQ�HW�DO���������

([SDQVLRQ�DQG�GLYHUVLILFDWLRQ�RI�VHFUHWRU\�SDWKRJHQLFLW\
GHWHUPLQDQWV��63'V��LV�D�SURPLQHQW�IHDWXUH�RI�JHQRPHV�RI
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�

7��JRQGLL �DQG�SDWWHUQV�RI�EORFN�LQKHULWDQFH�PD\�XQGHUOLH
VSHFLILF �WUDLWV �VKDUHG �E\ �UHODWHG �OLQHDJHV �RI �7� �JRQGLL
FRQWDLQLQJ�VLPLODU �FRPELQDWLRQV �RI �63'V��/RUHQ]L �HW �DO��
������ �7KHUH �H[LVWV �HYLGHQFH �WKDW �VHYHUDO �IDPLOLHV �RI
VHFUHWRU\�SURWHLQV�LQ�7��JRQGLL�DUH�LPSRUWDQW�IRU�SUHYHQWLQJ
LQQDWH �LPPXQLW\ �DQG �KHQFH �IDFLOLWDWLQJ �LQIHFWLRQ �LQ �WKH
PRXVH ��+XQWHU �DQG �6LEOH\� ������� �0RUHRYHU� �VSHFLILF
YLUXOHQW �IDFWRUV �KDYH �EHHQ �LGHQWLILHG �WKDW �FRUUHODWH �ZHOO
ZLWK�SDWKRJHQLFLW\�LQ�PLFH�DQG�KXPDQV��1LHGHOPDQ�HW�DO��
������6DHLM�HW�DO���������$OYDUH]�HW�DO���������GH�OD�7RUUH�HW
DO���������6fQFKH]�HW�DO����������7KHVH�YLUXOHQW�IDFWRUV�DUH
SUHGRPLQDQWO\�NLQDVH�SURWHLQV�WKDW�LQWHUDFW�GLUHFWO\�ZLWK
KRVW�WUDQVFULSWLRQ�IDFWRUV�PRGXODWLQJ�WKH�LPPXQH�UHVSRQVH
�6DHLM�HW�DO����������7KHVH�YLUXOHQW�IDFWRUV�RULJLQDWH�IURP
UKRSWU\�RUJDQHOOHV��523�SURWHLQV���ZLWK�WKH�PRVW�VLJQLILFDQW
SURWHLQV�GHVFULEHG�WR�GDWH�LQFOXGLQJ�523����523���DQG
523� ��1LHGHOPDQ �HW �DO�� ������ �2QJ �HW �DO�� ������� �7�
JRQGLL�JHQRW\SHV�DQDO\]HG�LQ�6RXWK�$PHULFDQ�SDWLHQWV�ZLWK
VHYHUH�FOLQLFDO�IRUPV�FRUUHODWHG�ZLWK�YLUXOHQW�JHQRW\SHV�RI
523 �SURWHLQV �DQG �PRGLILFDWLRQ �RI �WKH �F\WRNLQH �LPPXQH
UHVSRQVH ��$OYDUH] �HW �DO�� ������ �7RUUHV�0RUDOHV �HW �DO��
������GH�OD�7RUUH�HW�DO���������GH�OD�7RUUH�HW�DO���������

������7LVVXH�7URSLVP�&HOOXODU�UHFHSWRUV�/DWHQF\

��������7LVVXH�WURSLVP

7R[RSODVPD�JRQGLL�VH[XDO�VWDJHV�VKRZ�UHVWULFWHG�KRVW
WLVVXH�VSHFLILFLW\�IRU�JXW�HSLWKHOLDO �FHOOV�RI�IHOLQH�VSHFLHV
�'XEH\� ������� �7KH�DVH[XDO�WDFK\]RLWH�VWDJH�KRZHYHU� �LV
DEOH �WR �LQYDGH �YLUWXDOO\ �DOO �ZDUP�EORRGHG �FHOO �W\SHV� �,Q
KXPDQV�DQG�DQLPDOV��WKH�GLVWULEXWLRQ�RI�7��JRQGLL�LQ�WLVVXHV
GHSHQGV�RQ�WKH�VWDJH�RI�WKH�LQIHFWLRQ��DQG�GLIIHUV�EHWZHHQ
WKH�DFXWH�LQLWLDO�SKDVH�ZKHQ�SDUDVLWHV�FDQ�EH�GLVWULEXWHG�LQ
SUDFWLFDOO\�DOO�RUJDQV��YHUVXV�WKH�ODWHQW�FKURQLF�SKDVH�RI�WKH
LQIHFWLRQ�ZKHQ�GLVWULEXWLRQ�LV�OLPLWHG�WR�WLVVXH�F\VWV�ZLWKLQ
QXFOHDWHG �FHOOV� �PRVW �IUHTXHQWO\ �LQ �EUDLQ� �H\H� �VNHOHWDO
PXVFOH� �DQG �FDUGLDF �WLVVXH� �,Q �WKH �EUDLQ� �F\VWV �IRUP�LQ
VHYHUDO�UHJLRQV��DOWKRXJK�D�VXEWOH�WURSLVP�IRU�WKH�PHGLDO
DQG�EDVRODWHUDO�DP\JGDOD�KDV�EHHQ�UHSRUWHG��9\DV�HW�DO��
������ �,Q �YLYR �VWXGLHV �GHPRQVWUDWHG �WKDW� �WKH �SDUDVLWH
SUHIHUHQWLDOO\ �WDUJHWV �OHXNRF\WHV ��PDFURSKDJH �DQG
GHQGULWLF �OLQHDJH �FHOOV�� �IRU �LQIHFWLRQ ��%LHUO\ �HW �DO��
������&KWDQRYD�HW�DO���������&RXUUHW�HW�DO����������FHOOV�WKDW
KDYH�D�FHQWUDO�UROH�LQ�LPPXQLW\��DQG�DUH�EHOLHYHG�WR�VHUYH
DV�|7URMDQ�KRUVHV}��IDFLOLWDWLQJ�SDUDVLWH�GLVVHPLQDWLRQ�DQG
OHDGLQJ�WR�HVWDEOLVKPHQW�RI�ODWHQW�LQIHFWLRQ�LQ�WKH�FHQWUDO
QHUYRXV�V\VWHP��&16��DQG�VNHOHWDO�PXVFOH�DIWHU�WKH�LQLWLDO
DFXWH �SKDVH �RI �WKH �LQIHFWLRQ� �'XULQJ �WKLV �SURFHVV� �WKH
SDUDVLWH �DFWLYHO\ �PDQLSXODWHV �LQWUDFHOOXODU �VLJQDOLQJ
QHWZRUNV�RI�WKH�LPPXQH�V\VWHP�IURP�ZLWKLQ�WKH�LQIHFWHG
FHOO ��%XWFKHU�HW�DO�� ��������3DUDVLWH�WLVVXH�GLVWULEXWLRQ�LV
DOVR �GHWHUPLQHG �E\ �VWUDLQ �YLUXOHQFH� �DJH� �DQG �LPPXQH
VWDWXV��'XEH\��������'XEH\��������3H\URQ�HW�DO����������,Q
FRQJHQLWDO�LQIHFWLRQV��WKH�JHQHVLV�RI�WKH�QDWXUDO�LQIHFWLRQ�LQ
WKH �IHWXV �LV �VLPLODU �WR �WKDW �REVHUYHG �LQ �H[SHULPHQWDO
WR[RSODVPRVLV�LQ�DQLPDOV��7KH�SRVLWLRQ�RI�QHFURWLF�IRFL�DQG
OHVLRQV�LQ�JHQHUDO�VXJJHVWV�WKDW�WKH�RUJDQLVPV�UHDFK�WKH
EUDLQ�DQG�RWKHU�RUJDQV�WKURXJK�WKH�EORRGVWUHDP��,Q�VRPH
FDVHV��RQO\�WKH�&16�DQG�H\HV�PD\�EH�LQYROYHG��ZKHUHDV�LQ
RWKHUV� �EURDG �GLVVHPLQDWLRQ �RI �OHVLRQV �DQG �SDUDVLWHV �LQ
VHYHUDO�RUJDQV��LQFOXGLQJ�VNLQ��PD\�EH�REVHUYHG��%HWZHHQ

WKHVH�WZR�H[WUHPHV�H[LVW�ZLGH�YDULDWLRQV�LQ�WKH�GHJUHH�RI
RUJDQ�LQYROYHPHQW��EXW�WKH�&16�LV�DOZD\V�LQYROYHG��SRVVLEO\
EHFDXVH�WKH�&16�DQG�H\H��KDYH�WKH�UHGXFHG�DELOLW\�RI�QHUYH
FHOOV �WR �UHJHQHUDWH� �UHVXOWLQJ�LQ�PRUH�VHYHUH�SHUPDQHQW
GDPDJH ��3H\URQ �HW �DO�� ������� �,Q �WKH �ODWHQW �VWDJH �RI
LQIHFWLRQ �LQ �LQWHUPHGLDWH �KRVWV� �D �SUHIHUHQWLDO �SDUDVLWH
GLVWULEXWLRQ�KDV�EHHQ�REVHUYHG�LQ�QHXUDO�WLVVXHV��EUDLQ�DQG
H\HV��DQG�VNHOHWDO�PXVFOHV��'XEH\��������'XEH\��������

��������&HOOXODU�UHFHSWRUV

8QOLNH �YLUXVHV �DQG �LQWUDFHOOXODU �EDFWHULD� �7� �JRQGLL
DFWLYHO\�SHQHWUDWHV�KRVW�FHOOV �ZLWKRXW�XVLQJ�W\SLFDO �KRVW�
XSWDNH �SDWKZD\V �WKDW �LQYROYH �SDUDVLWH �HQJXOIPHQW�
QRQHWKHOHVV� �SDUDVLWH �HQJXOIPHQW �FDQ �RFFXU �XQGHU
LQIODPPDWRU\ �FLUFXPVWDQFHV� �7� �JRQGLL �KDV �D �OLPLWHG
FDSDFLW\ �WR �VXUYLYH �RXWVLGH �D �FHOO �GXULQJ �LQIHFWLRQ� �7KH
EURDG�VSHFLILFLW\�HQDEOLQJ�7��JRQGLL�WR�LQYDGH�DOO�FHOO�W\SHV
VXJJHVWV�WKDW�WKH�SDUDVLWH�KDV�GHYHORSHG�D�PHDQV�RI�XVLQJ�D
ZLGHO\ �H[SUHVVHG �UHFHSWRU� �PDQ\ �GLIIHUHQW �UHFHSWRUV� �RU
SHUKDSV�D�UHFHSWRU�SURGXFHG�E\�7��JRQGLL�LWVHOI��,QLWLDO�FHOO
SHQHWUDWLRQ�RFFXUV�ZLWKLQ�������VHFRQGV�DQG�LV�FRPSOHWH
ZLWKLQ���WR���PLQXWHV��&DUUXWKHUV�DQG�%RRWKUR\G��������
0DQ\�PROHFXOHV�DUH�LQYROYHG�LQ�WKH�SHQHWUDWLRQ�SURFHVV
DQG�PRUH�ZLOO�XQGRXEWHGO\�EH�GLVFRYHUHG��7KH�DSLFDO�SROH
GLUHFWV�FHOO�LQYDVLRQ�E\�PHDQV�RI�H[FOXVLYH�GHSOR\PHQW�RI
WUDQVPHPEUDQH �DGKHVLQV� �WKH �IRUZDUG �PRWLRQ �LV �DOVR
VXSSRUWHG �E\ �XQLGLUHFWLRQDO �RULHQWDWLRQ �RI �WKH �DFWLQ
PLFURILODPHQWV ��&DUUXWKHUV �DQG �%RRWKUR\G� ������� �$
PXOWLVWHS�PRGHO�WKDW�SURJUHVVLYHO\�LQFUHDVHV�WKH�SDUDVLWH{V
JULS�RQ�WKH�KRVW�VXUIDFH�KDV�EHHQ�SURSRVHG�DQG�GHSLFWV
VWHSV�IURP�LQLWLDO �DWWDFKPHQW�WR�KRVW �FHOO �PHPEUDQHV�WR
PHPEUDQH�VHSDUDWLRQ�LQVLGH�WKH�KRVW�FHOO��&DUUXWKHUV�DQG
%RRWKUR\G���������7KH�IROORZLQJ�PROHFXODU�HYHQWV�LQYROYLQJ
SDUDVLWH�KRVW�UHFHSWRU�UHFRJQLWLRQV�KDYH�EHHQ�GHVFULEHG��$�
DQ�LQLWLDO��UHYHUVLEOH��DWWDFKPHQW��YLD�UHFRJQLWLRQ�RI�VXUIDFH
UHFHSWRUV�E\�D�JURXS�RI�SDUDVLWH�VXUIDFH�DQWLJHQV�WHUPHG
6$*V��1DJHO�DQG�%RRWKUR\G��������%RRWKUR\G�HW�DO���������
7KH �DEXQGDQFH �DQG �ZLGH �GLVWULEXWLRQ �RI �6$*V �RQ �WKH
SDUDVLWH�VXUIDFH�RSWLPDOO\ �SRVLWLRQV�WKHP�IRU�ORZ�DIILQLW\
LQWHUDFWLRQV�ZLWK�WKH�KRVW�VXUIDFH�FHOO�PHPEUDQH��%��DSLFDO
DWWDFKPHQW� �ZKLFK �LQYROYHV �WKH �FDOFLXP�GHSHQGHQW
GHSOR\PHQW �RI �D �JURXS �RI �PLFURQHPDO �SURWHLQV ��0,&V�
�&DUUXWKHUV �HW �DO�� ������ �&mUlGH�HW �DO�� ������ �DQG�WKHLU
DFFXPXODWLRQ �RQ �WKH �DSLFDO �VXUIDFH� �&�� �7KH �UHOHDVH �RI
UKRSWU\ �QHFN ��521� �SURWHLQV �ZKLFK �DVVRFLDWH �ZLWK
PLFURQHPH�GHULYHG�DSLFDO�PHPEUDQH�DQWLJHQ��$0$���DQG
IRUP�WKH�PRYLQJ�MXQFWLRQ��ORFDWHG�LQ�SODVPD�PHPEUDQHV
ZKHUH �WKH �KRVW �DQG �SDUDVLWH �DUH �LQ �LQWLPDWH �FRQWDFW�
�%HVWHLUR �HW �DO�� ������� �DQG �'� �VLPXOWDQHRXVO\ �RU
LPPHGLDWHO\ �WKHUHDIWHU� �UKRSWU\ �SURWHLQV ��523V� �DUH
LQMHFWHG ��GLVFKDUJHG� �LQWR �WKH �KRVW �F\WRSODVP �DW �WKH
LQYDVLRQ�VLWH��%RRWKUR\G�DQG�'XEUHPHW]��������&DUUXWKHUV
HW�DO���������&DUUXWKHUV�DQG�%RRWKUR\G���������6RPH�523V
UHPDLQ�DVVRFLDWHG�ZLWK�VPDOO �YHVLFOHV�WKDW�IXVH�ZLWK�WKH
GHYHORSLQJ �SDUDVLWRSKRURXV �YDFXROH �PHPEUDQH ��390�
�+jNDQVVRQ�HW�DO���������GXULQJ�SHQHWUDWLRQ��ZKHUHDV�RWKHU
523V�UHPDLQ�VROXEOH�DQG�WDUJHW�RWKHU�VLWHV�ZLWKLQ�WKH�KRVW
FHOO �WKDW�SOD\�DQ�LPSRUWDQW�UROH�LQ�HVWDEOLVKLQJ�LQIHFWLRQ
�%XWFKHU�HW�DO���������
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��������/DWHQW�LQIHFWLRQV

%UDG\]RLWHV�LQ�WLVVXH�F\VWV�UHSUHVHQW�WKH�KDOOPDUN�RI
ODWHQW�WR[RSODVPRVLV��D�FKURQLF��OLIH�ORQJ�LQIHFWLRQ�WKDW�LV
UHIUDFWRU\ �WR �SKDUPDFRORJLFDO �RU �LPPXQH �HOLPLQDWLRQ�
7LVVXH�F\VWV�KDYH�EHHQ�IRXQG�DW�DXWRSV\�IURP�SDWLHQWV�ZKR
GLHG�RI�XQUHODWHG�FDXVHV�DQG�LQ�RUJDQV�UHPRYHG�VXUJLFDOO\
�5HPLQJWRQ�DQG�&DYDQDXJK��������3XVFK�HW�DO����������7KH\
UHPDLQ �LQIHFWLRXV �LQ �VNHOHWDO� �KHDUW �DQG �QHXUDO �WLVVXHV�
HQDEOLQJ�WKH�SDUDVLWH�WR�VSUHDG�WR�D�QHZ�KRVW�IROORZLQJ
SUHGDWLRQ�DQG�FDUQLYRULVP��6XOOLYDQ�DQG�-HIIHUV���������7KH
DELOLW\�RI�EUDG\]RLWHV�WR�UHFRQYHUW�LQWR�UDSLGO\�UHSOLFDWLQJ
WDFK\]RLWHV �H[SODLQV �WKH �KLJK �IUHTXHQFLHV �RI �DFXWH
WR[RSODVPRVLV �RIWHQ �REVHUYHG �LQ �LPPXQRFRPSURPLVHG
LQGLYLGXDOV ��0RQWR\D �DQG �/LHVHQIHOG� ������ �:RQJ �DQG
5HPLQJWRQ��������3HUHLUD�&KLRFFROD�HW�DO����������0DWXUH
WLVVXH�F\VWV�FDQ�EH�GHWHFWHG�DIWHU��z���GD\V�SRVW�LQIHFWLRQ�
1R�VKRUW�RU�ORQJ�WHUP�WUHDWPHQW�KDV�SURYHQ�VXFFHVVIXO�LQ
HOLPLQDWLQJ�WLVVXH�F\VWV��7KLV�DVSHFW�GLIIHUV�IURP�FRPPRQ
SKDUPDFHXWLFDO �DSSURDFKHV �WKDW �DUH �DYDLODEOH �WR �FRQWURO
DFXWH �WR[RSODVPRVLV �WKDW �WDUJHW �WKH �UDSLGO\ �UHSOLFDWLQJ
WDFK\]RLWH �VWDJH �WKDW �FDXVHV �FOLQLFDO �LOOQHVV �VXFK �DV
FRQJHQLWDO��RFXODU�DQG�FHUHEUDO�WR[RSODVPRVLV�

�����7UDQVPLVVLRQ

�������5RXWHV�RI�WUDQVPLVVLRQ

7R[RSODVPD�FDQ�EH�WUDQVPLWWHG�E\�RUDO �DQG�QRQ�RUDO
URXWHV��)RU�RUDO�LQIHFWLRQ��WKH�HSLGHPLRORJLF�LPSRUWDQFH�RI
ZKHWKHU�WR[RSODVPRVLV�LV�WUDQVPLWWHG�E\�RRF\VWV�RU�WLVVXH
F\VWV �KDV �EHHQ �GHEDWHG �HYHQ �EHIRUH �WKH �OLIH �F\FOH �ZDV
GHWHUPLQHG�LQ�WKH�����
V��-DFNVRQ�DQG�+XWFKLVRQ��������
%HFDXVH �YHJHWDULDQV �DQG �QRQ�YHJHWDULDQV �KDG �VLPLODU
SUHYDOHQFH�UDWHV��-DFREV��������5DZDO���������FDUQLYRULVP
FRXOG�QRW�EH�WKH�RQO\�VRXUFH�RI�LQIHFWLRQ��7KH�DVVRFLDWLRQ
EHWZHHQ �WR[RSODVPRVLV �DQG �UDLQIDOO ��7L]DUG �HW �DO��
������6DJHO�HW�DO���������*rPH]�0DULQ�HW�DO���������6FKDUHV
HW �DO�� ������ �LQGLFDWHG �WKH �LPSRUWDQFH �RI �ZDWHU �LQ �WKH
WUDQVPLVVLRQ �RI �7� �JRQGLL� �2RF\VWV �FDQ �EH �IRXQG �LQ
FRQWDPLQDWHG �ZDWHU� �RQ �XQZDVKHG �IUHVK �IUXLWV �DQG
YHJHWDEOHV��UDZ�VHDIRRG��RU�LQ�VRLO��VHFWLRQ�������%UDG\]RLWHV
DUH�WUDQVPLWWHG�ZKHQ�LQJHVWLQJ�XQFRRNHG�RU�XQGHUFRRNHG
PHDW�FRQWDLQLQJ�WLVVXH�F\VWV� �)LJXUH���GHSLFWV �WKH�PDLQ
URXWHV �IRU �7� �JRQGLL �WUDQVPLVVLRQ� �FRQVLGHULQJ �DQ �LQLWLDO
FRPPRQ�VRXUFH�RI�SDUDVLWH�FRQWDPLQDWLRQ�YLD�ZDWHU�DQG�RU
VRLO� �7KH �|7R[RSODVPD �JRQGLL �WUHH} �LOOXVWUDWHV �WKH �WZR
FRPPRQ�|URRWV}���ZDWHU�DQG�RU�VRLO���ZKLFK�IRUP�WKH�EDVH
PDWULFHV �IRU �GLVHDVH �WUDQVPLVVLRQ �WKURXJK �VXEVHTXHQW
URXWHV� �LQFOXGLQJ �QRQ�RUDO �URXWHV �RI �KXPDQ�WR�KXPDQ
LQIHFWLRQV �YLD �FRQJHQLWDO � WUDQVPLVVLRQ� �RUJDQ
WUDQVSODQWDWLRQ� �DQG�RU �EORRG �WUDQVIXVLRQ� �7KLV �WUHH �DOVR
LOOXVWUDWHV�WKH�LPSRUWDQFH�RI�HQYLURQPHQWDO�FRQWDPLQDWLRQ
E\�LQIHFWLYH��VSRUXODWHG��7��JRQGLL�RRF\VWV�WKURXJK�GLIIHUHQW
PDWULFHV��LQFOXGLQJ�VHZDJH�ZDWHU�DQG�VOXGJH��WUHDWHG�RU
QRW���LQ�ERWK�|WUHHV}��
�

&RQYHQWLRQDO �VHURORJLFDO �FRPPHUFLDO �WHVWV �UHFRJQL]H
DQWLJHQV �IURP �WDFK\]RLWHV �EXW �FDQQRW �GHWHUPLQH �WKH
SUHGRPLQDQW�URXWH��RRF\VWV�RU�WLVVXH�F\VWV��RI�WUDQVPLVVLRQ�
(YDOXDWLQJ�WKH�UHODWLYH�HSLGHPLRORJLF�LPSRUWDQFH�RI�RRF\VW

YHUVXV �WLVVXH �F\VW �WUDQVPLVVLRQ �KDV �UHFHQWO\ �EHFRPH
IHDVLEOH�LQ�VHURORJLFDO�WHVWV��0XQR]�=DQ]L�HW�DO���������+LOO
HW�DO���������%R\HU�HW�DO���������9LHLUD�HW�DO���������6DQWDQD
HW �DO�� ������ �DQG �VDOLYD ��0DQJLDYDFFKL �HW �DO�� ������ �RI
SDWLHQWV �E\ �PHDQV �RI �DQ �(/,6$ �XVLQJ �UHFRPELQDQW
DQWLJHQV� �WKH �VSRUR]RLWH�VSHFLILF �HPEU\RJHQHVLV�UHODWHG
SURWHLQ ��7J(53� ��+LOO �HW �DO�� ������� �DQG �WKH �&&S�$
UHFRPELQDQW�SURWHLQ��6DQWDQD�HW�DO����������'LVFULPLQDWLQJ
WKH �URXWH �RI �LQIHFWLRQ �UHSUHVHQWV �DQ �HVVHQWLDO �VWHS �IRU
LPSOHPHQWLQJ�HIIHFWLYH�SUHYHQWLRQ�PHDVXUHV�IRU�UHGXFLQJ
H[SRVXUH�WR�WKH�SDUDVLWH�LQ�PRUH�YXOQHUDEOH�JURXSV��VXFK�DV
SUHJQDQW�ZRPDQ�DQG�LPPXQRFRPSURPLVHG�SDWLHQWV��,Q�WKH
86$��WKH�LQJHVWLRQ�RI�LQIHFWLYH�RRF\VWV�LV�UHVSRQVLEOH�IRU�D
PDMRULW\ �RI �KXPDQ �LQIHFWLRQV ��-RQHV �HW �DO�� �������
8QUHFRJQL]HG �LQJHVWLRQ �RI �7� �JRQGLL �RRF\VWV �OHDGLQJ �WR
FRQJHQLWDO �WR[RSODVPRVLV �DQG �FDXVLQJ �GLVHDVH �RXWEUHDNV
KDV�EHHQ�UHSRUWHG��%R\HU�HW�DO����������2RF\VWV�ZHUH�WKH
SUHGRPLQDQW �VRXUFH�RI �7� �JRQGLL �LQIHFWLRQ�LQ �IRXU �1RUWK
$PHULFDQ �RXWEUHDNV� �DQG �LQ �PRWKHUV �RI �FKLOGUHQ �LQ �WKH
1DWLRQDO �&ROODERUDWLYH �&KLFDJR�EDVHG �&RQJHQLWDO
7R[RSODVPRVLV�6WXG\��1&&&76���7KLV�ODWWHU�VWXG\�VKRZHG
WKDW����������RI����PRWKHUV�RI�FRQJHQLWDOO\�LQIHFWHG�LQIDQWV
KDG�SULPDU\�LQIHFWLRQ�GXH�WR�RRF\VWV��DQG�PRUH�LPSRUWDQWO\�
WKDW�IURP�WKH����LQIHFWHG�PRWKHUV�RQO\���������PRWKHUV�
LGHQWLILHG�VLJQLILFDQW�ULVN�IDFWRUV�IRU�VSRUR]RLWH�DFTXLVLWLRQ
�%R\HU�HW�DO����������,Q�DQ�HQGHPLF�VHWWLQJ�LQ�%UD]LO��ZKHUH
H[SRVXUH�WR�ZDWHU�FRQWDPLQDWHG�ZLWK�7��JRQGLL�RRF\VWV�KDV
EHHQ�UHSRUWHG�WR�EH�D�VLJQLILFDQW�ULVN�IDFWRU��%DKLD�2OLYHLUD
HW�DO����������PRUH�WKDQ�����RI�WKH�SRSXODWLRQ��ROGHU�WKDQ
���\HDUV� �LQIHFWHG�ZLWK�7��JRQGLL �KDG�DQWLERGLHV�DJDLQVW
VSRUR]RLWHV��9LHLUD�HW�DO����������DQG�LQ��SHUVRQV�\RXQJHU
WKDQ����\HDUV��PRUH�WKDQ�����KDG�,J$�DJDLQVW�VSRUR]RLWH
DQWLJHQV�LQ�VDOLYD��0DQJLDYDFFKL�HW�DO�����������LQGLFDWLQJ
UHFXUUHQW �H[SRVXUH �WR �LQIHFWLYH �RRF\VWV� �,Q �ZRPHQ �ZKR
DFTXLUHG�7� �JRQGLL �GXULQJ�SUHJQDQF\ �LQ �&KLOH� �����KDG
RRF\VW�VSHFLILF�DQWLERGLHV��0XQR]�=DQ]L�HW�DO����������7KHVH
VWXGLHV �LOOXVWUDWH �WKDW �HVWDEOLVKLQJ �HIIHFWLYH �SUHYHQWLRQ
PHDVXUHV �QHFHVVLWDWHV �WKH �LQYHVWLJDWLRQ �RI �VRXUFHV �RI
LQIHFWLRQ �WR �VSHFLILF �SRSXODWLRQV �RQ �D �UHJLRQ�E\�UHJLRQ
EDVLV�

��������7UDQVPLVVLRQ�E\�RUDO�URXWHV���RRF\VWV

2RF\VWV�LQ�IHOLQH�IHFHV�FDQ�SHUVLVW�LQ�ZDWHU�DQG�VRLO�IRU
ORQJ�SHULRGV�DQG�FDQ�EH�LQJHVWHG�E\�KXPDQV�LQ�XQWUHDWHG
RU �LQDGHTXDWHO\ �WUHDWHG �ZDWHU �DQG �WKURXJK �UHFUHDWLRQDO
DFWLYLWLHV�LQ�VXUIDFH�ZDWHUV��IUHVK�RU�PDULQH���2RF\VWV�FDQ
DOVR�EH�LQJHVWHG�IURP�FRQWDPLQDWHG�YHJHWDEOHV�DQG�IUXLWV�
WKURXJK�SDUDWHQLF�KRVWV�VXFK�DV�VKHOOILVK��DQG�DFFLGHQWDOO\
IURP�ZDWHU�RU�VRLO ��)UHQNHO�DQG�5XL]�������-RQHV�HW�DO��
������-RQHV�DQG�'XEH\��������-RQHV�HW�DO���������.DUDQLV�HW
DO���������0HLUHOHV�HW�DO����������7KH�FRQILUPHG�SUHVHQFH�RI
RRF\VWV�LQ�FRQWDPLQDWHG�PDWULFHV�LPSOLFDWHG�LQ�LQIHFWLRQV
�ZDWHU� �VKHOOILVK� �VRLO� �YHJHWDEOHV �DQG �IUXLWV� �KDV �EHHQ
VFDUFH �EHFDXVH �RI �OLPLWDWLRQV �RI �FXUUHQWO\ �DYDLODEOH
GHWHFWLRQ�PHWKRGV��VHFWLRQ�������7KH�OLNHOLKRRG�RI�7��JRQGLL
GHWHFWLRQ�LV�JUHDWHU�GXULQJ�RXWEUHDN�VLWXDWLRQV��VXFK�DV�WKH
ODUJH �ZDWHUERUQH �RXWEUHDN �WKDW �RFFXUUHG �LQ �%UD]LO ��GH
0RXUD�HW�DO���������

��������7UDQVPLVVLRQ�E\�RUDO�URXWHV�z�WLVVXH�F\VWV

7R[RSODVPRVLV �KDV �EHHQ �ODUJHO\ �NQRZQ�DV �D �GLVHDVH
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WUDQVPLWWHG�E\�LQJHVWLRQ�RI�F\VWV�LQ�UDZ�DQG�XQGHUFRRNHG
PHDW �FRQWDLQLQJ �WKH �EUDG\]RLWH �VWDJH ��:HLQPDQ �DQG
&KDQGOHU� ������ �'HVPRQWV �HW �DO�� ������ �-DFNVRQ �DQG
+XWFKLVRQ��������'XEH\���������7KH�GHFUHDVH�RI�7��JRQGLL
SUHYDOHQFH�LQ�WKH�86$��-RQHV�HW�DO���������DQG�1HWKHUODQGV
�+RIKXLV�HW�DO���������KDV�EHHQ�DWWULEXWHG�DW�OHDVW�LQ�SDUW�WR
K\JLHQLF�LPSURYHPHQWV�LQ�DQLPDO�KXVEDQGU\��0HDVXUHV�IRU
UHGXFWLRQ�RI �HQYLURQPHQWDO �FRQWDPLQDWLRQ�ZLWK�7� �JRQGLL
RRF\VWV�DUH�FULWLFDOO\�LPSRUWDQW�WR�LQVXUH�IDUPLQJ�SUDFWLFHV
WKDW�RIIHU�LPSURYHG�DQLPDO�ZHOIDUH�ZKLOH�SURWHFWLQJ�IRRG
DQLPDOV�IURP�H[SRVXUH�WR�WKH�SDUDVLWH��.LMOVWUD�DQG�-RQJHUW�
������

��������7UDQVPLVVLRQ�E\�RUDO�URXWHV�z�WDFK\]RLWHV

7DFK\]RLWHV�WUDQVPLWWHG�RUDOO\�E\�LQJHVWLRQ�RI�UDZ�PLON
RU �RWKHU �GDLU\ �SURGXFWV �KDV �EHHQ�UHSRUWHG ��%RXJKDWWDV�
����D��%RXJKDWWDV������E��&DSRELDQJR�HW�DO����������5LVN
DVVHVVPHQW�VWXGLHV�DVVRFLDWLQJ�7��JRQGLL�LQIHFWLRQV�DQG�PLON
FRQVXPSWLRQ �KDYH �VKRZHG �ZLGH �GLYHUJHQFH �RI �UHVXOWV
�%RXJKDWWDV� �����E�� �EXW �WKH �LQFUHDVH �LQ �GHPDQG �IRU
XQSDVWHXUL]HG �PLON �KDV �UDLVHG �FRQFHUQV �WKDW �FRQVXPHUV
PD\�EH�H[SRVHG�YLD�WKLV�URXWH��)XUWKHU�LQYHVWLJDWLRQV�DQG
FRQVXPHU�DZDUHQHVV�VKRXOG�EH�XQGHUWDNHQ�ZLWK�UHVSHFW�WR
WKH �VDIHW\ �RI �XQSDVWHXUL]HG �YV� �KHDW�WUHDWHG �PLON
�%RXJKDWWDV������E���5DZ�HJJV�PD\�DOVR�EH�FRQVLGHUHG�D
SRWHQWLDO �VRXUFH �IRU �7� �JRQGLL �LQIHFWLRQ� �([SHULPHQWDOO\
LQGXFHG�LQIHFWLRQ�LQ�KHQV�UHVXOWHG�LQ�LVRODWLRQ�RI�7��JRQGLL
IURP�UDZ�HJJV��-DFREV�DQG�0HOWRQ���������+RZHYHU��HJJV
IURP �FRPPHUFLDOO\ �UDLVHG �SRXOWU\ �ZHUH �VKRZQ �WR �EH
YLUWXDOO\ �IUHH �RI �7� �JRQGLL �LQIHFWLRQ� �DQG�WDFK\]RLWHV �DUH
KLJKO\�VXVFHSWLEOH�WR�ERWK�KHDWLQJ�DQG�VDOW�FRQFHQWUDWLRQ�
WKHUHIRUH��DQ\�W\SH�RI�FRRNLQJ�ZRXOG�NLOO�WDFK\]RLWHV�LQ�HJJV
�7HQWHU�HW�DO���������

��������7UDQVPLVVLRQ�E\�QRQ�RUDO�URXWHV

����������&RQJHQLWDO�WR[RSODVPRVLV

&RQJHQLWDO �WR[RSODVPRVLV �LQIHFWLRQ �LV �DFTXLUHG �YLD
WUDQVSODFHQWDO�URXWH��KXPDQ�WR�KXPDQ�WUDQVPLVVLRQ���,W�LV
JHQHUDOO\�EHOLHYHG�WKDW�SURWHFWLYH�LPPXQLW\�LQ�UHVSRQVH�WR
7��JRQGLL�LQIHFWLRQ�LQ�PRWKHUV�H[SRVHG�SULRU�WR�SUHJQDQF\
FDQ �XVXDOO\ �SUHYHQW �YHUWLFDO �WUDQVPLVVLRQ �WR �WKH �IHWXV�
+RZHYHU��ZKHQ�7��JRQGLL�LQIHFWLRQ�LV�DFTXLUHG�IRU�WKH�ILUVW
WLPH�GXULQJ�SUHJQDQF\��RU�ZLWK�ORZHU�SUREDELOLW\�VKRUWO\
EHIRUH�FRQFHSWLRQ��WKH�SDUDVLWH�FDQ�EH�WUDQVPLWWHG�WR�WKH
IHWXV �LI �WDFK\]RLWHV �FURVV �WKH �KHPDWR�SODFHQWDO �EDUULHU
�3H\URQ�HW�DO����������7KH�ULVN�RI�FRQJHQLWDO�WUDQVPLVVLRQ
YDULHV�ZLWK�WKH�JHVWDWLRQDO �DJH�DQG�ZKHWKHU�WKH�PRWKHU
UHFHLYHV�WUHDWPHQW�RU�QRW��&RUWLQD�%RUMD�HW�DO���������+RWRS
HW�DO���������.LHIIHU�HW�DO���������:DOORQ�HW�DO���������3UXVD
HW�DO����������7KH�RYHUDOO�ULVN�RI�WR[RSODVPRVLV�WUDQVPLVVLRQ�

LQ �PRWKHUV �ZKR �KDYH �EHHQ �WUHDWHG �GXULQJ �JHVWDWLRQ� �LV
DSSUR[LPDWHO\������%HVVLlUHV�HW�DO���������7KLmEDXW�HW�DO��
������ �,Q �UDUH �FDVHV �7� �JRQGLL �KDV �EHHQ �WUDQVPLWWHG �WR
RIIVSULQJ �RI �LPPXQRFRPSHWHQW �PRWKHUV �ZKR �ZHUH
FRQILUPHG �WR �EH �7� �JRQGLL �LPPXQH �EHIRUH �SUHJQDQF\
�*DYLQHW�HW�DO���������/DGDV�HW�DO���������.RGMLNLDQ�HW�DO��
����� �(OEH]�5XELQVWHLQ �HW �DO�� ������ �9DOGlV �HW �DO��
����� �)UDQFR �HW �DO�� ������� �,Q �RQH �FDVH� �LQJHVWLRQ �RI
LPSRUWHG�UDZ�KRUVH�PHDW�GXULQJ�SUHJQDQF\�ZDV�WKH�VRXUFH
RI�WKH�PRWKHU{V�UH�LQIHFWLRQ��7KH�LVRODWHG�VWUDLQ�IURP�WKH
QHZERUQ{V �EORRG �VXJJHVWHG �WKDW �WKH �PRWKHU{V �DFTXLUHG
LPPXQLW\�DJDLQVW�D�(XURSHDQ�VWUDLQ�GLG�QRW�SURWHFW�DJDLQVW
YHUWLFDO�WUDQVPLVVLRQ�ZKHQ�WKH�PRWKHU�ZDV�LQIHFWHG�E\�WKH
VWUDLQ�LQ�WKH�LPSRUWHG�PHDW��(OEH]�5XELQVWHLQ�HW�DO���������
)XUWKHUPRUH� �FRQJHQLWDO �WUDQVPLVVLRQ �FDVHV �KDYH �EHHQ
UHSRUWHG�LQ�SUHYLRXVO\�LQIHFWHG�ZRPHQ�ZLWK�V\VWHPLF�OXSXV
HU\WKHPDWRVXV��6/(���:HFKVOHU�HW�DO�� �������RU�DFTXLUHG
LPPXQRGHILFLHQF\�V\QGURPH��$,'6���&DPSRV�HW�DO���������

����������2WKHU�QRQ�RUDO�URXWHV�RI�WUDQVPLVVLRQ

6ROLG�RUJDQ �WUDQVSODQWDWLRQ� �KHPDWRSRLHWLF �VWHP �FHOO
WUDQVSODQWV� �EORRG �WUDQVIXVLRQ� �DQG �ODERUDWRU\ �DFFLGHQWV
SURYLGH �IXUWKHU �PHDQV �RI �7� �JRQGLL �WUDQVPLVVLRQ �E\
WDFK\]RLWH �EUDG\]RLWH �VWDJHV� � ,Q �VRO LG �RUJDQ
WUDQVSODQWDWLRQV� �WUDQVPLVVLRQ �RFFXUV �IURP�D �7� �JRQGLL ��
VHURSRVLWLYH�GRQRU�WR�D�7��JRQGLL ��VHURQHJDWLYH�UHFLSLHQW�
7KLV �ULVN �LV �KLJKHVW �IRU �KHDUW �WUDQVSODQWV� �DQG �LV
VLJQLILFDQWO\�ORZHU�IRU�RWKHU�VROLG�RUJDQV��,Q�KHPDWRSRLHWLF
VWHP �FHOO �WUDQVSODQWV� �FRPSOLFDWLRQV �DUH �UHODWHG �WR �WKH
UHDFWLYDWLRQ �RI �D �SUHH[LVWLQJ �ODWHQW �LQIHFWLRQ �GXH �WR
VXSSUHVVLYH �WKHUDSLHV ��'HURXLQ �HW �DO�� ������� �%ORRG
WUDQVIXVLRQ�LV�WKRXJKW�WR�EH�D�UDUH�VRXUFH�RI�WUDQVPLVVLRQ
EHFDXVH�WKH�GXUDWLRQ�RI�SDUDVLWHPLD�GXULQJ�DFXWH�LQIHFWLRQ
LV�EULHI��KRZHYHU��SDUDVLWHV�KDYH�EHHQ�GHWHFWHG�LQ�KXPDQ
EORRG�GXULQJ�WKH�FKURQLF�SKDVH�RI�LQIHFWLRQ��0LOOHU�HW�DO��
������ �$ �V\VWHPDWLF �UHYLHZ�DQG �PHWD�DQDO\VLV �UHSRUW �RI
EORRG�GRQRUV�UHSRUWHG�WKH�RYHUDOO�ZHLJKWHG�SUHYDOHQFH�RI
H[SRVXUH�WR�7��JRQGLL �LQ�EORRG�GRQRUV�DV����������&,�
����������7KH�KLJKHVW�DQG�WKH�ORZHVW�VHURSUHYDOHQFHV�RI
7��JRQGLL�H[SRVXUH�LQ�GRQRUV�ZHUH�REVHUYHG�LQ�$IULFD������
����&,�����������DQG�LQ�$VLD�����������&,�����������
UHVSHFWLYHO\� �%UD]LO �������DQG�(WKLRSLD�������KDYH�EHHQ
DGGLW LRQDO O\ � LGHQWL I LHG �DV �FRXQWULHV �ZLWK �KLJK
VHURSUHYDOHQFH�DPRQJ�EORRG�GRQRUV��)RURXWDQ�5DG�HW�DO��
�������,Q�DGGLWLRQ��WDFK\]RLWHV�KDYH�EHHQ�UHSRUWHG�WR�EH
WUDQVPLWWHG �E\ �DFFLGHQWDO �LQMHFWLRQ �LQ �WKH �ODERUDWRU\
�+HUZDOGW��������

7DFK\]RLWHV�KDYH�EHHQ�GHWHFWHG�LQ�WHDUV��VDOLYD��VSXWXP�
XULQH��DQG�VHPHQ��EXW�WKHUH�LV�QR�HYLGHQFH�RI�KRUL]RQWDOO\
WUDQVPLWWHG �WR[RSODVPRVLV ��UHYLHZHG �LQ ��7HQWHU �HW �DO��
������
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)LJXUH����c7R[RSODVPD�JRQGLL�WUHHd�WUDQVPLVVLRQ��7KH�IOX[�RI�HQYLURQPHQWDO�WUDQVSRUW�DQG�LQIHFWLRQ�ZLWK�7��JRQGLL�VWDUWV�ZLWK
RRF\VWV�VKHG�LQ�FDW�IHFHV�WKDW�FRQWDPLQDWH�VRLO�DQG�RU�ZDWHU��7��JRQGLL�RRF\VWV�DUH�VXEVHTXHQWO\�WUDQVPLWWHG�WR�KRVWV��LQWHUPHGLDWH�
SDUDWHQLF �DQG�GHILQLWLYH�� �*UHHQ�RYDOV �UHSUHVHQW �GLIIHUHQW �VRXUFHV�VFHQDULRV �RI �FRQWDPLQDWLRQ�LQIHFWLRQV �FDXVHG�E\ �LQJHVWLRQ �RI
RRF\VWV��SLQN�RYDOV�UHSUHVHQW�VFHQDULRV�RI�WUDQVPLVVLRQ�YLD�EUDG\]RLWHV��WLVVXH�F\VWV�� �DQG�UHG�RYDOV�UHSUHVHQW�KXPDQ�WR�KXPDQ
WUDQVPLVVLRQ�FDXVHG�E\�YHUWLFDO��FRQJHQLWDO���WUDQVIXVLRQDO��RU�RUJDQ�WUDQVSODQWDWLRQ�LQIHFWLRQV��:DWHU�LV�UHSUHVHQWHG�LQ�EOXH�ZLWK�EOXH
DUURZV�GHSLFWLQJ�LQIHFWLRQ�RU�FRQWDPLQDWLRQ�WUDQVPLWWHG�GLUHFWO\�IURP�ZDWHU�VRXUFHV�WR�KRVWV��6RLO�LV�UHSUHVHQWHG�LQ�EURZQ�ZLWK
EURZQ�DUURZV�GHSLFWLQJ�LQIHFWLRQ�RU�FRQWDPLQDWLRQ�WUDQVPLWWHG�GLUHFWO\�IURP�VRXUFHV�RI�VRLO�WR�KRVWV��,Q�ERWK�WUHHV��JUHHQ�DUURZV
GHSLFW�LQIHFWLRQV�WUDQVPLWWHG�E\�RRF\VW�LQJHVWLRQ�IURP�GLIIHUHQW�VRXUFHV��3LQN�DUURZV�UHSUHVHQW�LQIHFWLRQV�WUDQVPLWWHG�E\�WLVVXH
F\VW ��FRQWDLQLQJ �EUDG\]RLWHV� �LQJHVWLRQ� �5HG �DUURZV �UHSUHVHQW �KXPDQ�WR�KXPDQ�WUDQVPLVVLRQ �WKDW �LV �FDXVHG �E\ �WDFK\]RLWHV �E\
WUDQVSODFHQWDO�SDVVDJH��YHUWLFDO�LQIHFWLRQ��DQG�WDFK\]RLWHV�RU�EUDG\]RLWHV��FRQYHUWLQJ�WR�WDFK\]RLWHV���7KLV�ILJXUH�GRHV�QRW�GHSLFW�WKH
SRWHQWLDO�URXWH�RI�FDW�LQIHFWLRQ�YLD�RRF\VWV�RU�WDFK\]RLWHV�EHFDXVH�WKHVH�VWDJHV�DUH�OHVV�SUREDEOH�VRXUFH�RI�LQIHFWLRQ�WR�FDWV�DQG�ZRXOG
SURGXFH�LQIHFWLRQV�ZLWK�ORZHU�SUREDELOLW\�RI�RRF\VW�VKHGGLQJ�E\�FDWV��VHFWLRQ���������*UDSKLF�GHVLJQ�E\�%LDQFD�0DJQHOOL�0DQJLDYDFFKL
�/%5�8(1)��DQG�/HRQDUGR�*RPHV��8)5-��

������5HVHUYRLUV

$QLPDOV �DQG �HQYLURQPHQWDO �PDWULFHV �FDQ �KDUERU �7�
JRQGLL� �DQG �VHUYH �DV �SRWHQWLDO �VRXUFHV ��UHVHUYRLUV� �RI
GLVHDVH �WUDQVPLVVLRQ ��VHH �ILJXUH ���� �+RZHYHU �IHOLGV�
VSHFLILFDOO\ �WKH�GRPHVWLF�FDW� �KDYH�D�FHQWUDO �UROH�DV�WKH
VRXUFH�RI�LQIHFWLYH�RRF\VWV��7KH�LPSOLFDWLRQV�RI�LQFUHDVLQJ
FDW�SRSXODWLRQV�DV�D�SXEOLF�KHDOWK�ULVN�GXH�WR�WR[RSODVPRVLV
ZDV �UHYLHZHG ��'DEULW] �DQG �&RQUDG� ������� �,PSRUWDQW
FKDQJHV�RFFXUUHG�LQ�WKH�86$�WKDW�VLJQLILFDQWO\�LQFUHDVHG
WKH �FDW �SRSXODWLRQ� ��� �SHW �FDW �RZQHUVKLS �JUHZ�IURP���
PLOOLRQ�WR����PLOOLRQ�DQLPDOV�GXULQJ�WKH�����V�DQG���V��DQG
�� �DQLPDO �ZHOIDUH �DFWLYLVWV �FUHDWHG �IHHGLQJ �VWDWLRQV �IRU
DEDQGRQHG�DQG�IUHH�URDPLQJ�FDWV� �2QH�FRQVHTXHQFH�KDV
EHHQ�LQFUHDVHG�7��JRQGLL�RRF\VW�HQWU\�WR�WKH�HQYLURQPHQW�
DVVRFLDWHG�ZLWK�KLJKHU�ULVN�RI�WUDQVPLVVLRQ�WR�KXPDQV�DQG
DQLPDOV� �7KH�DXWKRUV �UHFRPPHQG�WKDW �SUHYHQWLYH�HIIRUWV
WKDW�HGXFDWH�FDW�RZQHUV�DERXW�WKH�LPSRUWDQFH�RI�FROOHFWLQJ
FDW�IHFHV�LQ�OLWWHU�ER[HV��UHGXFLQJ�WKH�QXPEHUV�RI�IHUDO�FDWV�
DQG�SURPRWLQJ�ULJRURXV�KDQG�K\JLHQH�DIWHU�JDUGHQLQJ�RU
FRQWDFW�ZLWK�VRLO��'DEULW]�DQG�&RQUDG���������2QH�URXWH�RI
ODUJHO\ �RYHUORRNHG �HQYLURQPHQWDO �WUDQVPLVVLRQ �KDV �EHHQ
LQJHVWLRQ�RI�SDUDWHQLF�KRVWV�FRQWDPLQDWHG�ZLWK�RRF\VWV��)LJ
����7KHVH�LQYHUWHEUDWHV�DUH�DEOH�WR�FRQFHQWUDWH�RRF\VWV�LQ
WKHLU�WLVVXHV�z�ZLWKRXW�SDUDVLWH�UHSOLFDWLRQ�z�DQG�WKHUHE\�DFW

DV�UHVHUYRLUV�RI�RRF\VWV�IRU�LQWHUPHGLDWH�KRVWV�WKDW�LQJHVW
WKHVH �LQYHUWHEUDWHV �DV �SUH\ ��RU �IRRG �WR �KXPDQV�� �7KLV
WUDQVPLVVLRQ�URXWH�LV�EHOLHYHG�WR�SOD\�D�FHQWUDO�UROH�LQ�7�
JRQGLL �WUDQVPLVVLRQ �LQ �VSHFLHV �VXFK �DV �&DOLIRUQLD �VHD
RWWHUV� �,Q �VHD �RWWHUV� �VPDOO �PDULQH �VQDLOV �KDYH �EHHQ
HSLGHPLRORJLFDOO\�OLQNHG�DV�D�ULVN�IDFWRU�IRU�H[SRVXUH�WR�7�
JRQGLL��-RKQVRQ�HW�DO����������DQG�WKHVH�VQDLOV�KDYH�EHHQ
VKRZQ�WR�DFW�DV�HIIHFWLYH�SDUDWHQLF�KRVWV�IRU�WKH�SDUDVLWH
�.UXVRU�HW�DO����������2WKHU�PDULQH�LQYHUWHEUDWHV�LQFOXGLQJ
PXVVHOV�DQG�R\VWHUV�KDYH�EHHQ�VKRZQ�WR�KDUERU�LQIHFWLYH�7�
JRQGLL �RRF\VWV �IRU �XS �WR ��� �GD\V ��$UNXVK �HW �DO � �
������/LQGVD\�HW�DO����������DQG�FRXOG�WUDQVPLW�WKH�SDUDVLWH
QRW �RQO\ �WR �PDULQH �DQLPDOV �EXW �DOVR �WR �KXPDQV �ZKR
FRQVXPH�UDZ�RU�XQGHUFRRNHG�VKHOOILVK��-RQHV�HW�DO���������
$GGLWLRQDO�LQYHUWHEUDWHV�WKDW�KDYH�EHHQ�GHWHUPLQHG�WR�DFW
DV�SDUHWHQLF�KRVWV�LQ�WKH�WHUUHVWULDO�HQYLURQPHQW�LQFOXGH
HDUWKZRUPV��LVRSRGV�DQG�IOLHV��)UHQNHO�HW�DO����������DV�ZHOO
DV �FRFNURDFKHV ��:DOODFH� ������� �,Q �VRPH �FDVHV�
LQWHUPHGLDWH�KRVWV�FDQ�GXDOO\�VHUYH�DV�PHFKDQLFDO �KRVWV
WKDW �FDQ�WUDQVPLW �RRF\VWV� �WKLV �KDV�EHHQ�VKRZQ�LQ�GRJV
ZKHUH �SUHVHQFH �RI �7� �JRQGLL �RRF\VWV �LQ �IHFHV �KDV �EHHQ
GHWHFWHG��SUHVXPDEO\�GXH�WR�FRSURSKDJ\��/LQGVD\�HW�DO��
������
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������,QFXEDWLRQ�SHULRG

7KH�LQFXEDWLRQ�WLPH�YDULHV�IRU�WKH�FDW��GHILQLWLYH��DQG
KXPDQV��LQWHUPHGLDWH��KRVWV�GHSHQGLQJ�RQ�WKH�7��JRQGLL�OLIH
VWDJH �LQLWLDWLQJ �LQIHFWLRQ� �,Q �IHOLGV� �WKH �WLPH �EHWZHHQ
H[FUHWLRQ�RI �RRF\VWV �DQG�WKH �LQLWLDO �LQIHFWLRQ��FDOOHG �WKH
SUHSDWHQW�SHULRG��YDULHV�DFFRUGLQJ�WR�WKH�VWDJH�RI�7��JRQGLL
LQJHVWHG��'XEH\��������'XEH\��������'XEH\�DQG�)UHQNHO�
������)UH\UH�HW�DO����������3UHSDWHQW�SHULRGV�DUH���WR���
GD\V�DIWHU�LQJHVWLQJ�WLVVXH�F\VWV��PRUH�WKDQ����GD\V�DIWHU
LQJHVWLQJ �RRF\VWV ��'XEH\� ������ �� �DQG ��� �GD\V �DIWHU
LQJHVWLQJ�WDFK\]RLWHV��'XEH\������D���2QO\�����RU�OHVV�RI
FDWV �H[FUHWH �RRF\VWV �LQ �WKHLU �IHFHV �DIWHU �LQJHVWLQJ
WDFK\]RLWHV�RU�RRF\VWV��ZKHUHDV�QHDUO\�DOO�FDWV�WKDW�LQJHVW
WLVVXH �F\VWV �H[FUHWH �RRF\VWV ��'XEH\ �DQG �)UHQNHO�
������'XEH\�������� �%UDG\]RLWHV�LQ�WLVVXH�F\VWV�DUH�DOVR
SUHVHQW �LQ �H[WUD�LQWHVWLQDO �WLVVXHV �RI �FDWV� �VLPLODU �WR
LQWHUPHGLDWH�KRVWV��'XEH\� ������� �,QWHUPHGLDWH�KRVWV�GR
QRW�H[FUHWH�RRF\VWV��KRZHYHU��WKHLU�LQFXEDWLRQ�SHULRGV�IURP
WKH�WLPH�RI�H[SRVXUH�XQWLO�WKH\�SUHVHQW�V\PSWRPV�DQG�D
GHWHFWDEOH �LPPXQH �UHVSRQVH �YDU\ �GHSHQGLQJ �RQ �WKH
SDUDVLWH �VWDJH�LQLWLDWLQJ�WKH�LQIHFWLRQ� �'DWD�IURP�KXPDQ
RXWEUHDNV �HVWLPDWH �LQFXEDWLRQ�SHULRGV �RI ����WR ����GD\V
DIWHU�LQJHVWLQJ�EUDG\]RLWHV�LQ�WLVVXH�F\VWV��DQG���WR����GD\V
DIWHU �LQJHVWLRQ �RI �RRF\VWV� �,QJHVWLRQ �RI �WDFK\]RLWHV �FDQ
SURGXFH�ORQJHU�LQFXEDWLRQ�SHULRGV�LQ�KXPDQV���VLPLODU�WR
WKH�LQJHVWLRQ�RI�EUDG\]RLWHV�LQ�WLVVXH�F\VWV��0HLUHOHV�HW�DO��
������

������3HULRG�RI�FRPPXQLFDELOLW\

+XPDQV �GR �QRW �VHUYH �LQ �JHQHUDO �DV �D �VRXUFH �RI
WUDQVPLVVLRQ �DQG �DUH �QRW �FRQVLGHUHG �FRQWDJLRXV�
1RWLILFDWLRQ �LV �QRW �UHTXLUHG �IRU �WR[RSODVPRVLV�

������3RSXODWLRQ�VXVFHSWLELOLW\

$OWKRXJK�RQH�WKLUG�RI�WKH�ZRUOG�SRSXODWLRQ�LV�HVWLPDWHG
WR�EH�LQIHFWHG�ZLWK�7��JRQGLL��WKH�VRXUFHV�RI�LQIHFWLRQ�FDQ
YDU\ �ORFDOO\ �DFFRUGLQJ �WR �HQYLURQPHQWDO �DQG �VRFLDO
FKDUDFWHULVWLFV� �LQFOXGLQJ �HDWLQJ �KDELWV� �WKH �SUHVHQFH �RI
IHOLGV� �ZDWHU �VRXUFHV� �DQG �DJULFXOWXUDO �SUDFWLFHV� �,W �LV
WKHUHIRUH�FULWLFDO�WKDW�DOO�RI�WKHVH�DVSHFWV�EH�VWXGLHG�ORFDOO\�
VR �HIIHFWLYH �SUHYHQWLRQ �PHDVXUHV �FDQ �EH �VXFFHVVIXOO\
LPSOHPHQWHG�IRU�VSHFLILF�UHJLRQV�DQG�RU�SRSXODWLRQV��,Q�WKLV
FRQWH[W�LW�LV�DOVR�LPSRUWDQW�WR�FRQVLGHU�WKH�SRVVLELOLW\�RI
DFXWH �SULPDU\ �WR[RSODVPRVLV �LQ �WUDYHOHUV �UHWXUQLQJ�IURP
HQGHPLF �FRXQWULHV ��$QDQG �HW �DO�� ������� �9DULDWLRQ �LQ �7�
JRQGLL �H[SRVXUH �FDQ �DOVR �EH �H[SODLQHG �E\ �D �|KRXVHKROG
HIIHFW}�ZLWKLQ�WKH�FRQWH[W�RI�SDUDVLWH�WUDQVPLVVLRQ��)URPRQW
HW�DO����������)RU�H[DPSOH��7��JRQGLL�SUHYDOHQFH�FDQ�YDU\
EHWZHHQ �� �DQG ���� ���WK �DQG ���WK �SHUFHQWLOH �RI �WKH
KRXVHKROG �VHURSRVLWLYLW\ �GLVWULEXWLRQ�� �DQG �EH �DVVRFLDWHG
ZLWK�FRPPRQ�H[SRVXUH�URXWHV�RI�KRXVHKROG�PHPEHUV�DW�D
ORFDO �VFDOH �� �UHODWLYH �WR �ORFDO �ULVN �IDFWRUV �VXFK �DV �WKH
SUHVHQFH�RI�RRF\VWV�LQ�VRLO��)URPRQW�HW�DO���������

)RU �HVWLPDWHV �RI �KXPDQ �WR[RSODVPRVLV �LQ �GLIIHUHQW
JHRJUDSKLFDO�UHJLRQV�RI�WKH�ZRUOG��+DOG�HW�DO����������WKUHH
JURXSV�RI�ULVN�IDFWRUV�DSSHDUHG�WR�DFFRXQW�IRU�WKH�PDMRULW\
RI �FDVHV� �ZDWHUERUQH� �VRLO �FRQWDFW� �DQG �IRRGERUQH�
6LJQLILFDQW�YDULDWLRQ�RFFXUV�DPRQJ�JHRJUDSKLFDO �UHJLRQV�

EXW�VLJQLILFDQW�WUHQGV�GHPRQVWUDWH�D�JUHDWHU�LPSRUWDQFH�IRU
VRLO�DQG�ZDWHUERUQH�LQIHFWLRQV�LQ�GHYHORSLQJ�ZRUOG�UHJLRQV
FRPSDUHG�ZLWK�QRUWKHUQ�KHPLVSKHUH�ORFDWLRQV��+DOG�HW�DO��
������ �(SLGHPLRORJLFDO �LQYHVWLJDWLRQV �KDYH �IXUWKHU
GHPRQVWUDWHG�DQ�DVVRFLDWLRQ�RI�WR[RSODVPRVLV�ZLWK�VHDVRQDO
F\FOHV��7L]DUG�HW �DO�� ������� �*OREDO �FOLPDWLF�IDFWRUV�VXFK
DV �PRLVWXUH� �WHPSHUDWXUH� �DQG �UDLQIDOO �FDQ �DIIHFW �WKH
SDUDVLWH{V�WUDQVPLVVLRQ�E\�LQIOXHQFLQJ�SDUDVLWH�VXUYLYDO�DQG
GLVWULEXWLRQ �RI �RRF\VWV ��VHFWLRQ ������� ��%RZLH �HW
DO��������)URPRQW�HW�DO���������6DJHO�HW�DO���������*rPH]�
0DULQ�HW�DO���������6FKDUHV�HW�DO���������

����3RSXODWLRQ�DQG�LQGLYLGXDO�FRQWURO�PHDVXUHV

(GXFDWLRQ�UHJDUGLQJ�WKH�ULVN�IDFWRUV�IRU�H[SRVXUH�WR�7�
JRQGLL�LV�LPSRUWDQW�IRU�SUHYHQWLQJ�LQIHFWLRQV�DW�SRSXODWLRQ
DQG �LQGLYLGXDO �OHYHOV� �7KXV� �D �IXQGDPHQWDO �TXHVWLRQ �IRU
SXEOLF�KHDOWK�SROLF\�DGRSWLRQ�LV�WKH�LGHQWLILFDWLRQ�RI�ULVN
IDFWRU�V� �WKDW �VKRXOG �EH �DGGUHVVHG �IRU �RSWLPL]LQJ
SUHYHQWLRQ�SURJUDPV� �DQG�KRZ�WKHLU �UHODWLYH �LPSRUWDQFH
�EDVHG�RQ�SURSRUWLRQ�RI�LQIHFWLRQV�GXH�WR�WKLV�IDFWRU��LQ�D
JLYHQ�ORFDWLRQ�VKRXOG�EH�PHDVXUHG��6HYHUDO�VWXGLHV�KDYH
GHPRQVWUDWHG�WKDW�HGXFDWLRQ�SURJUDPV�VKRXOG�IRFXV�RQ�WKH
UHTXLUHG�DFKLHYHPHQWV��LQ�WHUPV�RI�EHKDYLRUV�DQG�KHDOWK\
OLIHVW\OH��UDWKHU�WKDQ�RQ�D�SHUIHFW�NQRZOHGJH�SHUWLQHQW�WR
VSHFLILF�SDWKRJHQV��-RQHV�HW�DO���������2JXQPRGHGH�HW�DO��
����� �3HUHERRP �HW �DO�� ������� �2QH �PHWDQDO\VLV �RI
UDQGRPL]HG �WULDOV �WKDW �HVWLPDWHG �WKH �HIIHFW �RI �SUHQDWDO
HGXFDWLRQ�RQ�FRQJHQLWDO�WR[RSODVPRVLV�UDWHV��RU�7��JRQGLL
VHURFRQYHUVLRQ�UDWHV�GXULQJ�SUHJQDQF\��LQGLFDWHG�D�QHHG�WR
IRFXV�RQ�GLYHUVH�VWUDWHJLHV�RI�HGXFDWLRQ��'L�0DULR�HW�DO��
������

������9DFFLQHV

0DQ\ �HIIRUWV �KDYH �EHHQ �PDGH �WR �GHYHORS �YDFFLQHV
DJDLQVW�7��JRQGLL �WR�UHGXFH�RRF\VW�VKHGGLQJ�LQ�FDWV�DQG
WLVVXH�F\VW�IRUPDWLRQ�LQ�PDPPDOV�RYHU�WKH�SDVW����\HDUV
�=KDQJ�HW�DO����������3URPLVLQJ�UHVXOWV�KDYH�EHHQ�UHSRUWHG
XVLQJ �LQWUDQDVDO �LPPXQL]DWLRQ �RI �FDWV �ZLWK �UKRSWU\
DQWLJHQV� �ZKLFK�UHGXFHG�WKH�TXDQWLW\�RI �RRF\VWV�VKHG�LQ
IHFHV��=XOSR�HW�DO����������$�UHODWLYHO\�VXFFHVVIXO�YDFFLQH�LV
FXUUHQWO\�OLFHQVHG�IRU�XVH�LQ�VKHHS�WR�UHGXFH�DERUWLRQV��DQG
LV�EDVHG�RQ�DQ�DWWHQXDWHG�VWUDLQ��%X[WRQ�DQG�,QQHV��������
+RZHYHU� �YDFFLQH �FDQGLGDWHV �KDYH �QRW �EHHQ �WHVWHG �LQ
KXPDQV� �FRQVHTXHQWO\ �WKHUH �DUH �QR �YDFFLQHV �WR �SURWHFW
DJDLQVW�KXPDQ�WR[RSODVPRVLV�

6HYHUDO�UHYLHZV�DUH�DYDLODEOH�LQ�WKH�VFLHQWLILF�OLWHUDWXUH
UHJDUGLQJ �PDQ\ �VWUDWHJLHV �RI �YDFFLQH �GHYHORSPHQW �IRU
WR[RSODVPRVLV��9DUJDV�9LOODYLFHQFLR�HW�DO���������.XU�HW�DO��
����� �-RQJHUW �HW �DO�� ������ �3IDII �DQG �&DQGROIL �������
9DFFLQH �FDQGLGDWHV �KDYH �EHHQ �HYDOXDWHG �LQ �YLWUR �IRU
LPPXQRJHQLFLW\�DQG�LQ�YLYR�ZLWK�FKDOOHQJHV�LQ�PXULQH�DQG
PRQNH\�PRGHOV�RI�LQIHFWLRQ�DQG�IRU�GLYHUVH�VWUDWHJLHV�RI
YDFFLQH�GHVLJQ��VXFK�DV�DWWHQXDWHG�SDUDVLWHV��UHFRPELQDQW
SURWHLQV�IURP�VXUIDFH�DQWLJHQV��SHSWLGHV�DQG�'1$��9DUJDV�
9LOODYLFHQFLR �HW �DO�� ������ �.XU �HW �DO�� ������ �3IDII �DQG
&DQGROIL �������-RQJHUW�HW�DO�� ������� �7KH�PRVW�DGYDQFHG
FDQGLGDWH�IRU�D�KXPDQ�YDFFLQH� �D�SHSWLGHV�FRFNWDLO �ZLWK
DGMXYDQW��&RQJ�HW�DO����������KDV�EHHQ�HYDOXDWHG�H[�YLYR�LQ
KXPDQ�7�FHOOV��+HQULTXH]�HW�DO����������,W�LV�OLPLWHG�E\�WKH
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QHHG�WR�LQFOXGH�SHSWLGHV�WKDW�FRXOG�EH�UHFRJQL]HG�IRU�DV
PDQ\�KXPDQ�KDSORW\SHV�DV�SRVVLEOH�WR�FRYHU�PRVW�RI�WKH
KXPDQ�SRSXODWLRQ��&RQJ�HW�DO����������5HFHQW�DGYDQFHV�LQ
LPPXQRLQIRUPDWLFV�KDYH�DIIRUGHG�D�QHZ�UDWLRQDO�VWUDWHJ\�WR
VHOHFW�KLJKO\�LPPXQRJHQLF�SHSWLGHV�IRU�KXPDQV���&DUGRQD
HW�DO���������

������,QGLYLGXDO�FRQWURO�PHDVXUHV

7KHUH�DUH�FHUWDLQ�XQLYHUVDO�PHDVXUHV�WR�KHOS�LQGLYLGXDOV
SUHYHQW�7��JRQGLL�LQIHFWLRQ��SDUWLFXODUO\�IRU�KLJK�ULVN�JURXSV
VXFK �DV �SUHJQDQW �ZRPDQ �DQG �LPPXQRFRPSURPLVHG
LQGLYLGXDOV ��+XJKHV �HW �DO�� ������� �)RU �PHDW� �7KH �86
'HSDUWPHQW�RI�$JULFXOWXUH�UHFRPPHQGV�FRRNLQJ�ZKROH�FXWV
RI�SRUN��ODPE��YHDO��RU�EHHI�WR�����d&�RU�KLJKHU�DV�PHDVXUHG
ZLWK�D�IRRG�WKHUPRPHWHU�SODFHG�LQ�WKH�WKLFNHVW�SDUW�RI�WKH
PHDW��ZLWK�D���PLQXWH�UHVW�WLPH�DIWHU�FRRNLQJ��EXW�LW�LV�EHVW
WR�FRRN�ZKROH�FXWV�RI�SRUN��ODPE��YHDO��RU�EHHI�WR�D�OHDVW
����d&�ZLWK�D���PLQXWH�UHVW��JURXQG�PHDW�DQG�ZLOG�JDPH
PHDW�WR�����d&��DQG�SRXOWU\�WR�����d&��-RQHV�DQG�'XEH\�
�������0LFURZDYH�FRRNLQJ�LV�XQUHOLDEOH�IRU�NLOOLQJ�7��JRQGLL
�-RQHV �DQG �'XEH\� ������� �)UHH]LQJ �PHDW �WR �DQ �LQWHUQDO
WHPSHUDWXUH�RI�~��d&�NLOOV�7��JRQGLL�WLVVXH�F\VWV��'XEH\�
����� �-RQHV �DQG �'XEH\� ������� �,W �LV �DOVR �LPSRUWDQW �WR
SUHYHQW�FURVV�FRQWDPLQDWLRQ�IURP�UDZ�PHDW�WR�RWKHU�IRRGV�
WR �ZDVK �KDQGV �WKRURXJKO\ �DIWHU �KDQGOLQJ �UDZ �PHDWV�
&XWWLQJ�ERDUGV��GLVKHV��FRXQWHU�WRSV��DQG�XWHQVLOV�VKRXOG�EH
ZDVKHG �ZLWK �VRDS\ �ZDWHU �DIWHU �FRQWDFW �ZLWK �UDZ �PHDW
�3H\URQ�HW�DO����������)RU�ZDWHU��,Q�%UD]LO�DQG�&RORPELD�
GULQNLQJ �XQERLOHG �ZDWHU �LQFUHDVHV �WKH �ULVN �RI �7� �JRQGLL
LQIHFWLRQ�DQG�GULQNLQJ�VSULQJ�ERWWOHG�ZDWHU�UHGXFHV�WKH�ULVN
RI �LQIHFWLRQ ��'DWWROL �HW �DO�� ������ �GH �0RXUD �HW �DO��
����� �%DKLD�2OLYHLUD �HW �DO�� ������ �/rSH]�&DVWLOOR �HW �DO��
������ �&KORULQH�WUHDWHG�ZDWHU �FDQ�VWLOO �KDUERU �7� �JRQGLL
RRF\VWV��D�SUREOHP�WKDW�PD\�EH�OHVV�SUHYDOHQW�LQ�QRUWKHUQ
KHPLVSKHUH�UHJLRQV�DV �FRPSDUHG�ZLWK�WURSLFDO �FRXQWULHV
�7ULY LQR�9DOHQFLD �HW �D O � � ������ �.DUDQLV �HW �D O � �
����� �0DKPRXGL �HW �DO�� ������ �<DQJ �HW �DO�� �������

,QGLYLGXDO�PHDVXUHV�WR�UHGXFH�7��JRQGLL�H[SRVXUH
IURP �ZDWHU� �VRLO� �DQG �VHDIRRG �WR �KHOS �SUHYHQW
WR[RSODVPRVLV�DUH�OLVWHG�EHORZ�

&RYHU �FKLOGUHQ
V �VDQGER[HV �ZKHQ �\RXU �FKLOGUHQ
DUHQ
W�SOD\LQJ�LQ�LW�WR�NHHS�FDWV�IURP�XVLQJ�LW�DV�D
OLWWHU�ER[
&KDQJH �WKH �OLWWHU �ER[ �RI �SHW �FDWV �GDLO\ �VR �WKDW
H[FUHWHG �RRF\VWV �GRQ
W �KDYH �WLPH �WR �EHFRPH
L Q I H F W L R X V � � 3 U H J Q D Q W � Z R P H Q � D Q G
LPPXQRFRPSURPLVHG �LQGLYLGXDOV �VKRXOG �DYRLG
FKDQJLQJ�FDW �OLWWHU� �LI �QR�RQH�HOVH�LV �DYDLODEOH�WR
FKDQJH�WKH�FDW �OLWWHU� �XVH�IDFH�PDVNV�DQG�JORYHV
IROORZHG�E\�WKRURXJK�KDQG�ZDVKLQJ�ZLWK�VRDS�DQG
DGHTXDWHO\�WUHDWHG�ZDWHU
3UHJQDQW �ZRPHQ �DQG �LPPXQRFRPSURPLVHG
LQGLYLGXDOV �VKRXOG �XVH �JORYHV �ZKHQ �JDUGHQLQJ�
IROORZHG�E\�WKRURXJK�KDQG�ZDVKLQJ�ZLWK�VRDS�DQG
DGHTXDWHO\�WUHDWHG�ZDWHU
8QWUHDWHG�RU�LQDGHTXDWHO\�WUHDWHG�GULQNLQJ�ZDWHU�
DV�ZHOO�DV�LQJHVWLRQ�RI�UDZ�IRRG�SURGXFWV�PDGH�ZLWK
XQWUHDWHG�RU�LQDGHTXDWHO\�WUHDWHG�ZDWHU��LQFOXGLQJ
LFH�FUHDP�� �FDQ �FDXVH �7� �JRQGLL �LQIHFWLRQ �LQ

LPPXQRFRPSHWHQW �SHUVRQV �PDLQO\ �LQ �GHYHORSLQJ
FRXQW U L H V � �7KXV � �S UHJQDQW �ZRPHQ �DQG
LPPXQRFRPSURPLVHG �LQGLYLGXDOV �UHVLGLQJ �LQ� �RU
WUDYHOOLQJ �WR� �UHJLRQV �ZLWK �HQGHPLF �7� �JRQGLL
FRQWDPLQDWLRQ��VKRXOG�RQO\�GULQN�ILOWHUHG��ERLOHG�RU
VSULQJ �ZDWHU� �DQG �HDW �SURGXFWV �PDGH �ZLWK
DGHTXDWHO\ �WUHDWHG �ZDWHU�
6HDIRRG� �LQFOXGLQJ�VKHOOILVK� �VKRXOG�EH�WKRURXJKO\
FRRNHG�WR�NLOO�7��JRQGLL�RRF\VWV�
3UHJQDQW �ZRPHQ �DQG �LPPXQRFRPSURPLVHG
LQGLYLGXDOV �VKRXOG �QRW �UHFUHDWH �LQ �VXUIDFH �ZDWHUV
ZLWK �NQRZQ �RU �VXVSHFWHG �VRXUFHV �RI �IHFDO
FRQWDPLQDWLRQ��DQG�ZKLOH�UHFUHDWLQJ���EH�FDUHIXO�WR
DYRLG�LQJHVWLQJ�ZDWHU�
7KRURXJKO\ �ZDVK �IUXLWV �DQG �YHJHWDEOHV �ZLWK
DGHTXDWHO\�WUHDWHG�ZDWHU�EHIRUH�HDWLQJ��HYHQ�EHIRUH
SHHOLQJ�IUXLW�
&OHDQ�FRRNLQJ�VXUIDFHV�DQG�XWHQVLOV�DIWHU�WKH\�KDYH
FRQWDFWHG�VHDIRRG��RU�XQZDVKHG�IUXLWV�RU�YHJHWDEOHV�

,QGLYLGXDO�PHDVXUHV�WR�SUHYHQW�7��JRQGLL�LQIHFWLRQ
IURP�IRRG�DQLPDO��ZDUP�EORRGHG��VRXUFHV�LQFOXGH�

$YRLG �HDWLQJ �UDZ �RU �XQGHUFRRNHG �PHDW �RI �DQ\
DQLPDO���HVSHFLDOO\�ODPE��JRDW�DQG�SRUN��'RQ
W�WDVWH
PHDW�EHIRUH�LW�LV�IXOO\�FRRNHG��$YRLG�UDZ�FXUHG�PHDW�
&RRN�PHDW�WKRURXJKO\��L�H���DW�VXIILFLHQW�WHPSHUDWXUH
WR�NLOO�7��JRQGLL�EUDG\]RLWH�F\VWV��
&OHDQ�FRRNLQJ�VXUIDFHV�DQG�XWHQVLOV�DIWHU�WKH\�KDYH
FRQWDFWHG�UDZ�PHDW�DQG�SRXOWU\�
:DVK�KDQGV�WKRURXJKO\�DIWHU�KDQGOLQJ�UDZ�PHDWV�
$YRLG�GULQNLQJ�XQSDVWHXUL]HG�PLON�DQG�RU�HDW�GDLU\
SURGXFWV�PDGH�ZLWK�XQSDVWHXUL]HG�PLON�VLQFH�WKH\
PD\�FRQWDLQ�7��JRQGLL�WDFK\]RLWHV�

&ROOHFWLYH�PHDVXUHV�WR�SUHYHQW�7��JRQGLL�H[SRVXUH
LQFOXGH�

'R�QRW�IHHG�UDZ�RU�XQGHUFRRNHG�PHDW�WR�FDWV�DQG
NHHS�FDWV�LQGRRUV�WR�SUHYHQW�DFTXLVLWLRQ�RI�7��JRQGLL
E\�HDWLQJ�LQIHFWHG�SUH\�
3UHYHQW �HQYLURQPHQWDO �FRQWDPLQDWLRQ�ZLWK�YLVFHUD
RI�KXQWHG�DQLPDOV�E\�EXULDO�WR�SUHYHQW�VFDYHQJLQJ
E\�DQLPDOV��HVSHFLDOO\�FDWV�

3XEOLF�SROLF\�IRU�PHDW�DQG�DJULFXOWXUDO�LQGXVWULHV
�LQFOXGLQJ�RUJDQLF�SURGXFWLRQ��WR�SUHYHQW�7��JRQGLL
H[SRVXUH�LQFOXGH�

3URPRWLQJ�HGXFDWLRQ�IRU�ZRPHQ�RI�FKLOGEHDULQJ�DJH
DQG�LPPXQRFRPSURPLVHG�SHUVRQV�ZLWK�LQIRUPDWLRQ
DERXW�SUHYHQWLQJ�7� �JRQGLL �WUDQVPLVVLRQ�LQFOXGLQJ
IRRG�K\JLHQH�DQG�DYRLGLQJ�H[SRVXUH�WR�FRQWDPLQDWHG
HQYLURQPHQWDO�VRXUFHV�
7KH�PHDW�LQGXVWU\�VKRXOG�FRQWLQXH�HPSOR\LQJ�JRRG
SURGXFWLRQ�SUDFWLFHV�WR�UHGXFH�WKH�SUHVHQFH�RI�7�
JRQGLL�LQ�PHDW�VXFK�DV�NHHSLQJ�FDWV�DQG�URGHQWV�RXW
RI�IRRG�DQLPDO�SURGXFWLRQ�DUHDV�DQG�XVLQJ�FOHDQ�RU
DGHTXDWHO\�WUHDWHG�ZDWHU�VRXUFHV�IRU�WKH�DQLPDOV�
7KH �DJULFXOWXUDO �LQGXVWU\ �VKRXOG �HPSOR\ �JRRG
SURGXFWLRQ�SUDFWLFHV�WR�UHGXFH�RRF\VW�FRQWDPLQDWLRQ
RI�FURSV�
7KH �JRYHUQPHQW �VKRXOG �HQFRXUDJH� �KHOS �DQG
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VXSSRUW � UHVHDUFK �RQ �PHWKRGV � WR �UHGXFH
FRQWDPLQDWLRQ �RI �WKH �HQYLURQPHQW �ZLWK �7� �JRQGLL
RRF\VWV�DQG�F\VWV�LQ�PHDW�

������'UXJ�7KHUDS\

7KH�WUHDWPHQW�RI�FKRLFH�IRU�DOO�FOLQLFDO�IRUPV�RI�KXPDQ
WR[RSODVPRVLV �LV �WKH �FRPELQDWLRQ �RI �S\ULPHWKDPLQH �SOXV
VXOIDGLD]LQH��0F/HRG�HW�DO���������0F/HRG�HW�DO���������GH�
OD�7RUUH�HW�DO���������3HUHLUD�&KLRFFROD�HW�DO���������:LOVRQ
HW�DO���������3H\URQ�HW�DO����������)ROLQLF�DFLG�LV�DGGHG�WR
SUHYHQW�WKH�KHPDWRSRLHWLF�WR[LFLW\�RI�S\ULPHWKDPLQH��)RU
FRQJHQLWDO�LQIHFWLRQ��WKH�UHFRPPHQGHG�GXUDWLRQ�LV�RQH�\HDU
�0F/HRG �HW �DO�� ������� �,Q �RFXODU �WR[RSODVPRVLV� �FODVVLF
WKHUDS\�FRQVLVWV �RI �S\ULPHWKDPLQH�DQG�VXOIDGLD]LQH �SOXV
FRUWLFRVWHURLGV� �*RRG �UHVSRQVH �ZLWK �UHVROXWLRQ �RI
LQIODPPDWLRQ �DQG �DSSDULWLRQ �RI �WKH �FKDUDFWHULVWLF
K\SHUSLJPHQWDWLRQ �RI �OHVLRQ �FDQ �EH �REVHUYHG �DIWHU ��z�
ZHHNV�RI�WUHDWPHQW��GH�OD�7RUUH�HW�DO����������$Q�DOWHUQDWLYH
DQWLELRWLF �WKHUDS\ �IRU �RFXODU �LQIHFWLRQ �RU �FHUHEUDO
WR[RSODVPRVLV�LV�WKH�FRPELQDWLRQ�RI�WULPHWKRSULP�����PJ���
VXOIDPHWKR[D]ROH������PJ��HYHU\����K�GXULQJ���ZHHNV��GH�
OD�7RUUH�HW�DO���������9LGDO�HW�DO����������,Q�FRXQWULHV�ZKHUH
VXOIDGLD]LQH�LV�QRW�DYDLODEOH��WKH�XVH�RI�D�FRPELQDWLRQ�RI
S\ULPHWKDPLQH�ZLWK�VXOIDGR[LQH�LV�DQ�DOWHUQDWLYH��*RPH]�
0DUpQ�HW�DO���������

��� �(QYLURQPHQWDO �2FFXUUHQFH� �3HUVLVWHQFH
DQG �6XUYLYDO

�����'HWHFWLRQ�0HWKRGV

'HWHFWLRQ �PHWKRGV �IRU �7� �JRQGLL �RRF\VWV �LQ �WKH
HQYLURQPHQW �XVLQJ�ELRDVVD\V� �PLFURVFRS\� �DQG�PROHFXODU
DVVD\V �DUH �VXPPDUL]HG �LQ �7DEOH �� �DQG �UHYLHZHG �E\
�'XPHWUH �DQG �'DUGH� ������ �9DQ:RUPHU� �������
,PPXQRIOXRUHVFHQW �DVVD\V�FRPPRQO\�HPSOR\HG�WR�GHWHFW
RWKHU�ZDWHUERUQH�SURWR]RD� �QDPHO\�&U\SWRVSRULGLXP �DQG
*LDUGLD�RR�F\VWV���DUH�GHVFULEHG�LQ�WKH�VFLHQWLILF�OLWHUDWXUH
�'XPHWUH�DQG�'DUGH��������'XPHWUH�DQG�'DUGH���������EXW
DUH�QRW�FRPPHUFLDOO\�DYDLODEOH�IRU�7��JRQGLL��)RU�GHWHFWLRQ
RI�RRF\VWV�LQ�ZDWHU��FRQFHQWUDWLRQ�LV�UHTXLUHG�GXH�WR�WKH
UHODWLYH �GLOXWH �GLVWULEXWLRQ�RI �7� �JRQGLL �LQ �HQYLURQPHQWDO
ZDWHU �VRXUFHV� �0HWKRGV �LQFOXGH �PHPEUDQH �ILOWUDWLRQ�
FDSVXOH�ILOWUDWLRQ��KROORZ�ILEHU�XOWUDILOWUDWLRQ��IORFFXODWLRQ�
DQG�FHQWULIXJDWLRQ��$�FRPELQDWLRQ�RI�ZDWHU�FRQFHQWUDWLRQ
YLD�)OXRURSRUHc�PHPEUDQHV�IROORZHG�E\�ELRDVVD\�KDV�EHHQ
VXFFHVVIXOO\�DSSOLHG�LQ�%UD]LO�WR�LVRODWH�7��JRQGLL�LPSOLFDWHG
LQ�D�ODUJH�ZDWHUERUQH�RXWEUHDN��GH�0RXUD�HW�DO�� �������
LQGLFDWLQJ �WKDW �D �FRPELQDWLRQ �RI �SK\VLFDO �DQG �ELRORJLFDO
DSSURDFKHV�FDQ�EH�XWLOL]HG�IRU�SDUDVLWH�LGHQWLILFDWLRQ�HYHQ
XQGHU�FKDOOHQJLQJ�ODERUDWRU\�DQG�ILHOG�FRQGLWLRQV�

)RU �GLUHFW �YLVXDOL]DWLRQ �RI �7� �JRQGLL� �PLFURVFRSLFDO
PHWKRGV�KDYH�FDSLWDOL]HG�RQ�WKH�DXWRIOXRUHVFHQFH�QDWXUH�RI
7� JRQGLL�RRF\VW�DQG�VSRURF\VW�ZDOOV��ZKLFK�IOXRUHVFH�EOXH
XQGHU�XOWUDYLROHW��89��H[FLWDWLRQ��/LQGTXLVW�HW�DO�� �������
:KLOH�FRVW �HIIHFWLYH� �PHWKRGV�WKDW �UHO\ �RQ�PLFURVFRSLFDO
LGHQWLILFDWLRQ�UHTXLUH�PROHFXODU�FRQILUPDWLRQ�WR�GHILQLWLYHO\
LGHQWLI\�RRF\VWV�DV�7��JRQGLL��EHFDXVH�RWKHU�DSLFRPSOH[DQ
SDUDVLWHV �KDYH �LGHQWLFDO �PRUSKRORJLFDO �DSSHDUDQFH ��H�J�
+DPPRQGLD��%HVQRLWLD��DQG�1HRVSRUD�RRF\VWV���,VRODWLRQ�RI

7� JRQGLL �IURP �ZDWHU �XVLQJ �PRXVH �ELRDVVD\V �SURYLGHV
GHILQLWLYH �LGHQWLILFDWLRQ �IRU �YLDEOH �SDUDVLWHV� �EXW �WKLV
DSSURDFK �LV �ODERULRXV� �FRVWO\� �DQG �WLPH�FRQVXPLQJ� �%\
FRQWUDVW� �PROHFXODU �GHWHFWLRQ �KDV �EHHQ �JDLQLQJ �VWHDG\
UHFRJQLWLRQ�IRU�VHQVLWLYH�DQG�UDSLG�GHWHFWLRQ�RI�7��JRQGLL
RRF\VWV��DQG�PHWKRGV�LQFOXGH�ERWK�FRQYHQWLRQDO��HQG�SRLQW�
DQG �UHDO�WLPH� �TXDQWLWDWLYH �3&5� �$GGLWLRQDO �PROHFXODU
DSSURDFKHV �XVLQJ �ORRS�PHGLDWHG �LVRWKHUPDO �DPSOLILFDWLRQ
�/$03��KDYH�DOVR�EHHQ�GHVFULEHG��6RWLULDGRX�DQG�.DUDQLV�
������

,W�LV�LPSHUDWLYH�WKDW�DQ\�PROHFXODU�GHWHFWLRQ�WHFKQLTXH
DSSOLHG�WR�HQYLURQPHQWDO�VDPSOHV�EH�IROORZHG�E\�VHTXHQFH
DQDO\VLV�IRU�GHILQLWLYH�FRQILUPDWLRQ�RI�7��JRQGLL�'1$�GXH�WR
SRWHQWLDO �IRU �QRQ�WDUJHW �DPSOLILFDWLRQ �E\ �IORUD �DQG �ELRWD
FRPPRQO\�SUHVHQW�LQ�ERWK�JXW�DQG�HQYLURQPHQWDO�KDELWDWV�z
HYHQ�ZKHQ�XVLQJ�SULPHUV�VKRZQ�WR�EH�VSHFLILF�IRU�7��JRQGLL
ZKHQ�FRPSDUHG�ZLWK�RWKHU�FRFFLGLDQ�RU�HQWHULF�SDWKRJHQV
�6KDSLUR�HW�DO���������/LOO\�DQG�:RUWKDP���������$OWKRXJK
PXOWLSOH�PHWKRGV�IRU�RRF\VW�GHWHFWLRQ�DUH�GHVFULEHG�LQ�WKH
VFLHQWLILF �OLWHUDWXUH� �WKH �ODFN �RI �VWDQGDUGL]HG �DVVD\V �IRU
GHWHFWLRQ �RI �RRF\VWV �LQ �WKH �HQYLURQPHQW �KDV �OLNHO\
FRQWULEXWHG�WR�DQ�XQGHUHVWLPDWLRQ�RI�WKH�VLJQLILFDQW�UROH
RRF\VW�ERUQH �LQIHFWLRQV �SOD\ �LQ �WKH �HSLGHPLRORJ\ �RI �7�
JRQGLL�LQ�KXPDQ�DQG�DQLPDO�SRSXODWLRQV�
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:DWHU
7HVWHG

/DERUDWRU\
RU�)LHOG
6WXG\

:DWHU
&RQFHQWUDWLRQ

0HWKRG

7��JRQGLL
'HWHFWLRQ
$VVD\�V�

4XDQWLWDWLYH
<HV��1R

5HIHUHQFH

7DS��IUHVK /DERUDWRU\
&HQWULIXJDWLRQ
�HWKHU�IRUPDOLQ

PHWKRG�

0LFURVFRS\�DQG
3&5

1R

/RUD�6XDUH]�HW�DO��
������7ULYLQR�
9DOHQFLD�HW�DO��

����

7DS�
IUHVK�
PDULQH

/DERUDWRU\
8OWUDILOWUDWLRQ
DQG�FDSVXOH
ILOWUDWLRQ

0LFURVFRS\�

3&5D��T3&5E
<HV

6KDSLUR�HW�DO��
����D

7DS��IUHVK /DERUDWRU\
&RQWLQXRXV
VHSDUDWLRQ

FHQWULIXJDWLRQ
0LFURVFRS\ <HV

%RUFKDUGW�HW�DO��
����

)UHVK /DERUDWRU\
&DSVXOH
ILOWUDWLRQ

)UHVK
/DERUDWRU\
DQG�ILHOG

&DSVXOH
ILOWUDWLRQ

3&5��PRXVH
%LRDVVD\ 1R

$XEHUW�DQG
9LOOHQD������

)UHVK
/DERUDWRU\
DQG�ILHOG

)ORFFXODWLRQ�$O�
�62���

/RRS�PHGLDWHG
LVRWKHUPDO
DPSOLILFDWLRQ

1R
6RWLULDGRX�DQG
.DUDQLV������

DQG�ILHOG
&DSVXOH
ILOWUDWLRQ

,PPXQRPDJQHWLF
VHSDUDWLRQ

<HV

'XPHWUH�DQG
'DUGH�������
'XPHWUH�DQG
'DUGH������

7DS )LHOG
0HPEUDQH
ILOWUDWLRQ

%LRDVVD\
�FKLFNHQ��FDWV�
PLFH��DQG�SLJV�

1R
GH�0RXUD�HW�DO��

����

7DS�
IUHVK�
PDULQH

/DERUDWRU\
DQG�ILHOG

)ORFFXODWLRQ
�$O���62����

3&5 1R
.RXUHQWL�DQG
.DUDQLV������

'HLRQL]HG�
IUHVK

/DERUDWRU\
DQG�ILHOG

&DSVXOH
ILOWUDWLRQ

3&5��PRXVH
ELRDVVD\

1R 9LOOHQD�HW�DO�������

)UHVK /DERUDWRU\
)ORFFXODWLRQ�$O�
�62����	�)H�

�62���
3&5 1R

.RXUHQWL�DQG
.DUDQLV������

'HLRQL]HG�
WDS /DERUDWRU\

&HQWULIXJDWLRQ
DQG

)ORFFXODWLRQ�$O�
�62����	�)H�

�62���

0LFURVFRS\ <HV
.RXUHQWL�HW�DO��

����

7DS
&DSVXOH
ILOWUDWLRQ

%LRDVVD\ 1R
,VDDF�5HQWRQ�HW

DO�������

7DEOH����3XEOLVKHG�PHWKRGV� IRU� FRQFHQWUDWLRQ�DQG GHWHFWLRQ�RI�7R[RSODVPD�JRQGLL�RRF\VWV�LQ�ZDWHU

qPCR Yes Yang et al., 
2009

Tap, fresh
Laboratory

/DERUDWRU\c

and field

(Table Modified from VanWormer et al., 2013b) a Polymerase chain reaction (conventional, end-point); b Real-time 
PCR; cT. gondii successfully detected only in spiked laboratory samples

�6



7R[RSODVPD�JRQGLL

�7

�����'DWD�RQ�RFFXUUHQFH�LQ�WKH�HQYLURQPHQW

,Q�GRPHVWLF�FDWV��KXQGUHGV�RI�PLOOLRQV�RI�RRF\VWV�FDQ�EH
H[FUHWHG�IROORZLQJ�LQLWLDO�H[SRVXUH�WR�7��JRQGLL�RYHU�D����
ZHHN�SHULRG��'XEH\� ������� �7\SLFDOO\� �GRPHVWLF�FDWV�DUH
WKRXJKW �WR �H[FUHWH �RQO\ �RQFH �IROORZLQJ �LQLWLDO �DFXWH
LQIHFWLRQ� �WKRXJK �RRF\VW �VKHGGLQJ �FDQ �UHFXUH �GXH �WR
FRLQIHFWLRQ �ZLWK �RWKHU �FRFFLGLDQ �SDUDVLWHV ��&KHVVXP�
������'XEH\���������VXEVHTXHQW�LQIHFWLRQ�ZLWK�GLIIHUHQW�7�
JRQGLL �VWUDLQV ��'XEH\� ������� �RU �GXH �WR �VHYHUH
LPPXQRVXSSUHVVLRQ ��'XEH\ �DQG �)UHQNHO� ������ �'XEH\�
������

7KH �SUHYDOHQFH �RI �7� �JRQGLL �RRF\VWV �LQ �IHFHV �IURP
GRPHVWLF�FDWV�KDV�EHHQ�UHSRUWHG�WR�UDQJH�IURP�������DV
UHYLHZHG �E\ ��9DQ:RUPHU �HW �DO�� �����E�� �,Q �ZLOG �IHOLGV�
KLJKHU�SUHYDOHQFHV�RI�RRF\VWV�LQ�IHFHV�KDYH�EHHQ�UHSRUWHG�
UDQJLQJ�IURP��������0DUFKLRQGR�HW�DO���������3L]]L�HW�DO��
������3L]]L �HW �DO�� ������� �+LJKHU �SUHYDOHQFHV �RI �IHFDO
VKHGGLQJ�DQG�VHUR�H[SRVXUH�WR�7��JRQGLL �KDYH�DOVR�EHHQ
UHSRUWHG�LQ�XQPDQDJHG�IHUDO�GRPHVWLF�FDWV�QRW�UHFHLYLQJ
VXSSOHPHQWDO �IHHGLQJ �IURP �SHRSOH ��9DQ:RUPHU �HW �DO��
����D���5HOLDQFH�RQ�LQWHUPHGLDWH�KRVWV�DV�D�VRXUFH�RI�IRRG�
FRLQIHFWLRQ�ZLWK�RWKHU�LQWHVWLQDO�SDUDVLWHV��DQG�UH�H[SRVXUH
WR �PXOWLSOH �7� �JRQGLL �VWUDLQV �RYHU �WKHLU �OLIHWLPH �DUH �DOO
IDFWRUV �WKDW �DUH �OLNHO\ �WR �FRQWULEXWH �WR �WKH �KLJKHU
SUHYDOHQFH�RI �IHFDO �VKHGGLQJ�REVHUYHG�LQ�ZLOG�DQG�WUXO\
IHUDO�FDWV�

6FKDUHV �HW �DO�� ������� �UHSRUWHG �WKH �LPSRUWDQFH �RI
VHDVRQDOLW\�LQ�WKH�SURSRUWLRQV�RI�GRPHVWLF�FDWV�VKHGGLQJ�7�
JRQGLL� �DQG �WKH �DVVRFLDWLRQ �RI �VKHGGLQJ �ZLWK �FOLPDWLF
IDFWRUV��,Q�WKHLU�VWXG\��D�PRGHO�LQFRUSRUDWLQJ�WHPSHUDWXUH
DQG�1RUWK�$WODQWLF�2VFLOODWLRQ�LQGLFHV�ZDV�DEOH�WR�SUHGLFW
WKH�SURSRUWLRQ�RI�FDWV�VKHGGLQJ�7��JRQGLL �RYHU�WKH�\HDU�
7KHVH�DQG�SUHYLRXV�ILQGLQJV��0HHUEXUJ�DQG�.LMOVWUD������
VXJJHVW�WKDW�JOREDO�ZDUPLQJ�PD\�LQIOXHQFH�LQIHFWLRQ�ULVN�RI
DQLPDOV�DQG�KXPDQV�ZLWK�7��JRQGL�

������5DZ�VHZDJH��WUHDWHG�HIIOXHQWV�DQG�VOXGJH

2QH �ZRXOG �QRW �H[SHFW �RRF\VWV �RI �7� �JRQGL �WR �EH �LQ
VHZDJH� �KRZHYHU �GXH �WR �VWRUP �ZDWHU �RU �KRXVHKROGV
GXPSLQJ�FDW�IHFHV�LQWR�WKH�WRLOHW�WKHUH�LV�D�SRVVLELOLW\�WKDW
WKLV�SDUDVLWH�FRXOG�EH�IRXQG�LQ�VHZHU�V\VWHPV��5HSRUWV�RQ
DWWHPSWHG�DQG�RU�SRVLWLYH�GHWHFWLRQ�RI�7��JRQGLL�LQ�VHZDJH
RU�VOXGJH�DUH�VFDUFH��+RZHYHU��JLYHQ�WKH�UREXVW�QDWXUH�RI
RRF\VW �VXUYLYDO �XQGHU �D �UDQJH�RI �FKHPLFDO �DQG�SK\VLFDO
LQVXOWV��WKHUH�H[LVWV�D�GHILQLWH�WKUHDW�IRU�FRQWDPLQDWLRQ�RI
WKHVH�PDWULFHV�ZLWK�YLDEOH�7��JRQGLL�SDUDVLWHV��7KLV�WKUHDW
KDV�EHHQ�UHFRJQL]HG�E\�ERWK�DFDGHPLF�LQVWLWXWLRQV��)UHQNHO
DQG�'XEH\��������%RZPDQ�DQG�)D\HU���������DV�ZHOO�DV
SXEOLF �KHDOWK �DJHQFLHV ��(3$� ������ �&DUULQJWRQ� �������
,QYHVWLJDWLRQV�WDUJHWLQJ�GHWHFWLRQ�RI�7��JRQGLL �LQ�VHZDJH
WUHDWPHQW�SODQWV�UHFHLYLQJ�PXQLFLSDO�ZDVWH�DQG�RU�VWRUP
ZDWHU�UXQRII��ZKHUH�FDW�IHFHV�LV�H[SHFWHG�WR�EH�SUHVHQW��DUH
QHHGHG�WR �HYDOXDWH �SUHVHQFH�DQG�GLVWULEXWLRQ�RI �RRF\VWV
ZLWKLQ�WKH�GLIIHUHQW�FRPSRQHQWV�RI�ZDVWHZDWHU�SURFHVVLQJ
VWHSV��$�VHULRXV�FKDOOHQJH�WR�VXFK�LQYHVWLJDWLRQV�OLHV�LQ�WKH
GLIILFXOW\�RI�DSSO\LQJ�VHQVLWLYH�GHWHFWLRQ�WRROV��VXFK�DV�3&5�
WR �GLIILFXOW �PDWULFHV �WKDW �DUH �NQRZQ �WR �FRQWDLQ �RUJDQLF
FRQVWLWXHQWV�WKDW �FDQ�LQKLELW �SDUDVLWH �'1$�DPSOLILFDWLRQ�
7KXV� �LPSURYHPHQW �RI �PHWKRGRORJLHV �IRU �7� �JRQGLL
GHWHFWLRQ��FRPELQHG�ZLWK�SDUDVLWH�YLDELOLW\�DVVHVVPHQW��LV
DQ�HVVHQWLDO�VWHS�IRU�LQYHVWLJDWLQJ�SDUDVLWH�GLVWULEXWLRQ�DQG
VXUYLYDO�ZLWKLQ�ZDVWHZDWHU�WUHDWPHQW�IDFLOLWLHV�

)HZ�LQYHVWLJDWLRQV�KDYH�WDUJHWHG�GHWHFWLRQ�RI�7��JRQGLL
LQ�ZDVWHZDWHU��7DEOH�����,Q�*HUPDQ\��7��JRQGLL�'1$�ZDV
GHWHFWHG �XVLQJ �ORRS �PHGLDWHG �LVRWKHUPDO �DPSOLILFDWLRQ
�/$03��D�VLQJOH�WXEH�WHFKQLTXH�IRU�WKH�DPSOLILFDWLRQ��LQ
�����RI�ZDVWHZDWHU�LQIOXHQW�DQG�LQ�������RI�ZDVWHZDWHU
HIIOXHQW�VDPSOHV��:KHQ�ERWK�/$03�DQG�3&5�ZHUH�XVHG�IRU
GHWHFWLRQ� ���� �RI �VHZDJH �VDPSOHV �IURP �%XOJDULD �ZHUH
IRXQG�SRVLWLYH�IRU�7��JRQGLL� �+RZHYHU��7��JRQGLL �ZDV�QRW
GHWHFWHG�LQ�ZDVWHZDWHU�LQ�)UDQFH�DQG�,WDO\��0RXOLQ�HW�DO��
������0DUDQJL�HW�DO���������.HUDPEUXQ�HW�DO�������E���$Q
LQQRYDWLYH �DSSURDFK �IRU �PRQLWRULQJ �IRU �7� �JRQGLL �LQ
ZDVWHZDWHU �HIIOXHQW�UHFHLYLQJ �ZDWHU �ERGLHV �ZDV �UHFHQWO\
SURSRVHG�XVLQJ�]HEUD�PXVVHOV�DV�VHQWLQHOV��.HUDPEUXQ�HW
DO�� �����D�� �7KHUH �DUH �QR �GDWD �UHJDUGLQJ �7� �JRQGLL �LQ
ZDVWHZDWHU�IURP�DTXDFXOWXUH�RSHUDWLRQV�



7DEOH����2FFXUUHQFH�RI�7R[RSODVPD�LQ�VHZDJH

������6XUIDFH�ZDWHU

7R[RSODVPD�JRQGLL

Area Matrices Analyzed
Percent Posivite

(# Samples)
Detection Assay(s) 

Useda
Reference

Bulgaria Sewage 43%
(3/7) LAMPb & PCRc Sotiriadou and

 Karanis, 2008

Germany

Germany

Greece

Japan

Sewage

Sewage

Sewage

Sewage

(Influent)

(Effluent)

LAMP

LAMP

LAMP

LAMP

Gallis-Lindemann 
et al., 2013

Gallis-Lindemann 
et al., 2013

Kourenti and 
Karanis, 2006

Kourenti and 
Karanis, 2006

8.9%

10.5%

0%

33.3%

(4/45)

(4/38)

(0/7)

(1/3)

aIn all studies water concentration method was flocculation (Al2 (SO4)3) with molecular detection but no sequence 
confirmation; b Loop-mediated isothermal amplification; c Polymerase chain reaction (conventional, end-point)

Amplification of non-target DNA by environmental flora 
or biota has been commonly reported despite the 
apparent specificity of primer sets when tested against 
other known pathogens (Shapiro et al., 2015; Lilly and 
Wortham, 2013). Few studies have included DNA 
sequence confirmation in environmental water 
samples.

Numerous investigations have found T. gondii in surface 
waters (Table 3). Contamination levels range from 0-9% 
prevalence of samples that test positive for the parasite in 
developed countries (France, Germany, Scotland), and up 
to 77% prevalence of detection in low-middle income 
countries (e.g. Colombia). As previously discussed, 
sequence confirmation of any suspect samples that test 
positive for T. gondii using molecular methods 
(conventional or real time PCR as well as LAMP) is 
imperative   for    definitive    detection    of    the   parasite. 
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7DEOH����2FFXUUHQFH�RI�7R[RSODVPD�LQ�VXUIDFH�ZDWHU

$UHD 3HUFHQW�3RVLWLYH
���RI�6DPSOHV�

&RQFHQWUDWLRQ
0HWKRG 'HWHFWLRQ�$VVD\�V��8VHG 5HIHUHQFH

%XOJDULD �����
�����

IORFFXODWLRQ
�$O��62���� 3&5D .RXUHQWL�DQG

.DUDQLV������

%XOJDULD �����
������

IORFFXODWLRQ
�$O��62���� /$03E�	�3&5 6RWLULDGRX�DQG

.DUDQLV������

&RORPELD �����
������� FHQWULIXJDWLRQ 3&5F 7ULYLQR�9DOHQFLD

HW�DO�������

)UDQFH ����
������

FDSVXOH
ILOWUDWLRQ 3&5�	�PRXVH�ELRDVVD\G 9LOOHQD�HW�DO��

����

)UDQFH ����
��������

IORFFXODWLRQ
�$O��62����

3&5�	�PRXVH�ELRDVVD\ $XEHUW�DQG
9LOOHQD������

*HUPDQ\ ��
�����

IORFFXODWLRQ
�$O��62����

/$03 *DOODV�/LQGHPDQQ
HW�DO�������

*UHHFH ��
������

IORFFXODWLRQ
�$O��62����

3&5 .RXUHQWL�DQG
.DUDQLV������

,UDQ ����
������

PHPEUDQH
ILOWUDWLRQ

/$03
T3&5

0DKPRXGL�HW�DO��
����

-DSDQ ��
�����

IORFFXODWLRQ
�$O��62����

/$03 .RXUHQWL�DQG
.DUDQLV������

3DNLVWDQ ��
�������

PHPEUDQH
ILOWUDWLRQ�DQG
FHQWULIXJDWLRQ

3&5 .KDQ�HW�DO�������

5XVVLD �����
������

IORFFXODWLRQ
�$O��62����

/$03
3&5

6RWLULDGRX�DQG
.DUDQLV������

6FRWODQG ����
����������

IORFFXODWLRQ
�$O��62���� 3&5��,76���	�T3&5H :HOOV�HW�DO�������

7XUNH\ �����
�������

IORFFXODWLRQ
�$O��62����

/$03�	�3&5 'HPLUHO�HW�DO��
����

7XUNH\ �����
�������

IORFFXODWLRQ
�$O��62���� /$03�	�3&5H�I .RORUHQ�DQG

'HPLUHO������

D�3RO\PHUDVH�&KDLQ�5HDFWLRQ��E�/RRS�PHGLDWHG�LVRWKHUPDO�DPSOLILFDWLRQ��F�&RQILUPHG�ZLWK�VHTXHQFH�LQIRUPDWLRQ��G�0RXVH
ELRDVVD\�DWWHPSWHG�EXW7��JRQGLL�GHWHFWHG�RQO\�YLD�3&5��H�3DUWLDO�FRQILUPDWLRQ�SHUIRUPHG�WR�GHILQLWLYHO\�LGHQWLI\�DPSOLFRQV
DV�7��JRQGLL�XVLQJ�VHTXHQFH�DQDO\VLV���Q ����I��Q ���

������*URXQGZDWHU�DQG�GULQNLQJ�ZDWHU

7� JRQGLL �'1$�KDV�EHHQ�UHSRUWHG�LQ �JURXQGZDWHU �LQ
5XVVLD��%XOJDULD��3DNLVWDQ��3RODQG��DQG�)UDQFH��7DEOH����
6HTXHQFH�FRQILUPDWLRQ�RI�VXVSHFWHG�SRVLWLYH�VDPSOHV�ZDV
QRW�SURYLGHG�LQ�D�%UD]LOLDQ�JURXQG�ZDWHU�VWXG\��9LHLUD�HW
DO����������6HYHUDO�VWXGLHV�KDYH�UHSRUWHG�7��JRQGLL�'1$�LQ

GULQNLQJ�ZDWHU�LQ�%XOJDULD��3DNLVWDQ��&RORPELD��DQG�)UDQFH
�7DEOH�����&RQILUPDWLRQ�RI�SRVLWLYH�VDPSOHV�YLD�VHTXHQFH
DQDO\VLV�ZDV�SURYLGHG�LQ�D�VWXG\�FRQGXFWHG�LQ�&RORPELD�
ZLWK �ZLGHVSUHDG �FRQWDPLQDWLRQ �RI �GULQNLQJ �ZDWHU �����
SUHYDOHQFH���,QIRUPDWLRQ�RQ�WKH�UDQJH�RI�FRQFHQWUDWLRQV�RI
7� JRQGLL�RRF\VWV�LQ�FRQWDPLQDWHG�GULQNLQJ�ZDWHU�VDPSOHV
KDYH �QRW �EHHQ �UHSRUWHG ��%DKLD�2OLYHLUD �HW �DO�� ������ �GH
0RXUD�HW�DO���������7ULYLQR�9DOHQFLD�HW�DO���������



7R[RSODVPD�JRQGLL

20

$UHD

3HUFHQW
3RVLWLYH
��

6DPSOHV�

&RQFHQWUDWLRQ
0HWKRG

'HWHFWLRQ
$VVD\�V�
8VHG

5HIHUHQFH

*URXQGZDWHU

�����
)ORFFXODWLRQ
�$O��62����

3&5D .RXUHQWL�DQG
.DUDQLV������

)ORFFXODWLRQ
�$O��62����

/$03E��	�3&5 6RWLULDGRX�DQG
.DUDQLV������%XOJDULD 

*HUPDQ\ �����
)ORFFXODWLRQ
�$O��62����

/$03 *DOODV�/LQGHPDQQ
HW�DO�������

-DSDQ ��
�����

)ORFFXODWLRQ
�$O��62����

/$03 .RXUHQWL�DQG
.DUDQLV������

3DNLVWDQ 
0HPEUDQH
ILOWUDWLRQ�DQG
FHQWULIXJDWLRQ

3&5 .KDQ�HW�DO�������

3RODQG �����
��������

0HPEUDQH
ILOWUDWLRQ

0LFURVFRS\	�3&5 6URND�HW�DO�������

5XVVLD ����
�����

)ORFFXODWLRQ
�$O��62����

/$03
3&5

6RWLULDGRX�DQG
.DUDQLV������

7DS�:DWHU 

%XOJDULD ������
)ORFFXODWLRQ
�$O��62����

3&5 6RWLULDGRX�DQG�.DUDQLV������

%XOJDULD �����
)ORFFXODWLRQ
�$O��62����

/$03�	
3&5

6RWLULDGRX�DQG�.DUDQLV������

&RORPELD 3&5F 7ULYLQR�9DOHQFLD�HW�DO�������

*HUPDQ\ �����
)ORFFXODWLRQ
�$O��62����

/$03 *DOODV�/LQGHPDQQ�HW�DO�������

3DNLVWDQ
0HPEUDQH
ILOWUDWLRQ�DQG
FHQWULIXJDWLRQ

3&5 .KDQ�HW�DO�������

7XUNH\ ��
������

)ORFFXODWLRQ
�$O��62����

/$03�	
3&5

'HPLUHO�HW�DO�������

7XUNH\ ��
������

)ORFFXODWLRQ
�$O��62����

/$03�	
3&5G

.RORUHQ�DQG�'HPLUHO������

D�3RO\PHUDVH�&KDLQ�5HDFWLRQ��E �/RRS�PHGLDWHG�LVRWKHUPDO�DPSOLILFDWLRQ��F �'HWHFWLRQ�ZDV�FRQILUPHG�ZLWK�VHTXHQFH
FRQILUPDWLRQ��G�3DUWLDO�FRQILUPDWLRQ��Q ����ZHUH�GHILQLWLYHO\�LGHQWLILHG�DV�7��JRQGLL�XVLQJ�VHTXHQFH�DQDO\VLV���

������6HDZDWHU�DQG�VKHOOILVK

)HZ�LQYHVWLJDWLRQV�KDYH�DWWHPSWHG�WR�WHVW�VHDZDWHU�IRU
WKH�SUHVHQFH�RI�7��JRQGLL��7��JRQGLL�RRF\VW�OLNH�VWUXFWXUHV
REVHUYHG �LQ �HVWXDULQH �ZDWHUV �LQ �WKH �*DODSDJRV �,VODQGV
FRXOG�QRW�EH�PROHFXODUO\�FRQILUPHG��9HUDQW�HW�DO����������$Q
DOWHUQDWLYH�DSSURDFK�IRU�GHWHFWLRQ�RI�7��JRQGLL �LQ�PDULQH
HFRV\VWHPV �WDUJHWV �WHVWLQJ �RI �ILOWHU�IHHGLQJ �ELYDOYHV �DV
VHQWLQHOV �IRU �SROOXWLRQ �DQG �KDV �IRXQG �PDULQH �HFRV\VWHP
FRQWDPLQDWLRQ�ZLWK�7��JRQGLL�LQ�YDULRXV�FRXQWULHV��LQFOXGLQJ
WKH �86$� �7XUNH\� �%UD]LO� �DQG �&KLQD ��(VPHULQL �HW �DO��
������0LOOHU�HW�DO���������3XWLJQDQL�HW�DO���������6KDSLUR�HW
DO���������6WDJJV�HW�DO���������$NVR\�HW�DO���������=KDQJ�HW
DO�� ������� �&RQWDPLQDWHG �ZLOG �DQG�RU �FRPPHUFLDOO\

SXUFKDVHG�VKHOOILVK�KDYH�EHHQ�UHSRUWHG��7DEOH�����7R�GDWH�
VWDQGDUGL]HG �PHWKRGV �KDYH �QRW �EHHQ �GHYHORSHG �IRU
GHWHFWLRQ�RI�7��JRQGLL�LQ�ELYDOYH�RU�ILVK�WLVVXHV��ZLWK�PRVW
VWXGLHV �XWLOL]LQJ �YDULDEOH �PROHFXODU �DVVD\V� �DQG �WHVWLQJ
GLIIHUHQW �PDWULFHV� �LQFOXGLQJ �ZKROH �WLVVXH �KRPRJHQDWHV�
JDVWURLQWHVWLQDO �WLVVXH� �JLOOV� �DQG�RU �KHPRO\PSK� �)XUWKHU
VWXGLHV�RQ�LVRODWLRQ�DQG�JHQRW\SLQJ�RI�7��JRQGLL�IURP�ILVKHV
DUH�QHFHVVDU\�WR�EHWWHU�XQGHUVWDQG�WKH�UROH�RI�VHDIRRG�LQ
WKH �WUDQVPLVVLRQ �RI �7� �JRQGLL �LQIHFWLRQ� �0LJUDWRU\ �ILOWHU
IHHGLQJ �ILVKHV� �QDPHO\� �QRUWKHUQ �DQFKRYLHV ��(QJUDXOLV
PRUGD[��DQG�3DFLILF�VDUGLQHV��6DUGLQRSV�VDJD[��FDQ�KDUERU
7� �JRQGLL �RRF\VWV �DQG �WUDQVPLW �WKH �LQIHFWLRQ �WR �RWKHU
DQLPDOV �XQGHU �H[SHULPHQWDO �FRQGLWLRQV� �7KHVH �ILQGLQJV
VXJJHVW �WKDW �7� �JRQGLL �FDQ �EH �WUDQVPLWWHG �E\ �ILVK
WKURXJKRXW�WKH�RFHDQV��0DVVLH�HW�DO���������

Bulgaria 14.4%

50%

0%

(3/6)

7.5%
(3/40)

8.3%

33.3%

51.5%
(17/33) Centrifugation

0%

3.3%
(2/60)
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7DEOH����2FFXUUHQFH�RI�7R[RSODVPD�JRQGLL�LQ�ILVK�DQG�VKHOOILVK

$UHD 6SHFLHV�7DUJHWHG 3HUFHQW�3RVLWLYH
���6DPSOHV�

'HWHFWLRQ�$VVD\�V�
8VHG

6HTXHQFH
&RQILUPDWLRQ
�<HV�1R�

5HIHUHQFH

%UD]LO
%UD]LOLDQ�R\VWHUV
�&UDVVRVWUHD
UKL]RSKRUDH�

����
�������� 3&5D <HV 5LEHLUR�HW

DO�������

�%UD]LO
�6DR
3DXOR�

2\VWHUV��&UDVVRVWUHD
UKL]LSKRUDH�

��
������

%LRDVVD\E�	�3&5 3DUWLDOF��Q �� (VPHULQL�HW
DO�������0XVVHOV��0\WHOOD

JX\DQHQVLV�
���
������

&KLQD

&UD\ILVK
�3URFDPEDUXV
FODUNLD�

����
�������

3&5 <HV =KDQJ�HW
DO�������

6LOYHU�FDUS
�+\SRSKWKDOPLFKWK\V

PROLWUL[�
����
�������

)UHVKZDWHU�VKULPS
�0DFUREUDQFKLXP
QLSSRQHQVH�

����
�������

&RPPRQ�FDUS
�&\SULQXV�FDUSLR�

��
�������

2\VWHUV��&RQFKD
2VWUHDH�

��
�������

$VLDQ�HHO
�0RPRSWHUXV�DOEXV�

��
������

7LJHU�SUDZQ
�3HQDHXV

PRQRGRQ)DEULFLXV�
��

�������

*ROGILVK��&DUDVVLXV
DXUDWXV�

��
�������

&UD\ILVK
�3URFDPEDUXV
FODUNLD�

����
�������

,WDO\
�$SXOLD�

2\VHWUV��&UDVVRVWUHD
JLJDV�

�����
�����

3&5��	�T3&5G��H 1R 3XWLJQDQL�HW
DO�������

0XVVHOV��0\WLOXV
JDOORSURYLQFLDOLV�

��
������

&ODPV��7DSHV
GHFXVVDWXV�

����
������

7� SKLOLSSLQDUXP ��
�����

,WDO\�	
7XUNH\

0XVVHOV��0\WLOXV
JDOORSURYLQFLDOLV�

����
������� T3&5I <HV 0DUDQJL�HW

DO�������

7XUNH\
0HGLWHUUDQHDQ

PXVVHOV
��0\WLOXV

JDOORSURYLQFLDOLV�

�����
�������

T3&5�	�+LJK�UHVROXWLRQ
PHOWLQJ�DQDO\VLV <HV $NVR\�HW�DO��

����
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$UHD 6SHFLHV�7DUJHWHG 3HUFHQW�3RVLWLYH
���6DPSOHV�

'HWHFWLRQ�$VVD\�V�
8VHG

6HTXHQFH
&RQILUPDWLRQ
�<HV�1R�

5HIHUHQFH

86$
�&DOLIRUQLD�

&DOLIRUQLD�PXVVHOV
�0\WLOXV

FDOLIRUQLDQXV�
�����
���������

T3&5 <HV
0LOOHU�HW
DO�������

�

6DQG�FUDEV��(PHULWD
DQDORJD��
*DSHU�FODPV

�7UHVXVQXWWDOOLL��
�3LVPR�FODPV��7LYHOD

VWXOWRUXP��
)DW�LQQNHHSHU�ZRUPV
�8UHFKLV�FDXSR�

��
�������

&DOLIRUQLD�PXVVHOV
�0\WLOXV

FDOLIRUQLDQXV�
����

�������� 3&5 <HV 6KDSLUR�HW
DO�������

0XVVHOV��0\WLOXV
FDOLIRUQLDQXV�

JDOORSURYLQFLDOLV�
WURVVXOXV�HGXOLV�

�����
������� 3&5�	�T3&5I <HV 6WDJJV�HW

DO�������

D3RO\PHUDVH�FKDLQ�UHDFWLRQ��FRQYHQWLRQDO��HQG�SRLQW����E'HWHFWLRQ�DWWHPSWHG�XVLQJ�ELRDVVD\V�LQ�PLFH�DQG�3&5�ZLWK
VXFFHVVIXO �GHWHFWLRQ�RI �7��JRQGLL �RQO\�YLD�3&5������PXVVHOV�RU�R\VWHUV�ZHUH�WHVWHG�LQ�EDWFKHV�RI ���RU����DQLPDOV�
UHVSHFWLYHO\��F�3DUWLDO�FRQILUPDWLRQ�GHQRWHV�WKH�QXPEHU�RI�SRVLWLYH�VDPSOHV�WKDW�ZHUH�GHILQLWLYHO\�LGHQWLILHG�DV�7��JRQGLL
XVLQJ�VHTXHQFH�DQDO\VLV��G�5HDO�WLPH�TXDQWLWDWLYH�3&5��H'HWHFWLRQ�RI�7��JRQGLL�LQ�ILHOG�FROOHFWHG�PXVVHOV�ZDV�DWWHPSWHG
XVLQJ�ERWK�FRQYHQWLRQDO�DQG�UHDO�WLPH�3&5�DVVD\V��EXW�RQO\�VXFFHVVIXO�ZKHQ�FRQYHQWLRQDO�3&5�ZDV�DSSOLHG��I0XOWLSOH[�UHDO�
WLPH�3&5�DVVD\�IRU�7��JRQGLL��&U\SWRVSRULGLXP��DQG�*LDUGLD��7KH�VDPH�VWXG\�DOVR�HYDOXDWHG�����ZDVWHZDWHU�VDPSOHV�EXW�DOO
WHVWHG�QHJDWLYH�IRU�7��JRQGLL�

3UHYDOHQFHV�RI�VKHOOILVK�FRQWDPLQDWLRQ�UDQJH�IURP�D�ORZ
RI�����������������0LOOHU�HW�DO���������WR�D�KLJK�RI�����
���������6WDJJV�HW�DO����������6HTXHQFH�GDWD�KDYH�FRQILUPHG
7� JRQGLL �LQ �D �ZLGH �UDQJH �RI �PDULQH �ILVK �DQG �VKHOOILVK�
KLJKOLJKWLQJ �WKH �LPSRUWDQFH �RI �VHDIRRG �DV �D �SRWHQWLDO
VRXUFH�RI �LQIHFWLRQ�IRU �ERWK�DTXDWLF �ZLOGOLIH �DQG�SHRSOH�
&RQVXPSWLRQ�RI �UDZ�VKHOOILVK�KDV�EHHQ�HSLGHPLRORJLFDOO\
DVVRFLDWHG�ZLWK�7��JRQGLL�LQIHFWLRQ�LQ�SHRSOH��-RQHV�HW�DO��
������

'LVWULEXWLRQ �RI �7� �JRQGLL �JHQRW\SHV �FKDUDFWHUL]HG �LQ
DTXDWLF �LQYHUWHEUDWHV �LQFOXGH �WKH �DUFKHW\SDO �7\SH �,
�&DOLIRUQLD��7XUNH\�DQG�,WDO\���6KDSLUR�HW�DO���������$NVR\�HW
DO�� ������ �0DUDQJL �HW �DO�� ������� �7\SH �,, ��&DOLIRUQLD�
�6KDSLUR �HW �DO�� ������� �DV �ZHOO �DV �DW\SLFDO �JHQRW\SHV
LQFOXGLQJ�7\SH�;�ZKLFK�KDV�EHHQ�LPSOLFDWHG�DV�D�FDXVH�RI
PRUWDOLW\�LQ�WKUHDWHQHG�&DOLIRUQLD�VHD�RWWHUV��6KDSLUR�HW�DO��
������0LOOHU�HW�DO���������0LOOHU�HW�DO����������7KH�DELOLW\�RI
]HEUD �PXVVHOV �WR �ELRFRQFHQWUDWH �7� �JRQGLL �KDV �EHHQ
SURSRVHG�DV�D�WRRO �IRU �PRQLWRULQJ�IUHVKZDWHU�ERGLHV�IRU
FRQWDPLQDWLRQ�ZLWK�WKH�SDUDVLWH��3DORV�/DGHLUR�HW�DO���������

������&URSV�DQG�VRLO

7KH �GLVWULEXWLRQ �RI �7� �JRQGLL �FRQWDPLQDWLRQ �RI �VRLO
DQG�RU �ZDWHU �DQG �VXEVHTXHQW �FRQWDPLQDWLRQ �RI �FURSV
UHPDLQV�DQ�XQDQVZHUHG�TXHVWLRQ��7KH�ILUVW�UHSRUW�RI�VRLO
FRQWDPLQDWHG�ZLWK�7��JRQGLL�ZDV�LQ������EDVHG�RQ�D�PRXVH
ELRDVVD\�WKDW�GHPRQVWUDWHG�WKH�SDUDVLWH�LQ���RI�����������

VRLO �VDPSOHV�FROOHFWHG�LQ�&RVWD�5LFD��5XL] �HW �DO�� �������
$GGLWLRQDO�VWXGLHV�XVLQJ�ELRDVVD\�IRXQG�WKH�SDUDVLWH�LQ����
������JDUGHQ�VRLO�VDPSOHV�LQ�%UD]LO��&RXWLQKR�HW�DO���������
LQ ����� ��������� �VRLO �VDPSOHV �FROOHFWHG �IURP �3DQDPD
�)UHQNHO�HW�DO����������DQG�LQ�-DSDQ��XQVSHFLILHG�QXPEHU�RI
VDPSOHV��,WR�HW�DO����������$QRWKHU�ELRDVVD\�VWXG\�LQ�%UD]LO
GHPRQVWUDWHG���������������RI �VRLO �VDPSOHV�IURP�VFKRRO
SOD\JURXQGV�SRVLWLYH�IRU�7��JRQGLL��GRV�6DQWRV�HW�DO���������
2I�����VRLO�VDPSOHV�WHVWHG�LQ�,UDQ�����VDPSOHV�ZHUH�3&5
SRVLWLYH�IRU�7��JRQGLL�'1$���������DQG�FRQVLVWHG�RI�7\SHV�,
DQG�,,,��7DYDOOD�HW�DO����������7R[RSODVPD�JRQGLL�'1$�ZDV
GHWHFWHG�E\�UHDO�WLPH�3&5�LQ��������Q �����RI�VRLO�VDPSOHV
FROOHFWHG�IURP�D�UXUDO�DUHD�LQ�HDVWHUQ�)UDQFH��*RWWHODQG�HW
D O � � � ���� � � � , Q � 3R O DQG � � 3&5 �GH W HF W HG � �� � ��
�������� �FRQWDPLQDWHG �VRLO �VDPSOHV �ZLWK �VXEVHTXHQW
JHQRW\SLQJ�UHYHDOLQJ�7\SHV�, �DQG�,, ��/DVV�HW �DO�� �������
$OWKRXJK �LQYHVWLJDWLRQV �KDYH �QRW �SURYLGHG �TXDQWLWDWLYH
HVWLPDWHV �UHJDUGLQJ �FRQFHQWUDWLRQV �RI �RRF\VWV �LQ
FRQWDPLQDWHG �VRLO� �PRGHOLQJ �DSSURDFKHV �KDYH �HVWLPDWHG
DQQXDO �FRQWDPLQDWLRQ �WR �UDQJH �EHWZHHQ ��� �DQG ������
RRF\VWV�P� �LQ �UXUDO �)UDQFH ��$IRQVR �HW �DO�� ������� �DQG
�������� �RRF\VWV�P� �LQ �&DOLIRUQLD� �86$ ��'DEULW] �HW �DO��
������

7KHUH�DUH�QR�UHSRUWV�RI�DWWHPSWHG�RU�SRVLWLYH�GHWHFWLRQ
RI�7��JRQGLL�LQ�LUULJDWLRQ�ZDWHU��+RZHYHU��FURSV�KDYH�EHHQ
IRXQG�FRQWDPLQDWHG�ZLWK �WKH �SDUDVLWH� �,Q �3DNLVWDQ�����
�Q �����RI�YHJHWDEOHV�WHVWHG�SRVLWLYH�IRU�7��JRQGLL��6KDID�XO
HW�DO����������EDVHG�RQO\�PLFURVFRS\�IRU�GHWHFWLRQ�DQG�QR
PROHFXODU�FRQILUPDWLRQ��0LFURVFRS\�ZDV�DOVR�XVHG�WR�ILQG
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�����7��JRQGLL�FRQWDPLQDWLRQ�RI�OHDI\�JUHHQ�YHJHWDEOHV�LQ
6DXGL�$UDELD���$O�0HJULQ��������DQG�LQ������RI�YHJHWDEOHV
LQ �(J\SW� �EXW �PROHFXODU �FRQILUPDWLRQ �ZDV �DJDLQ �ODFNLQJ
�$KPDG�HW�DO����������7KH�RQO\�VWXG\�LQ�ZKLFK�PROHFXODU
PHWKRGV �ZHUH �DSSOLHG �ZDV �LQ �3RODQG� �ZKHUH �����
�������� �RI �IUXLWV �DQG �YHJHWDEOHV �WHVWHG �SRVLWLYH �YLD
TXDQWLWDWLYH�3&5�ZLWK�JHQRW\SHV�,�DQG�,,��/DVV�HW�DO���������
:KLOH�IHZ�VWXGLHV�KDYH�DWWHPSWHG�WR�GHWHFW�7��JRQGLL �RQ
LUULJDWLRQ �ZDWHUV �DQG�RU �SURGXFH� �WKH �LPSRUWDQFH �RI
FRQWDPLQDWHG �FURSV �DV �PHDQV �IRU �WUDQVPLVVLRQ �RI �WKLV
SDUDVLWH �VKRXOG �QRW �EH �XQGHUHVWLPDWHG� �&RQVXPSWLRQ �RI
XQZDVKHG�IUXLWV�DQG�YHJHWDEOHV�KDV�EHHQ�HSLGHPLRORJLFDOO\
OLQNHG�WR�LQIHFWLRQV�LQ�SHRSOH��6OLINR�HW�DO���������-RQHV�DQG
'XEH\���������DQG�WKXV�LPSURYHG�GHWHFWLRQ�PHWKRGV�DQG
VWDQGDUGL]HG �DSSURDFKHV �WKDW �FRXOG �EH �DGRSWHG �E\ �WKH
SURGXFH �LQGXVWU\ �ZRXOG �EH �SUXGHQW �IRU �DSSURSULDWH
PRQLWRULQJ �WR �LQVXUH �SURYLVLRQ �RI �VDIH �SURGXFH �WR
FRQVXPHUV�

����3HUVLVWHQFH

7R[RSODVPD�JRQGLL�RRF\VWV�DUH�UHPDUNDEO\�UREXVW�DQG
FDQ�VXUYLYH�IRU�ORQJ�GXUDWLRQV�XQGHU�GLYHUVH�HQYLURQPHQWDO
FRQGLWLRQV��DV�UHYLHZHG�E\��'XPHWUH�DQG�'DUGH���������,Q
FROG�IUHVKZDWHU���d&���RRF\VWV�FDQ�UHPDLQ�LQIHFWLRXV�IRU�DW
OHDVW����PRQWKV��'XEH\������E���ZKLOH�LQ�VHDZDWHU�7��JRQGLL
FDQ �UHPDLQ �YLDEOH �IRU �DW �OHDVW ��� �PRQWKV ��/LQGVD\ �DQG
'XEH\� ������� �5DLQ\ �VHDVRQV �DUH �DOVR �FRUUHODWHG �ZLWK
KLJKHU �LQIHFWLRQ �UDWHV �LQ �KXPDQV ��*rPH]�0DULQ �HW �DO��
������5XG]LQVNL�HW�DO���������7L]DUG�HW�DO����������DQG�UDLQ\
ZLQWHUV �FRPELQHG�ZLWK �PLOG �ZLQWHU �WHPSHUDWXUHV �VKRXOG
IDYRU�RRF\VW�VXUYLYDO��$IRQVR�HW�DO��������7KH�SDUDVLWH�FDQ
UHWDLQ�LQIHFWLYLW\ �ZLWKLQ�VKHOOILVK�IRU �DW �OHDVW ����GD\V�LQ
R\VWHUV��/LQGVD\�HW�DO���������DQG���GD\V�LQ�PXVVHOV��$UNXVK
HW �DO�� ������� �2RF\VWV �UHWDLQHG�YLDELOLW\ �LQ �ERWK�GU\�DQG
PRLVW�VRLO�VDPSOHV�IURP�&RVWD�5LFD�RYHU�RQH�\HDU��DQG�LQ
VRLO�IURP�.DQVDV�YLDELOLW\�SHUVLVWHG�RYHU����PRQWKV��)UHQNHO
HW �DO � � ������� �$ �PRUH �UHFHQW �VWXG\ �IURP �)UDQFH
GHPRQVWUDWHG�WKDW�DIWHU�����GD\V�������ORJ���UHGXFWLRQ�RI
RRF\VW�LQIHFWLYLW\�������UHPDLQHG�YLDEOH��LQ�VRLO�XQGHU�GU\
FRQGLWLRQV�DV�FRPSDUHG�ZLWK�RQO\������ORJ���UHGXFWLRQ�RI
RRF\VW�LQIHFWLYLW\��������UHPDLQHG�YLDEOH��LQ�VRLO�NHSW�GDPS
�/HOX�HW�DO���������

+LJK�WHPSHUDWXUHV�QHJDWLYHO\�DIIHFW�WKH�YLDELOLW\�RI�7�
JRQGLL��'XEH\������E���DOWKRXJK�VRPH�RRF\VWV�FDQ�UHPDLQ
LQIHFWLRXV �RYHU �D �UDQJH �RI �HQYLURQPHQWDO �WHPSHUDWXUHV
������d&� �IRU �DW �OHDVW ���� �GD\V� �$W ���d& �7� �JRQGLL �LV
UHQGHUHG�QRQ�YLDEOH�ZLWKLQ����GD\V��([SRVXUH�RI�RRF\VWV�WR
��d& �UHGXFHG �LQIHFWLYLW\ �ZLWKLQ �RQH �PLQXWH� �+LJKHU
WHPSHUDWXUHV �IRU �ORQJHU �GXUDWLRQV �PD\ �EH �UHTXLUHG �IRU
FRPSOHWH �DQG �UHOLDEOH �LQDFWLYDWLRQ� �$W ����d&� �7� �JRQGLL
SHUVLVWHG�IRU�XS�WR����GD\V��)UHQNHO�DQG�'XEH\���������,Q
IHFHV��RRF\VWV�KDYH�DOVR�UHWDLQHG�YLDELOLW\�XQGHU�D�UDQJH�RI
WHPSHUDWXUHV����d&�WR���d&��IRU���������GD\V��<LOPD]�DQG
+RSNLQV��������

����5HGXFWLRQV�E\�6DQLWDWLRQ�0DQDJHPHQW

����([FUHWD�DQG�:DVWHZDWHU�WUHDWPHQW

������&RPSRVWLQJ�RI�IHFDO�ZDVWHV

7KHUH�DUH�QR�GDWD�RQ�7��JRQGLL�RRF\VWV�LQ�FRPSRVW�RI
IHFDO�RULJLQ��+RZHYHU��WKH�SRVVLELOLW\�RI�ODUJH�QXPEHUV�RI�7�
JRQGLL�RRF\VW�LQ�ZDVWH�WKDW�LQFOXGH�IHOLQH�IHFHV�LV�D�UHDO�DQG
UHFRJQL]HG�WKUHDW�WR�WKH�FRQWDPLQDWLRQ�RI�ZDWHU��VRLO��DQG
YHJHWDEOHV� �ZLWK �FRQVHTXHQFH �WKDW �LQFOXGH �OLYHVWRFN
H[SRVXUH� �7KHUH �DUH �QR �GDWD �RQ �RRF\VW �YLDELOLW\ �XQGHU
QDWXUDO�FRQGLWLRQV�DVVRFLDWHG�ZLWK�VOXGJH�DQG�FRPSRVWLQJ
PDWHULDOV��$V�SUHYLRXVO\�GLVFXVVHG��RRF\VWV�FDQ�VXUYLYH�LQ
IHOLG�IHFHV�EXULHG�LQ�VRLO�IRU�DV�ORQJ�DV����PRQWKV�XQGHU
WHPSHUDWXUHV �YDU\LQJ �IURP ��� �WR ���d& ��)UHQNHO �HW �DO��
������ �7KXV� �LQYHVWLJDWLRQV �WDUJHWLQJ �WKH �SUHVHQFH�RI �7�
JRQGLL �RRF\VWV �LQ �FRPSRVW �FRQWDLQLQJ �IHOLG �IHFHV �DUH
HVVHQWLDO�WR�DVVHVV�WKH�SRWHQWLDO�WKUHDW�RI�WKLV�PDWUL[�DV�DQ
H[SRVXUH�YHKLFOH�WR�KXPDQV�DQG�DQLPDOV�

������:HWODQGV

7KHUH�DUH�QR�GDWD�RQ�WKH�DELOLW\�RI�ZHWODQGV�FRQVWUXFWHG
VSHFLILFDOO\�IRU�WUHDWLQJ�ZDVWHZDWHU�WR�UHGXFH�WKH�SUHVHQFH
RI�7��JRQGLL�RRF\VWV�LQ�HIIOXHQW�ZDWHUV��,QYHVWLJDWLRQV�RQ�WKH
DELOLW\�RI�ZHWODQG�KDELWDWV�WR�UHGXFH�RRF\VW�WUDQVSRUW�XQGHU
QDWXUDO �FRQGLWLRQV�KDYH�GHPRQVWUDWHG�WKH�EHQHILFLDO �UROH
WKHVH �V\VWHPV �KDYH �RQ �UHGXFLQJ �GRZQVWUHDP
FRQWDPLQDWLRQ��'HJUDGDWLRQ�RI�HVWXDULQH�ZHWODQGV�KDV�EHHQ
VKRZQ�WR�LQFUHDVH�WKH�IOX[�RI�7��JRQGLL�RRF\VWV�LQ�HIIOXHQW
ZDWHUV�E\���RUGHUV�RI�PDJQLWXGH��ZLWK�ERWK�IORZ�YHORFLW\
DQG�SUHVHQFH�RI �YHJHWDWLRQ�KDYLQJ�VLJQLILFDQW �LPSDFW�RQ
RRF\VW�WUDQVSRUW��6KDSLUR�HW�DO�������D���$GGLWLRQDO�VWXGLHV
HYDOXDWLQJ�WKH�UROH�RI�FRDVWDO�ZHWODQGV�LQ�UHGXFLQJ�7��JRQGLL
FRQWDPLQDWLRQ �KDYH �GHWHUPLQHG �WKDW �LQFUHDVHG �ZDWHU
VDOLQLW\ �DQG �SUHVHQFH �RI �YHJHWDWLRQ �DUH �DVVRFLDWHG �ZLWK
UHGXFHG�RRF\VW�WUDQVSRUW�LQ�HIIOXHQW�ZDWHUV��+RJDQ�HW�DO��
������'DQLHOV�HW�DO���������

������:DVWHZDWHU�7UHDWPHQW

��������3ULPDU\�WUHDWPHQW�ZLWK�ELRFRDJXODQWV

/DUJH�VFDOH�H[SHULPHQWV�WR�LQYHVWLJDWH�DQG�XQGHUVWDQG
7� JRQGLL �GLVWULEXWLRQ �DQG �VXUYLYDO �ZLWKLQ �ZDVWHZDWHU
WUHDWPHQW �IDFLOLWLHV �DQG �ZDWHU �GLVWULEXWLRQ �V\VWHPV
ZRUOGZLGH��LQ�GHYHORSHG�RU�GHYHORSLQJ�FRXQWULHV��KDYH�QRW
EHHQ �UHSRUWHG� �6XFK �H[SHULPHQWV �DUH �HVVHQWLDO �IRU
HYDOXDWLQJ �WKH �DSSOLFDWLRQ �RI �RRF\VW �GHWHFWLRQ �PHWKRGV�
WUDQVSRUW� �YLDELOLW\� �DQG �LQIHFWLYLW\ �RI �WKH �SDUDVLWH
WKURXJKRXW�ZDVWHZDWHU�IDFLOLWLHV��7KHVH�LQYHVWLJDWLRQV�DUH
DOVR �FU L W LFDO � IRU �GHWHUPLQLQJ �HI I LF LHQW �RRF\VW
UHPRYDO�LQDFWLYDWLRQ�VWHSV �WKDW �FRXOG �EH �DGRSWHG�E\ �WKH
ORFDO�ZDVWHZDWHU�SUDFWLFHV��DQG�DFFXUDWHO\�DVVHVVLQJ�ULVN�RI
H[SRVXUH��1HZO\�WDUJHWHG�UHVHDUFK�PLJKW�SURYLGH�VSHFLILF
RSWLRQV�IRU�SUHYHQWLRQ�PHDVXUHV�DYDLODEOH�LQ�GHYHORSHG�DV
ZHOO�DV�GHYHORSLQJ�FRXQWULHV��)RU�H[DPSOH��LQ�GHYHORSLQJ
FRXQWULHV� �ZDVWHZDWHU �WUHDWPHQW �IDFLOLWLHV �KDYH �OLPLWHG
UHVRXUFHV��DQG�WKHUH�LV�FRQWLQRXV�FRQWDPLQDWLRQ�RI�ZDWHU
VRXUFHV �IURP �XQWUHDWHG �RU �SRRUO\ �WUHDWHG �ZDVWHZDWHU
�<RQJDEL��������

,Q�WKLV�FRQWH[W��WKH�XVH�RI�FKHPLFDO�FRDJXODQWV�PD\�EH
OLPLWHG�GXH�WR �FRVW �LQ �PRUH�UHVURXFH�VWUDLQHG�FRXQWULHV�
ZKHUHDV�WKH�XVH�RI�ELRFRDJXODQWV�FDQ�EHFRPH�DQ�DIIRUGDEOH
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DOWHUQDWLYH� �3URPLVLQJ �UHVXOWV �XVLQJ �SRZGHUHG �0RULQJD
ROHLIHUD �VHHGV �DV �DQ �LQWHJUDWHG �ORZ�WHFKQRORJ\
ELRFRDJXODQW�VDQG �ILOWHU �GUXP �IRU �UHPRYDO �RI �7� �JRQGLL
RRF\VWV�KDYH�EHHQ�GHVFULEHG��7HVWV�DW�EHQFK�DQG�SLORW�ILHOG
VFDOH �OHYHOV �LQ �0H]DQ �5LYHU �ZDWHUV �LQ �&DPHURRQ�
6XEVDKDUDQ�$IULFD��<RQJDEL�DQG�.QROO���������PRQLWRUHG�E\
PLFURVFRS\� �IRXQG �HOLPLQDWLRQ �RI �7� �JRQGLL �RRF\VWV�
KRZHYHU��WKH�VWXG\�GLG�QRW�SURYLGH�H[SHULPHQWDO�GDWD�RQ
WKH�LQIHFWLYLW\�RI�RRF\VWV�LQ�WKH�WUHDWHG�ZDWHUV�E\�PHDQV�RI
ELRDVVD\V� �RU �GHILQLWLYH �FRQILUPDWLRQ �RI �WKH �LGHQWLW\ �RI
RRF\VWV�YLD�3&5��<RQJDEL�DQG�.QROO��������

��������&RDJXODWLRQ

7KH�DELOLW\�RI�FRPPRQO\�XVHG�FRDJXODQWV�WR�GHVWDELOL]H
7� JRQGLL�RRF\VWV�KDV�QRW�EHHQ�GHVFULEHG�LQ�WKH�FRQWH[W�RI
ZDVWHZDWHU�RU�GULQNLQJ�ZDWHU�WUHDWPHQW��+RZHYHU�VHYHUDO
VWXGLHV�KDYH�XWLOL]HG�FRDJXODWLRQ�DJHQWV�WR�LPSURYH�RRF\VW
LVRODWLRQ�IRU�GHWHFWLRQ�RI�WKH�SDUDVLWH�LQ�ZDWHU�VRXUFHV��7KH
PRVW�FRPPRQO\�GHVFULEHG�FRDJXODQWV�LQ�WKHVH�VWXGLHV�DUH
IHUURXV �DQG �DOXPLQXP �VXOIDWH ��.RXUHQWL �HW �DO � �
������.RXUHQWL�DQG�.DUDQLV��������.RXUHQWL�DQG�.DUDQLV�
������/DVV�HW�DO�� ��������([SHULPHQWV�WKDW�HYDOXDWHG�WKH
HIILFLHQF\ �RI �WKHVH �WZR�DJHQWV �RQ �UHFRYHU\ �RI �7� �JRQGLL
RRF\VWV�LQ�ZDWHU�KDYH�GHWHUPLQHG�WKDW�DOXPLQXP�VXOIDWH
SURYLGHV�WKH�PRVW�HIILFLHQW�UHFRYHU\�RI�RRF\VWV�ZLWK�XS�WR
��� �RI �VSLNHG �RRF\VWV �UHFRYHUHG �WKURXJK �IORFFXODWLRQ
�.RXUHQWL�HW�DO����������7KLV�VWXG\�IXUWKHU�GHWHUPLQHG�WKDW
7� JRQGLL �RRF\VWV�UHPDLQ�LQIHFWLRXV�IROORZLQJ�IORFFXODWLRQ
ZLWK �FRPPRQ�FRDJXODWLRQ �DJHQWV� �IXUWKHU �GHPRQVWUDWLQJ
WKHLU�DELOLW\�WR�SHUVLVW�WKURXJK�FRPPRQO\�HPSOR\HG�ZDWHU
WUHDWPHQW�SURFHVVHV�

��������)LOWUDWLRQ

6HYHUDO �ILOWUDWLRQ �SURFHVVHV �KDYH �EHHQ �HYDOXDWHG �LQ
VWXGLHV�RSWLPL]LQJ�GHWHFWLRQ�PHWKRGV�IRU�7��JRQGLL�LQ�ZDWHU�
)LOWUDWLRQ�RI�ZDWHU�WKURXJK���eP�SRUH�VL]H�PHPEUDQH�ILOWHUV
�PLFURILOWUDWLRQ��KDV�EHHQ�VKRZQ�WR�UHWDLQ�7��JRQGLL�RRF\VWV
WKDW�ZHUH�VSLNHG�LQWR�IUHVK�RU�PDULQH�ZDWHUV��ZKLFK�FDQ
WKHQ�EH�YLVXDOL]HG�XVLQJ�HSLIOXRUHVFHQW�PLFURVFRS\��6KDSLUR
HW�DO�� �����E�� �7KH�VDPH�VWXG\�VLPXOWDQHRXVO\�HYDOXDWHG
XOWUDILOWUDWLRQ�DQG�FDSVXOH�ILOWUDWLRQ�IRU�UHFRYHU\�RI�RRF\VWV
LQ �VSLNHG �ZDWHU �VDPSOHV �DQG �GHWHUPLQHG �ERWK �ILOWUDWLRQ
PHWKRGV�\LHOGHG�VLPLODU�UHFRYHU\�HIILFLHQFLHV�RI�RRF\VWV�LQ
FRQWDPLQDWHG�WDS��IUHVK��DQG�VHDZDWHU�VDPSOHV��+RZHYHU�
WKH�DELOLW\�RI�GLIIHUHQW�PHPEUDQH�ILOWUDWLRQ�WHFKQLTXHV�WR
UHPRYH �7� �JRQGLL �RRF\VWV �LQ �WKH �FRQWH[W �RI �GULQNLQJ �RU
ZDVWHZDWHU�WUHDWPHQW�KDV�QRW�EHHQ�GHVFULEHG��7KHUH�DUH�QR
GDWD�RQ�WKH�DELOLW\�RI�UHYHUVH�RVPRVLV�ILOWUDWLRQ�WR�UHPRYH�7�
JRQGLL�RRF\VWV�

����'LVLQIHFWLRQ

������&KORULQH�DQG�R]RQH

([SHULPHQWDO�UHVXOWV�HYDOXDWLQJ�WKH�YLDELOLW\�RI�7��JRQGLL
RRF\VWV�IROORZLQJ�H[SRVXUH�WR�VRGLXP�K\SRFKORULWH�RU�R]RQH
LQGLFDWH �WKDW �QHLWKHU �GLVLQIHFWLRQ �VWUDWHJ\ �HIIHFWLYHO\ �RU
UHOLDEO\�LQDFWLYDWHG�RRF\VWV��HYHQ�DW�KLJK�FRQFHQWUDWLRQV��DV
GH W H UP LQHG � E \ �PRXVH � E L R D V V D \ � � V H U R O RJ\ �
LPPXQRKLVWRFKHPLVWU\��DQG�E\�LQ�YLWUR�SDUDVLWH�LVRODWLRQ�

9LDEOH�LQIHFWLRQV�LQ�PLFH�ZHUH�REVHUYHG�HYHQ�DIWHU�H[SRVLQJ
RRF\VWV �WR �KLJK�FRQFHQWUDWLRQV�RI �FKORULQH������PJ�/�RI
FKORULQH� �RU �KLJK �GRVHV �RI �R]RQH ��� �PJ�/� �WUHDWPHQW
�:DLQZULJKW�HW�DO�������E���,Q�FRQWUDVW��LW�ZDV�UHSRUWHG�WKDW
&U\SWRVSRULGXP�SDUYXP�RRF\VWV�DUH�LQDFWLYDWHG��!��ORJ���
IROORZLQJ�H[SRVXUH�WR���RU���PJ��/�RI�R]RQH��)LQFK�HW�DO��
�������'LIIHUHQFHV�LQ�R]RQH�VXVFHSWLELOLW\�EHWZHHQ�7��JRQGLL
DQG�&��SDUYXP�PLJKW�EH�DWWULEXWHG�WR�GLIIHUHQFHV�LQ�RRF\VW
ZDOO�FRPSRVLWLRQ�

([SRVLQJ �FDW �IHFHV �FRQWDLQLQJ �7� �JRQGLL �RRF\VWV �WR
������DTXHRXV�VRGLXP�K\SRFKORULWH�IRU����KU�DOVR�IDLOHG�WR
NLOO�WKH�RRF\VWV��'XEH\�HW�DO����������3XULILHG�RRF\VWV�DOORZ
IRU �LQFUHDVHG �LQWHUDFWLRQ �EHWZHHQ �WKH �FKORULQH �DQG �WKH
RRF\VW� �ZKHUHDV �FKORULQH �UHDFWLQJ �ZLWK �WKH �RUJDQLF
FRPSRQHQWV�RI�WKH�FDW�IHFHV�UHGXFHV�LWV�HIIHFWLYHQHVV��7KH
H[SHULPHQWDO �UHVXOWV �LQGLFDWH �WKDW �7� �JRQGLL �RRF\VWV �LQ
HLWKHU�VHZDJH�RU�GULQNLQJ�ZDWHU�GLVLQIHFWHG�ZLWK�FKORULQH�DW
VWDQGDUG�GRVDJHV��ZLOO�OLNHO\�UHPDLQ�YLDEOH�

7KH�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�WKH�7��JRQGLL�RRF\VW
ZDOO�WKDW�LPSDUW�VXFK�VWURQJ�FKHPLFDO�UHVLVWDQFH�KDYH�EHHQ
LQYHVWLJDWHG �E\ �FRPELQLQJ �ZDOO �VXUIDFH �WUHDWPHQWV�
IOXRUHVFHQFH �LPDJLQJ� �HOHFWURQLF �PLFURVFRS\� �DQG
PHDVXUHPHQWV�RI�LWV�PHFKDQLFDO�FKDUDFWHULVWLFV�E\�DWRPLF
IRUFH �PLFURVFRS\� �5HVXOWV �RQ �HODVWLFLW\ �DQG �LQGHQWDWLRQ
PHDVXUHPHQWV �LQGLFDWHG �WKDW �WKH �RRF\VW �ZDOO �UHVHPEOHV
FRPPRQ�SODVWLF�PDWHULDOV��'XPlWUH�HW�DO����������LPSO\LQJ
WKDW�WKH�RRF\VW�ZDOO�PHFKDQLFV�SOD\�D�NH\�ELRORJLFDO�UROH�LQ
PDLQWDLQLQJ�WKH�LQWHJULW\�RI�WKH�RRF\VWV�LQ�WKH�HQYLURQPHQW
DQG�LPSDUW�UHVLVWDQFH�WR�GLVLQIHFWDQWV�

������,UUDGLDWLRQ�DQG�89�GLVLQIHFWLRQ

7KH�GLVLQIHFWLRQ�HIIHFW�RI�DOID�DQG�JDPPD�LUUDGLDWLRQ�RQ
7� JRQGLL �RRF\VWV �KDV �EHHQ �UHSRUWHG ��'XEH\ �HW �DO��
����F��'XEH\�HW�DO���������'XEH\�HW�DO�������E���9LDELOLW\
ZDV �WHVWHG �LQ �PRXVH �ELRDVVD\V� �ZLWK �DOSKD�LUUDGLDWLRQ
VKRZQ�WR�EH�DQ�HIIHFWLYH�PHDQV�RI�NLOOLQJ�7��JRQGLL�RRF\VWV�
0LFH�LQRFXODWHG�ZLWK�JDPPD�LUUDGLDWHG�RRF\VWV�DW������DQG
�����N*\�ZHUH�SDUWLDOO\�SURWHFWHG�ZKHQ�FKDOOHQJHG�RUDOO\
ZLWK�OHWKDO�GRVHV�RI�QRQ�LUUDGLDWHG�RRF\VWV��'XEH\�HW�DO��
������ �7KH �HIIHFW �RI ����&V �JDPPD�LUUDGLDWLRQ �ZDV �DOVR
LQYHVWLJDWHG�RQ�XQVSRUXODWHG�DQG�VSRUXODWHG�RRF\VWV�LQ�D
PRGHO�V\VWHP�IRU�VWHULOL]DWLRQ�RI�IUXLW �FRQWDPLQDWHG�ZLWK
RWKHU �FRFFLGLD �VXFK �DV �&\FORVSRUD �RU �&U\SWRVSRULGLXP�
8QVSRUXODWHG�RRF\VWV�LUUDGLDWHG�DW�������WR�����N*\�ZHUH
DEOH�WR�VSRUXODWH�EXW�ZHUH�QRW�LQIHFWLYH�WR�PLFH��6SRUXODWHG
RRF\VWV�LUUDGLDWHG�DW�������N*\�ZHUH�DEOH�WR�H[F\VW��DQG
VSRUR]RLWHV�ZHUH�LQIHFWLYH�EXW�QRW�FDSDEOH�RI�HVWDEOLVKLQJ�D
FRQWLQXHG �LQIHFWLRQ �LQ �PLFH� �3DUDVLWHV �ZHUH �GHWHFWHG �LQ
KLVWRORJLF�VHFWLRQV�RI�PLFH�IRU�XS�WR���GD\V�EXW�QRW�DW���GD\V
DIWHU �IHHGLQJ�RRF\VWV �LUUDGLDWHG �DW ���� �N*\� �5DVSEHUULHV
LQRFXODWHG �ZLWK �VSRUXODWHG �7� �JRQGLL �RRF\VWV �EHFDPH
LQQRFXRXV �DIWHU �LUUDGLDWLRQ �DW ���� �N*\ �VXJJHVWLQJ �WKDW
LUUDGLDWLRQ�DW�����N*\�PD\�LQDFWLYDWH�7��JRQGLL�RRF\VWV�RQ
IUXLWV�DQG�YHJHWDEOHV��'XEH\�HW�DO�������F���,Q�FRQFOXVLRQ�
WKHVH�UHVXOWV �VKRXOG�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ� �DV�WKH
DELOLW\ �RI �WKH �SDUDVLWH �WR �LQIHFW �PRXVH �WLVVXHV� �HYHQ �LI
OLPLWHG�LQ�GXUDWLRQ�GXULQJ�WKHVH�H[SHULPHQWV��PD\�VWLOO�KDYH
VHULRXV�KHDOWK�UHSHUFXVVLRQV�LQ�KXPDQV�

([SHULPHQWV�HYDOXDWLQJ�WKH�HIILFDF\�RI�89�UDGLDWLRQ��
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SXOVHG ��389� �DQG �FRQWLQXRXV ��&89� �WUHDWPHQWV �� �WR
LQDFWLYDWH �7� �JRQGLL �RRF\VWV �LQ �ZDWHU �KDYH �\LHOGHG
LQFRQVLVWHQW�UHVXOWV��:DLQZULJKW�HW�DO�������D��'XPHWUH�HW
DO���������:DUH�HW�DO����������,Q�WKHVH�VWXGLHV��VSRUXODWHG
RRF\VWV�ZHUH�H[SRVHG�WR�GLIIHUHQW�89�UDGLDWLRQ�OHYHOV�E\
YDU\LQJ�WKH�H[SRVXUH�WLPH�UDQJLQJ�IURP����P-�FP��WR������
P-�FP���2RF\VW�LQDFWLYDWLRQ�RFFXUUHG�DW�389�GRVHV�DV�ORZ
DV ��� �P-�FP� �DQG �&89 �GRVHV �DV �ORZ �DV ��� �P-�FP��
+RZHYHU� �RRF\VW �LQDFWLYDWLRQ �ZDV �QRW ����� �UHOLDEOH �DW
KLJKHU �GRVHV �RI �89 �DGPLQLVWHUHG �ERWK �E\ �SXOVHG �DQG
FRQWLQXRXV �VRXUFHV� �7KH �VWXG\ �FRQFOXGHG �ZLWK �WKH
UHFRPPHQGDWLRQ �WKDW �D �PLQLPXP�89 �H[SRVXUH �GRVH �RI
������P-�FP��PLJKW�EH�UHTXLUHG�IRU�HLWKHU�389�RU�&89
WUHDWPHQW�RI�ZDWHU�WR�LQFUHDVH�WKH�SUREDELOLW\�RI�FRQVLVWHQW
DQG�FRPSOHWH�RRF\VW�LQDFWLYDWLRQ�DQG�LQGLFDWHG�WKDW�IXUWKHU
LQYHVWLJDWLRQV �RI �89 �WUHDWPHQW �WR �LQDFWLYDWH �7� �JRQGLL
RRF\VWV�VKRXOG�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�89�UDGLDWLRQ�LQ
ZDWHU�ZLWK�GLIIHUHQW�OHYHOV�RI�WXUELGLW\��:DLQZULJKW�HW�DO��
����D��

,Q�FRQWUDVW�WR�WKH�UHVXOWV�UHSRUWHG�E\�:DLQZULJKW�HW�DO��
'XPHWUH�HW�DO���������UHSRUWHG�D���ORJ���LQDFWLYDWLRQ�RI�7�
JRQGLL �RRF\VW �LQIHFWLYLW\ �DW �89 �H[SRVXUH �RI ��� �P-�FP��
&RPSOHPHQWDU\�VWXGLHV�RI�ORJ���LQDFWLYDWLRQ�ZHUH�UHSRUWHG
��:DUH �HW �DO�� ������ �ZLWK �89�H[SRVXUH �UDQJLQJ �IURP��
P-�FP��WR�����P-�FP���89�LUUDGLDWHG�RRF\VW�GLVLQIHFWLRQ
ZDV�HYDOXDWHG�E\�WKUHH�DVVD\V��D�PRXVH�ELRDVVD\��DQ�LQ
YLWUR �7� �JRQGLL �RRF\VW �SODTXH ��723� �DVVD\� �DQG �D
TXDQWLWDWLYH�UHYHUVH�WUDQVFULSWDVH�UHDO�WLPH�3&5��57�T3&5�
DVVD\� �$QLPDO �ELRDVVD\V �VKRZHG �WKDW �� �DQG �� �ORJ��
LQDFWLYDWLRQ�ZDV�DFKLHYHG�ZLWK���P-�FP��89�DQG����P-�FP�
ORZ�SUHVVXUH�89� �UHVSHFWLYHO\� �$XWKRUV �FRQFOXGHG�WKDW ��
ORJ���LQDFWLYDWLRQ�LV�DFKLHYDEOH�DW�D����P-�FP��89�GRVH��DQG
WKDW �LW �LV �DSSOLFDEOH �WR �WKH �ZDWHU �LQGXVWU\� �%HFDXVH
HQYLURQPHQWDO �VDPSOHV�KDYH�QRW �EHHQ�HYDOXDWHG� �VWXGLHV
DUH �QHFHVVDU\ �WR �GHWHUPLQH �WKH �VSHFLILF �89 �GRVDJH �LQ
GULQNLQJ�ZDWHU�DQG�ZDVWHZDWHU�V\VWHPV�WR�UHQGHU�7��JRQGLL
QRQLQIHFWLRXV��:DUH�HW�DO���������
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ZDWHUERUQH�WR[RSODVPRVLV�LQ�QRUWK�5LR�GH�-DQHLUR�VWDWH��%UD]LO��(PHUJLQJ�,QIHFWLRXV�'LVHDVHV�����SS����z���
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&DUGRQD��1�,���0RQFDGD��'�0��DQG�*rPH]�0DUpQ��-�(����������$�UDWLRQDO�DSSURDFK�WR�VHOHFW�LPPXQRJHQLF�SHSWLGHV�WKDW
LQGXFH�,)1��?JDPPD��UHVSRQVH�DJDLQVW�7R[RSODVPD�JRQGLL�LQ�KXPDQ�OHXNRF\WHV��,PPXQRELRORJ\�������SS������z�����

&DUULQJWRQ� �(�*� �������� �(YDOXDWLRQ �RI �6OXGJH �WUHDWPHQWV �IRU �SDWKRJHQ �UHGXFWLRQ �� �)LQDO �5HSRUW� �(XURSHDQ �8QLRQ�
/X[HPERXUJ�

&DUUXWKHUV��9��DQG�%RRWKUR\G��-�&����������3XOOLQJ�WRJHWKHU��DQ�LQWHJUDWHG�PRGHO�RI�7R[RSODVPD�FHOO�LQYDVLRQ��&XUUHQW
RSLQLRQ�LQ�0LFURELRORJ\������SS����z���

&DUUXWKHUV��9�%���*LGGLQJV��2�.��DQG�6LEOH\��/�'����������6HFUHWLRQ�RI�PLFURQHPDO�SURWHLQV�LV�DVVRFLDWHG�ZLWK�WR[RSODVPD
LQYDVLRQ�RI�KRVW�FHOOV��&HOOXODU�0LFURELRORJ\�����SS�����z����
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&DqrQ�)UDQFR��:�$���/rSH]�2UR]FR��1���*rPH]�0DUpQ��-�(��DQG�'XEH\��-�3����������$Q�RYHUYLHZ�RI�VHYHQW\�\HDUV�RI�UHVHDUFK
������������RQ�WR[RSODVPRVLV�LQ�&RORPELD��6RXWK�$PHULFD��3DUDVLWHV�DQG�9HFWRUV�����SS������

&KDWWHUWRQ��-�0�:����������3UHJQDQF\��+XPDQ�7R[RSODVPRVLV���+R�<HQ��'�2��DQG�-RVV��$�:���HG����2[IRUG�8QLYHUVLW\�3UHVV�
SS�����z����

&KHVVXP��%�6����������5HDFWLYDWLRQ�RI�7R[RSODVPD�RRF\VW�SURGXFWLRQ�LQ�WKH�FDW�E\�LQIHFWLRQ�ZLWK�,VRVSRUD�IHOLV��%ULWLVK
9HWHULQDU\�-RXUQDO�������SS����z���

&KWDQRYD��7���6FKDHIIHU��0���+DQ��6�-���YDQ�'RRUHQ��*�*���1ROOPDQQ��0���+HU]PDUN��3��HW�DO����������'\QDPLFV�RI�QHXWURSKLO
PLJUDWLRQ�LQ�O\PSK�QRGHV�GXULQJ�LQIHFWLRQ��,PPXQLW\������SS�����z����

&RQJ��+���0XL��(�-���:LWROD��:�+���6LGQH\��-���$OH[DQGHU��-���6HWWH��$��HW�DO����������7R[RSODVPD�JRQGLL�+/$�%
�����UHVWULFWHG
*5$���������SHSWLGH�ZLWK�DGMXYDQWV�DQG�D�XQLYHUVDO�KHOSHU�7�FHOO�HSLWRSH�HOLFLWV�&'�����7�FHOOV�SURGXFLQJ�LQWHUIHURQ�
�?JDPPD��DQG�UHGXFHV�SDUDVLWH�EXUGHQ�LQ�+/$�%
�����PLFH��+XPDQ�,PPXQRORJ\������SS���z���

&RUWLQD�%RUMD��0���7DQ��+�.���:DOORQ��0���3DXO��0���3UXVD��$���%XIIRODQR��:��HW�DO����������3UHQDWDO�WUHDWPHQW�IRU�VHULRXV
QHXURORJLFDO�VHTXHODH�RI�FRQJHQLWDO�WR[RSODVPRVLV��DQ�REVHUYDWLRQDO�SURVSHFWLYH�FRKRUW�VWXG\��3/R6�0HGLFLQH�����

&RXUUHW��1���'DUFKH��6���6RQLJR��3���0LORQ��*���%X]RQL�*gWHO��'��DQG�7DUGLHX[��,����������&'��F��DQG�&'��E�H[SUHVVLQJ
PRXVH�OHXNRF\WHV�WUDQVSRUW�VLQJOH�7R[RSODVPD�JRQGLL�WDFK\]RLWHV�WR�WKH�EUDLQ��%ORRG�������SS�����z����

&RXWLQKR��6�*���/RER��5��DQG�'XWUD��*����������,VRODWLRQ�RI�7R[RSODVPD�IURP�WKH�VRLO�GXULQJ�DQ�RXWEUHDN�RI�7R[RSODVPRVLV�LQ
D�UXUDO�DUHD�LQ�%UD]LO��-RXUQDO�RI�3DUDVLWRORJ\������SS�����z����

'DEULW]��+�$��DQG�&RQUDG��3�$����������&DWV�DQG�7R[RSODVPD��LPSOLFDWLRQV�IRU�SXEOLF�KHDOWK��=RRQRVHV�DQG�3XEOLF�+HDOWK�
����SS����z���

'DEULW]��+�$���0LOOHU��0�$���$WZLOO��(�5���*DUGQHU��,�$���/HXWHQHJJHU��&�0���0HOOL��$�&��HW�DO����������'HWHFWLRQ�RI�7R[RSODVPD
JRQGLL�OLNH�RRF\VWV�LQ�FDW�IHFHV�DQG�HVWLPDWHV�RI�WKH�HQYLURQPHQWDO�RRF\VW�EXUGHQ��-RXUQDO�RI�WKH�$PHULFDQ�9HWHULQDU\
0HGLFDO�$VVRFLDWLRQ�������SS������z�����

'DQLHOV� �0�(�� �+RJDQ� �-�� �6PLWK� �:�$�� �2DWHV� �6�&�� �0LOOHU� �0�$�� �+DUGLQ� �'� �HW �DO� �������� �(VWLPDWLQJ�HQYLURQPHQWDO
FRQGLWLRQV�DIIHFWLQJ�SURWR]RDO �SDWKRJHQ�UHPRYDO �LQ �VXUIDFH�ZDWHU �ZHWODQG�V\VWHPV�XVLQJ�D�PXOWL�VFDOH� �PRGHO�EDVHG
DSSURDFK��6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW�������SS������z�����

'DUGm��0�/���$M]HQEHUJ��'��DQG�6X��&����������0ROHFXODU�HSLGHPLRORJ\�DQG�SRSXODWLRQ�VWUXFWXUH�RI�7R[RSODVPD�JRQGLL�
7R[RSODVPD�JRQGLL��6HFRQG�(GLWLRQ��7KH�0RGHO�$SLFRPSOH[DQ�3HUVSHFWLYHV�DQG�0HWKRGV��SS����z���

'DWWROL��9�&���9HLJD��5�9���&XQKD��6�6���3RQWHV�GH�&DUYDOKR��/���%DUUHWR��0�/��DQG�$OFgQWDUD�1HYHV��1�0����������2RF\VW
LQJHVWLRQ�DV�DQ�LPSRUWDQW�WUDQVPLVVLRQ�URXWH�RI�7R[RSODVPD�JRQGLL�LQ�%UD]LOLDQ�XUEDQ�FKLOGUHQ��-RXUQDO�RI�3DUDVLWRORJ\�����
SS������z�����

'H�OD�7RUUH��$���*RQ]fOH]�/rSH]��*���0RQWR\D�*XWLmUUH]��-�0���0DUpQ�$UDQJR��9��DQG�*rPH]�0DUpQ��-�(����������4XDOLW\�RI
OLIH�DVVHVVPHQW�LQ�RFXODU�WR[RSODVPRVLV�LQ�D�&RORPELDQ�SRSXODWLRQ��2FXODU�,PPXQRORJ\�DQG�,QIODPPDWLRQ������SS�����z����

'H�OD�7RUUH��$���/rSH]�&DVWLOOR��&�$��DQG�*rPH]�0DUpQ��-�(����������,QFLGHQFH�DQG�FOLQLFDO�FKDUDFWHULVWLFV�LQ�D�&RORPELDQ
FRKRUW�RI�RFXODU�WR[RSODVPRVLV��(\H������SS������z�����

'H�OD�7RUUH��$���/rSH]�&DVWLOOR��&�$���5XHGD��-�&���0DQWLOOD��5�'���*rPH]�0DUpQ��-�(��DQG�$QD\D��-�0����������&OLQLFDO�SDWWHUQV
RI�XYHLWLV�LQ�WZR�RSKWKDOPRORJ\�FHQWUHV�LQ�%RJRWD��&RORPELD��&OLQLFDO�DQG�([SHULPHQWDO�2SKWKDOPRORJ\������SS�����z����

'H�OD�7RUUH��$���6DXHU��$���3IDII��$�:���%RXUFLHU��7���%UXQHW��-���6SHHJ�6FKDW]��&��HW�DO����������6HYHUH�6RXWK�$PHULFDQ�RFXODU
WR[RSODVPRVLV�LV�DVVRFLDWHG�ZLWK�GHFUHDVHG�,IQ��?JDPPD��,O���D�DQG�LQFUHDVHG�,O���,O����LQWUDRFXODU�OHYHOV��3/26�1HJOHFWHG
7URSLFDO�'LVHDVHV�����SS��H�����

'HPLUHO� �(�� �.RORUHQ��=�� �.DUDPDQ��8��DQG�$\D]��(����������,QYHVWLJDWLRQ�RQ�7R[RSODVPD�JRQGLL �E\�SRO\PHUDVH�FKDLQ
UHDFWLRQ�DQG�ORRS�PHGLDWHG�LVRWKHUPDO�DPSOLILFDWLRQ�LQ�ZDWHU�VDPSOHV�IURP�*LUHVXQ��7XUNH\��0LNUREL\RORML�%vOWHQL������SS�
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���z����

GH �0RXUD� �/�� �%DKLD�2OLYHLUD� �/�0�*�� �:DGD� �0�<�� �-RQHV� �-�/�� �7XERL� �6�+�� �&DUPR� �(�+� �HW �DO� �������� �:DWHUERUQH
WR[RSODVPRVLV��%UD]LO��IURP�ILHOG�WR�JHQH��(PHUJLQJ�,QIHFWLRXV�'LVHDVHV������SS�����z����

'HURXLQ� �)�� �3HOORX[� �+� �DQG�� �������� �3UHYHQWLRQ �RI �WR[RSODVPRVLV �LQ �WUDQVSODQW �SDWLHQWV� �&OLQLFDO �0LFURELRORJ\ �DQG
,QIHFWLRQ������SS������z�����

'HVPRQWV� �*�� �&RXYUHXU� �-�� �$OLVRQ� �)�� �%DXGHORW� �-�� �*HUEHDX[� �-� �DQG �/HORQJ� �0� �������� �(SLGHPLRORJLFDO �VWXG\ �RQ
WR[RSODVPRVLV��WKH�LQIOXHQFH�RI�FRRNLQJ�VODXJKWHU�DQLPDO�PHDW�RQ�WKH�LQFLGHQFH�RI�KXPDQ�LQIHFWLRQ��5HYXH�HXURSHHQQH
G
HWXGH�FOLQLTXH�HW�ELRORJLTXH������SS�����z����

GH�6RX]D��:����������0LVH�HQ�mYLGHQFH�HW�VWUXFWXUH�GX�V\VWlPH�PLFURWXEXODLUH�GH�7R[RSODVPD�JRQGLL��&RPSWHV�UHQGXV
KHEGRPDGDLUHV�GHV�VmDQFHV�GH�O
$FDGmPLH�GHV�VFLHQFHV6mULH�'��6FLHQFHV�QDWXUHOOHV�������SS������z�����

GH�6RX]D��:��DQG�6RXWR�3DGUrQ��7����������8OWUDVWUXFWXUDO�ORFDOL]DWLRQ�RI�EDVLF�SURWHLQV�RQ�WKH�FRQRLG��UKRSWULHV�DQG
PLFURQHPHV�RI�7R[RSODVPD�JRQGLL��=�3DUDVLWHQNG������SS�����z����

'LFNHUVRQ��)�%���6WDOOLQJV��&�5���%RURQRZ��-�-���2ULJRQL��$�(��DQG�<RONHQ��5�+����������$�GRXEOH�EOLQG�WULDO�RI�DGMXQFWLYH
D]LWKURP\FLQ�LQ�LQGLYLGXDOV�ZLWK�VFKL]RSKUHQLD�ZKR�DUH�VHURSRVLWLYH�IRU�7R[RSODVPD�JRQGLL��6FKL]RSKUHQLD�5HVHDUFK������
SS�����z����

'L�0DULR��6���%DVHYL��9���*DJOLRWWL��&���6SHWWROL��'���*RUL��*���'
$PLFR��5��HW�DO����������3UHQDWDO�HGXFDWLRQ�IRU�FRQJHQLWDO
WR[RSODVPRVLV��&RFKUDQH�GDWDEDVH�RI�V\VWHPDWLF�UHYLHZV������SS��&'�������

'RPLQJRV��$���,WR��/�6���&RHOKR��(���/uFLR��-�0���0DWLGD��/�+��DQG�-U��$1�5DPRV���������6HURSUHYDOHQFH�RI�7R[RSODVPD
JRQGLL�,J*�DQWLERG\�LQ�+,9�$,'6�LQIHFWHG�LQGLYLGXDOV�LQ�0DSXWR��0R]DPELTXH��5HYLVWD�GH�6DuGH�3uEOLFD������SS�����z����

'XEH\��-�.���0LOOHU��1�/��DQG�)UHQNHO��-�.����������&KDUDFWHUL]DWLRQ�RI�WKH�QHZ�IHFDO�IRUP�RI�7R[RSODVPD�JRQGLL��-RXUQDO�RI
3DUDVLWRORJ\������SS�����z����

'XEH\��-�3����������7R[RSODVPRVLV�RI�$QLPDOV�DQG�+XPDQV��6HFRQG�HG��&5&�3UHVV��/RQGRQ�

'XEH\��-�3����������&RPSDUDWLYH�LQIHFWLYLW\�RI�RRF\VWV�DQG�EUDG\]RLWHV�RI�7R[RSODVPD�JRQGLL�IRU�LQWHUPHGLDWH��PLFH��DQG
GHILQLWLYH��FDWV��KRVWV��9HWHULQDU\�3DUDVLWRORJ\�������SS����z���

'XEH\��-�3����������2RF\VW�VKHGGLQJ�E\�FDWV�IHG�LVRODWHG�EUDG\]RLWHV�DQG�FRPSDULVRQ�RI�LQIHFWLYLW\�RI�EUDG\]RLWHV�RI�WKH�9(*
VWUDLQ�7R[RSODVPD�JRQGLL�WR�FDWV�DQG�PLFH��-RXUQDO�RI�3DUDVLWRORJ\������SS�����z����

'XEH\� �-�3� �������� �7R[RSODVPD�JRQGLL �RRF\VW �VXUYLYDO �XQGHU �GHILQHG�WHPSHUDWXUHV� �-RXUQDO �RI �3DUDVLWRORJ\� ���� �SS�
���z����

'XEH\� �-�3� �������� �$GYDQFHV �LQ �WKH �OLIH �F\FOH �RI �7R[RSODVPD�JRQGLL� �,QWHUQDWLRQDO �-RXUQDO �RI �3DUDVLWRORJ\� ���� �SS�
����z�����

'XEH\��-�3����������7LVVXH�F\VW�WURSLVP�LQ�7R[RSODVPD�JRQGLL��D�FRPSDULVRQ�RI�WLVVXH�F\VW�IRUPDWLRQ�LQ�RUJDQV�RI�FDWV��DQG
URGHQWV�IHG�RRF\VWV��3DUDVLWRORJ\�������SS����z���

'XEH\��-�3����������,QIHFWLYLW\�DQG�SDWKRJHQLFLW\�RI�7R[RSODVPD�JRQGLL�RRF\VWV�IRU�FDWV��-RXUQDO�RI�3DUDVLWRORJ\������SS�
���z����

'XEH\��-�3����������'XUDWLRQ�RI�LPPXQLW\�WR�VKHGGLQJ�RI�7R[RSODVPD�JRQGLL�RRF\VWV�E\�FDWV��-RXUQDO�RI�3DUDVLWRORJ\������SS�
���z����

'XEH\��-�3����������5HVKHGGLQJ�RI�7R[RSODVPD�RRF\VWV�E\�FKURQLFDOO\�LQIHFWHG�FDWV��1DWXUH�������SS�����z����

'XEH\��-�3����������*HQHUDO�%LRORJ\��7R[RSODVPRVLV�RI�$QLPDOV�DQG�+XPDQV��6HFRQG�HG���'XEH\��-�3���HG����&5&�3UHVV��%RFD
5DWRQ��)/�
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'XEH\��-�3��DQG�)UHQNHO��-�.����������)HOLQH�WR[RSODVPRVLV�IURP�DFXWHO\�LQIHFWHG�PLFH�DQG�WKH�GHYHORSPHQW�RI�7R[RSODVPD
F\VWV��-RXUQDO�RI�3URWR]RRORJ\������SS�����z����

'XEH\��-�3��DQG�)UHQNHO��-�.����������,PPXQLW\�WR�IHOLQH�WR[RSODVPRVLV��PRGLILFDWLRQ�E\�DGPLQLVWUDWLRQ�RI�FRUWLFRVWHURLGV�
9HWHULQDU\�3DWKRORJ\������SS�����z����

'XEH\��-�3���-HQNLQV��0�&���7KD\HU��'�:���.ZRN��2�&��DQG�6KHQ��6�.����������.LOOLQJ�RI�7R[RSODVPD�JRQGLL �RRF\VWV�E\
LUUDGLDWLRQ�DQG�SURWHFWLYH�LPPXQLW\ �LQGXFHG�E\�YDFFLQDWLRQ�ZLWK�LUUDGLDWHG�RRF\VWV� �-RXUQDO �RI �3DUDVLWRORJ\� ���� �SS�
���z����

'XEH\��-�3���/DJR��(�*���*HQQDUL��6�0���6X��&��DQG�-RQHV��-�/����������7R[RSODVPRVLV�LQ�KXPDQV�DQG�DQLPDOV�LQ�%UD]LO��KLJK
SUHYDOHQFH��KLJK�EXUGHQ�RI�GLVHDVH��DQG�HSLGHPLRORJ\��3DUDVLWRORJ\�������SS������z�����

'XEH\��-�3���/XQQH\��-�.���6KHQ��6�.��DQG�.ZRN��2�&����������,PPXQLW\�WR�WR[RSODVPRVLV�LQ�SLJV�IHG�LUUDGLDWHG�7R[RSODVPD
JRQGLL�RRF\VWV��-RXUQDO�RI�3DUDVLWRORJ\������SS�����z����

'XEH\��-�3���7KD\HU��'�:���6SHHU��&�$��DQG�6KHQ��6�.����������(IIHFW�RI�JDPPD�LUUDGLDWLRQ�RQ�XQVSRUXODWHG�DQG�VSRUXODWHG
7R[RSODVPD�JRQGLL�RRF\VWV��,QWHUQDWLRQDO�-RXUQDO�RI�3DUDVLWRORJ\������SS�����z����

'XPlWUH��$��DQG�'DUGm��0�/����������'HWHFWLRQ�RI�7R[RSODVPD�JRQGLL�LQ�ZDWHU�E\�DQ�LPPXQRPDJQHWLF�VHSDUDWLRQ�PHWKRG
WDUJHWLQJ�WKH�VSRURF\VWV��3DUDVLWRORJ\�5HVHDUFK�������SS�����z����

'XPlWUH� �$� �DQG�'DUGm��0�/� �������� �,PPXQRPDJQHWLF�VHSDUDWLRQ�RI �7R[RSODVPD�JRQGLL �RRF\VWV�XVLQJ�D�PRQRFORQDO
DQWLERG\�GLUHFWHG�DJDLQVW�WKH�RRF\VW�ZDOO��-RXUQDO�RI�0LFURELRORJLFDO�0HWKRGV������SS�����z����

'XPlWUH� �$� �DQG �'DUGm� �0�/� �������� �+RZ�WR �GHWHFW �7R[RSODVPD�JRQGLL �RRF\VWV �LQ �HQYLURQPHQWDO �VDPSOHV"� �)(06
0LFURELRORJ\�5HYLHZV������SS�����z����

'XPlWUH��$���/H�%UDV��&���%DIIHW��0���0HQHFHXU��3���'XEH\��-�3���'HURXLQ��)��HW�DO����������(IIHFWV�RI�R]RQH�DQG�XOWUDYLROHW
UDGLDWLRQ�WUHDWPHQWV�RQ�WKH�LQIHFWLYLW\�RI�7R[RSODVPD�JRQGLL�RRF\VWV��9HWHULQDU\�3DUDVLWRORJ\�������SS�����z����

'XWUD��0�6���%HOD��6�5���3HL[RWR�5DQJHO��$�/���)DNLROD��0���&UX]��$�*���*D]]LQHOOL��$��HW�DO����������$VVRFLDWLRQ�RI�D�12'�
JHQH�SRO\PRUSKLVP�DQG�7�KHOSHU����FHOOV�ZLWK�SUHVXPHG�RFXODU�WR[RSODVPRVLV��7KH�-RXUQDO�RI�,QIHFWLRXV�'LVHDVHV�������SS�
���z����

(OEH]�5XELQVWHLQ��$���$M]HQEHUJ��'���'DUGm��0�/���&RKHQ��5���'XPlWUH��$���<HUD��+��HW�DO����������&RQJHQLWDO�WR[RSODVPRVLV
DQG�UHLQIHFWLRQ�GXULQJ�SUHJQDQF\��FDVH�UHSRUW��7KH�-RXUQDO�RI�,QIHFWLRXV�'LVHDVHV�������SS�����z����

(OVKHLNKD��+�0���%vVVHOEHUJ��'��DQG�=KX��;�4����������7KH�NQRZQ�DQG�PLVVLQJ�OLQNV�EHWZHHQ�7R[RSODVPD�JRQGLL �DQG
VFKL]RSKUHQLD��0HWDEROLF�%UDLQ�'LVHDVH�

(VPHULQL��3�2���*HQQDUL��6�0��DQG�3HQD��+�)�-����������$QDO\VLV�RI�PDULQH�ELYDOYH�VKHOOILVK�IURP�WKH�ILVK�PDUNHW�LQ�6DQWRV
FLW\��6DR�3DXOR�VWDWH��%UD]LO��IRU�7R[RSODVPD�JRQGLL��9HWHULQDU\�3DUDVLWRORJ\�������SS���z���

)HUJXVRQ� �'�-� �DQG �+XWFKLQVRQ� �:�0� �������� �7KH �KRVW�SDUDVLWH �UHODWLRQVKLS �RI �7R[RSODVPD�JRQGLL �LQ �WKH �EUDLQV �RI
FKURQLFDOO\�LQIHFWHG�PLFH��9LUFKRZV�$UFKLY��(XURSHDQ�-RXUQDO�RI�3DWKRORJ\�������SS����z���

)HUJXVRQ��'�-��DQG�+XWFKLVRQ��:�0����������$Q�XOWUDVWUXFWXUDO�VWXG\�RI�WKH�HDUO\�GHYHORSPHQW�DQG�WLVVXH�F\VW�IRUPDWLRQ�RI
7R[RSODVPD�JRQGLL�LQ�WKH�EUDLQV�RI�PLFH��3DUDVLWRORJ\�5HVHDUFK������SS�����z����

)HUJXVRQ� �'�-�3� �������� �7R[RSODVPD�JRQGLL� ����������� �KRPDJH�WR �1LFROOH� �0DQFHDX[�DQG�6SOHQGRUH� �0HPRULDV �GR
,QVWLWXWR�2VZDOGR�&UX]�������SS�����z����

)LQFK��*�5���%ODFN��(�.���*\vUmN��/��DQG�%HORVHYLF��0����������2]RQH�LQDFWLYDWLRQ�RI�&U\SWRVSRULGLXP�SDUYXP�LQ�GHPDQG�
IUHH�SKRVSKDWH�EXIIHU�GHWHUPLQHG�E\�LQ�YLWUR�H[F\VWDWLRQ�DQG�DQLPDO�LQIHFWLYLW\��$SSOLHG�DQG�(QYLURQPHQWDO�0LFURELRORJ\�
����SS������z�����

)OHJU��-��DQG�+UGw��,����������,QIOXHQFH�RI�FKURQLF�WR[RSODVPRVLV�RQ�VRPH�KXPDQ�SHUVRQDOLW\�IDFWRUV��)ROLD�3DUDVLWRORJLFD�
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����SS�����z����

)RQG��*���%R\HU��/���*DPDQ��$���/DRXDPUL��+���$WWLED��'�����HW�DO����������7UHDWPHQW�ZLWK�DQWL�WR[RSODVPLF�DFWLYLW\��7$7$��IRU
WR[RSODVPD�SRVLWLYH �SDWLHQWV �ZLWK �ELSRODU �GLVRUGHUV �RU �VFKL]RSKUHQLD� �D �FURVV�VHFWLRQDO �VWXG\� �-RXUQDO �RI �3V\FKLDWULF
5HVHDUFK������SS����z���

)RURXWDQ�5DG��0���0DMLGLDQL��+���'DOYDQG��6���'DU\DQL��$���.RRWL��:���6DNL��-��HW�DO����������7R[RSODVPRVLV�LQ�%ORRG�'RQRUV��$
6\VWHPDWLF�5HYLHZ�DQG�0HWD�$QDO\VLV��7UDQVIXVLRQ�0HGLFLQH�5HYLHZV�

)UDQFR��3�6���GD�6LOYD��1�0���%�%DUERVD��GH�)UHLWDV��$�*RPHV��GH�2OLYHLUD��,HWWD��)���6KZDE��(�.��HW�DO����������&DORP\V
FDOORVXV�FKURQLFDOO\�LQIHFWHG�E\�7R[RSODVPD�JRQGLL�FORQDO�W\SH�,,�VWUDLQ�DQG�UHLQIHFWHG�E\�%UD]LOLDQ�VWUDLQV�LV�QRW�DEOH�WR
SUHYHQW�YHUWLFDO�WUDQVPLVVLRQ��)URQWLHUV�LQ�0LFURELRORJ\�����SS������

)UHQNHO��-�.����������7R[RSODVPD�LQ�DQG�DURXQG��%LR6FLHQFH������SS�����z����

)UHQNHO��-�.��DQG�'XEH\��-�3����������(IIHFWV�RI�IUHH]LQJ�RQ�YLDELOLW\�RI�7R[RSODVPD�RRF\VWV��-RXUQDO�RI�3DUDVLWRORJ\������SS�
���z����

)UHQNHO��-�.��DQG�'XEH\��-�3����������7R[RSODVPRVLV�DQG�LWV�SUHYHQWLRQ�LQ�FDWV�DQG�PDQ��7KH�-RXUQDO�RI�,QIHFWLRXV�'LVHDVHV�
�����SS�����z����

)UHQNHO��-�.���+DVVDQHLQ��.�0���+DVVDQHLQ��5�6���%URZQ��(���7KXOOLH]��3��DQG�4XLQWHURQXQH]��5����������7UDQVPLVVLRQ�RI
7R[RSODVPD�JRQGLL�LQ�3DQDPD�&LW\��3DQDPD���$���\HDU�SURVSHFWLYH�FRKRUW�VWXG\�RI�FKLOGUHQ��FDWV��URGHQWV��ELUGV�DQG�VRL�
7KH�$PHULFDQ�-RXUQDO�RI�7URSLFDO�0HGLFLQH�DQG�+\JLHQH������SS�����z����

)UHQNHO��-�.��DQG�5XL]��$����������(QGHPLFLW\�RI�WR[RSODVPRVLV�LQ�&RVWD�5LFD��$PHULFDQ�-RXUQDO�RI�(SLGHPLRORJ\�������SS�
���z����

)UHQNHO��-�.�� �5XL]��$��DQG�&KLQFKLOOD��0����������6RLO �VXUYLYDO�RI�7R[RSODVPD �RRF\VWV�LQ�.DQVDV�DQG�&RVWD�5LFD��7KH
$PHULFDQ�-RXUQDO�RI�7URSLFDO�0HGLFLQH�DQG�+\JLHQH������SS�����z����

)UH\UH��$���'XEH\��-�3���6PLWK��'�'��DQG�)UHQNHO��-�.����������2RF\VW�LQGXFHG�7R[RSODVPD�JRQGLL�LQIHFWLRQV�LQ�FDWV��-RXUQDO
RI�3DUDVLWRORJ\������SS�����z����

)URPRQW��(�*���5LFKH��%��DQG�5DELOORXG��0����������7R[RSODVPD�VHURSUHYDOHQFH�LQ�D�UXUDO�SRSXODWLRQ�LQ�)UDQFH��GHWHFWLRQ�RI
D�KRXVHKROG�HIIHFW��%0&�,QIHFWLRXV�'LVHDVHV�����SS�����

*rPH]�0DUpQ� �-�(�� �'H�OD�7RUUH� �$�� �$QJHO�0XOOHU� �(�� �5XELR� �-�� �$UHQDV� �-�� �2VRULR� �(� �HW �DO� �������� �)LUVW �&RORPELDQ
PXOWLFHQWULF�QHZERUQ�VFUHHQLQJ�IRU�FRQJHQLWDO�WR[RSODVPRVLV��3/26�1HJOHFWHG�7URSLFDO�'LVHDVHV�����SS��H�����

*DOODV�/LQGHPDQQ��&���6RWLULDGRX��,���0DKPRRGL��0�5��DQG�.DUDQLV��3����������'HWHFWLRQ�RI�7R[RSODVPD�JRQGLL�RRF\VWV�LQ
GLIIHUHQW�ZDWHU�UHVRXUFHV�E\�/RRS�0HGLDWHG�,VRWKHUPDO�$PSOLILFDWLRQ��/$03���$FWD�7URSLFD�������SS�����z����

*DYLQHW��0�)�� �5REHUW��)�� �)LUWLRQ��*�� �'HORXYULHU��(�� �+HQQHTXLQ��&���� �HW�DO� ���������&RQJHQLWDO�WR[RSODVPRVLV�GXH�WR
PDWHUQDO�UHLQIHFWLRQ�GXULQJ�SUHJQDQF\��-RXUQDO�RI�&OLQLFDO�0LFURELRORJ\������SS������z�����

*RPH]�0DUpQ��-�� �$OYDUDGR��)���+HUQfQGH]��&���&XHUYR��6��DQG�6DUDLYD��-����������7UDWDPLHQWR�GH�OD�IDVH�DJXGD�GH�OD
WR[RSODVPRVLV�FHUHEUDO�FRQ�FOLQGDPLFLQD���IDOFLGDU��SLULPHWDPLQD���VXOIDGR[LQD��HQ�SDFLHQWHV�LQIHFWDGRV�SRU�9,+��,QIHFWLR����
SS�����z����

*RWWHODQG��&���*LORW�)URPRQW��(���$XEHUW��'���3RXOOH��0�/���'XSXLV��(���'DUGm��0�/��HW�DO����������6SDWLDO�GLVWULEXWLRQ�RI
7R[RSODVPD�JRQGLL�RRF\VWV�LQ�VRLO�LQ�D�UXUDO�DUHD��,QIOXHQFH�RI�FDWV�DQG�ODQG�XVH��9HWHULQDU\�3DUDVLWRORJ\�������SS�����z����

+DDNDQVVRQ��6���&KDUURQ��$�-��DQG�6LEOH\��/�'����������7R[RSODVPD�HYDFXROHV��D�WZR�VWHS�SURFHVV�RI�VHFUHWLRQ�DQG�IXVLRQ
IRUPV�WKH�SDUDVLWRSKRURXV�YDFXROH��(0%2-������SS������z�����

+DOG� �7�� �$VSLQDOO� �:�� �'HYOHHVVFKDXZHU� �%�� �&RRNH� �5�� �&RUULJDQ� �7�� �+DYHODDU� �$�+� �HW �DO� �������� �:RUOG �+HDOWK
2UJDQL]DWLRQ�(VWLPDWHV�RI�WKH�5HODWLYH�&RQWULEXWLRQV�RI�)RRG�WR�WKH�%XUGHQ�RI�'LVHDVH�'XH�WR�6HOHFWHG�)RRGERUQH�+D]DUGV�
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$�6WUXFWXUHG�([SHUW�(OLFLWDWLRQ��3/R6�21(������SS��H��������

+DYHODDU��$�+���+DDJVPD��-�$���0DQJHQ��0�-���.HPPHUHQ��-�0���9HUKRHI��/�3���9LMJHQ��6�0��HW�DO����������'LVHDVH�EXUGHQ�RI
IRRGERUQH�SDWKRJHQV�LQ�WKH�1HWKHUODQGV��������,QWHUQDWLRQDO�-RXUQDO�RI�)RRG�0LFURELRORJ\�������SS�����z����

+HQULTXH]��)�/���:RRGV��6���&RQJ��+���0F/HRG��5��DQG�5REHUWV��&�:����������,PPXQRJHQHWLFV�RI�7R[RSODVPD�JRQGLL�LQIRUPV
YDFFLQH�GHVLJQ��7UHQGV�LQ�3DUDVLWRORJ\������SS�����z����

+HUZDOGW��%�/����������/DERUDWRU\�DFTXLUHG�SDUDVLWLF�LQIHFWLRQV�IURP�DFFLGHQWDO�H[SRVXUHV��&OLQLFDO�0LFURELRORJ\�5HYLHZV�
����SS�����z����

+LOO��'���&RVV��&���'XEH\��-�3���:UREOHZVNL��.���6DXWWHU��0���+RVWHQ��7��HW�DO����������,GHQWLILFDWLRQ�RI�D�VSRUR]RLWH�VSHFLILF
DQWLJHQ�IURP�7R[RSODVPD�JRQGLL��-RXUQDO�RI�3DUDVLWRORJ\������SS�����z����

+RIKXLV��$���9DQ�3HOW��:���YDQ�'X\QKRYHQ��<�7���1LMKXLV��&�'���0ROOHPD��/���YDQ�GHU�.OLV��)�5��HW�DO����������'HFUHDVHG
SUHYDOHQFH�DQG�DJH�VSHFLILF�ULVN�IDFWRUV�IRU�7R[RSODVPD�JRQGLL�,J*�DQWLERGLHV�LQ�7KH�1HWKHUODQGV�EHWZHHQ�����������DQG
�����������(SLGHPLRORJ\�DQG�,QIHFWLRQ�������SS�����z����

+RJDQ��-�1���'DQLHOV��0�(���:DWVRQ��)�*���2DWHV��6�&���0LOOHU��0�$���&RQUDG��3�$��HW�DO����������+\GURORJLF�DQG�9HJHWDWLYH
5HPRYDO�RI�&U\SWRVSRULGLXP�SDUYXP��*LDUGLD�ODPEOLD��DQG�7R[RSODVPD�JRQGLL�6XUURJDWH�0LFURVSKHUHV�LQ�&RDVWDO�:HWODQGV�
$SSOLHG�DQG�(QYLURQPHQWDO�0LFURELRORJ\������SS������z�����

+RKZH\HU��-���&D]HDX[��&���7UDYDLOOm��(���/DQJXHW��(���'XPlWUH��$���$XEHUW��'��HW�DO����������6LPXOWDQHRXV�GHWHFWLRQ�RI�WKH
SURWR]RDQ�SDUDVLWHV�7R[RSODVPD��&U\SWRVSRULGLXP�DQG�*LDUGLD�LQ�IRRG�PDWULFHV�DQG�WKHLU�SHUVLVWHQFH�RQ�EDVLO�OHDYHV��)RRG
0LFURELRORJ\������SS����z���

+ROODQG��*�1����������2FXODU�WR[RSODVPRVLV��WKH�LQIOXHQFH�RI�SDWLHQW�DJH��0HPRULDV�GR�,QVWLWXWR�2VZDOGR�&UX]�������SS�
���z����

+ROODQG� �*�1� �������� �/;�(GZDUG�-DFNVRQ�PHPRULDO �OHFWXUH �� �2FXODU �WR[RSODVPRVLV� �$ �JOREDO �UHDVVHVVPHQW� �3DUW ���
(SLGHPLRORJ\�DQG�FRXUVH�RI�GLVHDVH��$PHULFDQ�-RXUQDO�RI�2SKWKDOPRORJ\�������SS�����z����

+RUDFHN��-���)OHJU��-���7LQWHUD��-���9HUHERYD��.���6SDQLHO��)���1RYDN��7��HW�DO����������/DWHQW�WR[RSODVPRVLV�UHGXFHV�JUD\
PDWWHU�GHQVLW\�LQ�VFKL]RSKUHQLD�EXW�QRW�LQ�FRQWUROV��YR[HO�EDVHG�PRUSKRPHWU\��9%0��VWXG\��:RUOG�-RXUQDO�RI�%LRORJLFDO
3V\FKLDWU\������SS�����z����

+RWRS��$���+ORELO��+��DQG�*URVV��8����������(IILFDF\�RI�UDSLG�WUHDWPHQW�LQLWLDWLRQ�IROORZLQJ�SULPDU\�7R[RSODVPD�JRQGLL
LQIHFWLRQ�GXULQJ�SUHJQDQF\��&OLQLFDO�,QIHFWLRXV�'LVHDVHV������SS������z�����

+RZH��'�.��DQG�6LEOH\��/�'����������7R[RSODVPD�JRQGLL�FRPSULVHV���FORQDO�OLQHDJHV�z�FRUUHODWLQ�RI�SDUDVLWH�JHQRW\SH�ZLWK
KXPDQ��7KH�-RXUQDO�RI�,QIHFWLRXV�'LVHDVHV�������SS������z�����

+XJKHV� �-�0�� �&ROOH\� �'�*�� �/RSH]� �$�� �'LHW]� �9�-�� �:LOVRQ� �0�� �1DYLQ� �7�5� �HW �DO� �������� �3UHYHQWLQJ �&RQJHQLWDO
7R[RSODVPRVLV��0RUELGLW\�DQG�0RUWDOLW\�:HHNO\�5HSRUW��5HFRPPHQGDWLRQV�DQG�5HSRUWV������SS����z���

+XQWHU��&�$��DQG�6LEOH\��/�'����������0RGXODWLRQ�RI�LQQDWH�LPPXQLW\�E\�7R[RSODVPD�JRQGLL�YLUXOHQFH�HIIHFWRUV��1DWXUH
5HYLHZV�0LFURELRORJ\������SS�����z����

,VDDF�5HQWRQ��-���%RZLH��:�5���.LQJ��$���,UZLQ��*�6���2QJ��&�6���)XQJ��&�3��HW�DO����������'HWHFWLRQ�RI�7R[RSODVPD�JRQGLL
RRF\VWV�LQ�GULQNLQJ�ZDWHU��$SSOLHG�DQG�(QYLURQPHQWDO�0LFURELRORJ\������SS������z�����

,WR� �6�� �7VXQRGD� �.�� �7VXWVXPL� �<�� �0DWVXL� �7�� �1LVKLNDZD� �+�� �,LGD� �7� �HW �DO� �������� �'HWHFWLRQ �DQG �FRQILUPDWLRQ �RI
7R[RSODVPD�RRF\VWV�LQ�VRLO��-DSDQHVH�MRXUQDO�RI�9HWHULQDU\�6FLHQFH������SS�����z����

-DFNVRQ��0�+��DQG�+XWFKLQVRQ��:�0����������7KH�SUHYDOHQFH�DQG�VRXUFH�RI�7R[RSODVPD�LQIHFWLRQ�LQ�WKH�HQYLURQPHQW�
$GYDQFHV�LQ�3DUDVLWRORJ\������SS����z����

-DFREV��/����������7KH�LQWHUUHODWLRQ�RI�WR[RSODVPRVLV�LQ�VZLQH��FDWWOH��GRJV��DQG�PDQ��3XEOLF�+HDOWK�5HSRUWV������SS�
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���z����

-DFREV��/��DQG�0HOWRQ��0�/����������7R[RSODVPRVLV�LQ�FKLFNHQV��-RXUQDO�RI�3DUDVLWRORJ\������SS������z�����

-DQVH��-�-���:RQJ��*�:���3RWWV��-���2JRURGRYD��/�0���)HGRURYD��2�6���0DKHVK��3�$��HW�DO����������7KH�DVVRFLDWLRQ�EHWZHHQ
IRRGERUQH�DQG�RURIHFDO�SDWKRJHQV�DQG�DOOHUJLF�VHQVLWLVDWLRQ�z�(XUR3UHYDOO�VWXG\��3HGLDWULF�$OOHUJ\�DQG�,PPXQRORJ\������SS�
���z����

-RKQ� �/�1�� �0F%ULGH� �:�-�� �0LOODQ� �-� �DQG�:LOVRQ� �.� �������� �6HURSUHYDOHQFH�RI �DQWL�7R[RSODVPD�JRQGLL �DQWLERGLHV �LQ
+,9�$,'6�SDWLHQWV�DQG�KHDOWK\�EORRG�GRQRUV�DW�WKH�3RUW�0RUHVE\�*HQHUDO�+RVSLWDO��3DSXD�1HZ�*XLQHD��3DSXD�1HZ�*XLQHD
0HGLFDO�-RXUQDO������SS����z���

-RKQVRQ��&�.���7LQNHU��0�7���(VWHV��-�$���&RQUDG��3�$���6WDHGOHU��0���0LOOHU��0�$��HW�DO����������3UH\�FKRLFH�DQG�KDELWDW�XVH
GULYH�VHD�RWWHU�SDWKRJHQ�H[SRVXUH�LQ�D�UHVRXUFH�OLPLWHG�FRDVWDO�V\VWHP��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV
RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD�������SS������z�����

-RQHV��-�/���%RQHWWL��9���+ROODQG��*�1���3UHVV��&������.KXUDQD��5�1��HW�DO����������2FXODU�WR[RSODVPRVLV�LQ�WKH�8QLWHG�6WDWHV�
UHFHQW�DQG�UHPRWH�LQIHFWLRQV��&OLQLFDO�,QIHFWLRXV�'LVHDVHV������SS�����z����

-RQHV��-�/���'DUJHODV��9���5REHUWV��-���3UHVV��&���5HPLQJWRQ��-�6��DQG�0RQWR\D��-�*����������5LVN�IDFWRUV�IRU�7R[RSODVPD�JRQGLL
LQIHFWLRQ�LQ�WKH�8QLWHG�6WDWHV��&OLQLFDO�,QIHFWLRXV�'LVHDVHV������SS�����z����

-RQHV��-�/��DQG�'XEH\��-�3����������)RRGERUQH�WR[RSODVPRVLV��&OLQLFDO�,QIHFWLRXV�'LVHDVHV������SS�����z����

-RQHV��-�/��DQG�'XEH\��-�3����������:DWHUERUQH�WR[RSODVPRVLVzUHFHQW�GHYHORSPHQWV��([SHULPHQWDO�3DUDVLWRORJ\�������SS�
��z���

-RQHV��-�/���.UXV]RQ�0RUDQ��'���6DQGHUV�/HZLV��.��DQG�:LOVRQ��0����������7R[RSODVPD�JRQGLL�LQIHFWLRQ�LQ�WKH�8QLWHG�6WDWHV�
�����������GHFOLQH�IURP�WKH�SULRU�GHFDGH��7KH�$PHULFDQ�-RXUQDO�RI�7URSLFDO�0HGLFLQH�DQG�+\JLHQH������SS�����z����

-RQHV��-�/���2JXQPRGHGH��)���6FKHIWHO��-���.LUNODQG��(���/RSH]��$���6FKXONLQ��-��HW�DO����������7R[RSODVPRVLV�UHODWHG�NQRZOHGJH
DQG�SUDFWLFHV�DPRQJ�SUHJQDQW�ZRPHQ�LQ�WKH�8QLWHG�6WDWHV��,QIHFWLRXV�'LVHDVHV�LQ�2EVWHWULFV�DQG�*\QHFRORJ\������SS�
���z����

-RQHV��-�/���3DULVH��0�(��DQG�)LRUH��$�(����������1HJOHFWHG�SDUDVLWLF�LQIHFWLRQV�LQ�WKH�8QLWHG�6WDWHV��WR[RSODVPRVLV��7KH
$PHULFDQ�-RXUQDO�RI�7URSLFDO�0HGLFLQH�DQG�+\JLHQH������SS�����z����

-RQJHUW��(���5REHUWV��&�:���*DUJDQR��1���)tUVWHU�:DOGO��(���)tUVWHU�:DOG��(��DQG�3HWHUVHQ��(����������9DFFLQHV�DJDLQVW
7R[RSODVPD�JRQGLL��FKDOOHQJHV�DQG�RSSRUWXQLWLHV��0HPrULDV�GR�,QVWLWXWR�2VZDOGR�&UX]�������SS�����z����

.DUDQLV��3���$OGH\DUEL��+�0���0LUKDVKHPL��0�(��DQG�.KDOLO��.�0����������7KH�LPSDFW�RI�WKH�ZDWHUERUQH�WUDQVPLVVLRQ�RI
7R[RSODVPD�JRQGLL�DQG�DQDO\VLV�HIIRUWV�IRU�ZDWHU�GHWHFWLRQ��DQ�RYHUYLHZ�DQG�XSGDWH��(QYLURQPHQWDO�6FLHQFH�DQG�3ROOXWLRQ
5HVHDUFK�,QWHUQDWLRQDO������SS����z���

.HUDPEUXQ��(���/DGHLUR��0�3���%LJRW�&OLYRW��$���'HGRXUJH�*HIIDUG��2���'XSXLV��(���9LOOHQD��,��HW�DO����������=HEUD�PXVVHO�DV�D
QHZ�WRRO�WR�VKRZ�HYLGHQFH�RI�IUHVKZDWHU�FRQWDPLQDWLRQ�E\�ZDWHUERUQH�7R[RSODVPD�JRQGLL��-RXUQDO�RI�$SSOLHG�0LFURELRORJ\�
�����SS�����z����

.KDQ��$���'XEH\��-�3���6X��&���$MLRND��-�:���5RVHQWKDO��%�0��DQG�6LEOH\��/�'����������*HQHWLF�DQDO\VHV�RI�DW\SLFDO�7R[RSODVPD
JRQGLL�VWUDLQV�UHYHDO�D�IRXUWK�FORQDO�OLQHDJH�LQ�1RUWK�$PHULFD��,QWHUQDWLRQDO�-RXUQDO�RI�3DUDVLWRORJ\������SS�����z����

.KDQ��$�� �7D\ORU��6�� �6X��&�� �6LEOH\��/�'���3DXOVHQ��,� �DQG�$MLRND��-�:����������*HQHWLFV�DQG�*HQRPLF�2UJDQL]DWLRQ�RI
7R[RSODVPD�JRQGLL��7R[RSODVPD��0ROHFXODU�DQG�&HOOXODU�%LRORJ\���$MLRND��-�:��DQG�6ROGDWL��'���HG����+RUL]RQ�%LRVFLHQFH�
:K\PRQGKDP��8.��SS������

.KDQ��,���.KDQ��$�0���$\D]��6���.KDQ��6���$QHHV��0���.KDQ��6�$��HW�DO����������0ROHFXODU�GHWHFWLRQ�RI�7R[RSODVPD�JRQGLL�LQ
ZDWHU�VRUXFHV�RI�GLVWULFW�1RZVKHKUD�.K\EHU�3DNKWXQKZD��3DNLVWDQ��-RXUQDO�RI�7R[LFRORJ\�DQG�(QYLURQPHQWDO�+HDOWK�3DUW�D�
&XUUHQW�,VVXHV������SS�����z����
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.LHIIHU��)���:DOORQ��0���*DUFLD��3���7KXOOLH]��3���3H\URQ��)��DQG�)UDQFN��-����������5LVN�IDFWRUV�IRU�UHWLQRFKRURLGLWLV�GXULQJ�WKH
ILUVW���\HDUV�RI�OLIH�LQ�LQIDQWV�ZLWK�WUHDWHG�FRQJHQLWDO�WR[RSODVPRVLV��7KH�3HGLDWULF�,QIHFWLRXV�'LVHDVH�-RXUQDO������SS����z���

.LMOVWUD��$��DQG�-RQJHUW��(����������
7R[RSODVPD�VDIH�PHDW��FORVH�WR�UHDOLW\"��7UHQGV�LQ�3DUDVLWRORJ\������SS����z���

.LMOVWUD��$��DQG�3HWHUVRQ��(����������(SLGHPLRORJ\��3DWKRSK\VLRORJ\��DQG�WKH�)XWXUH�RI�2FXODU�7R[RSODVPRVLV��2FXODU
,PPXQRORJ\�DQG�,QIODPPDWLRQ������SS�����z����

.RGMLNLDQ� �/�� �+RLJQH� �,�� �$GDP� �2�� �-DFTXLHU� �3�� �$HEL�2FKVQHU� �&�� �$HEL� �&� �HW �DO� �������� �9HUWLFDO �WUDQVPLVVLRQ �RI
WR[RSODVPRVLV�IURP�D�FKURQLFDOO\�LQIHFWHG�LPPXQRFRPSHWHQW�ZRPDQ��7KH�3HGLDWULF�,QIHFWLRXV�'LVHDVH�-RXUQDO������SS�
���z����

.RORUHQ��=��DQG�'HPLUHO��(����������'HWHFWLRQ�RI�7R[RSODVPD�JRQGLL�LQ�7XUNLVK�5LYHU�DQG�'ULQNLQJ�:DWHU�6DPSOHV�E\
'LIIHUHQW�3&5�DQG�/$03�0HWKRGV��&OHDQ�6RLO�$LU�:DWHU������SS�����z����

.RXUHQWL��&���+HFNHURWK��$���7HQWHU��$��DQG�.DUDQLV��3����������'HYHORSPHQW�DQG�DSSOLFDWLRQ�RI�GLIIHUHQW�PHWKRGV�IRU�WKH
GHWHFWLRQ�RI�7R[RSODVPD�JRQGLL�LQ�ZDWHU��$SSOLHG�DQG�(QYLURQPHQWDO�0LFURELRORJ\������SS�����z����

.RXUHQWL��&��DQG�.DUDQLV��3����������(YDOXDWLRQ�DQG�DSSOLFDELOLW\�RI�D�SXULILFDWLRQ�PHWKRG�FRXSOHG�ZLWK�QHVWHG�3&5�IRU�WKH
GHWHFWLRQ�RI�7R[RSODVPD�RRF\VWV�LQ�ZDWHU��/HWWHUV�LQ�$SSOLHG�0LFURELRORJ\������SS�����z����

.RXUHQWL��&��DQG�.DUDQLV��3����������'HYHORSPHQW�RI�D�VHQVLWLYH�SRO\PHUDVH�FKDLQ�UHDFWLRQ�PHWKRG�IRU�WKH�GHWHFWLRQ�RI
7R[RSODVPD�JRQGLL�LQ�ZDWHU��:DWHU�6FLHQFH�DQG�7HFKQRORJ\������SS�����z����

.UXVRU��&���6PLWK��:�$���7LQNHU��0�7���6LOYHU��0���&RQUDG��3�$��DQG�6KDSLUR��.����������&RQFHQWUDWLRQ�DQG�UHWHQWLRQ�RI
7R[RSODVPD�JRQGLL �RRF\VWV�E\�PDULQH�VQDLOV �GHPRQVWUDWH�D�QRYHO �PHFKDQLVP�IRU�WUDQVPLVVLRQ�RI �WHUUHVWULDO �]RRQRWLF
SDWKRJHQV�LQ�FRDVWDO�HFRV\VWHPV��(QYLURQPHQWDO�0LFURELRORJ\�

.XU��-���+ROHF�*DVLRU��/��DQG�+LV]F]\xVND�6DZLFND��(����������&XUUHQW�VWDWXV�RI�WR[RSODVPRVLV�YDFFLQH�GHYHORSPHQW��([SHUW
5HYLHZ�RI�9DFFLQHV�����SS�����z����

/rSH]�&DVWLOOR� �&�$�� �'pD]�5DPLUH]� �-� �DQG�*rPH]�0DUpQ� �-�(� �������� �5LVN�IDFWRUV �IRU �7R[RSODVPD�JRQGLL �LQIHFWLRQ�LQ
SUHJQDQW�ZRPHQ�LQ�$UPHQLD��&RORPELD��5HYLVWD�3DQDPHULFDQD�GH�6DOXG�3uEOLFD�����SS�����z����

/DGDV��,�'���5DOODWRV��&�/���.DQDNL��&�6���'DPDQDNLV��$�*���=DILUDNLV��3�.��DQG�5DOODWRV��*���������3UHVXPHG�FRQJHQLWDO�RFXODU
WR[RSODVPRVLV�LQ�WZR�VXFFHVVLYH�VLEOLQJV��2SWKDOPRORJLFD�������SS�����z����

0�/DGHLUR��3���$XEHUW��'���9LOOHQD��,���*HIIDUG��$��DQG�%LJRW��$����������%LRDFFXPXODWLRQ�RI�KXPDQ�ZDWHUERUQH�SURWR]RD�E\
]HEUD�PXVVHO��'UHLVVHQD�SRO\PRUSKD���LQWHUHVW�IRU�ZDWHU�ELRPRQLWRULQJ��:DWHU�5HVHDUFK������SS�����z����

/DVV��$���3LHWNLHZLF]��+���0RG]HOHZVND��(���'XPlWUH��$���6]RVWDNRZVND��%��DQG�0\MDN��3����������'HWHFWLRQ�RI�7R[RSODVPD
JRQGLL�RRF\VWV�LQ�HQYLURQPHQWDO�VRLO�VDPSOHV�XVLQJ�PROHFXODU�PHWKRGV��(XURSHDQ�-RXUQDO�RI�&OLQLFDO�0LFURELRORJ\�DQG
,QIHFWLRXV�'LVHDVHV������SS�����z����

/DVV� �$�� �3LHWNLHZLF]� �+�� �6]RVWDNRZVND� �%� �DQG�0\MDN� �3� �������� �7KH�ILUVW �GHWHFWLRQ�RI �7R[RSODVPD�JRQGLL �'1$�LQ
HQYLURQPHQWDO�IUXLWV�DQG�YHJHWDEOHV�VDPSOHV��(XURSHDQ�-RXUQDO�RI�&OLQLFDO�0LFURELRORJ\�DQG�,QIHFWLRXV�'LVHDVHV������SS�
����z�����

/HKPDQQ��7���0DUFHW��3�/���*UDKDP��'�+���'DKO��(�5��DQG�'XEH\��-�3����������*OREDOL]DWLRQ�DQG�WKH�SRSXODWLRQ�VWUXFWXUH�RI
7R[RSODVPD �JRQGLL� �3URFHHGLQJV �RI �WKH �1DWLRQDO �$FDGHP\ �RI �6FLHQFHV �RI �WKH �8QLWHG �6WDWHV �RI �$PHULFD� ����� �SS�
�����z������

/HOX��0���9LOOHQD��,���'DUGm��0�/���$XEHUW��'���*HHUV��5���'XSXLV��(��HW�DO����������4XDQWLWDWLYH�(VWLPDWLRQ�RI�WKH�9LDELOLW\�RI
7R[RSODVPD�JRQGLL�2RF\VWV�LQ�6RLO��$SSOLHG�DQG�(QYLURQPHQWDO�0LFURELRORJ\������SS������z�����

/LOO\��(�/��DQG�:RUWKDP��&�'����������+LJK�SUHYDOHQFH�RI�7R[RSODVPD�JRQGLL�RRF\VW�VKHGGLQJ�LQ�VWUD\�DQG�SHW�FDWV��)HOLV
FDWXV��LQ�9LUJLQLD��8QLWHG�6WDWHV��3DUDVLWHV�DQG�9HFWRUV�����SS����
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/LP��+���/HH��6�(���-XQJ��%�.���.LP��0�.���/HH��0�<���1DP��+�:��HW�DO����������6HURORJLF�VXUYH\�RI�WR[RSODVPRVLV�LQ�6HRXO�DQG
-HMX�GR��DQG�D�EULHI�UHYLHZ�RI�LWV�VHURSUHYDOHQFH�LQ�.RUHD��.RUHDQ�-RXUQDO�RI�3DUDVLWRORJ\������SS�����z����

/LQGTXLVW� �+�'�� �%HQQHWW� �-�:�� �+HVWHU� �-�'�� �:DUH� �0�:�� �'XEH\� �-�3� �DQG�(YHUVRQ� �:�9� �������� �$XWRIOXRUHVFHQFH�RI
7R[RSODVPD�JRQGLL�DQG�UHODWHG�FRFFLGLDQ�RRF\VWV��-RXUQDO�RI�3DUDVLWRORJ\������SS�����z����

/LQGVD\��'�6���&ROOLQV��0�9���0LWFKHOO��6�0���:HWFK��&�1���5RV\SDO��$�&���)OLFN��*�-��HW�DO����������6XUYLYDO�RI�7R[RSODVPD
JRQGLL�RRF\VWV�(DVWHUQ�R\VWHUV��&UDVVRVWUHD�YLUJLQLFD���-RXUQDO�RI�3DUDVLWRORJ\������SS������z�����

/LQGVD\��'�6��DQG�'XEH\��-�3����������/RQJ�WHUP�VXUYLYDO�RI�7R[RSODVPD�JRQGLL�VSRUXODWHG�RRF\VWV�LQ�VHDZDWHU��-RXUQDO�RI
3DUDVLWRORJ\������SS������z�����

/LQGVD\��'�6���'XEH\��-�3���%XWOHU��-�0��DQG�%ODJEXUQ��%�/����������0HFKDQLFDO�WUDQVPLVVLRQ�RI�7R[RSODVPD�JRQGLL�RRF\VWV�E\
GRJV��9HWHULQDU\�3DUDVLWRORJ\������SS����z���

/LWR� �'�� �)UDQFLVFR� �7�� �6DOYD� �,�� �7DYDUHV� �0�� �2OLYHLUD� �5� �DQG �1HWR� �0�7� �������� �725&+�VHURORJ\ �DQG �JURXS �%
6WUHSWRFRFFXV�VFUHHQLQJ�DQDO\VLV�LQ�WKH�SRSXODWLRQ�RI�D�PDWHUQLW\��$FWD�0mGLFD�3RUWXJXHVD������SS�����z����

/RUD�6XDUH]��)���5LYHUD��5���7ULYLqR�9DOHQFLD��-��DQG�*rPH]�0DUpQ��-�(����������'HWHFWLRQ�RI�SURWR]RD�LQ�ZDWHU�VDPSOHV�E\
IRUPDOLQ�HWKHU�FRQFHQWUDWLRQ�PHWKRG��:DWHU�5HVHDUFK�������SS�����z����

/RUHQ]L��+���.KDQ��$���%HKQNH��0�6���1DPDVLYD\DP��6���6ZDSQD��/�6���+DGMLWKRPDV��0��HW�DO����������/RFDO�DGPL[WXUH�RI
DPSOLILHG �DQG �GLYHUVLILHG �VHFUHWHG �SDWKRJHQHVLV �GHWHUPLQDQWV �VKDSHV �PRVDLF �7R[RSODVPD �JRQGLL �JHQRPHV� �1DWXUH
&RPPXQLFDWLRQV�����SS��������

0DKPRXGL��0�5���.D]HPL��%���+DJKLJKL��$��DQG�.DUDQLV��3����������'HWHFWLRQ�RI�$FDQWKDPRHED�DQG�7R[RSODVPD�LQ�5LYHU
:DWHU�6DPSOHV�E\�0ROHFXODU�0HWKRGV�LQ�,UDQ��,UDQLDQ�-RXUQDO�RI�3DUDVLWRORJ\������SS�����z����

0DL��.���6KDUPDQ��3�$���:DONHU��5�$���.DWULE��0���6RX]D��'�'���0F&RQYLOOH��0�-��HW�DO����������2RF\VW�ZDOO�IRUPDWLRQ�DQG
FRPSRVLWLRQ�LQ�FRFFLGLDQ�SDUDVLWHV��0HPrULDV�GR�,QVWLWXWR�2VZDOGR�&UX]�������SS�����z����

0DQJLDYDFFKL� �%�0�� �9LHLUD� �)�3�� �%DKLD�2OLYHLUD� �/�0� �DQG �+LOO� �'� �������� �6DOLYDU\ �,J$ �DJDLQVW �VSRUR]RLWH�VSHFLILF
HPEU\RJHQHVLV�UHODWHG�SURWHLQ��7J(53��LQ�WKH�VWXG\�RI�KRUL]RQWDOO\�WUDQVPLWWHG�WR[RSODVPRVLV�YLD�7��JRQGLL�RRF\VWV�LQ
HQGHPLF�VHWWLQJV��(SLGHPLRORJ\�DQG�,QIHFWLRQ��SS���z���

0DUDQJL��0���*LDQJDVSHUR��$���/DFDVHOOD��9���/RQLJUR��$��DQG�*DVVHU��5�%����������0XOWLSOH[�3&5�IRU�WKH�GHWHFWLRQ�DQG
TXDQWLILFDWLRQ�RI�]RRQRWLF�WD[D�RI�*LDUGLD��&U\SWRVSRULGLXP�DQG�7R[RSODVPD�LQ�ZDVWHZDWHU�DQG�PXVVHOV��0ROHFXODU�DQG
&HOOXODU�3UREHV������SS�����z����

0DUFKLRQGR��$�$���'XV]\QVNL��'�:��DQG�0DXSLQ��*�2����������3UHYDOHQFH�RI�DQWLERGLHV�WR�7R[RSODVPD�JRQGLL�LQ�ZLOG�DQG
GRPHVWLF�DQLPDOV�RI�1HZ�0H[LFR��$UL]RQD�DQG�&RORUDGR��-RXUQDO�RI�:LOGOLIH�'LVHDVHV������SS�����z����

0DUWLQR��5���%UHWDJQH��6���5RYLUD��0���8OOPDQQ��$�-���0DHUWHQV��-���+HOG��7��HW�DO����������7R[RSODVPRVLV�DIWHU�KHPDWRSRLHWLF
VWHP�WUDQVSODQWDWLRQ��5HSRUW�RI�D���\HDU�VXUYH\�IURP�WKH�,QIHFWLRXV�'LVHDVHV�:RUNLQJ�3DUW\�RI�WKH�(XURSHDQ�*URXS�IRU
%ORRG�DQG�0DUURZ�7UDQVSODQWDWLRQ��%RQH�0DUURZ�7UDQVSODQW������SS������z�����

0DVFKNH��0���'LHWULFK��8���3UXPEDXP��0���.DVWUXS��2���7XURZVNL��%���6FKDHIHU��8�:��HW�DO����������2SSRUWXQLVWLF�&16
LQIHFWLRQ�DIWHU�ERQH�PDUURZ�WUDQVSODQWDWLRQ��%RQH�0DUURZ�7UDQVSODQW������SS������z�����

0DVVLH��*�1���:DUH��0�:���9LOOHJDV��(�1��DQG�%ODFN��0�:����������8SWDNH�DQG�WUDQVPLVVLRQ�RI�7R[RSODVPD�JRQGLL�RRF\VWV
E\�PLJUDWRU\��ILOWHU�IHHGLQJ�ILVK��9HWHULQDU\�3DUDVLWRORJ\�������SS�����z����

0F/HRG��5���%R\HU��.���.DUULVRQ��7���.DV]D��.���6ZLVKHU��&���5RL]HQ��1��HW�DO����������2XWFRPH�RI�7UHDWPHQW�IRU�&RQJHQLWDO
7R[RSODVPRVLV������z������7KH�1DWLRQDO�&ROODERUDWLYH�&KLFDJR�%DVHG��&RQJHQLWDO�7R[RSODVPRVLV�6WXG\��&OLQLFDO�,QIHFWLRXV
'LVHDVHV������SS������z�����

0F/HRG��5�� �.LHIIHU��)�� �6DXWWHU��0���+RVWHQ��7��DQG�3HOORX[��+����������:K\�SUHYHQW��GLDJQRVH�DQG�WUHDW�FRQJHQLWDO
WR[RSODVPRVLV"��0HP�,QVW�2VZDOGR�&UX]�������SS�����z����
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0HHUEXUJ� �%�*� �DQG�.LMOVWUD� �$� �������� �&KDQJLQJ�FOLPDWH�FKDQJLQJ�SDWKRJHQV� �7R[RSODVPD�JRQGLL �LQ �1RUWK�:HVWHUQ
(XURSH��3DUDVLWRORJ\�5HVHDUFK�������SS����z���

0HLUHOHV� �/�5�� �(NPDQ� �&�&�� �M5� �+)�$QGUDGH�DQG�/XQD� �(�-� �������� �+XPDQ�WR[RSODVPRVLV �RXWEUHDNV�DQG�WKH�DJHQW
LQIHFWLQJ�IRUP��ILQGLQJV�IURP�D�V\VWHPDWLF�UHYLHZ��5HYLVWD�GR�,QVWLWXWR�GH�0HGLFLQD�7URSLFDO�GH�6hR�3DXOR������SS�����z����

0LOOHU� �0�$�� �*ULJJ��0�(�� �.UHXGHU� �&�� �-DPHV��(�5�� �0HOOL� �$�&�� �&URVELH� �3�5��HW�DO� �������� �$Q�XQXVXDO�JHQRW\SH�RI
7R[RSODVPD�JRQGLL�LV�FRPPRQ�LQ�&DOLIRUQLD�VHD�RWWHUV��(QK\GUD�OXWULV�QHUHLV��DQG�LV�D�FDXVH�RI�PRUWDOLW\��,QWHUQDWLRQDO
-RXUQDO�RI�3DUDVLWRORJ\������SS�����z����

0LOOHU��0�$���0LOOHU��:�$���&RQUDG��3�$���-DPHV��(�5���0HOOL��$�&���/HXWHQHJJHU��&�0��HW�DO����������7\SH�;�7R[RSODVPD�JRQGLL
LQ�D�ZLOG�PXVVHO�DQG�WHUUHVWULDO�FDUQLYRUHV�IURP�FRDVWDO�&DOLIRUQLD��1HZ�OLQNDJHV�EHWZHHQ�WHUUHVWULDO�PDPPDOV��UXQRII�DQG
WR[RSODVPRVLV�RI�VHD�RWWHUV��,QWHUQDWLRQDO�-RXUQDO�RI�3DUDVLWRORJ\������SS������z�����

0LOOHU��0�-���$URQVRQ��:�-��DQG�5HPLQJWRQ��-�6����������/DWH�SDUDVLWHPLD�LQ�DV\PSWRPDWLF�DFTXLUHG�WR[RSODVPRVLV��$QQDOV�RI
,QWHUQDO�0HGLFLQH������SS�����z����

0RQWR\D��-�*��DQG�/LHVHQIHOG��2����������7R[RSODVPRVLV��/DQFHW�������SS������z�����

0RXOLQ� �/�� �5LFKDUG� �)�� �6WHIDQLD� �6�� �*RXOHW� �0�� �*RVVHOLQ� �6�� �*RQFDOYHV� �$� �HW �DO� �������� �&RQWULEXWLRQ �RI �WUHDWHG
ZDVWHZDWHU�WR�WKH�PLFURELRORJLFDO�TXDOLW\�RI�6HLQH�5LYHU�LQ�3DULV��:DWHU�5HVHDUFK������SS������z�����

0XQR]�=DQ]L��&�$���)U\��3���/HVLQD��%��DQG�+LOO��'����������7R[RSODVPD�JRQGLL�RRF\VW�VSHFLILF�DQWLERGLHV�DQG�VRXUFH�RI
LQIHFWLRQ��(PHUJLQJ�,QIHFWLRXV�'LVHDVHV������SS������z�����

1DJHO��6�'��DQG�%RRWKUR\G��-�&����������7KH�PDMRU�VXUIDFH�DQWLJHQ��3����RI�7R[RSODVPD�JRQGLL�LV�DQFKRUHG�E\�D�JO\FROLSLG�
-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\�������SS������z�����

1LHGHOPDQ��:���*ROG��'�$���5RVRZVNL��(�(���6SURNKROW��-�.���/LP��'���$�$UHQDV��)��HW�DO����������7KH�UKRSWU\�SURWHLQV�523��
DQG�523��PHGLDWH�7R[RSODVPD�JRQGLL �HYDVLRQ�RI�WKH�PXULQH��EXW�QRW�WKH�KXPDQ��LQWHUIHURQ�JDPPD�UHVSRQVH�����SS�
H��������

2JXQPRGHGH��)���6FKHIWHO��-���-RQHV��-�/��DQG�/\QILHOG��5����������7R[RSODVPRVLV�SUHYHQWLRQ�NQRZOHGJH�DPRQJ�SUHJQDQW
ZRPHQ�LQ�0LQQHVRWD��0LQQHVRWD�0HGLFDO�6ROXWLRQV������SS����z���

2NXVDJD��2���/DQJHQEHUJ��3�� �6OHHPL��$�� �9DVZDQL��'�� �*LHJOLQJ��,�� �+DUWPDQQ��$�0��HW�DO� ���������7R[RSODVPD�JRQGLL
DQWLERG\�WLWHUV�DQG�KLVWRU\�RI�VXLFLGH�DWWHPSWV�LQ�SDWLHQWV�ZLWK�VFKL]RSKUHQLD��6FKL]RSKUHQLD�5HVHDUFK�������SS�����z����

2ODULX��7�5���5HPLQJWRQ��-�6���0F/HRG��5���$ODP��$��DQG�0RQWR\D��-�*����������6HYHUH�FRQJHQLWDO�WR[RSODVPRVLV�LQ�WKH
8QLWHG�6WDWHV� �FOLQLFDO �DQG�VHURORJLF�ILQGLQJV�LQ�XQWUHDWHG�LQIDQWV� �7KH�3HGLDWULF �,QIHFWLRXV�'LVHDVH�-RXUQDO� ���� �SS�
����z�����

2QJ��<�&���5HHVH��0�/��DQG�%RRWKUR\G��-�&����������7R[RSODVPD�UKRSWU\�SURWHLQ�����523����VXEYHUWV�KRVW�IXQFWLRQ�E\�GLUHFW
W\URVLQH�SKRVSKRU\ODWLRQ�RI�67$7���-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\�������SS�������z������

2SVWHHJK��0���.RUWEHHN��7�0���+DYHODDU��$�+��DQG�YDQ�GHU�*LHVVHQ��-�:����������,QWHUYHQWLRQ�VWUDWHJLHV�WR�UHGXFH�KXPDQ
7R[RSODVPD�JRQGLL�GLVHDVH�EXUGHQ��&OLQLFDO�,QIHFWLRXV�'LVHDVHV������SS�����z����

3DSSDV� �*�� �5RXVVRV� �1� �DQG �)DODJDV� �0�(� �������� �7R[RSODVPRVLV �VQDSVKRWV� �JOREDO �VWDWXV �RI �7R[RSODVPD �JRQGLL
VHURSUHYDOHQFH�DQG�LPSOLFDWLRQV�IRU�SUHJQDQF\�DQG�FRQJHQLWDO�WR[RSODVPRVLV��,QWHUQDWLRQDO�-RXUQDO�RI�3DUDVLWRORJ\������SS�
����z�����

3HDUFH��%�'���.UXV]RQ�0RUDQ��'��DQG�-RQHV��-�/����������7KH�UHODWLRQVKLS�EHWZHHQ�7R[RSODVPD�JRQGLL�LQIHFWLRQ�DQG�PRRG
GLVRUGHUV�LQ�WKH�WKLUG�1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�6XUYH\��:RUOG�-RXUQDO�RI�%LRORJLFDO�3V\FKLDWU\������SS�����z����

3HL[H��5�*���%RHFKDW��0�6���5DQJHO��$�/���5RVD��5�)���3HW]O�(UOHU��0�/��DQG�%DKLD�2OLYHLUD��/�0����������6LQJOH�QXFOHRWLGH
SRO\PRUSKLVPV�LQ�WKH�LQWHUIHURQ�JDPPD�JHQH�DUH�DVVRFLDWHG�ZLWK�GLVWLQFW�W\SHV�RI�UHWLQRFKRURLGDO�VFDU�OHVLRQV�SUHVXPDEO\
FDXVHG�E\�7R[RSODVPD�JRQGLL�LQIHFWLRQ��0HPRULDV�GR�,QVWLWXWR�2VZDOGR�&UX]�������SS����z����
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3HL[RWR�5DQJHO��$�/���0LOOHU��(�1���&DVWHOOXFFL��/���-DPLHVRQ��6�(���3HL[H��5�*���(OLDV��/�6��HW�DO����������&DQGLGDWH�JHQH
DQDO\VLV�RI�RFXODU�WR[RSODVPRVLV�LQ�%UD]LO��HYLGHQFH�IRU�D�UROH�IRU�WROO�OLNH�UHFHSWRU����7/5����0HPRULDV�GR�,QVWLWXWR�2VZDOGR
&UX]�������SS������z�����

3HUHERRP��0�7�� �0DQQLoQ� �-�� �6SHOWHQ� �(�5�� �6FKHOOHYLV� �)�*� �DQG�+XWWRQ� �(�.� �������� �2EVHUYDWLRQDO �VWXG\�WR�DVVHVV
SUHJQDQW�ZRPHQ
V�NQRZOHGJH�DQG�EHKDYLRXU�WR�SUHYHQW�WR[RSODVPRVLV��OLVWHULRVLV�DQG�F\WRPHJDORYLUXV��%0&�3UHJQDQF\
&KLOGELUWK������SS�����

3HUHLUD�&KLRFFROD��9�/���9LGDO��-�(��DQG�6X��&����������7R[RSODVPD�JRQGLL�LQIHFWLRQ�DQG�FHUHEUDO�WR[RSODVPRVLV�LQ�+,9�
LQIHFWHG�SDWLHQWV��)XWXUH�0LFURELRORJ\�����SS������z�����

3HWHUVHQ� �(�� �.LMOVWUD� �$� �DQG �6WDQIRUG� �0� �������� �(SLGHPLRORJ\ �RI �RFXODU �WR[RSODVPRVLV� �2FXODU �,PPXQRORJ\ �DQG
,QIODPPDWLRQ������SS����z���

3H\URQ��)���:DOORQ��0���.LHIIHU��)��DQG�*DUZHJ��-����������7R[RSODVPRVLV��5HPLQJWRQ�DQG�.OHLQ
V�,QIHFWLRXV�'LVHDVHV�RI�WKH
)HWXV�DQG�1HZERUQ�,QIDQW���:LOVRQ��&�%���1L]HW��9���0DOGRQDGR��<�$��DQG�.OHLQ��-�2���HG����(OVHYLHU�%9��$PVWHUGDP��SS�
���z�����

3IDII��$�:��DQG�&DQGROIL��(����������1HZ�LQVLJKWV�LQ�WR[RSODVPRVLV�LPPXQRORJ\�GXULQJ�SUHJQDQF\��3HUVSHFWLYH�IRU�YDFFLQH
SUHYHQWLRQ��3DUDVVLWRORJLD������SS����z���

3IDII��$�:���'H�OD�7RUUH��$���5RFKHW��(���%UXQHW��-���6DERX��0���6DXHU��$��HW�DO����������1HZ�FOLQLFDO�DQG�H[SHULPHQWDO�LQVLJKWV
LQWR�2OG�:RUOG�DQG�QHRWURSLFDO�RFXODU�WR[RSODVPRVLV��,QWHUQDWLRQDO�MRXUQDO�IRU�SDUDVLWRORJ\������SS����z����

3L]]L��+�/���5LFR��&�0��DQG�3HVVDW��2�$�1����������+DOOD]JR�GHO�FLFOR�RQWRJHQLFR�VHOYDWLFR�GHO�7R[RSODVPD�JRQGLL�HQ�IHOLGRV
VDOYDJHV��2QFLIHOLV�JHRIUR\L��)HOLV�FRORFROR�\�)HOLV�HLUD��GH�OD�3URYLQFLD�GH�&RUGRED��5HYLVWD�0LOLWDU�GH�YHWHULQDULD��SS�
���z����

3UXVD��$�5���.DVSHU��'�&���3ROODN��$���*OHLVV��$���:DOGKRHU��7��DQG�+D\GH��0����������7KH�$XVWULDQ�7R[RSODVPRVLV�5HJLVWHU�
�����������&OLQLFDO�,QIHFWLRXV�'LVHDVHV������SS��H�zH���

3XVFK��/���5RPHLNH��%���'HFNHUW��0��DQG�0DZULQ��&����������3HUVLVWHQW�WR[RSODVPD�EUDG\]RLWH�F\VWV�LQ�WKH�EUDLQ��LQFLGHQWDO
ILQGLQJ�LQ�DQ�LPPXQRFRPSHWHQW�SDWLHQW�ZLWKRXW�HYLGHQFH�RI�D�WR[RSODVPRVLV��&OLQLFDO�QHXURSDWKRORJ\������SS�����z����

3XWLJQDQL��/���0DQFLQHOOL��/���'HO�&KLHULFR��)���0HQLFKHOOD��'���$GOHUVWHLQ��'���$QJHOLFL��0�&��HW�DO����������,QYHVWLJDWLRQ�RI
7R[RSODVPD�JRQGLL�SUHVHQFH�LQ�IDUPHG�VKHOOILVK�E\�QHVWHG�3&5�DQG�UHDO�WLPH�3&5�IOXRUHVFHQW�DPSOLFRQ�JHQHUDWLRQ�DVVD\
�)/$*���([SHULPHQWDO�3DUDVLWRORJ\�������SS�����z����

5DZDO��%�'����������7R[RSODVPRVLV��D�G\H�WHVW�VXUYH\�RQ�VHUD�IURP�YHJHWDULDQV�DQG�PHDW�HDWHUV�LQ�%RPED\��7UDQVDFWLRQV�RI
WKH�5R\DO�6RFLHW\�RI�7URSLFDO�0HGLFLQH�DQG�+\JLHQH������SS����z���

5HPLQJWRQ��-�6��DQG�&DYDQDXJK��(�1����������,VRODWLRQ�RI�WKH�HQF\VWHG�IRUP�RI�7R[RSODVPD�JRQGLL�IURP�KXPDQ�VNHOHWDO
PXVFOH�DQG�EUDLQ��7KH�1HZ�(QJODQG�-RXUQDO�RI�0HGLFLQH�������SS������z�����

5LEHLUR��/�$���6DQWRV��/�.���%ULWR��3�$���0DFLHO��%�0���'D�6LOYD��$�9��DQG�$OEXTXHUTXH��*�5����������'HWHFWLRQ�RI�7R[RSODVPD
JRQGLL�'1$�LQ�%UD]LOLDQ�R\VWHUV��&UDVVRVWUHD�UKL]RSKRUDH���*HQHWLFV�DQG�0ROHFXODU�5HVHDUFK������SS������z�����

5REHUW�*DQJQHX[� �)� �DQG �'DUGm� �0�/� �������� �(SLGHPLRORJ\ �RI �DQG �GLDJQRVWLF �VWUDWHJLHV �IRU �WR[RSODVPRVLV� �&OLQLFDO
0LFURELRORJ\�5HYLHZV������SS�����z����

5RRV��'�6���&UDZIRUG��0�-���'RQDOG��5�*���.LVVLQJHU��-�&���.OLPF]DN��/�-��DQG�6WULHSHQ��%����������2ULJLQ��WDUJHWLQJ��DQG
IXQFWLRQ�RI�WKH�DSLFRPSOH[DQ�SODVWLG��&XUUHQW�2SLQLRQ�LQ�0LFURELRORJ\�����SS�����z����

5RVVR��)���/HV��-�7���$JXGHOR��$���9LOODORERV��&���&KDYHV��-�$���7XQXEDOD��*�$��HW�DO����������3UHYDOHQFH�RI�LQIHFWLRQ�ZLWK
7R[RSODVPD�JRQGLL�DPRQJ�SUHJQDQW�ZRPHQ�LQ�&DOL��&RORPELD��6RXWK�$PHULFD��7KH�$PHULFDQ�-RXUQDO�RI�7URSLFDO�0HGLFLQH
DQG�+\JLHQH������SS�����z����

5XG]LQVNL��0���0H\HU��$���.KRXU\��0��DQG�&RXWR��&����������,V�UHDFWLYDWLRQ�RI�WR[RSODVPLF�UHWLQRFKRURLGLWLV�DVVRFLDWHG�WR
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LQFUHDVHG�DQQXDO�UDLQIDOO��3DUDVLWH������SS�����

5XL]��$���)UHQNHO��-�.��DQG�&HUGDV��/����������,VRODWLRQ�RI�7R[RSODVPD�IURP�VRLO��-RXUQDO�RI�3DUDVLWRORJ\������SS�����z����

6fQFKH]��9���'H�OD�7RUUH��$��DQG�*rPH]�0DUpQ��-�(����������&KDUDFWHUL]DWLRQ�RI�523���DOOHOHV�LQ�KXPDQ�WR[RSODVPRVLV�
,QWHUQDWLRQDO�-RXUQDO�IRU�3DUDVLWRORJ\������SS�����z����

6DHLM��-�3���%R\OH��-�3���&ROOHU��6���7D\ORU��6���6LEOH\��/�'���%URRNH�3RZHOO��(�7��HW�DO����������3RO\PRUSKLF�VHFUHWHG�NLQDVHV�DUH
NH\�YLUXOHQFH�IDFWRUV�LQ�WR[RSODVPRVLV��6FLHQFH�������SS������z�����

6DJHO��8���0LNRODMF]\N��5�7��DQG�.UiPHU��$����������6HDVRQDO�WUHQGV�LQ�DFXWH�WR[RSODVPRVLV�LQ�SUHJQDQF\�LQ�WKH�IHGHUDO
VWDWH�RI�8SSHU�$XVWULD��&OLQLFDO�0LFURELRORJ\�DQG�,QIHFWLRQ������SS�����z����

6DQWDQD��6�6���*HEULP��/�&���&DUYDOKR��)�5���%DUURV��+�6���%DUURV��3�&���3DMXDED��$�&��HW�DO����������&&S�$�3URWHLQ�IURP
7R[RSODVPD�JRQGLL�DV�D�6HURORJLFDO�0DUNHU�RI�2RF\VW�GULYHQ�,QIHFWLRQV�LQ�+XPDQV�DQG�'RPHVWLF�$QLPDOV��)URQWLHUV�LQ
0LFURELRORJ\�����SS�������

6DQWRV��75�GRV��1XQHV��&�0���/XYL]RWWR��0�&�5���GH�0RXUD��$�%���/RSHV��:�'�=���GD�&RVWD��$�-��HW�DO����������'HWHFWLRQ�RI
7R[RSODVPD�JRQGLL�RRF\VWV�LQ�HQYLURQPHQWDO�VDPSOHV�IURP�SXEOLF�VFKRROV��9HWHULQDU\�3DUDVLWRORJ\�������SS����z���

6FKDUHV� �*�� �=LOOHU� �0�� �+HUUPDQQ��'�&�� �*ORERNDU� �0�9�� �3DQWFKHY� �1� �DQG�&RQUDWKV� �)�-� �������� �6HDVRQDOLW\�LQ�WKH
SURSRUWLRQV�RI�GRPHVWLF�FDWV�VKHGGLQJ�7R[RSODVPD�JRQGLL�RU�+DPPRQGLD�KDPPRQGL�RRF\VWV�LV�DVVRFLDWHG�ZLWK�FOLPDWLF
IDFWRUV��,QWHUQDWLRQDO�-RXUQDO�IRU�3DUDVLWRORJ\������SS�����z����

6KDSLUR��.���&RQUDG��3�$���0D]HW��-�$�.���:DOOHQGHU��:�:���0LOOHU��:�$��DQG�/DUJLHU��-�/����������(IIHFW�RI�HVWXDULQH�ZHWODQG
GHJUDGDWLRQ�RQ�WUDQVSRUW�RI�7R[RSODVPD�JRQGLL�VXUURJDWHV�IURP�ODQG�WR�VHD��$SSOLHG�DQG�(QYLURQPHQWDO�0LFURELRORJ\�����
SS������z�����

6KDSLUR��.���0D]HW��-�$�.���6FKULHZHU��$���:XHUW]��6���)ULW]��+���0LOOHU��:�$��HW�DO����������'HWHFWLRQ�RI�7R[RSODVPD�JRQGLL
RRF\VWV�DQG�VXUURJDWH�PLFURVSKHUHV�LQ�ZDWHU�XVLQJ�XOWUDILOWUDWLRQ�DQG�FDSVXOH�ILOWUDWLRQ��:DWHU�5HVHDUFK������SS�����z����

6KDSLUR��.���9DQ:RUPHU��(���$JXLODU��%��DQG�&RQUDG��3�$����������6XUYHLOODQFH�IRU�7R[RSODVPD�JRQGLL�LQ�&DOLIRUQLD�PXVVHOV
�0\WLOXV�FDOLIRUQLDQXV��UHYHDOV�WUDQVPLVVLRQ�RI�DW\SLFDO�JHQRW\SHV�IURP�ODQG�WR�VHD��(QYLURQPHQWDO�PLFURELRORJ\������SS�
����z�����

6KLEUH��7���$OHP��$���$EGXODKL��$���$UD\D��0���%H\HUR��7���0HGKLQ��*��HW�DO����������7ULPHWKRSULP�DV�DGMXYDQW�WUHDWPHQW�LQ
VFKL]RSKUHQLD��D�GRXEOH�EOLQG��UDQGRPL]HG��SODFHER�FRQWUROOHG�FOLQLFDO�WULDO��6FKL]RSKU�5HV������SS�����z����

6LEOH\��/�'��DQG�$MLRND��-�:����������3RSXODWLRQ�VWUXFWXUH�RI�7R[RSODVPD�JRQGLL��FORQDO�H[SDQVLRQ�GULYHQ�E\�LQIUHTXHQW
UHFRPELQDWLRQ�DQG�VHOHFWLYH�VZHHSV��$QQXDO�5HYLHZ�RI�0LFURELRORJ\������SS�����z����

6OLINR��7�5���6PLWK��+�9��DQG�5RVH��-�%����������(PHUJLQJ�SDUDVLWH�]RRQRVHV�DVVRFLDWHG�ZLWK�ZDWHU�DQG�IRRG��,QWHUQDWLRQDO
-RXUQDO�RI�3DUDVLWRORJ\������SS������z�����

6RWLULDGRX��,��DQG�.DUDQLV��3����������(YDOXDWLRQ�RI�ORRS�PHGLDWHG�LVRWKHUPDO�DPSOLILFDWLRQ�IRU�GHWHFWLRQ�RI�7R[RSODVPD
JRQGLL �LQ�ZDWHU�VDPSOHV�DQG�FRPSDUDWLYH�ILQGLQJV�E\�SRO\PHUDVH�FKDLQ�UHDFWLRQ�DQG�LPPXQRIOXRUHVFHQFH�WHVW��,)7��
'LDJQRVWLF�0LFURELRORJ\�DQG�,QIHFWLRXV�'LVHDVH������SS�����z����

6URND��-���:RMFLN�)DWOD��$��DQG�'XWNLHZLF]��-����������2FFXUUHQFH�RI�7R[RSODVPD�JRQGLL�LQ�ZDWHU�IURP�ZHOOV�ORFDWHG�RQ
IDUPV��$QQDOV�RI�$JULFXOWXUDO�DQG�(QYLURQPHQWDO�0HGLFLQH������SS�����z����

6WDJJV� �6�(�� �.HHO\� �6�3�� �:DUH� �0�:�� �6FKDEOH� �1�� �6HH� �0�-�� �*UHJRULR� �'� �HW �DO� �������� �7KH �GHYHORSPHQW �DQG
LPSOHPHQWDWLRQ�RI�D�PHWKRG�XVLQJ�EOXH�PXVVHOV��0\WLOXV�VSS���DV�ELRVHQWLQHOV�RI�&U\SWRVSRULGLXP�VSS��DQG�7R[RSODVPD
JRQGLL�FRQWDPLQDWLRQ�LQ�PDULQH�DTXDWLF�HQYLURQPHQWV��3DUDVLWRO�5HV�������SS������z�����

6X��&���.KDQ��$���=KRX��3���0DMXPGDU��'���$M]HQEHUJ��'���'DUGm��0��HW�DO����������*OREDOO\�GLYHUVH�7R[RSODVPD�JRQGLL
LVRODWHV�FRPSULVH�VL[�PDMRU�FODGHV�RULJLQDWLQJ�IURP�D�VPDOO�QXPEHU�RI�GLVWLQFW�DQFHVWUDO�OLQHDJHV��3URFHHGLQJV�RI�WKH
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD�����������SS��������GRL����������SQDV������������
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6XOOLYDQ��:�-� �DQG�-HIIHUV��9����������0HFKDQLVPV�RI�7R[RSODVPD�JRQGLL �SHUVLVWHQFH�DQG�ODWHQF\��)(06�0LFURELRORJ\
5HYLHZV������SS�����z����

6X]XNL��<����������,PPXQRSDWKRJHQHVLV�RI�FHUHEUDO�WR[RSODVPRVLV��7KH�-RXUQDO�RI�,QIHFWLRXV�'LVHDVHV������6XSSO��SS�
6���z6����

7DYDOOD��0���2RUPD]GL��+���$NKODJKL��/���6KRMDHH��6���5D]PMRX��(���+DGLJKL��5��HW�DO����������*HQRW\SLQJ�RI�7R[RSODVPD
JRQGLL�,VRODWHV�IURP�6RLO�6DPSOHV�LQ�7HKUDQ��,UDQ��,UDQLDQ�-RXUQDO�RI�3DUDVLWRORJ\�����SS�����z����

7HQWHU��$�0���+HFNHURWK��$�5��DQG�:HLVV��/�0����������7R[RSODVPD�JRQGLL��IURP�DQLPDOV�WR�KXPDQV��-RXUQDO�RI�3DUDVLWRORJ\�
����SS������z�����

7KLmEDXW� �5�� �/HSURXVW� �6�� �&KnQH� �*�� �*LOEHUW� �5� �DQG�� �������� �(IIHFWLYHQHVV �RI �SUHQDWDO �WUHDWPHQW �IRU �FRQJHQLWDO
WR[RSODVPRVLV��D�PHWD�DQDO\VLV�RI�LQGLYLGXDO�SDWLHQWV
�GDWD��/DQFHW�������SS�����z����

7L]DUG��,�5���),VK��$��DQG�4XLQQ��-�3����������6RPH�REVHUYDWLRQV�RQ�WKH�HSLGHPLRORJ\�RI�WR[RSODVPRVLV�LQ�&DQDGD��-RXUQDO�RI
+\JLHQH������SS����z���

7RUJHUVRQ��3�5��DQG�0DVWURLDFRYR��3����������7KH�JOREDO�EXUGHQ�RI�FRQJHQLWDO�WR[RSODVPRVLV��D�V\VWHPDWLF�UHYLHZ��%XOOHWLQ
RI�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ������SS�����z����

7RUUHV�0RUDOHV��(���7DERUGD��/���&DUGRQD��1���'H�OD�7RUUH��$���6HSXOYHGD�$ULDV��-�&���3DWDUUR\R��0�$��HW�DO����������7K��DQG
7K��LPPXQH�UHVSRQVH�WR�3���DQG�523���SHSWLGHV�LQ�KXPDQ�WR[RSODVPRVLV��0HGLFDO�0LFURELRORJ\�DQG�,PPXQRORJ\������
SS�����z����

7RUUH\��(�)��DQG�<RONHQ��5�+����������6FKL]RSKUHQLD�DQG�WR[RSODVPRVLV��6FKL]RSKUHQLD�5HVHDUFK������SS�����z����

7ULYLqR�9DOHQFLD��-���/RUD��)���=XOXDJD��-�'��DQG�*rPH]�0DUpQ��-�(����������'HWHFWLRQ�E\�3&5�RI�SDWKRJHQLF�SURWR]RD�LQ�UDZ
DQG�GULQNDEOH�ZDWHU�VDPSOHV�LQ�&RORPELD��3DUDVLWRORJ\�5HVHDUFK�

8(3$���������7HFKQLFDO�6XSSRUW�GRFXPHQW�IRU�SDWKRJHQ�UHGXFWLRQ�LQ�VHZDJZ�VOXGJH��1DWLRQDO�7HFKQLFDO�,QIRUPDWLRQ
6HUYLFH��6SULQJILHOG��9$�

9DOGlV��9�� �/HJDJQHXU��+�� �:DWULQ��9�� �3DULV� �/��DQG�+DVFRoW� �-�0����������&RQJHQLWDO�WR[RSODVPRVLV�GXH�WR�PDWHUQDO
UHLQIHFWLRQ�GXULQJ�SUHJQDQF\��$UFKLYHV�GH�3mGLDWULH������SS�����z����

9DQ:RUPHU��(���&RQUDG��3�$���0LOOHU��0�$���0HOOL� �$�&���&DUSHQWHU��7�(��DQG�0D]HW��-�$�.����������7R[RSODVPD�JRQGLL�
6RXUFH�WR�6HD��+LJKHU�&RQWULEXWLRQ�RI�'RPHVWLF�)HOLGV�WR�7HUUHVWULDO�3DUDVLWH�/RDGLQJ�'HVSLWH�/RZHU�,QIHFWLRQ�3UHYDOHQFH�
(FRKHDOWK������SS�����z����

9DQ:RUPHU��(���)ULW]��+���6KDSLUR��.���0D]HW��-�$��DQG�&RQUDG��3�$����������0ROHFXOHV�WR�PRGHOLQJ��7R[RSODVPD�JRQGLL
RRF\VWV�DW�WKH�KXPDQ�DQLPDO�HQYLURQPHQW�LQWHUIDFH��&RPSDUDWLYH�,PPXQRORJ\��0LFURELRORJ\�DQG�,QIHFWLRXV�'LVHDVHV�����
SS�����z����

9DQ:RUPHU��(����������7R[RSODVPD�JRQGLL�DW�WKH�KXPDQ�DQLPDO�HQYLURQPHQW�LQWHUIDFH�LQ�FRDVWDO�&DOLIRUQLD��$�2QH�+HDOWK
DSSURDFK �WR �HYDOXDWLQJ �ODQG �WR �VHD �SDWKRJHQ�SROOXWLRQ� �XQSXEOLVKHG �WKHVLV �8QLYHUVLW\ �RI �&DOLIRUQLD� �'DYLV� �GRFWRUDO
GLVVHUWDWLRQ�

9DUJDV�9LOODYLFHQFLR� �-�$�� �%HVQm�0mULGD��$��DQG�&RUUHD��'��������� �9HUWLFDO�WUDQVPLVVLRQ�DQG�IHWDO �GDPDJH�LQ�DQLPDO
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