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%DFNJURXQG��'HUPDWRSK\WRVLV�DFFRXQWV�IRU�WKH�PDMRULW\�RI�IXQJDO�LQIHFWLRQ�
DOO�RYHU�WKH�ZRUOG��7KH�FRQYHQWLRQDO�ODERUDWRU\�PHWKRGV�IRU�LGHQWLILFDWLRQ�RI�
GHUPDWRSK\WHV�DUH�VORZ�DQG�ODFN�VSHFLILFLW\��*HQHWLF�DPSOLILFDWLRQ�KDV�PDGH�UDSLG�
DQG�SUHFLVH�LGHQWLILFDWLRQ�RI�GHUPDWRSK\WHV�SRVVLEOH��:LWK�WKH�LQFUHDVLQJ�YDULHW\�RI�
GUXJV�DYDLODEOH�IRU�WKH�WUHDWPHQW�RI�GHUPDWRSK\WRVLV�DQG�ZLWK�WKH�ODFN�RI�HIIHFWLYH�
DQG�VDIH�DQWLIXQJDO��WKH�QHHG�IRU�D�UHIHUHQFH�PHWKRG�IRU�WHVWLQJ�WKH�DQWLIXQJDO�
VXVFHSWLELOLWLHV�RI�GHUPDWRSK\WHV�KDV�EHFRPH�DSSDUHQW���

$LP�RI�WKH�VWXG\��7KH�FXUUHQW�VWXG\�ZDV�FRQGXFWHG�WR�FRPSDUH�WKH�UDSLG�
GLDJQRVWLF�PROHFXODU�WHFKQLTXH�DUELWUDULO\�SULPHG�SRO\PHUDVH�FKDLQ�UHDFWLRQ��$3�
3&5��ZLWK�WKH�FRQYHQWLRQDO�FXOWXUH�PHWKRG�IRU�LGHQWLILFDWLRQ�RI�WKH�GHUPDWRSK\WH�
IXQJDO�LQIHFWLRQV�RI�KDLU��QDLO�DQG�VNLQ��$OVR�WR�GHWHUPLQH�WKH�DQWLIXQJDO�
VXVFHSWLELOLW\�SDWWHUQ�RI�GLIIHUHQW�GHUPDWRSK\WH�LVRODWHV�WR�7HUELQDILQH��
*ULVHRIXOYLQ��,WUDFRQD]ROH�DQG�.HWRFRQD]ROH�DV�WKH�URXWLQHO\�XVHG�DQWLIXQJDO�
DJHQWV��

�3DWLHQWV�DQG�0HWKRGV��7KH�SUHVHQW�VWXG\�LQFOXGHG�����SDWLHQWV�ZLWK�
GHUPDWRP\FRVLV�RI�WKH�KDLU��VNLQ�DQG�QDLO��7KHLU�DJH�UDQJHG�IURP���WR����\HDUV�
�PHDQ�����������6'���6SHFLPHQV�IURP�WKH�LQIHFWHG�VLWHV�ZHUH�FROOHFWHG�DQG�
VXEMHFWHG�WR�FRQYHQWLRQDO�H[DPLQDWLRQ�E\�GLUHFW��SRWDVVLXP�K\GUR[LGH��.2+�
PLFURVFRSLF�H[DPLQDWLRQ��FXOWXUH�RQ�SULPDU\�DQG�VHOHFWLYH�PHGLD��'HUPDWRSK\WH�
LVRODWHV�ZHUH�LGHQWLILHG�E\�WKHLU�FKDUDFWHULVWLF�PRUSKRORJ\��SK\VLRORJLFDO�WHVWV�DQG�
$3�3&5��$QWLIXQJDO�VXVFHSWLELOLW\�ZDV�WHVWHG�IRU�DOO�LVRODWHV�DFFRUGLQJ�WR�WKH�
1DWLRQDO�&RPPLWWHH�IRU�&OLQLFDO�/DERUDWRU\�6WDQGDUGV�1&&/6�PLFURGLOXWLRQ�
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PHWKRG�0���$�IRU�ILODPHQWRXV�IXQJL�ZLWK�PRGLILFDWLRQV�LQ�WHPSHUDWXUH�DQG�
LQFXEDWLRQ�SHULRG��

�5HVXOWV��2XW�RI�WKH�����FDVHV�ZLWK�ULQJZRUP�LQIHFWLRQ��GHUPDWRSK\WHV�ZHUH�
LVRODWHG�LQ�FXOWXUH�IURP�������RI�VSHFLPHQV�DQG�QRQGHUPDWRSK\WHV�IURP������
7ULFKRSK\WRQ��7��UXEUXP���������ZDV�WKH�PRVW�FRPPRQO\�LVRODWHG�GHUPDWRSK\WH�
IURP�DOO�W\SHV�RI�VNLQ�IXQJDO�LQIHFWLRQ�H[FHSW�WLQHD�FDSLWLV��3���������7��
PHQWDJURSK\WHV�DQG�7��YLRODFHXP�ZHUH�WKH�PDLQ�FDXVHV�RI�WLQHD�FDSLWLV��%\�
JHQRW\SLF�LGHQWLILFDWLRQ��$3�3&5��RI�GHUPDWRSK\WHV��DOO�LVRODWHV�IRUPHG�GLVWLQFW�
'1$�EDQG�SDWWHUQV�RQ�JHO�HOHFWURSKRUHVLV�ZKLFK�ZDV�LQ�DJUHHPHQW�ZLWK�WKH�
FRQYHQWLRQDO�PHWKRGV�LQ�������RI�LVRODWHV��2XW�RI�WKH�HOHYHQ�SKHQRW\SLFDOO\�
LGHQWLILHG�7��PHQWDJURSK\WHV��WZR�RQO\�ZHUH�GLDJQRVHG�WR�WKH�VWUDLQ�OHYHO��WZR�
VWUDLQV�ZHUH�JHQRW\SLFDOO\�LGHQWLILHG�DV�7��UXEUXP�DQG�RQH�DV�7��WRQVXUDQV��$OVR�
WZR�LVRODWHV�RI�7��YLRODFHXP�ZHUH�GLDJQRVHG�E\�3&5�DV�7��VFKRHQOHLQLL��RQH�7��
UXEUXP�ZDV�GLDJQRVHG�DV�7��DMHOORL�DQG�RQH�7��VRXGDQHQVH�DV�7��YLRODFHXP��7KH�
GLUHFW�.2+�H[DPLQDWLRQ�KDG�VHQVLWLYLW\�RI�����DQG�VSHFLILFLW\�RI������7KH�
DQWLIXQJDO�VXVFHSWLELOLW\�SDWWHUQ�RI�WKH�LVRODWHG�GHUPDWRSK\WHV�ZHUH�IRU�WHUELQDILQH�
������������������J�PO��LWUDFRQD]ROH����������������J�PO��NHWRFRQD]ROH�UDQJHG�
IURP�����������������J�PO�DQG�JULVHRIXOYLQ�IURP����������������J�PO��7HUELQDILQH�
ZDV�WKH�PRVW�SRZHUIXO�DQWLP\FRWLF�DQG�7��UXEUXP�KDG�WKH�KLJKHVW���PLQLPDO�
LQKLELWRU\�FRQFHQWUDWLRQ��0,&�YDOXHV�IRU�WKH�IRXU�DQWLIXQJDO�DJHQWV���

&RQFOXVLRQ��7KH�JHQRW\SLF�GLIIHUHQWLDWLRQ�E\�$3�3&5�SURYLGHV�D�UDSLG�DQG�
SUDFWLFDO�WRRO�IRU�LGHQWLILFDWLRQ�RI�GHUPDWRSK\WH�LVRODWHV�WR�WKH�VSHFLHV�DQG�VWUDLQ�
OHYHO�ZLWKLQ�RQH�GD\�WKDW�LV�LQGHSHQGHQW�RI�WKH�FXOWXUH�YDULDWLRQV��7KH�VWDQGDUG�
1&&/6�0���$�EURWK�PLFURGLOXWLRQ�PHWKRG�ZLWK�WKH�PRGLILFDWLRQV�LQ�WHPSHUDWXUH�
DQG�LQFXEDWLRQ�SHULRG�LV�FRQYHQLHQW�IRU�DQWLIXQJDO�VXVFHSWLELOLW\�WHVWLQJ�RI�
GHUPDWRSK\WHV��

,QWURGXFWLRQ�
'HUPDWRSK\WHV�LQIHFWLRQV�RI�WKH�VNLQ�DIIHFWV�D�ODUJH�SURSRUWLRQ�RI�SRSXODWLRQ�

DQG�KDYH�HPHUJHG�DV�LPSRUWDQW�FDXVHV�RI�PRUELGLW\�HVSHFLDOO\�LQ�DJLQJ�SRSXODWLRQ�
DQG�LQ�LPPXQRFRPSURPLVHG�SDWLHQWV��0DULH�HW�DO��������>��@�DQG�2VERUQH�DW�DO���
����>��@���7KHVH�GHUPDWRSK\WHV�DUH�RI�WKH�JHQHUD�0LFURVSRUXP��7ULFKRSK\WRQ�DQG�
(SLGHUPRSK\WRQ��7KH�JHQXV�(SLGHUPRSK\WRQ�LV�UHSUHVHQWHG�E\�D�VLQJOH�SDWKRJHQLF�
VSHFLHV��(��IORFFRVXP���WKH�JHQHUD�0LFURVSRUXP�DQG�7ULFKRSK\WRQ�DUH�FRPSOH[�
DQG�PDGH�RI�PXOWLSOH�VSHFLHV��.RLFKL�HW�DO��������>��@��

)RU�PDQ\�\HDUV�WKH\�ZHUH�DFFXVWRPHG�WR�GLDJQRVH�GHUPDWRSK\WHV�RQ�WKH�EDVLV�
RI�PRUSKRORJLFDO�DQG�ELRFKHPLFDO�FKDUDFWHULVWLFV�E\�XVLQJ�GLUHFW�PLFURVFRSLF�
H[DPLQDWLRQ�DQG�LQ�YLWUR�FXOWXUH��$OWKRXJK�WKH\�DUH�HFRQRPLF��WKHVH�SURFHGXUHV�
VXIIHU�IURP�WKH�GUDZEDFNV�RI�EHLQJ�HLWKHU�VORZ�RU�QRQ�VSHFLILF�VKRZLQJ�IDOVH�
QHJDWLYH�UHVXOWV��+RZHOO�HW�DO��������>��@��$OVR�WKH�DSSOLFDWLRQ�RI�FKHPRWKHUDS\�
KDV�FRQWULEXWHG�WR�WKH�RFFDVLRQDO�PRGLILFDWLRQ�DQG�DOWHUDWLRQ�RI�WKH�PRUSKRORJLFDO�
FKDUDFWHULVWLFV�RI�GHUPDWRSK\WHV�FXOWXUHV�DQG�FRPSOLFDWLQJ�ODERUDWRU\�LGHQWLILFDWLRQ�
SURFHGXUHV�EDVHG�RQ�SKHQRW\SLF�IHDWXUHV��)DJJL�HW�DO��������>��@��

8VLQJ�PROHFXODU�PHWKRGV�IRU�GLIIHUHQWLDWLRQ�EHWZHHQ�WKH�JHQRW\SLF�
FKDUDFWHULVWLFV�RI�WKH�VSHFLHV�RI�GHUPDWRSK\WHV�DUH�PRUH�VSHFLILF��SUHFLVH��UDSLG�DQG�
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DUH�OHVV�OLNHO\�WR�EH�DIIHFWHG�E\�H[WHUQDO�LQIOXHQFHV�VXFK�DV�WHPSHUDWXUH�YDULDWLRQV�
DQG�FKHPRWKHUDS\��7KHVH�PROHFXODU�PHWKRGV��VXFK�DV�UHVWULFWLRQ�IUDJPHQW�OHQJWK�
SRO\PRUSKLVP�DQDO\VLV�RI�PLWRFKRQGULDO�'1$��.DQR�HW�DO��������>��@��VHTXHQFLQJ�
RI�WKH�LQWHUQDO�WUDQVFULEHG�VSDFHU��,76��UHJLRQ�RI�WKH�ULERVRPDO�'1$��VHTXHQFLQJ�
RI�SURWHLQ��HQFRGLQJ�JHQHV��DQG�SRO\PHUDVH�FKDLQ�UHDFWLRQ��3&5���UDQGRP�
DPSOLILFDWLRQ�RI�SRO\PRUSKLF�'1$�>5$3'@��DUELWUDULO\�SULPHG�3&5�>$3�3&5@�
�(OLVDEHWWD�HW�DO��������>��@��DQG�3&5�ILQJHUSULQWLQJ��KDYH�EURXJKW�LPSRUWDQW�
SURJUHVV�LQ�GLVWLQJXLVKLQJ�EHWZHHQ�VSHFLHV�DQG�VWUDLQV��+RZHYHU��PRVW�RI�WKHVH�
WHFKQLTXHV�UHTXLUH�DGGLWLRQDO�PDQLSXODWLRQ�VXFK�UHVWULFWLRQ�HQGRQXFOHDVH�GLJHVWLRQ��
K\EULGL]DWLRQ�RU�VHTXHQFLQJ�DIWHU�DPSOLILFDWLRQ��VR�WKH\�DUH�FRPSOH[��ODERULRXV��
UHODWLYHO\�WLPH�FRQVXPLQJ��DQG�QRW�HDVLO\�HPSOR\DEOH�IRU�URXWLQH�LGHQWLILFDWLRQ�RI�
GHUPDWRSK\WHV��*UDVHU�HW�DO��������>��@��,Q�FRQWUDVW��$3�3&5�WHFKQRORJ\�LV�VLPSOH��
UDSLG�DQG�LQ�WKH�DEVHQFH�RI�VSHFLILF�QXFOHRWLGH�VHTXHQFH�LQIRUPDWLRQ�IRU�PDQ\�
GHUPDWRSK\WH�VSHFLHV��$3�3&5�LV�DEOH�WR�JHQHUDWH�VSHFLHV��VSHFLILF�RU�VWUDLQ�
VSHFLILF�'1$�SRO\PRUSKLVP�RQ�WKH�EDVLV�RI�FKDUDFWHULVWLF�EDQG�SDWWHUQV�GHWHFWHG�
E\�DJDURVH�JHO�HOHFWURSKRUHVLV��)DJJL�HW�DO�������>��@	�%DH]D�DQG�*LDQQLQL��
����>�@���

'HUPDWRSK\WHV�DUH�HXNDU\RWLF�DQG�KDYH�PDFKLQHU\�IRU�SURWHLQ�DQG�QXFOHLF�
DFLG�V\QWKHVLV�VLPLODU�WR�WKDW�RI�KLJKHU�DQLPDOV��,W�LV��WKHUHIRUH��YHU\�GLIILFXOW�WR�ILQG�
RXW�FRPSRXQGV�WKDW�VHOHFWLYHO\�LQKLELW�IXQJDO�PHWDEROLVP�ZLWKRXW�H[KLELWLQJ�DQ\�
WR[LFLW\�WR�KXPDQV��$OVR�WKHUH�LV�HYLGHQFH�WKDW�GHUPDWRSK\WHV�KDYH�DFTXLUHG�
UHVLVWDQFH�WR�FHUWDLQ�DQWLP\FRWLF�GUXJV��6R��ZLWK�WKH�LQFUHDVLQJ�YDULHW\�RI�GUXJV�
DYDLODEOH�IRU�WKH�WUHDWPHQW�RI�GHUPDWRSK\WRVHV�DQG�ZLWK�WKH�ODFN�RI�HIIHFWLYH�DQG�
VDIH�DQWLIXQJDO���WKH�QHHG�IRU�D�UHIHUHQFH�PHWKRG�IRU�WHVWLQJ�RI�DQWLIXQJDO�
VXVFHSWLELOLWLHV�RI�GHUPDWRSK\WHV�KDV�EHFRPH�DSSDUHQW��6XFK�VWDQGDUG�PHWKRG�LV�
QRW�\HW�DYDLODEOH��(VWDEOLVKPHQW�RI�D�UHIHUHQFH�VXVFHSWLELOLW\�WHVWLQJ�PHWKRG�PD\�
DOORZ�WKH�FOLQLFLDQ�WR�VHOHFW�WKH�DSSURSULDWH�WKHUDS\�IRU�WKH�WUHDWPHQW�RI�LQIHFWLRQV�
FDXVHG�E\�GHUPDWRSK\WHV��-HVVXS�HW�DO��������>��@�DQG�$XJXVWLQH�HW�DO�������>�@���

$LP�RI�WKH�6WXG\�
7KH�FXUUHQW�VWXG\�ZDV�FRQGXFWHG�WR�FRPSDUH�WKH�UDSLG�GLDJQRVWLF�PROHFXODU�

WHFKQLTXH�$3�3&5�ZLWK�WKH�FRQYHQWLRQDO�FXOWXUH�PHWKRG�IRU�LGHQWLILFDWLRQ�RI�WKH�
GHUPDWRSK\WH�IXQJDO�LQIHFWLRQV�RI�KDLU��QDLO�DQG�VNLQ��,Q�DGGLWLRQ��WR�GHWHUPLQH�WKH�
DQWLIXQJDO�VXVFHSWLELOLW\�SDWWHUQ�RI�GLIIHUHQW�GHUPDWRSK\WH�LVRODWHV�WR�7HUELQDILQH��
*ULVHRIXOYLQ��,WUDFRQD]ROH�DQG�.HWRFRQD]ROH�DV�WKH�URXWLQHO\�XVHG�DQWLIXQJDO�
DJHQWV��

3DWLHQWV�DQG�0HWKRGV�
7KH�SUHVHQW�VWXG\�ZDV�FRQGXFWHG�RQ�����SDWLHQWV�DWWHQGLQJ�WKH�'HUPDWRORJ\�

2XWSDWLHQW�&OLQLF�RI�$LQ�6KDPV�8QLYHUVLW\�+RVSLWDOV��7KHLU�DJH�UDQJHG�IURP���WR�
���\HDUV��PHDQ�������������6'���7KH\�ZHUH����IHPDOHV�DQG����PDOHV��7KH�SDWLHQWV�
ZHUH�FOLQLFDOO\�GLDJQRVHG�DV�KDYLQJ�WLQHD�FDSLWLV�������WLQHD�FRUSRULV�������WLQHD�
SHGLV�������RQ\FKRP\FRVLV������WLQHD�FUXULV�����DQG�WLQHD�PDQXXP������$OO�SDWLHQWV�
ZHUH�VXEMHFWHG�WR�IXOO�KLVWRU\�WDNLQJ�LQFOXGLQJ�DJH��VH[�DQG�DQWLIXQJDO�WUHDWPHQW��

6SHFLPHQ�FROOHFWLRQ�DQG�SURFHVVLQJ��
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&OLQLFDO�H[DPLQDWLRQ�ZDV�GRQH�WR�GLIIHUHQWLDWH�EHWZHHQ�GLIIHUHQW�W\SHV�RI�ULQJ�
ZRUP�LQIHFWLRQ��6SHFLPHQV�ZHUH�FROOHFWHG�IURP�DOO�SDWLHQWV�DIWHU�GLVLQIHFWLRQ�ZLWK�
����DOFRKRO�DQG�ZHUH�NHSW�LQ�GU\�VWHULOH�FRQWDLQHUV��7KH�FROOHFWHG�VSHFLPHQV�
ZHUH����
���+DLU��VXVSLFLRXVO\�LQIHFWHG�KDLUV�ZHUH�SOXFNHG�ZLWK�IRUFHSV��
���&XWDQHRXV�VNLQ�VFDOHV��VFUDSLQJV�ZHUH�WDNHQ�IURP�WKH�GHILQLWH�HGJH�RI�WKH�OHVLRQV�
ZLWK�VWHULOH�VFDOSHO��
���1DLO��QDLO�HFOLSVHV��VFUDSLQJV�RU�VXEDQJXODU�FXUHWWH��

7KH�VSHFLPHQV�ZHUH�WKHQ�VXEMHFWHG�WR�WKH�IROORZLQJ��0LOQH�������>��@��
�
����'LUHFW�PLFURVFRSLF�H[DPLQDWLRQ�XVLQJ��������.2+�VROXWLRQ�ZLWK�PHWK\OHQH�
EOXH��
����&XOWXUH�RQ��

�D��6DERXUDXG
V�GH[WURVH�DJDU�PHGLXP�ZLWK�FKORUDPSKHQLFRO�
�2[RLG��8�.����
�E��'HUPDVHO�DJDU�PHGLXP�ZLWK�FKORUDPSKHQLFRO�DQG�F\FORKH[LPLGH�
�2[RLG��8�.����

����6XEFXOWXUH�RQ��
�F��3RWDWR�GH[WURVH�DJDU���3'$��ZLWK�FKORUDPSKHQLFRO��2[RLG��8�.����
�G��2DWPHDO�FHUHDO�DJDU�IRU�DQWLIXQJDO�VXVFHSWLELOLW\��6LJPD�&KHPLFDOV�&R���6W���
/RXLV��0R���8�6�$����
�H��3RWDWR�DJDU�VODQWV�IRU�VWRUDJH�RI�GHUPDWRSK\WH�LVRODWHV�DW����R&�XQWLO�WLPH�RI�
XVH��

,GHQWLILFDWLRQ�RI�WKH�IXQJDO�LVRODWHV�ZDV�GRQH�WKURXJK�
���0DFURVFRSLF�H[DPLQDWLRQ�RI�FRORQLHV�RQ�GLIIHUHQW�PHGLD�
���0LFURVFRSLF�H[DPLQDWLRQ�RI�FXOWXUHV��
���3K\VLRORJLFDO�WHVWV�LQFOXGLQJ�XUHDVH�DQG�SLJPHQW�SURGXFWLRQ�WHVWV��
���$UELWUDULO\�SULPHG�SRO\PHUDVH�FKDLQ�UHDFWLRQ��$3�3&5���

$QWLIXQJDO�VXVFHSWLELOLW\�WHVWLQJ�RI�GHUPDWRSK\WH�LVRODWHV��
,W�ZDV�GRQH�DFFRUGLQJ�WR�WKH�VWDQGDUG�PLFURGLOXWLRQ�PHWKRG�IRU�ILODPHQWRXV�

IXQJL�0���$�RI�WKH�1DWLRQDO�&RPPLWWHH�IRU�&OLQLFDO�/DERUDWRU\�6WDQGDUGV�
�1&&/6��������DJDLQVW�IRXU�DQWLIXQJDO�DJHQWV��7HUELQDILQH��*ULVHRIXOYLQ��
,WUDFRQD]ROH�DQG�.HWRFRQD]ROH�ZLWK�VRPH�PRGLILFDWLRQV�DFFRUGLQJ�WR�)DYUH�DQG�
FROOHDJXHV�������>��@��

,��$UELWUDULO\�3ULPHG�3RO\PHUDVH�&KDLQ�5HDFWLRQ��$3�3&5���
3ULQFLSOH��
$UELWUDULO\�SULPHG�3&5�WHFKQLTXH�UHOLHV�RQ�DUELWUDULO\�GHVLJQHG�VHTXHQFHV�RI�

VKRUW�SULPHUV��XVXDOO\����QXFOHRWLGHV�ORQJ��WKDW�DQQHDO�VSHFLILFDOO\�WR�'1$�
WHPSODWHV�LQ�D�WDUJHW�RUJDQLVP��,I�WKHVH�SULPHUV�DQQHDO�WR�WDUJHW�'1$�VHTXHQFHV��
WKH�LQWHUYHQLQJ�VHJPHQWV�WKDW�DUH�SUR[LPDO�HQRXJK�WR�WKHVH�DQQHDOLQJ�VLWHV�ZLOO�EH�
DPSOLILHG�DQG�ZLOO�JHQHUDWH�SURGXFWV�RI�YDULDEOH�PROHFXODU�ZHLJKWV��6XFK�SURGXFWV�
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FDQ�EH�UHVROYHG�E\�DJDURVH�JHO�HOHFWURSKRUHVLV��ZKLFK�ZLOO�GLVSOD\�D�EDQG�SDWWHUQ�
IRU�HDFK�VWUDLQ��7KH�SULPHU�VHTXHQFHV�DUH�GHWHUPLQHG�HPSLULFDOO\��VLQFH�WKH�WDUJHW�
'1$�DUH�XVXDOO\�QRW�NQRZQ�DQG�WKH�HQWLUH�JHQRPH�RI�WKH�RUJDQLVP�VHUYHV�DV�WKH�
WDUJHW�IRU�WKH�VWUDLQ�FRPSDULVRQ�DQG�GLIIHUHQWLDWLRQ��/LX�HW�DO�������D�>��@	�5LOOH\��
����>��@���

3URFHGXUH��
7KH�SURFHGXUH�ZDV�GRQH�DFFRUGLQJ�WR�/LX�HW�DO�������E�>��@��
D�'1$�H[WUDFWLRQ�DQG�SUHFLSLWDWLRQ��
)XQJDO�LVRODWHV�ZHUH�VXEFXOWXUHG�LQ�����PO�RI�6DERXUDXG
V�EURWK��2[RLG��8.��

DQG�LQFXEDWHG�ZLWK�VKDNLQJ�IRU�XS�WR���GD\V�DW�����&��+\SKDO�JURZWK�ZDV�KDUYHVWHG�
E\�ILOWUDWLRQ�DQG�ZDVKHG�WZLFH�ZLWK����PO�RI�VWHULOH�VDOLQH��6WUDLQV��ZKLFK�FRXOG�
QRW�EH�SURFHVVHG�LPPHGLDWHO\��ZHUH�IUR]HQ�DW�����&�SULRU�WR�H[WUDFWLRQ��/LTXLG�
QLWURJHQ�ZDV�DGGHG�WR����J�RI�IUR]HQ�K\SKDH�DQG�WKH�FHOOV�ZHUH�JURXQG�ILQHO\��
$SSUR[LPDWHO\����PJ�RI�IUR]HQ�JURXQG�P\FHOLXP�ZDV�SODFHG�LQ�D�����PO�
PLFURFHQWULIXJH�WXEH��)XQJDO�'1$�ZDV�H[WUDFWHG�IURP�IXQJDO�FHOO�VXVSHQVLRQ�E\�
XVLQJ�WKH�3XUHJHQH�'1$�SXULILFDWLRQ�NLW��VXSSOLHG�E\�*HQWUD�V\VWHP��8�6�$����

E�F'1$�DPSOLILFDWLRQ��
7KH�SULPHU�SDLU�XVHG�IRU�'HUPDWRSK\WH�'1$�DPSOLILFDWLRQ�ZHUH�23$$����

��
�*$*&&&*$&7��
��ZHUH�SUHSDUHG�E\�$%,�$SSOLHG�%LRV\VWHP�����'1$��51$�
V\QWKHVL]HU��86$��

6L[�PLFUROLWHUV�RI�F'1$�ZDV�DGGHG�ZLWK���� O�RI�WKH�SULPHUV�VHQVH�DQG�
DQWLVHQVH����S0��O��WR����O�UHDFWLRQ�PL[WXUH��7KH�UHDFWLRQ�PL[�LQFOXGHG���O�RI���
3&5�EXIIHU����P0�.&O����P0�7ULV�+&O��S+����������P0�0J&O������� 0�G$73��
����� 0�G&73������� 0�G*73������� 0�G873��������8�RI�81*��DQG��8�RI�7DT�
SRO\PHUDVH������O���3URPHJD��86$��DQG�6WHULOH�QXFOHDVH�IUHH�ZDWHU�������O���

$IWHU�LQLWLDO�GHQDWXUDWLRQ�DW����&�IRU���PLQ��WKH�*HQ$PS������WKHUPRF\FOHU�
ZDV�SURJUDPPHG�IRU����F\FOHV�RI�DPSOLILFDWLRQ�DQG�D�ILQDO�H[WHQVLRQ�SHULRG�RI���
PLQ�DW���R&��(DFK�F\FOH�FRQVLVWV�RI��

�GHQDWXUDWLRQ�DW����&�IRU���V��

�DQQHDOLQJ�DW�����&�IRU���V��DQG�

�H[WHQVLRQ�DW����&�IRU���V��

7KH�DPSOLILHG�SURGXFW�ZHUH�WKHQ�VWRUHG�DW�����&���
1HJDWLYH�FRQWURO�RI�VWHULOH�QXFOHDVH�IUHH�ZDWHU�DQG�SRVLWLYH�FRQWURO�RI�

7ULFKRSK\WRQ��7���PHQWDJURSK\WHV�YDU�HULQDFHL�LGHQWLILHG�E\�FRQYHQWLRQDO�PHWKRGV��
ZHUH�LQFOXGHG�LQ�WKH�SURFHGXUH��

F�'HWHFWLRQ�DQG�LQWHUSUHWDWLRQ�RI�WKH�DPSOLILHG�SURGXFWV��
$����ES�'1$�ODGGHU��3KDUPDFLD�%LRWHFK��8�6�$���ZDV�XVHG�DV�D�PROHFXODU�

VL]H�PDUNHU��7HQ�PLFUROLWHUV�RI�WKH�3&5�DPSOLFRQ�ZDV�PL[HG�ZLWK�� O�RI�JHO�
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ORDGLQJ�G\H��3URPHJD��8�6�$���DQG�WKH�PL[WXUH�ZDV�HOHFWURSKRUHVHG�RQ������
DJDURVH�JHO�LQ�7ULV�DFHWDWH�('7$�EXIIHU�DQG�VWDLQHG�ZLWK�HWKLGLXP�EURPLGH�
�$PHUVFR��8�6�$����7KH�JHO�ZDV�YLHZHG�XQGHU�XOWUDYLROHW�OLJKW�DQG�SKRWRJUDSKV�
ZHUH�WDNHQ��7KH�KLJK�LQWHQVLW\�EDQGV�SURGXFHG�E\�$3�3&5�IRU�HDFK�LVRODWH�DQG�WKH�
SRVLWLYH�FRQWURO�ZHUH�FRPSDUHG�ZLWK�WKH�EDQGV�RI�WKH�'1$�ODGGHU��ILJXUH�����

� �
)LJ����$JDURVH�JHO�HOHFWURSKRUHVLV�RI�3&5�SURGXFWV�RI�WKH�DPSOLILHG�
'HUPDWRSK\WHV�'1$�
�
/DQH��$	%������ES�'1$�ODGGHU�
/DQH��$��7��YHUUXFRVXP�����ES�
/DQH��$��0��FDQLV�����������������ES�
/DQH��$��0��FDQLV�����������������ES�
/DQH��$��7��UXEUXP����������������������ES�
/DQH��$��QHJDWLYH�FRQWURO�
/DQH��%��7��PHQWDJURSK\WHV�YDU��HULQDFHL�����������ES�
/DQH��%��7��DMHOORL����������������ES�
/DQH�%��(��IORFFRVXP�����ES��

7KH�LGHQWLILFDWLRQ�DQG�GLIIHUHQWLDWLRQ�RI�WKH����LVRODWHV�ZHUH�GRQH�E\�
FRPSDULQJ�WKH�PROHFXODU�VL]H�RI�WKH�'1$�EDQGV��ES��RI�WKH�DPSOLILHG�DUELWUDULO\�
SULPHG�3&5�SURGXFWV�ZLWK�WKDW�SHUIRUPHG�E\�/LX�HW�DO�������E�>��@�DQG�ZLWK�WKH�
FXOWXUH�UHVXOWV��7DEOH�����VKRZV�WKH�H[DPLQDWLRQ�RI�WKH�'1$�SURGXFWV�IURP�
GHUPDWRSK\WH�IXQJL�E\�$3�3&5��

��
�
�
�
�
�
�
�
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�

'HUPDWRSK\WH�VSHFLHV�DQG�
YDULHWLHV�

1XPEHU�WHVWHG�
'1$�SURGXFWV��ES��

REWDLQHG�ZLWK�UDQGRP�
SULPHU�23$$���

7��UXEUXP� ��� ���������������������
7��YLRODFHXP� �� ����������������������
7��PHQWDJURSK\WHV�YDU��
PHQWDJURSK\WHV� �� �����������
7��VFKRHQOHLQLL� �� ����������
0��DXGRXLQLL� �� �����������������
0��FDQLV� �� ����������������
0��IHUUXJLQHXP� �� �����������
7��WRQVXUDQV� �� ����������������
(��IORFFRVXP� �� ����
7��PHQWDJURSK\WHV�YDU��
LQWHUGLJLWDOH� �� �����������������

7��PHQWDJURSK\WHV�YDU��HULQDFHL� �� ����������
7��DMHOORL� �� ���������������
7��YHUUXFRVXP� �� ����

7DEOH������([DPLQDWLRQ�RI�'1$�SURGXFWV�IURP�GHUPDWRSK\WH�IXQJL�E\�$3�
3&5�REWDLQHG�E\�23$$���SULPHU��/LX�HW�DO�������E�>��@��

,,��$QWLIXQJDO�6XVFHSWLELOLW\�7HVWLQJ�RI�'HUPDWRSK\WH�LVRODWHV���1&&/6��
�������

$�VWDQGDUG�PHWKRG�IRU�DQWLIXQJDO�VXVFHSWLELOLW\�WHVWLQJ�RI�'HUPDWRSK\WHV�LV�
QRW�\HW�DYDLODEOH��PDLQO\�WKH�1&&/6��0���$��VWDQGDUG�PHWKRG�IRU�FRQLGLXP�
IRUPLQJ�ILODPHQWRXV�IXQJL�ZDV�IROORZHG�ZLWK�VRPH�PRGLILFDWLRQV�UHFRPPHQGHG�E\�
)DYUH�HW�DO���������>��@�VXFK�DV�FKDQJLQJ�WHPSHUDWXUH�DQG�LQFXEDWLRQ�WLPH��

D��$QWLIXQJDO�DJHQWV���
7HUELQDILQH��1RYDUWLV�3KDUPD��%DVHO��6ZLW]HUODQG���*ULVHRIXOYLQ��3KDUFR�

3KDUPDFHXWLFDO��$OH[DQGULD���,WUDFRQD]ROH�DQG�.HWRFRQD]ROH��-DQVVHQ��&LODJ�
%HHUVH��%HOJLXP��ZHUH�XVHG�LQ�WKLV�VWXG\��

6WRFN�VROXWLRQV�RI�7HUELQDILQH��,WUDFRQD]ROH�DQG�.HWRFRQD]ROH�ZHUH�SUHSDUHG�
E\�GLVVROYLQJ����J�RI�HDFK�DQWLIXQJDO�LQ���PO�RI������GLPHWK\O�VXOIR[LGH�
�'062���6LJPD�FKHPLFDOV�&R���6W��/RXLV��0R���8�6�$���LQ�VHSDUDWH�WXEHV�WR�JHW�D�
FRQFHQWUDWLRQ�RI������J�PO��)RU�WHUELQDILQH����7ZHHQ����ZDV�DGGHG�WR�WKH������
'602��:KLOH�D�VWRFN�VROXWLRQ�RI�*ULVHRIXOYLQ�ZDV�SUHSDUHG�E\�GLVVROYLQJ����J�LQ�
��PO�RI������'062�WR�JHW�D�FRQFHQWUDWLRQ�RI������J�PO��6WRFN�VROXWLRQV�ZHUH�
NHSW�IUR]HQ�LQ��PO�DOLTXRWV�DW����R&��

$�ZRUNLQJ�VROXWLRQ�RI�HDFK�DQWLELRWLF�ZDV�SUHSDUHG�E\�GLOXWLQJ������O�RI�WKH�
VWRFN�VROXWLRQ�LQ������O�RI�530,������PHGLXP�FRQWDLQLQJ�/�JOXWDPLQH�DQG�
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�����0�PRUSKROLQH�SURSDQH�VXOIRQLF�DFLG��0236��ZLWKRXW�ELFDUERQDWH��*,%&2�
%5/��/LIH�7HFKQRORJLHV��3DLVOH\��6FRWODQG��WR�JHW�D�FRQFHQWUDWLRQ�RI����J�PO�IRU�
7HUELQDILQH��,WUDFRQD]ROH�DQG�.HWRFRQD]ROH�DQG�����J�PO�IRU�*ULVHRIXOYLQ��

E��4XDOLW\�&RQWURO�6WUDLQV��
&DQGLGD�SDUDSVLORVLV�$7&&��������7KH�$PHULFDQ�7\SH�&XOWXUH�&ROOHFWLRQ�

�$7&&���5RFNYLOOH��0G��ZDV�XVHG�DV�TXDOLW\�FRQWURO�VWUDLQ�WR�WHVW�IRU�WKH�XVHG�
DQWLIXQJDO�GUXJV��$FFRUGLQJ�WR�1&&/6�0���$�VWDQGDUG�PHWKRG��������IRU�
DQWLIXQJDO�VXVFHSWLELOLW\�RI�\HDVW��WKH�UHIHUHQFH�0,&�UDQJH�IRU�&��SDUDSVLORVLV�LV�
����������J�PO�IRU�ERWK�LWUDFRQD]ROH�DQG�NHWRFRQD]ROH�DIWHU���K�LQFXEDWLRQ��-HVVXS�
HW�DO��������>��@��5HIHUHQFH�VWUDLQ�ZDV�JURZQ�LQ���PO�EUDLQ�KHDUW�LQIXVLRQ�EURWK�
�'LIFR��DW���R&�RYHUQLJKW��7KH�VXVSHQVLRQ�ZDV�GLOXWHG�WZR�IROGV�ZLWK�EUDLQ�KHDUW�
LQIXVLRQ�EURWK�FRQWDLQLQJ�����JO\FHURO��6LJPD���GLVSHQVHG�LQ�VFUHZ�FDSSHG�WXEHV��
VHDOHG�DQG�VWRUHG�DW����R&��7KH�UHIHUHQFH�VWUDLQ�ZDV�WHVWHG�ZLWK�HYHU\�EDWFK�RI�
DQWLIXQJDO�VXVFHSWLELOLW\�RI�WKH�LVRODWHG�VSHFLHV��*XSWD�DQG�.RKOL�������>��@��

F��3UHSDUDWLRQ�RI�WKH�PLFURGLOXWLRQ�SODWHV��
R�6HULDO�WZR�IROG�GLOXWLRQ�RI�WKH�DQWLIXQJDO�DJHQWV�ZHUH�SUHSDUHG�ZLWK�530,�

�����PHGLXP��7KH�ILQDO�FRQFHQWUDWLRQV�RI�WKH�DQWLIXQJDO�DJHQWV�UDQJHG�IURP����WR�
������IRU�*ULVHRIXOYLQ�DQG�IURP����WR������J�PO�IRU�,WUDFRQD]ROH��7HUELQDILQH�DQG�
.HWRFRQD]ROH��6WHULOLW\�FRQWURO��QHJDWLYH�FRQWURO��DQG�JURZWK�FRQWURO��SRVLWLYH�
FRQWURO��ZHUH�LQFOXGHG�LQ�HDFK�SODWH��:LWK�HDFK�EDWFK�RI�DQWLIXQJDO�VXVFHSWLELOLW\��
DQWLIXQJDO�FRQWURO�XVLQJ�&��SDUDSVLORVLV�$7&&�������UHIHUHQFH�VWUDLQ�ZDV�
LQRFXODWHG�WR�WHVW�IRU�WKH�YDOLGLW\�RI�WKH�IRXU�DQWLIXQJDO�DJHQWV�DFFRUGLQJ�WR�WKH�
1&&/6�0���$�VWDQGDUG�PHWKRG��1&&/6���������

R�8QLQRFXODWHG�PLFURWLWUDWLRQ�SODWHV�FRQWDLQLQJ�DQWLIXQJDO�GLOXWLRQV�ZHUH�NHSW�
FRYHUHG�IRU�DSSUR[LPDWHO\���PRQWKV�DW�����&��

G��3UHSDUDWLRQ�RI�WKH�'HUPDWRSK\WH�LQRFXOXP��
'HUPDWRSK\WH�LVRODWHV�ZHUH�JURZQ�RQ�RDWPHDO�FHUHDO�DJDU�VODQWV�IRU���GD\V�DW�

���&��WKH�EHVW�PHGLXP�WR�VXSSRUW�FRQLGLDO�JURZWK��-HVVXS�HW�DO��������>��@��6WHULOH�
QRUPDO�VDOLQH���������ZDV�DGGHG�WR�WKH�VODQW�FXOWXUH�DQG�ZDV�JHQWO\�VZDEEHG�ZLWK�
D�FRWWRQ�WLS�DSSOLFDWRU�WR�GLVORGJH�WKH�FRQLGLD�IURP�WKH�K\SKDO�PDW��7KH�VXVSHQVLRQ�
ZDV�DGMXVWHG�WR���P/�ZLWK�VWHULOH�QRUPDO�VDOLQH��7KH�FHOO�GHQVLW\�ZDV�DGMXVWHG�WR�
JLYH�ILQDO�LQRFXOXP�FRQFHQWUDWLRQ�RI����&)8�PO��7KH�VXVSHQVLRQ�ZDV�FRXQWHG�RQ�D�
KHPRF\WRPHWHU�DQG�ZDV�GLOXWHG�LQ�530,������WR�WKH�GHVLUHG�FRQFHQWUDWLRQ��������
RI�WKH�RUJDQLVP�VXVSHQVLRQ�ZDV�WUDQVIHUUHG�LQWR�DOO�ZHOOV�RI�WKH�PLFURGLOXWLRQ�
SODWHV�H[FHSW�IRU�WKH�QHJDWLYH�FRQWURO�ZHOOV��3ODWHV�ZHUH�LQFXEDWHG�DHURELFDOO\�DW�
���&��H[FHSW�IRU�(��IORFFRVXP�DQG�0��FDQLV�DW����&��$OO�ZHUH�LQFXEDWHG�IRU������
GD\V�DFFRUGLQJ�WR�WKH�JURZWK�LQ�WKH�FRQWURO�ZHOOV��

H��5HDGLQJ�DQG�LQWHUSUHWDWLRQ�RI�WKH�SDQHO��
7KH�PLQLPDO�LQKLELWRU\�FRQFHQWUDWLRQ��0,&��HQGSRLQWV�ZHUH�GHWHUPLQHG�

DFFRUGLQJ�WR�1&&/6�0���$�VWDQGDUGV�DV�WKH�SRLQW�DW�ZKLFK�QR�YLVXDO�WXUELGLW\�
ZKHUH�WKH�RUJDQLVP�ZDV�LQKLELWHG�����ZKHQ�FRPSDUHG�WR�WKH�JURZWK�FRQWURO��)RU�
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WKH�TXDOLW\�FRQWURO�&DQGLGD�SDUDSVLORVLV�WKH�0,&�HQGSRLQW�ZDV�GHWHUPLQHG�DV������
LQKLELWLRQ�RI�WKH�SRVLWLYH�JURZWK�FRQWURO�IRU�,WUDFRQD]ROH�DQG�.HWRFRQD]ROH�
�1&&/6�0���$���

5HVXOWV�
7KLV�VWXG\�ZDV�FDUULHG�RXW�RQ�����SDWLHQWV�ZLWK�ULQJZRUP�LQIHFWLRQ��7KHLU�DJH�

UDQJHG�IURP������\HDUV��)RUW\�VHYHQ�SDWLHQWV�ZHUH�EHORZ�DJH�RI�WHQ�\HDUV��������
HOHYHQ�ZHUH�LQ�WKH�VHFRQG�GHFDGH���������WKLUW\�RQH�SDWLHQWV�ZHUH�LQ�WKH�WKLUG�
�������WZHQW\�WKUHH�SDWLHQWV�ZHUH�LQ�WKH�IRXUWK�������DQG�WKUHH�SDWLHQWV�ZHUH�LQ�WKH�
ILIWK�GHFDGH���������7KH�SDWLHQWV�XQGHU�VWXG\�ZHUH������������IHPDOHV�DQG����
��������PDOHV��7LQHD�FDSLWLV�LQIHFWLRQ����������ZDV�RQO\�SUHYDOHQW�EHORZ�WKH�DJH�
RI�WHQ�\HDUV�DQG�GRXEOH�LQ�IHPDOHV����������WKDQ�PDOHV�������������$OVR�WLQHD�
SHGLV�ZDV�KLJKHU�LQ�PDOHV������������WKDQ�IHPDOHV������������

7DEOH�����VKRZV�WKH�GLVWULEXWLRQ�RI�WKH�'HUPDWRSK\WH�SRVLWLYH�FXOWXUHV�DPRQJ�
SDWLHQWV�ZLWK�ULQJZRUP�LQIHFWLRQ��7LQHD�FDSLWLV�UHSUHVHQWHG����������RI�FDVHV�
IROORZHG�E\�WLQHD�FRUSRULV������������DQG�WLQHD�SHGLV�����������7ZHQW\�WKUHH�
������RI�GHUPDWRSK\WH�LVRODWHV�ZHUH�VHSDUDWHG�IURP�WLQHD�FDSLWLV�SDWLHQWV��IROORZHG�
E\������������DQG������������IURP�WLQHD�FRUSRULV�DQG�WLQHD�SHGLV�UHVSHFWLYHO\��

&OLQLFDO�&DVHV�
3RVLWLYH�&DVHV�
E\�FXOWXUH�

'LDJQRVLV� 1R�� �� 1R�� ��
7��FDSLWLV� ��� ������� ��� �������
7��FRUSRULV� ��� ������� ��� �������
7��SHGLV� ��� ������� ��� �������
2Q\FKRP\FRVLV� �� ������ �� ������
7��FUXULV� �� ������ �� ������
7�PDQQXP� �� ������ �� ������
7RWDO� ���� �������� ��� ��������

7DEOH������'LVWULEXWLRQ�RI�'HUPDWRSK\WH�3RVLWLYH�&XOWXUHV�$PRQJ�3DWLHQWV�
ZLWK�6NLQ�IXQJDO�,QIHFWLRQ�

,Q�VSLWH�WKDW�WKHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�WKH�
LVRODWLRQ�RI�GHUPDWRSK\WHV�IURP�WKH�LQIHFWHG�VLWHV�DQG�WKH�VH[�RI�WKH�SDWLHQWV�
�3!������GHUPDWRSK\WHV�LVRODWHG�IURP�WLQHD�FDSLWLV�SDWLHQWV�ZHUH�KLJKHU�LQ�IHPDOHV�
�����������WKDQ�PDOHV������������0DOHV�VKRZ�KLJKHU�SUHYDOHQFH�RI�WLQHD�SHGLV�
WKDQ�IHPDOHV��

2XW�RI�WKH�����VSHFLPHQV�RI�WKH�SDWLHQWV�XQGHU�VWXG\�������������\LHOGHG�
GHUPDWRSK\WH�JURZWK�RQ�FXOWXUH�DQG����������VSHFLPHQV�JUHZ�QRQGHUPDWRSK\WHV��
QLQH�&DQGLGD��HLJKW�$VSHUJLOOXV�VSS���ILYH�$��IXPLJDWXV��WKUHH�$��QLJHU��DQG�IRXU�
FDVHV�VKRZHG�$FUHPRQLXP��7KUHH���������RI�WKH�SDWLHQWV�VKRZHG�ERWK�
'HUPDWRSK\WHV�DQG�QRQ�GHUPDWRSK\WHV�JURZWK��7KH�ODWHU�JURXS�JUHZ�PDLQO\�RQ�
6DERXUDXG
V�GH[WURVH�DJDU��6'$���
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,Q�WKH�SUHVHQW�VWXG\�WKHUH�ZDV�D�KLJKO\�VLJQLILFDQW�DVVRFLDWLRQ��3��������
EHWZHHQ�WKH�UHVXOWV�RI�GLUHFW�PLFURVFRSLF�H[DPLQDWLRQ�E\�.2+�DQG�GHUPDWRSK\WH�
FXOWXUH��2XW�RI�WKH����SRVLWLYH�FDVHV�E\�FXOWXUH��WKHUH�ZHUH����SRVLWLYH�FDVHV�������
E\�GLUHFW�.2+�H[DPLQDWLRQ�DQG�WKH�UHPDLQLQJ����FDVHV�������ZHUH�QHJDWLYH�DQG�
RXW�RI����QHJDWLYH�FDVHV�E\�FXOWXUH��WKHUH�ZHUH����������FDVHV�SRVLWLYH�E\�GLUHFW�
.2+�H[DPLQDWLRQ��2XW�RI�WKRVH����GHUPDWRSK\WH�FXOWXUH�QHJDWLYH�VSHFLPHQV�DQG�
.2+�SRVLWLYH��ILYH�FDVHV�ZHUH�RQ�DQWLP\FRWLF�WKHUDS\��WZR�WLQHD�FUXULV�DQG�WKUHH�
WLQHD�FDSLWLV���ILYH�FDVHV�JUHZ�$VSHUJLOOXV��WKUHH�REWDLQHG�IURP�WLQHD�FDSLWLV�DQG�
WZR�IURP�RQ\FKRP\FRVLV���ILYH�FDVHV�&DQGLGD��WZR�ZHUH�RQ\FKRP\FRVLV��RQH�WLQHD�
SHGLV��RQH�WLQHD�FDSLWLV�DQG�RQH�WLQHD�FUXULV��DQG�RQH�FDVH�RI�WLQHD�FDSLWLV�VKRZHG�
PL[HG�JURZWK�RI�$VSHUJLOOXV�DQG�&DQGLGD��7KH�.2+�PHWKRG�KDG�D�VHQVLWLYLW\�RI�
����DQG�VSHFLILFLW\�RI������%\�GLUHFW�.2+�PLFURVFRSLF�H[DPLQDWLRQ�QR�GHILQLWH�
LGHQWLILFDWLRQ�ZDV�UHDFKHG��+RZHYHU��K\SKDH��DUWKURVSRUHV�DQG�FKODP\GRVSRUHV�
ZHUH�VHHQ�LQ�VRPH�SUHSDUDWLRQV��$FUHPRQLXP�VSHFLHV�JDYH�WKH�IURQGHG�DSSHDUDQFH�
DQG�$VSHUJLOOXV�EUDQFKHG�GLFKRWRPRXVO\�DW�DFXWH�DQJOHV��

2XW�RI�WKH�WKUHH�FDVHV�WKDW�\LHOGHG�JURZWK�RI�ERWK�GHUPDWRSK\WHV�DQG�UDSLGO\�
JURZLQJ�QRQ�'HUPDWRSK\WH�IXQJL��RQH�ZDV�RQ\FKRP\FRVLV�ZKLFK�VKRZHG�WKH�
IUXLWLQJ�ERGLHV�RI�$VSHUJLOOXV�WRJHWKHU�ZLWK�WKH�K\SKDH�RI�GHUPDWRSK\WHV�RQ�.2+�
H[DPLQDWLRQ��7KH�VHFRQG�WZR�FDVHV�ZHUH�WLQHD�FRUSRULV�ZKLFK�VKRZHG�EXGGLQJ�
\HDVW�FHOOV�RI�&DQGLGD�VSHFLHV�RQ�GLUHFW�PLFURVFRS\�WRJHWKHU�ZLWK�WKH�K\SKDH�RI�
GHUPDWRSK\WHV��

7DEOH�����VKRZV�WKH�GHUPDWRSK\WH�VSHFLHV�LVRODWHG�IURP�HDFK�W\SH�RI�IXQJDO�
LQIHFWLRQ��7KH�PRVW�FRPPRQ�W\SH�ZDV�7��UXEUXP������������ZKLFK�VKRZHG�D�
KLJKO\�VLJQLILFDQW�DVVRFLDWLRQ�ZLWK�DOPRVW�DOO�W\SHV�RI�GHUPDWRSK\WRVLV�H[FHSW�WLQHD�
FDSLWLV��3���������7KHUH�ZHUH�D�KLJKO\�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�7��
PHQWDJURSK\WHV�������������7��YLRODFHXP������������ZLWK�WLQHD�FDSLWLV��FRUSRULV�
DQG�SHGLV�SDWLHQWV��3���������
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7DEOH�����VKRZV�WKH�UHVXOWV�RI�WKH�SKHQRW\SLF�DQG�JHQRW\SLF�LGHQWLILFDWLRQ�RI�
GHUPDWRSK\WH�LVRODWHV��2XW�RI�WKH�����VSHFLPHQV�WKH�KLJKHVW�UDWH�RI�GHUPDWRSK\WH�
LVRODWLRQ�RQ�SULPDU\�FXOWXUH�PHGLD�ZDV�RQ�'HUPDVHO�DJDU�������DIWHU�LQFXEDWLRQ�DW�
��R&��IROORZHG�E\�LQFXEDWLRQ�DW���R&�������WKHQ�6'$������DW���R&��7��
PHQWDJURSK\WHV�DQG�0��FDQLV�ZHUH�WKH�IDVWHVW�WR�JURZ�RQ�'HUPDVHO�PHGLD��SULPDU\�
FXOWXUH�PHGLD�����GD\V��DW����&��ZKLOH�7��YLRODFHXP�ZDV�WKH�VORZHVW�WR�JURZ�
���GD\V���$OO�GHUPDWRSK\WHV�JUHZ�EHWWHU�RQ����&��ZLWK�H[FHSWLRQ�RI�7��YLRODFHXP�
DQG�7��YHUUXFRVXP�ZKLFK�JUHZ�IDVWHU�DW����&���6XEFXOWXUH�RI�GHUPDWRSK\WH�LVRODWHV�
RQ�3'$�VKRZHG�WKDW�WKH�IDVWHVW�JURZWK�ZDV�IRU�7��PHQWDJURSK\WHV�DQG�0��FDQLV����
GD\V��DQG�WKH�VORZHVW�ZHUH�IRU�7��YLRODFHXP��7��VFKRHQOHLQLL�DQG�7��VRXGDQHQVH�����
GD\V���

&RPSDULVRQ�EHWZHHQ�WKH�LGHQWLILFDWLRQ�RI�GHUPDWRSK\WH�LVRODWHV�IURP�FXOWXUH�
E\�WKH�RUGLQDU\�SKHQRW\SLF�PHWKRGV��PRUSKRORJ\�DQG�SK\VLRORJLFDO�WHVWV��DQG�WKH�
JHQRW\SLF�PHWKRG�E\�WKH�$3�3&5�ZDV�GRQH�LQ�WKLV�VWXG\��7KH�JHQRW\SLF�
LGHQWLILFDWLRQ�ZDV�LQ�DJUHHPHQW�ZLWK�WKH�FRQYHQWLRQDO�SKHQRW\SLF�PHWKRGV�LQ����
��������RXW�RI����'HUPDWRSK\WH�LVRODWHV�ZKLOH�WKH�GLVDJUHHPHQW�ZDV�LQ���FDVHV�
���������2XW�RI�WKH�HOHYHQ�LVRODWHV�RI�7��PHQWDJURSK\WHV�RQO\�WZR�ZHUH�GLDJQRVHG�
SKHQRW\SLFDOO\�WR�WKH�VWUDLQ�OHYHO�DQG�FRQILUPHG�JHQRW\SLFDOO\��YDU��
PHQWDJURSK\WHV�DQG�YDU��HULQDFHL��%\�WKH�JHQRW\SLF�$3�3&5�ILYH�ZHUH�IRXQG�WR�EH�
YDU��PHQWDJURSK\WHV�DQG�RQH�YDU��LQWHUGLJLWDOH��7KH�ODVW�WKUHH�LVRODWHV��WZR�RI�WKHP�
ZHUH�GLDJQRVHG�E\�3&5�DV�7��UXEUXP��DQG�RQH�DV�7��WRQVXUDQV��,Q�DGGLWLRQ�WZR�
LVRODWHV�RI�7��YLRODFHXP�ZHUH�GLDJQRVHG�E\�3&5�DV�7��VFKRHQOHLQLL��2QH�7��UXEUXP�
LVRODWH�ZDV�JHQRW\SLFDOO\�GLDJQRVHG�DV�7��DMHOORL��7KH�ODVW�7��VRXGDQHQVH�LVRODWH�
ZDV�JHQHWLFDOO\�GLDJQRVHG�DV�7��YLRODFHXP��
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s�X Y Z�[ Y Z�[ \�] Y Z�[ z�] _C`�ab[<c�d e�f�gGh�i�j�k�d [�l _�` ab[�c�d
Z
`�ab[<c�d e�f�gGh�i�j�k�d [�l
s�z s�z�] s�n�] s�{�] s�n�] \�] _�`�g'q�r�g'q�a _C`<g�q�r�g�q�a
X|s }Ce<c ]�w ]�e~}Ce<c ]�w ]�e�s�z�] Y Z�[ t�] _C`�Z�w h�x e�y�[<q�a _�`�Z�w h�x e�y�[<q�a
X�X }Ce<c ]�w ]�e Y Z�[ s�s<] Y Z�[ \�] _�`�g'q�r�g'q�a _C`<g�q�r�g�q�a
X�t Y Z�[ Y Z�[ \�] t�] z�] ��`�e<q ]�h�q w c w w ��`�e<q�]�h�q w c w w
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Z
`�ab[<c�d e�f�gGh�i�j�k�d [�l
^�X Y Z�[ Y Z�[ m�] s�^�] n�] ��`��'x h�y�y�h�l�q�a �C`��'x h�y�y�h�l�q�a
^�{ Y Z�[ Y Z�[ n�] Y Z�[ ^�] ��`�y�e<c w l ��`�y�e<c w l
^�m Y Z�[ Y Z�[ X ^�] Y Z�[ s�v�] _C`�Z�w h�x e�y�[<q�a _�`�Z�w h�x e�y�[<q�a

�

�

! ��� O���	 �����<�QPR)
. �-)
���S�����
	 � OT�SU
� /

PS)
. ��),����WR��
<)�. �'
 O3P?W&W���
@)
. ��




(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R������'HFHPEHU������

� �������

6'$� 6'$� '6� '6�
���&� ���&� ���&� ���&�

� )
/�V
��)�. ��),���

{ v s�s<] Y Z�[ s�m�] Y Z�[ m�] _C`�Z�w h�x e�y�[<q�a _�`�Z�w h�x e�y�[<q�a
{|s Y Z�[ Y Z�[ s�z�] Y Z�[ s�v�] _C`�Z�w h�x e�y�[<q�a _�`�Z�w h�x e�y�[<q�a
{�X Y Z�[ Y Z�[ s�v�] Y Z�[ t�] _�`�g'q�r�g'q�a _C`<g�q�r�g�q�a
{ z Y Z�[ Y Z�[ s�X�] s�n�] t�] _�`�ao[<c�d e�f�gGh�i�j�k�d [�l�p _C`<g�q�r�g�q�a
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z�X Y Z�[ Y Z�[ s�\�] Y Z�[ s�v�] _C`�Z�w h�x e�y�[<q�a _�`�Z�w h�x e�y�[<q�a
z�^ s�X�] Y Z�[ s�v�] Y Z�[ \�] _�`�d h�c�l�q�gGe@c�l _C`�d h�c�l�q�g-e<c�l
z�z Y Z�[ Y Z�[ s�z�] Y Z�[ t�] _�`�Z�w h�x e�y�[<q�aAp _�`�lGy<j h�[<c x [�w c w w
z t s�{�] Y Z�[ s�v�] Y Z�[ z�] ��`��'x h�y�y�h�l�q�a �C`��'x h�y�y�h�l�q�a
nFs Y Z�[ Y Z�[ \�] Y Z�[ {�] _C`�ab[<c�d e�f�gGh�i�j�k�d [�l _�` ab[�c�d�`�Z
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t�t Y Z�[ Y Z�[ m�] Y Z�[ z�] _C`�ab[<c�d e�f�gGh�i�j�k�d [�l _�` ab[�c�d
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`�ab[<c�d e�f�gGh�i�j�k�d [�l
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m�^ Y Z�[ Y Z�[ X�X�] Y Z�[ s�v�] _�`�lGh�q�]�e<c [<c�lG[�p _�`�Z�w h�x e�y�[<q�a
m�z Y Z�[ m�] \�] Y Z�[ z�] _�` ao[�c�d�`�Z
`�[<g-w c�e�y�[�w _�` ao[�c�d�Z e<g�`�[<g-w c e�y�[�w
m t Y Z�[ Y Z�[ X v�] X�X�] s�v�] _C`�Z�w h�x e�y�[<q�a _�`�Z�w h�x e�y�[<q�a
s�vFs Y Z�[ Y Z�[ s�v�] s�X�] t�] _�`�g'q�r�g'q�a _C`<g�q�r�g�q�a
s�v�^ Y Z�[ Y Z�[ s�v�] Y Z�[ \�] _�`�g'q�r�g'q�a _C`<g�q�r�g�q�a
s�v�z Y Z�[ Y Z�[ s�m�] s�\�] t�] _�`�Z�[<g'g'q�y�h�l�q�a _C`�Z�[<g�g'q�y�h�l�q�a
s�v�n Y Z�[ Y Z�[ s�m�] Y Z�[ m�] _C`�Z�w h�x e�y�[<q�a _�`�Z�w h�x e�y�[<q�a
s�v�\ �Ql�i�[@g-f�w x x q�l �Ql�i�[@gGf�w x x q l s�s<] Y Z�[ n�] _�`�g'q�r�g'q�a _C`<g�q�r�g�q�a
s�v t Y Z�[ Y Z�[ s�v�] Y Z�[ n�] ��`�e<q ]�h�q w c w w ��`�e<q�]�h�q w c w w
s�v�m Y Z�[ Y Z�[ n�] t�] {�] _C`�ab[<c�d e�f�gGh�i�j�k�d [�l _�` ab[�c�d
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`�ab[<c�d e�f�gGh�i�j�k�d [�l
s�s�s Y Z�[ Y Z�[ s�X�] Y Z�[ \�] _�`�g'q�r�g'q�a�p _C`�e �<[�x x h�w
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7DEOH������5HVXOWV�RI�3KHQRW\SLF�DQG�*HQRW\SLF�,GHQWLILFDWLRQ�RI�
'HUPDWRSK\WH�LVRODWHV�

7DEOH�����VKRZV�WKH�SDWWHUQ�RI�DQWLIXQJDO�VXVFHSWLELOLW\�RI�WKH�GHUPDWRSK\WH�
LVRODWHV�DQG�WKH�UDQJH�RI�WKHLU�0,&�HQGSRLQWV�E\�EURWK�PLFURGLOXWLRQ�PHWKRG�
�1&&/6�0���$�ZLWK�PRGLILFDWLRQV��WRZDUGV�WKH�IRXU�DQWLIXQJDO�GUXJV��7KH�0,&�
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UDQJHV��PHDQ��ZHUH�DV�IROORZV��IRU�WHUELQDILQH�IURP������WR��������������J�PO��
LWUDFRQD]ROH�IURP������WR�����������J�PO��NHWRFRQD]ROH�UDQJHG�IURP������WR���
���������J�PO�DQG�JULVHRIXOYLQ�IURP�����WR������������J�PO��7HUELQDILQH�ZDV�WKH�
PRVW�SRZHUIXO�DQWLP\FRWLF��7��KLJKHVW�0,&�YDOXHV�IRU�WKH�IRXU�DQWLIXQJDO�DJHQWV��
��

0,&�HQGSRLQWV�5XEUXP�KDG�WKH�
'HUPDWRSK\WHV�
6SHFLHV� 7HUELQDILQH�,WUDFRQD]ROH�*ULVHRIXOYLQ�.HWRFRQD]ROH�
7��PHQWDJURSK\WHV� ������������ ��������� ������ ��������
7�PHQW�YDU�HULQDFHL� ������������� �����±����� �������� ������������
7��UXEUXP� ����������� ���������� ������ �����±���
7��YLRODFHXP� ������������� �����±����� �������� �����������
7��YHUUXFRVXP� ������ ������ �� ��
7��VFKRHQOHLQLL� ����� ������������ �������� ������
7��VRXGDQHQVH� ����� ���� �� ��
7��WRQVXUDQV� ���� �� �� ��
0��FDQLV� ���������� ������±���� ������ �����±���
0��IHUUXJLQHXP� ������������� ������������� ���� ������

0��DXGRXLQLL� ������������� ������������� ������ �����������
(��IORFFRVXP� ����� ������ �� ��
5DQJH� ���������� �����±��� �������� �����±���
0HDQ� ������ ������ ������ ������
6'� ������ ������ ������ ������

7DEOH������$QWLIXQJDO�6XVFHSWLELOLW\�3DWWHUQ�RI�'HUPDWRSK\WH�LVRODWHV�E\�
1&&/6�0���$�PHWKRG�

'LVFXVVLRQ�
:LWK�WKH�LQFUHDVLQJ�LQFLGHQFH�DQG�PRUWDOLW\�RI�IXQJDO�LQIHFWLRQ��WKH�

UHTXLUHPHQW�IRU�VWULFW�GLDJQRVWLF�DSSURDFKHV�EHFDPH�D�YHU\�XUJHQW�LVVXH��,Q�
DGGLWLRQ��WKH�WUDGLWLRQDO�GHWHFWLYH�WHFKQLTXHV��VXFK�DV�FXOWXUH��JLYH�SRRU�GLDJQRVWLF�
DSSURDFKHV��DFFRUGLQJO\��WKH�PROHFXODU�WRROV�RI�FODVVLILFDWLRQ�DQG�LGHQWLILFDWLRQ�RI�
SDWKRJHQLF�IXQJL�VXFK�DV�GHUPDWRSK\WHV�FRQVLGHUHG�RI�JUHDW�KHOS��/L�HW�DO���
�����>��@��

$V�IXQJDO�LQIHFWLRQ�RI�WKH�VNLQ�LV�WKH�PRVW�FRPPRQ�LQIHFWLRXV�GHUPDWRORJLF�
FRQGLWLRQ�WKURXJKRXW�WKH�ZRUOG��*XSWD�HW�DO��������>��@�DQG�EHFDXVH�RI�WKH�
GLIIHUHQFH�LQ�GLVWULEXWLRQ�RI�WKHVH�W\SHV�RI�LQIHFWLRQV�IURP�FRXQWU\�WR�FRXQWU\��&KDQ�
DQG�)ULHGODQGHU�������>��@��RXU�VWXG\�ZDV�GRQH�WR�GHWHFW�'HUPDWRSK\WHV�
GLVWULEXWLRQ�LQ�(J\SWLDQ�SDWLHQWV��,Q�WKLV�VWXG\��WLQHD�FDSLWLV�DFFRXQWHG�IRU�����RI�
DOO�FDVHV��IROORZHG�E\�WLQHD�FRUSRULV����������WLQHD�SHGLV��������RQ\FKRP\FRVLV�
��������WLQHD�FUXULV��������DQG�WLQHD�PDQXXP���������7KLV�FRSHV�ZLWK�UHVXOWV�GRQH�
E\�2PDU��������>��@�ZKR�HPSKDVL]HG�WKDW�WLQHD�FDSLWLV�LV�FRQVLGHUHG�DV�WKH�PDMRU�
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W\SH�RI�IXQJDO�LQIHFWLRQ�LQ�(J\SW��,Q�/LE\D��WLQHD�FRUSRULV�DFFRXQWHG�IRU�������RI�
FDVHV�IROORZHG�E\�WLQHD�SHGLV��������DQG�WLQHD�PDQXXP��������DV�GLVFXVVHG�E\�
(OODELE�HW�DO���������>��@��,Q�<HPHQ��WLQHD�FRUSRULV�DFFRXQWV�IRU�WKH�PDMRULW\�RI�
FDVHV�IROORZHG�E\�WLQHD�FDSLWLV�DV�PHQWLRQHG�E\�0DKPRXG��������>��@��7KH�
HQGHPLF�QDWXUH�RI�VFDOS�LQIHFWLRQ�LQ�WKH�GHYHORSLQJ�FRXQWULHV�LV�SHUSHWXDWHG�E\�ODFN�
RI�NQRZOHGJH�DERXW�SUHYDOHQFH��FDUULHU�VWDWH��DQG�WKH�DEVHQFH�RI�FRQWURO�PHDVXUHV�
�0RXEDVKHU�HW�DO��������>��@��,Q�WKH�GHYHORSHG�FRXQWULHV��WLQHD�SHGLV�LV�WKH�PDMRU�
W\SH�RI�IXQJDO�LQIHFWLRQ��,Q�-DSDQ�7DNDKDVKL�DQG�1LVKLPXUD��������>��@�UHYHDOHG�
WKDW�WLQHD�SHGLV�DFFRXQWV�IRU��������IROORZHG�E\�WLQHD�XQJXLXP����������WLQHD�
FRUSRULV����������WLQHD�FUXULV���������WLQHD�PDQXXP��������DQG�WLQHD�FDSLWLV�
��������7KLV�ZDV�DVVXUHG�E\�UHVXOWV�RI�6HHEDFKHU��������>��@��ZKR�IRXQG�LQFUHDVH�
LQ�WKH�LQFLGHQFH�RI�WLQHD�SHGLV�LQ�&HQWUDO�DQG�1RUWK�(XURSH��$VWH�HW�DO���������>�@�
UHSRUWHG�WKDW�WLQHD�SHGLV�DFFRXQWV�IRU�������LQ�,WDO\��:HDULQJ�VKRHV�IRU�ORQJ�WLPH�
DV�LQ�DWKOHWHV�DQG�H[FHVVLYH�XVH�RI�ZDWHU�LQ�J\PQDVLXPV�ZLOO�UHVXOW�LQ�PDFHUDWLRQ�RI�
WRH�FOHIWV�SUHGLVSRVLQJ�WR�WLQHD�SHGLV�LQIHFWLRQ��7LHW]������>��@���

,Q�WKH�SUHVHQW�VWXG\��WLQHD�FDSLWLV�ZDV�IRXQG�RQO\�LQ�FKLOGUHQ�EHORZ�WKH�DJH�RI�
WHQ�\HDUV��������2XU�UHVXOWV�ZHUH�LQ�DFFRUGDQFH�ZLWK�WKH�VWXGLHV�GRQH�E\�2PDU�
������>��@�LQ�$OH[DQGULD��������)XOOHU�HW�DO���������>��@�LQ�VRXWK�HDVW�/RQGRQ�DQG�
E\�0RXQNDVVD��HW�DO���������>��@�LQ�)UDQFH��������$VWH��HW�DO���������>�@��*XSWD��HW�
DO���������>��@��+XEHUW�DQG�&DOOHQ��������>��@��6KLEDNL�DQG�6KLEDNL��������>��@�
DQG�6LJXUJHLUVVRQ�DQG�6WHLQJULPVVRQ��������>��@�DOO�DJUHHG�WKDW�DERYH�WKH�DJH�RI�
WHQ�\HDUV�WLQHD�LQIHFWLRQV�DUH�RWKHU�W\SHV�WKDQ�WLQHD�FDSLWLV��D�IDFW�WKDW�ZDV�
H[SODLQHG�E\�WKH�VWDUWHG�VHEXP�SURGXFWLRQ�DERXW�WKLV�DJH��ZLWK�LWV�DQWLIXQJDO�
SURSHUWLHV��

,Q�WKLV�VWXG\��WLQHD�FDSLWLV�ZDV�GRXEOH�LQ�IHPDOH�SDWLHQWV�WKDQ�PDOHV������DQG�
������UHVSHFWLYHO\��DOWKRXJK�WKHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQLILFDQW�FRUUHODWLRQ�ZLWK�
VH[���3!�������7KLV�ZDV�LQ�DFFRUGDQFH�ZLWK�2PDU���������ZKR�IRXQG�WKDW�WLQHD�
FDSLWLV�ZDV�PRUH�FRPPRQ�LQ�VFKRRO�JLUO�FKLOGUHQ��7KLV�PD\�EH�GXH�WR�VKDULQJ�
FRPEV�DQG�VKDULQJ�IDFLOLWLHV�LQ�KDLU�GUHVVHU��7KLV�UHVXOW�LV�GLIIHUHQW�IURP�WKDW�GRQH�
LQ�.HQ\D��E\�$\D\D�HW�DO��������>�@��ZKR�IRXQG�WKDW�WLQHD�FDSLWLV�ZDV�KLJKHU�LQ�
ER\V���������WKDQ�JLUOV����������WKLV�PD\�EH�GXH�WR�VRPH�EDG�KDELWV�DV�VKDULQJ�
FDSV�DQG�FRPEV��DQG�LW�FDQQRW�EH�FRUUHODWHG�ZLWK�VSHFLILF�VH[��2Q�WKH�RWKHU�KDQG��
RXU�UHVXOWV�VKRZHG�WKDW�WKH�UDWH�RI�WLQHD�SHGLV��ZDV�KLJKHU�LQ�PDOHV�WKDQ�IHPDOHV�
�������DQG������UHVSHFWLYHO\���7KLV�JRHV�ZLWK�WKH�UHVXOWV�GRQH�E\�6RILD�HW�DO���
������>��@�DQG�&KHQJ�DQG�&KRQJ��������>��@��$VWH��HW�DO���������>�@�UHSRUWHG�WKDW�
DGXOW�PDOHV�SUREDEO\�KDYH�DERXW�����FKDQFH�RI�GHYHORSLQJ�WLQHD�SHGLV��ZKLOH�
DPRQJ�ZRPHQ�RQO\����DUH�OLNHO\�WR�EHFRPH�FOLQLFDOO\�LQIHFWHG��EHFDXVH�LW�RFFXUV�
PRUH�FRPPRQ�LQ�DWKOHWHV�VKDULQJ�ZDVKLQJ�IDFLOLWLHV�DQG�XVLQJ�FRPPRQ�VZLPPLQJ�
EDWKV��,Q�RXU�FRXQWU\�PDOHV�XVH�VSRUW�WLJKW�VKRHV�PRUH�IUHTXHQWO\�WKDQ�IHPDOHV��
0DOHV�DOVR�ZHDU�FORVHG�VKRHV�IRU�ORQJ�WLPH�LQ�FRPSDULVRQ�ZLWK�IHPDOHV��

'HUPDWRSK\WH�DQG�QRQGHUPDWRSK\WH�VSHFLHV�ZHUH�LVRODWHG�LQ�WKLV�VWXG\�IURP�
������DQG�����RI�WKH�FDVHV�RI�IXQJDO�LQIHFWLRQ�UHVSHFWLYHO\��7KHVH�UHVXOWV�DUH�
QHDUO\�VLPLODU�WR�WKH�UHVXOWV�UHSRUWHG�E\�$O�6RJDLU�HW�DO��������>�@�LQ�6DXGL�$UDELD��
ZKR�LVRODWHG�ERWK�GHUPDWRSK\WHV�DQG�QRQGHUPDWRSK\WHV�LQ�������RI�FDVHV��
&DQGLGD�DQG�$VSHUJLOOXV�ZHUH�WKH�PDLQ�QRQGHUPDWRSK\WHV�LVRODWHG�LQ�WKHLU�VWXG\�DV�
LQ�RXU�VWXG\��,QIHFWLRQ�FDXVHG�E\�\HDVW�DQG�PRXOGV�ZHUH�LQYROYHG�LQ�RXU�VWXG\�
EHFDXVH�QR�PDUNHG�GLIIHUHQFHV�LQ�WKHLU�FOLQLFDO�SLFWXUH�IURP�WKDW�RI�GHUPDWRSK\WH�
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LQIHFWLRQ�FRXOG�EH�REVHUYHG��7KLV�UHYHDOV�WKH�UROH�RI�QRQGHUPDWRSK\WHV�VSHFLHV�LQ�
LQIHFWLRQ�RI�WKH�VNLQ�DQG�LWV�DSSHQGDJHV���

,Q�WKH�SUHVHQW�VWXG\��RXW�RI�WKH�SRVLWLYH�VSHFLPHQV�E\�FXOWXUH��������ZHUH�
SRVLWLYH�E\�WKH�GLUHFW�.2+�PLFURVFRSLF�H[DPLQDWLRQ��WZR�RI�WKHP�VKRZHG�PL[HG�
GHUPDWRSK\WHV�DQG�QRQGHUPDWRSK\WHV�LQIHFWLRQ��7KH�.2+�GLUHFW�PHWKRG�KDG�D�
VHQVLWLYLW\�RI�����DQG�VSHFLILFLW\�RI������7KLV�ZDV�LQ�DJUHHPHQW�ZLWK�(VFREDU�DQG�
&DUPRQD�)RQVHFD�������>��@�DQG�$UFD�HW�DO��������>�@��ZKR�IRXQG�WKDW�GLUHFW�
PLFURVFRS\�ZDV�SRVLWLYH�LQ�����DQG�����UHVSHFWLYHO\�IURP�DOO�FXOWXUH�SRVLWLYH�
FDVHV��,Q�RXU�VWXG\�GLUHFW�PLFURVFRSLF�H[DPLQDWLRQ�VKRZ�IDOVH�QHJDWLYH�UHVXOWV�LQ�
����RI�FDVHV��7KLV�LV�LQ�DFFRUGDQFH�ZLWK�/LX�HW�DO�������E�>��@��ZKR�VWDWHG�WKDW�WKLV�
PHWKRG�LV�LQVHQVLWLYH��VKRZLQJ�IDOVH�QHJDWLYH�UHVXOWV�XS�WR������:KLOH�7DPSLHUL��
������>��@��PHQWLRQHG�WKDW�GLUHFW�PLFURVFRSLF�H[DPLQDWLRQ�VKRZV�IDOVH�QHJDWLYH�
UHVXOWV�XS�WR��������7KLV�PD\�EH�EHFDXVH�GLUHFW�PLFURVFRSLF�H[DPLQDWLRQ�DSSHDUV�
WR�EH�JUHDWO\�LQIOXHQFHG�E\�WKH�PHWLFXORXV�SUHSDUDWLRQ�RI�VSHFLPHQV��H[SHULHQFH�RI�
WKH�REVHUYHU�DQG�UDWH�RI�FRQWDPLQDWLRQ��2Q�WKH�RWKHU�KDQG�WKHUH�ZHUH����������
SRVLWLYH�VSHFLPHQV�E\�GLUHFW�.2+�H[DPLQDWLRQ�WKDW�VKRZHG�QHJDWLYH�UHVXOWV�E\�
FXOWXUH�7KLV�PD\�EH�EHFDXVH������FDVHV�ZHUH�RQ�DQWLP\FRWLF�WUHDWPHQW�VR�JDYH�QR�
JURZWK�RQ�FXOWXUH��7KH�UHPDLQLQJ�������FDVHV�VKRZHG�HLWKHU�WUXH�PL[HG�LQIHFWLRQ�
RU�FRQWDPLQDWLRQ�E\�WKH�UDSLGO\�JURZLQJ�IXQJL��$VSHUJLOOXV��&DQGLGD�DQG�
$FUHPRQLXP��WKDQ�GHUPDWRSK\WHV�WKDW�FRYHUHG�WKH�HQWLUH�PHGLXP�JLYLQJ�QR�FKDQFH�
IRU�WKH�VORZO\�JURZLQJ�GHUPDWRSK\WHV�WR�DSSHDU��,Q�RXU�VWXG\��'HUPDWRSK\WHV�ZHUH�
VHHQ�RQ�PLFURVFRSLF�H[DPLQDWLRQ�DV�K\SKDH��DUWKURVSRUHV�DQG�FKODP\GRVSRUHV��
$FUHPRQLXP�VSHFLHV�JDYH�WKH�IURQGHG�DSSHDUDQFH�DQG�$VSHUJLOOXV�EUDQFKHG�
GLFKRWRPRXVO\�DW�DFXWH�DQJOHV��+RZHYHU�QR�GHILQLWH�LGHQWLILFDWLRQ�ZDV�UHDFKHG��,Q�
DJUHHPHQW�ZLWK�/LX�HW�DO���������>��@��(OZHVNL�������>��@�DQG�(VFREDU�DQG�
&DUPRQD�)RQVHFD��������>��@�LW�VHHPV�WR�EH�GLIILFXOW�WR�UHO\�RQ�UHVXOWV�RI�GLUHFW�
PLFURVFRS\�ZLWK�.2+�WR�HVWDEOLVK�WKH�GLDJQRVLV�RI�IXQJDO�LQIHFWLRQ�DV�LW�FRXOG�QRW�
GHWHFW�WKH�FKDUDFWHULVWLF�PRUSKRORJ\�RI�WKH�WKUHH�JHQHUD�DQG�LW�ODFNV�VXIILFLHQW�
VHQVLWLYLW\�EXW��LW�LV�KLJKO\�HIILFLHQW�DV�VFUHHQLQJ�WHFKQLTXH�EHIRUH�WKHUDS\�LV�
LQLWLDWHG�EHFDXVH�RI�WKH�H[SHQVH��GXUDWLRQ�DQG�SRWHQWLDO�DGYHUVH�HIIHFWV�RI�WKH�
WUHDWPHQW��7DPSLHUL�������>��@	�+DLQHU�����>��@���

,Q�WKLV�VWXG\�7ULFKRSK\WRQ�UXEUXP�ZDV�WKH�PRVW�IUHTXHQWO\�LVRODWHG�RUJDQLVP�
��������PDLQO\�IURP�WLQHD�SHGLV�DQG�WLQHD�FRUSRULV��7KHVH�UHVXOWV�ZHUH�LQ�
DJUHHPHQW�ZLWK�WKRVH�GHWHFWHG�LQ�)UDQFH����������/DFURL[�HW�DO��������>��@��:KLOH�
KLJKHU�LVRODWLRQ�UDWHV�RI�7��UXEUXP�ZHUH�UHSRUWHG�LQ�$XVWUDOLD����������&RORH�DQG�
%DLUG�������>��@��-DSDQ����������6KLEDNL�DQG�6KLEDN��������DQG�6ORYDNLD���������
DV�UHSRUWHG�E\�%XFKYDOG�DQG�6LPDOMDNRYD��������>��@��2Q�WKH�RWKHU�KDQG��LQ�/LE\D��
LVRODWLRQ�UDWH�RI�WKH�RUJDQLVP�ZDV�ORZHU�������DV�PHQWLRQHG�E\�(OODELE�HW�DO���
������>��@��1R�LVRODWHV�RI�7��UXEUXP�ZDV�GHWHFWHG�IURP�WLQHD�FDSLWLV�SDWLHQWV�LQ�WKLV�
VWXG\��7KLV�ZDV�LQ�DFFRUGDQFH�ZLWK�)LVKHU�DQG�&RRN�������>��@�ZKR�UHSRUWHG�WKDW�
7��UXEUXP�LV�WKH�PRVW�FRPPRQ�FDXVH�RI�WLQHD�SHGLV�DQG�UDUHO\�FDXVHV�WLQHD�FDSLWLV��

7KH�PRVW�IUHTXHQWO\�LVRODWHG�'HUPDWRSK\WHV�IURP�WLQHD�FDSLWLV�SDWLHQWV�ZHUH�
7ULFKRSK\WRQ�PHQWDJURSK\WHV���������DQG�7ULFKRSK\WRQ�YLRODFHXP����������,Q�
FRQWUDVW�0RXEDVKHU�HW�DO���������>��@��IRXQG�WKDW�7��YLRODFHXP�DFFRXQWV�IRU�������
RI�DOO�FDVHV�ZLWK�WLQHD�FDSLWLV�ZKLOH�LW�DFFRXQWV�IRU�������LQ�/RQGRQ�DV�PHQWLRQHG�
E\�)XOOHU�HW�DO���������>��@��,Q�%UD]LO��0LFURVSRUXP�FDQLV�DFFRXQWV�IRU���������DV�
GLVFXVVHG�E\�'LDV�HW�DO���������>��@�DQG�&KDQ�DQG�)ULHGODQGHU��������DQG�LQ�
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*HUPDQ\�LW�ZDV�������DV�PHQWLRQHG�E\�/HKPDQQ�HW�DO���������>��@��,Q�7XUNH\��7��
YHUUXFRVXP�DFFRXQWV�IRU�������LQ�WKH�VWXG\�GRQH�E\�0HWLQ�HW�DO���������>��@��7KLV�
FDQ�EH�DWWULEXWHG�WR�WKH�IDFW�WKDW�VSHFLHV�RI�GHUPDWRSK\WHV�FDXVLQJ�WLQHD�FDSLWLV�YDU\�
IURP�FRXQWU\�WR�FRXQWU\�DQG�DOVR�FKDQJH�ZLWK�WLPH��JHRJUDSK\��HQYLURQPHQW��
FOLPDWH��RFFXSDWLRQ��HWKQLF�JURXS�DQG�OLIH�VW\OHV���1ZH]H�DQG�2NDIRU������>��@��

7KH�KLJKHVW�UDWH�RI�'HUPDWRSK\WH�LVRODWLRQ�RQ�SULPDU\�FXOWXUH�PHGLD�ZDV�RQ�
'HUPDVHO�DJDU�������DIWHU�LQFXEDWLRQ�DW���R&��ZLWK�H[FHSWLRQ�RI�7��YLRODFHXP�DQG�
7��YHUUXFRVXP�ZKLFK�JUHZ�IDVWHU�DW����&���7KLV�HOHYDWHV�WKH�LPSRUWDQFH�RI�
GHUPDVHO�DV�VHOHFWLYH�PHGLXP�WKDW�FRQWDLQV�F\FORKH[LPLGH�IRU�WKH�LVRODWLRQ�RI�
GHUPDWRSK\WHV�DW���R&�ZKLFK�LV�WKH�RSWLPXP�WHPSHUDWXUH�IRU�PRVW�RI�
GHUPDWRSK\WHV��$O\������>�@�	�+DLQHU������>��@���

7ULFKRSK\WRQ�PHQWDJURSK\WHV�DQG�0��FDQLV�ZHUH�WKH�IDVWHVW�WR�JURZ����GD\V��
ZKLOH�7��YLRODFHXP�ZDV�WKH�VORZHVW�WR�JURZ����GD\V���6XEFXOWXUH�RI�'HUPDWRSK\WH�
LVRODWHV�RQ�3'$�VKRZHG�WKDW�WKH�IDVWHVW�JURZWK�ZDV�IRU�7��PHQWDJURSK\WHV�DQG�0��
FDQLV����GD\V��DQG�WKH�VORZHVW�ZHUH�IRU�7��YLRODFHXP��7��VFKRHQOHLQLL�DQG�7��
VRXGDQHQVH�����GD\V���,Q�YLWUR�FXOWXUH�LV�FDSDEOH�RI�SURYLGLQJ�D�VSHFLHV�VSHFLILF�
GHWHUPLQDWLRQ�RI�GHUPDWRSK\WHV�RQ�WKH�EDVLV�RI�PRUSKRORJLFDO�DQG�ELRFKHPLFDO�
FULWHULD�LQ�����GD\V�LQ�!����RI�FDVHV��+RZHYHU��IRU�VRPH�XQXVXDO�DQG�DW\SLFDO�
LVRODWHV��LGHQWLILFDWLRQ�PD\�UHTXLUH�D�UDQJH�RI�FXOWXUH�PHGLD�DQG�WHVWV��7KHVH�WHVWV�
DUH�FRVWO\��WLPH�FRQVXPLQJ������ZHHNV�DIWHU�SULPDU\�LVRODWLRQ��DQG�GHPDQG�
VSHFLDOLVW�VNLOOV��0RUH�LPSRUWDQWO\��EHFDXVH�WKHVH�FRQYHQWLRQDO�PHWKRGV�GHSHQG�RQ�
PHDVXUHPHQW�RI�WKH�SKHQRW\SLF�FKDUDFWHULVWLFV�RI�GHUPDWRSK\WHV��WKH\�FDQ�EH�HDVLO\�
LQIOXHQFHG�E\�RXWVLGH�IDFWRUV�VXFK�DV�WHPSHUDWXUH�YDULDWLRQV�DQG�FKHPRWKHUDS\�WKDW�
PD\�DIIHFW�WKH�LQWHUSUHWDWLRQ�RI�LQ�YLWUR�FXOWXUH�UHVXOWV��/LX�HW�DO�������E�>��@��

,Q�WKH�SUHVHQW�VWXG\��JHQRW\SLF�LGHQWLILFDWLRQ�RI�'HUPDWRSK\WH�LVRODWHV�E\�WKH�
$3�3&5�XVLQJ�WKH�23$$����SULPHU�ZDV�LQ�DJUHHPHQW�ZLWK�WKH�SKHQRW\SLF�
PHWKRGV�LQ�������RI�WKH�LVRODWHV�DQG�WKH�GLVDJUHHPHQW�ZDV�LQ�������RI�WKHP��
3KHQRW\SLF�LGHQWLILFDWLRQ�RI�7��PHQWDJURSK\WHV�WR�WKH�VWUDLQ�OHYHO�FRXOG�RQO\�EH�
GRQH�IRU�WZR�LVRODWHV�IRUP�HOHYHQ��7KH�GLVDJUHHPHQW�EHWZHHQ�WKH�WZR�PHWKRGV�RI�
LGHQWLILFDWLRQ�ZDV�UHSRUWHG�E\�.DZDL��������>��@��7KHVH�PD\�EH�H[SODLQHG�DV�WKH�
FRQYHQWLRQDO�PHWKRGV�RI�LGHQWLILFDWLRQ�UHTXLUH�VSHFLDO�VNLOOV��RU�EHFDXVH�RI�DW\SLFDO�
FXOWXUH�FKDUDFWHULVWLFV�GXH�WR�WUHDWPHQW��7ZR�LVRODWHV�RI�7��PHQWDJURSK\WHV�ZHUH�
JHQRW\SLFDOO\�GLDJQRVHG�DV�7��UXEUXP�DQG�RQH�DV�7��WRQVXUDQV��7KLV�PD\�EH�
H[SODLQHG�DV�WKH�WKUHH�VWUDLQV�ZHUH�VLPLODU�WR�7��PHQWDJURSK\WHV�LQ�KDYLQJ�VLPLODU�
PRUSKRORJ\��PRGHUDWHO\�VORZ�JURZHU��DQG�IODW��JUDQXODU��FUHDP\��ZLWK�UHGGLVK�
EURZQ�UHYHUVH��2Q�PLFURVFRSLF�H[DPLQDWLRQ�WKH�JHQHWLFDOO\�GLDJQRVHG�7��UXEUXP�
VWUDLQV�VKRZHG�PDQ\�GURS�VKDSHG�WR�URXQG�PLFURFRQLGLD�DQG�DEXQGDQW�FOXE�VKDSHG�
PDFURFRQLGLD��7KLV�PRUSKRORJ\�DQG�JHQHWLF�FKDUDFWHUV�DUH�PDWFKLQJ�ZLWK�WKH�
XUHDVH�SRVLWLYH�$VLDWLF�YDULDQW�RI�7��UXEUXP�ZKLFK�LV�GLIIHUHQW�IURP�WKH�W\SLFDO�7��
UXEUXP�EXW�LV�PLQLPDOO\�JHQHWLFDOO\�GLVWLQJXLVKHG�IURP�LW��,W�LV�XVXDOO\�VHSDUDWHG�
IURP�WLQHD�FRUSRULV��7ULFKRSK\WRQ�WRQVXUDQV�GHYHORSV�VHYHUDO�W\SHV�RI�FRORQLHV�
ZLWK�D�YDULHW\�RI�FRORUV�DQG�VXUIDFH�WH[WXUHV�DQG�LV�XUHDVH�SRVLWLYH�WKDW�UHVHPEOHV�7��
PHQWDJURSK\WHV��7KH\�KDYH�EUDQFKHG�VHSWDWH�K\SKDH�ZLWK�WHUPLQDO�VZHOOLQJV��
QXPHURXV�PLFURFRQLGLD�IRUPLQJ�ORRVH�FOXVWHUV�DQG�IHZ�VKRUW�EOXQW�F\OLQGULFDO�
PDFURFRQLGLD��%DVVLHP�DQG�(O�%RUKDP\������>�@	�6XPPHUEHOO������>��@���

7ZR�7��YLRODFHXP�LVRODWHV�ZHUH�GLDJQRVHG�E\�3&5�DV�7��VFKRHQOHLQLL�DQG�RQH�
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7��VRXGDQHQVH�ZDV�JHQHWLFDOO\�GLDJQRVHG�DV�7��YLRODFHXP��)LVKHU�DQG�&RRN��������
UHFRPPHQGHG�WKDW�WKRVH�WKUHH�VSHFLHV�PXVW�EH�GLIIHUHQWLDOO\�GLDJQRVHG�IURP�HDFK�
RWKHUV�E\�IXUWKHU�WHVWV�RWKHU�WKDQ�WKH�XVXDO�.2+�DQG�FXOWXUH�PHWKRGV��7KH\�ZHUH�
DOO�VORZ�JURZHUV��GHYHORSHG�DW�ILUVW�JODEURXV�FUHDP�FRORUHG�FRORQLHV�DQG�DV�WKH\�
DJHG�WKH\�GHYHORSHG�WKH�GHHS�UHG�RU�SXUSOH�FRORU��7KH\�DOO�KDG�IHZ�PDFUR�DQG�
PLFURFRQLGLD�ZLWK�VKRUW�VHJPHQWHG�DQG�GLVWRUWHG�WZLVWHG�EUDQFKLQJ�K\SKDH��

)LQDOO\�RQH�7��UXEUXP�LVRODWH�ZDV�JHQRW\SLFDOO\�GLDJQRVHG�DV�7��DMHOORL��7��
DMHOORL�JDYH�SXUSOH�EODFN�SLJPHQWV��ZLWK�VPRRWK�WKLFN�ZDOOHG�F\OLQGULFDO�
PDFURFRQLGLD�DV�7��UXEUXP��,WV�SUHVHQFH�PD\�EH�GXH�WR�PL[HG�LQIHFWLRQ�ZLWK�D�VORZ�
JURZHU�RUJDQLVP�RU�GXH�WR�FRQWDPLQDWLRQ�RI�FXOWXUH�DV�6XPPHUEHOO�������>��@�
UHSRUWHG�WKDW�WKHUH�LV�QR�GDWD�WR�VD\�LW�LV�SDWKRJHQLF��

$OWKRXJK�PRVW�GHUPDWRSK\WHV�FDQ�EH�LGHQWLILHG�DIWHU�SULPDU\�LVRODWLRQ�����
��GD\V���D�IHZ�PD\�UHTXLUH�VHFRQGDU\�FXOWXUH�RQ�VSHFLDOL]HG�PHGLD�������GD\V���
:LWK�VRPH�DW\SLFDO��XQXVXDO�RU�VORZ�JURZLQJ�LVRODWHV��WKH�LGHQWLILFDWLRQ�SURFHVV�
PD\�WDNH�HYHQ�ORQJHU�WLPH��7KHUHIRUH��'1$�DQDO\VLV�XVLQJ�$3�3&5�WHFKQLTXH�KDV�
FOHDU�DGYDQWDJH�RYHU�FRQYHQWLRQDO�WHFKQLTXHV�IRU�LGHQWLILFDWLRQ�RI�GHUPDWRSK\WHV��
3&5�PDGH�D�JHQHWLF�EDVHG�GLIIHUHQWLDWLRQ�RI�GHUPDWRSK\WHV�VSHFLHV�SRVVLEOH�DW�WKH�
VSHFLHV�DQG�VWUDLQ�OHYHO��PRUH�UDSLG��ZLWKLQ�RQH�GD\���VHQVLWLYH�DQG�PRUH�SUHFLVH�
DQG�VWDEOH��$3�3&5�FDQ�LGHQWLI\�\RXQJ�FXOWXUH�EHIRUH�GHYHORSPHQW�RI�DQ\�
FKDUDFWHULVWLF�IHDWXUH�RI�WKH�RUJDQLVP��GHUPDWRSK\WHV�ZLWK�DW\SLFDO�PRUSKRORJ\�
DQG�GHDG�VWUDLQV��)DJJL�HW�DO��������>��@��7KLV�LV�QHFHVVDU\�WR�VXUYH\�WKH�FXUUHQW�
HSLGHPLRORJLF�VLWXDWLRQ�DQG�WR�WUDFH�EDFN�WKH�SDWKRJHQHVLV�RI�LQIHFWLRQ�LQ�RUGHU�WR�
DYRLG�UHLQIHFWLRQ�DQG�WKXV�RSWLPL]H�WKH�WKHUDS\��

,Q�WKH�SUHVHQW�VWXG\��WKH�1&&/6�0���$�EURWK�PLFURGLOXWLRQ�PHWKRG�ZDV�XVHG�
WR�GHWHUPLQH�WKH�DQWLIXQJDO�VXVFHSWLELOLW\�SDWWHUQ�RI�GHUPDWRSK\WHV�LVRODWHG�IURP�
WKH�FOLQLFDO�VSHFLPHQV��7KH�0,&��PHDQ����J�PO��HQGSRLQWV�REWDLQHG�UDQJHG�IURP�
�����WR�������������IRU�WHUELQDILQH�������WR����������IRU�LWUDFRQD]ROH������WR�����������
IRU�JULVHRIXOYLQ�DQG������WR�����������IRU�NHWRFRQD]ROH��2XU�UHVXOWV�ZHUH�
VLJQLILFDQWO\�KLJKHU�WKDQ�WKRVH�REWDLQHG�E\�%DUURV�DQG�+DPGDQ�������>�@�ZKHUH�
0,&V�ZHUH��������������IRU�WHUELQDILQH������������IRU�LWUDFRQD]ROH�����������IRU�
JULVHRIXOYLQ�DQG������������IRU�NHWRFRQD]ROH��2XU�UHVXOWV�ZHUH�DOVR�KLJKHU�WKDQ�WKH�
0,&�UDQJHV�DQG�PHDQV�REWDLQHG�E\�3XMRO�HW�DO������>��@��%ULOKDQWH�HW�DO��
������>��@�DQG�(VWHEDQ�HW�DO��������>��@��7KHVH�KLJKHU�0,&V�WKDQ�WKRVH�RI�RWKHU�
VWXGLHV��SRVVLEO\�EHFDXVH�RI�GLIIHUHQFHV�LQ�FXOWXUH�PHGLXP�XVHG�LQ�WKH�RWKHU�VWXGLHV�
RU�PD\�EH�GXH�LQFUHDVHG�XVH�RI�ORFDO�DQG�RUDO�DQWLIXQJDO�DJHQWV�RU�UHSHDWHG�LQWDNH�
GXH�WR�SDWLHQW�LQFRPSOLDQFH�RU�FKURQLF�LQIHFWLRQ��,Q�WKLV�VWXG\�7��UXEUXP�KDG�WKH�
KLJKHVW�0,&�YDOXHV�IRU�WKH�IRXU�DQWLIXQJDO�DJHQWV��7KLV�LV�LQ�DFFRUGDQFH�ZLWK�
0XNKHUMHH�HW�DO��������>��@�ZKR�GHWHFWHG�7��UXEUXP�VWUDLQV�ZLWK�SULPDU\�UHVLVWDQFH�
WR�WHUELQDILQH��

2XU�VWXG\�GHPRQVWUDWHG�WKDW�WKH�IRXU�DQWLIXQJDO�GUXJV�XVHG�ZHUH�DFWLYH�
DJDLQVW�GHUPDWRSK\WHV��DOWKRXJK�WKHVH�UHVXOWV�ZHUH�VSHFLHV�GHSHQGHQW�ZKLFK�FRSH�
ZLWK�WKDW�REWDLQHG�E\�)HUQLQGH]�HW�DO���������>��@��,Q�WKH�SUHVHQW�VWXG\�WHUELQDILQH�
SRVVHVVHG�WKH�KLJKHVW�DQWLIXQJDO�DFWLYLW\�DJDLQVW�DOO�GHUPDWRSK\WHV�WHVWHG�LQ�YLWUR��
7KLV�ZDV�LQ�DFFRUGDQFH�ZLWK�WKH�UHVXOWV�REWDLQHG�E\�)HUQLQGH]�HW�DO��������DQG�
�����>�����@��)DYUH�HW�DO��������>��@�DQG�*XSWD�DQG�.RKOL�������>��@�HYHQ�WKRXJK�
D�UHIHUHQFH�PHWKRG�IRU�WHVWLQJ�GHUPDWRSK\WHV�VWLOO�KDV�QRW�EHHQ�GHYHORSHG��,Q�YLYR�
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WHUELQDILQH�LV�WKH�H[WUHPHO\�SRWHQW�V\VWHPLF�GUXJ�DJDLQVW�GHUPDWRSK\WHV�DQG�LW�
SURYLGHV�VXSHU�ORQJ�WHUP�P\FRORJLFDO�DQG�FOLQLFDO�HIILFDF\�DQG�ORZHU�UDWHV�RI�
FOLQLFDO�UHODSVH�DV�PHQWLRQHG�E\�'DUNHV�HW�DO���������>��@��

,Q�FRQFOXVLRQ��LW�VHHPV�WR�EH�GLIILFXOW�WR�UHO\�RQ�UHVXOWV�RI�GLUHFW�PLFURVFRSLF�
H[DPLQDWLRQ�ZLWK�.2+�WR�HVWDEOLVK�WKH�GLDJQRVLV�RI�GLIIHUHQW�IXQJDO�LQIHFWLRQV�RI�
WKH�VNLQ��DV�LW�ODFNV�VXIILFLHQW�VHQVLWLYLW\��KRZHYHU��LW�LV�KLJKO\�HIILFLHQW�DV�D�
VFUHHQLQJ�WHFKQLTXH��&XOWXUH�RQ�WKH�VSHFLILF�PHGLD�RI�GHUPDWRSK\WHV�ZLOO�HQVXUH�
WKH�GLDJQRVLV�DQG�UHDFK�WR�WKH�VSHFLHV�OHYHO�DQG�VRPHWLPHV�WR�WKH�VWUDLQ�OHYHO��
+RZHYHU�LW�PD\�EH�WLPH�FRQVXPLQJ��FRVWO\��DV�LW�QHHGV�GLIIHUHQW�FXOWXUH�PHGLD�IRU�
SURSHU�LGHQWLILFDWLRQ��LQ�DGGLWLRQ�LW�QHHGV�VSHFLDO�VNLOOV�DQG�H[SHULHQFHV�DV�WKH�
PRUSKRORJLFDO�FKDUDFWHU�RI�VRPH�VSHFLHV�DUH�DW\SLFDO��

7KH�JHQRW\SLF�GLIIHUHQWLDWLRQ�E\�$3�3&5�SURYLGHV�D�UDSLG�DQG�SUDFWLFDO�WRRO�
IRU�LGHQWLILFDWLRQ�RI�GHUPDWRSK\WH�LVRODWHV�WKDW�LV�LQGHSHQGHQW�RI�PRUSKRORJLFDO�DQG�
ELRFKHPLFDO�FKDUDFWHULVWLFV�WKXV��HQKDQFHV�ODERUDWRU\�GLDJQRVLV�RI�GHUPDWRSK\WHV��
$3�3&5�UHSUHVHQWV�D�WHFKQRORJLFDO�DGYDQFH�LQ�WKH�ODERUDWRU\�GLDJQRVLV�RI�
GHUPDWRSK\WRVLV��)XUWKHU�LQYHVWLJDWLRQ�RI�D�ODUJHU�QXPEHU�RI�LVRODWHV�FRXOG�VKHG�
OLJKW�XSRQ�PRUH�GHWDLOV�RI�WKHVH�NLQGV�RI�LQIHFWLRQV��7KH�IXWXUH�GHYHORSPHQW�RI�
SURFHGXUH�IRU�WKH�LVRODWLRQ�RI�'1$�IURP�FOLQLFDO�PDWHULDOV�VXFK�DV�VNLQ��KDLU�DQG�
QDLOV�ZRXOG�IXUWKHU�HQKDQFH�WKH�SRWHQWLDO�RI�$3�3&5�IRU�LGHQWLILFDWLRQ�RI�
GHUPDWRSK\WHV��

7KLV�VWXG\�VKRZV�WKDW�WKH�VWDQGDUG�1&&/6�0���$�EURWK�PLFURGLOXWLRQ�
PHWKRG�ZLWK�WKH�PRGLILFDWLRQV�PDGH�LQ�WHPSHUDWXUH�DQG�LQFXEDWLRQ�SHULRG�DUH�
FRQYHQLHQW�IRU�DQWLIXQJDO�VXVFHSWLELOLW\�WHVWLQJ�RI�GHUPDWRSK\WHV��$PRQJ�WKH�
DQWLIXQJDO�WHVWHG�WHUELQDILQH�ZDV�WKH�PRVW�SRWHQW�DQWLIXQJDO�GUXJ��)XUWKHU�VWXGLHV�
DUH�QHHGHG�WR�VWDQGDUGL]H�WKHVH�RSWLPDO�JURZWK�FRQGLWLRQV��HQVXUH�UHSURGXFLELOLW\�
DQG�DOORZ�WKH�FRPSDULVRQ�EHWZHHQ�GLIIHUHQW�DQWLP\FRWLFV��0,&V�QHHG�WR�EH�
FRUUHODWHG�ZLWK�FOLQLFDO�RXWFRPH�WR�GHYHORS�LQWHUSUHWLYH�EUHDNSRLQWV��ZKLFK�LQ�WXUQ�
PD\�FODULI\�WKH�UHDVRQV�IRU�ODFN�RI�FOLQLFDO�UHVSRQVH�DQG�GHWHFWLRQ�RI�UHVLVWDQFH��
7KLV�LV�HVSHFLDOO\�LPSRUWDQW�IRU�LPPXQRFRPSURPLVHG�SDWLHQWV�DQG�\RXQJ�FKLOGUHQ��

5HIHUHQFHV�
�
���$O�6RJDLU��6�0���0RDZDG��0�.��DQG�$O�+XPDLGDQ��<�0����������)XQJDO�
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�
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�
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WUHQGV�IURP���������WR����������3DWKRORJ\�������������
�
����'DUNHV��0�-���6FRWW��/�-��DQG�*RD��.�/����������7HUELQDILQH��D�UHYLHZ�RI�LWV�XVH�
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SHGLDWULF�GHUPDWRORJ\�GHSDUWPHQW��%U�-�'HUPDWRO��������������
�
����*UDVHU��<���(O�)DUL��0���9LOJDO\V��5���.XLMSHUV��$�)�$���'H�+RRJ��*�6��3UHVEHU��
:��DQG�7LHW]��+�-����������3K\ORJHQ\�DQG�WD[RQRP\�RI�IDPLO\�$UWKURGHUPDWDFHDH�
�GHUPDWRSK\WHV��XVLQJ�VHTXHQFH�DQDO\VLV�RI�WKH�ULERVRPDO�,76�UHJLRQ��0HG��0\FRO��
������������
�
����*XSWD��$�.��DQG�.RKOL��<����������,Q�YLWUR�VXVFHSWLELOLW\�WHVWLQJ�RI�FLFORSLUR[��
WHUELQDILQH��NHWRFRQD]ROH�DQG�LWUDFRQD]ROH�DJDLQVW�GHUPDWRSK\WHV�DQG�
QRQGHUPDWRSK\WHV��DQG�LQ�YLWUR�HYDOXDWLRQ�RI�FRPELQDWLRQ�DQWLIXQJDO�DFWLYLW\��%U�-�
'HUPDWRO����������������
�
����*XSWD��$�.���&KDXGKU\��0��DQG�(OHZVNL��%����������7LQHD�FRUSRULV��WLQHD�
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FUXULV��WLQHD�QLJUD��DQG�SLHGUD��'HUPDWRO�&OLQ��������������
�
����+DLQHU��%�/����������'HUPDWRSK\WH�LQIHFWLRQV��$P��)DUP��3K\VLFLDQ����������
����
�
����+RZHOO��6�$���%DUQDUG��5�-��DQG�+XPSKUH\V��)����������$SSOLFDWLRQ�RI�
PROHFXODU�W\SLQJ�PHWKRGV�WR�GHUPDWRSK\WH�VSHFLHV�WKDW�FDXVH�VNLQ�DQG�QDLO�
LQIHFWLRQV��-�0HG�0LFURELRO������������
�
����+XEHUW��-�1��DQG�&DOOHQ��-�3����������5HFDOFLWUDQW�WLQHD�FRUSRULV�DV�WKH�
SUHVHQWLQJ�PDQLIHVWDWLRQ�RI�SDWFK�VWDJH�P\FRVLV�IXQJRLGHV��&XWLV�������������
�
����-HVVXS��&�-���:DUQHU��-���,VKDP��1���+DVDQ��,��DQG�*KDQQRXP��$�0����������
$QWLIXQJDO�VXVFHSWLELOLW\�WHVWLQJ�RI�GHUPDWRSK\WHV��HVWDEOLVKLQJ�D�PHGLXP�IRU�
LQGXFLQJ�FRQLGLDO�JURZWK�DQG�HYDOXDWLRQ�RI�VXVFHSWLELOLW\�RI�FOLQLFDO�LVRODWHV��-�FOLQ�
0LFURELDO�������������
�
����.DQR��5���2NDED\DVKL��.���1DNDPXUD��<���2RND��6���.DVKLPD��0���0L]RJXFKL��
0���:DWDQDEH��6��DQG�+DVHJDZD��$����������'LIIHUHQFHV�DPRQJ�FKLWLQ�V\QWKHVLV���
JHQH�VHTXHQFHV�LQ�7ULFKRSK\WRQ�UXEUXP�DQG�7��YLRODFHXP��0HG��0\FRO�������������
�
����.DZDL��0����������'LDJQRVLV�RI�GHUPDWRSK\WRVLV��FRQYHQWLRQDO�PHWKRGV�DQG�
UHFHQW�PROHFXODU�ELRORJLFDO�PHWKRGV��1LSSRQ�,VKLQNLQ�*DNNDL�=DVVKL�������������
�
����.RLFKL��0���<RVKLFR��7���7DNDVKL��0���$WVXKLNR��+���<RVKLWR��7���5\R��+���
.DWVXKLVD��8���+LXXXJD��6��DQG�+LGH\R��<����������3K\ORJHQHWLF�FODVVLILFDWLRQ�DQG�
VSHFLHV�LGHQWLILFDWLRQ�RI�GHUPDWRSK\WH�VWUDLQV�EDVHG�RQ�'1$�VHTXHQFHV�RI�QXFOHDU�
ULERVRPDO�LQWHUQDO�WUDQVFULEHG�VSDFHU�UHJLRQV�-�&OLQ�0LFURELRO�$SULO��������������
�
����/DFURL[��&���%DVSH\UDV��0���GH�/D�6DOPRQLHUH��3���%HQGHUGRXFKH��0���&RXSULH��
%���$FFRFHEHUU\��,���:HLOO��)�;���'HURXLQ��)��DQG�)HXLOKDGH�GH�&KDXYLQ��0����������
7LQHD�SHGLV�LQ�(XURSHDQ�PDUDWKRQ�UXQQHUV��-��(XU��$FDG��'HUPDWRO��9HQHUHRO������
��������
�
����/HKPDQQ��6���2WW��+���%DUNHU��0���+HLPDQQ��*���3REOHWH�*XWLHUUH]��3��DQG�
)UDQN��-����������,GHQWLILFDWLRQ�RI�JHRSKLOLF�DQG�]RRSKLOLF�GHUPDWRSK\WHV�LQ�
VLEOLQJV�ZLWK�WLQHD�FDSLWLV�D�SDWKRJHQLF�IDFWRU�RU�FRQWDPLQDWLRQ"�+DXWDU]W���������
���$EVWUDFW���
�
����/L�5<��/L�'0���<X�-��/LX�:��-�=+�DQG�:DQJ�'/����������$SSOLFDWLRQ�RI�
PROHFXODU�ELRORJ\�WHFKQLTXHV�LQ�WKH�LGHQWLILFDWLRQ�RI�SDWKRJHQLF�IXQJL�DQG�
GLDJQRVLV�RI�IXQJDO�LQIHFWLRQ��%HLMLQJ�'D�;XH�;XH�%DR��������������������
�
����/LX��'���&RORH��6���%DLUG��5���DQG�3HGHUVRQ��-����������0ROHFXODU�GHWHUPLQDWLRQ�
RI�GHUPDWRSK\WH�IXQJL�XVLQJ�WKH�DUELWUDULO\�SULPHG�SRO\PHUDVH�FKDLQ�UHDFWLRQ��%U��
-��'HUPDWRO���������������
�
����/LX��'���&RORH��6���%DLUG��5��DQG�3HGHUVHQ��-�������D���5DSLG�PLQL�SUHSDUDWLRQ�
RI�IXQJDO�'1$�IRU�3&5��-��&OLQ�0LFURELRO��������
�
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����/LX��'���&RORH��6���%DLUG��5��DQG�3HGHUVHQ��-�������E���$SSOLFDWLRQ�RI�3&5�WR�
WKH�LGHQWLILFDWLRQ�RI�GHUPDWRSK\WH�IXQJL��-��0HG�0LFURELRO����������
�
����0DKPRXG��$����������$�VWXG\�RI�GHUPDWRSK\WRVLV�LQ�6DQD�D�<DPDQ�5HSXEOLF��
0\FRVLV����������
�
����0DULH��0�'���&ODLUH��/���0DUWLQH��)�&���,VDEHOOH��/�*���&DWKHULQH��*���)UHGHULF��
/��DQG�)UDQFLV��'�����������
�
����5DSLG�GLVFULPLQDWLRQ�DPRQJ�'HUPDWRSK\WHV��6F\WDOLGLXP�VSS���DQG�RWKHU�IXQJL�
ZLWK�D�3&5�UHVWULFWLRQ�IUDJPHQW�
�
����OHQJWK�SRO\PRUSKLVP�ULER\SLQJ�PHWKRG��-��&OLQ��0LFURELRO��������������
�
����0HWLQ��$���6XEDVL��6���%D]NXUW��+���DQG�&DOND��2����������7LQHD�FDSLWLV�LQ�9DQ��
7XUNH\��0\FRVHV�������������
�
����0LOQH��/�-�5����������)XQJL��,Q�SUDFWLFDO�PHGLFDO�PLFURELRORJ\��%\�0DFNLH�DQG�
0F&DUWQH\��HGV������WK�HG�&KXUFKLOO�/LYLQJVWRQH��S���������
�
����0RXEDVKHU�$���+DVVDQ��0�2���2PDLPD��0�+���0RKDUUDP��0�$��DQG�$EHHU��
6�(����������(SLGHPLRORJ\�RI�WLQHD�FDSLWLV�DPRQJ�SULPDU\�VFKRRO�FKLOGUHQ�LQ�
$VVLXW�FLW\���������DEVWUDFW���KWWS���ZZZ�DXQ�HXQ�HJ�IDFBPHG�PHGLFLQ�DSULO�KWP�
�
����0RXQNDVVD��%���9DQGHPHXOHEURXFNH��(���-RXVVHUDQG��3��DQG�3RXMDGH��)����������
7LQHD�FDSLWLV�RFFXUULQJ�LQ�D�SUHVFKRRO�HQYLURQPHQW��$QQ��'HUPDWRO��9HQHUHRO�������
�������
�
����0XNKHUMHH��3�.���/HLGLFK��6�'���,VKDP��1���/HLWQHU��,���5\GHU��1�6��DQG�
*KDQQRXP��0�$����������&OLQLFDO�7ULFKRSK\WRQ�UXEUXP�VWUDLQ�H[KLELWLQJ�SULPDU\�
UHVLVWDQFH�WR�WHUELQDILQH��$QWLPLFURE��$JHQWV�&KHPRWKHU������������
�
����1DWLRQDO�&RPPLWWHH�IRU�&OLQLFDO�/DERUDWRU\�6WDQGDUGV���������5HIHUHQFH�
PHWKRG�IRU�EURWK�GLOXWLRQ�DQWLIXQJDO�VXVFHSWLELOLW\�WHVWLQJ�RI�\HDVWV��$SSURYHG�
VWDQGDUG�0���$��1DWLRQDO�&RPPLWWHH�IRU�&OLQLFDO�/DERUDWRU\�6WDQGDUGV��:D\QH��
3D��
�
����1DWLRQDO�&RPPLWWHH�IRU�&OLQLFDO�/DERUDWRU\�6WDQGDUGV���������5HIHUHQFH�
PHWKRG�IRU�EURWK�GLOXWLRQ�DQWLIXQJDO�VXVFHSWLELOLW\�WHVWLQJ�RI�ILODPHQWRXV�IXQJL��
$SSURYHG�VWDQGDUG�0���$��1DWLRQDO�&RPPLWWHH�IRU�&OLQLFDO�/DERUDWRU\�6WDQGDUGV��
:D\QH��3D��
�
����1ZH]H�(,�DQG�2NDIRU�-,����������3UHYHOHQFH�RI�GHUPDWRSK\WLF�IXQJDO�LQIHFWLRQV�
LQ�FKLOGUHQ��D�UHFHQW�VWXG\�LQ�$QDPEUD��0\FRSDWKRORJLD�������������������
�
����3XMRO��,���&DSLOOD��,�-���)HUQD�QGH]�7RUUHV��%���2UWRQHGD��0���DQG�*XDUUR��-��
��������8VH�RI�WKH�6HQVLWLWUH�FRORULPHWULF�PLFURGLOXWLRQ�SDQHO�IRU�DQWLIXQJDO�
VXVFHSWLELOLW\�WHVWLQJ�RI�GHUPDWRSK\WHV��-��&OLQ��0LFURELRO���������������
�
����2PDU��$�$����������5LQJZRUP�RI�WKH�VFDOS�LQ�SULPDU\�VFKRRO�FKLOGUHQ�LQ�
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$OH[DQGULD��LQIHFWLRQ�DQG�FDUULDJH��(DVW��0HGLWHUU��+HDOWK��-������������
�
����2VERUQH��&�6���+RIEDXHU��%���)DYUH��%��DQG�5\GHU��1�6����������,Q�YLWUR�
DQDO\VLV�RI�WKH�DELOLW\�RI�7ULFKRSK\WRQ�UXEUXP�WR�EHFRPH�UHVLVWDQW�WR�WHUELQDILQH��
$QWLPLFURE��$JHQWV�DQG�&KHPRWKHU��������������
�
����5LOH\��/�(����������/DERUDWRU\�PHWKRGV�XVHG�IRU�VWUDLQ�W\SLQJ�RI�SDWKRJHQV��
3&5�EDVHG�VWUDLQ�W\SLQJ�PHWKRGV��,Q�0ROHFXODU�HSLGHPLRORJ\�RI�LQIHFWLRXV�
GLVHDVHV��SULQFLSOHV�DQG�SUDFWLFHV��$PHULFDQ�6RFLHW\�RI�0LFURELRORJ\��:DVKLQJWRQ�
'&��
�
����6HHEDFKHU��&����������7KH�FKDQJH�RI�GHUPDWRSK\WH�VSHFWUXP�LQ�
GHUPDWRP\FRVHV��0\FRVLV�������6XSSO����������
�
����6KLEDNL��+��DQG�6KLEDNL��$����������$QDO\VLV�RI�GHUPDWRSK\WH�IORUD�DW�SULYDWH�
FOLQLF�LQ�6DSSRUR�GXULQJ�WKH�SHULRG������WR�������1LSSRQ�,VKLQNLQ�*DNNDL�=DVVKL��
������������
�
����6LJXUJHLUVVRQ��%��DQG�6WHLQJULPVVRQ��2����������5LVN�IDFWRUV�DVVRFLDWHG�ZLWK�
RQ\FKRP\FRVLV��-�(XU�$FDG�'HUPDWRO�9HQHUHRO�������������
�
����6RILD��3���$QQHWWH��:�)��'HDQQD��$�6��DQG�0LFKDHO��*�5����������&RPSDULVRQ�
RI�LQ�YLWUR�DFWLYLWLHV�RI�YRULFRQD]ROH�DQG�ILYH�HVWDEOLVKHG�DQWLIXQJDO�DJHQWV�DJDLQVW�
GLIIHUHQW�VSHFLHV�RI�GHUPDWRSK\WH�XVLQJ�D�EURWK�PDFURGLOXWLRQ�PHWKRG��-��&OLQ��
0LFURELRO��������������
�
����6XPPHUEHOO��5�&����������7ULFKRSK\WRQ��0LFURVSRUXP��(SLGHUPRSK\WRQ��DQG�
DJHQWV�RI�VXSHUILFLDO�P\FRVHV��,Q�0XUUD\��3�5��%DURQ��(�-���3IDOOHU��0�$���
-RUJHQVHQ��-�+���DQG�<RONHQ��5�+���HG���0DQXDO�RI�FOLQLFDO�PLFURELRORJ\���WK�HG���
$PHULFDQ�6RFLHW\�IRU�0LFURELRORJ\��:DVKLQJWRQ��'&�S�����������
�
����7DNDKDVKL��<��DQG�1LVKLPXUD��.����������'HPDWRSK\WH�IORUD�DW�WKH�GHUPDWRORJ\�
FOLQLF�RI�.LPLWVX�&KXR�KRVSLWDO�IURP������WKURXJK�������1LSSRQ�,VKLQNLQ�*DNNDL�
=DVVKL������������
�
����7DPSLHUL��0�3����������$FWXDOLW\�RQ�GLDJQRVLV�RI�GHUPDWRP\FRVLV��
3DUDVVLWRORJLD�������������
�
����7LHW]��+�-����������6ZHDW�DQG�SXEOLF�VKRZHUV��)DYRUDEOH�FRQGLWLRQV�IRU�IRRW�
IXQJXV�LQ�WKH�DWKHOHWH��00:�)RUWVFKU�0HG������������
�
��
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