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:H� KDYH� LQYHVWLJDWHG� HIIHFWV� RI� DQ� H[WHUQDO� PDJQHWLF� ILHOG� RQ� SHUSHQGLFXODU� PDJQHWLF� DQLVRWURS\
�30$��RI�HOHFWURGHSRVLWHG�FRQWLQXRXV� ILOPV�DQG�PLFUR�SDWWHUQHG�DUUD\V��)RU� FRQWLQXRXV� ILOPV�� H[WHUQDO
PDJQHWLF�ILHOG�JDYH�ULVH�WR�D�KLJKO\�DOLJQHG�JUDLQ�VWUXFWXUH�ZLWK�30$��2XU�UHVXOWV�LQGLFDWH�WKDW�WKH�HIIHFW
RI� DSSOLHG�PDJQHWLF� ILHOG� LV� DSSDUHQW� RQO\� DW� VSHFLILF� FXUUHQW� GHQVLW\��;5'�SDWWHUQV� VKRZHG� WKDW� HOHF�
WURGHSRVLWHG�FRQWLQXRXV�&R�ILOPV�FRQVLVW�RI�KH[DJRQDO�FREDOW�RQO\�DQG�KDYH�VWURQJ�WH[WXUH�IRU�JUDLQV�ZLWK
WKH�F�D[LV�O\LQJ�SHUSHQGLFXODU�WR�WKH�ILOP�SODQH��7KH�SDWWHUQHG�DUUD\V�ZHUH�IDEULFDWHG�E\�89�/,*$�SURF�
HVV�� DQG�30$�ZDV�PRGLILHG� E\� FKDQJLQJ� WKH� DVSHFW� UDWLR� RI� SDWWHUQHG� DUUD\V��2XU� UHVXOWV� VXJJHVW� WKDW
WKHUH� LV� D� FULWLFDO� DVSHFW� UDWLR� DW� ZKLFK� 30$� GRPLQDWHV� LQ�SODQH� DQLVRWURS\�� )RU� WKH� SDWWHUQHG� DUUD\V�
KRZHYHU��WKH�H[WHUQDO�PDJQHWLF�ILHOG�ZDV�QRW�YHU\�HIIHFWLYH�GXH�WR�D�ODUJH�FRQFHQWUDWLRQ�SRODUL]DWLRQ�

.H\�ZRUGV��FREDOW��PDJQHWLF�ILHOG��SHUSHQGLFXODU�DQLVRWURS\��HOHFWURGHSRVLWLRQ

���,QWURGXFWLRQ
5HFHQWO\��GHPDQGV� IRU� WKH� HOHFWURGHSRVLWLRQ�RI�KDUG�PDJQHWLF�PDWHULDOV�KDYH� LQ�

FUHDVHG�VLJQLILFDQWO\�GXH�WR�WKHLU�SRWHQWLDO�DSSOLFDWLRQV�LQ�XOWUDKLJK�GHQVLW\�PDJQHWLF
UHFRUGLQJ� DQG�0(06� >�±�@�� ,W� KDV� EHHQ� UHSRUWHG� WKDW� KDUG�PDJQHWLF� PDWHULDOV� LP�
SURYHG� WKH� GHQVLW\� RI� UHFRUGLQJ� PHGLDV� LQ� WKH� ILHOG� RI� PDJQHWLF� UHFRUGLQJ� PHGLD�
UHGXFHG�WKH�GULYLQJ�YROWDJH�LQ�WKH�RSHUDWLRQ�RI�DFWXDWRUV��DQG�HQKDQFHG�WKH�VHQVLELOLW\
RI�VHQVRUV�>����@��,Q�PRVW�FDVHV��KRZHYHU��KDUG�PDJQHWLF�PDWHULDOV�HOHFWURGHSRVLWHG�DV
WKLQ�ILOPV�DUH�HDVLO\�PDJQHWL]HG�LQ�WKH�LQ�SODQH�GLUHFWLRQ�EHFDXVH�RI�WKHLU�ODUJH�VKDSH
DQLVRWURS\��7KHUHIRUH�� LW� LV� LPSRUWDQW� WR� FRQWURO� WKH� FU\VWDOORJUDSKLF� RULHQWDWLRQ� DQG
DVSHFW�UDWLR�RI�WKH�PDJQHW�DUUD\V�LQ�RUGHU�WR�SURGXFH�KDUG�PDJQHW�DUUD\V�ZLWK�30$�

,Q�WKLV�VWXG\��ZH�UHSRUW�WKH�HOHFWURGHSRVLWHG�FRQWLQXRXV�ILOPV�DQG�PLFUR�SDWWHUQHG
DUUD\V�RI�FREDOW��ZKLFK�VKRZ�D�PDJQHWLF�DQLVRWURS\�ZLWK�DQ�HDV\�D[LV�SHUSHQGLFXODU�WR
BBBBBBBBB

� &RUUHVSRQGLQJ�DXWKRU��H�PDLO��NZDQK\L#NLVW�UH�NU
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WKH� ILOP�SODQH��:H�DOVR� GLVFXVV� WKH� FRUUHODWLRQ� EHWZHHQ� VWUXFWXUDO�� FU\VWDOORJUDSKLF�
DQG�PDJQHWLF�SURSHUWLHV�

���([SHULPHQWDO
6SHFLPHQV� ZHUH� SUHSDUHG� E\� FRQVWDQW� FXUUHQW� HOHFWURGHSRVLWLQJ�� 7KH� ZRUNLQJ

HOHFWURGH����PP���PP��ZDV�D�����QP�WKLFN�$X�OD\HU�RQ�������6L�ZDIHU��7KH�FXUUHQW
GHQVLW\�ZDV�YDULHG�IURP������WR���$�GP � �DQG�HOHFWURO\WLF�FREDOW�FKLSV��������SXULW\�
LQ�D�7L�EDVNHW�ZHUH�XVHG�DV�DQRGHV��7KH�HOHFWURO\WH�ZDV�D�PL[HG�VROXWLRQ�RI�����J�GP �

&R&O � Â�+ � 2������J�GP � �&R62 	 Â�+ � 2��DQG�����J�GP � �1+ 	 &O��$OO�VROXWLRQV�ZHUH�SUH�
SDUHG� XVLQJ� XOWUD�SXUH� ZDWHU� �RYHU� ��� 0W� DW� ����� �&��� 7KH� DJLWDWLRQ� UDWH� ZDV
���VWURNHV�SHU�PLQXWH�GXULQJ�HOHFWURGHSRVLWLRQ�XVLQJ�WKH�SDGGOH�FHOO�>��@�

,Q�D�&9��F\FOLF�YROWDPPHWU\��WHVW��WKH�VDPH�ZRUNLQJ�HOHFWURGH�ZDV�XVHG�ZLWK�WKH
FRQVWDQW�FXUUHQW�SODWLQJ��7KH�FRXQWHU�HOHFWURGH�DQG�UHIHUHQFH�HOHFWURGH�ZHUH�D�JUDSK�
LWH� SODWH� DQG� D� VDWXUDWHG� &DORPHO� HOHFWURGH�� UHVSHFWLYHO\�� 7KH� VFDQ� UDWH� ZDV
���P9�VHF��([WHUQDO�PDJQHWLF�ILHOG�ZDV�DSSOLHG�XVLQJ�WZR�PDJQHWV��1G±)H±%������7�
IDFLQJ�HDFK�RWKHU�GXULQJ�HOHFWURGHSRVLWLRQ�RI� WKH�PDJQHW�DUUD\V� WR�SURGXFH�D�KLJKO\
DOLJQHG� JUDLQ� VWUXFWXUH� ZLWK� SHUSHQGLFXODU� DQLVRWURS\� LQ� WKH� PDJQHWLF� SURSHUWLHV�
0DJQHWLF� SURSHUWLHV� RI� SUHSDUHG� VSHFLPHQV� ZHUH� PHDVXUHG� ZLWK� YLEUDWLQJ� VDPSOH
PDJQHWRPHWHU��960����7RHL��-DSDQ��&U\VWDO�VWUXFWXUH�DQG�WH[WXUH�ZHUH�H[DPLQHG�E\
;�UD\�GLIIUDFWLRQ��'<�����3KLOLSV��7KH�1HWKHUODQGV��ZLWK�WKH�RSHUDWLQJ�FRQGLWLRQ�RI
���N9�DQG����P$�XVLQJ�0R�WDUJHW�

���5HVXOWV�DQG�GLVFXVVLRQ
,Q�)LJXUH����WKHUH�DUH�VKRZQ�UHSUHVHQWDWLYH�0±+�ORRSV�RI�FREDOW�FRQWLQXRXV�ILOPV

DUH� VKRZQ�HOHFWURGHSRVLWHG�ZLWKRXW� DQG�ZLWK� DQ� H[WHUQDO�PDJQHWLF� ILHOG� �����7HVOD�
PHDVXUHG� LQ�D�PDJQHWLF� ILHOG�SDUDOOHO� �GDVKHG� OLQH��DQG�SHUSHQGLFXODU� �VROLG� OLQH�� WR
WKH�ILOP�SODQH��UHVSHFWLYHO\�

7KH�FREDOW�ILOP�HOHFWURGHSRVLWHG�ZLWKRXW�DQ�H[WHUQDO�PDJQHWLF�ILHOG�VKRZV�D�W\SL�
FDO� ORRS�UHVXOWLQJ�IURP�VKDSH�DQLVRWURS\�ZLWK�DQ�HDV\�D[LV�SDUDOOHO� WR� WKH�ILOP�SODQH
DQG�D�KDUG�D[LV�SHUSHQGLFXODU�WR�WKH�ILOP�SODQH��)LJ���D���7KH�LQWULQVLF�FRHUFLYLW\�+F
ZDV�IRXQG�WR�EH�a����2H�IRU�LQ�SODQH�GLUHFWLRQ�DQG�a����2H�IRU�SHUSHQGLFXODU�GLUHF�
WLRQ��DQG�WKLV�GLIIHUHQFH�LV� WKRXJKW�WR�EH�DWWULEXWDEOH�WR�D�PL[HG�DQLVRWURS\�RI�VKDSH
DQG�PDJQHWRFU\VWDOOLQH�DQLVRWURS\��2Q�WKH�RWKHU�KDQG��ZKHQ�D�0±+� ORRS�ZDV�PHDV�
XUHG�LQ�WKH�PDJQHWLF�ILHOG�SHUSHQGLFXODU�WR�WKH�ILOP�SODQH��)LJ���E���WKH�HOHFWURGHSRVLW
ZLWK� DQ� H[WHUQDO� PDJQHWLF� ILHOG� ZDV� IRXQG� WR� KDYH� D� VPDOO� PLQRU�ORRS�OLNH� ORRS
VKRZLQJ�FRHUFLYLW\�RI�a����2H�ZKLFK�LV�WZLFH�DV�KLJK�DV�WKDW�LQ�)LJ���D��)RU�LQ�SODQH
GLUHFWLRQ��WKH�0±+�ORRS�LQ�)LJ���E�ZDV�YHU\�VLPLODU�WR�WKDW�LQ�)LJ���D��)URP�WKHVH�UH�
VXOWV�LW�LV�LQIHUUHG�WKDW�WKH�H[WHUQDO�PDJQHWLF�ILHOG�PLJKW�LQGXFH�WKH�F�D[LV�RI�JURZLQJ
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)LJ�����0±+�K\VWHUHVLV�ORRSV�RI�WKH�HOHFWURGHSRVLWHG�&R�ILOPV�
D��ZLWKRXW�PDJQHWLF�ILHOG��DV�GHSRVLWHG���E��ZLWK�PDJQHWLF�ILHOG��DV�GHSRVLWHG��

F��ZLWKRXW�PDJQHWLF�ILHOG��DQQHDOHG�DW������&�IRU���KU��
G��ZLWK�PDJQHWLF�ILHOG��DQQHDOHG�DW������&�IRU���KU�
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FREDOW�FU\VWDOOLWHV�LQ�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�ILOP�SODQH��DQG�PDNH�WKH�JUDLQ
VL]H�FORVH�WR�WKH�VLQJOH�GRPDLQ�VL]H��)LJXUHV��F�DQG�G�DOVR�VKRZ�WKH�YDULDWLRQV�RI�WKH
0±+�ORRSV�RI�WKH�FREDOW�ILOPV�HOHFWURGHSRVLWHG�ZLWKRXW��)LJ���F��DQG�ZLWK��)LJ���G��DQ
H[WHUQDO�PDJQHWLF�ILHOG�DIWHU�WKH�VDPSOHV�ZHUH�DQQHDOHG�DW������&�IRU���KU��:KHQ�WKH
VDPSOH�ZDV� HOHFWURGHSRVLWHG�ZLWKRXW� DQ� H[WHUQDO�PDJQHWLF� ILHOG�� WKH�0±+� ORRS�ZDV
LQGHSHQGHQW�RI�WKH�KHDW�WUHDWPHQW�H[FHSW�WKDW� WKH�SHUSHQGLFXODU�FRHUFLYLW\�GHFUHDVHG
WR� VRPH� H[WHQW�� ,Q�)LJ�� �G�� KRZHYHU�� WKH�PLQRU�ORRS�OLNH� ORRS�GLVDSSHDUHG� DIWHU� DQ�
QHDOLQJ�� ZKLFK� LQGLFDWHG� WKH� VKDSH� DQLVRWURS\� JUDGXDOO\� EHFRPLQJ� GRPLQDQW� LQ� WKH
PL[HG�DQLVRWURS\��EXW�WKH�PDJQHWRFU\VWDOOLQH�DQLVRWURS\�ZDV�VWLOO�HIIHFWLYH��WKLV�PD\�EH
GHGXFHG�IURP�WKH�IDFW�WKDW�WKH�YDOXH�RI�WKH�FRHUFLYLW\�UHPDLQHG�a����2H�UHJDUGOHVV�RI
WKH�KHDW�WUHDWPHQW���7KHVH�UHVXOWV�GHPRQVWUDWH�WKDW� WKH�DSSOLFDWLRQ�RI�DQ�H[WHUQDO�PDJ�
QHWLF�ILHOG�GXULQJ�HOHFWURGHSRVLWLRQ�FDQ�DIIHFW�ERWK�WKH�FU\VWDOORJUDSKLF�RULHQWDWLRQ�DQG
WKH�JUDLQ�VL]H��)LJXUH���SUHVHQWV�;�UD\�GLIIUDFWLRQ�SDWWHUQV�RI�WKH�FRQWLQXRXV�ILOPV�RI
FREDOW� HOHFWURGHSRVLWHG� ZLWKRXW� �)LJ�� �D�� DQG� ZLWK� �)LJ�� �E�� DQ� H[WHUQDO� PDJQHWLF
ILHOG��UHVSHFWLYHO\�
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)LJ�����;�UD\�GLIIUDFWLRQ�SDWWHUQV�RI�WKH�&R�ILOP�HOHFWURGHSRVLWHG�ZLWKRXW��D�
DQG�ZLWK��E��DQ�H[WHUQDO�PDJQHWLF�ILHOG��7KH�HOHFWURGHSRVLWLRQ�ZDV�FRQGXFWHG�DW���$�GP $

,Q�)LJXUH��E��WZR�SHDNV�IURP�KFS�FREDOW�������DQG�������SODQHV�DUH�REVHUYHG�PRUH
DSSDUHQWO\� WKDQ� LQ�)LJ�� �D��7KLV�PHDQV� WKDW� WKH� DSSOLFDWLRQ� RI� DQ� H[WHUQDO�PDJQHWLF
ILHOG� GXULQJ� HOHFWURGHSRVLWLRQ� OHDGV� FREDOW� JUDLQV� WR� JURZ� SUHIHUHQWLDOO\� DQG� IRUP
������WH[WXUH��&RQVLGHULQJ�WKDW�FREDOW�JUDLQV�ZLWK�WKH�������RULHQWDWLRQ�KDYH�WKH�F�D[LV



(IIHFWV�RI�DQ�H[WHUQDO�PDJQHWLF�ILHOG�RQ�WKH�PDJQHWLF�DQLVRWURS\�RI�PLFUR�SDWWHUQHG�DUUD\V ���

SHUSHQGLFXODU�WR�WKH�ILOP�SODQH��WKH�GLIIHUHQFH�EHWZHHQ�)LJV���D�DQG��E�FDQ�EH�HDVLO\
XQGHUVWRRG�

)LJXUH���LV�D�FRPSDULVRQ�RI�WKH�F\FOLF�YROWDPPRJUDPV�PHDVXUHG�ZLWKRXW��GDVKHG�OLQH�
DQG�ZLWK��VROLG�OLQH��DQ�H[WHUQDO�PDJQHWLF�ILHOG��7KH�VZLWFKLQJ�SRWHQWLDO�DW�ZKLFK�WKH�VFDQ�
QLQJ� GLUHFWLRQ� FKDQJHV� IURP� FDWKRGLF� WR� DQRGLF� RQH� ZDV� IL[HG� DW� ±���� 9� LQ� RUGHU� WR
HOLPLQDWH�D�SRVVLEOH�LQWHUIHUHQFH�IURP�WKH�K\GURJHQ�HYROXWLRQ�UHDFWLRQ�
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3RWHQWLDO��9�YV��6&(�
)LJ�����&RPSDULVRQ�RI�WKH�F\FOLF�YROWDPPRJUDPV�PHDVXUHG

ZLWKRXW��GDVKHG�OLQH��DQG�ZLWK��VROLG�OLQH��DQ�H[WHUQDO�PDJQHWLF�ILHOG

7KH�VKDSHV�RI�WKH�F\FOLF�YROWDPPRJUDPV�LQ�)LJ����DUH�VLPLODU�WR�HDFK�RWKHU��EXW�WKH
SRODUL]DWLRQ� GXULQJ� WKH� FDWKRGLF� VFDQ� UHYHDOV� GLIIHUHQW� SRODUL]DWLRQ� YDOXHV��:LWK� DQ
H[WHUQDO�PDJQHWLF�ILHOG�RI�����7HVOD��WKH�SRODUL]DWLRQ�LV�ODUJHU�DQG�LW�LV�ZHOO�NQRZQ�WKDW
WKH�SRODUL]DWLRQ�KDV�D�FORVH�FRUUHODWLRQ�ZLWK�WKH�VL]H�RI�JUDLQ�LQ�WKH�HOHFWURGHSRVLWHG
DOOR\V��SURGXFLQJ�VPDOO�JUDLQV�ZKHQ�WKH�DOOR\�LV�HOHFWURGHSRVLWHG�DW�KLJK�SRODUL]DWLRQ
FRQGLWLRQ� >��� ��� �@�� ,W� FDQ� EH� H[SHFWHG� WKDW� WKH� DSSOLFDWLRQ� RI� DQ� H[WHUQDO�PDJQHWLF
ILHOG�LQGXFHV�DQ�LQFUHDVH�LQ�SRODUL]DWLRQ�DQG� WKH�JUDLQ�VL]H�RI�&R�ILOPV�PD\�EHFRPH
VPDOOHU��7KH� UHGXFWLRQ�RI� JUDLQ� VL]H� FDXVHG� E\� DQ� LQFUHDVH� LQ� SRODUL]DWLRQ� KDV� EHHQ
DVFHUWDLQHG� E\� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\� �7(0�� LQ� RXU� SUHYLRXV� ZRUN� >�@�
,QWHUHVWLQJO\�� WKH�HIIHFW�RI�DSSOLHG�H[WHUQDO�PDJQHWLF� ILHOG�ZDV�DSSDUHQW�RQO\�DW�VSH�
FLILF� FXUUHQW� GHQVLW\�� ���� $�GP � �� )RU� KLJKHU� FXUUHQW� GHQVLWLHV�� LW� VHHPV� WKDW� WKH
HOHFWURFU\VWDOOL]DWLRQ�FDQQRW�SURFHHG�VXIILFLHQWO\�GXH�WR�ODUJH�FRQFHQWUDWLRQ�SRODUL]DWLRQ�
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)RU� WKH� PLFUR�SDWWHUQHG� DUUD\V� RI� FREDOW� DV� LQ� )LJ�� ��� W\SLFDO�0±+� ORRSV� ZHUH
PHDVXUHG�LQ�SHUSHQGLFXODU��)LJ���D��DQG�LQ�SODQH��)LJ���E��GLUHFWLRQV�WR�WKH�ILOP�SODQH
GHSHQGLQJ�RQ�WKH�YDULDWLRQ�RI�DVSHFW�UDWLRV�

� [ � �

[ � �

)LJ�����6FDQQLQJ�HOHFWURQ�PLFURJUDSKV�RI�FREDOW�DUUD\V
����mP����mP����mP��VWULSSHG�WKH�SKRWRUHVLVW

$OWKRXJK�&R�FXELF�����mP����mP����mP��DUUD\�ZDV�H[SHFWHG�WR�KDYH�WKH�VDPH
0±+�ORRS�LQ�[� �GLUHFWLRQ�DV�LQ�[ � �GLUHFWLRQ�LQ�)LJ�����LW�H[KLELWV�GLIIHUHQW�PDJQHWL]DWLRQ
YDOXHV� DFFRUGLQJ� WR� WKH� GLUHFWLRQ� RI� WKH� ILHOG� DSSOLHG�� )RU� H[DPSOH�� ZKHQ� WKH� ILHOG
DSSOLHG�ZDV������2H��PDJQHWL]DWLRQ�PHDVXUHG�LQ�WKH�[� �GLUHFWLRQ�ZDV����HPX�J��EHLQJ
���HPX�J� LQ�[ � �GLUHFWLRQ��)URP�WKLV� UHVXOW� LW�FDQ�EH� LQIHUUHG� WKDW�&R�DUUD\�KDV� VKDSH
DQLVRWURS\�WR�EH�PDJQHWL]HG�LQ�WKH�[ � �GLUHFWLRQ�

,Q� )LJXUH� ��� ZKHQ� WZR� SDWWHUQHG� DUUD\V� RI� WKH� VDPH� GLPHQVLRQ� ���� mPî��� mP
î���mP��DUH�FRPSDUHG�ZLWK�HDFK�RWKHU��WKH\�H[KLELW�DOPRVW�WKH�VDPH�0±+�ORRSV��7KLV
PHDQV�WKDW�DSSOLFDWLRQ�RI�DQ�H[WHUQDO�PDJQHWLF�ILHOG�LV�LQVXIILFLHQWO\�HIIHFWLYH�WR�LP�
SURYH� 30$� IRU� WKH� HOHFWURGHSRVLWHG� SDWWHUQHG� DUUD\�� ,W� KDV� EHHQ� UHSRUWHG� WKDW� LQ� D
WKURXJK�WHPSODWH� HOHFWURGHSRVLWLRQ� OLNH� WKLV� ZRUN�� PDVV�WUDQVIHU� HIIHFWV� DUH� VLJQLIL�
FDQW��DQG�GLIIXVLRQ�RI� LRQV� WKURXJK� WKH� WHPSODWH� LV�D� UDWH�GHWHUPLQLQJ�VWHS�>����@�� ,Q
WKHVH�FRQGLWLRQV��D�ODUJH�FRQFHQWUDWLRQ�SRODUL]DWLRQ�DSSHDUV��7KH�UHDVRQ�ZK\�WKH�DS�
SOLFDWLRQ�RI�DQ�H[WHUQDO�PDJQHWLF� ILHOG�ZDV�QRW�HIIHFWLYH� IRU�SDWWHUQHG�DUUD\V�FDQ�EH
DWWULEXWHG�WR�DQ�LQVXIILFLHQW�HOHFWURFU\VWDOOL]DWRQ�GXH�WR�WKH�ODUJH�FRQFHQWUDWLRQ�SRODUL�
]DWLRQ�� ,W� LV� QRW� DVFHUWDLQHG� ZKHWKHU� LI� FREDOW� SDWWHUQHG� DUUD\V� KDYH� DQ\
PDJQHWRFU\VWDOOLQH�DQLVRWURS\�



(IIHFWV�RI�DQ�H[WHUQDO�PDJQHWLF�ILHOG�RQ�WKH�PDJQHWLF�DQLVRWURS\�RI�PLFUR�SDWWHUQHG�DUUD\V ���

)LJ�����0±+�K\VWHUHVLV�ORRSV�RI�SDWWHUQHG�&R�DUUD\V�DFFRUGLQJ�WR�WKH�DVSHFW�UDWLR�
/RRSV�ZHUH�PHDVXUHG�LQ�SHUSHQGLFXODU��D��DQG�LQ�SODQH�GLUHFWLRQV��E��WR�WKH�ILOP�SODQH

���&RQFOXVLRQ
:H�VWXGLHG�WKH�HIIHFWV�RI�DQ�H[WHUQDO�PDJQHWLF�ILHOG�RQ�FRQWLQXRXV�ILOPV�DQG�PL�

FUR�SDWWHUQHG� DUUD\� LQ� RUGHU� WR� LPSURYH� WKH� 30$� RI� FREDOW� HOHFWURGHSRVLWV�� 2XU
H[SHULPHQWDO�UHVXOWV�JLYH�HYLGHQFH�WKDW�DQ�H[WHUQDO�PDJQHWLF� ILHOG� OHDGV� WR� WKH������
SUHIHUUHG�FU\VWDOORJUDSKLF�RULHQWDWLRQV�RI�FRQWLQXRXV�FREDOW�ILOP�DQG�WKH�UHGXFWLRQ�RI
WKH� JUDLQ� VL]H��:H� DOVR� IRXQG� WKDW� WKH� SDWWHUQHG� FREDOW� DUUD\� VKRZV� D� SUHGRPLQDQW
30$�LQ�FRPSHWLWLRQ�ZLWK�LQ�SODQH�VKDSH�DQLVRWURS\��2XU�UHVXOWV�LQGLFDWH�WKDW�DSSOLFD�
WLRQ�RI�DQ�H[WHUQDO�PDJQHWLF� ILHOG� LV� HIIHFWLYH� WR� LPSURYH�30$� IRU� HOHFWURGHSRVLWHG
FRQWLQXRXV� ILOP�� EXW� OLWWOH� GRPLQDQW� IRU� SDWWHUQHG� DUUD\� GXH� WR� ODUJH� FRQFHQWUDWLRQ
SRODUL]DWLRQ�GXULQJ�HOHFWURGHSRVLWLRQ�
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