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<HDUO\�5HYLHZF\WHV� ZHUH� LUUDGLDWHG� ZLWK� D� SXOVHG� UXE\� ODVHU� DW� O  ������QP��5RXQGV�HW�DO�� �������7KH�DXWKRUV�IRXQG�WKDWD� ORZ� IOXHQFH� ���� -�P��� SURGXFHG� F\WRSODVPLFUHWUDFWLRQV� DQG� S\NQRVLV� RI� WKH� QXFOHL� RI� PHODQLQ�FRQWDLQLQJ� FHOOV��+LJKHU� IOXHQFH� YDOXHV� ��� [� ��� -�P��SURGXFHG�LPPHGLDWH�GHDWK�RI�FHOOV��1RQSLJPHQWHG�FHOOVGHULYHG� IURP� KXPDQ� VNLQ�� PRXVH� OXQJ�� KDPVWHUPHODQRPD� RU� DOELQR� UDEELW� UHWLQDO� HSLWKHOLXP� VKRZHGQR� PRUSKRORJLFDO� FKDQJHV� IROORZLQJ� H[SRVXUH� WRIOXHQFHV� XS� WR� �� [� ��� -�P��� 5DEELW� HQGRWKHOLDO� FHOOVVKRZHG� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� PLWRWLF� LQGLFHVZKHQ�H[SRVHG�WR�IOXHQFH�RI�����[���� -�P� DV�FRPSDUHGZLWK� QRQLUUDGLDWHG� FHOO� SRSXODWLRQV�� $� KLJK� GHJUHH� RIFKURPRVRPDO�FOXPSLQJ�E\�LUUDGLDWLRQ�ZLWK�D�IOXHQFH�RI����[���� -�P� ZDV�REVHUYHG��,Q�WKHVH�H[SHULPHQWV��WKHHIIHFWV�RI�UDGLDWLRQ�ZHUH�FOHDUO\�PHODQLQ�GHSHQGHQW�DQGPRUH�SURQRXQFHG�LQ�KHDYLO\�SLJ�PHQWHG�FHOOV�,Q� H[SHULPHQWV� RI� +DUG\� HW� DO� �������� PRXVHILEUREODVWV�/����ZHUH�LUUDGLDWHG�ZLWK�D�UXE\�ODVHU��O  ������QP��DW�IOXHQFH�RI���[���� -�P��� WUDQVIHUUHG�WR�DIUHVK� PHGLXP�� DQG� WKH� QXPEHU� RI� FHOOV� ZDV� FRXQWHGGDLO\�� 1RQLUUDGLDWHG� FRQWURO� FHOOV� XQGHUZHQW� WKH� ODJ�SKDVH� RI� JURZWK� IRU� RQH� GD\� DQG� WKHQ� WKH� SKDVH� RIH[SRQHQWLDO�JURZWK�IRU���GD\V��7KH�LUUDGLDWHG�FXOWXUHVUHPDLQHG� LQ� ODJ�SKDVH� IRU� �� GD\V�EXW� WKHQ�XQGHUZHQWWKH�H[SRQHQWLDO�JURZWK�DW�D�PDUNHGO\�KLJKHU�UDWH� WKDQWKH� FRQWURO� RQHV�� \LHOGLQJ� �� WLPHV� PRUH� FHOOV� RQ� WKHIRXUWK� GD\� RI� JURZWK� DV� FRPSDUHG� WR� WKH� FRQWURO�7KHVH� UHVXOWV� VKRZ� WKDW� UDGLDWLRQ� SURORQJV� WKH� ODJ�SKDVH�DQG�VWLPXODWHV� WKH�PLWRWLF�DFWLYLW\� LQ� IROORZLQJH[SRQHQWLDO�SKDVH�RI�JURZWK�)DU�UHG�OLJKW� QHDU�����QP�LQ�ZDYHOHQJWK��ZDV�XVHGE\�*RUGRQ�HW�DO� �������DQG�&KHQ�DQG�*RUGRQ��������7KH� LQWHUHVW� RI� WKH� DXWKRUV� LQ� WKLV� SDUWLFXODUZDYHOHQJWK� ZDV� FRQQHFWHG� ZLWK� VWXGLHV� RQ� WKH� ELR�ORJLFDO� UROH� RI� WKH� SK\WRFKURPH�� 2QH� VKRXOG� HP�SKDVL]H�WKDW�WKHUH�LV�VWLOO�QR�HYLGHQFH�WKDW�SK\WRFKURPHLV� SUHVHQW� LQ� PDPPDOLDQ� FHOOV�� ([SRVXUH� RI� DPRQROD\HU� RI� WKH� SLJ� NLGQH\� FHOOV� WR� D� IDU� UHG� OLJKWQHDU�����QP�ZDV�IRXQG�WR�LQKLELW� WKH�LQFRUSRUDWLRQ�RIS+OWK\PLGLQH� LQWR� QXFOHL� RI� WKHVH� FHOOV� �&KHQ� DQG*RUGRQ�� ������� DQG� WR� LQFUHDVH� WKH� LQFLGHQFH� RI� WKHFKURPDWRLG� DEHUUDWLRQV� DQG� WKH� QXPEHU� RI� DEHUUDQWFHOOV� �*RUGRQ� HW� DO�� ������ ZLWK� D� VLPLODU� GRVH�UHVSRQVH� PD[LPXP� ��� [� ��� -�P���� /RZHULQJ� WKHWHPSHUDWXUH� RI� WKH� FHOOV� GXULQJ� WKH� OLJKW� H[SRVXUHLQFUHDVHG� WKH� \LHOG� RI� DEHUUDWLRQV� �*RUGRQ� HW� DO���������:KHQ� WKH� FHOOV� ZHUH� H[SRVHG� WR� IDU� UHG� OLJKW�O � ���� QP�� DW� YDULRXV� WLPHV� DIWHU� VXEFXOWXUH�� WKH\VKRZHG� SHDNV� LQ� WKH� DEHUUDWLRQ� \LHOG� ZKHQ� WKHLQWHUYDOV� ZHUH� DERXW� ��� DQG� ��� K�� 7KHVH� PD[LPDFRUUHVSRQGHG�WR�WKH�HDUO\�6��DQG�*��VWDJHV�RI�WKH�FHOOF\FOH�,Q�FRQQHFWLRQ�ZLWK�WKH�JURZLQJ�XVH�RI�QHDU�,5GLRGH�ODVHUV��W\SLFDO�ZDYHOHQJWKV�IURP�����WR�����QP�LQ�SKRWRWKHUDS\�LQVWHDG�RI�WKH�+H�1H�ODVHU��ILUVW�VWXGLHVLQWR�WKH�DFWLRQ�RI�WKHVH�ODVHUV�RQ�FHOOXODU�FXOWXUHV�KDYHDSSHDUHG��6RPH�H[SHULPHQWV�RI�WKH

����JURXS�RI�'U��8LWWR�ZHUH�PHQWLRQHG�HDUOLHU�LQ�FRQQHFWLRQZLWK�WKH�V\QWKHVLV�RI�FROODJHQH��/DP�HW�DO�� ������7KH� LUUDGLDWLRQ�RI� NHUDWLQRF\WHV�ZLWK� D� SXOVHG�GLRGHODVHU� �O  ����QP�� IOXHQFH� IURP� ����[� ��� WR��� [� ���-�P��� SXOVH� GXUDWLRQ� ���� QV�� UHSHWLWLRQ� UDWH� ����� RU����� +]�� VWLPXODWHG� WKH� SUROLIHUDWLRQ� RI� ERWKVXEFRQIOXHQW� � � DQG� FRQIOXHQW� � � FXOWXUHV� �6WHLQOHFKQHUDQG�'\VRQ���������9DULDWLRQ�LQ�OLJKW�SXOVLQJ�IUHTXHQF\ZDV� IRXQG� WR�EH� LQVLJQLILFDQW�ZKHQ� WKH�HQHUJ\�GHQVLW\ZDV� PDLQWDLQHG� FRQVWDQW�� ,W� LV� LPSRUWDQW� WR� HPSKDVL]HWKDW� D� JUHDWHU� UHVSRQVH� ZDV� REWDLQHG� LQ� NHUDWLQRF\WHVZKRVH�JURZWK�UDWH�KDV�EHHQ�UHGXFHG�EHIRUH�LUUDGLDWLRQ�7KH�GHOD\�LQ�RQVHW�RI�SUROLIHUDWLRQ�QRUPDOO\�REVHUYHG�LQNHUDWLQRF\WHV� REWDLQHG� IURP� FRQIOXHQW� FXOWXUHV� ZDVUHGXFHG�E\�ODVHU�UDGLDWLRQ�7KH� H[SRVXUH� RI� FKRQGURF\WHV� WR� ��� ���� RU� ��� -� RI1G�<$*� ODVHU� UDGLDWLRQ� �O  � ����� QP�����+]�� LQ� WKHSUHVHQFH�RI� VDOLQH� UHVXOWHG� LQ� D� VLJQLILFDQW� VWLPXODWLRQRI� WKH�'1$�V\QWKHVLV�DW�SHULRGV�RI����DQG�����K�DIWHUWKH�LUUDGLDWLRQ��+HUPDQ�DQG�.KRVLD��������
$FWLRQ�6SHFWUXP$Q�DFWLRQ�VSHFWUXP�RI�WKH�OHWKDO�HIIHFW�RI�YLVLEOH�OLJKWH[LVWV�RQO\�IRU�EOXH�YLROHW�UHJLRQ�XS�WR�����QP��7\UUHOOHW�DO�� ������)RU� WKH� DFWLYDWLRQ� RI� SUROLIHUDWLRQ�� WKH� DFWLRQVSHFWUXP� H[LVWV� IRU� ERWK� H[SRQHQWLDOO\� JURZLQJ� DQGSODWHDX�SKDVH�+H/D�FHOOV�LQ�ZKROH�YLVLEOH�UHJLRQ��.DUXHW� DO�� ������ ����� D�E�� .DUX�� ����D��� ,Q� WKHVH� VWXGLHV�WKH� UDWH� RI� '1$� DQG� 51$� V\QWKHVLV� ZDV� WDNHQ� DV� DFULWHULRQ� RI� SUROLIHUDWLYH� DFWLYLW\�� $V� D� ILUVW� VWHS�� WKHGHSHQGHQFHV� RQ� WKH� IOXHQFH� DQG� LQWHQVLW\� IRU� YDULRXVYLVLEOH� OLJKW�ZDYHOHQJWKV� ZHUH� VWXGLHG�� ,Q� WKH� UHG� DQGIDU� UHG� UHJLRQV�� WKH� RSWLPDO� IOXHQFH� ZDV� HTXDO� WR� ���-�P��� DQG� LW� ZDV� UHODWLYHO\� LQVHQVLWLYH� WR� WKHZDYHOHQJWK�� ,Q� WKH� EOXH�XOWUDYLROHW� UHJLRQ�� WKH� IOXHQFHFDXVLQJ�PD[LPDO�HIIHFW�ZDV�ORZHU�E\�DERXW�DQ�RUGHU�RIPDJQLWXGH��H�J��IRU�O  �����QP�����-�P��� �.DUX�HW�DO������D���,Q�RWKHU�ZRUGV��DFKLHYLQJ� WKH�PD[LPXP� HIIHFWLQ� WKH� YLROHW�EOXH� UHJLRQ� UHTXLUHG� DSSUR[LPDWHO\� DQRUGHU�RI�PDJQLWXGH� ORZHU�IOXHQFH� WKDQ�WKDW�UHTXLUHG�WRDFKLHYH� WKH� VDPH� HIIHFW� ZLWK� UHG� RU� IDU� UHG� OLJKW�� $OOIOXHQFH�HIIHFW�GHSHQGHQFHV�KDG�D�EHOO�VKDSHG�IRUP�ZLWKD�WKUHVKROG��PD[LPXP�DQG�D�SKDVH�RI�GHFOLQH�7KH� LQIOXHQFH� RI� WKH� OLJKW� LQWHQVLW\� RQ� WKH� '1$V\QWKHVLV� VWLPXODWLRQ� HIIHFW� LQ� +H/D� FHOOV� ZDV� DOVRVWXGLHG� �.DUX� HW� DO�� ����D��� ,Q� H[SHULPHQWV� ZLWK� &:OLJKW�DW�O �����QP��WKH�UDGLDWLRQ�IOXHQFH�ZDV�DFKLHYHGE\�YDU\LQJ�WKH�LQWHQVLW\�RI�OLJKW�DQG�WKH�GXUDWLRQ�RI�WKHLUUDGLDWLRQ��7KH� IOXHQFH�ZDV� FRQVWDQW�DQG�DPRXQWHG� WR���� -�P��� 7KH� VWLPXODWLRQ� RI�'1$� V\QWKHVLV� UDWH� ZDVIRXQG� WR�EH�VHQVLWLYH�WR� WKH� LUUDGLDWLRQ� WLPH�DQG� WR� WKHLQWHQVLW\�RI�OLJKW��7KH�PD[LPXP�VWLPXODWLRQ�HIIHFW�ZDVREVHUYHG� ZKHQ� WKH� OLJKW� LQWHQVLW\� ZDV� IURP� �� WR� ��:�P� DQG� WKH� LUUDGLDWLRQ� WLPH� ������ V�� ,W� GHFUHDVHGUDSLGO\� RQ� LQFUHDVH� LQ� WKH� LUUDGLDWLRQ� WLPH� RU� RQUHGXFWLRQ�LQ



����WKH� OLJKW� LQWHQVLW\�� 7KH� WKUHVKROG� RI� HIIHFW� LQ� RXUH[SHULPHQWDO�FRQGLWLRQV�ZDV���:�P��7KH� VWLPXODWLRQ� RI� WKH� '1$� V\QWKHVLV� LQ� WKH� H[SR�QHQWLDOO\� JURZLQJ� +H/D� FHOOV� ZDV� GHWHFWHG� LQ� ZDYH�OHQJWK�UDQJHV�RI����0���QP����������QP������DQG����QP�ZLWK�PD[LPD�QHDU��������������DQG�����QP��.DUXHW�DO�� ����D���,Q�QHDU�,5�UHJLRQ��WKHUH�ZDV�D�VWUXFWXUH�LQD�IRUP�RI�D�SHDN�QHDU�����QP��7KH�DFWLRQ�VSHFWUXP�RIVWLPXODWLRQ� RI� 51$� V\QWKHVLV� ZDV� YHU\� FORVH� WR� WKHFRUUHVSRQGLQJ� DFWLRQ� VSHFWUXP� RI� VWLPXODWLRQ� RI�'1$V\QWKHVLV�� 7KH� PD[LPD� LQ� WKLV� DFWLRQ� VSHFWUXPFRUUHVSRQGHG�WR�WKH�ZDYHOHQJWKV�RI��������������������DQG� ���� QP�� ,Q� ERWK� DFWLRQ� VSHFWUD�� WKHUH� ZHUH� QRVWDWLVWLFDOO\� VLJQLILFDQW� FKDQJHV� IURP� FRQWURO� OHYHO� LQVSHFWUDO�UDQJH�IURP�����WR�����QP�7KH�DFWLRQ�VSHFWUD�IRU�VWLPXODWLRQ�RI�'1$�DQG�51$V\QWKHVLV�LQ�SODWHDX�SKDVH�+H/D�FHOOV�ZHUH�PHDVXUHG�LQWKH�UDQJH�RI�ZDYHOHQJWKV�IURP�����WR�����QP��.DUX�HWDO�� ����E���7KH�DFWLRQ�VSHFWUD�REWDLQHG�ZHUH� IRXQG�WREH� VLPLODU� WR� UHVSHFWLYH� VSHFWUD� IRU� SUROLIHUDWLQJ�+H/DFHOOV�GHVFULEHG�DERYH�$Q�DFWLRQ�VSHFWUXP�IRU�WKH�VWLPXODWLRQ�RI�WKH�PLWRWLFDFWLYLW\�RI�/�FHOOV�DIWHU�WKH�LUUDGLDWLRQ�LQ�UDQJH�IURP����WR� ���� QP�ZDV� SXEOLVKHG� E\� *DPDOH\D� HW� DO� �������7KH�PD[LPD�ZHUH�IRXQG�QHDU����������DQG�����QP�
:KLFK�3RLQW�LQ�WKH�&HOO�&\FOH�LV�$IIHFWHG"7KH� UHVXOWV� RI� H[SHULPHQWV� LQ� ZKLFK� WKH� H[SRQHQ�WLDOO\� JURZLQJ� +H/D� FHOOV� ZHUH� SXOVH�ODEHOHG� ZLWK>�+@OWK\PLGLQH� DW� YDULRXV� WLPHV� DIWHU� WKH� LUUDGLDWLRQZLWK�D�+H�1H�ODVHU�LQ�IOXHQFH�RI�����-�P� LQGLFDWHG�WKDWWKH�QXPEHU�RI�'1$�V\QWKHVL]LQJ�FHOOV�LQFUHDVHG�GXULQJWKH�ILUVW�����K�DIWHU�WKH�LUUDGLDWLRQ�DQG�WKHQ�GLPLQLVKHGWR�FRQWURO�OHYHO��2Q�WKH�EDVLV�RI�WKLV�FXUYH�LW�LV�SRVVLEOHWR� VXSSRVH� WKDW� WKH� LQFUHDVHG� QXPEHU� RI� 6�SKDVH� FHOOVRULJLQDWHG�IURP�D�SDUW�RI�WKH�*L�SKDVH�SRSXODWLRQ�UHDG\IRU� SDVVLQJ� WR� 6�SKDVH�� 7KH� VWLPXODWLYH� HIIHFW� RI� WKHLUUDGLDWLRQ�RQ�WKH�SURJUHVVLRQ�RI�*��SKDVH�FHOOV�LQWR�6�SKDVH�ZDV� FRQILUPHG� LQ� DXWRUDGLRJUDSKLF� H[SHULPHQWVZLWK�FRQWLQXRXV�ODEHOLQJ��.DUX�HW�DO�� ������7R�DQVZHU�WKH�TXHVWLRQ��GRHV�WKH�LUUDGLDWLRQ�LQIOXHQFHWKH� UDWH� RI� WKH� '1$� V\QWKHVLV� LQ� 6�SKDVH� FHOOV�� WKHQXPEHU� RI� JUDLQV� ZHUH� FRXQWHG� RQ� WKH� ODEHOHG� QXFOHL�7KH�DYHUDJH�JUDLQ�FRXQW�RQ�WKH�QXFOHL�RI�H[SRQHQWLDOO\JURZLQJ� FHOOV� LQFUHDVHG� DIWHU� WKH� LUUDGLDWLRQ�� EHLQJDERYH�FRQWURO� OHYHO� IURP��� WR���K�DIWHU� WKH� LUUDGLDWLRQ�7KH�GLVWULEXWLRQ�RI�JUDLQ�QXPEHU� SHU� LQGLYLGXDO�QXFOHLLQGLFDWHG� WKDW� WKH� QXPEHU� RI� FHOOV� ZLWK� KLJKHU� JUDLQFRXQWV� LQFUHDVHG� IROORZLQJ� LUUDGLDWLRQ� �.DUX� HW� DO��������2Q�WKH�EDVLV�RI�WKHVH�GDWD�LW�ZDV�SRVVLEOH�WR�FRQFOXGHWKDW�WKH�HQKDQFHPHQW�RI�'1$�V\QWKHVLV�UDWH�HVWDEOLVKHGLQ�H[SHULPHQWV�RI�.DUX�HW�DO� �����������D������D��ZDVGXH�WR�WKH� LQWHQVLILFDWLRQ�RI�'1$�V\QWKHVLV� LQ�6�SKDVHFHOOV�DV�ZHOO�DV�GXH�WR�HQKDQFHG�WUDQVLWLRQ�*� o 6�RI�DSDUW� RI� WKH� SRSXODWLRQ�� 'LIIHUHQW� NLQHWLFV� RI� ERWKSURFHVVHV�DIWHU�WKH�LUUDGLDWLRQ

7LLQD�,��.DUXPDGH� LW�SRVVLEOH� WR�VXJJHVW� WKDW� LQ� WKH� ILUVW�KRXUV�DIWHUWKH� LUUDGLDWLRQ� WKH� LQFUHDVHG� LQFRUSRUDWLRQ� RI� >�+@WK\PLGLQH�LV�FDXVHG�PDLQO\�E\�LQFUHDVHG�QXPEHU�RI�6�SKDVH� FHOOV�� DQG� LQ� ORQJHU� WHUPV� DIWHU� WKH� LUUDGLDWLRQ�H�J�� �� K LQ� RXU� H[SHULPHQWV�� E\� HQKDQFHG� '1$V\QWKHVLV�LQ�6�SKDVH�FHOOV�3HUFHQW� RI� WKH� FHOOV� LQ� PLWRVLV� �,0�� GLG� QRW� FKDQJHGXULQJ� ILUVW� KRXUV� DIWHU� WKH� LUUDGLDWLRQ�� 7KH� RQO\VLJQLILFDQW�GLIIHUHQFH� IURP� FRQWURO� OHYHO�ZDV�QRWLFHG��K�DIWHU�WKH�LUUDGLDWLRQ��.DUD�HW�DO�� ������,UUDGLDWLRQ� RI� UDW� NLGQH\� HSLWKHOLDO� FHOOV� LQ� 6�SKDVHZLWK� LQKLELWLQJ� WKH� SUROLIHUDWLRQ� IOXHQFHV� RI� D� +H�1HODVHU�WHPSRUDULO\�DUUHVWHG�WKH�FHOOV�LQ�PLWRVLV��6FKQHHGHHW� DO�� ������� ,Q� DGGLWLRQ�� HOHFWURQ� PLFURVFRS\� RI� WKHLUUDGLDWHG�FXOWXUHV�UHYHDOHG�D�UHODWLYHO\�KLJK�QXPEHU�RIWKH�FHOOV�LQ�PLWRVLV�,UUDGLDWLRQ� RI� SLJ� NLGQH\� FHOOV� ZLWK� IDU�UHG� OLJKW� DW���� QP� FDXVHG� PD[LPDO� \LHOG� RI� FKURPRVRPHDEHUUDWLRQ� ZKHQ� WKH� V\QFKURQL]HG� SRSXODWLRQ� ZDVLUUDGLDWHG�LQ�HDUO\�6��DQG�*��VWDJHV�RI�WKH�FHOOXODU�F\FOH�*RUGRQ�HW�DO�� ������,UUDGLDWLRQ� ZLWK� D� +H�1H� ODVHU� ����:�P��� ��� RU� ��PLQ��RI�(KUOLFK�DVFLWHV�FHOOV�VKRUWHQHG�WKH�PLWRWLF�F\FOHRI� FHOOV� LQ� DOO� LWV� SKDVHV� DQG� LQFUHDVHG� WKH� JURZLQJIUDFWLRQ� RI� WKH� SRSXODWLRQ�� $Q� LQFUHDVH� LQ� QXPEHU� RISDWKRORJLFDO� PLWRVHV� ZDV� REVHUYHG� �0RVNDOLN� DQG.R]ORY��������
'LFKURPDWLF�,UUDGLDWLRQ7KH� VWLPXODWLYH� HIIHFW� RI� UHG� OLJKW� ������� �� QP��RQWKH�'1$� V\QWKHVLV� UDWH� ZDV� VKRZQ� YDQLVKLQJ� ZKHQ� DPRQROD\HU�RI�+H/D�FHOOV�ZDV�LUUDGLDWHG�VLPXOWDQHRXVO\ZLWK� UHG� OLJKW� DQG� OLJKW� RI� EURDG� EDQGZLGWK� IURP� WKHEOXH�\HOORZ�UHJLRQ��.DUX�HW�DO�������D��7R� H[SODLQ� ZKHWKHU� WKH� GLVDSSHDUDQFH� RI� WKHVWLPXODWLYH� HIIHFW� ZDV� DVVRFLDWHG� ZLWK� WKH� VSHFWUDOUDQJH�RI� WKH�ZLGH�EDQG� OLJKW�RU�ZKHWKHU� LW�ZDV� GXH� WRWKH� VSHFLILFLW\� RI� WKH� ZDYHOHQJWKV� LQYROYHG�� WKHH[SHULPHQWV� ZLWK� GLFKURPDWLF� LUUDGLDWLRQ� ZHUH� SHU�IRUPHG��6LQFH�WKHUH�ZHUH�VHYHUDO�PD[LPD�LQ�WKH�DFWLRQVSHFWUD� RI� VWLPXODWLRQ� RI� SUROLIHUDWLRQ� �.DUX� HW� DO������D�E�� .DUD�� ����D�� LQ� WKH� H[SHULPHQWV� RIGLFKURPDWLF� LUUDGLDWLRQ�� WKRVH�ZDYHOHQJWKV�ZKLFK�ZHUHIRXQG�WR�JLYH�PD[LPDO�UHVSRQVH�ZHUH�XVHG��.DUX�HW��DO��������+H/D� FHOOV� LQ� WKH� IRUP� RI� D� PRQROD\HU�ZHUH� VLPXO�WDQHRXVO\�LUUDGLDWHG�ZLWK�D�UHG�OLJKW��O  �������QP��DQGD�YDULDEOH�ZDYHOHQJWK�PRQRFKURPDWLF�OLJKW��ODGG���.DUDHW�DO�� �������7KH�IOXHQFH�RI� UHG�OLJKW�ZDV�DOZD\V�NHSWIL[HG� DW� ���� -�P��� 7KH� IOXHQFH� IRU� WKH� YDULDEOH�ZDYHOHQJWK�UDGLDWLRQ�ZDV�WDNHQ�DW�����-�P� LQ�WKH�UDQJHIURP� ���� WR� ���� QP�� DQG� ��� RU� ��� -�P� LQ� WKH� UDQJHIURP� ���� WR� ���� QP�� '1$� DQG� 51$� V\QWKHVLV� UDWHVZHUH�PHDVXUHG�����K�DIWHU�WKH�LUUDGLDWLRQ��,Q�WKH�UHG�DQGIDU� UHG� UHJLRQV� RI� WKH� QHZ�DFWLRQ� VSHFWUD� �ODGG  � ��������QP��� WKH�PD[LPXP� DW� ����QP� UHPDLQHG� WKH� VDPHDV�LQ�FDVH�RI�PRQRFKURPDWLF�LUUDGLDWLRQ�ZKHUHDV�WKDW�DW����QP�GLVDSSHDUHG��:LWK� WKH� LUUDGLDWLRQ�GRVH� IRU� WKHYDUL�
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