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$%675$&7�(UZLQLD� KHUELFROD� ��� LV� D� JUDP�QHJDWLYH� SK\WRSDWKRJHQ�� (OHFWURQ� PLFURVFRS\� RI� (� KHUELFROD� ���ZDVKHG� FHOOV� LQGLFDWHG� WKDW� LW� SURGXFHG� VSKHULFDO� WXEXODU� RXWHU� PHPEUDQH� YHVLFOHV� XQGHU� QRUPDO�FRQGLWLRQV��DQG�ODUJHU�RQHV�DIWHU�H[SRVXUH�WR�WKH�DPLQRJO\FRVLGH�DQWLELRWLF��JHQWDPLFLQ��7KH�DGGLWLRQ�RI� �ODFWDP�DQWLELRWLF��FHSKUDGLQH�WR�(� KHUELFROD����FXOWXUH��LQKLELWHG�WKH�PHPEUDQH�YHVLFOH�IRUPDWLRQ��1DWXUDO�PHPEUDQH�YHVLFOHV�SURGXFHG�E\�WKH�ZDVKHG�FHOOV��DQWLELRWLF�XQWUHDWHG��RI�WKLV�EDFWHULXP�O\VHG�D YDULHW\�RI�JUDP�SRVLWLYH�DQG�JUDP�QHJDWLYH�KRVW�EDFWHULD��9HVLFOHV�SURGXFHG�E\�JHQWDPLFLQ�WUHDWHG�FXOWXUHV� KDG� D� KLJKHU� O\WLF� DFWLYLW\� DJDLQVW� WKH� KRVW� EDFWHULD� WHVWHG�� DQG� DOVR� KLJKHU�WKDQ�QRUPDO� �ODFWDPDVH�DFWLYLW\������IROG����'LIIHUHQW� �ODFWDP�LQGXFHUV�UHVXOWHG�LQ�RQO\�ORZ�OHYHOV�RI�FRQVWLWXWLYH� �ODFWDPDVH�DQG�LQVLJQLILFDQW�DPRXQWV�RI�WKH�LQGXFHG�HQ]\PH��(� KHUELFROD����LV�VXVFHSWLEOH�WR�PLQLPDO�LQKLELWRU\� FRQFHQWUDWLRQV� RI� �ODFWDP� DQWLELRWLFV�� GXH� WR� WKH� ORZ� OHYHO� RI� �ODFWDPDVH� SURGXFHG��*HQWDPLFLQ�WUHDWHG� FXOWXUHV� H[KLELWHG� KLJKHU� UHVLVWDQFH� WR� DPR[\FLOOLQ�� FHID]ROLQ�� FHIRSHUD]RQH��FHIWD]LGLPH�DQG�FHIWULD[RQH���
.H\ZRUGV� (UZLQLD�KHUELFROD� JHQWDPLFLQ�PHPEUDQH�YHVLFOHV��J�09V���%DFWHULRO\WLF�DFWLYLW\���

� E�ODFWDPDVH�LQGXFWLRQ��0,&����
,1752'8&7,21��0DQ\� JUDP�QHJDWLYH� EDFWHULD� SURGXFH� H[WHUQDO� PHPEUDQH� YHVLFOHV� �09V�� GXULQJ� JURZWK��'XULQJ� WKHLU� IRUPDWLRQ�� 09V� HQWUDS� VHYHUDO� SHULSODVPLF� FRPSRQHQWV�� IRU� 3VHXGRPRQDV�DHUXJLQRVD� WKHVH� LQFOXGH� DONDOLQH� SKRVSKDWDVH�� SKRVSKROLSDVH� &�� SURHODVWDVH�� SURWHDVH� DQG�SHSWLGRJO\FDQ� K\GURODVH� �&KDWWHUMHH�	�'DV� ������'HYRH�	�*LOFKULVW� ������'RUZDUG� HW� DO�������:LVSHOZH\�HW�DO�������.RQGR�HW�DO��������:KLWPLUH�	�*DURQ�������.DGXUXJDPXZD�	�%HYHULGJH�������:DL�HW�DO��������.DGXUXJDPXZD�	�%HYHULGJH�������/L�HW�DO���������%HFDXVH�VHYHUDO�RI�WKHVH�FRPSRQHQWV�DUH�YLUXOHQFH�IDFWRUV��LQFOXGLQJ�WKH�OLSRSRO\VDFFKDULGH�FRQWDLQHG�LQ�WKH�09�PHPEUDQH��09V�PD\�EH�LPSRUWDQW�GXULQJ�WKH�LQLWLDO�SKDVHV�RI� LQIHFWLRQ��DV� WKH\�FRQFHQWUDWH�VXFK�IDFWRUV�DQG�FRQYH\�WKHP�WR�KRVW�WLVVXH��.DGXUXJDPXZD�	�%HYHULGJH�������������� 7KH� SDUWLWLRQLQJ� RI� SHSWLGRJO\FDQ� K\GURODVH� LQWR�09V� O\VHV� VXUURXQGLQJ� GLVVLPLODU�EDFWHULD�LQ�WKH�GRQRU�EDFWHULXP¶V�HQYLURQPHQW��UHOHDVLQJ�RUJDQLF�FRPSRXQGV�IRU�JURZWK��/L�HW�DO� ������� ,W�KDV�EHHQ�GHPRQVWUDWHG� WKDW�09V�DUH� VPDOO� ���±���QP��ELOD\HUHG�SDUWLFOHV� LQWR�ZKLFK�GHJUDGDWLYH�HQ]\PHV�DUH�FRQFHQWUDWHG��,W�LV�SRVVLEOH�WKDW�09V�SOD\�D�SUHGDWRU\�UROH�LQ�QDWXUDO� HFRV\VWHPV�� LQ�ZKLFK� WKH\� DUH� UHOHDVHG� E\� D� SDUHQW� EDFWHULXP� DQG� O\VH� VXUURXQGLQJ�FHOOV�� LQFUHDVLQJ� DYDLODEOH� QXWULHQWV� WR� WKH� SDUHQW� VWUDLQ� �.DGXUXJDPXZD� HW� DO�� �������%HYHULGJH��������UHSRUWHG�WKDW�09V�DUH�VSKHULFDO�ELOD\HUHG�PHPEUDQRXV�VWUXFWXUHV�����±�����QP� LQ�GLDPHWHU�� UHOHDVHG� IURP� WKH� VXUIDFH�RI� JUDP�QHJDWLYH�EDFWHULD��+D\DVKL�HW� DO�� �������FRQFOXGHG� WKDW� DQ� DXWRO\VLQ�PXWDQW� RI�3RUSK\URPRQDV� JLQJLYDOLV� FRQVWUXFWHG� DQG�SURGXFHG�
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HOHYDWHG�OHYHOV�RI�09V�UHODWLYH�WR�SDUHQWDO�VWUDLQ��DQG�WKH\�VXJJHVWHG�WKDW�YHVLFOH�IRUPDWLRQ�RI�WKLV�RUJDQLVP�PLJKW�EH�UHJXODWHG�E\�FHOO�ZDOO�WXUQRYHU��� 09V�DUH�DEOH�WR�DWWDFN�JUDP�SRVLWLYH�DQG�JUDP�QHJDWLYH�EDFWHULD�LQ�D�GLIIHUHQW�PDQQHU��)RU� JUDP�SRVLWLYH� EDFWHULD�� 09V� DGKHUH� WR� WKH� VXUIDFH� RI� WKH� FHOO� ZDOO�� EUHDN� RSHQ�� DQG�K\GURO\]H�WKH�SHSWLGRJO\FDQ�LPPHGLDWHO\�XQGHU�WKH�DGKHUHQFH�MXQFWLRQ��7KH�VDPH�PHFKDQLVP�RFFXUV� HYHQ� LI� WKH� FHOO� ZDOO� KDV� DQ� 6�OD\HU�� $IWHU� WKH� 09V� KDYH� EURNHQ� RSHQ�� WKH�SHSWLGRJO\FDQ� K\GURODVH� FDQ� SHQHWUDWH� WKH� ODWWLFH� QHWZRUN� RI� WKH� 6�OD\HU� DQG� DWWDFN� WKH�XQGHUO\LQJ�FHOO�ZDOO��,Q�WKLV�ZD\�ZKHWKHU�RU�QRW�JUDP�SRVLWLYH�FHOOV�SRVVHVV�DQ�6�OD\HU��09V�DWWDFN�WKHLU�VXUIDFHV�WKURXJK�D�VLQJOH�KLW�URXWH�ZKLFK�SURGXFHV�D�VLQJOH�ODUJH�OHVLRQ�LQ�WKH�FHOO�ZDOO��)RU�JUDP�QHJDWLYH�EDFWHULD��09V�IXVH�LQWR�WKH�RXWHU�PHPEUDQH��UHOHDVLQJ�WKHLU�FRQWHQWV�LQWR�WKH�SHULSODVPLF�VSDFH�IRU�GLVSHUVDO�DURXQG�WKH�FHOO�VR�WKDW�WKH�SHSWLGRJO\FDQ�VDFFXOXV�FDQ�EH� K\GURO\]HG� DW� VHYHUDO� SRLQWV� �.DGXUXJDPXZD�	�%HYHULGJH� ������.DGXUXJDPXZD� HW� DO���������� 'HSHQGLQJ�RQ� WKH�SUHGDWRU\�UROH�RI� WKH�09V�DQG� LQ�D�PHGLFDO�FRQWH[W�� LW� LV�SRVVLEOH�WKDW� 09V� FRXOG� KDYH� EDFWHULRO\WLF� DFWLYLW\� DJDLQVW� ERWK� JUDP�SRVLWLYH� DQG� JUDP�QHJDWLYH�SDWKRJHQV� DQG� WKDW� E\� LQFUHDVLQJ� WKH� SURGXFWLRQ� RI� WKHVH� SUHGDWRU\� 09V� E\� JHQWDPLFLQ�WUHDWPHQW� �.DGXUXJDPXZD� 	� %HYHULGJH� ������� WKH� JHQWDPLFLQ�09V� �J�09V�� ZRXOG� KDYH�HYHQ� PRUH� NLOOLQJ� SRZHU� DJDLQVW� KDUG�WR�NLOO� FOLQLFDO� LVRODWHV�� EHFDXVH� RI� WKH� DVVRFLDWHG�DQWLELRWLF��� �/DFWDPDVHV� DUH� D�GLYHUVH� JURXS�RI�EDFWHULDO� HQ]\PHV� WKDW� YDU\� LQ� WKHLU� DELOLWLHV� WR�K\GURO\]H� �ODFWDP� DQWLELRWLFV� DQG� FRQYHUW� WKHP� LQWR� DQWLPLFURELDOO\� LQDFWLYH� DJHQWV��0HGHLURV� ������� (Q]\PHV� ZKLFK� GHVWUR\� SHQLFLOOLQ� KDYH� EHHQ� NQRZQ� DOPRVW� DV� ORQJ� DV�SHQLFLOOLQ�KDV�EHHQ�DYDLODEOH� IRU� WKHUDS\��$EUDKDP�DQG�&KDLQ�GHWHFWHG�SHQLFLOOLQ�GHVWUR\LQJ�DFWLYLW\� LQ�H[WUDFWV�RI�(VFKHULFKLD�FROL� LQ�������EXW�FDOOHG� WKH� HQ]\PH�SHQLFLOOLQDVH�� ODUJHO\�EHFDXVH� WKH�FHSKDORVSRULQV�ZHUH�XQNQRZQ�DW� WKDW� WLPH�DQG� WKH�HQ]\PHV�ZHUH� WKRXJKW� WR�EH�VSHFLILF�IRU� �ODFWDP�ERQG�RI�WKH�SHQLFLOOLQ�QXFOHXV��$EUDKDP�	�&KDLQ�������$EUDKDP�HW�DO�������� 7KH� IUHTXHQF\� RI� �ODFWDPDVH� SURGXFWLRQ� LQ� JUDP�QHJDWLYH� EDFWHULD� KDV� LQFUHDVHG�FRQVLGHUDEO\�GXULQJ�WKH�UHFHQW�\HDUV��([SUHVVLRQ�RI� �ODFWDPDVH�LV�WKH�PRVW�FRPPRQ�IRUP�RI�EDFWHULDO� UHVLVWDQFH� WR� �ODFWDP�DQWLELRWLFV�� �/DFWDPDVH�SURGXFWLRQ�E\�EDFWHULD�FRQWLQXHV� WR�EH�RQH�RI� WKH�PDLQ�PHFKDQLVPV�RI�EDFWHULDO� UHVLVWDQFH� WR� �ODFWDP�DQWLELRWLFV�� DQG� LW� VHHPV�OLNHO\� WR� UHPDLQ� VR� �:HVWRQ� HW� DO� ������ 1\IRUV� HW DO� ������0HDOH\� ������� �/DFWDPDVHV�SURGXFHG�E\�JUDP�QHJDWLYH�EDFWHULD�PD\�EH�LQGXFLEOH�RU�FRQVWLWXWLYH�DQG��ZLWK�IHZ�H[FHSWLRQV��DUH�SHULSODVPLF��FRPPRQO\�UHIHUUHG�WR�DV�FHOO�ERXQG���5LFKPRQG�	�6\NHV��������,W�KDV�EHHQ�UHSRUWHG�WKDW� �ODFWDPDVH�FDQ�EH�DOVR�HQWUDSSHG�ZLWKLQ�WKH�09V�SURGXFHG�E\�JUDP�QHJDWLYH�EDFWHULD� DQG� WKLV� PD\� LQFUHDVH� WKH� EUHDNGRZQ� RI� �ODFWDP� DQWLELRWLFV� DW� WKH� LQIHFWLRQ� VLWH��%HYHULGJH���������� 7KH� DLP�RI� WKH� SUHVHQW� VWXG\� LV� FRQFHUQHG�ZLWK� WKH� VWXG\� RI�09V� IRUPDWLRQ� DQG� �ODFWDPDVH�SURGXFWLRQ�E\�(��KHUELFROD����DQG�ZKHWKHU�D�UHODWLRQ�LV�IRXQG�EHWZHHQ�WKHP��� 0$7(5,$/6�$1'�0(7+2'6��(UZLQLD�KHUELFROD����ZDV�LVRODWHG�IURP�GLVHDVHG�3KDVHRORXV�YXOJDULV�VHHGOLQJV�LQ�(J\SW�DQG�LGHQWLILHG�XVLQJ�(O�+HQGDZ\�	�$]DE���������(QWHUREDFWHU�FORDFDH�1&7&�������(VFKHULFKLD�FROL�'+���3URWHXV�YXOJDULV�������6HUUDWLD�PDUFHVFHQV�+,0�������DQG�6HUUDWLD�PDUFHVFHQV��������/5�ZHUH�NLQGO\� SURYLGHG�E\�3URIHVVRU�+��+��0DUWLQ�� ,QVWLWXWH�RI�0LFURELRORJ\��7+�'DUPVWDGW�� *HUPDQ\��(UZLQLD� FDURWRYRUD� 1&33%���� DQG�(UZLQLD� FDURWRYRUD� 1&33%����
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ZHUH� REWDLQHG� IURP� 7KH� 1DWLRQDO� &ROOHFWLRQ� RI� 3ODQW� 3DWKRJHQLF� %DFWHULD�� 0LQLVWU\� RI�$JULFXOWXUH��)LVKHULHV�DQG�)RRG�3ODQW�3DWKRORJ\�/DERUDWRU\��+DUSHQGHQ��8.��3VHXGRPRQDV�V\ULQJDH� SY�� 6\ULQJDH� 9DQ� +DOO� VWUDLQ� ������� ZDV� REWDLQHG� IURP� WKH� ,QWHUQDWLRQDO�0\FRORJLFDO�,QVWLWXWH��%DNHKDP�/DQH��(JKDP��6XUUH\�7:����7<��8.��%DFLOOXV�FHUHXV�������%DFLOOXV� VXEWLOLV� ������(�� FROL� ������ DQG�3VHXGRPRQDV� VRODQDFHDUXP� ����� ZHUH� REWDLQHG�IURP� WKH� FXOWXUH� FROOHFWLRQ� RI� WKH�0LFURELRORJLFDO� 5HVHDUFK�&HQWHU� �0,5&(1��� )DFXOW\� RI�$JULFXOWXUH��$LQ�6KDPV�8QLYHUVLW\��&DLUR��(J\SW���$PR[\FLOOLQ�DQG�DPSLFLOOLQ��(�,�3�,��&R���(J\SW���FHIDPDQGRO�DQG�FHID]ROLQ��(OL�/LOO\��,WDOLD� 63$��� FHIWD]LGLPH�� FHIXUR[LPH�� FHSKDOH[LQ� DQG� JHQWDPLFLQ� �*OD[R�:HOFRPH�� (J\SW���FHIWULD[RQH� �7$�� 3KDUPD� *URXS�� (J\SW��� FHIRSHUD]RQH� �3KL]HU�� (J\SW��� QLWURFHILQ� �*OD[R��*UHHQIRUG�� 8.��� &HSKUDGLQH� �3KDUFR�� SKDUPDFHXWLFDO�� $OH[DQGULD�� (J\SW��� DQG�FKORUDPSKHQLFRO� �5RWK�� .DUOVUXKH�� *HUPDQ\�� ZHUH� FRPPHUFLDOO\� DYDLODEOH�� &HIRWD[LPH��+RHFKVW�$*��)UDQNIRUW��*HUPDQ\��ZDV�NLQGO\�SURYLGHG�E\�3URIHVVRU�+��+��0DUWLQ��,QVWLWXWH�RI�0LFURELRORJ\��7+�'DUPVWDGW��*HUPDQ\���)RU� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\� �7(0��� (UZLQLD� KHUELFROD� ��� ZDV� JURZQ� LQ�
QXWULHQW� EURWK� �2[RLG�� (QJODQG�� DW� ��� q& WR� WKH� HDUO\� VWDWLRQDU\� SKDVH� �2'����  � ����� LQ� DQ�RUELWDO�VKDNHU� LQFXEDWRU� �0RGHO�26)7�/6�5�� UHIULJHUDWHG��DW�DJLWDWLRQ�UDWH�RI�����USP��7KH�FHOOV� ZHUH� KDUYHVWHG� E\� FHQWULIXJDWLRQ� DQG� ZDVKHG� WZLFH� ZLWK� ����� 0� SRWDVVLXP�� VRGLXP�SKRVSKDWH� EXIIHUHG� VDOLQH� S+� ��� 7KH� ZDVKHG� FHOOV� ZHUH� UHVXVSHQGHG� LQ� WKH� VDPH� EXIIHUHG�VDOLQH� DQG�����O� VXVSHQVLRQ�ZDV�SODFHG�RQ�FDUERQ�FRDWHG�QLFNHO� JULGV� DQG� VWDLQHG�ZLWK����DTXHRXV� XUDQ\O� DFHWDWH�� ULQVHG� DQG� H[DPLQHG� ZLWK� =(,66� (0��� WUDQVPLVVLRQ� HOHFWURQ�PLFURVFRSH�RSHUDWLQJ�XQGHU�VWDQGDUG�FRQGLWLRQV��([SRVXUH�RI�(��KHUELFROD����FXOWXUHV� WR�FHSKUDGLQH�DQG�JHQWDPLFLQ�ZHUH�FDUULHG�RXW�DFFRUGLQJ�WR�WKH�PHWKRG�GHVFULEHG�E\�.DGXUXJDPXZD�	�%HYHULGJH���������ZLWK�PRGLILFDWLRQ��7KH�EDFWHULXP�ZDV�LQRFXODWHG�LQ�QXWULHQW�EURWK�DQG�JURZQ�WR�WKH�HQG�RI�H[SRQHQWLDO�SKDVH�DW�
�� q& DQG� DQ� DJLWDWLRQ� UDWH� RI� ���� USP� LQ� DQ� RUELWDO� LQFXEDWRU� VKDNHU�� *HQWDPLFLQ� DQG�FHSKUDGLQH� DW� ILQDO� FRQFHQWUDWLRQ� RI� IRXU� WLPHV� WKH� 0,&V� �FHSKUDGLQH�� �� �J� PO��� DQG�JHQWDPLFLQ��������J�PO��� ZHUH�DGGHG�WR�WKH�FXOWXUHV�VHSDUDWHO\�DQG�WKH�JURZWK�ZDV�DOORZHG�WR�FRQWLQXH�IRU�RQH�KRXU�PRUH�EXW�DW�D�UHGXFHG�DJLWDWLRQ�UDWH�RI�����USP�WR�DYRLG�WKH�PHFKDQLFDO�GDPDJH� RI� WKH� FHOOV� LQ� WKH� SUHVHQFH� RI� WKH� DQWLELRWLFV�� 7KH� FHOOV� ZHUH� VHGLPHQWHG� E\�FHQWULIXJDWLRQ� DQG�ZDVKHG� WZLFH�ZLWK�.�1D�SKRVSKDWH� EXIIHUHG� VDOLQH�� WKHQ� UHVXVSHQGHG� LQ�WKH�VDPH�EXIIHUHG�VDOLQH�DQG�NHSW�XQWLO�UHTXLUHG��� 7R� VWXG\� EDFWHULRO\WLF� DFWLYLW\� FHOOV� RI� RYHUQLJKW� FXOWXUHV� RI� WKH� KRVW� EDFWHULD�ZHUH�VHGLPHQWHG� DQG�ZDVKHG� WZLFH�ZLWK�.�1D�SKRVSKDWH� EXIIHUHG� VDOLQH� S+� ��� ��� &)8� RI� WKH�ZDVKHG�FHOOV�VXVSHQGHG�LQ������O�RI�WKH�VDPH�EXIIHUHG�VDOLQH�ZHUH�VSUHDG�RQ�WKH�VXUIDFH�RI�DJDU� SODWHV� ���� J� DJDU� SHU� OLWUH� RI� �����0�.�1D�SKRVSKDWH� EXIIHUHG� VDOLQH� DW� S+� ���� (DUO\�VWDWLRQDU\�SKDVH�FXOWXUHV�RI�JHQWDPLFLQ�WUHDWHG�DQG�XQWUHDWHG�(� KHUELFROD����ZHUH�SUHSDUHG�LQ�QXWULHQW� EURWK�� FHOOV� RI� �����O� RI� WKHVH� FXOWXUHV�ZHUH�ZDVKHG� WZLFH�� UHVXVSHQGHG� LQ� �����O�SKRVSKDWH�EXIIHUHG�VDOLQH�DQG�ORDGHG�LQWR�ZHOOV�SUHYLRXVO\�PDGH�LQ�WKH�DJDU�SODWHV��7KH�SODWHV�ZHUH� LQFXEDWHG�RYHUQLJKW�DW� WKH�DSSURSULDWH� WHPSHUDWXUH�RI� WKH�KRVW�RUJDQLVPV��8QGHU� WKHVH�FRQGLWLRQV�� EDFWHULRO\VLV� RI� WKH� KRVW� EDFWHULD� ZDV� VHHQ� DIWHU� RYHUQLJKW� LQFXEDWLRQ� DV� FOHDU�]RQHV�DURXQG�WKH�ZHOOV��

,QGXFWLRQ� RI�E�ODFWDPDVH� E\� GLIIHUHQW�E�ODFWDP� DQWLELRWLFV�ZDV� FDUULHG� RXW� XVLQJ� WKH�PHWKRG� GHVFULEHG� E\� /LQGEHUJ� 	� 1RUPDUN� �������� ZLWK� PRGLILFDWLRQV�� /RJ�SKDVH� FXOWXUH�
�2'�������������RI�(� KHUELFROD����ZDV�SUHSDUHG�LQ�QXWULHQW�EURWK�DW����q& DQG�DJLWDWLRQ�UDWH�
RI����� USP��7KH� FXOWXUH�ZDV�GLOXWHG� WZR�IROG�E\� D�SUHZDUPHG� ����q&�� IUHVK�QXWULHQW�EURWK�
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FRQWDLQLQJ� WKH� WHVWHG�FRQFHQWUDWLRQ�RI�E�ODFWDP� LQGXFHU�� WKHQ� WKH� LQFXEDWLRQ�ZDV�DOORZHG� WR�FRQWLQXH� IRU� WZR� KRXUV� EXW� DW� D� UHGXFHG� DJLWDWLRQ� UDWH� ����� USP�� WR� DYRLG� WKH� PHFKDQLFDO�GDPDJH�RI�WKH�FHOOV�LQ�WKH�SUHVHQFH�RI�WKH�DQWLELRWLFV�����PO�RI�WKH�QRQLQGXFHG�DQG�LQGXFHG�FXOWXUHV�IRU� �ODFWDPDVH�SURGXFWLRQ��E\� �ODFWDP�LQGXFHUV�� DQG� DOVR� IRU� 09V� IRUPDWLRQ� �E\� JHQWDPLFLQ�� ZHUH� PL[HG� UDSLGO\� ZLWK� ���� PJ�FKORUDPSKHQLFRO��ILQDO�FRQFHQWUDWLRQ�RI�����J�PO��� �*RRW]�	�6DQGHUV�������DQG�FRROHG�LQ�DQ�
LFH�ZDWHU�EDWK�WR�VWRS�WKH�E�ODFWDPDVH�V\QWKHVLV��7KH�FHOOV�ZHUH�VHGLPHQWHG�E\�FHQWULIXJDWLRQ�DW������USP�IRU����PLQ�DQG�WKH�FHOO�VHGLPHQWV�ZHUH�ZDVKHG�WZLFH�ZLWK���PO�LFH�FROG�.�1D�SKRVSKDWH� EXIIHU� S+� �� DQG� UHVXVSHQGHG� LQ� ���� PO� RI� WKH� VDPH� EXIIHU� FRQWDLQLQJ� '1DVH� ,��%RHKULQJ�� 0DQKHLP�� *HUPDQ\�� DFWLYDWHG� ZLWK� 0J� &O��� DQG� ���� PO� RI� ��� P0� ('7$�
FRQWDLQLQJ�����PJ�PO���O\VR]\PH��6LJPD��86$���7KH�VXVSHQVLRQ�ZDV�LQFXEDWHG�DW����q& IRU�
�� PLQ�DQG�IUR]HQ�DW�����q& �$]DE����������PO�LFH�FROG�.�1D�SKRVSKDWH�EXIIHU�ZDV�DGGHG�WR�WKH�WKDZHG�VXVSHQVLRQ�DQG�WKH�FHOOV�ZHUH�VRQLFDWHG�E\�XVLQJ�WKH�PLFURWLS�RI�VRQLFDWRU��0RGHO�83� ���� 6�� DW� ���� �� DPSOLILFDWLRQ� DQG� �� SXOVHV� HDFK� RI� ��� VHFRQGV� DQG� ��� VHFRQGV�LQWHUUXSWLRQ�IRU�FRROLQJ�LQ�DQ�LFH�ZDWHU�EDWK��7KH�FHOO�GHEULV�ZDV�UHPRYHG�E\�FHQWULIXJDWLRQ�
�6LJPD�� ODERUDWRU\� FRROLQJ�FHQWULIXJH��.����DW� ��q& IRU���KRXU�DW������� USP�DQG� WKH�FOHDU�
VXSHUQDWDQWV��E�ODFWDPDVH�FUXGH�H[WUDFWV��ZHUH�WUDQVIHUUHG�WR�SRO\SURS\OHQH�WXEH�WR�DYRLG�WKH�
DGVRUSWLRQ�RI�WKH�HQ]\PH�E\�JODVV�FRQWDLQHU��-RULV�HW�DO� ������DQG�VWRUHG�DW�����q&���

)RU� UDSLG� GHWHFWLRQ� RI�E�ODFWDPDVH�� ����O� RI� FHOO� IUHH� H[WUDFW� RI� WKH� WHVWHG� RUJDQLVP�ZDV�PL[HG�ZLWK�����O�RI�QLWURFHILQ��GLVVROYHG�LQ�GLPHWK\O�VXOIR[LGH������RI�WKH�WRWDO�YROXPH�DQG�WKHQ�ILOOHG�XS�WR�ILQDO�YROXPH�ZLWK�SKRVSKDWH�EXIIHU��DQG�LQFXEDWHG�DW�����&��7KH�FKDQJH�
RI�\HOORZ�FRORU�RI�WKH�PL[WXUH�LQWR�SLQN�FRORU�LV�D�E±ODFWDPDVH�SRVLWLYH�UHVXOW��� �/DFWDPDVH� DFWLYLW\� ZDV� GHWHUPLQHG� E\� D� VSHFWURSKRWRPHWULF� PHWKRG� �0LQDPL� HW�����DO� �������PHDVXULQJ�WKH�LQFUHDVH�LQ�DEVRUEDQFH�RI������0�QLWURFHILQ�DV�VXEVWUDWH�DW�����QP�
LQ�D� UHFRUGLQJ�VSHFWURSKRWRPHWHU� �6KLPDG]R��89������ DW����q&��2QH�XQLW�RI�DFWLYLW\� LV� WKH�
DPRXQW�RI�HQ]\PH�WKDW�K\GURO\]HG����PRO�RI�QLWURFHILQ�LQ�RQH�PLQXWH�DW����q& LQ������0�.�1D�SKRVSKDWH�EXIIHU�S+������ 7KH� SURWHLQ� FRQWHQW� RI� WKH� HQ]\PH� FUXGH� H[WUDFW� ZDV� GHWHUPLQHG� DFFRUGLQJ� WR� WKH�PHWKRG�GHVFULEHG�E\�/RZU\�HW�DO���������ZLWK�ERYLQH�VHUXP�DOEXPLQ�DV�VWDQGDUG��� 7KH�PLQLPDO�LQKLELWRU\�FRQFHQWUDWLRQV��0,&V��RI�WKH�XVHG�DQWLELRWLFV�IRU�(� KHUELFROD����ZHUH�GHWHUPLQHG�LQ�QXWULHQW�EURWK�E\�WZR�IROG�VHULDO�GLOXWLRQ�WHFKQLTXH�DFFRUGLQJ�WR�',1����� ����� 3DUW� �� �������� \LHOGLQJ� D� ILQDO� LQRFXOXP� RI� �[��� &)8�PO��� LQ� VWHULOH� �[����PP�FDSSHG�WXEHV��7R�GHWHUPLQH�WKH�0,&V�RI�WKH�XVHG� �ODFWDP�DQWLELRWLFV�IRU�JHQWDPLFLQ�WUHDWHG�FXOWXUH��RYHUQLJKW�FXOWXUH�RI�(� KHUELFROD����ZDV�SUHSDUHG�LQ�QXWULHQW�EURWK��DQG�DW�WKH�HQG�RI�ORJ�SKDVH��IRXU�WLPHV�WKH�0,&�RI�JHQWDPLFLQ�ZDV�DGGHG�DQG�WKHQ�WKH�FXOWXUH�ZDV�DOORZHG�WR�JURZ� RYHUQLJKW�� �[��� &)8�PO��� RI� WKLV� FXOWXUH� ZHUH� XVHG� IRU�0,&V� GHWHUPLQDWLRQ� E\� WKH�DERYH�PHQWLRQHG�WHFKQLTXH��
5(68/76��)LJXUH� �� VKRZV� WKDW� (�� KHUELFROD� ��� JURZQ� XQGHU� QRUPDO� FRQGLWLRQV� �ZLWKRXW� DQWLELRWLF�WUHDWPHQW��SURGXFHG�QDWXUDO�VSKHULFDO�09V��Q�09V���)LJ���D���2Q�WKH�RWKHU�KDQG��WKH�DGGLWLRQ�RI�IRXU�WLPHV�WKH�0,&�RI�JHQWDPLFLQ�WR�WKH�FXOWXUH�DW�WKH�HQG�RI�H[SRQHQWLDO�SKDVH�LQGXFHG�WKH�IRUPDWLRQ�RI�WXEXODU�09V��J�09V��ZKLFK�ZHUH�ODUJHU�LQ�VL]H�WKDQ�QDWXUDO�RQHV��)LJ���E���7KH�DGGLWLRQ� RI� ±ODFWDP� DQWLELRWLF�� FHSKUDGLQH�� DW� D� FRQFHQWUDWLRQ� RI� IRXU� WLPHV� WKH� 0,&��
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LQKLELWHG�WKH�IRUPDWLRQ�RI�09V�E\�WKLV�EDFWHULXP��)LJ���F��XQGHU�WKH�H[SHULPHQWDO�FRQGLWLRQV�XVHG�� 7KH�NLOOLQJ�RI�GLIIHUHQW�EDFWHULD�E\�(� KHUELFROD����FHOOV�SURGXFLQJ�09V�LV�SUHVHQWHG�LQ�7DEOH����%RWK�JUDP�SRVLWLYH�DQG�JUDP�QHJDWLYH�EDFWHULD�WHVWHG�ZHUH�O\VHG�E\�WKH�DFWLRQ�RI�09V�SURGXFHG�E\�(� KHUELFROD�����7KH�JUDP�SRVLWLYH�EDFWHULD��%DFLOOXV�FHUHXV������DQG�%�VXEWLOLV� ����� ZHUH� KLJKO\� DIIHFWHG� FRPSDUHG� WR� JUDP�QHJDWLYH� KRVWV�� &RPSDULQJ� WR� RWKHU�JUDP�QHJDWLYH�EDFWHULD� WHVWHG�� WKH�(� KHUELFROD����09V�KDG�D�KLJKHU� O\VLQJ�DFWLYLW\� DJDLQVW�6HUUDWLD�PDUFHVFHQV�+,0��������3URWHXV�YXOJDULV�������3VHXGRPRQDV�V\ULQJDH�SY��6\ULQJDH�9DQ� +DOO� VWUDLQ� ������� DQG� (�� FROL� ������ (QWHUREDFWHU� FORDFDH� 1&7&������� (UZLQLD�FDURWRYRUD�1&33%�����(� FROL�'+��DQG�3VHXGRPRQDV�VRODQDFHDUXP������ZHUH�DOVR�NLOOHG�E\� WKH� DFWLRQ�RI�(� KHUELFROD����09V��7KH�JURZWK�RI�(UZLQLD�FDURWRYRUD�1&33%�����DQG�6HUUDWLD�PDUFHVFHQV� ������� /5� ZHUH� QRW� DIIHFWHG� E\� 09V� RI� (� KHUELFROD� ��� XQGHU� WKH�H[SHULPHQWDO�FRQGLWLRQV�XVHG��2Q�WKH�RWKHU�KDQG��WKH�09V�SURGXFHG�E\�WKH�ZDVKHG�FHOOV�RI�(��KHUELFROD����H[SRVHG� WR�JHQWDPLFLQ� �J�09V��KDG�D�KLJKHU� O\WLF� DFWLYLW\� DJDLQVW� WKH�DOO�KRVW�EDFWHULD� XVHG� FRPSDUHG� WR� QDWXUDO� 09V� �Q�09V��� 7KH� JURZWK� RI� (UZLQLD� FDURWRYRUD�1&33%���� DQG� 6HUUDWLD�PDUFHVFHQV� ������� /5� ZKLFK� ZHUH� QRW� DIIHFWHG� E\� QDWXUDO�09V�ZHUH�DIIHFWHG�E\�JHQWDPLFLQ�09V��7DEOH������7KH� UDSLG� GHWHFWLRQ� RI� �ODFWDPDVH� LQGLFDWHG� WKDW� (�� KHUELFROD� ��� SURGXFHG� �ODFWDPDVH��:KHQ� D� GURS� RI�(� KHUELFROD� ��� FHOO�IUHH� H[WUDFW�ZDV�PL[HG�ZLWK� D� GURS� RI� WKH�FKURPRJHQLF� �ODFWDP�VXEVWUDWH��QLWURFHILQ�� WKH�\HOORZ�FRORU�RI�QLWURFHILQ�FKDQJHG�LQWR�SLQN�ZLWKLQ� ���PLQ�� 7KH� DSSHDUDQFH� RI� SLQN� FRORXU� LQGLFDWHG� WKDW�(��KHUELFROD� ��� SURGXFHG� WKH�HQ]\PH�WKDW�K\GURO\]HG�WKH�VXEVWUDWH�QLWURFHILQ�LQWR�WKH�SLQN�SURGXFWV��
7R� LQGXFH�E�ODFWDPDVH� LQ�(� KHUELFROD� ���� VWUXFWXUDOO\� GLIIHUHQW� �ODFWDP� DQWLELRWLFV�ZHUH�XVHG�DV�LQGXFHUV�DW�GLIIHUHQW�FRQFHQWUDWLRQV��7DEOH�����&RQFHQWUDWLRQV�KLJKHU�WKDQ�����J�PO��� RI� DPR[\FLOOLQ�� DPSLFLOOLQ�� FHIDPDQGRO�� FHID]ROLQ�� FHIWD]LGLPH�� FHIXUR[LPH� DQG�FHSKUDGLQH�GDPDJHG�WKH�(��KHUELFROD����FHOOV��ZKLOH�FRQFHQWUDWLRQV�KLJKHU�WKDQ����J�PO���RI�FHIWULD[RQH�� ���J�PO��� RI� FHIRWD[LPH� DQG�����J�PO��� RI� FHIRSHUD]RQH� GDPDJHG� WKH� LQGXFHG�FHOOV�� 2Q� WKH� RWKHU� KDQG�� ORZ� DPRXQWV� RI� FRQVWLWXWLYH� �ODFWDPDVH� ZHUH� SURGXFHG� E\� (�KHUELFROD� ��� �����8��� DQG� LQVLJQLILFDQW� DPRXQWV� RI� LQGXFHG� HQ]\PH�� XVLQJ� WKH� GLIIHUHQW� �ODFWDP� LQGXFHUV�� ZHUH� UHFRUGHG�� &RPSDUHG� WR� XQWUHDWHG� FXOWXUH�� JHQWDPLFLQ�WUHDWHG� FXOWXUH��LQGXFHG� IRU�09V� IRUPDWLRQ�� RI�(� KHUELFROD� ��� SURGXFHG� KLJKHU� DPRXQWV� �����IROG�� RI� �ODFWDPDVH�FRQVWLWXWLYHO\��7KH�ORZ�LQVLJQLILFDQW�OHYHOV�RI�LQGXFHG�HQ]\PH�SURGXFHG�PLJKW�EH�GXH�WR�WKH�DEVHQFH�RI� �ODFWDPDVH�UHJXODWRU\�JHQHV�LQ�WKH�WHVWHG�EDFWHULXP��7KH�VXVFHSWLELOLW\�RI�(� KHUELFROD����WR�GLIIHUHQW� �ODFWDP�DQWLELRWLFV�ZDV�VWXGLHG�E\�GHWHUPLQLQJ� WKH� 0,&V� RI� DPR[\FLOOLQ�� DPSLFLOOLQ�� FHID]ROLQ�� FHIDPDQGRO�� FHIRSHUD]RQH��FHIRWD[LPH�� FHIWD]LGLPH�� FHIWULD[RQH�� FHIXUR[LPH�� FHSKDOH[LQ� DQG� FHSKUDGLQH�� XVLQJ�JHQWDPLFLQ�WUHDWHG�DQG�XQWUHDWHG�FXOWXUHV��7DEOH�����7KH� GHWHUPLQHG� 0,&V� UHYHDOHG� WKDW� JHQWDPLFLQ�XQWUHDWHG� (� KHUELFROD� ��� ZDV�VXVFHSWLEOH� WR� DPR[\FLOOLQ�� FHID]ROLQ�� FHIXUR[LPH�� FHIDPDQGRO�� DPSLFLOOLQ�� FHSKDOH[LQ� DQG�FHSKUDGLQH��7DEOH�����7KH�0,&V�RI�FHIRSHUD]RQH��FHIRWD[LPH��DQG�FHIWULD[RQH�ZHUH�YHU\�ORZ�IRU�(� KHUELFROD����� LQGLFDWLQJ� WKDW� LW�ZDV�KLJKO\�VHQVLWLYH� WR� WKHVH�DQWLELRWLFV��2Q� WKH�RWKHU�KDQG�� FRPSDUHG� WR� XQWUHDWHG� FXOWXUH�� JHQWDPLFLQ�WUHDWHG� (� KHUELFROD� ��� VKRZHG� WZR�IROG�KLJKHU� UHVLVWDQFH� WR� DPR[\FLOOLQ�� FHID]ROLQ� DQG� FHIWD]LGLPH�� DQG� KLJKHU� UHVLVWDQFH� WR�FHIRSHUD]RQH�DQG�FHIWULD[RQH���
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',6&866,21�
*UDP�QHJDWLYH� FHOO� ZDOOV� KDYH� D� G\QDPLF� IHDWXUH� WKDW� LV� QRW� VHHQ� LQ� WKHLU� JUDP�SRVLWLYH�FRXQWHUSDUWV��RXWHU�PHPEUDQH�YHVLFOHV�DUH�FRQVWDQWO\�EHLQJ�GLVFKDUJHG�IURP�WKH�FHOO�VXUIDFH�GXULQJ� EDFWHULDO� JURZWK�� 7KH� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\� LQGLFDWHG� WKDW� WKH�SK\WRSDWKRJHQLF� JUDP�QHJDWLYH� EDFWHULXP� (�� KHUELFROD� ��� SURGXFHG� VSKHULFDO� 09V��&RPSDUHG� WR� XQWUHDWHG� FHOOV�� (�� KHUELFROD� ��� H[SRVHG� WR� JHQWDPLFLQ� SURGXFHG� ODUJHU� DQG�WXEXODU� 09V�� 6LPLODU� REVHUYDWLRQV� ZHUH� UHSRUWHG� E\� .DGXUXJDPXZD� 	� %HYHULGJH� �������������DQG�%HYHULGJH���������7UDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\� UHYHDOHG� WKDW�QR�09V�ZHUH�SURGXFHG� E\� (�� KHUELFROD� ��� FHOOV� H[SRVHG� WR� WKH� �ODFWDP� DQWLELRWLF�� FHSKUDGLQH�� 7KH�LQKLELWLRQ�RI�09V�IRUPDWLRQ�E\�FHSKUDGLQH�PLJKW�EH�EHFDXVH� �ODFWDP�DQWLELRWLFV�ELQG�WR�DQG�LQDFWLYDWH�VSHFLILF�WDUJHWV�RQ�WKH�RXWHU�VXUIDFH�RI�WKH�EDFWHULDO�FHOO�PHPEUDQH��WKH�SHQLFLOOLQ�ELQGLQJ� SURWHLQV� �3%3V��� ZKLFK� KDYH� D� UROH� LQ� 09V� IRUPDWLRQ� �7LSSHU� 	� :ULJKW� ������7RPDV]� ������ <RFXP� HW� DO�� ������ 1HX� ������ 7LSSHU� ������ .DGXUXJDPXZD� 	� %HYHULGJH��������7KH�3%3V��WUDQVSHSWLGDVHV��FDUER[\SHSWLGDVHV�DQG�HQGRSHSWLGDVH��DUH�LQYROYHG�LQ�WKH�WHUPLQDO� VWDJHV� RI� DVVHPEOLQJ� DQG� UHVKDSLQJ� WKH� EDFWHULDO� FHOO� ZDOOV� GXULQJ� JURZWK� DQG�GLYLVLRQ��%OXPEHUJ�	�6WURPLQJHU�������6SUDWW��������������7KH�ZDVKHG� FHOOV� RI�(�� KHUELFROD� ��� KDG� D� NLOOLQJ� HIIHFW� RQ�PRVW� RI� EDFWHULD� WHVWHG��JUDP�SRVLWLYH�DQG�JUDP�QHJDWLYH���7KHLU�EDFWHULRO\WLF�SRWHQF\�RQ�WKH�JUDP�SRVLWLYH�EDFWHULD�WHVWHG�ZDV�KLJKHU�WKDQ�WKDW�RQ�JUDP�QHJDWLYH��7KH�NLOOLQJ�HIIHFW�ZDV�GXH�WR�WKH�09V�SURGXFHG�E\� (� KHUELFROD� ��� FHOOV� XQGHU� LQVXIILFLHQW� QXWULHQW� FRQGLWLRQV�� 7KHVH� 09V� FRQWDLQHG�SHSWLGRJO\FDQ�K\GURODVHV�ZKLFK�LQ�WXUQ�K\GURO\]HG�WKH�SHSWLGRJO\FDQ�RI� WKH�FHOO�ZDOO�RI� WKH�KRVW�EDFWHULD��.DGXUXJDPXZD�	�%HYHULGJH��������DQG�/L�HW�DO���������DOVR�UHSRUWHG�WKDW�09V�LVRODWHG� IURP� JUDP�QHJDWLYH� EDFWHULD� K\GURO\]HG� LVRODWHG� JUDP�SRVLWLYH� DQG� JUDP�QHJDWLYH�PXUHLQ� VDFFXOL��7KH�09V�SURGXFHG�E\�(��KHUELFROD����ZDVKHG�FHOOV�H[SRVHG� WR�JHQWDPLFLQ�KDG�D�KLJKHU�O\WLF�DFWLYLW\�DJDLQVW�WKH�KRVW�EDFWHULD�FRPSDUHG�WR�WKRVH�SURGXFHG�E\�XQWUHDWHG�FHOOV�� 7KLV� PLJKW� EH� GXH� WR� WKH� IRUPDWLRQ� RI� ODUJHU� WXEXODU�09V� ILOOHG� ZLWK� HQ]\PHV� DQG�JHQWDPLFLQ�ZKLFK�PLJKW� DFW� V\QHUJLVWLFDOO\�ZLWK� WKH�GHJUDGDWLYH� HQ]\PHV� HQFORVHG��6LPLODU�FRQFOXVLRQV�ZHUH�UHSRUWHG�E\�.DGXUXJDPXZD�	�%HYHULGJH��������������DQG�%HYHULGJH�������7KH�EDFWHULRO\WLF�DFWLYLW\�RI�(��KHUELFROD����DJDLQVW�EDFWHULDO�SDWKRJHQV�PD\�HQFRXUDJH�XV�WR�WU\�WR�XVH�LW�IRU�ELRORJLFDO�FRQWURO�RI�SODQW�GLVHDVHV�FDXVHG�E\�RWKHU�EDFWHULD���(� KHUELFROD� ��� DOVR� SURGXFHG� ±ODFWDPDVH� HQ]\PHV� WKDW� K\GURO\]H� ±ODFWDP�DQWLELRWLFV��*HQWDPLFLQ�WUHDWHG�(� KHUELFROD�����LQGXFHG�IRU�09V�IRUPDWLRQ��SURGXFHG�KLJKHU�FRQVWLWXWLYH� ±ODFWDPDVH�DFWLYLW\� �����IROG��FRPSDUHG� WR�XQWUHDWHG�FXOWXUH��$OVR�� LW�KDV�EHHQ�GLVFRYHUHG�WKDW�D�FKURPRVRPH�HQFRGHG� ±ODFWDPDVH�LQ�3VHXGRPRQDV�DHUXJLQRVD�FDQ�DOVR�EH�SDFNDJHG� LQWR�09V��7KLV� UDLVHV� WKH� LQWULJXLQJ�SRVVLELOLW\� WKDW� ±ODFWDPDVH�FRQWDLQLQJ� �09V�FRXOG�EH�GLVFKDUJHG�IURP�SDWKRJHQV�DW�WKHLU�LQIHFWLRQ�VLWHV�LQ�WLVVXH�WR�LQFUHDVH�WKH�EUHDNGRZQ�RI� ±ODFWDP�DQWLELRWLFV� LQ� WKH� ORFDO� WLVVXH�HQYLURQPHQW� �%HYHULGJH��������/RZ�OHYHOV�RI� WKH�HQ]\PH�ZHUH�SURGXFHG�FRQVWLWXWLYHO\��DQG�LQVLJQLILFDQW�DPRXQWV��WZLFH�WKH�FRQVWLWXWLYH�OHYHOV��RI� WKH� LQGXFHG� HQ]\PH� ZHUH� REWDLQHG� XVLQJ� GLIIHUHQW� �ODFWDP� LQGXFHUV� �SHQLFLOOLQV� DQG�FHSKDORVSRULQV���7KH�ORZ�OHYHO�RI� �ODFWDPDVH�SURGXFWLRQ�PLJKW�EH�GXH�WR�WKH�DEVHQFH�RI�WKH��ODFWDPDVH� UHJXODWRU\� JHQHV� �UHTXLUHG� IRU� LQGXFWLRQ�� LQ� (� KHUELFROD� ���� 6LPLODUO\�� $]DE��������UHSRUWHG�WKDW�3URWHXV�YXOJDULV�8��SURGXFHG�ORZ� �ODFWDPDVH�OHYHO��FRQVWLWXWLYH�����8�DQG� LQGXFHG� ����8�� DQG� DIWHU� LQWURGXFWLRQ� RI� WKH� �ODFWDPDVH� UHJXODWRU\� JHQHV�� DPS&� DQG�DPS5� LW� SURGXFHG�KLJKHU� OHYHO�RI� WKH� LQGXFHG�HQ]\PH� �����IROG���%HFDXVH� WKH� �ODFWDPDVH�OHYHO� �ZKLFK� FRQIHUV� KLJKHU� UHVLVWDQFH� WR� ±ODFWDPV�� ZDV� ORZ�� (� KHUELFROD� ��� VKRZHG�
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GLIIHUHQW�OHYHOV�RI�VXVFHSWLELOLW\�WR�DOO� ±ODFWDP�DQWLELRWLFV�XVHG��UHFRUGLQJ�ORZ�0,&V��2Q�WKH�RWKHU� KDQG�� JHQWDPLFLQ�WUHDWHG� (� KHUELFROD� ��� H[KLELWHG� KLJKHU� UHVLVWDQFH� FRPSDUHG� WR�XQWUHDWHG�FXOWXUH��WR�VRPH�RI�DQWLELRWLFV�XVHG��DQG�WKLV�PLJKW�EH�GXH�WR� �ODFWDPDVH�HQFORVHG�LQ�WKH�ODUJHU�WXEXODU�09V�LQGXFHG�E\�JHQWDPLFLQ��$FFRUGLQJO\��ZH�FRQFOXGH�WKDW��(� KHUELFROD���� SURGXFHG� RXWHU� 09V� WKDW� ZHUH� DFWLYH� DJDLQVW� VRPH� JUDP�SRVLWLYH� DQG� JUDP�QHJDWLYH�EDFWHULD�� DQG� ORZ� OHYHOV� RI� �ODFWDPDVH�� ,Q� DGGLWLRQ�� KLJKHU� �ODFWDPDVH� DFWLYLW\� ZDV�DFFRPSDQLHG�ZLWK�WKH�LQGXFWLRQ�RI�ODUJHU�WXEXODU�09V��DQG�WKLV�LQGLFDWHV�WKDW�WKH�JHQWDPLFLQ�
LQGXFHG�09V� HQWUDSSHG� ODUJHU� DPRXQWV� RI�E±ODFWDPDVH� IURP� WKH� SHULSODVPLF� VSDFH� RI� WKH�JUDP�QHJDWLYH�FHOOV����
$&.12:/('*(0(176�� , ZRXOG� OLNH� WR�H[SUHVV�P\�JUDWHIXO� WKDQNV� WR� WKH�06F� VWXGHQWV�0LVV�0RQD�(O�'DUGLU�DQG�0LVV�,PDQ�6HOHHP�IRU�WKHLU�KHOS�LQ�WKH�SUHVHQW�ZRUN��

5()(5(1&(6�
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