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$EVWUDFW
$OWKRXJK�GRVH-UHVSRQVH�PRGHOV�SOD\�DQ�HVVHQWLDO�UROH�LQ�TXDQWLWDWLYH�PLFURELRORJLFDO�ULVNDVVHVVPHQW��DSSURSULDWH�DYDLODEOH�GDWD�IRU�WKLV�DVVHVVPHQW�DUH�VFDUFH��6LQFH�KXPDQ�YROXQWHHUVWXGLHV�SURYLGH�RQO\�OLPLWHG�LQIRUPDWLRQ��DQ�DQLPDO�PRGHO�LV�EHLQJ�GHYHORSHG�WR�VWXG\LQIHFWLRQ�ZLWK�KXPDQ�HQWHURSDWKRJHQLF�EDFWHULD��7KH�PRGHO�XVHG�DGXOW��PDOH�:8�UDWVH[SRVHG�WR�GLIIHUHQW�GRVHV�RI�WKUHH�HQWHURSDWKRJHQLF�EDFWHULD��6DOPRQHOOD�HQWHULFD�VHURYDU(QWHULWLGLV��(VFKHULFKLD�FROL�2����DQG�&DPS\OREDFWHU�MHMXQL� DIWHU�RYHUQLJKW�VWDUYDWLRQ�DQGQHXWUDOLVDWLRQ�RI�JDVWULF�DFLG��$�UHODWLRQVKLS�EHWZHHQ�WKH�GRVH�DQG�WKH�SUREDELOLW\�RI�LQIHFWLRQZDV GHPRQVWUDWHG�IRU�DOO�WKUHH�EDFWHULD��ZLWK�&� MHMXQL�EHLQJ�PRUH�LQIHFWLRXV�WKDQ�(� FROL2����DQG�6��(QWHULWLGLV�WKH�OHDVW�LQIHFWLRXV�RI�DOO�WKUHH��6� (QWHULWLGLV�LQGXFHG�D�V\VWHPLFLQIHFWLRQ��DQG�GRVH�GHSHQGHQW�HIIHFWV�ZHUH�REVHUYHG�IRU�VRPH�KDHPDWRORJLFDO�SDUDPHWHUV�QRWDEO\�DQ�LQFUHDVH�LQ�QHXWURSKLOV���DV�ZHOO�DV�IRU�KLVWRSDWKRORJLFDO�FKDQJHV�LQ�WKH�JDVWUR�LQWHVWLQDO�WUDFW�DQG�WKH�GHOD\HG�W\SH�K\SHUVHQVLWLYLW\�UHDFWLRQ��7KH�H[SHULPHQWV�XVLQJ�6�(QWHULWLGLV�VKRZHG�JRRG�UHSURGXFLELOLW\��ZKHUHDV�WKH�UHSURGXFLELOLW\�IRU�WKH�H[SHULPHQWV�ZLWK&��MHMXQL�ZDV�SRRU�
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3UHIDFH
7KH�H[SHULPHQWV�LQ�WKLV�UHSRUW�LQYROYHG�WKH�ZRUN�RI�PDQ\�SHUVRQV�LQ�GLIIHUHQW�ODERUDWRULHV�+DQV�6WURRWPDQ��0DULVND�YDQ�'LMN��'LUN�(OEHUWV�DQG�%HUW�YDQ�0LGGHODDU��&'/��ZHUHUHVSRQVLEOH IRU�DQLPDO�H[SHULPHQWV��&RHQ�0RROHQEHHN�SHUIRUPHG�VHFWLRQ�RI�WKH�DQLPDOV�DQG3DXO�5RKROO��/3,��ZDV�UHVSRQVLEOH�IRU�KLVWRWHFKQLTXH��+HQQ\�/RHQGHUVORRW�DQG�6DQGUD�GH:DDO SHUIRUPHG�WKH�KLVWRWHFKQLFDO�ZRUN��<YRQQH�:DOOEULQN��/3,��SDUWLFLSDWHG�LQKDHPDWRORJLFDO�DQDO\VHV��(OOHQ�'HOIJRX�YDQ�$VFK�DQG�:LOPD�5LWPHHVWHU��0*%��ZHUHLQYROYHG�LQ�WKH�PLFURELRORJLFDO�DQDO\VHV��:LP�-DQVHQ�DQG�1DQ�YDQ�/HHXZHQ�SURYLGHGEDFWHULDO�VWUDLQV��-RNH�YDQ�GHU�*LHVVHQ��0*%���0DULRQ�.RRSPDQV��/,2���-RRS�6FKHOOHNHQVDQG 5RQ�%RRW��/,6��SURYLGHG�KHOSIXO�DGYLFH�RQ�ELRPHGLFDO�DVSHFWV��DQG�:RXW�6ORE�DQG�3HWHU7HXQLV�RQ�VWDWLVWLFDO�DVSHFWV�RI�WKH�ZRUN�
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&RQWHQWV
6DPHQYDWWLQJ��6XPPDU\���� *HQHUDO�LQWURGXFWLRQ���� 6XVFHSWLELOLW\�RI�UDWV�WR�GLIIHUHQW�GRVHV�RI�HQWHURSDWKRJHQLF�EDFWHULD�E\�RUDO�H[SRVXUH����� ,QWURGXFWLRQ����� 0DWHULDOV�DQG�PHWKRGV������� $QLPDOV������� %DFWHULDO�VWUDLQV������� ,QRFXOXP�FXOWXUHV������� ([SHULPHQWDO�GHVLJQ������� )DHFDO�PRLVWXUH�FRQWHQW������� +DHPDWRORJ\������� 0LFURELRORJ\�������� 3DWKRORJ\�������� 6WDWLVWLFDO�DQDO\VLV������ 5HVXOWV�������� ,QRFXOXP�FXOWXUHV�������� &OLQLFDO�REVHUYDWLRQV�������� 0LFURELRORJ\�������� +DHPDWRORJ\�������� 3DWKRORJ\������ &RQFOXVLRQ����� 5HSURGXFLELOLW\�RI�LQIHFWLRQ�ZLWK�&��MHMXQL������ ,QWURGXFWLRQ������ 0DWHULDOV�DQG�PHWKRGV������ 5HVXOWV�������� ,QRFXOXP�FXOWXUHV�������� &OLQLFDO�DQG�PDFURVFRSLF�REVHUYDWLRQV�������� 0LFURELRORJ\������ &RQFOXVLRQ���
�� 5HSURGXFLELOLW\�RI�LQIHFWLRQ�ZLWK�6��(QWHULWLGLV������ ,QWURGXFWLRQ������ 0DWHULDOV�DQG�PHWKRGV�������� ([SHULPHQWDO�GHVLJQ�������� 'HOD\HG�W\SH�K\SHUVHQVLWLYLW\�UHDFWLRQ��'7+������� 5HVXOWV�������� ,QRFXOXP�FXOWXUHV�������� &OLQLFDO�REVHUYDWLRQV�������� 0LFURELRORJ\�������� 'HOD\HG�W\SH�K\SHUVHQVLWLYLW\�UHDFWLRQ��'7+��������� +DHPDWRORJ\�������� 3DWKRORJ\�������� &RQFOXVLRQ���
5HIHUHQFHV���$SSHQGL[���0DLOLQJ�OLVW���$SSHQGL[���,QGLYLGXDO�KLVWRSDWKRORJLFDO�GDWD��6��(QWHULWLGLV��H[SHULPHQW�$$3�������������$SSHQGL[���,QGLYLGXDO�KLVWRSDWKRORJLFDO�GDWD��6��(QWHULWLGLV��H[SHULPHQW�$$3�������������
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6DPHQYDWWLQJ
'RVLV�UHVSRQV�PRGHOOHQ�]LMQ�HHQ�EHODQJULMN�RQGHUGHHO�YDQ�GH�NZDQWLWDWLHYH�PLFURELRORJLVFKHULVLFRDQDO\VH��PDDU�HU�]LMQ�VOHFKWV�ZHLQLJ�EUXLNEDUH�NZDQWLWDWLHYH�JHJHYHQV��([SHULPHQWHQPHW YULMZLOOLJHUV�JHYHQ�VOHFKWV�EHSHUNWH�LQIRUPDWLH��'DDURP�ZRUGW�HHQ�GLHUPRGHO�YRRULQIHFWLH�PHW�HQWHURSDWKRJHQH�EDFWHULsQ�RQWZLNNHOG��,Q�HHQ�YRRUJDDQG�UDSSRUW��*DUVVHQ�HW�DO��������ZHUG�EHVFKUHYHQ�GDW�GULH�HQWHURSDWKRJHQH�EDFWHULsQ��6DOPRQHOOD�HQWHULFD�VHURYDU(QWHULWLGLV��(VFKHULFKLD�FROL�2�����HQ�&DPS\OREDFWHU�MHMXQL� LQ�VWDDW�ZDUHQ�KHW�GDUPNDQDDOYDQ�YROZDVVHQ��PDQQHOLMNH�:8�UDWWHQ�WH�NRORQLVHUHQ�QD�EHVPHWWLQJ�YDQ�GH�GLHUHQ�PHW�KRJHDDQWDOOHQ�EDFWHULsQ�����������FIX�GLHU��YLD�HHQ�PDDJVRQGH��'H�NRORQLVDWLH�ZHUG�EHYRUGHUGGRRU RYHUQDFKW�YDVWHQ�HQ�QHXWUDOLVDWLH�YDQ�PDDJ]XXU�PHW�QDWULXPELFDUERQDDW�,Q�GLW�UDSSRUW�ZRUGW�RQGHU]RHN�EHVFKUHYHQ�QDDU�GRVLV�UHVSRQVUHODWLHV�LQ�GLW�UDWWHQPRGHO�'DDUWRH�ZHUGHQ�GH�GLHUHQ�EHVPHW�PHW�YHUVFKLOOHQGH�DDQWDOOHQ�EDFWHULsQ�����������FIX�GLHU��RQGHU RYHULJHQV�JHOLMNEOLMYHQGH�RPVWDQGLJKHGHQ��'H�GULH�JHWHVWH�HQWHURSDWKRJHQH�VSHFLHVZDUHQ DOOH�LQ�VWDDW�KHW�PDDJ�GDUPNDQDDO�YDQ�GH�UDW�WH�NRORQLVHUHQ��LQ�WHJHQVWHOOLQJ�WRW�GHQHJDWLHYH�FRQWUROHVWDP�(� FROL�:*���1D�WRHGLHQHQ�YDQ�KRJH�GRVHV�YHURRU]DDNWH�6� (QWHULWLGLVHUQVWLJH�V\VWHPLVFKH�]LHNWH��PDDU�&� MHMXQL�HQ (��FROL�2����NRORQLVHHUGHQ�KHW�GDUPNDQDDO]RQGHU�NOLQLVFKH�HIIHFWHQ�WH�YHURRU]DNHQ��(HQ�UHODWLH�WXVVHQ�GH�NDQV�RS�LQIHFWLH�HQ�GH�GRVLVZHUG JHYRQGHQ�YRRU�LHGHUH�EDFWHULHVRRUW��ZDDUELM�&� MHMXQL�KHW�PHHVW�LQIHFWLHXV�ZDV��JHYROJGGRRU (� FROL�2����HQ�6� (QWHULWLGLV��0HW�6� (QWHULWLGLV�ZHUG�RRN�HHQ�GRVLV�UHVSRQVUHODWLHJHYRQGHQ�PHW�VRPPLJH�KHPDWRORJLVFKH�SDUDPHWHUV��PHW�QDPH�HHQ�WRHQDPH�YDQQHXWURILHOHQ���PHW�GH�YHUWUDDJG�W\SH�RYHUJHYRHOLJKHLGVUHDFWLH��279��HQ�PHWKLVWRSDWKRORJLVFKH�YHUDQGHULQJHQ�LQ�KHW�GDUPNDQDDO��%LM�EORRWVWHOOLQJ�YDQ�GH�GLHUHQ�DDQ�ODJHDDQWDOOHQ�6� (QWHULWLGLV�ZHUG�JHHQ�IHFDOH�XLWVFKHLGLQJ�JHYRQGHQ�PDDU�ZHO�V\VWHPLVFKHLQIHFWLH��]RDOV�EOHHN�XLW�LVRODWLH�YDQ�GH�EDFWHULsQ�XLW�GH�PHVHQWHULDOH�O\PINOLHUHQ�HQ�XLW�GHPLOW��'H�SRVLWLHYH�279�UHDFWLH�GXLGW�RS�LQGXFWLH�YDQ��V\VWHPLVFKH��FHOOXODLUH�LPPXQLWHLWWHJHQ�GH�EDFWHULH�
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6XPPDU\
'RVH�UHVSRQVH�PRGHOV�DUH�DQ�HVVHQWLDO�SDUW�RI�TXDQWLWDWLYH�PLFURELRORJLFDO�ULVN�DVVHVVPHQW�EXW�QRW�PDQ\�DSSURSULDWH�TXDQWLWDWLYH�GDWD�DUH�DYDLODEOH�IRU�WKLV�SXUSRVH��+XPDQ�YROXQWHHUVWXGLHV�SURYLGH�RQO\�OLPLWHG�LQIRUPDWLRQ��7KHUHIRUH��DQ�DQLPDO�PRGHO�IRU�LQIHFWLRQ�ZLWKKXPDQ�HQWHURSDWKRJHQLF�EDFWHULD�LV�EHLQJ�GHYHORSHG��$�SUHYLRXV�UHSRUW��*DUVVHQ�HW�DO�� �����GHVFULEHV�WKDW�WKUHH�HQWHURSDWKRJHQLF�EDFWHULD��6DOPRQHOOD�HQWHULFD�VHURYDU�(QWHULWLGLV�(VFKHULFKLD�FROL�2�����DQG�&DPS\OREDFWHU�MHMXQL� ZHUH�DEOH�WR�FRORQLVH�WKH�LQWHVWLQDO�WUDFW�RIDGXOW��PDOH�:8�UDWV�DIWHU�LQRFXODWLRQ�E\�JDYDJH�RI�KLJK�GRVHV�����������FIX�DQLPDO��2YHUQLJKW�VWDUYDWLRQ�DQG�QHXWUDOLVDWLRQ�RI�JDVWULF�DFLG�ZLWK�VRGLXP�ELFDUERQDWH�SURPRWHGFRORQLVDWLRQ�7KLV�UHSRUW�GHVFULEHV�LQYHVWLJDWLRQV�LQ�GRVH�UHVSRQVH�UHODWLRQV�XVLQJ�WKH�UDW�PRGHO��$QLPDOVZHUH LQRFXODWHG�ZLWK�GLIIHUHQW�GRVHV�RI�EDFWHULD�����������FIX�DQLPDO���XQGHU�VLPLODUFRQGLWLRQV��7KH�WKUHH�HQWHURSDWKRJHQLF�VSHFLHV�ZHUH�DEOH�WR�FRORQLVH�WKH�UDWV¶�LQWHVWLQDO�WUDFW�LQ FRQWUDVW�WR�WKH�QHJDWLYH�FRQWURO�VWUDLQ�(��FROL�:*���:KHQ�KLJK�GRVHV�ZHUH�DGPLQLVWHUHG��6�(QWHULWLGLV�LQGXFHG�VHYHUH�V\VWHPLF�HIIHFWV��EXW�&� MHMXQL�RU (� FROL�2����FRORQLVHG�WKHLQWHVWLQDO�WUDFW�ZLWKRXW�VLJQV�RI�FOLQLFDO�LOOQHVV��$�UHODWLRQVKLS�EHWZHHQ�WKH�GRVH�DQG�WKHSUREDELOLW\�RI�LQIHFWLRQ�ZDV�GHPRQVWUDWHG�IRU�DOO�WKUHH�EDFWHULD��ZLWK�&� MHMXQL�EHLQJ�PRUHLQIHFWLRXV�WKDQ�(� FROL�2����DQG�6� (QWHULWLGLV�EHLQJ�OHDVW�LQIHFWLRXV��)RU�6� (QWHULWLGLV��DGRVH�UHVSRQVH�UHODWLRQ�ZDV�DOVR�GHPRQVWUDWHG�IRU�VRPH�KDHPDWRORJLFDO�SDUDPHWHUV��QRWDEO\DQ LQFUHDVH�LQ�QHXWURSKLOV���IRU�GHOD\HG�W\SH�K\SHUVHQVLWLYLW\��'7+��UHDFWLRQ�DQG�IRUKLVWRSDWKRORJLFDO�FKDQJHV�LQ�WKH�LQWHVWLQDO�WUDFW��$QLPDOV�FKDOOHQJHG�ZLWK�ORZ�GRVHV�����FIX�DQLPDO��RI�6� (QWHULWLGLV�GLG�QRW�VKHG�WKH�EDFWHULD�LQ�WKHLU�IDHFHV��EXW�V\VWHPLF�LQIHFWLRQZDV GHPRQVWUDWHG�E\�LVRODWLRQ�RI�WKH�EDFWHULD�IURP�PHVHQWHULF�O\PSK�QRGHV�DQG�VSOHHQ��7KHSRVLWLYH�'7+�UHDFWLRQ�LQGLFDWHG�LQGXFWLRQ�RI��V\VWHPLF��FHOOXODU�LPPXQLW\�DJDLQVW�6�(QWHULWLGLV�
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���*HQHUDO�LQWURGXFWLRQ
0LFURELRORJLFDO�ULVN�DVVHVVPHQW�LV�DQ�HPHUJLQJ�WRRO�IRU�WKH�HYDOXDWLRQ�RI�WKH�PLFURELRORJLFDOVDIHW\�RI�IRRG�DQG�ZDWHU��DQG�LV�LQFUHDVLQJO\�XVHG�E\�UHJXODWRU\�DJHQFLHV��ERWK�QDWLRQDO�DQGVXSUDQDWLRQDO��,Q�WKLV�SURFHVV��KD]DUGRXV�PLFUR�RUJDQLVPV�DUH�LGHQWLILHG�DQG�H[SRVXUH�RI�WKHFRQVXPHU�WR�WKHVH�RUJDQLVPV�LV�HVWLPDWHG�E\�D�FRPELQDWLRQ�RI�REVHUYDWLRQDO�GDWD�DQGPDWKHPDWLFDO�PRGHOOLQJ��7KH�KHDOWK�ULVN�DULVLQJ�IURP�H[SRVXUH�LV�WKHQ�HVWLPDWHG�E\�XVH�RI�DGRVH�UHVSRQVH�PRGHO��WKDW�JLYHV�D�TXDQWLWDWLYH�GHVFULSWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKHH[SRVXUH�WR�D�FHUWDLQ�QXPEHU�RI�SDWKRJHQV��WKH�GRVH��DQG�WKH�SUREDELOLW\�RI�DQ�HIIHFW��VXFK�DVLQIHFWLRQ�RU�GLVHDVH�'RVH�UHVSRQVH�PRGHOV�FDQ�EH�EDVHG�RQ�REVHUYDWLRQDO�RU�H[SHULPHQWDO�GDWD��2EVHUYDWLRQDOGDWD��XVXDOO\�IURP�IRRG��RU�ZDWHUERUQH�RXWEUHDNV��KDYH�WKH�DGYDQWDJH�WKDW�WKH\�DUH�EDVHG�RQDFWXDO�VLWXDWLRQV��EXW�DUH�H[WUHPHO\�OLPLWHG�LQ�DYDLODELOLW\�IRU�VHYHUDO�UHDVRQV��7KH�GRVH�PD\EH�WRR�ORZ�WR�EH�PHDVXUHG�DFFXUDWHO\��VXFK�DV�LQ�GULQNLQJ�ZDWHU��WKH�FRQWDPLQDWLRQ�PD\�EHUDUH� VXFK�DV�ZLWK�IRRGVWXIIV��RU�VDPSOHV�RI�WKH�FDXVDO�SURGXFW�PD\�VLPSO\�QRW�EH�DYDLODEOH�)XUWKHUPRUH��WKH�VL]H�RI�WKH�H[SRVHG�SRSXODWLRQ�LV�RIWHQ�QRW�NQRZQ��([SHULPHQWDO�GDWD�KDYHWKH�DGYDQWDJH�WKDW�WKH\�DUH�REWDLQHG�XQGHU�ZHOO�FRQWUROOHG�FRQGLWLRQV�DQG�FDQ�WKHUHIRUH�EHVXEMHFWHG�WR�GHWDLOHG�PDWKHPDWLFDO�DQDO\VLV��7HXQLV�HW�DO�� �������7\SLFDOO\��KHDOWK\YROXQWHHUV�DUH�H[SRVHG�WR�GLIIHUHQW�GRVHV�RI�HQWHULF�SDWKRJHQV�WKDW�KDYH�EHHQ�PDLQWDLQHG�DQGFXOWXUHG�LQ�ODERUDWRU\�FRQGLWLRQV��7KH�YROXQWHHUV�DUH�WKHQ�FORVHO\�PRQLWRUHG�IRU�VLJQV�RILQIHFWLRQ��H[FUHWLRQ��VHURFRQYHUVLRQ��DQG�V\PSWRPV�RI�LOOQHVV��7KH�OLPLWDWLRQV�RI�WKHH[SHULPHQWDO�DSSURDFK�IROORZ�IURP�WKH�H[SHULPHQWDO�VHW�XS��IRU�HWKLFDO�UHDVRQV��WKH�H[SRVHGSRSXODWLRQ�LV�OLPLWHG�WR�KHDOWK\��XVXDOO\�DGXOW��YROXQWHHUV�DQG�WKH�UDQJH�RI�PLFUR�RUJDQLVPVWKDW�FDQ�EH�WHVWHG�LV�OLPLWHG�WR�WKRVH�ZKLFK�DUH�NQRZQ�WR�LQGXFH�PLOG��VHOI�OLPLWLQJ�GLVHDVHRQO\��)XUWKHUPRUH��WKH�ODERUDWRU\�DGDSWHG�FXOWXUHV�PD\�QRW�EH�UHSUHVHQWDWLYH�RI�WKH�PLFUR�RUJDQLVPV�DV�WKH\�RFFXU�LQ�QDWXUH�7R�RYHUFRPH�VRPH�RI�WKH�OLPLWDWLRQV�RI�WKH�H[SHULPHQWDO�DSSURDFK�LQ�PDQ��ZH�DLP�DW�WKH�XVHRI�DQLPDO�PRGHOV�IRU�LQIHFWLRQ��DQG�SRVVLEO\�GLVHDVH��E\�HQWHULF�SDWKRJHQV��6XFK�PRGHOVVKRXOG HQDEOH�XV�WR�HYDOXDWH�WKH�HIIHFW�RI�VLQJOH��KRVW��RU�SDWKRJHQ�UHODWHG�IDFWRUV�RQ�WKHSDWKRJHQHVLV��DQG�WR�PDNH�LQIHUHQFHV�DERXW�GRVH�UHVSRQVH�UHODWLRQV�LQ�KXPDQV��7\SLFDOTXHVWLRQV�DUH��ZKDW�LV�WKH�HIIHFW�RI�IDFWRUV�VXFK�DV�DJH��LPPXQRORJLFDO�VWDWXV��QRQ�VSHFLILFEDUULHUV��H�J��JDVWULF�DFLG��RQ�WKH�VXVFHSWLELOLW\�RI�WKH�KRVW��DQG�IDFWRUV�VXFK�DV�EDFWHULDO�VWUHVV�SURWHLQV��SURWHFWLRQ�E\�IDWW\�VXEVWUDWHV�HWF��RQ�WKH�LQIHFWLYLW\�RI�WKH�SDWKRJHQ��$V�D�QH[W�VWHS�ZH SODQ�WR�GHYHORS�NLQHWLF�PRGHOV�RI�WKH�LQIHFWLRQ�SURFHVV��WKDW�GHVFULEH�WKH�G\QDPLFV�RI�WKHKRVW�SDWKRJHQ�LQWHUDFWLRQ�LQ�WKH�DOLPHQWDU\�WUDFW��IRU�ZKLFK�WKH�DQLPDO�PRGHOV�VKRXOG�SURYLGHLQVLJKW�LQ�LPSRUWDQW�PHFKDQLVPV�DQG�SDUDPHWHU�HVWLPDWHV�,Q�D�ILUVW�VHULHV�RI�H[SHULPHQWV��*DUVVHQ�HW�DO�� �������LW�ZDV�FRQFOXGHG�WKDW��DIWHUQHXWUDOLVDWLRQ�RI�JDVWULF�DFLG�ZLWK�VRGLXP�ELFDUERQDWH��\RXQJ�DGXOW�PDOH�:8�UDWV�ZHUHVXVFHSWLEOH WR�RUDO�LQIHFWLRQ�ZLWK�KLJK�GRVHV�����������FIX�SHU�DQLPDO��RI�WKUHHHQWHURSDWKRJHQLF�EDFWHULD��(VFKHULFKLD�FROL�2�����6DOPRQHOOD�HQWHULFD�VHURYDU�(QWHULWLGLVDQG &DPS\OREDFWHU�MHMXQL� 6XEVHTXHQW�SDWKRORJLFDO�FKDQJHV�GLIIHUHG�PDUNHGO\�IRU�HDFKSDWKRJHQ��6� (QWHULWLGLV�ZDV�KLJKO\�LQYDVLYH��UHVXOWLQJ�LQ�V\VWHPLF�LQIHFWLRQ�DQG�VRPHWLPHVGHDWK��&� MHMXQL�OHG�WR�SDWKRORJLFDO�FKDQJHV�LQGLFDWLYH�RI�HQWHULWLV�LQ�VRPH�DQLPDOV��DQG�WRV\VWHPLF�HIIHFWV�RQ�EORRG�SDUDPHWHUV��(� FROL�2����LQIHFWLRQ�ZDV�UHVWULFWHG�WR�WKH�LQWHVWLQHVDQG GLG�QRW�SURGXFH�PDUNHG�SDWKRORJLFDO�FKDQJHV�,Q�WKLV�UHSRUW��ZH�GHVFULEH�WKH�HIIHFW�RI�GLIIHUHQW�GRVHV�RI�WKH�WKUHH�HQWHURSDWKRJHQLF�EDFWHULDRQ LQIHFWLRQ�DQG�GLVHDVH�LQ�UDWV��DQG�WKH�UHSURGXFLELOLW\�RI�WKH�REVHUYHG�HIIHFWV�
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���6XVFHSWLELOLW\�RI�UDWV�WR�GLIIHUHQW�GRVHV�RIHQWHURSDWKRJHQLF�EDFWHULD�E\�RUDO�H[SRVXUH
���� ,QWURGXFWLRQ
7R�HYDOXDWH�GRVH�GHSHQGHQW�HIIHFWV�RI�H[SRVXUH�RI�DGXOW�UDWV�WR�WKUHH�HQWHURSDWKRJHQLFEDFWHULD��6DOPRQHOOD�HQWHULFD�VHURYDU�(QWHULWLGLV��(VFKHULFKLD�FROL�2����DQG�&DPS\OREDFWHUMHMXQL���WKH�DQLPDOV�ZHUH�LQRFXODWHG�ZLWK�GLIIHUHQW�GRVHV�EHWZHHQ���� DQG������FIX�SHU�DQLPDOXQGHU WKH�VDPH�H[SHULPHQWDO�FRQGLWLRQV�DV�SUHYLRXVO\�UHSRUWHG��*DUVVHQ�HW�DO�� ������
���� 0DWHULDOV�DQG�PHWKRGV�
������$QLPDOV6SHFLILF�SDWKRJHQ�IUHH��63)��PDOH�:LVWDU�8QLOHYHU��:8��UDWV�ZHUH�REWDLQHG�IURP�WKHEUHHGLQJ�FRORQ\�DW�WKH�1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW��%LOWKRYHQ�7KH�1HWKHUODQGV��7KH�DQLPDOV������ZHHNV�RI�DJH��ZHUH�KRXVHG�LQGLYLGXDOO\�LQ�PDFURORQFDJHV��RQH�ZHHN�SULRU�WR�WKH�VWDUW�RI�WKH�H[SHULPHQWV��'ULQNLQJ�ZDWHU�DQG�FRQYHQWLRQDO�GLHW�50+�%��+RSH�)DUPV�%9��:RHUGHQ��7KH�1HWKHUODQGV��ZHUH�SURYLGHG�DG�OLELWXP� 7KHEUHHGLQJ�FRORQ\�RI�WKH�DQLPDOV�ZDV�SUH�VFUHHQHG�PRQLWRUHG�IRU�HQGRJHQRXV�SDWKRJHQLFYLUXVHV�DQG�EDFWHULD�DQG�ZDV�IRXQG�QHJDWLYH�

������%DFWHULDO�VWUDLQV(VFKHULFKLD�FROL� VWUDLQ�QXPEHU����VHURW\SH�2����.��+���DQ�LVRODWH�IURP�D�SDWLHQW�ZLWK+DHPRO\WLF�8UHPLF�6\QGURPH�ZLWK�HDH�DQG�VW[��JHQHV�6DOPRQHOOD�HQWHULFD�VHURYDU�(QWHULWLGLV��VWUDLQ�QXPEHU���������SDWLHQW�LVRODWH��RULJLQ�5,90��&DPS\OREDFWHU�MHMXQL� VWUDLQ�QXPEHU�%�����VHURW\SH�2����IURP�FKLFNHQ�IDHFHV��0HGHPD�HWDO�� �������DQG(� FROL� VWUDLQ�QXPEHU�:*���D�QDOLGL[LF�DFLG�UHVLVWDQW�GHULYDWLYH�RI�(� FROL�&��+DYHODDU�DQG+RJHERRP��������ZDV�XVHG�DV�D�QHJDWLYH�FRQWURO�)URP�DOO�VWUDLQV�D������&�FROOHFWLRQ�ZDV�PDGH�E\�SXUH�FXOWXULQJ�RQ�%UDLQ�+HDUW�,QIXVLRQ�%+,��DJDU��������K�DW�����&��DQG�LQRFXODWLQJ�D�VLQJOH�FRORQ\�LQ�%+,��LQFXEDWHG�IRU�������KDW ����&��&��MHMXQL�ZDV�LQFXEDWHG�XQGHU�PLFUR�DHURSKLOLF�FRQGLWLRQV�DW�����&�IRU����K���$IWHULQFXEDWLRQ������PO�RI�WKH�FXOWXUH�ZDV�DGGHG�WR�FU\RWXEHV�ILOOHG�ZLWK�JODVV�EHDGV�DQG�����PO�RIJO\FHURO��'LUHFWO\�DIWHU�DGGLQJ�WKH�FXOWXUHV�WKH�FU\RWXEHV�ZHUH�SODFHG�LQ�D������&�IUHH]HU�

������ ,QRFXOXP�FXOWXUHV%RWK�(� FROL�VWUDLQV�DQG�6� (QWHULWLGLV�ZHUH�LQRFXODWHG�IURP�WKH������&�FROOHFWLRQ�LQ�%+,�DQGLQFXEDWHG�DW�����&�IRU����K��$IWHU�LQFXEDWLRQ������PO�RI�HDFK�FXOWXUH�ZDV�FHQWULIXJHG�DW�����[ J IRU ���PLQ�DW����&��7KH�VXSHUQDWDQW�ZDV�GLVFDUGHG�DQG�WKH�SHOOHW�ZDV�UH�VXVSHQGHG�LQ����PO SK\VLRORJLFDO�VDOLQH��36���IROORZHG�E\�UH�FHQWULIXJDWLRQ��$JDLQ��WKH�VXSHUQDWDQW�ZDVGLVFDUGHG�DQG�WKH�SHOOHW�ZDV�UH�VXVSHQGHG�LQ�D�YROXPH�RI���PO�36��7KH�FHOO�VXVSHQVLRQ�DQGVHULDO ��������GLOXWLRQV�LQ�36�ZHUH�GHOLYHUHG�DW�WKH�DQLPDO�GHSDUWPHQW�RQ�PHOWLQJ�LFH��&�MHMXQL�ZDV WUHDWHG�VLPLODUO\��EXW�LQFXEDWHG�XQGHU�PLFUR�DHURSKLOLF�FRQGLWLRQV�DW�����&�ZKLOHVKDNLQJ�DW�����USP�IRU����K��)RU�ZDVKLQJ�DQG�FRQFHQWUDWLQJ��WKH�FXOWXUH�ZDV�ILOWHUHG�WKURXJKDQ ������P�PHPEUDQH�ILOWHU��1DOJHQH�����PO��LQVWHDG�RI�FHQWULIXJDWLRQ�

� 7KLV�H[SHULPHQW�LV�UHJLVWHUHG�DV�$$3����������
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������([SHULPHQWDO�GHVLJQ(DFK�DQLPDO�ZDV�LPSODQWHG�ZLWK�D�WHPSHUDWXUH�WUDQVSRQGHU��%LR0HGLF�'DWD�6\VWHPV�6HDIRUG��'HODZDUH��8.���VXEFXWDQHRXVO\�LQ�WKH�QHFN��7KH�WUDQVSRQGHU�ZDV�FRGHG�IRU�WKH�XQLTXH��DQLPDO�QXPEHU�DQG�ZDV�XVHG�IRU�ERG\�WHPSHUDWXUH�GHWHFWLRQ�HDFK�GD\�DURXQG�����DP��%RG\�WHPSHUDWXUH�DQG�DQLPDO�QXPEHUV�ZHUH�UHJLVWHUHG�XVLQJ�D�%LRPHG�3RFNHW6FDQQHU�IURP�3OH[[��(OVW��7KH�1HWKHUODQGV�$IWHU�RQH�ZHHN�RI�UHVW��L�H��DFFOLPDWLVDWLRQ���WKH�DQLPDOV�ZHUH�VWDUYHG�RYHUQLJKW��ZDWHU�DGOLELWXP�� $IWHU����KRXUV�RI�VWDUYDWLRQ����PO�RI�WKH�EDFWHULDO�VXVSHQVLRQV�ZDV�RUDOO\DGPLQLVWHUHG�E\�JDYDJH����DQLPDOV�SHU�JURXS����JURXSV�SHU�SDWKRJHQ���'LUHFWO\�DIWHU�JDYDJH�GD\����IRRG�DQG�ZDWHU�ZDV�SURYLGHG�DG�OLELWXP�%ORRG�VDPSOHV�ZHUH�WDNHQ�YLD�RUELWD�SOH[XV�SXQFWXUH�XVLQJ�D�FDSLOODU\�XQGHU�OLJKW�HWKHUDQDHVWKHVLD RQ�GD\V�±�����DQG����6� (QWHULWLGLV�DQG�(��FROL�2����H[SHULPHQWV���,Q�WKH�&��MHMXQLVWXG\��EORRG�VDPSOHV�ZHUH�REWDLQHG�RQ�GD\V�±�����DQG�����$SSUR[LPDWHO\���PO�RI�EORRG�ZDVREWDLQHG�SHU�VDPSOLQJ�WLPH�SRLQW�'DLO\�FOLQLFDO�REVHUYDWLRQV�ZHUH�PDGH�ZLWK�UHIHUHQFH�WR�WKH�VWDWXV�RI�JHQHUDO�KHDOWK�RI�WKHDQLPDOV� 6SHFLDO�DWWHQWLRQ�ZDV�SDLG�WR�WKH�QDWXUH�RI�WKH�IDHFHV��7KH�DQLPDOV�ZHUH�ZHLJKHG�HDFKGD\��HDUO\�LQ�WKH�PRUQLQJ��VWDUWLQJ�RQH�GD\�SULRU�WR�WKH�RUDO�LQRFXODWLRQ��(DFK�PRUQLQJ�IDHFHVZDV REWDLQHG�GLUHFWO\�IURP�HDFK�UDW�LQ�HDFK�JURXS��7KH�IDHFHV�ZDV�PDFURVFRSLFDOO\�HYDOXDWHGDQG WHVWHG�IRU�PLFURELRORJ\�WKH�VDPH�GD\��LQ�ZHHNHQGV�±�GD\V���DQG���±�VDPSOHV�ZHUH�VWRUHG�DW� �&�DQG�H[DPLQHG�WKH�QH[W�0RQGD\�±�GD\����7KH�DQLPDOV�ZHUH�VDFULILFHG�RQ�GD\����GD\����IRU�&� MHMXQL� DIWHU�RUDO�LQRFXODWLRQ��E\�EOHHGLQJIURP WKH�DEGRPLQDO�ODUJH�YHVVHOV�XQGHU�QHPEXWDO�DQDHVWKHVLD��L�S����7KH�FDHFXP�RI�HDFK�UDW�ZDVZHLJKHG�DIWHU�HXWKDQDVLD�DQG�FDHFXP�ZHLJKWV�UHODWLYH�WR�ERG\ZHLJKW�ZHUH�FDOFXODWHG��8ULQHZDV REWDLQHG�IURP�WKH�EODGGHU�DQG�VWRUHG�DW������&��7KH�HQWLUH�H[SHULPHQW�ZDV�GLYLGHG�LQWRWKUHH�FRKRUWV��HDFK�FRKRUW�ZLWK�LWV�RZQ�QHJDWLYH�FRQWURO��:*���

������)DHFDO�PRLVWXUH�FRQWHQW$V�DQ�LQGLFDWRU�IRU�GLDUUKRHDO�OLNH�HIIHFWV��WKH�PRLVWXUH�FRQWHQW�RI�WKH�IDHFHV�ZDV�GHWHUPLQHGHDFK GD\�E\�FDOFXODWLRQ�IURP�WKH�ZHLJKW�ORVV�DIWHU�GU\LQJ��)RU�WKLV�SXUSRVH��WKH�VDPSOHV�ZHUHZHLJKHG�LQ�D�JODVV�FRQWDLQHU�ZLWK�DLUWLJKW�OLG�DQG�GULHG�LQ�WKH�RSHQ�FRQWDLQHU�IRU���KRXU�DW����������&��$IWHU�FRROLQJ�LQ�DQ�H[VLFFDWRU�ZLWK�VLOLFD�JHO��WKH�FRQWDLQHU�ZDV�FORVHG�DQG�ZHLJKHG�7KLV�SURFHGXUH�ZDV�UHSHDWHG�VHYHUDO�WLPHV�XQWLO�FRQVWDQW�ZHLJKW�

������+DHPDWRORJ\$V�DQ�LQGLFDWRU�IRU��V\VWHPLF��LQIHFWLRQ��KDHPDWRORJ\�IRU�HDFK�UDW�ZDV�SHUIRUPHG�LQ�EORRGVDPSOHV��DQWL�FRDJXODWHG�ZLWK�.�('7$��REWDLQHG�DW�GD\����DQG���RU�����7KH�KDHPDWRORJLFDODQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�WKH�+��(��D�PXOWL�VSHFLHV�KDHPDWRORJ\�DQDO\VHU��%D\HU�%�9��0LMGUHFKW��7KH�1HWKHUODQGV��ZLWK�PXOWL�VSHFLHV�VRIWZDUH��YHUVLRQ�����
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������3DWKRORJ\,PPHGLDWHO\�DIWHU�H[VDQJXLQDWLRQ�WKH�DEGRPHQ�DQG�WKRUD[�ZHUH�LQVSHFWHG�DQG�WKH�JDVWUR�LQWHVWLQDO�WUDFW�ZDV�UHPRYHG�DQG�SURFHVVHG��0DFURVFRSLF�DEQRUPDOLWLHV�ZHUH�UHFRUGHG�DV�ZHOODV JURVV�GDWD�SHU�LQWHVWLQDO�VHJPHQW��YROXPH�DQG�RXWHU�FRORXU��JXW�DVVRFLDWHG�O\PSKRLG�WLVVXH�TXDQWLW\�DQG�TXDOLW\�RI�FRQWHQW��WKLFNQHVV�RI�ZDOO��DVSHFW�RI�PXFRVD���7KH�VWRPDFK���VHJPHQWV�RI�WKH�VPDOO�LQWHVWLQH��GXRGHQXP��MHMXQXP�DQG�LOHXP��HDFK�ZLWK�3H\HUV¶�SDWFK��FDHFXP��SUR[LPDO�DQG�GLVWDO�FRORQ��PHVHQWHULF�O\PSK�QRGHV��OLYHU��VSOHHQ�DQG�WLVVXH�RIPDFURVFRSLFDOO\�DEQRUPDO�RUJDQV�ZHUH�VDPSOHG�DQG�IL[HG�LQ������SKRVSKDWH�EXIIHUHGIRUPDOGHK\GH��7KH�JXW�VHJPHQWV�ZHUH�SURFHVVHG�XVLQJ�WKH�6ZLVV�UROO�WHFKQLTXH��0RROHQEHHN
DQG 5XLWHQEHUJ���������$IWHU�IL[DWLRQ�WKH�WLVVXHV�ZHUH�HPEHGGHG�LQ�SDUDSODVW�DQG������PWKLFN�VHFWLRQV�ZHUH�SUHSDUHG�DQG�URXWLQHO\�VWDLQHG�ZLWK�KDHPDWR[\OLQ�DQG�HRVLQ��+(��DOO�GRVHJURXSV��DQG�3$6��FRQWURO�DQG�KLJKHVW�GRVH�JURXS���+LVWRSDWKRORJLFDO�H[DPLQDWLRQ�ZDVFRQILQHG WR�WKH�JXW��,QGLYLGXDO�GDWD�ZHUH�WDEXODWHG�PDQXDOO\��2QO\�ZHOO�FXW�SDUWV�RI�VHFWLRQVZHUH VFRUHG��,I�RHGHPD�ZDV�SUHVHQW�LQ�WKH�RXWHU�ZLQGLQJ�RI�WKH�6ZLVV�UROO�RQO\��WKLV�ZDVFRQVLGHUHG�DQ�DUWHIDFW��+LVWRSDWKRORJLFDO�H[DPLQDWLRQ�ZDV�SHUIRUPHG�ZLWKRXW�NQRZOHGJH�RIWKH�WUHDWPHQW�

������6WDWLVWLFDO�DQDO\VLV$QDO\VLV�ZDV�GRQH�XVLQJ�0DWKHPDWLFD�YHUVLRQ�����DQG�0LFURVRIW�([FHO��S�YDOXHV�OHVV�WKDQ���ZHUH�FRQVLGHUHG�VLJQLILFDQW��7KH�GHYHORSPHQW�RI�ERG\�WHPSHUDWXUH�DQG�IDHFDO�PRLVWXUHFRQWHQW�ZHUH�DVVXPHG�WR�EH�SURSRUWLRQDO�WR�GD\V��DQG�ZHUH�DQDO\VHG�ZLWK�OLQHDU�UHJUHVVLRQPRGHOV� :H�ILWWHG�WKH�PRGHO�IRU�ERG\�WHPSHUDWXUHV�WR�WKH�GDWD�REWDLQHG�IURP�GD\�±��WR�GD\��
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������&OLQLFDO�REVHUYDWLRQV7ZR�RXW�RI�WKUHH�6DOPRQHOOD�LQIHFWHG�DQLPDOV��KLJKHVW�GRVH��VKRZHG�VHYHUH�VLJQV�RI�LOOQHVV�ORZ�PXVFOH�WHQVLRQ��FROG��LQFUHDVHG�QDVDO�GLVFKDUJH��UHG�FUXVWV�DURXQG�H\HV�DQG�QRVH�WLSV�UXIIOHG IXU��DW�GD\V�ILYH�DQG�VL[�DIWHU�LQIHFWLRQ��,Q�PRVW�JURXSV��WKH�ERG\�ZHLJKW�LQFUHDVHGDIWHU LQRFXODWLRQ��VHH�)LJXUH�����,Q�WKH�6� (QWHULWLGLV�KLJKHVW�GRVH�JURXS��WKH�UDWV�ORVW�ZHLJKW�
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2.3.5 Pathology
In rats, infected with E.Coli O157 or C. jejuni, no gross or microscopical abnormalities were
found. In rats, infected with S. Enteritidis, bronchopneumonia was detected in the highest
dose group. Gross gastro-intestinal abnormalities were limited: little gastro-intestinal content
in the highest dose S. Enteritidis dose group, and little gastric content in the second highest
group, reflecting reduced food intake; enlarged Peyers’ patches and mesenteric lymph nodes
and thickening of the caecal wall in both groups.
Microscopically, in many animals (also in controls) isolated villi (< 1 per 100) distended by
mononuclear cells (sometimes purely plasma cells) were seen, especially in the duodenum
and jejunum. This was left aside when assessing the “itis”-score.
The histopathological findings of animals exposed to S. Enteritidis are summarised in Table
5. No abnormalities were seen in the duodenum and distal colon. In all but one animal in the
two highest dose groups predominantly mononuclear inflammatory infiltration of the villi in
the ileum was present, while the jejunum was generally normal. In one animal however the
situation was the opposite. In order to illustrate these peculiarities, individual
histopathological data are given in Appendix 2. Moderate to marked infiltration of the small
intestinal mucosa (‘villitis’) was accompanied with a decreased villus-crypt ratio.
Microgranulomas were seen mainly in Peyers’ patches, in one animal associated with local
peritonitis, and also in the lamina propria of animals in the two highest dose groups, as well
as in one animal in the intermediate group. In the large intestine microgranulomas were
limited to the GALT. Inflammation reached a higher grade of severity in the large intestine,
especially in the caecum of the 3 highest dose groups. In the two highest groups diffuse
flattening of superficial caecal epithelium, massive erosions and local ulcerations and
decreased PAS-positivity were seen. In association almost diffusely, very marked, mixed
inflammatory infiltration was present in the mucosa, near ulcers also in the submucosa,
accompanied with marked oedema. Caecal lesions in the intermediate group locally reached
equal severity, but were less extensive. Infiltration was also present in the proximal but not in
the distal part of the colon.

Table 5. Histopathologic evaluation of enteritis (D: duodenum, J: jejunum, I: ileum, C: caecum, C1:
proximal colon, C2: distal colon), of adult, male WU rats infected with different doses of S.
Enteritidis

Severity classDose (log10)
D J I C C1 C2

9.4 - ++ + +++ ++ -
7.6 - - + +++ ++ -
5.5 - - + +++ + -
3.7 - - - - - -
1.2 - - - - - -
Control - - - - - -
Severity classes of enteritis: - no, + slight, ++ moderate, +++marked
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Figure 7. Left panel: destruction of crypts and diffuse epithelial flattening and erosion, massive mixed
infiltration in (sub)mucosa of the caecum of a rat, infected with S. Enteritidis (highest dose group).
Right panel: normal control. Note high columnar epithelium, regular crypts and low cellularity of
stroma. HE, bar is 40 µm.

2.4 Conclusion
Exposure by intragastric gavage of adult, male WU rats to three enteropathogenic bacteria
results in dose-dependent colonisation of the gastro-intestinal tract. C. jejuni was the most
infectious of three species tested, with 2/3 animals infected at a dose of only 70 cfu per
animal. E. coli O157 infected 2/3 animals at a dose of 5,700 cfu per animal, but 0/3 animals
were infected at a dose of 50 cfu per animal. S. Enteritidis was least infectious, a dose of
330,000 cfu per animal but not lower doses infected 3/3 animals. For all bacteria, faecal
counts increased with dose. For C. jejuni, peak values were obtained more rapidly at higher
doses. S. Enteritidis was highly invasive, resulting in bacteraemia, pneumonia and reduced
growth in the highest dose group. Macroscopically, limited gastro-intestinal abnormalities
were observed only in the S. Enteritidis treated animals. There were only minor effects on
body temperature and faecal moisture content. Microscopically, dose-dependent
inflammation of the villi in the ileum, but not the duodenum, and granuloma in the Peyers’
patches of the jejunum and ileum was demonstrated in animals exposed to S. Enteritidis.
Severe, dose-dependent inflammation in the caecum and in the proximal colon was also
observed in these animals. E. coli O157 and C. jejuni did not induce remarkable pathological
changes. Experimental conditions (probably repeated blood sampling) induced anaemia in all
animals, including control groups. In the highest dose groups of S. Enteritidis, anaemia was
significantly more pronounced than in other groups. White blood cells (notably neutrophils)
increased markedly in animals exposed to S. Enteritidis, with a highly significant dose-
response relation.
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7DEOH����,QIHFWLRQ��GHILQHG�E\�IDHFDO�H[FUHWLRQ��RI�DGXOW��PDOH�:8�UDWV�DIWHU�RUDO�H[SRVXUH�WR�6�(QWHULWLGLV

'RVH�JURXS 5DWV�LQIHFWHG�H[SRVHG
+LJKHVW ���6HFRQG�KLJKHVW ���,QWHUPHGLDWH ���/RZ ���

7KH�FRXQWV�LQ�PHVHQWHULF�O\PSK�QRGHV�DQG�VSOHHQ�DUH�VKRZQ�LQ�7DEOH�����,QIHFWLRQ�RFFXUUHGLQ�DOO�GRVH�JURXSV��DOVR�LQ�WKH�ORZHVW�JURXS��ZKHUH�IDHFDO�H[FUHWLRQ�ZDV�QRW�GHWHFWHG��7KHFRXQWV�LQ�PHVHQWHULF�O\PSK�QRGHV�LQ�ORZHU�GRVH�JURXSV�ZHUH�LQDFFXUDWH�EHFDXVH�RI�VWURQJLQWHUIHUHQFH�E\�FRQWDPLQDWLQJ�EDFNJURXQG�IORUD��7KH�QXPEHU�RI�DQLPDOV�ZLWK�SRVLWLYHPHVHQWHULF�O\PSK�QRGHV�LQFUHDVHG�ZLWK�GRVH��$OVR��WKHUH�ZDV�D�WHQGHQF\�RI�LQFUHDVLQJ�FRXQWVLQ�SRVLWLYH�O\PSK�QRGHV�ZLWK�LQFUHDVLQJ�GRVH��7KLV�SDWWHUQ�ZDV�YHU\�REYLRXV�IRU�FRXQWV�LQ�WKHVSOHHQ�
7DEOH�����6��(QWHULWLGLV���FIX�SHU�JUDP��LQ�PHVHQWHULF�O\PSK�QRGHV�DQG�VSOHHQ�RI�DGXOW��PDOH�:8�UDWVDIWHU�RUDO�H[SRVXUH�WR�GLIIHUHQW�GRVHV

'RVH�JURXS 0HVHQWHULFO\PSK�QRGHV 6SOHHQ
+LJKHVW ����[���� ��� ����[���� ���6HFRQG�KLJKHVW ����[���� ��� ����[���� ���,QWHUPHGLDWH � Ü ��� ����[���� ���
/RZ � Ü ��� ����[���� ���

(DFK�GDWD�SRLQW�LQGLFDWHV�WKH�PHDQ�RI�SRVLWLYH�DQLPDOV��6KRZQ�LQ�EUDFNHWV�LVWKH�QXPEHU�RI�SRVLWLYH�DQLPDOV�RXW�RI�ILYH�
$VWHULVN��Ü���LQWHUIHUHQFH�E\�EDFNJURXQG�IORUD
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������+DHPDWRORJ\'HWDLOHG�LQIRUPDWLRQ�RQ�WKH�UHVXOWV�RI�KDHPDWRORJLFDO�DQDO\VLV�LV�JLYHQ�LQ�)LJXUH�����7DEOH���VKRZV D�VXPPDU\�RI�VLJQLILFDQW�FKDQJHV�LQ�WKH�EORRG�SDUDPHWHUV�
7DEOH�����&KDQJHV�LQ�KDHPDWRORJLFDO�SDUDPHWHUV�LQ�DGXOW��PDOH�:8�UDWV�DIWHU�RUDO�H[SRVXUH�WR6� (QWHULWLGLV

5HG�EORRG�FHOOV Æ+DHPRJORELQ+&7 Æ0&9 Ç0&+ ÇË0&+& Ç5':+': Æ3ODWHOHWV039 É:KLWH�EORRG�FHOOV É1HXWURSKLOV ÆÉ/\PSKRF\WHV Ç0RQRF\WHV É(RVLQRSKLOV Ë%DVRSKLOV É/DUJH�XQVWDLQHG�FHOOV É
Æ 6LJQLILFDQW�LQFUHDVH�LQ�EDVHOLQH�OHYHO�� ! ��
Ç 6LJQLILFDQW�GHFUHDVH�LQ�EDVHOLQH�OHYHO�� ! ��
É 6LJQLILFDQW�GRVH�GHSHQGHQW�LQFUHDVH�� ! ��
Ë 6LJQLILFDQW�GRVH�GHSHQGHQW�GHFUHDVH�� � ��

$JDLQ��WKHUH�ZDV�D�VLJQLILFDQW�GHFUHDVH�LQ�WKH�EDVHOLQH�OHYHO�RI�VRPH�KDHPDWRORJLFDOSDUDPHWHUV��0&9��0&+��0&+&��DQG�O\PSKRF\WHV���1RWH�WKDW�LQ�WKH�SUHYLRXV�H[SHULPHQWPRUH SDUDPHWHUV�ZHUH�GHFUHDVHG�DV�FRPSDUHG�WR�EDVHOLQH��+JE��5':��039��:%&�PRQRF\WHV��EDVRSKLOV��/8&V���ZKHUHDV�LQ�WKLV�H[SHULPHQW�WKHUH�ZDV�DOVR�DQ�LQFUHDVH�LQ�WKHEDVHOLQH�OHYHO�RI�VRPH�SDUDPHWHUV��5%&��+&7�DQG�QHXWURSKLOV���7KXV��DQDHPLD�LQGXFHG�E\H[SHULPHQWDO�FRQGLWLRQV�ZDV�OHVV�SURQRXQFHG�WKDQ�LQ�WKH�SUHYLRXV�H[SHULPHQW��,Q�WKLVH[SHULPHQW��EORRG�ZDV�RQO\�VDPSOHG�DW�GD\�±���EXW�QRW�DW�GD\����7KH�LQFUHDVH�LQ�QHXWURSKLOVPD\�KDYH�EHHQ�LQGXFHG�E\�LQRFXODWLRQ�RI�KHDW�NLOOHG�6� (QWHULWLGLV�IRU�WKH�'7+�UHDFWLRQ�$V�LQ�WKH�SUHYLRXV�H[SHULPHQW��D�GRVH�GHSHQGHQW�LQFUHDVH�LQ�WKH�QXPEHU�RI�SKDJRF\WLF�FHOOVLQYROYHG�LQ�LQIODPPDWRU\�UHDFWLRQV��QHXWURSKLOV��PRQRF\WHV��ZDV�REVHUYHG�
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������3DWKRORJ\
$ VXPPDU\�RI�WKH�PDFURVFRSLF�ILQGLQJV�LV�JLYHQ�LQ�7DEOH�����,Q�JHQHUDO��WKH�HIIHFWV�ZHUHPRUH SURQRXQFHG�WKDQ�LQ�WKH�SUHYLRXV�H[SHULPHQW��7KHUH�ZDV�GRVH�UHODWHG�V\VWHPLF�LOOQHVV�QRWDEO\�SQHXPRQLD�DQG�K\GURWKRUD[��$OVR��WKHUH�ZHUH�OLPLWHG��GRVH�UHODWHG�JDVWUR�LQWHVWLQDODEQRUPDOLWLHV��OLWWOH�JDVWUR�LQWHVWLQDO�FRQWHQW�UHIOHFWLQJ�UHGXFHG�IRRG�LQWDNH��DEQRUPDO�FUXPEO\�JDVWUR�LQWHVWLQDO�FRQWHQW��QRW�VHHQ�LQ�SUHYLRXV�VWXGLHV��DQG�RSDFLW\�RI�WKH�FDHFDO�ZDOO�3H\HUV¶�SDWFKHV�LQ�WKH�LOHXP�DQG�WKH�PHVHQWHULF�O\PSK�QRGHV�ZHUH�HQODUJHG�LQ�WKH�WZRKLJKHVW�GRVH�JURXSV��7KH�WZR�UDWV�WKDW�ZHUH�NLOOHG�RQ�GD\���ZHUH�WKH�RQO\�RQHV�LQ�WKHLU�JURXSZLWKRXW�REYLRXV�W\SKOLWLV��PDLQO\�FU\SW�K\SHUSODVLD���EXW�FDHFDO�*$/7�VKRZHGPLFURJUDQXORPDV�LQ�ERWK�+LVWRSDWKRORJLFDO�OHVLRQV�LQ�WKH�FDHFXP��$SS�����ZHUH�FRPSDUDEOH�WR�WKRVH�VHHQ�LQ�WKHSUHYLRXV�VWXG\����������EXW�PRUH�YDULDWLRQ�LQ�WKH�VHYHULW\�RI�PXFRVDO�OHVLRQV�ZDV�REVHUYHG�LQWKH�LQWHUPHGLDWH�GRVH�JURXS��,Q�FDHFD��DEQRUPDO�PXFRVD�SUHGRPLQDWHG�DQG�VXEPXFRVDO�VRPHWLPHV�WUDQVPXUDO��LQIODPPDWRU\�LQILOWUDWLRQ�ZDV�PDUNHG�WR�VHYHUH�
7DEOH�����0DFURVFRSLF�ILQGLQJV�LQ�\RXQJ��DGXOW�:8�UDWV��H[SRVHG�WR�GLIIHUHQW�GRVHV�RI�6��(QWHULWLGLV

'RVH�JURXS 3QHXPRQLD +\GURWKRUD[ 2SDFLW\FDHFXP /LWWOH�*,FRQWHQWV $EQRUPDO�*,FRQWHQWV
+LJKHVW ��� ��� ��� ��� ���6HFRQGKLJKHVW ��� ��� ��� ��� ���
,QWHUPHGLDWH ��� ��� ��� ��� ���/RZ ��� ��� ��� ��� ���&WUO��:*�� ��� ��� ��� ��� ���

������&RQFOXVLRQ
7KH�GRVH�UHVSRQVH�UHODWLRQVKLS�RI�H[SRVXUH�E\�LQWUDJDVWULF�JDYDJH�RI�DGXOW��PDOH�:8�UDWV�WR6� (QWHULWLGLV�DSSHDUV�WR�EH�ZHOO�UHSURGXFLEOH��$V�LQ�WKH�SUHYLRXV�H[SHULPHQW��WKH�DQLPDOVZHUH VKHGGLQJ�WKH�EDFWHULD�LQ�WKHLU�IDHFHV�DIWHU�H[SRVXUH�WR�LQWHUPHGLDWH�WR�KLJK�GRVHV��!����FIX�DQLPDO���$W�D�ORZHU�GRVH������FIX�DQLPDO���QR�IDHFDO�H[FUHWLRQ�ZDV�GHWHFWHG�ZLWKLQ�WKH���GD\�SHULRG�RI�REVHUYDWLRQ�EXW�VDOPRQHOODH�FRXOG�EH�LVRODWHG�IURP�WKH�VSOHHQ�DQG�PHVHQWHULFO\PSK�QRGHV��)XUWKHUPRUH��DOUHDG\�DW�WKLV�GRVH�WKHUH�ZDV�D�SRVLWLYH�'7+�UHDFWLRQ��7KHVHILQGLQJV�XQGHUOLQH�WKH�IDFW�WKDW�6� (QWHULWLGLV�LV�KLJKO\�LQYDVLYH�LQ�URGHQWV�DQG�WKDW�WKHLQWHVWLQDO�WUDFW�LV�QRW�WKH�PDMRU�VLWH�RI�PXOWLSOLFDWLRQ�3DWKRORJLFDO�UHVXOWV�FRQILUP�REVHUYDWLRQV�LQ�D�SUHYLRXV�VWXG\��*DUVVHQ�HW�DO�� �������ZKLFKLQGLFDWHG�WKDW�WKH�JDVWUR�LQWHVWLQDO�WUDFW��DOWKRXJK�SRUWDO�RI�HQWU\��VKRZV�UHODWLYHO\�OLWWOHDEQRUPDOLWLHV�LQ�DQLPDOV��WKDW�VXFFXPE�DIWHU�RUDO�LQRFXODWLRQ�ZLWK�YHU\�KLJK�GRVHV�RI�6�(QWHULWLGLV��2Q�WKH�RWKHU�KDQG��V\VWHPLF�LOOQHVV�ZDV�VHYHUH��DV�GHPRQVWUDWHG�E\�SQHXPRQLDDQG K\GURWKRUD[�
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