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INTRODUCTION

7KH�SXUSRVH�RI�WKLV�WULDO�ZDV�WR�DVVHVV�WKH�LQIOXHQFH�RI�WKH�µ$UFWLF�+HDW¶�FRROLQJ�YHVW�RQ�VNLQWHPSHUDWXUH�EHQHDWK�WKH�YHVW�LQ�FRQGLWLRQV�VLPXODWLQJ�WKH�ZRUNORDG�RI�DQ�$XVWUDOLDQ�)RRWEDOOJDPH�
7KHVH�YHVWV�DUH�PDQXIDFWXUHG�ZLWK���HQFORVHG�SRFNHWV�DSSUR[LPDWHO\���PP�ZLGH�UXQQLQJODWHUDOO\�DFURVV�WKH�JDUPHQW�IURQW�DQG�EDFN��*HO�FU\VWDOV�LQ�WKHVH�SRFNHWV�DEVRUE�ZDWHU�ZKHQWKH�JDUPHQW�LV�LPPHUVHG�DQG�VZHOO�WR�ILOO�WKH�SRFNHW�VSDFH��7KH�JDUPHQW�LV�WKHQ�FRROHG�IRUVXEVHTXHQW�XVH��7KH�SRWHQWLDO�FRROLQJ�SRZHU�RI�WKH�JHO�LV�JUHDWHVW�ZKHQ�LW�LV�IUR]HQ��DV�WKHHQHUJ\�UHTXLUHG�WR�WKDZ�LW�RXW�LV�KLJK�UHODWLYH�WR�WKH�HQHUJ\�UHTXLUHG�WR�FKDQJH�LWV�WHPSHUDWXUHE\�D�IHZ�GHJUHHV�
7KH�WULDOV�GHVFULEHG�LQ�WKLV�UHSRUW�LQYHVWLJDWHG�D�UDQJH�RI�SRVVLEOH�FRROLQJ�RSWLRQV��LQFOXGLQJSUH�LPPHUVLRQ�LQ�LFH�ZDWHU�DQG�IUHH]LQJ�LQ�D�UHIULJHUDWRU�
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EXPERIMENTAL

7KUHH�GLIIHUHQW�PHWKRGV�RI�XVLQJ�WKH�YHVWV�GXULQJ�ZDUP�XS�ZHUH�HYDOXDWHG�DV�IROORZV��� ,PPHUVHG�LQ�DQ�LFH�ZDWHU�PL[�IRU������PLQXWHV�DQG�WKHQ�ZRUQ�LQ�GLUHFW�FRQWDFW�ZLWKWKH�VNLQ��� )UR]HQ�LQ�D�UHIULJHUDWRU�RYHUQLJKW�DQG�WKHQ�ZRUQ�LQ�GLUHFW�FRQWDFW�ZLWK�WKH�VNLQ��� )UR]HQ�LQ�D�UHIULJHUDWRU�RYHUQLJKW�DQG�WKHQ�ZRUQ�RYHU�DQ�$)/�MHUVH\�
:LWK�HDFK�FRPELQDWLRQ��VXEMHFWV�DOVR�ZRUH�XQGHUSDQWV��VKRUWV�DQG�VRFNV�UXQQLQJ�VKRHV��$IXUWKHU�FRQWURO�RU�FRPSDULVRQ�WULDO�ZDV�LQFOXGHG�LQ�ZKLFK�VXEMHFWV�ZRUH�WKH�$)/�MHUVH\ZLWKRXW�DQ\�IRUP�RI�SUH�FRROLQJ��)RXU�VXEMHFWV�ZHUH�WHVWHG�LQ�DOO�
(DFK�RI�WKH�IRXU�WUHDWPHQWV��FRQWURO�SOXV�WKUHH�FRROLQJ�FRPELQDWLRQV��ZDV�HYDOXDWHG�E\UXQQLQJ�RQ�D�WUHDGPLOO�LQ�DQ�HQYLURQPHQWDO�FKDPEHU�ZLWK�WKH�FRQGLWLRQV�FRQWUROOHG�WR���R&DQG�����UHODWLYH�KXPLGLW\��$�EDQN�RI�IDQV�SURYLGHG�DLUIORZ�RYHU�WKH�VXEMHFW�RI����P�V�HTXLYDOHQW�WR�DQ�DYHUDJH�UXQQLQJ�VSHHG�RI���NP�KU���7UHDWPHQWV�DSSOLHG�WR�HDFK�RI�WKH�IRXULQGLYLGXDOV�WHVWHG�ZHUH�UDQGRPLVHG��7KH�VHTXHQFH�RI�DFWLYLWLHV�ZLWKLQ�HDFK�ZHDU�WULDO�ZDV�DVIROORZV�

7LPH�PLQ� $FWLYLW\��� 0RYH�LQWR�SRVLWLRQ�RQ�WKH�WUHDGPLOO��GRQ�YHVW�DQG�RU�MHUVH\�ZKHUH�DSSOLFDEOH���� -RJJLQJ�WR�ZDUP�XS�DW�����92�PD[����� 5HPRYH�YHVW�ZKHUH�DSSOLFDEOH��SXW�RQ�MHUVH\�ZKHUH�DSSOLFDEOH����� 5XQQLQJ�DW�����92�PD[����� 5HPRYH�MHUVH\�ZKHUH�DSSOLFDEOH��SXW�RQ�YHVW�ZKHUH�DSSOLFDEOH����� )XUWKHU�MRJJLQJ�XQGHU�ZDUP�XS�FRQGLWLRQV������92�PD[������ 5HPRYH�YHVW�ZKHUH�DSSOLFDEOH��SXW�RQ�MHUVH\�ZKHUH�DSSOLFDEOH����� 5XQQLQJ�DW�����92�PD[
7DEOH����$FWLYLW\�F\FOH�XVHG�IRU�WKH�FOLPDWH�FKDPEHU�WULDOV

)RU�HDFK�VXEMHFW��WKH�H[HUFLVH�OHYHO�RU�ZRUNORDG�DW�HDFK�VWDJH�RI�WKH�WULDO�ZDV�UDWHG�LQ�WHUPV�RI�92�PD[��D�SDUDPHWHU�FRPPRQO\�XVHG�LQ�SK\VLRORJLFDO�VWXGLHV�WKDW�HQDEOHV�WKH�GLIIHULQJSHUIRUPDQFH�FDSDFLWLHV�RI�LQGLYLGXDOV�WR�EH�WDNHQ�LQWR�DFFRXQW��7KH�ZDUP�XS�ZRUNORDG�XVHGZDV�����RI�92�PD[��DQG�WKH�IXOO�H[HUFLVH�ZRUNORDG�ZDV�����RI�92�PD[�
)RU�WKH�SXUSRVHV�RI�WKLV�WULDO��UHODWLYH�H[HUFLVH�LQWHQVLW\�ZDV�GHWHUPLQHG�IURP�WKH�DJH�UHODWHGPD[LPXP�KHDUW�UDWH��������DJH�LQ�\HDUV��DQG�WKH�UHODWLRQVKLS�VKRZQ�LQ�)LJXUH�����7KLV�PHWKRGSURYLGHV�D�PHDQV�RI�DFKLHYLQJ�UHODWLYH�H[HUFLVH�LQWHQVLW\�EHWZHHQ�VXEMHFWV�VXIILFLHQW�IRUFRPSDULQJ�WUHDWPHQWV��6XEMHFWV�ZRUH�D�3RODU�(OHFWUR�6SRUW�7HVWHU�WR�SURYLGH�UHDO�WLPH�KHDUWUDWH�LQIRUPDWLRQ�WR�WKH�H[SHULPHQWDO�RSHUDWRU�ZKR�WKHQ�DGMXVWHG�WKH�VSHHG�RI�WKH�WUHDGPLOO�WRHVWDEOLVK�WKH�GHVLUHG�KHDUW�UDWH�ZLWKLQ�DERXW�����,W�ZDV�UHODWLYHO\�HDV\�WR�DFKLHYH�D�VWHDG\KHDUW�UDWH�ZLWKLQ�WKH�ILUVW�WZR�RU�WKUHH�PLQXWHV�RI�DFWLYLW\�DQG�QR�IXUWKHU�DGMXVWPHQW�ZDVXVXDOO\�UHTXLUHG��7KH�VDPH�WUHDGPLOO�VSHHGV�ZHUH�WKHQ�XVHG�IRU�HDFK�RI�WKH�WKUHH�VXEVHTXHQWWUHDWPHQWV�
� )URP�µ([HUFLVH�3K\VLRORJ\�±�(QHUJ\��1XWULWLRQ�DQG�+XPDQ�3HUIRUPDQFH¶��VHFRQG�HGLWLRQ�:�'��0F$UGOH��)�/��.DWFK�DQG�9�/��.DWFK��3KLODGHOSKLD�������SDJH����
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)LJXUH����5HODWLRQVKLS�EHWZHHQ��PD[LPXP�KHDUW�UDWH�DQG��92�PD[
6NLQ�WHPSHUDWXUH�ZDV�PHDVXUHG�E\�<6,�����6HULHV�WKHUPLVWRUV�DWWDFKHG�GLUHFWO\�WR�WKH�VNLQZLWK��PP�VWULSV�RI�2SVLWH�VHPL�SHUPHDEOH�DGKHVLYH�ILOP�FULVV�FURVVHG�RYHU�WKH�WKHUPLVWRUKHDG��7KH�FRQQHFWLQJ�ZLUHV�ZHUH�OHG�WR�D�SRLQW�RQ�WKH�ULJKW�KLS�DQG�KHOG�LQ�SODFH�E\�7UDQVSRUWDSH��7KH�WKHUPLVWRUV�ZHUH�LQWHUIDFHG�ZLWK�D�VLJQDO�FRQGLWLRQHU�PXOWLSOH[HU�DQG�WKH�UHVXOWLQJYROWDJH�VLJQDO�IHG�LQWR�WR�WKH�$�'�LQSXW�FDUG�RI�D�3&��$�/DEYLHZ�URXWLQH�ZDV�XVHG�WR�FRQYHUWWKH�VLJQDO�WR�WHPSHUDWXUH�DQG�DSSO\�LQGLYLGXDO�FDOLEUDWLRQ�URXWLQHV�IRU�HDFK�WKHUPLVWRU��$W����VHFRQG�LQWHUYDOV��ILIW\�UHDGLQJV�ZHUH�VDPSOHG�DW�D�IUHTXHQF\�RI�����+]�IRU�HDFK�WKHUPLVWRUDQG�DYHUDJHG�
,Q�SK\VLRORJLFDO�VWXGLHV�ZKHUH�VNLQ�WHPSHUDWXUH�LV�D�GHVLUHG�SDUDPHWHU�WHPSHUDWXUH�SUREHV�DUHDSSOLHG�WR�D�QXPEHU�RI�VSHFLILF�VNLQ�ORFDWLRQV�DQG�WKHQ�FRPELQHG�LQ�RQH�RI�VHYHUDO�UHFRJQLVHGUHODWLRQVKLSV�WR�GHWHUPLQH�DQ�DYHUDJH�VNLQ�WHPSHUDWXUH�IRU�WKH�ZKROH�ERG\�VXUIDFH��7KH�$UFWLF+HDW�YHVW�RQO\�FRYHUV�WKH�WRUVR�DQG�IRU�WKH�SXUSRVHV�RI�WKLV�VWXG\��WHPSHUDWXUH�PHDVXUHPHQWZDV�IRFXVHG�RQ�WKH�HIIHFWV�RI�WKH�YHVW�RQ�WKH�VNLQ�WHPSHUDWXUH�RI�WKH�WRUVR�UDWKHU�WKHSK\VLRORJLFDO�DYHUDJH��0HDVXUHPHQW�VLWHV�EHQHDWK�WKH�YHVWV�ZHUH�OHIW�DQG�ULJKW�VLGHV�RI�WKHEDFN��VXE�VFDSXOD���FKHVW��PLG�D[LOOD��DQG�VWRPDFK��DEGRPHQ��

�PD[�KHDUW�UDWH� ��������[��92�PD[���������
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RESULTS AND DISCUSSION

7KH�QXPEHU�RI�LQGLYLGXDO�WHPSHUDWXUH�WUDFHV�UHFRUGHG�GXULQJ�ERWK�SUHOLPLQDU\�DQG�DFWXDOWULDOV�ZDV�LQ�H[FHVV�RI�RQH�KXQGUHG��)RU�FRQYHQLHQFH�RQO\�VSHFLILF�H[DPSOHV�DUH�UHSURGXFHG�LQWKLV�UHSRUW��)LJXUH���VKRZV�D�W\SLFDO�H[DPSOH�RI�VNLQ�WHPSHUDWXUH�EHORZ�WKH�YHVW�WDNHQ�IURP�DWULDO�LQ�ZKLFK�RQO\�WKH�$)/�MHUVH\�ZDV�ZRUQ��SORWWHG�WRJHWKHU�ZLWK�WKH�FRUUHVSRQGLQJ�KHDUWUDWH�
$V�WKLV�JUDSK�VKRZV��WKH�KHDUW�UDWH�FORVHO\�IROORZV�WKH�H[HUFLVH�UHJLPH��$IWHU�WKH�ILUVW�RQH�PLQXWH�SHULRG�WKH�WHQ�PLQXWH�ZDUP�XS�H[HUFLVH�ZDV�VWDUWHG�DQG�KHDUW�UDWH�RI�WKH�SDUWLFXODUVXEMHFW�LQYROYHG�URVH�UDSLGO\�WR�DURXQG�����EHDWV�SHU�PLQXWH��2YHU�WKH�VDPH�SHULRG�WKH�VNLQWHPSHUDWXUH�GHFUHDVHG�E\�D�FRXSOH�RI�GHJUHHV�DV�VZHDWLQJ�ZDV�DFWLYDWHG�DQG�HYDSRUDWLYHFRROLQJ�RFFXUUHG��7KH�KHDUW�UDWH�GURSSHG�GXULQJ�WKH�SDXVH�EHWZHHQ����DQG����PLQXWHV��DQGWKHQ�URVH�UDSLGO\�RQFH�WKH�KLJKHU�ZRUNORDG�VWDUWHG�DQG�VWHDGLHG�DW�DERXW��������ESP��6NLQWHPSHUDWXUH�FRQWLQXHG�WR�IDOO�VOLJKWO\�WKURXJKRXW�WKH����PLQXWH�H[HUFLVH�SHULRG��6PDOO�ULVHV�LQVNLQ�WHPSHUDWXUH�FDQ�EH�VHHQ�GXULQJ�HDFK�RI�WKH�RQH�PLQXWH�SDXVHV��'XULQJ�WKH�VHFRQG�F\FOHWKH�VNLQ�WHPSHUDWXUH�IROORZHG�D�VLPLODU�SDWWHUQ�WR�WKH�ILUVW��IDOOLQJ�D�GHJUHH�RU�VR�IXUWKHURYHUDOO�

)LJXUH����7\SLFDO�VNLQ�WHPSHUDWXUH�DQG�KHDUW�UDWH�UHVSRQVH�GXULQJ�WKH�H[HUFLVH�UHJLPH�ZKHQWKH�LFH�YHVW�LV�QRW�ZRUQ
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)LJXUH����7\SLFDO�VNLQ�WHPSHUDWXUH�UHVSRQVH�IRU�WKH�WKUHH�PRGHV�RI�DSSO\LQJ�WKH�FRROLQJ�YHVWGXULQJ�ZDUP�XS
)LJXUH���VKRZV�H[DPSOHV�RI�WKH�VNLQ�WHPSHUDWXUH�LQ�WKH�WKUHH�WULDOV�ZKHUH�WKH�FRROLQJ�YHVW�ZDVZRUQ�GXULQJ�WKH�ZDUP�XS�SHULRG��WRJHWKHU�ZLWK�DQ�H[DPSOH�RI�WKH�$)/�MHUVH\�ZRUQ�RQ�LWVRZQ��,Q�HDFK�FDVH��WKH�WHPSHUDWXUH�GHFUHDVHG�UDSLGO\�RQFH�WKH�YHVW�ZDV�SXW�RQ��WKHQ�URVHUDSLGO\�DIWHU�WKH�YHVW�ZDV�UHPRYHG�DQG�WKH�KLJKHU�ZRUNORDG�VWDUWHG��$Q�LPSRUWDQW�SRLQW�ZRUWKQRWLQJ�LV�WKDW�WKLV�ULVH�FRQWLQXHG�IRU�WKH�ZKROH�RI�WKH����PLQXWH�H[HUFLVH�SHULRG�LQ�DOO�WKUHHFDVHV�DQG�ZDV�RQO\�MXVW�EHJLQQLQJ�WR�SODWHDX�DW�WKDW�SRLQW��'XULQJ�WKH�VHFRQG�F\FOH�RIDFWLYLWLHV�ZLWK�WKH�IUR]HQ�YHVW�WKH�VNLQ�WHPSHUDWXUH�GLG�QRW�IDOO�DV�IDU�DV�WKH�ILUVW��DV�PLJKW�EHH[SHFWHG�GXH�WR�VRPH�WKDZLQJ�RI�WKH�JHO��2QFH�DJDLQ��GXULQJ�WKH�ZKROH�RI�WKH�IROORZLQJ����PLQXWH�H[HUFLVH�SHULRG�WKH�WHPSHUDWXUH�FRQWLQXHG�WR�ULVH�7KH�ORZHULQJ�RI�VNLQ�WHPSHUDWXUH�ZDV�JUHDWHVW��DERXW������R&��ZKHQ�WKH�IUR]HQ�YHVW�ZDV�LQGLUHFW�FRQWDFW�ZLWK�WKH�VNLQ��7KH�IUR]HQ�YHVW�ZRUQ�RQ�WKH�RXWVLGH�RI�WKH�MHUVH\�ZDV�QH[W�EHVWZLWK�D�PD[LPXP�GHFUHDVH�RI�DURXQG������ R&��7KH�LFH�ZDWHU�FRROHG�YHVW�LQ�GLUHFW�FRQWDFW�ZLWKWKH�VNLQ�SURGXFHG�WKH�VPDOOHVW�GHFUHDVH�RI�DURXQG��R&��7KHVH�YDOXHV�GR�QRW�QHFHVVDULO\UHSUHVHQW�WKH�RUGHU�RI�WRWDO�FRROLQJ�SRWHQWLDO��DV�WKH�DUHD�RI�VNLQ�FRQWDFW�RI�WKH�ZHWWHG�YHVW�ZDVPRUH�WKDQ�GRXEOH�WKDW�RI�WKH�IUR]HQ�JHO�
7KH�H[DPSOHV�VKRZQ�LQ�)LJXUH���UHSUHVHQW�WKH�VLWXDWLRQ�ZKHUH�WKH�SUREH�ZDV�ORFDWHG�GLUHFWO\EHORZ�WKH�JHO�VWULS�DQG�JRRG�FRQWDFW�ZDV�PDLQWDLQHG�EHWZHHQ�JHO�VWULS�DQG�VNLQ�IRU�WKHGXUDWLRQ�RI�WKH�WULDO��$V�)LJXUH���VKRZV�WKH�WHPSHUDWXUH�GHSUHVVLRQ�DW�HDFK�RI�WKHPHDVXUHPHQW�SRLQWV�RQ�DQ\�SDUWLFXODU�VXEMHFW�YDULHV�EHFDXVH�WKHVH�FULWHULD�ZHUH�RQO\�PHWFRQWLQXRXVO\�LQ�VRPH�LQVWDQFHV�E\�WKH�PHDVXUHPHQW�WHFKQLTXH�XVHG�
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)LJXUH����6NLQ�WHPSHUDWXUHV�PRQLWRUHG�DW�VL[�ORFDWLRQV�IRU�RQH�VXEMHFW�GXULQJ�D�IUR]HQ�YHVW�RQVNLQ�WULDO
,Q�WKLV�H[DPSOH��VNLQ�WHPSHUDWXUH�UHGXFWLRQ�ZDV�LQ�H[FHVV�RI���R&�DW�RQH�RI�WKH�VL[PHDVXUHPHQW�SRLQWV��'XULQJ�WKH�ILUVW�F\FOH�WKH�WHPSHUDWXUH�GHFUHDVH�ODVWHG�IRU�WKH�ILUVW�����RIWKH����PLQXWHV�WKH�YHVW�ZDV�ZRUQ��ULVLQJ�DJDLQ�IRU�WKH�ODVW�IHZ�PLQXWHV��7KLV�FDQ�EH�DWWULEXWHGWR�D�FKDQJH�LQ�WKH�SRVLWLRQ�RI�WKH�YHVW�UHODWLYH�WR�WKH�SUREHV�GXH�WR�PRYHPHQW�RI�WKH�ERG\ZKLOH�H[HUFLVLQJ�
,Q�RUGHU�WR�FRPELQH�WKH�GDWD�IRU�HDFK�WUHDWPHQW�IRU�DOO�IRXU�VXEMHFWV��WKH�WHPSHUDWXUH�UHGXFWLRQDFKLHYHG�GXULQJ�WKH�ZDUP�XS�SHULRG�RI�HDFK�F\FOH�ZDV�UHFRUGHG�IRU�HDFK�PHDVXUHPHQW�SRLQWWKHQ�DOO�PHDVXUHPHQW�SRLQWV�DQG�VXEMHFWV�ZHUH�FRPELQHG�DQG�DYHUDJHG��7KH�PHDQV�DUH�VKRZQLQ�7DEOH���

&\FOH -HUVH\�RQO\ )UR]HQ�YHVWRQ�VNLQ )UR]HQ�YHVWRYHU�MHUVH\ ,FH�ZDWHUFRROHG�YHVWRQ�VNLQ� ���� ���� ���� ����� ���� ���� ���� ����
7DEOH����$YHUDJH�GHFUHDVH�LQ�VNLQ�WHPSHUDWXUH��LQ�R&��EHQHDWK�WKH�YHVW�IRU�DOO�VXEMHFWV

$V�PLJKW�EH�H[SHFWHG��WKH�WHPSHUDWXUH�FKDQJHV�DUH�OHVV�WKDQ�WKRVH�REVHUYHG�LQ�WKH�EHVW�FDVHH[DPSOHV� VKRZQ� LQ� )LJXUH� ��� 7KH� IUR]HQ� YHVW� LQ� FRQWDFW� ZLWK� WKH� VNLQ� VWLOO� SURGXFHV� WKHJUHDWHVW� FKDQJH� LQ� WHPSHUDWXUH� RYHUDOO�� $OWKRXJK� LQ� WKH� EHVW� FDVH� H[DPSOHV� WKH� IUR]HQ� YHVWZRUQ� RXWVLGH� WKH� MHUVH\� SURGXFHG� D� VLJQLILFDQWO\� JUHDWHU� HIIHFW� WKDQ� WKH� YHVW� GLSSHG� LQ� LFHZDWHU�DSSOLHG�GLUHFWO\�WR�WKH�VNLQ��WKHLU�UDQNLQJ�ZDV�UHYHUVHG�ZKHQ�DYHUDJHG�RYHUDOO��7KLV�FDQEH�DWWULEXWHG�WR�WKH�IDFW�WKDW�WKH�HYDSRUDWLYH�FRROLQJ�RI�WKH�ZHWWHG�YHVW�RFFXUV�RYHU�WKH�ZKROHJDUPHQW�UDWKHU�WKDQ�MXVW�WKH�UHJLRQ�DGMRLQLQJ�WKH�IUR]HQ�JHO�DQG�WKH�PHDVXUHG�VNLQ�WHPSHUDWXUHGHSUHVVLRQ�ZDV�QRW�VXEMHFW�WR�SUREH�SUR[LPLW\�
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CONCLUSIONS

:HDU�WULDOV�RI�WKH�$UFWLF�+HDW�FRROLQJ�YHVW�KDYH�GHPRQVWUDWHG�ZKHQ�WKH�ZDWHU�JHO�LQ�WKH�YHVWLV�IUR]HQ�DQG�WKHQ�ZRUQ�IRU����PLQXWHV�LQ�GLUHFW�FRQWDFW�ZLWK�WKH�VNLQ�GXULQJ�OLJKW�ZDUP�XSH[HUFLVH��WKH�VNLQ�WHPSHUDWXUH�FDQ�EH�GHFUHDVHG�E\�DOPRVW���R&��6NLQ�WHPSHUDWXUH�UHFRYHU\IROORZLQJ�UHPRYDO�RI�WKH�YHVW�LV�LQLWLDOO\�TXLWH�UDSLG�EXW�HYHQ�DIWHU����PLQXWHV�RI�KLJK�DFWLYLW\LV�VWLOO�ULVLQJ�VOLJKWO\�DQG�QRW�DW�HTXLOLEULXP�
2I�WKH�WKUHH�PHWKRGV�RI�XVH�LQYHVWLJDWHG��IUR]HQ�DQG�ZRUQ�LQ�GLUHFW�VNLQ�FRQWDFW�VNLQ��IUR]HQDQG�ZRUQ�RQ�WKH�RXWVLGH�RI�DQ�$)/�MHUVH\�RU�GLSSHG�LQ�LFH�ZDWHU�DQG�WKHQ�ZRUQ�LQ�GLUHFWFRQWDFW�ZLWK�WKH�VNLQ��WKH�UHGXFWLRQ�RI�VNLQ�WHPSHUDWXUH�LV�JUHDWHVW�ZLWK�WKH�IUR]HQ�YHVW�LQ�VNLQFRQWDFW��&RROLQJ�WKH�MDFNHW�LQ�LFH�ZDWHU�EHIRUH�ZHDULQJ�LQ�GLUHFW�FRQWDFW�ZLWK�WKH�VNLQ�ZDV�QH[WEHVW�IROORZHG�E\�ZHDULQJ�WKH�IUR]HQ�YHVW�RYHU�WKH�RXWVLGH�RI�DQ�$)/�MHUVH\�


