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$EVWUDFW�

)UXLW�RI�$QDFDUGLXP�RFFLGHQWDOH�/LQQ��ZDV�VXEMHFWHG�WR�H[WUDFWLRQ�RI�HVVHQWLDO�RLO�E\�K\GUR�GLVWLOODWLRQ�LQ�
&OHYHQJHU�DSSDUDWXV��7KH�FRPSRVLWLRQ�RI�HVVHQWLDO�RLO� VR�FROOHFWHG�ZHUH�GHWHUPLQHG�E\�*&�06�V\VWHP�DQG�
VKRZHG� WKH�SUHVHQFH�RI����GLIIHUHQW�FRPSRXQGV��7KH�PRVW�DEXQGDQW�ZHUH�3URSKDP�����������3UREHQD]ROH�
����������'%3�����������(QGULQ���������DQG�7ULDGLPHIRQ����������$QWLEDFWHULDO�DFWLYLWLHV�RI�WKH�HVVHQWLDO�RLO�
RI�$��RFFLGHQWDOH�ZHUH�VWXGLHG��(VVHQWLDO�RLO�H[KLELWHG�PRGHUDWH�DQWLEDFWHULDO�DFWLYLW\��7KH�/&���RI�WKH�VDPSOH�
ZDV�IRXQG�WR�EH�������� J�P/�LQ�%ULQH�VKULPS�OHWKDOLW\�DVVD\��

.H\ZRUGV��$QDFDUGLXP�RF�FLGHQWDOH�/LQQ���(VVHQWLDO�RLO��*&�06��$QWLEDFWHULDO��%ULQH�6KULPS�

,QWURGXFWLRQ�

$QDFDUGLXP�RFFLGHQWDOH�/LQQ���IDPLO\�$QDFDUGLDFHDH��LV�D�WURSLFDO�WUHH�LQGLJHQRXV�WR�%UD]LO��ZKLFK�LV�QRZ�
H[WHQVLYHO\� FXOWLYDWHG� LQ� ,QGLD� DQG� HDVW�$IULFD��� ,W� LV� FRPPRQO\� FDOOHG� FDVKHZ� QXW� DQG� FDOOHG� DV�.DDMX� LQ�
1HSDOL��7KH�FDVKHZ�LV�VPDOO�WUHH�ZLWK�RERYDWH�RU�HOOLSWLF�OHDYHV�DSH[��,QIORUHVFHQFH�LV�SDQLFOHV�WHUPLQDO��)UXLWV�
DUH� ORQJ�� IOHVK\�� GDUN� FRORXUHG���7KH� IUXLW� RI� WKH� WUHH� FRQVLVWV� RI� HSLFDUS�� HQGRFDUS� DQG� D� VWURQJO\�YHVLFDQW�
FDVKHZ�QXW�VKHOO�OLTXLG��&16/���7KH�&16/�SUHVHQW�EHWZHHQ�WKH�HSLFDUS�DQG�SHULFDUS����

&16/�LV�D�XQLTXH�QDWXUDO�VRXUFH�RI�PHWD�DON\O�SKHQROV�ZLWK�D�YDULDEOH�GHJUHH�RI�XQVDWXUDWLRQ�DWWDFKHG�
WR� WKH�EHQ]HQH� ULQJ��$� W\SLFDO� VROYHQW�H[WUDFWHG�PDWHULDO� FRQWDLQV� DQDFDUGLF� DFLG�� FDUGRO�� FDUGDQRO�� DQG�
WUDFHV�RI���PHWK\O�FDUGRO���&DVKHZ�QXWV�DUH�D�JRRG�VRXUFH�RI�SURWHLQV��������FDUERK\GUDWHV�������DQG�
IDWV��������2I�WKH�IDW������LV�ROHLF�DFLG�� ����DQG�����LV�OLQROHLF�DFLG�� ������

&16/� LV� DQ� LPSRUWDQW� DJULFXOWXUDO� E\�SURGXFW�� ,QGXVWULDO� DSSOLFDWLRQ� RI� &16/�EDVHG� SURGXFWV� DUH�
EUDNH� OLQLQJV�� SDLQWV� DQG� SULPHUV�� IRXQGU\� FKHPLFDOV�� ODFTXHUV�� FHPHQWV�� VSHFLDOLW\� FRDWLQJV� DQG�
WUDQVIRUPHG� FDUGDQRO� IRU� JDVROLQH� VWDELOL]DWLRQ�� &RQVXPSWLRQ� RI� FDVKHZ� QXWV� PD\� SUHYHQW� IURP�
FDUGLRYDVFXODU�GLVHDVHV���&RQVXPSWLRQ�RI�QXWV�KDV�EHHQ�DVVRFLDWHG�ZLWK�D�ORZHU�ULVN�RI�ERG\�ZHLJKW�JDLQ��
REHVLW\� DQG� W\SH� WZR� GLDEHWHV�� &RQVXPSWLRQ� RI� QXWV� VKRZ� FKROHVWHURO�ORZHULQJ� HIIHFW�� DQWLFDQFHU�� DQG�
DQWLR[LGDQW�HIIHFWV�E\�D�QXPEHU�RI�GLIIHUHQW�PHFKDQLVPV�� 5RRWV�DUH�FRQVLGHUHG�DV�SXUJDWLYH��%DUNV�DQG�
OHDYHV� DUH� XVHIXO� LQ� RGRQWDOJLD� DQG�XOLWLV��*XP�EDUN� LV� UHFRPPHQGHG� LQ� OHSURV\�� ULQJZRUP�� FRUQV� DQG�
REVWLQDWH�XOFHUV��)UXLWV�DUH�XVHIXO�LQ�VNLQ�GLVHDVHV��G\VHQWHU\�DQG�DQRUH[LD���

([SHULPHQWDO�0HWKRGV�

&ROOHFWLRQ�RI�3ODQW�0DWHULDOV�
7KH�IUXLW�RI�FDVKHZ�SODQW�ZDV�FROOHFWHG�IURP�ORFDO�0DUNHW�RI�.DWKPDQGX��1HSDO��,PSRUWHG�WR�1HSDO�IURP�
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([WUDFWLRQ�RI�(VVHQWLDO�2LO�

����J�RI�$��RFFLGHQWDOH�IUXLWV ZHUH�VXEMHFWHG�WR�K\GUR�GLVWLOODWLRQ�LQ�D�&OHYHQJHU�DSSDUDWXV�IRU�DERXW�
IRXU�KRXUV��%\�WKLV�SURFHVV�DERXW��PO�RI�HVVHQWLDO�RLOV�ZHUH�FROOHFWHG�DQG�VWRUHG�LQ�D�VHDOHG�JODVV�YLDOV�DW�
ORZ�WHPSHUDWXUH����� �&��SULRU�WR�DQDO\VLV��

*&�06�$QDO\VLV�

7KH� HVVHQWLDO� RLOV� VDPSOH� RI� &DVKHZ� ZDV� VXEMHFWHG� WR� *&�06� DQDO\VLV�� *&�06� DQDO\VLV� ZDV�
SHUIRUPHG�RQ�D�JDV�FKURPDWRJUDSK\�PDVV� VSHFWURPHWHU�*&06�43�����XQGHU� WKH� IROORZLQJ�FRQGLWLRQ��
LQMHFWLRQ�YROXPH�� /�ZLWK�VSOLW�UDWLR�������+HOLXP�DV�D�FDUULHU�JDV�ZLWK�D�5W[��06�FROXPQ�RI�GLPHQVLRQ�
��P ����PP ���� P��WHPSHUDWXUH�SURJUDPPHG�DW���������DQG����R�&�ZLWK�D�KROG�WLPH�RI����������DQG�
���� PLQ� LGHQWLILFDWLRQ� ZDV� DFFRPSDQLHG� E\� FRPSDULVRQ� RI� 06� ZLWK� WKRVH� UHSRUWHG� LQ� 1,67� ��� DQG�
))16&,��� OLEUDULHV�� ,W�ZDV� SHUIRUPHG� LQ�'HSDUWPHQW� RI� )RRG�7HFKQRORJ\� DQG�4XDOLW\� &RQWURO��1HSDO�
*RYHUQPHQW��%DEDUPDKDO��.DWKPDQGX��1HSDO��

$QWLEDFWHULDO�DFWLYLW\

)LUVW�RI�DOO�0+�DJDU�ZDV�PHDVXUHG�DQG�GLVVROYHG�LQ�DXWRFODYHG�ZDWHU��7KHQ�PL[WXUH�ZDV�DXWRFODYHG�DW�
���R� &� IRU�PLQXWHV� DQG� FRROHG� XS� WR� ��R� &��0+�PHGLD�ZDV� SRXUHG� LQ� ��FP� GLDPHWHU� SHWULSODWHV� DQG�
DOORZHG�LW�WR�VROLGLI\��$IWHU�WKDW�VWHULOH�SDSHU�GLVNV�ZHUH�ORDGHG�ZLWK�SODQW�RLO��7KHVH�GLVNV�ZHUH�NHSW�RQ�
WKH� VXUIDFH� RI� 0+� DJDU� PHGLD�� ZKLFK� ZDV� IUHVKO\� VSUHDG� ZLWK� WKH� RYHUQLJKW� JURZQ� EURWK� FXOWXUH� RI�
PLFURELDO�WDUJHW�VWUDLQ��7KH�SODWHV�ZHUH�LQFXEDWHG�DW���R�&�IRU���KRXUV��$IWHU�LQFXEDWLRQ�WKH�GLDPHWHU�RI�
]RQH�RI�LQKLELWLRQ�ZDV�PHDVXUHG��

%ULQH�6KULPS�/HWKDOLW\�$VVD\�

7HQ� QDXSOLL� ZHUH� H[SRVHG� WR� HDFK� RI� GLIIHUHQW� FRQFHQWUDWLRQV� RI� WKH� SODQW� H[WUDFW� DQG� QXPEHU� RI�
VXUYLYRUV�ZHUH�FDOFXODWHG�WKH�SHUFHQWDJH�RI�GHDWK�DIWHU����KRXUV��

5HVXOWV�DQG�'LVFXVVLRQ�

*&�06�$QDO\VLV�

*&�06�DQDO\VLV�RI�HVVHQWLDO�RLOV�RI�IUXLWV�RI�$��RFFLGHQWDOH�VKRZV�WKH�SUHVHQFH�RI����GLIIHUHQW�FRPSRXQGV��
7KH�FKHPLFDO�FRPSRXQGV�LGHQWLILHG�LQ�HVVHQWLDO�RLOV�RI�WKH�IUXLWV�DUH�SUHVHQWHG�EHORZ��7KH�PDMRU�FRQVWLWXHQWV�
SUHVHQW� LQ� WKH�HVVHQWLDO�RLOV�VDPSOH�ZHUH�3URSKDP�����������3UREHQD]ROH�����������'%3�����������(QGULQ�
��������DQG�7ULDGLPHIRQ����������&RQVWLWXHQWV�RI�HVVHQWLDO�RLOV�RI�$��RFFLGHQWDOH�DUH�WDEXODWHG�DV�IROORZV��

7DEOH����/LVW�RI�FRPSRXQGV�LQ�HVVHQWLDO�RLOV�RI�$��RFFLGHQWDOH�
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� )LJXUH����0DVV�VSHFWUDO�GDWD�RI�7ULDGLPHIRQ�

)LJXUH����0DVV�VSHFWUDO�GDWD�RI�7ULDGLPHQRO�

)LJXUH����0DVV�VSHFWUDO�GDWD�RI�3UREHQD]ROH

)LJXUH����0DVV�VSHFWUDO�GDWD�RI�2U\]DOLQ
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)LJXUH����0DVV�VSHFWUDO�GDWD�RI�2+�'03

)LJXUH����0DVV�VSHFWUDO�GDWD�RI�7ULIOXPL]ROH�

)LJXUH����0DVV�VSHFWUDO�GDWD�RI�%HQIXUHVDWH

)LJXUH����0DVV�VSHFWUDO�GDWD�RI�3URSKDQ

)LJXUH����0DVV�VSHFWUDO�GDWD�RI�'%3

)LJXUH�����0DVV�VSHFWUDO�GDWD�RI�0ROLQDWH
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)LJXUH�����0DVV�VSHFWUDO�GDWD�RI�2[SRFRQD]ROH

)LJXUH�����0DVV�VSHFWUDO�GDWD�RI�6LPD]LQH�

)LJXUH�����0DVV�VSHFWUDO�GDWD�RI�(QGULQH�

)LJXUH�����0DVV�VSHFWUDO�GDWD�RI�&\DQD]LQH�
$QWLEDFWHULDO�DFWLYLW\�

7DEOH����$QWLEDFWHULDO�DFWLYLW\�RI�WKH�$��RFFLGHQWDOH�

7HVW�2UJDQLVP

=RQH�RI�,QKLELWLRQ�FP��

$��RFFLGHQWDOH�RLO�

3VHXGRPRQDV�DHUXJLQRVD ����

7KH�HVVHQWLDO�RLO�RI�$��RFFLGHQWDOH�H[KLELWHG�PRGHUDWH�DQWLEDFWHULDO�DFWLYLW\�DJDLQVW�WHVWHG�EDFWHULDO�
RUJDQLVPV� DV� FRPSDUHG� WR� WKH� VWDQGDUG�� 7KH� VWXG\� UHYHDOHG� WKDW� HVVHQWLDO� RLO� LV� HIIHFWLYH� DJDLQVW� JUDP�
QHJDWLYH�EDFWHULD�3VHXGRPRQDV�DHUXJLQRVD�����FP���

%ULQH�6KULPS�/HWKDOLW\�$VVD\�

7KH�/&���RI�WKH�VDPSOH�ZDV�IRXQG�WR�EH������� J�P/�LQ�%ULQH�VKULPS�OHWKDOLW\�DVVD\��
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&RQFOXVLRQV�

*&�06�DQDO\VLV�RI� HVVHQWLDO� RLOV�RI� IUXLWV�RI�$��RFFLGHQWDOH� IRXQG����GLIIHUHQW� FRPSRXQGV��7KH�
PDMRU�FRQVWLWXHQWV�SUHVHQW� LQ� WKH�HVVHQWLDO�RLOV� VDPSOH�ZHUH�3URSKDP�����������3UREHQD]ROH� ����������
'%3� ���������� (QGULQ� �������� DQG� 7ULDGLPHIRQ� ��������� (VVHQWLDO� RLO� RI� SODQW� VKRZHG� DQWLEDFWHULDO�
DFWLYLW\�DJDLQVW�JUDP�QHJDWLYH�EDFWHULD�3VHXGRPRQDV�DHUXJLQRVD��7KH�/&���RI�WKH�VDPSOH�ZDV�IRXQG�WR�EH�
������� J�P/��

$FNQRZOHGJPHQWV�

:H�DUH� WKDQNIXO� WR�.DWKPDQGX�9DOOH\�6FKRRO� DQG�&ROOHJH��&KKDXQL��.DWKPDQGX� IRU�SURYLGLQJ� WKH�
UHVHDUFK� ODE�� 'U�� %LVKQX�0DUDVLQL� DQG�0V�� 6KULPLWD� 6KUHVWKD� 'HSDUWPHQW� RI� %LRWHFKQRORJ\�� 1DWLRQDO�
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DQG�4XDOLW\�&RQWURO��1HSDO�*RYHUQPHQW�IRU�*&�06�DQDO\VLV���
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