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/LJDQG�V\QWKHVLV
*HQHUDO� SURFHGXUH� IRU� WKH� SUHSDUDWLRQ� RI� ����GLDU\O� DQLOLQHV�� 7R� D� WROXHQH� VROXWLRQ� ���
P/��RI������J� �����PPRO������GLEURPRDQLOLQH�ZDV�DGGHG�DQ�HWKDQRO� ���P/��VROXWLRQ�RI����
PPRO�DU\OERURQLF� DFLG��7R� WKH�PL[WXUH�ZDV�DGGHG�DQ�DTXHRXV��0�VROXWLRQ�RI�1D�&2� ����P/�� ��� PPRO��� 7KH� ELSKDVLF� PL[WXUH� ZDV� IOXVKHG� ZLWK� DUJRQ� DQG� ����� J� ������ PPRO�� RI
3G�33K��� ZDV�DGGHG��7KH�UHDFWLRQ�PL[WXUH�ZDV�VWLUUHG�RYHUQLJKW�DW����q&��7KH�RUJDQLF�OD\HU
ZDV� VHSDUDWHG� IURP� WKH� DTXHRXV� SKDVH�� 7KH� DTXHRXV� SKDVH�ZDV� H[WUDFWHG� WKUHH� WLPHV� ZLWK
GLHWK\O� HWKHU�� 7KH� FRPELQHG� RUJDQLF� IUDFWLRQV� ZHUH� GULHG� RYHU� 1D�62��� 7KH� VROYHQWV� ZHUHHYDSRUDWHG�DQG�WKH�UDZ�FRPSRXQG�ZDV�SXULILHG�E\�FROXPQ�FKURPDWRJUDSK\��VLOLFD���WROXHQH��
*HQHUDO�SURFHGXUH�IRU�WKH�SUHSDUDWLRQ�RI�VDOLF\ODOGLPLQH�OLJDQGV���D�H��� 7R�D�PHWKDQRO���
P/�� VROXWLRQ� RI� ����GLLRGR���K\GUR[\� EHQ]DOGHK\GH� ����� PJ�� ����� PPRO�� ZDV� DGGHG� D
FDWDO\WLF�DPRXQW�RI�IRUPLF�DFLG�DQG�����GLDU\O�DQLOLQH�������PPRO���7KH�UHDFWLRQ�PL[WXUH�ZDV
VWLUUHG� IRU� �� KRXUV� DW� URRP� WHPSHUDWXUH�� 7KH� \HOORZ� VROLG� WKDW� SUHFLSLWDWHG� ZDV� ILOWHUHG�
ZDVKHG�ZLWK� FROG�PHWKDQRO� DQG� GULHG� WR� DIIRUG� WKH� VDOLF\ODOGLPLQH� OLJDQG�� /LJDQG��D ZDV
DGGLWLRQDOO\�SXULILHG�E\�FROXPQ�FKURPDWRJUDSK\��WROXHQH���VLOLFD��
�D��5� �5
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�&+&,&+��V���$QDO��&DOFG��IRU �&��+��,�1�2����&���������+��������1��������)RXQG��&��������+��������1�������
�F��5� �5
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�+���������&+&+&+��W� �-++  ������+���������&,&+&��G� �-++  �����+]���+�����&�105������
0+]�� &'&O���� ������� �&1�� V��� ������� �&2+�� V��� �������� �������� �������� �������� �������������������������������������������������������3K��V����������&�2+�&,��V����������&+&,&+�
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D QRW�OLVWHG��PRQRVXEVWLWXWLRQ�UHVXOWV�LQ�DGGLWLRQDO�SHDNV�IRU�FDUERQV���WR�����
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&RPSOH[�V\QWKHVLV
7R� DQ� HWKHU� ����P/�� VROXWLRQ� RI� >�WPHGD�1L�&+���@� �����PJ�� �����PPRO�� ZDV� DGGHG� ����
PPRO�RI�D� VDOLF\ODOGLPLQH� OLJDQG� ���� DW� ����q&��7KHQ�����P/�RI�S\ULGLQH�ZDV� DGGHG� WR� WKH
UHDFWLRQ�PL[WXUH��7KH�WHPSHUDWXUH�ZDV�UDLVHG�WR���q&�DQG�WKH�RUDQJH���UHG�PL[WXUH�ZDV�VWLUUHG
IRU���K��7KH�VROYHQW�ZDV�UHPRYHG�LQ�YDFXR DQG�WKH�UHVLGXH�ZDV�ZDVKHG�ZLWK�FROG�SHQWDQH��$
UHG�WR�RUDQJH�VROLG�ZDV�REWDLQHG�LQ�LVRODWHG�\LHOGV�RI�PRUH�WKDQ������
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&+&+&+�� P�� �+��� ����� �S\ULGLQH�� EU� V�� �+��� ����� �&,&+&�� G� �-++  � ���� +]�� �+��� ����
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��������������3K��V����������S\ULGLQH������������������������������3K��V���������&�2�&,��V�������
�&+&,&+��V���������2&+���V���������1L&+����$QDO��&DOFG��IRU �&��+��,�1�1L2����&���������+�������1��������)RXQG��&���������+��������1�������
,Q�YDULDEOH�WHPSHUDWXUH�105�VSHFWURVFRS\�ZLWK��D ���)����F ��+� DQG �G ��+��DW�WHPSHUDWXUHV
GRZQ�WR�±����&�RQO\�RQH�VLJQDO�IRU� WKH�VXEVWLWXHQW�5�DQG�5
�ZDV�REVHUYHG��GHPRQVWUDWLQJ�D
IDVW�URWDWLRQ�LQ�VROXWLRQ�RI�WKH�����VXEVWLWXWHG�DU\O�ULQJV�DORQJ�WKH�DU\O�DU\O�ERQG�WR�WKH�1�DU\O
PRLHW\��DW�WKHVH�ORZ�WHPSHUDWXUHV�



(WK\OHQH�SRO\PHUL]DWLRQ�LQ�QRQ�DTXHRXV�PHGLD�ZDV�FDUULHG�RXW�LQ D�����P/�VWDLQOHVV�VWHHO
PHFKDQLFDOO\�VWLUUHG�������USP��DXWRFODYH�HTXLSSHG�ZLWK�D�KHDWLQJ�FRROLQJ�MDFNHW�VXSSOLHG�E\
D� WKHUPRVWDW� FRQWUROOHG� E\� D� WKHUPRFRXSOH� GLSSLQJ� LQWR� WKH� SRO\PHUL]DWLRQ� PL[WXUH�� 7KH
DXWRFODYH�ZDV�FKDUJHG�ZLWK�D�WROXHQH������P/��VROXWLRQ�RI�FRPSOH[�� XQGHU�DUJRQ�
,Q�H[SHULPHQWV�ZLWK�WKH�LQ�VLWX FDWDO\VW��WKH�DXWRFODYH�ZDV�FKDUJHG�ZLWK�D�VROXWLRQ�RI����PPRO
RI�OLJDQG�� LQ����P/�RI�WROXHQH��7KH�VROXWLRQ�ZDV�VDWXUDWHG�ZLWK�HWK\OHQH�DW�DPELHQW�SUHVVXUH�
DQG�D�VROXWLRQ�RI����PPRO�RI�>�WPHGD�1L�&+���@�LQ���P/�WROXHQH�ZDV�DGGHG�XQGHU�VWLUULQJ�
7KH�DXWRFODYH�ZDV�IOXVKHG�ZLWK�HWK\OHQH��DQG�D�FRQVWDQW�HWK\OHQH�SUHVVXUH�ZDV�WKHQ�DSSOLHG
DQG� WKH� UHDFWLRQ�PL[WXUH�ZDV� EURXJKW� UDSLGO\� WR� WKH� GHVLUHG� WHPSHUDWXUH�� $IWHU� D� VSHFLILHG
UHDFWLRQ�WLPH�WKH�DXWRFODYH�ZDV�UDSLGO\�FRROHG�DQG�GHSUHVVXULVHG��7KH�SRO\PHUL]DWLRQ�PL[WXUH
ZDV�SRXUHG� LQWR�D� WKUHHIROG�YROXPH�RI�PHWKDQRO� WR�SUHFLSLWDWH� DQ\�GLVVROYHG� ORZ�PROHFXODU
ZHLJKW�PDWHULDO��7KH� SRO\PHU�ZDV� LVRODWHG� E\� ILOWUDWLRQ��ZDVKHG� WKUHH� WLPHV�ZLWK�PHWKDQRO
DQG�GULHG�LQ�YDFXR�
(WKHQH� SRO\PHUL]DWLRQ� LQ� DTXHRXV� HPXOVLRQ�� ,Q� D� 6FKOHQN� WXEH�� D� VROXWLRQ� RI� FDWDO\VW
SUHFXUVRU�� LQ�D�PL[WXUH�RI�WROXHQH����P/��DQG�KH[DGHFDQH������P/��ZDV�DGGHG�WR�DQ�DTXHRXV
����P/�ZDWHU�� VROXWLRQ� RI� ����� J� VRGLXP�GRGHF\O� VXOSKDWH��7KH�PL[WXUH�ZDV� KRPRJHQL]HG
XQGHU�DQ�DUJRQ�DWPRVSKHUH�E\�PHDQV�RI�DQ�XOWUDVRQLF�KRPRJHQL]HU��%DQGHOLQ�+'�����ZLWK
.(��� WLS�� RSHUDWHG� DW� ���� :�� WZR� PLQXWHV��� 7KH� UHVXOWLQJ� PLQLHPXOVLRQ� ZDV� FDQQXOD�
WUDQVIHUUHG�WR�WKH�DIRUPHQWLRQHG�����P/�DXWRFODYH��7KH�DXWRFODYH�ZDV�IOXVKHG�ZLWK�HWK\OHQH�
DQG� D� FRQVWDQW� HWK\OHQH� SUHVVXUH� RI� ��� EDU�ZDV� WKHQ� DSSOLHG� DQG� WKH� UHDFWLRQ�PL[WXUH�ZDV
EURXJKW�UDSLGO\�WR�WKH�GHVLUHG�WHPSHUDWXUH��7KH�HPXOVLRQ�ZDV�ILOWHUHG�WKURXJK�JODVV�ZRRO� WR
VHSHUDWH� DQ\� FRDJXODWH� DQG� WR� GHWHUPLQH� LWV� DPRXQW�� )RU� GHWHUPLQDWLRQ� RI� \LHOGV� DQG� IRU
IXUWKHU� SRO\PHU� DQDO\VLV� D� VSHFLILHG� SRUWLRQ� RI� WKH� ODWH[� ZDV� SUHFLSLWDWHG� E\� SRXULQJ� LQWR
H[FHVV�PHWKDQRO��7KH�SRO\PHU�ZDV�ZDVKHG�WKUHH�WLPHV�ZLWK�PHWKDQRO�DQG�GULHG�LQ�YDFXR�



(WK\OHQH�SRO\PHUL]DWLRQ�ZLWK�FRPSOH[��D�DQG��F�SURELQJ�IRU�FDWDO\VW�VWDELOLW\�� $�����P/
VWDLQOHVV�VWHHO�DXWRFODYH�IXOO\�DXWRPDWHG�ZLWK�UHVSHFW� WR� WHPSHUDWXUH�DQG�SUHVVXUH�FRQWURO�DV
ZHOO� DV� PRQLWRULQJ� RI� PRQRPHU� XSWDNH� ZDV� FKDUJHG� ZLWK� D� WROXHQH� ����� P/�� VROXWLRQ
FRQWDLQLQJ� ��� PPRO� RI� ��� 7KH� DXWRFODYH� ZDV� SUHVVXULVHG� ZLWK� HWK\OHQH� ���� EDU�� DQG� WKH
WHPSHUDWXUH� RI� WKH� UHDFWLRQ� PL[WXUH� ZDV� DGMXVWHG� WR� ��� �&�� 7KH� HWK\OHQH� XSWDNH� ZDV
PRQLWRUHG�E\�PHDQV�RI�D�PDVV�IORZ�PHWHU��$IWHU�D�VSHFLILHG�UHDFWLRQ�WLPH�WKH�DXWRFODYH�ZDV
UDSLGO\�FRROHG�DQG�GHSUHVVXULVHG��7KH�UHDFWLRQ�PL[WXUH�ZDV�SRXUHG�LQWR�D�WKUHHIROG�H[FHVV�RI
PHWKDQRO��7KH�SRO\PHU�ZDV�LVRODWHG�E\�ILOWUDWLRQ�DQG�ZDVKHG�WKUHH�WLPHV�ZLWK�PHWKDQRO�
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