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'HVSLWH� VLJQLILFDQW� HIIRUWV� RI� QDWLRQDO� KHDOWK� V\VWHPV�� WKH� :RUOG� +HDOWK�
2UJDQL]DWLRQ��LQWHUQDWLRQDO�IRXQGDWLRQV��WKH�SUREOHP�RI�LQIHFWLRXV�GLVHDVHV�DV�RQH�RI�
WKH� OHDGLQJ� IDFWRUV� RI�PRUWDOLW\�GRHV� QRW� ORVH� LWV� XUJHQF\��7KH� HPHUJHQFH� RI� VXFK�
QHZ�YLUXVHV�LQ�WKH�KXPDQ�SRSXODWLRQ�DV�&RYLG�����PRQNH\SR[��PXOWLGUXJ�UHVLVWDQFH�
WXEHUFXORVLV�� 6WDSK\ORFRFFXV� DXUHXV�� WKH� VSUHDG� RI� PDODULD� LQGLFDWH� WKH� QHHG� WR�
GHYHORS�QHZ�YHUVLRQV�RI�LPPXQRELRORJLFDOV��

2QH� RI� WKH� GLUHFWLRQV� WR� LPSURYH� WKH� HIIHFWLYHQHVV� RI� H[LVWLQJ� YDFFLQHV�� WR�
REWDLQ�YDFFLQHV�DQG�LPPXQRELRORJLFDOV�ZLWK�QHZ�SURSHUWLHV�LV�WKH�GHYHORSPHQW�DQG�
LPSOHPHQWDWLRQ�RI�QHZ�DGMXYDQWV��,Q�������WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�DSSURYHG�
WKH� ILUVW� DQWLPDODULDO� YDFFLQH�0RVTXLUL[� �*OD[R6PLWK.OLQH�� FRQWDLQLQJ� VDSRQLQV� LQ�
YLUXV�OLNH� LPPXQRVWLPXODWRU\�FRPSOH[HV� �,6&20��DV�DGMXYDQW��7KH�DQWL�&RYLG����
YDFFLQH� 1XYD[RYLG� �1RYDYD[�� KDV� DSSURYHG� LQ� PDQ\� FRXQWULHV�� $GMXYDQWHG�
WKHUDSHXWLF� DQG� SURSK\ODFWLF� GUXJV� DJDLQVW� 6WDSK\ORFRFFXV� DXUHXV�� WXEHUFXORVLV��
&ORVWULGLXP� GLIILFLOH�� JHQLWDO� KHUSHV�� .OHEVLHOOD� SQHXPRQLDH� �*OD[R6PLWK.OLQH���
UHVSLUDWRU\�V\QF\WLDO�YLUXV��PDODULD��(EROD�YLUXV��1RYDYD[��DUH�DW�GLIIHUHQW�VWDJHV�RI�
FOLQLFDO� WULDOV�� 6DSRQLQ�FRQWDLQLQJ� ,6&20�DGMXYDQWV� VWLPXODWH� LQQDWH� DQG�DGDSWLYH�
FHOOXODU�LPPXQLW\��DV�ZHOO�DV�D�KXPRUDO�UHVSRQVH�FKDUDFWHUL]HG�E\�WKH�SURGXFWLRQ�RI�
DOO�,J*�LVRW\SHV��WKXV��WKH�IRUPDWLRQ�RI�D�PL[HG�7K��7K��W\SH�RI�LPPXQH�UHVSRQVH�
REVHUYHG��7KH�XVH�RI�QDWXUDO�DQG�UHFRPELQDQW�SURWHLQV�RI�EDFWHULDO�RU�YLUDO�SDWKRJHQV�
DGMXYDQWHG� ZLWK� ,6.20� OHDGV� WR� D� SURQRXQFHG� FHOOXODU� UHVSRQVH�� ZKLFK� LV� QRW�
FKDUDFWHULVWLF� RI� LQDFWLYDWHG� GUXJV�� WKH� LQWURGXFWLRQ� RI� ZKLFK� OHDGV� PDLQO\� WR� D�
KXPRUDO�UHVSRQVH�>����@���

6DSRQLQV� DUH� WULWHUSHQH� JO\FRVLGHV� REWDLQHG� IURP� SODQW� VRXUFHV�� $�
FKDUDFWHULVWLF� ELRORJLFDO� IHDWXUH� RI� VDSRQLQV� LV� WKHLU� KHPRO\WLF� SURSHUWLHV�� 7KH�
K\GURSKRELF�SDUW�RI�WKH�VDSRQLQ�PROHFXOH�LQWHJUDWHV�LQWR�WKH�FHOO�PHPEUDQH��6WHULF�
LQWHUIHUHQFH�RI� WKHVH� FRPSOH[HV� FDXVHV� FXUYDWXUH�RI� WKH�PHPEUDQH�� OHDGLQJ� WR� WKH�
IRUPDWLRQ�RI�SRUHV�LQ�WKH�PHPEUDQH��7KLV�PDNHV�VDSRQLQV� WR[LF�DQG�SUHYHQWV� WKHLU�
XVH� IRU� SDUHQWHUDO� DGPLQLVWUDWLRQ�� 7KH� VDSRQLQV� LQ� ,6&20� DUH� VKLHOGHG� E\�
FKROHVWHURO�PROHFXOHV��GR�QRW�LQWHUDFW�ZLWK�WKH�FHOO�PHPEUDQH��DQG�DUH�QRW�WR[LF��7KH�
VDSRQLQV�DFWLYDWH�RQO\�LQ�WKH�FRXUVH�RI�PHWDEROLF�SURFHVVHV�LQ�WKH�LPPXQH�FHOO�WKDW�
SKDJRF\WL]HG�WKH�,6&20�DQWLJHQ�FRPSOH[�>�@��
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,W�LV�SRVVLEOH�WR�REWDLQ�DQG�SXULI\�,6&20�XVLQJ�D�QXPEHU�RI�ELRWHFKQRORJLFDO�
PHWKRGV� >�@�� 3UHYLRXVO\�� ,6&20� FRQWDLQLQJ� VDSRQLQV� RI� 4XLOODMD� VDSRQDULD� DQG�
3ROHPRQLXP�FDHUXOHXP�REWDLQHG�DQG�SXULILHG�E\�OLTXLG�FKURPDWRJUDSK\��6(&���7KLV�
ODERUDWRU\� PHWKRG� KDV� D� QXPEHU� RI� GLVDGYDQWDJHV�� WKH� PDLQ� RQH� EHLQJ� WHFKQLFDO�
OLPLWDWLRQV� LQ� LQGXVWULDO� VFDOH� >�@�� 7KH� SUHSDUDWLRQV� FRQWDLQLQJ� 3ROHPRQLXP�
&DHUXOHXP�� &\FODPHQ� HXURSDHXP� FDXVH� V\VWHPLF� LPPXQH� UHVSRQVH� ZKHQ�
DGPLQLVWHUHG� WZLFH� LQWUDQDVDOO\� LQ� DQLPDOV� DQG� FDQ� EH� FRQVLGHUHG� DV� SURPLVLQJ�
PXFRVDO�DGMXYDQWV��LQFOXGLQJ�LQ�FRPELQDWLRQ�ZLWK�,6&20V�>�������@��

,Q� WKH� SURGXFWLRQ� RI� LPPXQRELRORJLFDOV�� WKH�PDLQ� WDVN� LV� WR� VWDQGDUGL]H� WKH�
GRVLQJ�RI�DFWLYH�FRPSRQHQWV�DQG�DVVHVV�WKH�FRQWHQW�RI�LQWHUPHGLDWH�UHDFWLRQ�SURGXFWV�
LQ� RUGHU� WR� JXDUDQWHH� VDIHW\�� )RU� ,6&20�FRQWDLQLQJ� SUHSDUDWLRQV�� GXH� WR� WKHLU�
QDWXUDO� SODQW� RULJLQ�� WKH� PDLQ� FKDOOHQJH� LV� WR� GHWHUPLQH� WKH� GRVH� RI� VDSRQLQV��
1XYD[RYLG�YDFFLQH��1RYDYD[��FRQWDLQV�������J�RI�IUDFWLRQ�$�DQG������J�RI�IUDFWLRQ�
&�RI�4XLOODMD� VDSRQDULD� H[WUDFW� >�@��7KH� OHYHO�RI� UHVLGXDO�GHWHUJHQW�GHWHUPLQHG�E\�
+3/&��7KH� UHVLGXDO� FRQFHQWUDWLRQ�RI� VDSRQLQV� QRW� LQFRUSRUDWHG� LQWR� WKH�YLUXV�OLNH�
SDUWLFOH�HVWLPDWHG�LQ�D�KHPRO\WLF�UHDFWLRQ�>�@��

7KH� REMHFWLYHV� RI� WKLV� ZRUN� ZHUH� WR� GHYHORS� D� WHFKQRORJ\� IRU� LQGXVWULDO�
SURGXFWLRQ�RI�,6&20V�EDVHG�RQ�4XLOODMD�VDSRQDULD�VDSRQLQV��WR�FUHDWH�D�PHWKRG�IRU�
GHWHUPLQLQJ� WKH� FRQFHQWUDWLRQ� RI� VDSRQLQV�� GHWHUJHQWV� EDVHG� RQ� +3/&� DQG� WR�
HYDOXDWH� WKH�DGMXYDQW�SURSHUWLHV�RI� WKH�SUHSDUDWLRQ�XVLQJ�&RYLG���� �6$56�&R9����
DQWLJHQ�DQG�LQIOXHQ]D�YLUXV�ZKHQ�LPPXQL]LQJ�PLFH��

���0$7(5,$/6�$1'�0(7+2'6�

7KH�ZRUN� SHUIRUPHG� LQ� D� ODPLQDU� IORZ� ER[�� REVHUYLQJ� WKH� UXOHV� RI� VWHULOLW\��
$SSURDFKHV�WR�PLQLPL]H�EDFWHULDO�FRQWDPLQDWLRQ�XVHG��GLVKHV��KRVHV��)6%��DQG�ZDWHU�
ZHUH� VWHULOL]HG� DQG� GHS\URJHQDWHG��5DZ�PDWHULDOV�ZHLJKHG� RQ�2KDXV�$GHYHQWXUHU�
VFDOHV��7KH�GHWHUJHQWV�XVHG�ZHUH�6RGLXP�/DXUR\O�6DUFRVLQH��$PHUFR�����������*���
&KROHVWHURO� �3DQ5HDF� $������ ������� /HFLWKLQ� �3DQ5HDF� $������ ������� 6DSRQLQ�
4XLODMD�VDSRQDULD� �3DQ5HDF��$�������������7KH�UHVXOWLQJ�PL[WXUH� WUDQVIHUUHG� WR� D�
WDQJHQWLDO� ILOWUDWLRQ�FRQFHQWUDWLRQ� V\VWHP� ZLWK� D� 6DUWRULRXV� 9LYD)ORZ� ���� N'D�
PRGXOH��7KH�SURGXFW� �,6&20�DGMXYDQW�0DWUL[�9��ZDV� ILOWHUHG� WKURXJK�D������ȝP�
0LQLVDUW�10/� ILOWHUKHDG� �6DUWRULXV�� DQG� VWRUHG� DW� ���&�� )UHH]LQJ� LV� QRW� DOORZHG��
7KH�SDUWLFOHV�KDYH�SURQRXQFHG�RSDOHVFHQW�SURSHUWLHV���

)RU� SUHSDUDWLRQ� RI� ,6&20�DQWLJHQ� WKH� DQWLJHQV� RI� WULYDOHQW� LQDFWLYDWHG� VSOLW�
LQIOXHQ]D�YDFFLQH�FRQWDLQLQJ�����J�RI�KHPDJJOXWLQLQ�RI�HDFK�RI�YDFFLQH� VWUDLQV�RI�
LQIOXHQ]D� YLUXVHV� $�9LFWRULD����������� �+�1��SGP����
$�&DPERGLD�H������������� �+�1���� %�:DVKLQJWRQ��������� �%�9LFWRULD���
%�3KXNHW����������� �%�<DPDJDWD�� ZLWKRXW� DGMXYDQW�� 3UHSDUDWLRQV� FRQWDLQLQJ� D�
VLPLODU�FRQFHQWUDWLRQ�RI�DQWLJHQV�EXW�ZLWKRXW�WKH�,6&20�DGMXYDQW�XVHG�DV�SRVLWLYH�
FRQWURO��7KH�QHJDWLYH�FRQWURO�JURXS�UHFHLYHG�WKH�,6&20�DGMXYDQW��
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7KH�DQWLJHQV�RI� WKH�&RYLG����VWUDLQ�DOVR�XVHG�WR�SUHSDUH� WKH�,6&20�DQWLJHQ�
SUHSDUDWLRQ�� 3RROV� RI� VWUDLQ� K&R9����5XVVLD�0RVFRZ��������������������
�(3,B,6/B���������� 2PLFURQ� ��� %$��� ZHUH� SUHSDUHG� RQ� 9HUR� (�� FHOO� FXOWXUH��
XQGHUZHQW� D� IUHH]H�WKDZ� F\FOH�� FHQWULIXJHG� DW� ����J� IRU� ��� PLQ�� ILOWHUHG� WKURXJK�
������P�ILOWHU�QR]]OHV��0LQLVDUW�10/��6DUWRULXV���7KH�SUHSDUDWLRQ�ZDV�FRQFHQWUDWHG�
XVLQJ�����N'D�FHQWULIXJH�FRQFHQWUDWRUV��6DUWRULXV���DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU
V�
LQVWUXFWLRQV��7KH�UHVXOWLQJ�FRQFHQWUDWHG�IUDFWLRQ�LQDFWLYDWHG�ZLWK�ȕ�SURSLRODFWRQH�DW�
D� FRQFHQWUDWLRQ�RI� ������� Y�Y�� 7KH� UHVLGXDO� LQIHFWLYLW\� RI� WKH� LQDFWLYDWHG� IUDFWLRQV�
FRQILUPHG�E\�LQIHFWLQJ�WKH�9HUR�(��FHOO�FXOWXUH��5HVLGXDO�LQIHFWLYLW\�ZDV�DEVHQW�IRU�
DOO� VDPSOHV�� &RPSOHWH� )UHXQG
V� DGMXYDQW� �6LJPD�� ZDV� XVHG� DV� D� FRPSDULVRQ�
DGMXYDQW��

�����,PPXQL]DWLRQ�RI�DQLPDOV�

%$/%� PLFH� ZHLJKLQJ� ������ JU�� �65&� 9%� ³9(&725´�� 5RVSRWUHEQDG]RU��
5XVVLD�� XVHG� WR� LPPXQL]H� WKH� DQLPDOV�� )LYH� DQLPDOV� LQ� HDFK� JURXS�� ,QDFWLYDWHG�
DQWLJHQ�ZDV�DGPLQLVWHUHG�WR�DQLPDOV�LQWUDPXVFXODUO\�WZLFH�DW�LQWHUYDOV�RI���ZHHNV�DW�
����PO�DQLPDO�LQ�D�PL[WXUH�ZLWK�,6&20�DGMXYDQW������9LUXV�OLNH�LPPXQRVWLPXODWRU\�
FRPSOH[HV� EDVHG�RQ�4XLOODMD� VDSRQDULD� VDSRQLQV� DW� D� FRQFHQWUDWLRQ� RI� �����J�PO�
XVHG�DV�DGMXYDQW��7KH�VWXG\�SURWRFRO�IRU�XVLQJ�ODERUDWRU\�DQLPDOV�ZDV�DSSURYHG�E\�
WKH� %LRHWKLFV� &RPPLVVLRQ� 1R�� �� RI� WKH� 5RVSRWUHEQDG]RU� 6WDWH� 5HVHDUFK� &HQWHU�
9HFWRU��SURWRFRO�RI�6WDWH�5HVHDUFK�&HQWHU�9HFWRU���������������

���� 1HXWUDOL]DWLRQ�DVVD\�

9HUR�(��FHOO� FXOWXUH�JURZQ� LQ� D� ���ZHOO�SODWH�XQGHU� FRQGLWLRQV� DFFRUGLQJ� WR�
WKH�FXOWXUH�SDVVSRUW��7KH�VWXGLHG�PLFH�VHUD�ZHUH�KHDWHG�DW�����&�IRU����PLQ�� WKHQ�
VHULDO� GRXEOH� GLOXWLRQV� LQ� '0(0� PHGLXP� ZHUH� SUHSDUHG�� VWDUWLQJ� IURP� GLOXWLRQ�
������$�ZRUNLQJ� FRQFHQWUDWLRQ� RI� WKH� YLUXV�ZLWK� D� WLWHU� RI� �� OJ�&3'������PO�ZDV�
SUHSDUHG�LQ�DGYDQFH��$�PL[WXUH�RI�VHUXP�GLOXWLRQV�DQG�WKH�ZRUNLQJ�GLOXWLRQ�RI� WKH�
YLUXV� LQ� HTXDO� YROXPHV� ZDV� SUHSDUHG�� 7KH� PL[WXUH� LQFXEDWHG� IRU� �� K� DW� URRP�
WHPSHUDWXUH��WKHQ�DGGHG�WR�WKH�ZHOOV�RI�D����ZHOO�SODWH�ZLWK�D�PRQROD\HU�RI�9HUR�(��
FHOO�FXOWXUH�DQG�LQFXEDWHG�IRU���GD\V�DW����&�����&2���7KH�UHVXOW�FRXQWHG�YLVXDOO\�
E\�WKH�SUHVHQFH�RI�&3'�RYHU�����RI�WKH�PRQROD\HU�DIWHU�VWDLQLQJ�ZLWK�JHQWLDQ�YLROHW�
VROXWLRQ��7KH�IROORZLQJ�FRQWUROV�SURYLGHG�IRU�WKH�QHXWUDOL]DWLRQ�UHDFWLRQ��FHOO�FRQWURO�
��ZHOOV�QRW�LQIHFWHG�ZLWK�YLUXV��QHJDWLYH�FRQWURO�VDPSOH�RI�PRXVH�VHUXP�GLOXWHG�������
YLUXV� FRQWURO� �� ZHOOV� LQIHFWHG�ZLWK� WKH�ZRUNLQJ� GLOXWLRQ� RI� YLUXV� GLOXWHG� WZR�IROG��
ZRUNLQJ� YLUXV� FRQFHQWUDWLRQ� FRQWURO� �� WZR� VXFFHVVLYH� ���IROG� GLOXWLRQV� RI� WKH�
ZRUNLQJ�YLUXV�FRQFHQWUDWLRQ�ZHUH�SUHSDUHG��1HXWUDOL]LQJ�DFWLYLW\�RI�DQLPDO�VHUD�ZDV�
HVWLPDWHG�DFFRUGLQJ�WR�VHUXP�WLWHU��ZKLFK�UHJLVWHUHG�SURWHFWLRQ�LQ�����RI�ZHOOV�ZLWK�
FHOO� FXOWXUH� IURP� F\WRSDWKLF� DFWLRQ� RI� YLUXV�� 7KH� QHXWUDOL]LQJ� DQWLERG\� WLWHU� ZDV�
FDOFXODWHG�XVLQJ�WKH�5HHG�0HQFK�PHWKRG�>�@��
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�����+HPDJJOXWLQDWLRQ�LQKLELWLRQ�UHDFWLRQ��+,��

%HIRUH�+,��REWDLQHG�VHUXP�ZDV�WUHDWHG�ZLWK�5'(��'HQND�6HLNHQ��-DSDQ��IRU����
KRXUV� DFFRUGLQJ� WR� WKH� LQVWUXFWLRQV� WR� UHPRYH� QRQ�VSHFLILF� WKHUPRODELOH� LQKLELWRUV�
DQG� WKHQ� KHDWHG� LQ� D� ZDWHU� EDWK� DW� ���&� DQG� LQDFWLYDWH� WKH� HQ]\PDWLF� DFWLYLW\� RI�
5'(�� 6HUD� ZHUH� H[DPLQHG� LQ� +,� DJDLQVW� �� KHPDJJOXWLQDWLQJ� DQWLJHQ� XQLWV� RI� WKH�
UHVSHFWLYH�YLUXV�VHURW\SH��7R�GHWHUPLQH�WKH�+,�WLWHU�RI�LQKLELWLRQ�RI�VHUD�RI�VHURW\SHV�
+���%������� URRVWHU� HU\WKURF\WHV� DQG�9�ERWWRP� SODWHV�ZHUH� XVHG�� IRU� VXEW\SH�+��
DQWLJHQ�����JXLQHD�SLJ� HU\WKURF\WHV�ZHUH�XVHG��:KHQ�FDOFXODWLQJ�JHRPHWULF�PHDQ�
WLWHUV� �*07��� YDOXHV� LQ� +,� ������ ZHUH� FRQVLGHUHG� WR� EH� ��� ,QIOXHQ]D� YLUXVHV� RI�
VWUDLQV�$�9LFWRULD������������+�1��SGP����$�&DPERGLD�H��������������+�1����
%�:DVKLQJWRQ��������� �%�9LFWRULD���%�3KXNHW����������� �%�<DPDJDWD��ZHUH�XVHG�
DV�DQWLJHQV��$OVR��+,�XVHG�FRPSOHPHQWDU\�IHUUHW�DQWLVHUXP�WR�WKHVH�VWUDLQV�GHVLJQHG�
WR�FRQWURO�WKH�LPPXQRJHQLFLW\�RI�H[LVWLQJ�LQIOXHQ]D�YDFFLQHV��&'&��86$��>��@��

���� (OHFWURQ�PLFURVFRS\

)RU�HOHFWURQ�PLFURVFRSLF�H[DPLQDWLRQ��WKH�REWDLQHG�SUHSDUDWLRQV��VXEMHFWHG�WR�
VWHULOL]LQJ�ILOWUDWLRQ�WKURXJK�D������ȝP�ILOWHU�QR]]OH��ZHUH�DSSOLHG�LQ�D�YROXPH�RI����
PO� WR� D�PHPEUDQH� FHQWULIXJH� FRQFHQWUDWRU�ZLWK�D����� N'D�PHPEUDQH� �0LOOLSRUH���
7KH� FRQFHQWUDWH� FHQWULIXJHG� IRU� �� K� DW� ����� J� �������+� URWRU�� 6LJPD��� 7KH�
FRQFHQWUDWH� WUDQVIHUUHG� WR�����ȝO� WXEHV�� ,PDJHV�REWDLQHG�E\�QHJDWLYH� VWDLQLQJ�ZLWK�
���XUDQ\O� DFHWDWH�ZLWK�DQDO\VLV� RQ� D� -(0������ WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRSH�
�-(2/��86$��>��@��

�����+LJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\�

7KH�FRQWHQW�RI�4XLOODMD�VRDS�VDSRQLQV�LQ�,6&20�DGMXYDQW�ZDV�GHWHUPLQHG�E\�
+3/&� RQ� DQ� /&���� 3URPLQHQFH� FKURPDWRJUDSK� �6KLPDG]X�� ZLWK� DQ� 63'�0��$�
GLRGH�PDWUL[�GHWHFWRU�DQG�D�.URPDVLO�������&��FROXPQ������PP�LG�[�����PP���7KH�
YROXPH� RI� WKH� VDPSOH� WR� EH� DQDO\]HG� LV� ��� �O�� 0RELOH� SKDVH� $�� ���� GHLRQL]HG�
ZDWHU�� ��� DFHWRQLWULOH�� ����� WULIOXRURDFHWLF� DFLG�� 0RELOH� SKDVH� %�� ��� GHLRQL]HG�
ZDWHU�� ���� DFHWRQLWULOH�� ����� WULIOXRURDFHWLF� DFLG�� /LQHDU� JUDGLHQW�� LQFUHDVH� RI�
PRELOH�SKDVH�%�IURP����� WR�����LQ�D� WLPH�VWHS�RI���PLQ� WR����PLQ� IROORZHG�E\�
KROGLQJ� ���� RI� %� OHYHO� XS� WR� ��� PLQ�� 7KH� PRELOH� SKDVH� UDWH� ZDV� ���� P/�PLQ��
GHWHFWLRQ� ZDV� ���� QP�� $� GU\� SUHSDUDWLRQ� RI� 6DSRQLQ� IURP� 4XLOODMD� %DUN� SXUH�
�3DQ5HDF��&RGH���$������ZDV�XVHG�DV�D�UHIHUHQFH�VDPSOH�>��@���

���5(68/76�$1'�',6&866,21�

$�VHULHV�RI� ,6&20�DGMXYDQW�0DWUL[�9�ZDV�REWDLQHG�ZLWK�D�FRQFHQWUDWLRQ�RI�
WKH� DFWLYH� FRPSRQHQW� RI� 4XLOODMD� VDSRQDULD� VDSRQLQV� RI� ����� PJ�PO�� UHVLGXDO�
GHWHUJHQW������PJ�PO��7KH�KHPRO\WLF�WLWHU�RI�WKLV�VHULHV�ZDV������$�VLQJOH�FDOFXODWHG�
GRVH�RI� ,6&20�DGMXYDQW�SHU�DQLPDO�ZDV�����J��7KH�GHWHUJHQW�FRQWHQW�ZDV�EHORZ�
WKH�GHWHFWLRQ�OLPLW�RI�+3/&��OHVV� WKDQ����QJ�PO���DQG�QR�KHPRO\VLV�ZDV�REVHUYHG��
7KH�XOWUDVWUXFWXUH�PRQLWRUHG�E\�HOHFWURQ�PLFURVFRS\��3LFWXUH����$��DQG�3LFWXUH����%��
FOHDUO\�LGHQWLI\�YLUXV�OLNH�SDUWLFOHV�ZLWK�D�FKDUDFWHULVWLF�FDJH�OLNH�VWUXFWXUH���
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3LFWXUH����3KRWRJUDSKV�RI�LPPXQRVWLPXODWRU\�FRPSOH[�SDUWLFOHV��3KRWRJUDSKV�RI�
SDUWLFOHV�RI�LPPXQRVWLPXODWRU\�FRPSOH[HV�REWDLQHG�XVLQJ�4XLOODMD�VDSRQDULD
VDSRQLQV��$�������IROG�0DWUL[�9�FRQFHQWUDWH��%���8OWUDVWUXFWXUH�RI�SDUWLFOHV�RI�

LPPXQRVWLPXODWRU\�FRPSOH[HV�EDVHG�RQ�4XLOODMD�VDSRQDULD�VDSRQLQV�

+,�UHVXOWV�VKRZQ�LQ�)LJXUH����7KH�GDWD�REWDLQHG�LQ�+,�LQGLFDWH�WKDW�WKH�DQWLJHQ�
PL[WXUH�XVHG�LV�LPPXQRJHQLF�ZLWKRXW�WKH�DGGLWLRQ�RI�DGMXYDQW��$W�WKH�VDPH�WLPH��WKH�
PD[LPXP�GRVH�RI����J� XVHG� LQ� WKLV� VWXG\� OHDGV� WR�GHWHFWDEOH�+,� WLWHUV�RQO\�ZKHQ�
DGPLQLVWHUHG� WZLFH��QR� UHVSRQVH�ZDV� UHFRUGHG� LQ�+,�ZKHQ�DGPLQLVWHUHG�RQFH��7KH�
DGPLQLVWUDWLRQ�RI�SUHSDUDWLRQV�FRQWDLQLQJ�0DWUL[�9�DGMXYDQW�UHVXOWHG�LQ�D�VLJQLILFDQW�
LQFUHDVH� LQ� WKH�LPPXQH�UHVSRQVH�� ,W� VKRXOG�EH�QRWHG� WKDW�D�SURWHFWLYH�WLWHU�RI�PRUH�
WKDQ������WR�HDFK�RI�WKH�IRXU�DQWLJHQV�ZDV�IRUPHG�E\�D�GRXEOH�DGPLQLVWUDWLRQ�RI����
QJ� RI� DQWLJHQ�� 7KLV� LV� ���� WLPHV� ORZHU� WKDQ� WKH� DQWLJHQ� FRQWHQW� RI� WKH� :+2�
UHFRPPHQGHG�LQDFWLYDWHG�LQIOXHQ]D�YDFFLQHV��
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)LJXUH����+HPDJJOXWLQDWLRQ�LQKLELWLRQ�WLWHUV�LQ�EORRG�VHUXP�VDPSOHV�RI�
LQWUDPXVFXODUO\�LPPXQL]HG�DQLPDOV�WDNHQ�DW�����$��DQG�����%��GD\V�DIWHU�

LPPXQL]DWLRQ��$EVFLVVD�D[LV���QDPHV�RI�JURXSV�RI�H[SHULPHQWDO�DQLPDOV������0DWUL[�
9������J�DQWLJHQ���������J�DQWLJHQ������0DWUL[�9�������QJ�DQWLJHQ����������QJ�
DQWLJHQ������0DWUL[�9������QJ�DQWLJHQ���������QJ�DQWLJHQ������0DWUL[�9������QJ�
DQWLJHQ���������QJ�DQWLJHQ������0DWUL[�9�����QJ�DQWLJHQ���������QJ�DQWLJHQ�������

QHJDWLYH�FRQWURO�0DWUL[�9�ZLWKRXW�DQWLJHQ�7KH�RUGLQDWH�D[LV�LV�WKH�JHRPHWULF�PHDQ�
YDOXHV�RI�LQYHUVH�DQWLERG\�WLWHUV��7KH�OHJHQG�LQGLFDWHV�WKH�LQIOXHQ]D�YLUXV�DQWLJHQV�
XVHG�IRU�LPPXQL]DWLRQ��9HUWLFDO�HUURU�PDUNHUV�LQGLFDWH�FRQILGHQFH�LQWHUYDO�YDOXHV�DW�

3 ������

7KH� UHVXOWV� RI� GRXEOH� LQWUDPXVFXODU� LPPXQL]DWLRQ� ZLWK� LQDFWLYDWHG�
SUHSDUDWLRQV� RI� &RYLG���� �VWUDLQ� K&R9����5XVVLD�0RVFRZ��������������������
�(3,B,6/B����������2PLFURQ����9$����DUH�VKRZQ�LQ�)LJXUH����

,PPXQL]DWLRQ� RI� %DOE�F� PLFH� ZLWK� WKH� DQWLJHQ� RI� VWUDLQ� K&R9�
���5XVVLD�0RVFRZ�������������������� �(3,B,6/B���������� 2PLFURQ� ��� %$���
ZDV� SHUIRUPHG� ZLWK� UHSHWLWLRQ�� 1R� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� LQYHUVH� WLWHUV�
ZHUH� UHFRUGHG� DW� 3 ������ $W� WKH� VDPH� WLPH�� D� VLJQLILFDQW� LQFUHDVH� LQ� QHXWUDOL]LQJ�
WLWHUV� FRPSDUHG� WR� WKH� JURXS� LPPXQL]HG� ZLWK� )UHXQG
V� DGMXYDQW� FRPSOHWH� DQG�
DQWLJHQ�IUHH�DGMXYDQW�SUHSDUDWLRQ�VKRXOG�EH�QRWHG��7KH�UHVXOWV�RI�WKLV�VWXG\�FRUUHODWH�
ZLWK�WKH�UHVXOWV�REWDLQHG�LQ�WKH�,6&20�VWXG\�RI�WKH�DGMXYDQW�0DWUL[�9�PDGH�XVLQJ�
ODERUDWRU\� WHFKQRORJ\� DQG� FRPPHUFLDO� SUHSDUDWLRQV� FRQWDLQLQJ� WKH� 0DWUL[�0�
DQDORJXH��1RYDYD[��>���������@��
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)LJXUH����1HXWUDOL]DWLRQ�UHDFWLRQ�GDWD�ZLWK�EORRG�VHUXP�VDPSOHV�RI�GRXEO\�
LQWUDPXVFXODUO\�LPPXQL]HG�DQLPDOV�WDNHQ�DW����GD\V�DIWHU�LPPXQL]DWLRQ��$EVFLVVD�
D[LV���QDPHV�RI�JURXSV�RI�H[SHULPHQWDO�DQLPDOV������0DWUL[�9���2PLFURQ������
0DWUL[�9���2PLFURQ��5HSHDW�������)UHXQG
V�DGMXYDQW�FRPSOHWH���2PLFURQ������
2PLFURQ������QHJDWLYH�FRQWURO�0DWUL[�9�ZLWKRXW�DQWLJHQ��7KH�RUGLQDWH�D[LV�LV�

JHRPHWULF�PHDQ�YDOXHV�RI�LQYHUVH�DQWLERG\�WLWHUV��9HUWLFDO�HUURU�PDUNHUV�LQGLFDWH�
FRQILGHQFH�LQWHUYDO�YDOXHV�DW�3 ������

���&21&/86,216�
7KH� SURSRVHG� DSSURDFK� WR� REWDLQLQJ� ,6&20� DGMXYDQW� EDVHG� RQ� 4XLOODMD�

VDSRQDULD�VDSRQLQV��TXDOLW\�FRQWURO�E\�WKH�FRQWHQW�RI�VDSRQLQV�DQG�GHWHUJHQWV�XVHG�
LQ� WKH� SURGXFWLRQ� DOORZV� REWDLQLQJ� D� SURPLVLQJ� DGMXYDQW� ZLWK� WKH� SRVVLELOLW\� RI�
LQGXVWULDO� VFDOLQJ��2Q� WKH�EDVLV�RI� WKH�GDWD�REWDLQHG�RQ� WKH� LPPXQH� UHVSRQVH�� LW� LV�
SRVVLEOH�WR�FRQFOXGH�WKDW�XVLQJ�0DWUL[�9�DV�DQ�DGMXYDQW��DQWLJHQ�VDYLQJV�RI�������
IROG�IRU�GUXJV�DGPLQLVWHUHG�RQFH�DQG���������IROG�IRU�GUXJV�DGPLQLVWHUHG�WZLFH�RU�
PRUH�FDQ�EH�DFKLHYHG���

$FNQRZOHGJHPHQWV�� 7KH�ZRUN� SHUIRUPHG�ZLWK� ILQDQFLDO� VXSSRUW� RI� WKH� 6WDWH�
$VVLJQPHQW�RI�WKH�)HGHUDO�6HUYLFH�IRU�6XUYHLOODQFH�RQ�&RQVXPHU�5LJKWV�3URWHFWLRQ�
DQG�+XPDQ�:HOOEHLQJ�RI�WKH�5XVVLDQ�)HGHUDWLRQ�DQG�'HFUHH�RI�WKH�*RYHUQPHQW�RI�
WKH�5XVVLDQ�)HGHUDWLRQ�ʋ�����U���������������

5()(5(1&(6�

�� 0RUHLQ�%��� 6XQGTXLVW�%���+|JOXQG�6���'DOVJDDUG�.���2VWHUKDXV�$��� ,VFRP� D�
QRYHO� VWUXFWXUH� IRU� DQWLJHQLF� SUHVHQWDWLRQ� RI� PHPEUDQH� SURWHLQV� IURP�
HQYHORSHG�YLUXVHV��1DWXUH���������������������

�� 'HQ%URN� 0�� +��� %�OO� &��� :DVVLQN� 0��� GH� *UDDI� $�� 0��� :DJHQDDUV� -�� $���
0LQGHUPDQ�0���6DSRQLQ�EDVHG�DGMXYDQWV�LQGXFH�FURVV�SUHVHQWDWLRQ�LQ�GHQGULWLF�
FHOOV�E\�LQWUDFHOOXODU�OLSLG�ERG\�IRUPDWLRQ��1DW��&RPPXQ�������������������

�

���

����

����

����

ϭ Ϯ ϯ ϰ ϱ



EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ�ŶŚŝҵƚ�ĜӀŝ͕�^Һ�Ϯϲ͕�ϭϮ�Ͳ�ϮϬϮϮ�ϴϬ

�� %DUU� ,��*���0LWFKHOO�*��)��� ,6&20V��LPPXQRVWLPXODWLQJ�FRPSOH[HV��� WKH� ILUVW�
GHFDGH��,PPXQRO��&HOO�%LRO����������������������

�� (YVHHQNR� 9�� $��� *XG\PR� $�� 6��� 'DQLOFKHQNR� 1�� 9��� 6Y\DWFKHQNR� 6�� 9���
7DUDQRY�2�� 6��� 5\]KLNRY� $�� %���'HYHORSPHQW� DQG� ODERUDWRU\� SURGXFWLRQ� RI�
YLUXV�OLNH�LPPXQH�VWLPXODWLQJ�FRPSOH[HV�EDVHG�RQ�VDSRQLQV�DQG�HYDOXDWLRQ�RI�
WKHLU� DGMXYDQW� SRWHQWLDO� XVLQJ� PLFH� LPPXQLVDWLRQ� ZLWK� LQIOXHQ]D� DQWLJHQV��
%LRORJLFDO�3URGXFWV��3UHYHQWLRQ��'LDJQRVLV��7UHDWPHQW������������������������

�� (YVHHQNR�9��$���*XG\PR�$��6���'DQLOFKHQNR�1��9���2QNKRQRYD�*��6���9X�/��
Ɍ���6DSRQLQV�H[WUDFWHG� IURP�3ROHPRQLXPFDHUXOHXP�KDYH�DGMXYDQW�DFWLYLW\� LQ�
JXLQHD�SLJ�LQWUDQDVDO�LPPXQL]DWLRQ�ZLWK�WULYDOHQW�LQIOXHQ]D�DQWLJHQV��)URQWLHUV�
'UXJ�&KHPLVWU\�&OLQLFDO�5HV����������������

�� *XG\PR� $�� 6��� 0DOWVHY� 6�� 9��� (YVHHQNR� 9�� $��� 'DQLOFKHQNR� 1�� 9���
0DUFKHQNR�9��<���'XU\PDQRY�$��*���5\]KLNRY�$��%���&\FODPHQ�HXURSDHXP�
�&\FODPHQ�SXUSXUDVFHQV��H[WUDFW�DV�DGMXYDQW�IRU�QDVDO�LPPXQL]DWLRQ�RI�PLFH�
ZLWK� LQIOXHQ]D�DQWLJHQV��%,2�SUHSDUDWLRQV��3UHYHQWLRQ��'LDJQRVLV��7UHDWPHQW��
����������������������

�� (YVHHQNR�9��$���.RORVRYD�1��3���*XG\PR�$��6���0DOWVHY�6��9���%XODQRYLFK�-��
$���*RQFKDURYD�1��,���'DQLOFKHQNR�1��9���0DUFKHQNR�9��<���6XVORSDURY�,��0���
5\]KLNRY�$��%���,QWUDQDVDO�LPPXQL]DWLRQ�RI�JXLQHD�SLJ�ZLWK�WULYDOHQW�LQIOXHQ]D�
DQWLJHQ� DGMXYDQWHG� E\� &\FODPHQ� HXURSDHXP� WXEHUV� H[WUDFW�� $UFKLYHV� RI�
9LURORJ\�������������������������

�� 1XYD[RYLG� SDFNDJH� LQVHUW�� (XURSHDQ� 0HGLFDO� $JHQF\� �(0$��
KWWSV���ZZZ�HPD�HXURSD�HX�HQ�GRFXPHQWV�SURGXFW�LQIRUPDWLRQ�QXYD[RYLG�
HSDU�SURGXFW�LQIRUPDWLRQBHQ�SGI��ODVW�YLVLWHG��������������

�� *UDFKHYD� $�� 9��� .RUFKHYD\D� (�� 5��� .XGU\DVKRYD� $�� 0��� %RULVRYD� 2�� 9���
3HWUXVKD�2��$���6PLUQRYD�'��,���&KHUQ\VKRYD�,��1���6YLWLFK�2��$���=YHUHY�9��
9���)DL]XORHY�(��%���$GDSWDWLRQ�RI�WKH�077�DVVD\�IRU�GHWHFWLRQ�RI�QHXWUDOL]LQJ�
DQWLERGLHV� DJDLQVW� WKH� 6$56�&R9��� YLUXV�� -RXUQDO� RI� PLFURELRORJ\��
HSLGHPLRORJ\�DQG�LPPXQRELRORJ\�����������������������

��� :RUOG�+HDOWK�2UJDQL]DWLRQ��:+2�PDQXDO�RQ�DQLPDO�LQIOXHQ]D�GLDJQRVLV�DQG�
VXUYHLOODQFH�� ������ $YDLODEOH� IURP�� KWWS���DSSV�ZKR�LQW�LULV�ELWVWUHDP��
��������������:+2B&'6B&65B1&6B�������SGI��

��� 0DULDQD�5LYHUD�3DWURQ�� HW� DO��� )RUPXODWLRQ� RI� ,0;4%�� 1DQRSDUWLFOHV� EDVHG�
RQ�4XLOODMD�EUDVLOLHQVLV�VDSRQLQV�WR�EH�XVHG�DV�YDFFLQH�DGMXYDQWV��0HWKRGV�LQ�
0ROHFXODU�%LRORJ\����������������������

��� 6DQ� 0DUWLQ� 5��� DQG� %ULRQHV� 5��� 4XDOLW\� FRQWURO� RI� FRPPHUFLDO� TXLOODMD�
�4XLOODMDVDSRQDULD� 0ROLQD�� H[WUDFWV� E\� UHYHUVH� SKDVH� +3/&�� -�� 6FL�� )RRG��
$JULF������������������

��� &R[�)���6DHODQG�(���%DDUW�0���.ROGLMN�0���7ROERRP� -���'HNNLQJ�/���0DWUL[�
0��DGMXYDWLRQ�EURDGHQV�SURWHFWLRQ�LQGXFHG�E\�VHDVRQDO� WULYDOHQW�YLURVRPDO�
LQIOXHQ]D�YDFFLQH��9LURO��-������������������

��� 7LDQ�-��+���3DWHO�1���+DXSW�5���HW�DO���6$56�&R9���VSLNH�JO\FRSURWHLQ�YDFFLQH�
FDQGLGDWH�19;�&R9�����LPPXQRJHQLFLW\�LQ�EDERRQV�DQG�SURWHFWLRQ�LQ�PLFH��
1DW��&RPPXQ����������������
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6800$5<�

$� SURPLVLQJ� DSSURDFK� WR� LPPXQL]DWLRQ� LV� WKH� XVH� RI� VDSRQLQ�EDVHG� YLUXV�
LPPXQRVWLPXODWRU\� FRPSOH[HV� �,6&20�� DQG� WKH� FUHDWLRQ� RI� DQWLJHQ� FRPSOH[HV�
�,6&20�DQWLJHQ�� EDVHG� RQ� WKHP�� 2EMHFWLYH�� SURGXFWLRQ� DQG� VWXG\� RI� YLUXV�OLNH�
LPPXQRVWLPXODWRU\�FRPSOH[HV�EDVHG�RQ�4XLOODMD�VDSRQDULD�VDSRQLQV��0DWHULDOV�DQG�
PHWKRGV��XVLQJ�WKH�WDQJHQWLDO�ILOWUDWLRQ�PHWKRG��WKH�SUHSDUDWLRQV�RI�,6&20�DGMXYDQW�
³0DWUL[�9´�� ZHUH� REWDLQHG�� (OHFWURQ� PLFURVFRSLF� VWXG\� RI� WKH� SUHSDUDWLRQV�
FRQILUPHG�H[SHFWHG�REMHFW�XOWUDVWUXFWXUH��7KH�FRQWHQW�RI�VDSRQLQV��UHVLGXDO�GHWHUJHQW�
LQ�WKH�SUHSDUDWLRQ�FRQWUROOHG�E\�+3/&�PHWKRG��,PPXQL]DWLRQ�RI�JXLQHD�SLJV��%DOE�F�
PLFH� ZLWK� SUHSDUDWLRQV� RI� ,6&20�DQWLJHQ� �LQIOXHQ]D� YLUXV� $�� %�� &RYLG�����
SHUIRUPHG� LQWUDPXVFXODUO\��%ORRG�VHUXP�VDPSOHV�RI� LPPXQL]HG�DQLPDOV�H[DPLQHG�
LQ� KHPDJJOXWLQDWLRQ� LQKLELWLRQ� UHDFWLRQ�� QHXWUDOL]DWLRQ� DVVD\�� 5HVXOWV�� ,6&20�
FRQWDLQLQJ�4XLOODMD�VDSRQDULD�VDSRQLQV�ZHUH�VXFFHVVIXOO\�TXDOLILHG��&RQFHQWUDWLRQV�
RI�VDSRQLQV�DQG�UHVLGXDO�GHWHUJHQW�LQ�WKH�REWDLQHG�SUHSDUDWLRQV�GHWHUPLQHG�DQG�ZHUH�
����� PJ�PO� DQG� ����� PJ�PO� UHVSHFWLYHO\�� $V� D� UHVXOW� RI� D� GRXEOH� LQWUDPXVFXODU�
LPPXQL]DWLRQ�RI�PLFH�ZLWK����QJ�RI�KHPDJJOXWLQLQ�RI�HDFK�VXEW\SH��*07�LQ�+,�LQ�
VHUXP� ZDV� ������ �� +�1�SGP���� ������ �� +�1��� ����� �� %�<DPDJDWD��� ����� ��
%�9LFWRULD���1R�LPPXQH�UHVSRQVH�WR�WKH�YDFFLQH�LQ�WKH�VDPH�FRQFHQWUDWLRQ�ZLWKRXW�
,6&20� ZDV� GHWHFWHG� LQ� +,�� :KHQ� LPPXQL]HG� ZLWK� &RYLG���� DQWLJHQV�� YLUXV�
QHXWUDOL]DWLRQ�WLWHU�ZDV�������ZLWK�WKH�&RYLG����,6&20�DGMXYDQW�FRPSOH[����������
�������� 7KH� SUHVHQWHG� UHVXOWV� LQGLFDWH� WKH� SURPLVLQJ� XVH� RI� ,6&20�EDVHG�
SUHSDUDWLRQV�LQ�WKH�GHYHORSPHQW�RI�YDFFLQHV��

.H\ZRUGV�� 9LUXV�OLNH� LPPXQRVWLPXODWRU\� FRPSOH[HV�� ,6&20�� DGMXYDQW��
VDSRQLQ��YDFFLQH��LPPXQL]DWLRQ��LQIOXHQ]D��&RYLG�����UHVSLUDWRU\�LQIHFWLRQ��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

���� 6WDWH�5HVHDUFK�&HQWHU� IRU�9LURORJ\� DQG�%LRWHFKQRORJ\�³9HFWRU´��)HGHUDO�
6HUYLFH�IRU�6XUYHLOODQFH�RI�&RQVXPHU�5LJKWV�3URWHFWLRQ�DQG�+XPDQ�:HOIDUH�

/LrQ�K͏��(YVHHQNR�9DVLO\�$OHNVDQGURYLFK�
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