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+��6KDPHHP���5��5DGKLND���
$VKD�5DMDJRSDO��DQG�.��'HYDGD�
'HSDUWPHQW�RI�9HWHULQDU\�3DUDVLWRORJ\��
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV������
0DQQXWK\��������7KULVVXU��.HUDOD5HFHLYHG�����������

$FFHSWHG�����������

$EVWUDFW
:KROHZRUP�DQWLJHQLF�SUR¿OH�RI�FRPPRQ�

DPSKLVWRPHV� DORQJ�ZLWK� LPPXQREORW� SUR¿OH�
ZDV�GRQH�WR�LGHQWLI\�WKH�GLDJQRVWLF�DQG�YDFFLQH�
FDQGLGDWHV��IRU�HDUO\�GHWHFWLRQ�RI�WKH�GLVHDVH��
6'6�3$*(�DQDO\VLV�RI�PL[HG�VRPDWLF�DQWLJHQ�
RI� IRXU� GLIIHUHQW� VSHFLHV�QDPHO\�*DVWURWK\OD[�
FUXPHQLIHU��)LVFKRHGHULXV�FREEROGL��)�HORQJDWXV�
DQG� &RW\ORSKRURQ� FRW\ORSKRUXP� UHYHDOHG�
��� SURWHLQ� EDQGV� UDQJLQJ� IURP� ������ N'D��
,PPXQREORW� SURILOH� ZLWK� K\SHULPPXQH� VHUD�
LGHQWL¿HG�VHYHQ�PDMRU�LPPXQRJHQLF�EDQGV�
.H\�ZRUGV� $PSKLVWRPH�ZKROH�ZRUP�DQWLJHQ��
6'6�3$*(��ZHVWHUQ�EORW��

$PSKLVWRPRVLV� LV� D� FRPPRQ�SDUDVLWLF�
LQIHFWLRQ� LQ� UXPLQDQWV� FDXVLQJ�KLJK�PRUELGLW\�
OHDGLQJ� WR� JUHDW� HFRQRPLF� ORVV��$GXOW� ÀXNHV�
WKDW� OLYH� LQ� UXPHQ�DQG� UHWLFXOXP�RI� UXPLQDQWV�
GRHV� QRW� FDXVH� VHULRXV� KHDOWK� SUREOHP� EXW�
PDVVLYH�QXPEHU�RI�LPPDWXUH�SDUDPSKLVWRPHV�
FDQ�PLJUDWH� WKURXJK� LQWHVWLQDO� WUDFW� FDXVLQJ�
DFXWH� JDVWUR� HQWHULWLV� LQ� WKH� VPDOO� LQWHVWLQH�
ZLWK� KLJK�PRUELGLW\� UDWH�� ,Q� ,QGLD�� VHYHUDO�
RXWEUHDNV� RI� DFXWH� DPSKLVWRPRVLV� � KDYH�
EHHQ� UHFRUGHG� �&KDQGUD�HW� DO��� ������� 7KH�
UXPHQ�DPSKLVWRPHV�SDUWLFXODUO\�*DVWURWK\OD[�
FUXPHQLIHU� DQG�3DUDPSKLVWRPXP� HSLFOLWXP
KDYH�PDUNHG� VHDVRQDOLW\� LQ� HJJ� SURGXFWLRQ�
ZKLFK�PDNHV�WKH�WDVN�RI�FRQYHQWLRQDO�GLDJQRVLV�
PRUH� GLI¿FXOW� LQYROYLQJ� GHWHFWLRQ� RI� HJJV� LQ�
IDHFDO�VDPSOH���6HURORJLFDO�PHWKRGV�OLNH�(/,6$�
KDYH�EHHQ�VXFFHVVIXOO\�XVHG�DV�D�GLDJQRVWLF�

WRRO� IRU� HDUO\� GHWHFWLRQ� RI� WKH� GLVHDVH� �.DXU�
HW�DO����������7KH�SUHVHQW�VWXG\�ZDV�GLUHFWHG�
WR�GHWHUPLQH�WKH�GLDJQRVWLF�DQWLJHQV�LQ�PL[HG�
FDWWOH�DPSKLVWRPRVLV�
0DWHULDOV�DQG�0HWKRGV

$GXOW� DPSKLVWRPHV�ZHUH� FROOHFWHG� LQ�
FKLOOHG�SKRVSKDWH�EXIIHUHG�VDOLQH� �3%6�� IURP�
UXPHQ�RI� QDWXUDOO\� LQIHFWHG� FDWWOH� EURXJKW� IRU�
VODXJKWHU� LQ�D� ORFDO�DEDWWRLU� LQ�7KULVVXU��7KH\�
ZHUH�ZDVKHG� WKUHH� WR� IRXU� WLPHV�ZLWK� 3%6��
'LIIHUHQW�VSHFLHV�ZHUH�LGHQWL¿HG�PRUSKRORJLFDOO\�
DV�*�FUXPHQLIHU�� )�FREEROGL�� )�HORQJDWXV�
DQG� &RW\ORSKRURQ� FRW\ORSKRUXP�DQG� IXUWKHU�
SURFHVVHG�IRU�DQWLJHQ�H[WUDFWLRQ�
3UHSDUDWLRQ�RI�:KROH�ZRUP�DQWLJHQ

$GXOW�VSHFLDWHG�ÀXNHV�ZHUH�KRPRJHQLVHG�
LQ� ��PO� RI� 3%6� �����0�� S+ ����� FRQWDLQLQJ�
SKHQ\O�PHWK\O�VXOIRQ\O�ÀXRULGH��306)�����P0��
LQ�D�PRUWDU�DQG�SHVWOH�IRU�REWDLQLQJ�ZKROH�ZRUP�
H[WUDFW�� 6XVSHQVLRQ�ZDV� WKHQ� VRQLFDWHG� ���
F\FOHV�RI���PLQXWHV�HDFK��DQG�FHQWULIXJHG�DW�
�������USP�IRU����PLQ�DW���F��7KH�VXSHUQDWDQW�
REWDLQHG�ZDV�VWRUHG�LQ�VPDOO�DOLTXRWV�DW�����F��
3URWHLQ� FRQFHQWUDWLRQ� ZDV� GHWHUPLQHG� E\�
/RZU\¶V�PHWKRG��0HUFN�*H1HL��%DQJDORUH��
3UHSDUDWLRQ�RI�+\SHU,PPXQH�VHUD

7ZR�VL[�PRQWK�ROG�1HZ�=HDODQG�:KLWH�
UDEELWV� ZHUH� XVHG� IRU� UDLVLQJ� K\SHULPPXQH�
VHUD��5DEELWV�ZHUH�PDLQWDLQHG� LQ� UDEELW�FDJH�
IRU� VHYHQ� GD\V� IRU� DFFOLPDWLVDWLRQ� EHIRUH�

���	��$VVLVWDQW�3URIHVVRUV
��'LUHFWRU��$FDGHPLFV�DQG�5HVHDUFK��.9$68�
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VWDUWLQJ�WKH�H[SHULPHQW��7KH\�ZHUH�LPPXQLVHG�
VXEFXWDQHRXVO\� � ZLWK� VHQVLWLVLQJ� LQRFXOXP�
FRQWDLQLQJ�����J�SURWHLQ�PL[HG�ZLWK�)UHXQG¶V�
FRPSOHWH�DGMXYDQW��7KLV�ZDV�IROORZHG�E\�WKUHH�
ERRVWHU�GRVHV�RI�DQWLJHQ�PL[HG�ZLWK�)UHXQG¶V�
LQFRPSOHWH�DGMXYDQW�DW�RQH�ZHHN�LQWHUYDOV��7KH�
UDEELWV�ZHUH�EOHG�D�ZHHN�DIWHU�WKH�¿QDO�ERRVWHU�
GRVH��DQG�WKH�VHUXP�VHSDUDWHG�ZDV�VWRUHG�DW�
����F�
&KDUDFWHULVDWLRQ�RI�DQWLJHQV�E\�6'6�3$*(�
DQG�:HVWHUQ�EORWWLQJ

7KH � ZKR OH � ZR UP� DQ W L JHQ � ZDV��
HOHFWURSKRUHVHG�E\�6'6�3$*(�XVLQJ� ��� SHU�
FHQW� VHSDUDWLQJ� JHO� DQG� �� SHU� FHQW� VWDFNLQJ�
JHO� DFFRUGLQJ� WR� WKH�PHWKRG� RI� 6DPEURRN�
DQG�5XVVHO� �������� 6WDQGDUG�PHGLXP� UDQJH�
PROHFXODU� ZHLJKW� PDUNHU� �*H1HL�� DQG� D�
SUHVWDLQHG�FRORUHG�PDUNHU�ZHUH�VLPXOWDQHRXVO\�
ORDGHG�RQ�WKH�JHO��)ROORZLQJ�HOHFWURSKRUHVLV�RQH�
SDUW�RI�WKH�JHO�ZDV�VWDLQHG�ZLWK�&RRPDVVLH�EOXH�
DQG�RWKHU�GXSOLFDWH�ZDV�XVHG�IRU�WUDQVEORWWLQJ�
RI� WKH�DQWLJHQV�RQWR�QLWURFHOOXORVH�PHPEUDQH�
�1&0��DV�GHVFULEHG�E\�7RZELQ�HW�DO����������7KH�
WUDQVIHUUHG�SURWHLQV�ZHUH�EORFNHG�ZLWK�VNLPPHG�
PLON�LQ�3%6�DW����F�IRU���K�IROORZHG�E\�ZDVKLQJ�
WZLFH�ZLWK�77%6��7ULV�EXIIHUHG�VDOLQH�ZLWK�WZHHQ�

�������PLQ�HDFK�DQG�WKHQ�LQFXEDWHG�IRU����PLQ�
ZLWK�K\SHULPPXQH�VHUD��GLOXWHG������LQ�EORFNLQJ�
EXIIHU��7KHQ�ZDVKHG�DJDLQ� IRXU� WLPHV����PLQ�
HDFK� LQ�77%6��7KH�1&0�ZDV� WKHQ� LQFXEDWHG�
ZLWK�JRDW�DQWLUDEELW�,J*�KRUVHUDGLVK�SHUR[LGDVH�
��������� IRU� RQH� KRXU� DW� URRP� WHPSHUDWXUH��
$IWHU�LQFXEDWLRQ�WKH�VWULSV�ZHUH�DJDLQ�ZDVKHG�
LQ�77%6� IRXU� WLPHV����PLQ�HDFK��7KHQ�1&0�
ZDV� LPPHUVHG� LQ� FKURPRJHQLF� YLVXDOLVDWLRQ�
VROXWLRQ� FRQWDLQLQJ� GLDPLQR� EHQ]LGLQH� WHWUD�
K\GURFKORULGH� � DV� VXEVWUDWH� � WR� YLVXDOLVH� WKH�
EORWV�DQG�WKH�UHDFWLRQ�ZDV�VWRSSHG�ZLWK�GLVWLOOHG�
ZDWHU�
5HVXOWV�DQG�'LVFXVVLRQ
6'6�3$*(�DQG�:HVWHUQ�EORW�DQDO\VLV

6'6�3$*(�DQDO\VLV�RI�WKH�ZKROH�ZRUP�
DPSKLVWRPH�H[WUDFW��UHYHDOHG����SURWHLQ�EDQGV�
RI� YDULRXV� LQWHQVLWLHV�ZLWK�D�PROHFXODU�ZHLJKW��
EHWZHHQ����WR����N'D��)LJXUH����0HVKJL�HW�DO
REWDLQHG����DQG����EDQGV� �ZLWK� D�PROHFXODU�
ZHLJKW� RI� ��� WR� ���� N'D� E\� 6'6�3$*(� RI�
ZKROHZRUP�H[WUDFWV�RI�DPSKLVWRPHV�LQ�D�SURWHLQ�
FRQFHQWUDWLRQ�RI���J�PO�DQG���J�PO�UHVSHFWLYHO\��
LQ�QDWLYH�FDWWOH�RI�,UDQ��$QXSUDVHHGD�HW�DO����������
VKRZHG����GLVWLQFW�EDQGV�RI�SURWHLQ� � ������ WR�
����N'D��E\�6'6�3$*(�RI�3DUDPSKLVWRPXP�
FHUYL��7KH�GLIIHUHQFH�PD\�EH�DWWULEXWHG�WR� WKH�
VLQJOH� DQG�PL[HG� DPSKLVWRPH� LQIHFWLRQ� LQ�
SUHVHQW�VWXG\�

,Q�WKH�SUHVHQW�VWXG\�E\�ZHVWHUQ�EORWWLQJ�
VHYHQ�PDMRU� SHSWLGH� EDQGV� UDQJLQJ� IURP����
WR� ��� N'D�ZHUH� UHFRJQL]HG�E\� K\SHULPPXQH�
VHUXP�UDLVHG�DJDLQVW�PL[HG�FDWWOH�DPSKLVWRPHV�
�)LJXUH���$QXSUDVHHGD�HW� DO�� ������� UHSRUWHG�
¿YH�PDMRU� LPPXQRGRPLQDQW� DQWLJHQLF� EDQGV�
UHDFWHG�ZLWK�VHUD�RI�FDWWOH�WKDW�KDUERXUHG�PL[HG�
DPSKLVWRPHV��)LYH�PDMRU�SHSWLGH�EDQGV�ZHUH�
IRXQG� WR� UHDFW�ZLWK� VHUD� RI� QDWXUDOO\� LQIHFWHG�
FDWWOH�E\�0HVKJL�HW�DO�� ��������7KH�GLIIHUHQFH�
LQ� SUHVHQW� ILQGLQJV�PD\� EH� GXH� WR� WKH� XVH�
RI� K\SHULPPXQH� VHUD� IRU� EORWWLQJ� DORQJ�ZLWK�
WKH� GLIIHUHQFHV� LQ� VSHFLHV� RI� DPSKLVWRPHV��
HFRORJLFDO� DQG� JHRJUDSKLFDO� SDUDPHWHUV��
)XUWKHU� UHVHDUFK� KDYH� WR� EH� GLUHFWHG� IRU�
REWDLQLQJ�SXUL¿HG�DQG�VSHFL¿F�DQWLJHQV�WKDW�FDQ�
EH�XVHG�IRU�LPPXQRGLDJQRVWLF�VWXGLHV�
$FNQRZOHGJHPHQW

7KH�DXWKRUV�DFNQRZOHGJH�WKH�'HSDUWPHQW�
RI�$QLPDO�+XVEDQGU\��*RYHUQPHQW�RI�.HUDOD�IRU�
WKH�¿QDQFLDO�VXSSRUW�
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5HIHUHQFHV
$QXSUDVHHGD��3���:DQLFKDQRQ��&��DQG�6REKRQ��

3�� ������ 3DUDPSKLVWRPXP� FHUYL�������������
$QWLJHQLF�SUR¿OH�RI�DGXOWV�DV�UHFRJQL]HG�
E\�LQIHFWHG�FDWWOH�VHUD��([S��3DUDVLWRO��
��������������

&KDQGUD�� '��� 6LQJK�� 5��� 6LQJK�� .�3�� DQG�
'ZLYHGL��3��������2XWEUHDN�RI�LPPDWXUH�
SDUDPSKLVWRPRVLV� LQ� DQ� RUJDQL]HG�
VKHHS� IDUP� LQ� 8WWDUDQFKDO�� ,QGLDQ��
-��9HW��3DWKRO���������������

.DXU��6���6LQJKOD�� /�'���+DVVDQ��6�6��� -X\DO��
3�'�� ������ 6WDQGDUGL]DWLRQ� DQG�
DSSOLFDWLRQ�RI�LQGLUHFW�SODWH�(/,6$�IRU�
LPPXQRGLDJQRVLV�RI�SDUDPSKLVWRPRVLV�
LQ� UXPLQDQWV�� � -�� 3DUDVLW�� 'LV�� ����
������

0HVKJL�� %��� (VODPL�� $�� DQG� +DODMLDQ�� 0��
������ 'HWHUPLQDWLRQ� RI� GLDJQRVWLF�
DQWLJHQV�LQ�FDWWOH�DPSKLVWRPLDVLV�XVLQJ�
ZHVWHUQ�EORWWLQJ���,UDQLDQ�-��3DUDVLWRO�����
������

6DPEURRN��-��DQG�5XVVHO��'�:��������0ROHFXODU�
&ORQLQJ��$� ODERUDWRU\�0DQXDO�� &ROG�
6SULQJ� KDUERU� ODERUDWRU\� SUHVV��
1HZ<RUN��9RO����$����������

7RZELQ�� +��� 6WDHKHOLQW�� 7�� DQG� *RUGRQ�� -��
������ (OHFWURSKRUHWLF� WUDQVIHU� RI�
SURWHLQV� IURP�SRO\DFU\ODPLGH� JHOV� WR�
QLWURFHOOXORVH� VKHHWV��3URFHGXUH� DQG�
VRPH�DSSOLFDWLRQV��3URF��1DWO��$FDG��
6FL� ���������������

�


