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$��$��-DGKDY���0��0LQL���6LMX�-RVHSK���
.RVK\�-RKQ���6��$MLWK�.XPDU�
'HSDUWPHQW�RI�9HWHULQDU\�0LFURELRORJ\�
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV�
0DQQXWK\����������7KULVVXU��.HUDOD5HFHLYHG������������

$FFHSWHG������������

$EVWUDFW
$� WRWDO� RI� ���� FDQLQH� EORRG� DQG�XULQH�

VDPSOHV�ZHUH�FROOHFWHG�IURP�GRJV�ZLWK�FOLQLFDO�
PDQLIHVWDWLRQV� VXJJHVWLYH� RI� OHSWRVSLURVLV��
SUHVHQWHG�DW�WKH�8QLYHUVLW\�9HWHULQDU\�+RVSLWDOV��
0DQQXWK\�DQG�.RNNDODL��7KULVVXU���7KH�VDPSOHV�
ZHUH�VFUHHQHG�IRU�OHSWRVSLURVLV�E\�'DUN�)LHOG�
0LFURVFRS\� �')0��� RI�ZKLFK� ���ZHUH� IRXQG�
SRVLWLYH�� �$OO� WKH�')0�SRVLWLYH� VDPSOHV�ZHUH�
VXEMHFWHG� WR� LVRODWLRQ� WULDOV� XVLQJ�PRGLILHG�
(OOLQJKDXVHQ�0F&XOORXJK�-RKQVRQ�+DUULV�
PHGLXP��(0-+����*URZWK�RI�OHSWRVSLUHV�FRXOG�
EH�REWDLQHG�IURP����VDPSOHV�
.H\ZRUGV�� /HSWRVSLURVLV�� ')0�� LVRODWLRQ��
(0-+

/HSWRVSLURVLV�LV�D�UHHPHUJLQJ�]RRQRWLF�
GLVHDVH�RI�ZRUOGZLGH�GLVWULEXWLRQ���,W�LV�FRQVLGHUHG�
DV� RQH� RI� WKH� PRVW� GUHDGIXO� ]RRQRVHV� LQ�
GHYHORSLQJ� FRXQWULHV� OLNH� ,QGLD�� �'RJV�DFW� DV�
UHVHUYRLU�KRVW�IRU�/HSWRVSLUD�LQWHUURJDQV�VHURYDU�
&DQLFROD� DQG� LV� FRQVLGHUHG� DV� DQ� LQFLGHQWDO�
KRVW�IRU�VHYHUDO�RWKHU�VHURYDUV����,Q�GRJV��WKH�
GLVHDVH� LV� FKDUDFWHULVHG� E\� IHYHU�� YRPLWLQJ��
GHK\GUDWLRQ��FROODSVH��KHSDWLWLV��QHSKULWLV�DQG�
GHDWK��)DLQH��������

/DERUDWRU\�GLDJQRVLV�RI�OHSWRVSLURVLV�
FRXOG� EH�PDGH�E\�')0�� LVRODWLRQ��PROHFXODU�
PHWKRGV�DQG�VHURORJLFDO� WHVWV� �/HYHWW����������
$SSUR[LPDWHO\�����OHSWRVSLUHV�SHU�PLOOLOLWUH�DUH�
QHFHVVDU\�IRU�RQH�FHOO�SHU�¿HOG�WR�EH�YLVLEOH�E\�
GDUN�¿HOG�PLFURVFRS\��$KPDG�HW�DO�����������7KH�

PRVW�GH¿QLWH�PHWKRG�RI�FRQ¿UPLQJ�OHSWRVSLURVLV�
LV�LVRODWLRQ�RI�WKH�RUJDQLVPV��EXW�WKH�SURFHGXUH�
LV�WLPH�FRQVXPLQJ���

$GOHU� ������� VWDWHG� WKDW� WKH� PRVW�
LPSRUWDQW�IDFWRUV�IRU�LVRODWLRQ�RI�/HSWRVSLUD�DUH�
DVHSWLFDOO\�FROOHFWHG�PDWHULDO��TXLFN�SURFHVVLQJ��
FXOWXUH� PHGLXP� VXLWDELOLW\� DQG� VHOHFWLYH�
DQWLELRWLFV���7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�
GLDJQRVH� OHSWRVSLURVLV�E\�')0�DQG�WR� LVRODWH�
OHSWRVSLUHV�IURP�SRVLWLYH�FDVHV�
0DWHULDOV�DQG�0HWKRGV

$� WRWDO� RI� ���� FDQLQH� EORRG� DQG� XULQH�
VDPSOHV�FROOHFWHG�IURP�FOLQLFDO�FDVHV�VXVSHFWHG�
IRU� OHSWRVSLURVLV�� SUHVHQWHG�GXULQJ� WKH�SHULRG�
IURP�'HFHPEHU� ����� WR� )HEUXDU\� ����� DW�
8QLYHUVLW\� 9HWHULQDU\� +RVSLWDOV�� 0DQQXWK\�
DQG�.RNNDODL��7KULVVXU�ZHUH�XVHG�LQ�WKH�VWXG\���
$SSUR[LPDWHO\�WKUHH�PLOOLOLWUH�RI�EORRG�RU�XULQH�
VDPSOH�ZDV� FROOHFWHG� IURP�VXVSHFWHG� FDVHV���
8ULQH�VDPSOH�IURP�FDQLQHV�ZHUH�FROOHFWHG�E\�
FDWKHWHUL]DWLRQ�LQ�YLDOV�FRQWDLQLQJ�HTXDO�YROXPHV�
RI�VWHULOH�SKRVSKDWH�EXIIHUHG�VDOLQH��3%6����2QH�
WR�WZR�GURSV�RI�ZKROH�EORRG�RU�D�GURS�RI�SODVPD�
ZDV� LQRFXODWHG� LQ� WKH�PHGLXP�ZLWK� DVHSWLF�
SUHFDXWLRQV� DQG� LQRFXOXP� ZDV� WKRURXJKO\�
PL[HG���$�GURS�RI�XULQH�ZDV�LQRFXODWHG�LQWR�WZR�
RU�PRUH�WXEHV�DV�GHVFULEHG�IRU�EORRG�

/HSWRVSLUD� (0-+� FXOWXUH� PHGLXP�
EDVH� �'LIFR��ZLWK� VXSSOHPHQW�ZDV� HPSOR\HG�
IRU� LVRODWLRQ� RI� OHSWRVSLUHV�� � (OOLQJKDXVHQ�
0F&XOORXJK�-RKQVRQ�+DUULV�PHGLXP�FRQWDLQLQJ�

��0�9�6F��6FKRODU
��3URIHVVRU�	�+HDG
��$VVLVWDQW�3URIHVVRU
��$VVRFLDWH�3URIHVVRU�	�+HDG��'HSW��RI�9HWHULQDU\�0LFURELRORJ\��&9$6��3RRNRGH�
��3URIHVVRU�	�+HDG��7HDFKLQJ�9HWHULQDU\�&OLQLFDO�&RPSOH[��&9$6��0DQQXWK\
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�� /HSWRVSLURVLV�LQ�'RJ��'DUN�)LHOG�0LFURVFRS\����

�����J�RI���ÀXRURXUDFLO��P/�DQG�VXSSOHPHQWHG�
ZLWK�ERYLQH�DOEXPLQ��65/��ZDV�XVHG���%RYLQH�
DOEXPLQ� VXSSOHPHQW�ZDV� HQULFKHG�ZLWK� ]LQF�
VXOSKDWH��FDOFLXP�FKORULGH��PDJQHVLXP�FKORULGH��
IHUURXV� VXOSKDWH�� FRSSHU� VXOSKDWH�� WZHHQ�����
YLWDPLQ�%���DQG�VRGLXP�S\UXYDWH�

/HSWRVSLUD� VHPL�VROLG� PHGLXP� ZDV�
SUHSDUHG�E\�DGGLQJ�����SHU�FHQW�EDFWHULRORJLFDO�
DJDU�WR�/HSWRVSLUD�OLTXLG�PHGLXP�

$OO� LQRFXODWHG� FXOWXUH� WXEHV� ZHUH�
LQFXEDWHG� DW� ���&� IRU� ��� K� DQG� WKHQ� DW� ���
WR� ���&� IRU� D� SHULRG� RI� WZR� WR� WKUHH�PRQWKV���
7XEHV�ZHUH�H[DPLQHG�DW�ZHHNO\� LQWHUYDOV� IRU�
WKH� SUHVHQFH�RI� OHSWRVSLUHV� E\�')0�� �7XEHV�
VKRZLQJ�JURZWK�RI�OHSWRVSLUHV�ZHUH�VXEFXOWXUHG�
LQWR�IUHVK�PHGLXP�
5HVXOWV�DQG�'LVFXVVLRQ

'DUN¿HOG�PLFURVFRS\� RI� WKH� VDPSOHV�
VKRZHG�WKDW�������SHU�FHQW�RI�WKH�WRWDO�FROOHFWHG�
EORRG� DQG� XULQH� VDPSOHV� ZHUH� SRVLWLYH� IRU�
OHSWRVSLUHV�� � &HOOV� ZLWK� W\SLFDO�PRUSKRORJ\�
DQG� PRWLOLW\� UHVHPEOLQJ� OHSWRVSLUHV� ZHUH�
REVHUYHG�� �'DUN� ¿HOG�PLFURVFRS\�ZDV�XVHIXO�
LQ�HDUO\�GLDJQRVLV�RI� OHSWRVSLURVLV��ZKLFK�ZDV�
LQ� DFFRUGDQFH� ZLWK� &KDQGUDVKHNDUDQ� DQG�
3DQNDMDODNVKPL� ������� ZKR� GHPRQVWUDWHG�
OHSWRVSLUHV�LQ�EORRG�RI�GRJ�

2XW�RI�WRWDO�����VDPSOHV�WHVWHG�����ZHUH�
IRXQG�')0�SRVLWLYH���$V�VKRZQ�LQ�7DEOH�����IURP�
���VDPSOHV�/HSWRVSLUD�LVRODWLRQ�ZDV�VXFFHVVIXO�
LQ�����������SHU�FHQW��VDPSOHV��2XW�RI����EORRG�
VDPSOHV��/HSWRVSLUD� VSS�� FRXOG� EH� LVRODWHG�
IURP�WHQ��������SHU�FHQW��VDPSOHV���'H�)HULWDV�
HW� DO�� ������� LVRODWHG� /HSWRVSLUD� VSS�� IURP�
QDWXUDOO\� LQIHFWHG�GRJV�� FDWWOH�DQG�SLJV�XVLQJ�
PRGL¿HG�(0-+�PHGLXP���)RXU�XULQH�VDPSOHV�
ZHUH�LQRFXODWHG�IRU�LVRODWLRQ�WULDOV��IURP�ZKLFK�
RQH� ���� SHU� FHQW�� KDG� VKRZQ� WKH� JURZWK� RI�
OHSWRVSLUHV�� �6LPLODU� UHVXOWV�ZHUH�REWDLQHG�E\�
1DWDUDMDVHHQLYDVDQ�DQG�5DWQDP���������ZKR�
LVRODWHG� ���/HSWRVSLUD� LVRODWHV� IURP� YDULRXV�
VRXUFHV� OLNH� DLOLQJ� KXPDQ�XULQH�� GHDG�DOELQR�
PLFH�� GHDG�:LVWDU� UDWV�� ¿HOG� DQG�KRXVH� UDWV���
,QRFXODWHG�WXEHV�LQ�ZKLFK�JURZWK�RI�OHSWRVSLUHV�
ZHUH�GHWHFWHG�DIWHU���WR����ZHHNV��ZHUH�IXUWKHU�
VXEFXOWXUHG�DQG�PDLQWDLQHG��2WKHU�FXOWXUH�WXEHV�
KDYLQJ�FRQWDPLQDWLRQ�DQG�ZKLFK�FRXOG�QRW�VKRZ�
WKH�JURZWK�RI� OHSWRVSLUHV��ZHUH�GLVFDUGHG�DV�
QHJDWLYH� DIWHU� ���ZHHNV�� 7KH�PHWKRGRORJ\�
XVHG�LQ�WKLV�VWXG\�ZDV�IRXQG�WR�EH�HI¿FLHQW�LQ�
WKH� LVRODWLRQ�RI�/HSWRVSLUD� IURP�FOLQLFDO�FDVHV�

RI�FDQLQHV���7KH�LGHQWL¿FDWLRQ�RI�WKHVH�LVRODWHV�
ZLOO�DOORZ�QHZ�HSLGHPLRORJLFDO�DQG�SURSK\ODFWLF�
VWXGLHV�RI�OHSWRVSLURVLV�LQ�7KULVVXU�
5HIHUHQFHV
$GOHU�� %��� )DLQH�� 6��� &KULVWRSKHU��:�/�� DQG�

&KDSSHO��5�� -�� ������ �'HYHORSPHQW�
RI�DQ� LPSURYHG�VHOHFWLYH�PHGLXP� IRU�
LVRODWLRQ� RI� OHSWRVSLUHV� IURP� FOLQLFDO�
PDWHULDO��9HW��0LFURELRO��������������

$KPDG�� 1��� 'HYL�� 6�0��� 9DOYHUGH��0�$�� GH�
ORV��� 9LMD\DFKDUL�� 3��� 0DFKDQJ¶X��
5�6���(OOLV��:�$��DQG�+DUWVNHHUO��5�$��
������ � 0XOWLORFXV� VHTXHQFH� W\SLQJ�
PHWKRG�IRU�LGHQWL¿FDWLRQ�DQG�JHQRW\SLF�
FODVVL¿FDWLRQ�RI�SDWKRJHQLF�/HSWRVSLUD
VSHFLHV��$QQDO�� &OLQ��0LFURELRO� ����
�GRL�������������������������

&KDQGUDVKHNDUDQ�� 6�� DQG� 3DQNDMDODNVKPL��
9�9�� ������ � 8VHIXOQHVV� RI� GDUN�
ILHOG� PLFURVFRS\� DIWHU� GLIIHUHQWLDO�
FHQWULIXJDWLRQ� LQ� WKH� HDUO\� GLDJQRVLV�
RI�OHSWRVSLURVLV�LQ�GRJ�DQG�LWV�KXPDQ�
FRQWDFWV��,QGLDQ�-��0HG��6FL����������

'H�)HULWDV�� -�&���'D�6LOYD�� )�*���'H�2OLYHLUD��
5�&���%RWD]]R'HOEHP��$�&���0XOOHU��(��
(����$OYHV��/�$��DQG�7HOHV��3�6����������
,VRODWLRQ�RI�/HSWRVSLUD�VSS��IURP�GRJV��
ERYLQH� DQG� VZLQH� QDWXUDOO\� LQIHFWHG��
&LHQF��5XUDO� 6DQWD�0DULD������ ����
����
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)DLQH�� 6�� ������ �*XLGHOLQHV� IRU� WKH�&RQWURO�
RI� /HSWRVSLURVLV�� :�+�2�� RIIVHW�
3XEOLFDWLRQ�������*HQHYD�����S�

/HYHWW��3�1���������/HSWRVSLUD��DQG�/HSWRQHPD��
,Q��0DQXDO� RI� &OLQLFDO�0LFURELRORJ\��
0XUUD\��3��5���%DURQ��(��-���-RUJHQVHQ��
-�� +��� 3IDOOHU��0��$�� DQG�<RONHQ�� 5��

+�� �(GV���� $PHULFDQ� 6RFLHW\� IRU�
0LFURELRORJ\�:DVKLQJWRQ��'��&�� � SS��
�������

1DWDUDMDVHHQLYDVDQ��.��DQG�5DWQDP��6���������
5HFHQW�/HSWRVSLUD�LVRODWHV�IURP�7DPLO�
1DGX�� ,QGLDQ� -��$QLP��6FL� ���� ����
���� �


