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3DUDSURVWDWLF�F\VW�LV�RQH�RI�WKH�UDUHVW
SURVWDWLF� GLVHDVHV� LQ� GRJV� �.UDZLHF�� ������
'DWD� IURP� WKH� OLWHUDWXUH� UHJDUGLQJ
ILEURDGHQRPD�ZLWK� SDUDSURVWDWLF� SVHXGRF\VW
LV�VFDUFH��7KH�PRVW�FRPPRQ�F\VW�ELRSVLHG�DQG
VXEPLWWHG�ZDV� WKH� SDUDSURVWDWLF� SVHXGRF\VW
�+RIIHU�� �������7KH� WHUP�SVHXGRF\VW� LV�XVHG
VLQFH� WKH� LQQHU� OLQLQJ� LV� VHOGRP� OLQHG� E\
HSLWKHOLXP� DQG� WKHUHIRUH� LPSRVVLEOH� WR
GHWHUPLQH� LWV� RULJLQ�� � � .UDZLHF� DQG� +HIOLQ
������� UHSRUWHG� WKDW� SDUDSURVWDWLF� F\VW� ,V
XVXDOO\�VHHQ�LQ�PLGGOH�DQG�ROG�DJHG�GRJV��7KH
SUHVHQW� QRWH� FRPPXQLFDWHV� D� FDVH� RI
ILEURDGHQRPD�ZLWK� SDUDSURVWDWLF� SVHXGRF\VW
DQG�VXEVHTXHQW�LQIODPPDWLRQ�LQ�D�GRJ�

$�*HUPDQ�VKHSKHUG�PDOH� LQWDFW�GRJ
DJHG�WKUHH�DQG�D�KDOI�\HDUV�SUHVHQWHG�WR�WKH
9HWHULQDU\�&ROOHJH�+RVSLWDO��0DQQXWK\��ZLWK
WKH� KLVWRU\� RI� S\UH[LD�� DQRUH[LD�� LQWHUPLWWHQW
XULQDWLRQ�� KDHPDWXULD� DQG� G\VFKH]LD� IRU� ��
GD\V�ZDV� XWLOLVHG� IRU� WKH� SUHVHQW� VWXG\��7KH
DQLPDO� ZDV� VXEMHFWHG� WR� GHWDLOHG� FOLQLFDO
H[DPLQDWLRQ�� WUDQVUHFWDO� GLJLWDO� SDOSDWLRQ� RI
SURVWDWH��XOWUDVRQRJUDSK\� DQG� SURVWDWLF� IOXLG
F\WRORJ\��%ORRG� VDPSOH� FROOHFWHG�RQ� WKH�GD\
RI� DGPLVVLRQ� ZDV� XVHG� IRU� DQDO\VLV� RI
KDHPRJORELQ�� YROXPH� RI� SDFNHG� UHG� FHOOV
�� 935&��� � HU\WKURF\WH� VHGLPHQWDWLRQ� UDWH
�(65��� WRWDO� HU\WKURF\WH� FRXQW� �7(&��� WRWDO
OHXFRF\WH� FRXQW� �7/&�� DQG� GLIIHUHQWLDO
OHXFRF\WH�FRXQW��'/&���7RWDO�SURWHLQ��DOEXPLQ�
JOREXOLQ�� DOEXPLQ� JOREXOLQ� UDWLR�� FUHDWLQLQH�
EORRG�XUHD�QLWURJHQ��%81���FDOFLXP��JOXFRVH�
WHVWRVWHURQH�� WRWDO� DFLG� SKRVSKDWDVH� DQG
SURVWDWLF� DFLG� SKRVSKDWDVH�ZHUH� HVWLPDWHG
XVLQJ�VWDQGDUG�SURFHGXUH�

&OLQLFDO�VLJQV�REVHUYHG�LQ�WKH�SUHVHQW
VWXG\� DJUHH�ZLWK� WKH� REVHUYDWLRQV�PDGH� E\

'DYLGVRQ���������3XUXOHQW�XUHWKUDO�GLVFKDUJH
DQG�HOHYDWHG�WHPSHUDWXUH�LQ�WKH�SUHVHQW�FDVH
PLJKW� EH� GXH� WR� VHFRQGDU\� LQIHFWLRQ� RI� WKH
SURVWDWH�ZKLFK� GHYHORSHG� GXH� WR� SUHYHQWLRQ
RI� XULQH� IORZ� GXULQJ� PLFWXULW LRQ� E\� WKH
SUDUSURVWDWLF� F\VW� DV� UHSRUWHG� E\� � �'RUIPDQ
DQG� %DUVDQWL� �������� 8OWUDVRQRJUDSK\
UHYHDOHG� WZR� DQHFKRLF� FDYLWLHV� FRQWDLQLQJ
PL[HG� HFKRJHQLF� VXEVWDQFHV�ZLWK� LUUHJXODU
WKLFNHQHG� ERDUGHUV� GRUVRODWHUDO� WR� WKH
SURVWDWH�� ZKLFK� ZDV� � GLDJQRVHG� DV
SDUDSURVWDWLF�F\VW�RQ�QHFURSV\��)LJ����

� 3URVWDWLF� IOXLG� DVSLUDWHG� ZDV
VHURVDQJXLQRXV� WR� EURZQ� FRORXUHG� DQG
F\WRORJLFDO� HYDOXDWLRQ� UHYHDOHG� GLVWRUWHG�
GDPDJHG� FHOOV� UHVHPEOLQJ� QHXWURSKLOV� DQG
SURVWDWLF� FHOOV� ZLWK� DQLVRF\WRVLV� �)LJ�� ���
3VHXGRPRQDV� RUJDQLVP� ZDV� LGHQWLILHG� RQ
FXOWXUDO� H[DPLQDWLRQ� RI� SURVWDWLF� IOXLG�� 7KH
VDPH�SDWKRJHQ�FRXOG�EH�FXOWXUHG� IURP�XULQH
DOVR��+HQFH�� LW� FRXOG�QRW�EH�HVWDEOLVKHG� WKDW
WKH� SDWKRJHQ� LVRODWHG� IURP� SURVWDWLF� IOXLG
RULJLQDWHG�IURP�WKH�SURVWDWH�JODQG�

&OLQLFR�SDWKRORJLFDO�VWXGLHV�UHYHDOHG
PLOG� DQDHPLD�ZLWK� VHYHUH� OHXFRF\WRVLV� DQG
QHXWURSHQLD� DV� UHSRUWHG� HDUOLHU� E\�'DYLGVRQ
��������7KH�VHYHUH�QHXWURSHQLD�PLJKW�EH�GXH
WR� LQLWLDO�VWDJH�RI�DQ�DFXWH�EDFWHULDO� LQIHFWLRQ
RU�GXH�WR�UHGXFHG�PDWXUH�JUDQXORF\WH�VXUYLYDO
EHFDXVH�RI�H[FHVVLYH�GHVWUXFWLRQ�RU�XWLOLVDWLRQ
ZKLFK� LV� VHHQ� LQ� RYHUZKHOPLQJ� EDFWHULDO
LQIHFWLRQ� DQG� K\SHUVSOHHQLVP�� 7KH� DERYH
FKDQJHV� FRXOG� EH� FRUUHODWHG� ZLWK
XOWUDVRQRJUDSKLF� ILQGLQJV� DQG� DXWRSV\�
+\SRDOEXPLQDHPLD�ZLWK� K\SHUJOREXOLQDHPLD
�����J�GO�DQG�����J�GO���D]RWDHPLD������PJ�GO��
K\SRFDOFDHPLD����PJ�GO��DQG�K\SRJO\FDHPLD
����PJ�GO�� FRXOG�EH�REVHUYHG� LQ� WKH�SUHVHQW
VWXG\�� 'DYLGVRQ� ������� UHSRUWHG� LQFUHDVHG

5HFHLYHG�����������
$FFHSWHG�����������
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)LEURDGHQRPD�ZLWK�SDUDSURVWDWLF�SVHXGRF\VW

DONDOLQH�SKRVSKDWDVH��YDU\LQJ�OHYHOV�RI�VHUXP
FDOFLXP��K\SRDOEXPLQDHPLD�DQG�D]RWDHPLD�LQ
SURVWDWLF�QHRSODVLD��+\SHUJOREXOLQDHPLD�PLJKW
EH�GXH�WR�DFXWH�LQIODPPDWRU\�SURFHVV�

1RUPDO� OHYHO� RI� VHUXP� WRWDO� DFLG
SKRVSKDWDVH����8�/��ZLWK�SURVWDWLF�IUDFWLRQ�����
8�/��ZDV�IRXQG�LQ�WKH�SUHVHQW�VWXG\��7KH�ORZ
VHUXP�FRQFHQWUDWLRQV�RI�WRWDO�DFLG�SKRVKDWDVH
DQG� SURVWDWLF� DFLG� SKRVSKDWDVH� GLG� QRW� UXOH
RXW�SURVWDWLF�DGHQRFDUFLQRPD�LQ�WKH�GRJ��EXW
HOHYDWHG� FRQFHQWUDWLRQV� LQ� SURVWDWLF
DGHQRFDUFLQRPD� FRPSDUHG� WR� EHQLJLQ
SURVWDWLF�K\SHUSODVLD��%3+��FRXOG�EH�WKH�XVHIXO
FULWHULD�IRU�GLIIHUHQWLDWLQJ�WKH�WXPRU�IURP�%3+
�&RUD]]D� HW� DO��������� 1RUPDO� VHUXP
WHVWRVWHURQH�OHYHO�ZDV�REVHUYHG�

(YHQWKRXJK� WKH� DQLPDO�ZDV� WUHDWHG
EDVHG�RQ�FXOWXUH�DQG�VHQVLWLYLW\�WHVW�WKH�DQLPDO
GLG�QRW�UHVSRQG�WR�WKH�WUHDWPHQW�DGRSWHG�GXH
WR�DGYDQFHG�UHQDO�IDLOXUH��7UHDWPHQW�RI�FDQLQH
SURVWDWH� FDQFHU�ZDV� JHQHUDOO\� XQUHZDUGLQJ�
6XUJLFDO� UHVHFWLRQ� XVXDOO\� LV� QRW� XVXDOO\
UHFRPPHQGHG��EHFDXVH�WKH�GLVHDVH�ZDV�QRW
XVXDOO\� GLDJQRVHG� DW� DQ� HDUO\� VWDJH�� DQG
SURVWDWLF� VXUJHU\� RIWHQ� UHVXOWHG� LQ� XULQDU\
LQFRQWLQHQFH �-RKQVWRQ�HW�DO���������

�+LVWRSDWKRORJ\�RI�SURVWDWH� UHYHDOHG
DGHQRPDWRXV�DQG� ILEURXV� WLVVXH�SUROLIHUDWLRQ
DQG� GLIIXVH� LQILOWUDWLRQ� RI� O\PSKRF\WHV� DQG
SODVPD�FHOOV��6LQFH�WKH�LQQHU�ZDOO�ZDV�GHYRLG
RI� FRQWLQXRXV�HSLWKHOLXP�� LWV�RULJLQ� FRXOG�QRW
EH�IRXQG�RXW�DQG�KHQFH�WKH�F\VW�ZDV�WHUPHG
DV� SVHXGRF\VW� �+RIIHU� HW� DO��������� 7KH
SUHVHQFH� RI� ILEURXV� WLVVXH� SUROLIHUDWLRQ�ZDV
FRQILUPHG� E\�*RPRUL¶V� WULFKURPH� RQH� VWHS
PHWKRG� �)LJ����� %RWK� WKH� SURVWDWH� DQG
SDUDSURVWDWLF� F\VW� KDG� LQIL OWUDWLRQ� RI
O\PSKRF\WHV� DQG� SODVPD� FHOOV� �)LJ���
LQGLFDWLQJ�FRQFXUUHQW�FKURQLF�LQIODPPDWLRQ�DV
RSLQHG�E\�.XVWULW]�DQG�.ODXVQHU��������
6XPPDU\

3DUDSURVWDWLF�F\VW�LV�RQH�RI�WKH�UDUHVW
SURVWDWLF�GLVHDVHV�LQ�GRJV��7KH�SUHVHQW�FDVH
ZDV� D� ILEURDGHQRPD� ZLWK� SDUDSURVWDWLF
SVHXGRF\VW�GLDJQRVHG�LQ�D�*HUPDQ�VKHSKHUG
PDOH� LQWDFW�GRJ�DJHG� WKUHH�DQG�D�KDOI� \HDUV
ZKLFK� KDG� WKH� KLVWRU\� RI� S\UH[LD�� DQRUH[LD�
LQWHUPLWWHQW� XULQDWLRQ�� KDHPDWXULD� DQG
G\VFKH]LD�� 'HWDLOHG� FOLQLFDO� H[DPLQDWLRQ�
XOWUDVRQRJUDSK\��SHU�UHFWDO�GLJLWDO�SDOSDWLRQ�RI
SURVWDWH�� SURVWDWLF� IOXLG� F\WRORJ\� DQG� FOLQLFR
ELRFKHPLFDO� SDUDPHWHUV� ZHUH� VWXGLHG�� 7KH
FDVH� ZDV� FRQILUPHG� DV� ILEURDGHQRPD�ZLWK
SDUDSURVWDWLF� SVHXGRF\VW� DIWHU
KLVWRSDWKRORJLFDO� VWXGLHV�ZLWK�*RPRUL¶V� RQH
VWHS� WULFKURPH�PHWKRG�

)LJ����$QHFKRLF�FDYLWLHV�FRQWDLQLQJ�PL[HG
HFKRJHQLF�VXEVWDQFHV

)LJ���� �3URVWDWLF�FHOOV�ZLWK�DQLVRF\WRVLV

)LJ����)LEURXV� WLVVXH�SUROLIHUDWLRQ

)LJ���� ,QILOWUDWLRQ�RI� O\PSKRF\WHV�DQG�SODVPD
FHOOV



-��9
HW��

$Q
LP�

6F
L���

���
����

����
���

�

��

6+257�&20081,&$7,21

6LQGKX�.��5DMDQ�HW�DO�

$FNQRZOHGJHPHQW
7KH�DXWKRUV�DUH�WKDQNIXO�WR�WKH�'HDQ�

&ROOHJH� RI� 9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV�
0DQQXWK\�IRU�SURYLGLQJ�QHFHVVDU\�IDFLOLWLHV�WR
FDUU\�RXW�WKLV�UHVHDUFK�ZRUN�
5HIHUHQFHV
&RUD]]D�� 0��� *XLGL�� *��� 5RPDJQROL�� 6��

7RJQHWWL��5��DQG�%XRQDFFRUVL��$�������
6HUXP� WRWDO� SURVWDWLF� DQG� QRQ�
SURVWDWLF�DFLG�SKRVSKDWDVH�LQ�KHDOWK\
GRJV� DQG� LQ� GRJV� ZLWK� SURVWDWLF
GLVHDVHV�� -�� 6PDOO��$QLP��3UDFW�����
��������

'DYLGVRQ�� -��5�� ������ 3URVWDWLF� GLVHDVHV� RI
WKH�GRJ��:DOWKDP�)RFXV����������

'RUIPDQ�� 0�� DQG� %DUVDQWL�� -�� $�� �����
7UHDWPHQW� RI� FDQLQH� EDFWHULDO
SURVWDWLWLV�� � ,Q� �� %RQDJXUD� -�'�� DQG
.LUN��5�:���(GV����&XUUHQW�9HWHULQDU\
7KHUDS\� ;,,� �� :%� 6DXQGHUV�
3KLODGHOSKLD��SS������������

+RIIHU��5��(���'\NHV��1��/��DQG�*UHLQHU��7��3�
������0DUVXSLDOL]DWLRQ�DV�D�WUHDWPHQW
IRU� SURVWDWLF� GLVHDVH�� -��$P��$QLP�
+RVS��$VVRF�������������

6LQGKX�.��5DMDQ���8VKD�1DUD\DQD�3LOODL���
3��&��$OH[���.��0��-D\DNXPDU���0HWLOGD�-RVHSK��
6\DP�.��9HQXJRSDO�
'HSDUWPHQW�RI�&OLQLFDO�9HWHULQDU\�0HGLFLQH
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\������������7KULVVXU��.HUDOD


�3DUW�RI�0�9�6F��WKHVLV�VXEPLWWHG�E\�WKH�ILUVW�DXWKRU�WR�WKH�.HUDOD�$JULFXOWXUDO�8QLYHUVLW\��7KULVVXU
��9HWHULQDU\�6XUJHRQ��$+'��.HUDOD
��$VVRFLDWH�3URIHVVRU
��'LUHFWRU�RI�&OLQLFV��.9$68
��3URIHVVRU�DQG�+HDG��8QLYHUVLW\�9HWHULQDU\�+RVSLWDO��.RNNDODL
��$VVRFLDWH�3URIHVVRU��'HSW��RI�*\QDHFRORJ\��2EVWHWULFV�DQG�$QLPDO�5HSURGXFWLRQ
��$VVRFLDWH�3URIHVVRU��'HSW��RI�9HWHULQDU\�6XUJHU\�DQG�5DGLRORJ\

-RKQVWRQ��6��'���.DPROSDWDQD��.���.XVWULW]��0�
9�� 5�� DQG� -RKQVWRQ�� *�� 5�� �����
3URVWDWLF� GLVRUGHUV� LQ� WKH� GRJ��$QL�
5HSURG��6FL�� ������������

.UDZLHF��'��5��DQG�+HIOLQ��'��������6WXG\�RI
SURVWDWLF�GLVHDVHV�LQ�GRJV������FDVHV
�������������-��$P��9HW��0HG��$VVRF��
���������

.XVWULW]��0��9��5�� DQG�.ODXVQHU�� -�� 6�� �����
3URVWDWLF�GLVHDVHV��,Q��(WWLQJHU��6��-�
DQG� )HOGPDQ�� (GV��� 7H[WERRN� RI
9HWHULQDU\�,QWHUQDO�0HGLFLQH�'LVHDVHV
RI�'RJ�DQG�&DW���WK HG��:��%��6DXQGHUV
&RPSDQ\�� 3KLODGHOSKLD�� SS�� �����
�����


