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3URVWDWLF�DEVFHVV����

35267$7,&�$%6&(66�,1�$
*(50$1�6+(3+(5'�'2*�±�$�&$6(�5(3257


3URVWDWLF� DEVFHVVHV� GHYHORS� HLWKHU
DIWHU� IXVLRQ�RI�VPDOO�DUHDV�RI� LQIHFWLRQ�ZLWKLQ
WKH�JODQG�RU�DIWHU� LQIHFWLRQ�RI� SURVWDWLF� F\VWV
�%DNHU� DQG� /XPVGHQ�� ������� 7KH\� FDQ� DOVR
GHYHORS�DV�D�UHVXOW�RI�EDFWHULDO�FRQWDPLQDWLRQ
VSUHDGLQJ� IURP� DQRWKHU� SDUW� RI� WKH� XULQDU\
WUDFW��E\�KDHPDWRJHQRXV�URXWH��IURP�F\VWV�WKDW
EHFRPH�VHFRQGDULO\�LQIHFWHG�RU�DV�D�VHTXHO�WR
FKURQLF� SURVWDWLWLV�ZKHUH� FDYLWLHV� RI� SXUXOHQW
IOXLG�ZHUH�IRXQG�ZLWKLQ�WKH�SDUHQFK\PD�RI�WKH
SURVWDWH�

� $� VL[� \HDU� ROG� LQWDFW�PDOH *HUPDQ
VKHSKHUG�GRJ�ZHLJKLQJ����NJ�ZDV�SUHVHQWHG
WR�9HWHULQDU\�&ROOHJH�+RVSLWDO��ZLWK�D�KLVWRU\
RI�DQRUH[LD��YRPLWLQJ��PHOHQD�DQG�G\VFKH]LD
IRU����GD\V��6LJQLILFDQW�FKDQJHV�ZHUH�UHFRUGHG
RQ�GHWDLOHG�FOLQLFDO�H[DPLQDWLRQ�RI�WKH�GRJ��7KH
DQLPDO�ZDV�IRXQG�GHK\GUDWHG�ZLWK�GLIILFXOW\�WR
VWDQG� XS��7KH� UHVSLUDWLRQ�ZDV� VKDOORZ� DQG
XUDHPLF�VPHOO�ZDV�SUHVHQW� IURP�PRXWK��7KH
WHPSHUDWXUH� ZDV� ��� )�� SXOVH� ����PLQ�
UHVSLUDWLRQ� ����PLQ� DQG� WKH� YLVLEOH�PXFRXV
PHPEUDQHV�ZHUH�FRQJHVWHG�

2Q� GLJLWDO� UHFWDO� SDOSDWLRQ�� WKH
SURVWDWH� JODQG�ZDV� IRXQG� WR� EH� LVRWKHUPLF�
3RVLWLRQ� RI� WKH� SURVWDWH� JODQG�ZDV� SDUWO\� LQ
WKH� SHOYLF� DQG� DEGRPLQDO� FDYLWLHV�� 3URVWDWH
ZDV�IRXQG�WR�EH�PRGHUDWHO\�VPRRWK�DQG�VRIW
LQ� FRQVLVWHQF\�� 7KH� SURVWDWH� JODQG� ZDV
HQODUJHG� DV\PPHWULFDOO\� DQG�PRYDEOH� XSRQ
UHFWDO�H[DPLQDWLRQ��7KH�DQLPDO�H[KLELWHG�VOLJKW
SDLQ�GXULQJ�UHFWDO�H[DPLQDWLRQ�

2Q� XOWUDVRQRJUDSK\�� PXOWLSOH
K\SRHFKRLF� FDYLWDU\� OHVLRQV� ZLWK� LUUHJXODU
ERDUGHUV�ZHUH�YLVXDOLVHG�LQ�WKH�SURVWDWH�JODQG�
7KH� IOXLG� ZLWKLQ� WKH� OHVLRQ� KDG� PL[HG
HFKRJHQLFLW\�� IORFFXOHQW� DSSHDUDQFH� �)LJ����
7KH�SURVWDWLF�OHQJWK��GHSWK��ZLGWK�DQG���YROXPH
ZHUH� ������ ������ ����� DQG� ������ FP�
UHVSHFWLYHO\��%RWK�WKH�NLGQH\V�ZHUH�HQODUJHG
ZLWK�WKLFNHQHG�FRUWH[�DQG�WKH�FRUWLFRPHGXOODU\
GLVWLQFWLRQ�ZDV� DEVHQW��8ULQDU\� EODGGHU�ZLWK

WKLFNHQHG�ZDOO� FRQWDLQLQJ�PL[HG� HFKRJHQLF
VXEVWDQFHV� �)LJ���� ZDV� REVHUYHG�
6SOHQRPHJDO\�ZDV�DOVR�SUHVHQW�

3URVWDWLF� IOXLG� FROOHFWHG� E\� SURVWDWLF
PDVVDJH� FRPELQHG� ZLWK� XUHWKUDO
FDWKHWHULVDWLRQ��ZDV�SXUXOHQW� DQG� F\WRORJLFDO
H[DPLQDWLRQ� UHYHDOHG� ODUJH� QXPEHU� RI
GHJHQHUDWHG�QHXWURSKLOV�DQG�EDFWHULD��&XOWXUH
DQG�VHQVLWLYLW\� WHVW�RI�SURVWDWLF� IOXLG�UHYHDOHG
WKH� SUHVHQFH� RI�(VFKHULFKLD� FROL��ZKLFK�ZDV
VHQVLWLYH� WR� WHWUDF\FOLQH�� HQURIOR[DFLQ� DQG
FKORUDPSKHQLFRO�

&OLQLFDO� SDWKRORJ\� UHYHDOHG
OHXFRF\WRVLV���������FX�PP��ZLWK�QHXWURSKLOLD
������DQG�O\PSKRSHQLD��������0LOG�DQDHPLD
ZDV� DOVR� UHSRUWHG� LQ� KDHPDWRORJ\�
+\SHUJOREXOLQDHPLD������J�GO���K\SRJO\FDHPLD
����PJ�GO���DQG�D]RWDHPLD��VHUXP�FUHDWLQLQH��
���PJ�GO�DQG�%81�������PJ�GO��ZHUH�REVHUYHG
LQ� WKH� SUHVHQW� VWXG\�� 6HUXP� WRWDO� DFLG
SKRVSKDWDVH������8�/��DQG�SURVWDWLF�IUDFWLRQV
����� 8�/�� ZHUH� HOHYDWHG�� 7KH� VHUXP
WHVWRVWHURQH�ZDV�ZLWKLQ�WKH�QRUPDO�UDQJH�

(VFKHUFKLD�FROL�ZDV�LVRODWHG�IURP�ERWK
SURVWDWLF� IOXLG� DQG� XULQH��$QWLELRWLFV� VXFK� DV
WHWUDF\FOLQH��HQURIOR[DFLQ�DQG�FKORUDPSKHQLFRO
ZHUH� VHQVLWLYH� WR� ERWK� VDPSOHV� ZKHUHDV�
DPR[LFLOOLQ�ZDV�VHQVLWLYH� LQ�WKH�FDVH�RI�XULQH
VDPSOH�RQO\�

7KH�XULQH�VDPSOH�ZDV�DFLGLF�LQ�QDWXUH
DQG� KDG� WKH� VSHFLILF� JUDYLW\� RI� �������%ORRG
SLJPHQW�ZDV�DEVHQW�ZKLOH�SURWHLQXULD�ZDV������
7KH� FXOWXUDO� H[DPLQDWLRQ� RI� XULQH� VDPSOH
LVRODWHG�(�FROL�RUJDQLVP��ZKLFK�ZDV�VHQVLWLYH
WR� WHWUDF\FOLQH�� HQURIOR[DFLQ�� DPR[LFLOOLQ� DQG
FKORUDPSKHQLFRO�

7KH� WUHDWPHQW� ZDV� VWDUWHG� ZLWK
HQURIOR[DFLQ�#����PJ�NJ�E�ZW��DORQJ�ZLWK��,9
IOXLGV��DQWLHPHWLFV��,QM��0HWRFORSUDPLGH�#����
PJ�NJ�E��ZW�6&���DQG�SURWRQ�SXPS�LQKLELWRUV
�,QM��3DQWRSUD]ROH�#���PJ�NJ�%:�,9���%XW�WKH
DQLPDO�GLHG�RQ�WKH�VHFRQG�GD\�RI�SUHVHQWDWLRQ�

5HFHLYHG�����������
$FFHSWHG�����������
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6LQGKX�.��5DMDQ�HW�DO�

3RVWPRUWHP� H[DPLQDWLRQ� UHYHDOHG
JDVWURHQWHULW LV�� LUUHJXODU� NLGQH\V� ZLWK
LQIODPPDWRU\�FKDQJHV�DQG�QHFURWLF�DUHDV�DQG
VSOHQRPHJDO\�ZLWK�QRGXODU�FKDQJHV��%RWK�WKH
OREHV�RI�SURVWDWH�ZHUH�HQODUJHG�DQG�ILOOHG�ZLWK
SXV��)LJ�������7KH�ULJKW�OREH�ZDV�EOXLVK�WR�EODFN
LQ�FRORXU��7KH�XULQDU\�EODGGHU�ZDV�DOVR� ILOOHG
ZLWK�SXUXOHQW�IOXLG�DQG�HFK\PRWLF�SDWFKHV�ZHUH
SUHVHQW�LQ�EODGGHU�PXFRVD�

+LVWRSDWKRORJ\� RI� SURVWDWH� JODQG
UHYHDOHG�DQ�DEVFHVV�ZDOO�WKDW�ZDV�IRUPHG�E\
LQIODPPDWRU\� JUDQXODWLRQ� WLVVXH�� 6RPH� DFLQL
ZHUH�GLVWHQGHG�ZLWK�QHFURWLF�PDWHULDO� LQVLGH�
6WURPD� VKRZHG� GHQVH� LQIL OWUDWLRQ� E\
O\PSKRF\WHV�� SODVPD� FHOOV� DQG� SRO\PRUSKV�
6RPH�DUHDV�KDG�K\SHUSODVWLF�JODQGV��)LJ�����

$� FOLQLFDO� GLDJQRVLV� RI� SURVWDWLF
DEVFHVV� ZDV�PDGH� RQ� WKH� EDVLV� RI� DERYH
ILQGLQJV��/RZVHWK�HW�DO���������UHSRUWHG�FOLQLFDO
VLJQV�RI�SURVWDWLF�DEVFHVV�DV�DQRUH[LD��IHYHU�
GHSUHVVLRQ�� JDLW� DEQRUPDOLWLHV�� WHQHVPXV�
G\VXULD� DQG� FDXGDO� DEGRPLQDO� SDLQ��&OLQLFDO
VLJQV�RIWHQ�YDU\�GHSHQGLQJ�RQ�WKH�VL]H�RI�WKH
DEVFHVV� DQG�ZKHWKHU� WKH� LQIHFWLRQ� EHFDPH
V\VWHPLF�RU�QRW��6PLWK���������8UDHPLF�VPHOO
IURP�PRXWK� REVHUYHG� LQ� WKLV� FDVH�PLJKW� EH
GXH� WR� FRQFXUUHQW� UHQDO� IDLOXUH�� ZKLFK� LV
DVFHUWDLQHG� E\� LQFUHDVHG� VHUXP� FUHDWLQLQH�
XOWUDVRQRJUDSKLF�DQG�DXWRSV\� ILQGLQJV�

,Q�WKH�SUHVHQW�FDVH��WKH�SURVWDWH�ZDV

DV\PPHWULFDOO\� HQODUJHG��PRYDEOH�� VRIW� DQG
SDLQIXO� RQ� SDOSDWLRQ�� %RODQG� HW� DO�� ������
UHSRUWHG�WKDW�WKH�UHFWDO�H[DPLQDWLRQ�RI�GRJ�ZLWK
SURVWDWLF� DEVFHVV� UHYHDOHG� DV\PPHWULFDO
HQODUJHPHQW�RI�SURVWDWH�DQG�SDLQ�RQ�SDOSDWLRQ�
3DOSDEOH� IOXFWXDQW� DUHDV� ZHUH� SUHVHQW� LQ
SURVWDWLF� DEVFHVV� DV� UHSRUWHG� E\�'DYLGVRQ
�������

&\WRSDWKRORJLFDO� VWXGLHV� RI� SURVWDWLF
IOXLG� UHYHDOHG� ODUJH� QXPEHU� RI� GHJHQHUDWHG
QHXWURSKLOV� DQG� EDFWHULD� �7KH� FXOWXUH� RI
SURVWDWLF� IOXLG� UHYHDOHG� SUHVHQFH� RI�(�� FROL�
6LPLODU� ILQGLQJV�ZHUH� UHSRUWHG� E\�%RODQG� HW
DO���������

/HXFRF\WRVLV� �������FX�PP�� ZLWK
QHXWURSKLOLD� ������ DQG� O\PSKRSHQLD� �����
ZDV�REVHUYHG�LQ�WKLV�FDVH�ZKHUHDV�%RODQG�HW
DO�������� UHSRUWHG� WKDW� KDHPDWRORJ\� DQG
VHUXP� ELRFKHPLFDO� UHVXOW� ZHUH� YDULDEOH� LQ
SURVWDWLF� DEVFHVV� DQG� WKH� PRVW� FRPPRQ
DEQRUPDOLWLHV� LQFOXGHG� PLOG� WR� PRGHUDWH
OHXFRF\WRVLV�� O\PSKRSHQLD� RU� ERWK�� 0LOG
DQHPLD� ZDV� DOVR� UHSRUWHG� LQ� KDHPDWRORJ\�
+\SHUJOREXOLQDHPLD�� K\SRJO\FDHPLD� DQG
D]RWDHPLD�ZHUH�REVHUYHG�LQ�WKH�SUHVHQW�VWXG\�
'DYLGVRQ��������DOVR�UHSRUWHG�VLPLODU�ILQGLQJV�

6HUXP�DQG�SURVWDWLF�IUDFWLRQ�WRWDO�DFLG
SKRVSKDWDVH�ZHUH� HOHYDWHG��7KH� UHDVRQ� IRU
WKLV�PLJKW�EH�GXH�WR�GHJHQHUDWLYH�SURFHVV�RI
WKH�SURVWDWLF�WLVVXH�E\�WKH�DEVFHVV�IRUPHG�DV

)LJ�����)OXLG�ZLWK�IORFFXOHQW�DSSHDUHQFH

)LJ�����8ULQDU\�EODGHU�ZLWK�WKLFNHQHG�ZDOO
FRQWDLQLQJ�PL[HG�HFKRJHQLF�PDWHULDOV

)LJ����(QODUJHG�3URVWDWH�ILOOHG�ZLWK�SXV

)LJ����'LVWHQGHG� DFLQL�ZLWK� K\SHUSODVWLF� JODQGV
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3URVWDWLF�DEVFHVV����

RSLQHG�E\�&RUD]]D�HW�DO���������ZKR�UHSRUWHG
WKDW�SURVWDWLF�DFLG�SKRVSKDWDVH�ZDV�OLEHUDWHG
GXULQJ� GHJHQHUDWLRQ�ZKLFK�ZDV� LQGXFHG� E\
GLK\GURWHVWRVWHURQH��7KH�VHUXP�WHVWRVWHURQH
ZDV�ZLWKLQ�WKH�QRUPDO�UDQJH�

�7KH� HIIHFWLYHQHVV� RI� WKH� WUHDWPHQW
FRXOG�QRW�EH�HYDOXDWHG�DV�WKH�DQLPDO�GLHG�RQ
WKH� VHFRQG� GD\� RI� WUHDWPHQW� GXH� WR� VHYHUH
VHSWLFDHPLD�

+LVWRSDWKRORJLFDO� H[DPLQDWLRQ� RI
SURVWDWH�JODQG�UHYHDOHG�DEVFHVV�ZDOO�IRUPHG
E\�LQIODPPDWRU\�JUDQXODWLRQ�WLVVXH��DFLQL�ZLWK
QHFURWLF�PDWHULDO�� O\PSKRF\WHV�� SODVPD� FHOOV
DQG�SRO\PRUSKV�LQILOWUDWLRQ�LQWR�WKH�VWURPD�WKDW
ZHUH� DOO� FRXOG� EH� FRUUHODWHG� ZLWK
XOWUDVRQRJUDSKLF� ILQGLQJV� DQG� SURVWDWLF� IOXLG
F\WRORJ\�
6XPPDU\

$� FDVH� RI� SURVWDWLF� DEVFHVV� ZDV
GLDJQRVHG� LQ� D� *HUPDQ� VKHSKHUG� GRJ�
7UDQVUHFWDO� GLJLWDO� SDOSDWLRQ�� XOWUD
VRQRJUDSK\� DQG� FOLQLFRELRFKHPLFDO
SDUDPHWHUV�ZHUH�VWXGLHG�LQ�GHWDLO��7KH�FKDQJHV
LQ� XOWUDVRQRJUDSK\� FRUUHODWHG� WR� � KLVWR
SDWKRORJLFDO�ILQGLQJV�FRQILUPLQJ�WKH�GLDJQRVLV�
5HIHUHQFHV
%DNHU�� 5�� +��� /XPVGHQ�� -�� +�� �����

5HSURGXFWLYH� WUDFW�� ,Q�� %DNHU��5��+�
DQG�/XPVGHQ��-��+��(GV���&RORU�$WODV
RI�&\WRORJ\�RI� WKH�'RJ�DQG�&DW� �&9
0RVE\��6W��/RXLV��SS�����±����

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


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

%RODQG�� /�� (��� +DUGLH�� 5�� -���*UHJRU\�� 6�� 3�
DQG� /DPE�� &�� 5�� ������ 8OWUDVRXQG
JXLGHG�SHUFXWDQHRXV�GUDLQDJH�DV�WKH
SULPDU\� WUHDWPHQW� IRU� SURVWDWLF
DEVFHVVHV�DQG�F\VWV�LQ�GRJV��-��$P�
$QLP��+RVS��$VVRF�� �����������

&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��3UDF�� ���
��������

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

/RZVHWK�� /��$���*HUODFK�� 5�� )���*LOOHW�� 1��$�
DQG�0XJJHQEXUJ�� %��$�� ������$JH�
UHODWHG� FKDQJHV� LQ� WKH� SURVWDWH� DQG
WHVWHV�RI�WKH�EHDJOH�GRJ��9HW��3DWKRO��
�����������

6PLWK�� -�� ������ &DQLQH� SURVWDWLF� GLVHDVH�
$� UHYLHZ� RI� DQDWRP\�� SDWKRORJ\�
GLDJQRVLV� DQG� WUHDWPHQW�
7KHULRJHQRORJ\� �����������


