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'HZL 56�����:DUGKDQD $+���6DZLWUL '+���$NEDUL 5$���6RHMRHGRQR 5'���0XODWVLK 6�

�,QGRQHVLDQ�$JULFXOWXUDO�4XDUDQWLQH�$JHQF\��-O��3HPXGD�5DZDPDQJXQ��-DNDUWD��,QGRQHVLD
�9HWHULQDU\�3XEOLF�+HDOWK��%RJRU�$JULFXOWXUDO�8QLYHUVLW\��%RJRU��������,QGRQHVLD�

�,QGRQHVLDQ 5HVHDUFK�&HQWHU�IRU�9HWHULQDU\�6FLHQFH��-O��5(�0DUWDGLQDWD�1R������%RJRU������
�'HSDUWPHQW�RI�9HWHULQDU\ &OLQLF��5HSURGXFWLRQ��DQG�3DWKRORJ\��)DFXOW\�RI�9HWHULQDU\ 0HGLFLQH

�'HSDUWPHQW�RI�$QLPDO�'LVHDVHV�DQG�9HWHULQDU\�+HDOWK��)DFXOW\�RI�9HWHULQDU\�0HGLFLQH
-O��$JDWLV��.DPSXV�,3%�'UDPDJD��%RJRU��������:HVW�-DYD��,QGRQHVLD

�'HSDUWPHQW�RI�(FRQRPLF�6FLHQFH��%RJRU�$JULFXOWXUDO�8QLYHUVLW\�
.DPSXV�,3%�'DUPDJD��%RJRU������ ,QGRQHVLD

ZDUGKDQD��LG#\DKRR�FRP

$%675$&7

7U\SDQRVRPD�HYDQVL LQIHFWLRQ��6XUUD��LV�WKH�PRVW�LPSRUWDQW�GLVHDVH 7U\SDQRVRPD�HYDQVL
LQIHFWLRQ��6XUUD��LV�WKH�PRVW�LPSRUWDQW�GLVHDVH�DWWDFNLQJ�OLYHVWRFN�LQ�,QGRQHVLD� ,Q�����������
RXWEUHDN� RI� 6XUUD� RFFXUUHG� LQ� 6XPED� ,VODQG� ZKHUH� ZDV� SUHYLRXVO\� UHSRUWHG� DV� IUHH� UHJLRQ
IURP�6XUUD�� ,W�JHQHUDWHG� WKRXVDQGV� OLYHVWRFN�GHDG��PRVWO\�KRUVHV�DQG�EXIIDORHV��7KH�DLP�RI
WKH VWXG\�ZDV�WR�XVH�WKH�SDUDVLWRORJLFDO��*LHPVD�6WDLQHG�%ORRG 6PHDUV���VHURORJLFDO��&$77
7� HYDQVL��DQG�PROHFXODU� WHFKQLTXHV��3&5�� IRU�GHWHFWLRQ�DQG�FRQILUPDWLRQ�RI�6XUUD�FDVHV� LQ
ERWK� KRUVHV� DQG� EXIIDORHV� RFFXUUHG� LQ� 3DKXQJD� /RGX� 'LVWULW�� (DVW� 6XPED� 5HJHQF\� %ORRG
VDPSOHV�RI��� KRUVHV�DQG �� EXIIDORHV�IURP�WUDGLWLRQDO�IDUP�UDLVHG RQ�H[WHQVLYH�V\VWHP�ZHUH
XVHG�LQ�WKH�VWXG\��7KRVH�WKUHH�PHWKRGV�ZHUH�DSSOLHG��)RU�PROHFXODU�WHFKQLTXH��,76���SULPHUV
ZHUH� HPSOR\HG� IRU� ���� ES� RI� '1$� IUDJPHQW� IURP 7�� HYDQVL�� 7KH� UHVXOWV� UHYHDOHG� WKDW� �
VDPSOHV���������RI�KRUVHV�DQG���VDPSOHV ��������RI�EXIIDORHV�ZHUH�SRVLWLYH�PLFURVFRSLFDOO\
DQG�PROHFXODUO\��ZKLOH����VDPSOHV�������RI�KRUVHV�DQG���VDPSOHV�������RI�EXIIDORHV�ZHUH
IRXQG�SRVLWLYH�WKURXJK�&$77 7��HYDQVL WHVW��,W�LQGLFDWHG WKDW�DOO�SRVLWLYH�KRUVHV�DQG�EXIIDORHV
PLJKW� EH� LQ� WKH� DFWLYH�SKDVH� RI�6XUUD��7KH�QXPEHUV�RI� SDUDVLWHV� IRXQG� LQ� WKH�EORRG� VPHDUV
ZHUH� UHODWLYHO\� KLJK�� VXJJHVWLQJ� KLJK� SDUDVLWHPLD� OHYHO�� $OO� OLYHVWRFN� ZHUH� WUHDWHG� ZLWK
GLPLQD]HQH�DFHWXUDWH DIWHU� LQYHVWLJDWLRQ�� ,W� LV� FRQFOXGHG� WKDW�6XUUD� LQ�(DVW�6XPED�5HJHQF\
UHPDLQV� D� SULPDU\� SUREOHP� DQG� 3&5� WHFKQLTXH� FDQ� EH� DSSOLHG� LQ� WKH� ILHOG� WR� GHWHFW� DQG
FRQILUP 7��HYDQVL��VSHFLDOO\�KRUVHV�DQG�EXIIDORHV�ZKHQ�WKH�SDUDVLWHPLD�LV�ORZ��,Q�DGGLWLRQ��WKLV
WHFKQLTXH�LV�DEOH�WR GHWHFW�PLQXWH�DPRXQWV�RI�WU\SDQRVRPDO�'1$�LQ�LQIHFWHG�DQG DSSDUHQWO\
KHDOWK\�OLYHVWRFN�

.H\ :RUGV� 6XUUD��(DVW�6XPED��&$77 7��HYDQVL��3DUDVLWRORJLFDO�7HVW��0ROHFXODU�7HFKQLTXH
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6XPED� ,VODQG� LV� RQH�RI� FHQWUDO� OLYHVWRFN� UHJLRQV� ORFDWHG� LQ� WKH�(DVWHUQ� ,QGRQHVLD�
0RVW�6XPEDQHVH�OLYH�SULPDULO\�DV�IDUPHUV� FDWWOH�EUHHGHUV��ULFH�ILHOG�IDUPHUV�DQG�WUDGHU�
7KH� OLYHVWRFN�SRSXODWLRQ� LV� UHODWLYHO\�KLJKHU�FRPSDUHG� WR�RWKHU� LVODQGV� LQ� ,QGRQHVLD�� ,Q
DGGLWLRQ��OLYHVWRFN�LQGXVWU\�LQ�(DVW 6XPED�VLJQLILFDQWO\�FRQWULEXWH WR�WKH�LQFRPH�RI�ORFDO
JRYHUQPHQW��7KH�IDUPHUV�UDLVH�OLYHVWRFN�QRW�RQO\�IRU�HFRQRPLF�VWDWXV�EXW�DOVR�WUDGLWLRQDO
FXOWXUDO� FHUHPRQLHV�� IDPLO\� SULGH� DQG� VRFLDO� VWDWXV�� 7KH� PRUH� OLYHVWRFN� WKH\� RZQ�� WKH
KLJKHU� WKHLU� VRFLDO� VWDWXV� LQ� WKH�FRPPXQLWLHV��$FFRUGLQJO\�� OLYHVWRFN SDUWLFXODUO\�KRUVHV
DQG�EXIIDORHV KDV DQ� LPSRUWDQW� UROH� LQ� WKH OLIH� DQG� FXOWXUH� RI�6XPEDQHVH �1GLKD HW� DO�
������
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��

%HIRUH������� 6XPED�ZDV� FODLPHG� DV� WKH� RQO\� LVODQG� LQ� ,QGRQHVLD�ZKLFK� KDV� EHHQ
UHSRUWHG� IUHH� IURP� WU\SDQRVRPRVLV� �6XUUD�� 7KH� GLVHDVH� LV� FDXVHG� E\� EORRG� SURWR]RDQ
SDUDVLWH� 7U\SDQRVRPD�HYDQVL��,W�LV�EHOLHYHG�WKDW�6XUUD�ZDV�LQWURGXFHG�LQWR�6XPED�GXH�WR
IUHTXHQW�OLYHVWRFN�PRYHPHQW�IURP�HQGHPLF�VXUUD�DUHD��$GGLWLRQDOO\��DQ�DQQXDO�WUDGLWLRQDO
UDFLQJ� KRUVH� PLJKW� FRQWULEXWH� LQWR� ODUJHU� VXUUD� GLVWULEXWLRQ�� 0DQ\� KRUVHV� ZRXOG� EH
EURXJKW� IURP PDQ\� UHJLRQV� DURXQG� 6XPED� RU� 6XPEDZD� ,VODQG�� 7KH\� ZLOO� EH� SRROHG
WRJHWKHU�GXULQJ�WKH�HYHQW��,W�ZRXOG�DFW�DV�DQ�HQWU\�SRLQW�IRU 7��HYDQVL WR�JHW�LQWR�6XPED
,VODQG��/DSRUDQ�'LQDV�3HWHUQDNDQ�6XPED�7LPXU�������

,Q�0DUFK�������WKH�ILUVW�FDVH�RI�6XUUD�LQ�6XPED�,VODQG�ZDV�GHWHFWHG�LQ�H[WHQVLYHO\
UDLVHG� KRUVHV� LQ�:HVW� 6XPED� 5HJHQF\�� 7ZR� PRQWKV� ODWHU�� RWKHU� FDVHV� ZHUH� IRXQG� LQ
6RXWK�:HVW� 6XPED� 5HJHQF\� DQG� NLOOHG� KRUVHV� DQG� EXIIDORHV�� %HFDXVH� RI� ODFN� QDWXUDO
LPPXQLW\��XQDYDLODELOLW\�RI�HIIHFWLYH�GUXJ�DQG�DEXQGDQFH�RI ELWLQJ�IOLHV��7DEDQLGDH�DQG
6WRPR[\V� VSHFLHV��� WKH� GLVHDVH� VSUHDG� UDSLGO\� LQ� (DVW� 6XPED� 5HJHQF\� DQG� FDXVHG
WKRXVDQGV�OLYHVWRFN�GHDWK�SDUWLFXODUO\�KRUVHV�DQG�EXIIDORHV��,Q������������6XUUD�EHFDPH
RXWEUHDN�LQ�(DVW�6XPED�5HJHQF\��'XULQJ�LQ�������WKH�GLVHDVH KDG�DWWDFNHG������DQLPDOV
LQFOXGLQJ�������KRUVHV��������EXIIDORHV�DQG�����FDWWOH��$V�D� UHVXOW��������DQLPDOV�GLHG�
�����KRUVHV������EXIIDORHV�DQG���FDWWOH��/DSRUDQ�'LQDV�3HWHUQDNDQ�6XPED�7LPXU�������

)ROORZLQJ�WKH�SUHSDWHQW�SHULRG��6XUUD�RFFXUV�ERWK�LQ�DFXWH�DQG�FKURQLF�IRUP��$OL HW
DO� ������ 5DPLUH]�,JOHVLDV HW� DO� ������ *KDWWDV� 	� +HOP\� ������� 7KH� DFXWH� IRUP� LV
FKDUDFWHUL]HG�E\�KLJK�OHYHO�RI�SDUDVLWHPLD�DQG�QRWLFHDEOH�FOLQLFDO�VLJQV�RI�WKH�GLVHDVH� DQG
WKH� FKURQLF� IRUP� LV� PDUNHG� E\� ORZ� SDUDVLWHPLD� ZKLFK� FDQ� EH� JHQHUDWH� HPDFLDWLRQ� RU
EHFRPH�XQDSSDUHQW�FOLQLFDOO\��,Q�WKH�ODWHVW�SKDVH�RI�FKURQLF�IRUP��WKH�DQLPDO�PD\�EHFRPH
D�SDUDVLWH� UHVHUYRLU� �)HUQDQGH] HW�DO� �������0RUHRYHU�� WKH�FKURQLF� IRUP�RI� VXUUD� LV� WKH
PRVW�FRPPRQ�DQG�LV�OLNHO\�WR�EH�DVVRFLDWHG�ZLWK�VHFRQGDU\�LQIHFWLRQ��1MLUX HW�DO� ������
$FFRUGLQJ� WR�%DWLFDGRV HW�DO� �������� WU\SDQRVRPRVLV� LQ�FDWWOH� DQG�EXIIDORHV� IUHTXHQWO\
FDXVHV�PDUNHG� VXSSUHVVLRQ�RI� WKH� LPPXQH� V\VWHP� OHDGLQJ� WR� LQFUHDVHG� YXOQHUDELOLW\� WR
RWKHU�RSSRUWXQLVWLF�EDFWHULDO�RU�YLUDO�GLVHDVHV�

,W� ZRXOG� EH� QHFHVVDU\� WR� JHW� D� JRRG� HSLGHPLRORJLF� GDWD� LQFOXGLQJ� DYDLODELOLW\� RI
VHQVLWLYH� DQG� VSHFLILF� GLDJQRVWLF� WHFKQLTXHV� FDSDEOH� RI� GHWHFWLQJ� WKH� LQIHFWLRXV� DJHQW
SDUWLFXODUO\�LQ�WKH�SUHSDWHQF\�DQG�RU�WKH�FKURQLF�SKDVH�RI�VXUUD��)HUQDQGH] HW�DO� ������
$FFRUGLQJO\��VWXG\�RI 7��HYDQVL LQ�(DVW�6XPED�LV�IXQGDPHQWDOO\�UHTXLUHG�

7KHUH�DUH�VHYHUDO�GLDJQRVWLF�WHVWV�GHYHORSHG�WR�GHWHFW�DQG�FRQILUP 7��HYDQVL��ZKLFK
KDYH�ERWK�DGYDQWDJHV�DQG�OLPLWDWLRQV��7KH�SDUDVLWRORJLFDO�WHFKQLTXH�LV�ZLGHO\�DSSOLHG�LQ
PDQ\�ODERUDWRULHV�LQ�,QGRQHVLD��7KLV�WHFKQLTXH�LV�D�VLPSOH�DQG�RI�ORZ�FRVW��EXW�KDV�ORZ
VHQVLWLYLW\�DQG�UHTXLUHV�VNLOOHG�WHFKQLFLDQV��WKHUHIRUH�LW�LV�RQO\�HIIHFWLYH�LQ�WKH�DFXWH�SKDVH
RI� VXUUD� ZKHQ� KLJK� OHYHOV� RI� SDUDVLWHPLD� DUH� SUHVHQW� �5DPLUH]�,JOHVLDV HW� DO� ������
6HURORJLFDO�WHFKQLTXH�VXFK�DV�&DUG�$JJOXWLQDWLRQ�7U\SDQRVRPH�7HVW ± 7��HYDQVL �&$77
7�� HYDQVL�� LV� D� TXLFN� DQG� HDV\� WHVW�ZKLFK� FDQ�EH� FRQGXFWHG�XQGHU� ILHOG� FRQGLWLRQ��7KLV
WHFKQLTXH� LV� UHOLDEOH� IRU� VHURSUHYDOHQFH� VWXG\� �*KDWWDV� 	� +HOP\� ������� $QRWKHU
GLDJQRVWLF�PHWKRG�IRU�6XUUD�LV�PROHFXODU� WHFKQLTXH��3RO\PHUDVH�&KDLQ�5HDFWLRQ��3&5��
7KLV� WHFKQLTXH�KDV�EHHQ�GHYHORSHG�DQG�DSSOLHG�LQ�PDQ\�FRXQWULHV� LQ�RUGHU� WR�RYHUFRPH
WKH� SUREOHPV� RI� FRQYHQWLRQDO� DQG� VHURORJLFDO� WHVW�� $FFRUGLQJO\�� GLDJQRVLV� RI� 6XUUD
UHTXLUHV� DW� OHDVW� WZR� GLDJQRVWLF� PHWKRGV� WR� FRQILUP 7�� HYDQVL LQ� WKH� ERG\� RI� WKH� KRVW
�*RQ]DOHV HW�DO� ������(O�0HWDQDZH\ HW�DO� ������

&XUUHQW�VWXG\�RI�6XUUD�LQ�(DVW�6XPED�5HJHQF\�KDV�EHHQ�FRQGXFWHG�E\�1GLKD HW�DO�
����� LQ� 5LQGL� 'LVWULFW�� +RZHYHU�� WKH� VWXG\� KDG� OLPLWDWLRQ� EHFDXVH� LW� RQO\� XVHG
SDUDVLWRORJLFDO� PHWKRG� WR� GHWHFW� DQG� FRQILUP� WKH� FDVHV�� $V� D� UHVXOW�� WKH� SUHYDOHQFH� RI
VXUUD� LQ� KRUVH� UHODWLYHO\� ZDV� ORZ� ������ 7KH� DLP� RI� WKH� SUHVHQW� VWXG\ ZDV� WR� XVH� WKH
SDUDVLWRORJLFDO� �*LHPVD� VWDLQHG� EORRG� VPHDUV��� VHURORJLFDO� �&$77 7� HYDQVL�� DQG



3URFHHGLQJV�RI ,QWHUQDWLRQDO�6HPLQDU�RQ�/LYHVWRFN 3URGXFWLRQ�DQG 9HWHULQDU\�7HFKQRORJ\�����

��

PROHFXODU�WHFKQLTXHV��3&5��IRU�GHWHFWLRQ�DQG�FRQILUPDWLRQ�RI�6XUUD�FDVHV�LQ�ERWK�KRUVHV
DQG�EXIIDORHV�RFFXUUHG�LQ�3DKXQJD�/RGX�'LVWULFW��(DVW�6XPED�5HJHQF\�LQ������

0$7(5,$/ $1'�0(7+2'6

%ORRG�VDPSOHV

%ORRG� VDPSOHV�ZHUH UDQGRPO\� FROOHFWHG� IURP���� KRUVHV� DQG� ��� EXIIDORHV� LQ�0D\
������7KH�OLYHVWRFN�ZHUH�UDLVHG�H[WHQVLYHO\� LQ�.DOLXGD�9LOODJH��3DKXQJD�/RGX�'LVWULFW�
(DVW�6XPED�5HJHQF\��(DVW�1XVD�7HQJJDUD�3URYLQFH��7KH EORRG�VDPSOHV�ZHUH�GUDZQ�IURP
WKH� OLYHVWRFN� WKURXJK� MXJXODU� YHLQ� DVHSWLFDOO\� XVLQJ� D� VWHULOL]HG� GLVSRVDEOH� QHHGOH�� 7KH
EORRG�ZHUH�SODFHG�LQWR�WZR�YDFXXP�FOHDQ�WXEH L�H� ���PO YDFXXP�WXEH�FRQWDLQLQJ�KHSDULQ
DV� DQWLFRDJXODQW� IRU� EORRG� VPHDU� H[DPLQDWLRQ� DQG� 3&5� WHVWV�� $QRWKHU� ���P/� YDFXXP
WXEH�ZDV�QRQ�KHSDULQ� �SODLQ�� WXEH�IRU�FROOHFWLQJ�VHUXP��(DFK� WXEH�ZDV� ODEHOOHG�DQG�SXW
LQWR�FROG�FRQWDLQHU����&��IRU�IXUWKHU�DQDO\VHV��6DZLWUL�	�:DUGKDQD��������$OO�OLYHVWRFN
ZHUH�WUHDWHG�ZLWK�GLPLQD]HQH�DFLWXUDWH�DIWHU�LQYHVWLJDWLRQ�

*LHPVD�VWDLQHG�EORRG�VPHDUV

$�GURS�RI�EORRG��� O��ZDV�SODFHG�RQ�WKH�RQH�HQG�RI�D�FOHDQ�PLFURVFRSLF�VOLGH�DQG�D
WKLQ�ILOP�ZDV�GUDZQ��7KH�ILOP�ZDV�DLU�GULHG�EULHIO\�IROORZHG�E\�IL[DWLRQ�VWHS�LQ�DEVROXWH
PHWKDQRO�IRU�DERXW���PLQXWHV�DQG�DOORZHG�WR GU\��7KH�EORRG�VPHDUV�ZHUH�WKHQ�VWDLQHG�E\
*LHPVD��RQH�GURS�JLHPVD�����PO 3%6��S+������IRU�������PLQXWHV��7KH�UHPDLQLQJ�*LHPVD
VROXWLRQ�RQ�WKH�VOLGH�ZDV�SRXUHG�RII��DQG�WKHQ�WKH�VOLGH�ZDV�ZDVKHG�LQ�WDS�ZDWHU�DQG�GULHG
�6LJK HW�DO� �������7KH�SDUDVLWHV�ZHUH LGHQWLILHG�DFFRUGLQJ�WR�WKH�FKDUDFWHUV�GHVFULEHG�E\
'HVTXHVQHV HW� DO� ������� 7U\SDQRVRPD� HYDQVL SUHVHQWV� WKH� FKDUDFWHULVWLFV� RI� VOHQGHU
7U\SDQR]RRQ� SDUDVLWHV�� H[WUDFHOOXODU�� WKLQ� SRVWHULRU� H[WUHPLW\�� IUHH� IODJHOOXP�� DFWLYH
PRYHPHQW��KLJKO\�YLVLEOH�XQGXODWLQJ�PHPEUDQH�DQG�PRQRPRUSKLF�SDUDVLWHV�

&DUG�DJJOXWLQDWLRQ�WU\SDQRVRPH�WHVW��&$77 7��HYDQVL�

7KH�&$77 7��HYDQVL PHWKRG�ZDV�GHVFULEHG�E\�%DM\DQD�	�+DPPHUV���������$OO�VHUD
ZHUH� WHVWHG� IROORZLQJ� D� SURWRFRO� SURYLGHG� E\� ,QVWLWXWH� RI�7URSLFDO�0HGLFLQH��$QWZHUS�
%HOJLXP��7KH� WHVW� VDPSOHV� �VHUD��ZHUH�GLOXWHG����� LQ�&$77�EXIIHU��2Q� WKH� WHVW� DUHD�RI
FDUG�ZDV�SXW��� O RI�GLOXWHG�VHUXP�DQG�WKHQ�YHUWLFDOO\�DGGHG�RQH�GURS��DERXW��� O��RI
WKH�ZHOO�KRPRJHQLVHG�&$77�DQWLJHQ�LQ�HDFK�FLUFOH�WHVW�DUHD��ZLWKRXW�WRXFKLQJ�WKH�FDUG�
7KH�VHUD�DQG�DQWLJHQ�ZHUH�JHQWO\�PL[HG�LQ�WKH�LQGLYLGXDO�FLUFOHV�WHVW�DUHD�XVLQJ�D�SODVWLF
VWLUUHU�WKDW�ZDV�ZLSHG�FOHDQ�EHWZHHQ�HDFK�VDPSOH��7KH�WHVW�FDUG�ZDV�SODFHG�RQ�D�IODW�EHG
RUELWDO� URWDWRU� DQG� URWDWHG� IRU� �� PLQXWHV� DW� ��� USP�� )XUWKHUPRUH�� EOXH� JUDQXODU
DJJOXWLQDWLRQV�LQGLFDWHG�D�SRVLWLYH�UHDFWLRQ�EHWZHHQ�VHUD�DQG�DQWLJHQ�RI 7��HYDQVL ZKLFK
FDQ EH�UHDG�LPPHGLDWHO\�EHIRUH�UHPRYLQJ�WKH�FDUG�IURP�WKH�URWDWRU��(O�0HWDQDZH\ HW�DO�
������

'1$�H[WUDFWLRQ

'1$ RI 7�� HYDQVL ZDV� H[WUDFWHG� IURP�ZKROH� EORRG� VDPSOH XVLQJ�*HQRPLF�'1$
0LQL�.LW��*HQHDLG��7DLZDQ��IROORZLQJ�WKH PDQXIDFWXUHU¶V�LQVWUXFWLRQ��7KH�H[WUDFWHG�'1$
RI�HDFK�LVRODWH�ZDV�SXW LQ�WKH�����P/ ODEHOHG�(SSHQGRUI WXEH��$OO�WXEHV�ZHUH VWRUHG�DW �
���&�IRU�IXUWKHU�DQDO\VLV �6DZLWUL�	�:DUGKDQD�������
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3RO\PHUDVH�FKDLQ�UHDFWLRQ�DQG�JHO�HOHFWURSKRUHVLV�DQDO\VLV

3&5�DPSOLILFDWLRQ�ZDV�FDUULHG�RXW�LQ�$%L�*HQH$PS�7KHUPDO�&\FOHU������PDFKLQH
XVLQJ�,76���SULPHU L�H� IRUZDUG��)����¶�&&**$$*77&$&&*$7$77*��¶�DQG�UHYHUVH
�5��� �¶�7*&7*&*77&77&$$&*$$��¶� �1MLUX HW� DO� ������� (DFK� UHDFWLRQ� KDV� WRWDO
YROXPH�E\����ȝO�XVLQJ�.$3$�*70�)DVW�3&5�NLW� �.$3$�%,26<67(06��86$�� 7KH
RSWLPL]HG 3&5� FRQGLWLRQ� ZDV� SURJUDPPHG� WR� D� WHPSHUDWXUH�VWHS� F\FOH� RI� � SUH�
GHQDWXUDWLRQ� ����&�� �� PLQXWHV�� �� F\FOH��� GHQDWXUDWLRQ� ����&�� ��� VHFRQGV�� ��� F\FOHV��
SULPHU� DWWDFKPHQW� ����&�� ��� VHFRQGV�� ��� F\FOHV��� '1$� IUDJPHQW� H[WHQVLRQ� ����&�� ��
VHFRQGV�� ��� F\FOHV�� DQG� WKH� ODVW�'1$� IUDJPHQW� H[WHQVLRQ� ����&�� ���PLQXWHV�� �� F\FOH��
7KH� 3&5� SURGXFWV� ZHUH� IUDJPHQWHG� RQ� ����� 7$(� �7ULV�DFHWDWH�('7$�� DJDURVH� JHO
WRJHWKHU�ZLWK������ES�'1$�ODGGHU�DV�D�VWDQGDUG�PROHFXODU�ZHLJKW��)ROORZLQJ�6<%5�
6DIH�JHO� VWDLQLQJ� �,QYLWURJHQH70��� WKH�JHOV�ZHUH�HOHFWURSKRULVHG� �����YROW����PLQXWHV�
DQG� YLVXDOL]HG� E\� WUDQVLOOXPLQDWLRQ� PDFKLQH�� *HO'RF� 7UDQVOXPLQDWRU� �&OHDYHU��� 7KH
'1$�IUDJPHQW�ZLWK�����ES�LQGLFDWHG�WKDW�WKH�WHVW�VDPSOH�ZDV�SRVLWLYH��%DWLFDGRV HW�DO�
����� 6DZLWUL�	�:DUGKDQD ������

5(68/76�$1'�',6&866,21

/LYHVWRFN�PDQDJHPHQW�V\VWHP LQ�6XPED�DQG�FOLQLFDO�VLJQV�RI�6XUUD

$OO� OLYHVWRFN� VDPSOHG� LQ� WKLV� SUHVHQW� VWXG\�ZHUH� FROOHFWHG IURP� WUDGLWLRQDO� IDUPV�
/LYHVWRFN� LQ� 6XPED� ,VODQG� PRVWO\� DUH� H[WHQVLYHO\� UDLVHG� LQ� WKH� ILHOG�� 1RUPDOO\�� WKH
IDUPHUV�GR�QRW�KDYH�D�SURSHU�VWDEOH�WR�NHHS�DOO�OLYHVWRFN��7KH\�DUH�IUHHO\�UHOHDVHG�WR�WKH
SDVWXUH� LQ�JURXSV� IRU�JUD]LQJ��7KH�IDUPHUV�ZLOO�SXW� WKHP LQWR�D�VWDEOH� LI� WKHUH�DUH�PDVV
WUHDWPHQW�FRQGXFWHG�E\�ORFDO�OLYHVWRFN�DJHQF\�RU�WKH�IDUPHUV�ZLOO�VHOO�WKHP��$W�WKDW�WLPH�
WKH�IDUPHUV�MXVW�UHDOL]H�ZKHWKHU�WKH�QXPEHU�RI�WKHLU�OLYHVWRFN�LQFUHDVH�E\�KDYLQJ�IRDOV�RU
GHFUHDVH�E\ GHDWK��7KH�VWXG\�ZDV�FRQGXFWHG LQ� WKH�VDPH� WLPH�ZLWK�D�SURJUDP�RI�6XUUD
PRQLWRULQJ� FDUULHG� RXW� E\� ORFDO� OLYHVWRFN� DJHQF\� RI� (DVW� 6XPED� 5HJLRQ� 'XULQJ� WKH
VWXG\��VRPH�RI�WKH�FOLQLFDO�V\PSWRPV�RI 6XUUD�VXFK�DV�IHYHU��HPDFLDWLRQ�DQG�RHGHPD�RQ
WKH�DEGRPHQ�DQG WHVWLFXODU�ZHUH�UHFRUGHG�LQ�RQH�KRUVH��1GLKD HW�DO� �������7KH�UHPDLQLQJ
OLYHVWRFN�VDPSOH�GLG�QRW�VKRZ DQ\ FOLQLFDO�PDQLIHVWDWLRQ�RI�6XUUD�GXULQJ�FROOHFWLQJ�EORRG
VDPSOHV�

3DUDVLWRORJLFDO�WHVW

7KH�UHVXOW�RI�SDUDVLWRORJLFDO�WHVW�LQ�ERWK�KRUVHV�DQG�EXIIDORHV�FDQ�EH�VHHQ�LQ�7DEOH���
%DVHG RQ�*LHPVD�VWDLQHG�EORRG�VPHDUV�GHPRQVWUDWHG�WKDW���RI����KRUVHV���������DQG���RI
�����������ZHUH�IRXQG�WR�EH�SRVLWLYH�WU\SDQRVRPRVLV��7KH�SDUDVLWHV�KDG�VSHFLILF�VKDSH�
PRQRPRUSKLF�WKLQ�WU\SRPDVWLJRWH��ORQJ�IUHH�IODJHOOXP�DQG WKLQ�SRVWHULRU�H[WUHPLW\�ZLWK
VXE�WHUPLQDO�VPDOO�NLQHWRSODVW�LQGLFDWLQJ�DV 7��HYDQVL �)LJXUH�����7KH�VXUUD�SUHYDOHQFH�RI
KRUVH�LQ�WKH�SUHVHQW�VWXG\�ZDV�KLJKHU���������WKDQ�WKDW�UHSRUWHG�E\�1GLKD HW�DO� ������
LQYHVWLJDWLQJ�KRUVHV�LQ�5LQGL�'LVWULFW��(DVW�6XPED�5HJHQF\��7KH\�GHWHFWHG��� RI�KRUVHV
LQIHFWHG�E\ 7�� HYDQVL EDVHG RQ�SDUDVLWRORJLFDO� WHVW��7KHLU� VWXG\� DOVR� UHYHDOHG� WKDW� WKHUH
ZDV�QR� VLJQLILFDQW�GLIIHUHQFH� LQ�SUHYDOHQFH�RI 7��HYDQVL DWWDFNLQJ�PDUHV�RU� VWDOOLRQV��$
ORZHU�SUHYDOHQFH�RI�6XUUD�LQ�KRUVH�LQ�3DNLVWDQ�ZDV�UHSRUWHG�E\�0XLHHG HW�DO� �������DQG
7HKVHHQ HW�DO� ��������7KH\�UHSRUWHG�WKDW������RI�KRUVH�LQ�3DVNLWDQ�ZHUH�SRVLWLYH�6XUUD
EDVHG� RQ� PLFURVFRSH� H[DPLQDWLRQ� DQG� :RR¶H� WHVW�� UHVSHFWLYHO\�� 7KH� ORZ� SHUFHQW
SRVLWLYLW\� RI 7�� HYDQVL E\� *LHPVD�VWDLQHG� EORRG� VPHDU� FDQ� EH� DWWULEXWHG� WR� WKH� WHVW¶V



3URFHHGLQJV�RI ,QWHUQDWLRQDO�6HPLQDU�RQ�/LYHVWRFN 3URGXFWLRQ�DQG 9HWHULQDU\�7HFKQRORJ\�����

��

OLPLWHG� VHQVLWLYLW\� DQG� DELOLW\� WR� GHWHFW� OLYHVWRFN� ZLWK� HDUO\� DQG� DFXWH� LQIHFWLRQV� RQO\
�7HKVHHQ HW�DO� ������

7DEOH �� 3DUDVLWRORJLFDO��6HURORJLFDO�DQG�PROHFXODU�UHVXOWV�IRU�GHWHFWLRQ�RI 7��HYDQVL LQ�ERWK
KRUVHV�DQG�EXIIDORHV LQ�(DVW�6XPED�5HJHQF\

/LYHVWRFN 6DPSOHV �Q� 'LDJQRVWLF�PHWKRG 3RVLWLYH���� 1HJDWLYH����

+RUVH �� *LHPVD�VWDLQHG�EORRG
VPHDU

��������� ����������

&$77 ��������� ����������

3&5 ��������� ����������

%XIIDORHV �� *LHPVD�VWDLQHG�EORRG
VPHDU

��������� ���������

&$77 ��������� ���������

3&5 ��������� ���������

)LJXUH��� 0RUSKRORJ\� RI 7�� HYDQVL LQ� WKLQ� *LHPVD�VWDLQHG� EORRG� VPHDU FROOHFWHG IURP
LQIHFWHG�KRUVH�LQ�(DVW�6XPED 5HJHQF\��REVHUYHG�XQGHU�OLJKW�PLFURVFRSH�����î�

7KH�RFFXUUHQFH�RI�6XUUD�LQ EXIIDORHV���������ZDV�KLJKHU�WKDQ�KRUVHV����������7KLV
ILQGLQJ�ZDV�QHDUO\�VLPLODU�WR�WKH�VWXG\�FRQGXFWHG�E\�+ROODQG HW�DO� �������DQG�6LJK HW�DO�
�������� 7KH\� IRXQG� ������ VDPSOHV� SRVLWLYH� EDVHG� RQ� *LHPVD�VWDLQHG� EORRG� VPHDUV
PHWKRG�� $OO� VDPSOHV� SRVLWLYH� IRU� SDUDVLWRORJLFDO� PHWKRG� ZHUH� DOVR� SRVLWLYH� IRU� 3&5
DVVD\��$FFRUGLQJ�WR�%DWLFDGRV HW�DO� �������WKDW�SDUDVLWRORJLFDO�DQG�3&5�WHFKQLTXHV�PD\
VKRZ� YHU\� FRPSDUDEOH� VHQVLWLYLW\ LQ� HDUO\� LQIHFWLRQV�� &RQVHUYHO\�� GXULQJ� WKH� FKURQLF
LQIHFWLRQV��WKH�SDUDVLWRORJLFDO�H[DPLQDWLRQ H[KLELWV�YHU\�ORZ�VHQVLWLYLW\���������KRZHYHU
3&5�WHFKQLTXH�LV�����WLPHV�PRUH�VHQVLWLYH��'HVTXHVQHV�	�'DYLOD��������,Q�WKLV�VWXG\��LW
LV� OLNHO\� WKDW� ERWK� KRUVHV� DQG� EXIIDORHV� GHWHFWHG� SRVLWLYH� IRU� 6XUUD� EDVHG� RQ�*LHPVD �
VWDLQHG� EORRG� VPHDUV ZHUH� LQ� WKH� DFWLYH� SKDVH� RI� LQIHFWLRQ�� ,Q� DGGLWLRQ�� WKH� QXPEHU� RI
SDUDVLWH� REVHUYHG� XQGHU� PLFURVFRSH� UHODWLYHO\� KLJK� �!��� SDUDVLWHV�� LQGLFDWLQJ� WKDW� WKH
LQIHFWLRQ�PLJKW�EH�LQ�WKH�DFWLYH�SKDVH�
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6HURORJLFDO�WHVW

7DEOH� �� VKRZHG� WKDW� WKH� &$77 7�� HYDQVL WHVW� JLYLQJ� VHURSRVLWLYH� UHVXOWV� ZHUH
UHODWLYHO\� KLJK� LQ� ERWK� KRUVHV� �������� DQG� EXIIDORHV� ��������� ,Q� WHUP� RI� JUDQXODU
DJJOXWLQDWLRQ� OHYHOV�� DOO� SRVLWLYH� VDPSOHV� ZHUH� LQ� VWURQJ� DJJOXWLQDWLRQ� DQG� YHU\� VWURQJ
DJJOXWLQDWLRQ�FDWHJRULHV��)LJXUH���� ,W�DOVR�LQGLFDWHG WKDW�WKH�LQIHFWLRQ�RI�VXUUD�PLJKW�EH�LQ
WKH� DFWLYH� SKDVH�� 7HKVHHQ HW� DO� ������� VWDWHG� WKDW� D� KLJK� SHUFHQW� SRVLWLYLW\� RI
DQWLWU\SDQRVRPDO� DQWLERGLHV� LQGLFDWHV� DQ� HQGHPLF� DUHD� DQG� WKHUH� LV� D� KLJK� WKUHDW� IRU
OLYHVWRFN�UDLVHG�LQ�WKH�DUHD��SDUWLFXODUO\�LQ�WKH H[WHQVLYH�PDQDJHPHQW�V\VWHPV��9HFWRUV�RI
VXUUD��ELWLQJ�IOLHV��KDYH�KLJK�FKDQFH�WR�WUDQVPLW�WKH�GLVHDVH�DPRQJ�IORFN�RI�OLYHVWRFN�

����� 6WURQJ� DJJOXWLQDWLRQV�� ��� �� 	� ��� 9HU\� VWURQJ� DJJOXWLQDWLRQV�� ����� 6HURQHJDWLYH�� ��
1HJDWLYH�FRQWURO������3RVLWLYH�FRQWURO

)LJXUH��� 7KH� UHVXOW� RI� &$77 7�� HYDQVL WHVW�� %OXH JUDQXODU DJJOXWLQDWLRQV� LQGLFDWHG
VHURSRVLWLYH

0ROHFXODU�WHVW

7KH� UHVXOW�RI�3&5�DVVD\V�FDQ�EH� VHHQ� LQ�7DEOH���DQG�)LJXUH����7KH� VL]H�RI� VLQJOH
DPSOLILHG�'1$�IUDJPHQWV�ZDV�����ES� LQGLFDWLQJ� WKDW� WKH� OLYHVWRFN�ZHUH� LQIHFWHG�E\ 7�
HYDQVL�� ,Q� KRUVH� DQG� EXIIDORHV� VDPSOHV�� 3&5� DVVD\V� JDYH� WKH� VDPH� UHVXOWV� WR
SDUDVLWRORJLFDO�WHVW L�H� ������DQG��������UHVSHFWLYHO\��$OO�VDPSOHV�SRVLWLYH�IRU�*LHPVD�
VWDLQHG�EORRG�VPHDUV�ZHUH�DOVR�SRVLWLYH�E\�3&5�WHVW��,W�DOVR�LQGLFDWHG�WKDW�WKH LQIHFWLRQ�RI
6XUUD� LQ� KRUVHV� DQG� EXIIDORHV� VDPSOH� PLJKW� EH� LQ� WKH� DFWLYH� SKDVH�� 6DPSOH� QHJDWLYH
WKURXJK�3&5�ZHUH�DOVR�QHJDWLYH�E\�*LHPVD�VWDLQHG�EORRG�VPHDUV�UHYHDOHG�WKDW�VSHFLILFLW\
RI�3&5�ZDV�VDWLVIDFWRU\��6KDK]DG HW�DO� ������
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)LJXUH��� 7KH� UHVXOW� RI 3&5� WHFKQLTXH� IURP� EXIIDORHV� DQG� KRUVH� VDPSOHV� DPSOLILHG� XVLQJ
,76� �� SULPHUV�� 7KH�'1$� IUDJPHQWV� DSSHDUHG� DV ZKLWH EDQG� RQ� ���� EDVH� SDLUV
�ES���.E����.E����.E���DQG�.E����EXIIDORHV�VDPSOHV��ZHUH�IRXQG�SRVLWLYH��+E��
ZDV�KRUVH VDPSOH��QHJDWLYH������3RVLWLYH FRQWURO� ���1HJDWLYH�FRQWURO

$FFRUGLQJ�WR�'HVTXHVQHV HW�DO� ��������WKH�SULPHUV�DPSOLI\�WKH�LQWHUQDO�WUDQVFULEHG
VSDFHUV��ZKLFK�DUH�SUHVHQW� LQ� WKH� ULERVRPDO�'1$�RI�YDULRXV� WU\SDQRVRPHV�� ,Q�DGGLWLRQ�
1MLUX�HW�DO���������GHPRQVWUDWHG�WKDW�WKH�,76 ± ��SULPHUV�DUH�DEOH�WR�DPSOLI\�'1$�RI 7�
HYDQVL� 7��FRQJROHQVH DQG 7��YLYD[ IURP�EORRG�PLFH�LQIHFWHG�ZLWK�WKRVH�SDUDVLWHV��,W�ZDV
DOVR� VXSSRUWHG� E\� )HUQDQGH] HW� DO� ������� UHSRUWLQJ� WKDW� WKH� XVH� RI� WKH� ,76��� SULPHUV
FRXOG�EH�KHOSIXO� WR� LGHQWLI\�PXOWLSOH� LQIHFWLRQV LQ� WKH� VDPH�KRVW��ZKLFK�ZLOO� UHGXFH� WKH
FRVW�DQG�WKH�WLPH�RI�DQDO\VHV��+HQFH��WKH�,76���SULPHUV�ZHUH�XVHG�WR�FRQILUP�ZKHWKHU�WKH
OLYHVWRFN�VDPSOHG�LQ�WKH�VWXG\�ZHUH�RQO\�LQIHFWHG�E\ 7��HYDQVL RU�WKHUH�DUH�PL[�LQIHFWLRQ
ZLWK�RWKHU�VSHFLHV RI�WU\SDQRVRPHV�

$PRQJ�WKRVH�GLDJQRVWLF�PHWKRGV��*KDWWDV�	�+HOP\��������VXJJHVWHG�WKDW�WKH�XVH�RI
3&5� EHVLGH� SDUDVLWRORJLFDO� DQG� VHURORJLFDO� PHWKRGV� LV� KLJKO\� UHFRPPHQGHG� IRU� H[DFW
GLDJQRVLV� LQ� VXUYH\� DQG� FRQWURO� SURJUDPPHV�� 7KLV� WHFKQLTXH� LV DEOH� WR� GHWHFW� PLQXWH
DPRXQWV RI�WU\SDQRVRPDO�'1$�LQ�LQIHFWHG�DQG�DSSDUHQWO\�KHDOWK\�OLYHVWRFN�

&21&/86,21

6XUUD�FDXVHG�E\ 7��HYDQVL LQ�6XPED�,VODQG�UHPDLQV�D�SULPDU\�SUREOHP��%DVHG�RQ�WKH
SDUDVLWRORJLFDO�� VHURORJLFDO� DQG�PROHFXODU� WHVW� LQ� WKH� SUHVHQW� VWXG\� LQGLFDWHV WKDW� VXUUD
DWWDFNLQJ�KRUVHV�DQG�EXIIDORHV�LV�LQ�WKH�DFWLYH�SKDVH��$FFRUGLQJO\��WKH�OLYHVWRFN�VKRXOG�EH
WUHDWHG�XVLQJ�HIIHFWLYH�GUXJV��,Q�WHUP�RI�FKURQLF�SKDVH��3&5�FRXOG�EH�XVHG�DV�D�TXLFN�DQG
UHOLDEOH�WHVW�IRU�WKH�GHWHFWLRQ�RI�WU\SDQRVRPLDVLV��SDUWLFXODUO\�ZKHQ�WKH�SDUDVLWHPLD�LV�ORZ�

$&.12:/('*(0(17

7KH�DXWKRUV�DUH�JUDWHIXO� WR�DOO� VWDII� DW� WKH�/RFDO�/LYHVWRFN�$JHQF\� LQ�:DLQJDSX �
(DVW�6XPED�7LPXU�5HJHQF\�IRU�SURYLGLQJ�WHFKQLFDO�VXSSRUW�
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5()(5(1&(6

$OL� 120�� &URRI� +,01�� $EGDOOD� +6�� ������ 0ROHFXODU� GLDJQRVLV� RI 7U\SDQRVRPD HYDQVL
LQIHFWLRQ� LQ� &DPHOXV� GURPHGDULHV� IURP� (DVWHUQ� DQG� :HVWHUQ� UHJLRQV� RI� WKH� 6XGDQ�
(PLUDWH - )RRG�$JULF������������

%DWLFDGRV :1� &DVWUR '/� %DWLFDGRV $0� ����� 3DUDVLWRORJLFDO DQG 3&5 GHWHFWLRQ RI
7U\SDQRVRPD� HYDQVL LQ� EXIIDORHV� IURP /X]RQ�� 3KLOLSSLQHV�� &H\ORQ - 6FL� �%LR� 6FL�
�����������

%DWLFDGRV�HW�DO������

%DM\DQD�DQG�+DPPHXV������

'HVTXHVQHV� 0�� 'DYLOD� $05�� ������ $SOOLFDWLRQV� RI� 3&5�EDVHG� WRROV� IRU� GHWHFWLRQ� DQG
LGHQWLILFDWLRQ�RI�DQLPDO�WU\SDQRVRPHV��D�UHYLHZ�DQG�SUHVSHFWLYH��9HW 3DUDVLWRO����������
����

'HVTXHVQHV� 0�� 'DUJDQWHV� $�� /DL� '+�� /XQ� =5�� +RO]PXOOHU�� -LWWDSDODSRQJ� 6�� �����
7U\SDQRVRPD� HYDQVL DQG� 6XUUD�� $� UHYLHZ� DQG� SHUVSHFWLYHV� RQ� WUDQVPLVVLRQ�
HSLGHPLRORJ\�DQG�FRQWURO�� LPSDFW�DQG�]RRQRWLF�DVSHFWV��%LRPHG�5HV�,QWHU�� ,'��������
�����

'HVTXHVQHV HW�DO�������

(O�0HWDQDZH\� 70�� (O�%HLK� 10�� (O�$]L]� 00$�� +DVVDQDQH� 06�� (O�$]L]� 7+$�� �����
&RPSDUDWLYH�VWXGLHV�RQ�GLDJQRVLV�RI 7U\SDQRVRPD�HYDQVL LQ�H[SHULPHQWDO�LQIHFWHG�JRDWV�
*OREDO�9HW� ����������

)HUQDQGH] HW�DO�������

*KDWWDV� 6*� 	� +HOP\� 10�� ������ 3DUDVLWRORJLFDO� DQG� PROHFXODU� VWXGLHV� RQ 7U\SDQRVRPD
HYDQVL RI�FDPHOV�LQ�(J\SW��(\JSW - $JULF�5HV�������������

*RQ]DOHV�-/��&KDFRQ�(��0LUDQGD�0��/R]D�$��6LOHV�/0��������%RYLQH�WU\SDQRVRPRVLV�LQ�WKH
%ROLYLDQ�3DQWDQDO��9HW�3DUDVLWRO�����������

+ROODQG�:*�� &ODHV )��0\� /1�� 7KDQK� 1*�� 7DP� 37�� 9HUORR� '�� %XVFKHU� 3�� *RGGHHULV� %�
9HUFUX\VVH� -�� ������ $� FRPSDUDWLYH� HYDOXDWLRQ� RI� SDUDVLWRORJLFDO� WHVWV� DQG� D� 3&5� IRU
7U\SDQRVRPD�HYDQVL GLDJQRVLV�LQ�H[SHULPHQWDOO\�LQIHFWHG�ZDWRU�EXIIDORHV��9HW�3DUDVLWRO�
���������

'LVQDN� .DEXSDWHQ 6XPED� 7LPXU�� ������ 3HQ\DNLW� 6XUUD� �7ULSDQRVRPRVLV��� /DSRUDQ� 'LQDV
3HWHUQDNDQ�:DLQJDSX� 3HPHULQWDK�.DEXSDWHQ�6XPED�7LPXU�

0XLHHG�0$��&KDXGKDU\� =,�� 6KDNRRUL�$5�� ������ &RPSDUDWLYH� VWXGLHV� RQ� WKH� VHQVLWLYLW\� RI
SRO\PHUDVH� FKDLQ� UHDWLRQ �3&5�� DQG� PLFURVFRSLF� H[DPLQDWLRQ� IRU� WKH� GHWHFWLRQ� RI
7U\SDQRVRPD�HYDQVL LQ�KRUVHV��7XUN�-�9HW�$QLP�6FL�������������

1GLKD�050��$SVDUL� ,$��'ZLQDWD� ,0��������3UHYDOHQVL� GDQ� LQWHQVLWDV� LQIHNVL 7U\SDQRVRPD
HYDQVL SDGD�NXGD�GL�GHVD�.DEDUX��.HFDPDWDQ�5LQGL��.DEXSDWHQ�6XPED�7LPXU��%XO�9HW
8GD\DQD� ���������

1MLUX� =.�� &RQVWDQWLQH� &&�� *X\D� 6�� &URZWKHU� -�� .LUDJX� -0�� 7KRPSVRQ� 5&�� 'iYLOD� $0�
������ 7KH� XVH� RI� ,76�� U'1$� 3&5� LQ� GHWHFWLQJSDWKRJHQLF� $IULFDQ� WU\SDQRVRPHV�
3DUDVLWRO�5HV������������

1MLUX�=.��5REHUWVRQ� ,��2ND\H�6��&RQVWDQWLQH &&��1GXQJ¶X�-0��7KRPSVRQ�5&$��5HLG�6$�
������'HWHFWLRQ�RI�7U\SDQRVRPD�HYDQVL�LQ�FDPHOV�XVLQJ�3&5�DQG�&$77�7��HYDQVL WHVWV
LQ�.HQ\D��9HW 3DUDVLWRO��������������
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5DPLUH]�,JOHVLDV�-5��(OHL]DOGH�0&��*RPH]�3LQHUHV��0HQGR]D�0������� 7U\SDQRVRPD�HYDQVL�
$�FRPSDUDWLYH�VWXG\�RI�IRXU�GLDJQRVWLF�WHFKQLTXHV�WR�WU\SDQRVRPRVLV�XVLQJ�UDEELW�DV DQ
H[SHULPHQWDO�PRGHO��([SHULPHQW�3DUDVLWRO� ����������

6DZLWUL� '+�� :DUGKDQD� $+�� ������ *HQHWLF� YDULDELOLW\� RI� (6$*� ���� LVRODW 7U\SDQRVRPD
HYDQVL� -,79� ���������

6LQJK� $3�� 7ULSDWKL $.�� 6LQJK� $�� 6ULYDVWDYD� $�� 6LQJK� 5�� ������ $VVHVVPHQW� RI� GLDJQRVWLF
HIILFDF\�RI�YDULRXV�PHWKRGV�LQ�GHWHFWLRQ�RI 7U\SDQRVRPD�HYDQVL LQIHFWLRQ�LQ�EXIIDORHV�
%XIIDOR�%XOO� �����������

6KDK]DG�:�� 0XQLU� 5�� .KDQ� 06�� $KPDG� 08'�� ,JEDO� 0�� ������ 0ROHFXODU� GLDJQRVLV DQG
FKHPRWKHUDS\� RI 7U\SDQRVRPD� HYDQVL LQ� 1LOL�5DYL� %XIIDORHV� DW� 'LVWULFW� 2NDUD
�3DNLVWDQ�� - $QLP�3ODQW�6FL�������������

7HKVHHQ�6�� -DKDQ�1��'HVTXHVQHV�0�� 6KDK]DG�0,��4DPDU�0)�� ������ )LHOG� LQYHVWLJDWLRQ� RI
7U\SDQRVRPD� HYDQVL DQG� FRPSDUDWLYH� DQDO\VLV� RI� GLDJQRVWLF� WHWV� LQ� KRUVHV� IURP
%DKDZDOSXU��3DNLVWDQ��7XUN�-�9HW�$QLP�6FL�������������

',6&866,21

4XHVWLRQ

:KDW�LV�WKH�EHVW�WHFKQLTXH�WR�GHWHFW�7U\SDQRVRPD�HYDQVLL"

$QVZHU

3&5�PHWKRG LV�WKH�EHVW�PHWKRG�WR�GHWHFW�7�HYDQVLL�VLQFH LW�LV�YHU\�VHQVLWLYH�
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