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$��.DQGDVDP\��DQG�.��'HYDGD�
'HSDUWPHQW�RI�9HWHULQDU\�3DUDVLWRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\�±����������7KULVVXU��.HUDOD

$EVWUDFW
'HWHFWLRQ� RI� DQWLJHQV� LQ� IDHFDO

VXSHUQDWDQWV� LV� D�PRUH� UHOLDEOH� DQG� VXLWDEOH
PHWKRG�� LQ� FDVHV� ZKHUH� FRSURORJLFDO
H[DPLQDWLRQ�IDLOV� WR�UHYHDO�DQ\�SDUDVLWLF�RYD�
+XQGUHG� FDWWOH� NQRZQ� WR� EH� LQIHFWHG� ZLWK
*DVWURWK\OD[� FUXPHQLIHU�� WKH�PRVW� SUHYDOHQW
DPSKLVWRPH�VSHFLHV�ZHUH�VHOHFWHG�DW�UDQGRP
IRU�WKH�VWXG\��$Q�LQGLUHFW�(/,6$�ZDV�SHUIRUPHG
WR�GHWHFW�FRSURDQWLJHQV�LQ�IDHFDO�VXSHUQDWDQWV
RI� WKHVH� LQIHFWHG� FDWWOH� XVLQJ� UDEELW� K\SHU
LPPXQH�VHUXP�DJDLQVW�VRPDWLF�DQWLJHQV�RI�WKH
IOXNH�� 6HYHQW\� IRXU� VDPSOHV�ZHUH� IRXQG� WR
FRQWDLQ�GHWHFWDEOH�DPRXQWV�RI�FRSURDQWLJHQV
LQGLFDWLQJ�D�VHQVLWLYLW\�RI����SHU�FHQW� IRU� WKH
WHVW��7KH�UHVXOWV�LQGLFDWH�WKH�IHDVLELOLW\�RI�(/,6$
IRU� WKH� GHWHFWLRQ� RI� FRSURDQWLJHQV� RI
DPSKLVWRPH� LQIHFWLRQV�
.H\ZRUGV��&RSURDQWLJHQ��(/,6$��$PSKLVWRPHV

7KH� ,QGLDQ� OLYHVWRFN� LQGXVWU\� VXIIHUV
PXFK�GXH�WR�IDWDO�HQWHULWLV�FDXVHG�E\�IOXNHV�RI
YDULRXV�VSHFLHV��0XNKHUMHH�DQG�'HRUDQL��������
1DWK� ������� UHSRUWHG� WKDW� *DVWURWK\OD[
FUXPHQLIHU�� D� VSHFLHV� RI� DPSKLVWRPH
DFFRXQWHG�IRU�WKH�KLJKHVW�SUHYDOHQFH����������
DPRQJ� RWKHU� ��� VSHFLHV� LQ� .HUDOD�
&RQYHQWLRQDO� PHWKRGV� RI� GLDJQRVLV� RI
DPSKLVWRPHV� OLNH� GHWHFWLRQ� RI� FOLQLFDO� VLJQV�
SDUDVLWLF�RYD�DQG�QHFURSV\�DUH�FXPEHUVRPH
DQG�OLPLWHG��7KHVH�KDUGVKLSV�DUH�RYHUFRPH�E\
VHURORJLFDO�WHFKQLTXHV�HVSHFLDOO\�GHWHFWLRQ�RI
SDUDVLWLF� DQWLJHQV� LQ� ELRORJLFDO� VDPSOHV
�-RKQVRQ�HW�DO����������$V�FRSURDQWLJHQV�DUH
VKHG�E\�ERWK� LPPDWXUH�DQG�PDWXUH� IOXNHV�� LW
SDYHV�ZD\� IRU�HDUO\�GHWHFWLRQ�RI� WKH�GLVHDVH

FRQGLWLRQ�� 7KLV� SDSHU� HQVXUHV� WKH� IHDVLELOLW\
RI� FRSURDQWLJHQ� GHWHFWLRQ� HPSOR\LQJ� DQ
LQGLUHFW� (/,6$� LQ� WKH� GHWHFWLRQ� RI
DPSKLVWRPRVLV� LQ� FDWWOH�� 7KLV� VWXG\� DSSHDUV
WR�EH�WKH�ILUVW�RI�LWV�NLQG�IURP�WKH�FRXQWU\�LQ�WKH
GLDJQRVLV� RI� DPSKLVWRPRVLV�
0DWHULDOV�DQG�0HWKRGV

/LYH� IOXNHV� IURP� WKH� UXPHQ� ZHUH
FROOHFWHG�LQ�FKLOOHG�VDOLQH�IURP�LQIHFWHG�FDWWOH
VODXJKWHUHG�DW�WKH�0XQLFLSDO�VODXJKWHU�KRXVH�
7KULVVXU�� 7KH�PRVW� SUHYDOHQW� DPSKLVWRPH
VSHFLHV�� *DVWURWK\OD[� FUXPHQLIHU� ZHUH
VHSDUDWHG� IURP� WKH� UHVW� LQ� WKH� ODERUDWRU\
EDVHG�RQ�PRUSKRORJ\��6RPDWLF�DQWLJHQV�ZHUH
SUHSDUHG� IURP� WKH� DERYH� IOXNHV� DV� SHU
-LWKHQGUDQ�HW�DO���������DQG�LWV�SURWHLQ�FRQWHQW
ZDV� GHWHUPLQHG� E\� %LXUHW� PHWKRG� XVLQJ
SKRWRPHWHU� �����+\SHU� LPPXQH� VHUD�+,6�
DJDLQVW� VRPDWLF� DQWLJHQV� ZDV� UDLVHG� LQ
UDEELWV� �-RKQVRQ� HW� DO�������� DQG� WKH� VHUD
ZDV�WHVWHG�IRU�DQWLERGLHV�E\�$*37��.DJDQ�DQG
1RUPDQ�� ������

6HUXP�VDPSOHV� IURP�����FDWWOH�ZLWK
NQRZQ�*DVWURWK\OD[� LQIHFWLRQ�ZHUH� FROOHFWHG
DQG� VWRUHG� LQ� VWHULOH� YLDOV� DW� �����&�� )DHFDO
VDPSOHV�RI�WKH�VDPH�����FDWWOH�LQIHFWHG�ZLWK
*DVWURWK\OD[� VSHFLHV�� IURP�ZKLFK� WKH� VHUD
ZHUH� REWDLQHG� ZHUH� FROOHFWHG� MXVW� EHIRUH
VODXJKWHU� LQ� VPDOO� SODVWLF� YLDOV�

&RSURDQWLJHQV�ZHUH�SUHSDUHG�E\�WKH
PHWKRG� GHVFULEHG� E\�$KPDG� DQG� 1L]DPL
�������7KH� IDHFDO� VXSHUQDWDQW�ZDV� XVHG� DV
WKH�VRXUFH�RI�DQWLJHQ��7KH�SURWHLQ�FRQWHQW�ZDV
GHWHUPLQHG�E\�%LXUHW�PHWKRG�


3DUW�RI�0�9�6F��WKHVLV�VXEPLWWHG�E\�WKH�ILUVW�DXWKRU�WR�WKH�.HUDOD�$JULFXOWXUDO�8QLYHUVLW\��7KULVVXU
���9HWHULQDU\�2IILFHU��9HQN\¶V�,QGLD��3DOODGDP��7DPLO�1DGX
���3URIHVVRU�DQG�+HDG

5HFHLYHG�����������
$FFHSWHG�����������



-��9
HW��

$Q
LP�

6F
L���

���
����

����
��

5(6($5&+�$57,&/(

� &RSURDQWLJHQ�GHWHFWLRQ�LQ�DPSKLVWRPRVLV���

7KH� RSWLPXP� FRQFHQWUDWLRQ� RI
FRSURDQWLJHQV�� DQWL� VRPDWLF� +,6� UDLVHG� LQ
UDEELWV�DQG�JRDW�DQWL�UDEELW�,J*�+53�FRQMXJDWH
�� *HQHL�� 3YW�� /WG��� ZHUH� VWDQGDUGL]HG� E\
FKHFNHU�ERDUG�WLWUDWLRQ���6HUD�IURP�FDWWOH�ZLWK
NQRZQ�*DVWURWK\OD[� LQIHFWLRQ� IRUPHG� WKH
SRVLWLYH� FRQWURO� DQG� WKRVH� IURP� FDWWOH
DEVROXWHO\�IUHH�IURP�DQ\�DPSKLVWRPH�LQIHFWLRQ
IRUPHG�WKH�QHJDWLYH�FRQWURO��2SWLPXP�GLOXWLRQV
RI� WKH� UHDJHQWV�ZKLFK� JDYH� WKH� KLJKHVW� WLWUH
ZLWK� WKH�SRVLWLYH�VDPSOH�DQG� WKH� ORZHVW� WLWUH
ZLWK�WKH�QHJDWLYH�VDPSOH�ZHUH�VHOHFWHG�DV�WKH
ZRUNLQJ�GLOXWLRQ�IRU�WKH�SUHVHQW�VWXG\�

$Q�LQGLUHFW�(/,6$�ZDV�SHUIRUPHG�DV
GHVFULEHG�E\�$KPDG�DQG�1L]DPL��������LQ���
ZHOO�IODW�ERWWRPHG�PLFURWLWUH�SODWHV���7KH\�ZHUH
UHDG�DW����QP�LQ�D�0XOWLVFDQ�06�(/,6$�UHDGHU�
6DPSOHV�WKDW�KDG�DQ�2'�YDOXH�DERYH�WKH�VXP
RI� WKH�PHDQ� RI� QHJDWLYH� FRQWUROV� DQG� WKUHH
WLPHV� WKH� VWDQGDUG� GHYLDWLRQ� �FXW�RII� SRLQW�
ZHUH�WDNHQ�DV�SRVLWLYH�
5HVXOWV�DQG�'LVFXVVLRQ

7KH� SURWHLQ� FRQWHQW� RI� VRPDWLF
DQWLJHQV�SUHSDUHG�IRU�UDLVLQJ�+,6�LQ�UDEELWV�ZDV
IRXQG� WR� EH� �� PJ�PO� DQG� WKDW� RI� IDHFDO
VXSHUQDWDQW� FRQWDLQLQJ� FRSURDQWLJHQV� ZDV
IRXQG� WR� EH� �� PJ�PO�� 7KH� RSWLPXP
FRQFHQWUDWLRQV�RI�FRSURDQWLJHQV��DQWL�VRPDWLF
+,6�DQG�JRDW�DQWL�UDEELW�,J*�±+53�XVHG�LQ�WKH
SUHVHQW� ZRUN� ZHUH� ������ ������ DQG� ��� ���
UHVSHFWLYHO\�

,Q�WKH�LQGLUHFW�(/,6$�IRU�GHWHFWLRQ�RI
FRSURDQWLJHQV�� WKH� FXW�RII� SRLQW� ZDV
GHWHUPLQHG� E\� WKH� VXP� RI� WKH�PHDQ� RSWLFDO
GHQVLW\��2'��YDOXH�RI�WKH�QHJDWLYH�FRQWUROV�DQG
WKUHH�WLPHV�WKH�VWDQGDUG�GHYLDWLRQ��$�VDPSOH
ZDV�FRQVLGHUHG�SRVLWLYH� IRU�FRSURDQWLJHQV�� LI
LWV�2'�YDOXH�ZDV�KLJKHU�WKDQ�WKH�FXW�RII�SRLQW�
7KH� FXW�RII� SRLQW� LQ� WKH� SUHVHQW� VWXG\� ZDV
�������8VLQJ�WKLV�FULWHULRQ�����IDHFDO�VDPSOHV
ZHUH� IRXQG� WR�EH�SRVLWLYH� IRU� FRSURDQWLJHQV�
7KH�VHQVLWLYLW\�RI�FRSUR�DQWLJHQ�(/,6$�ZDV���
SHU�FHQW��

$OWKRXJK� WKH� DERYH� UHVXOWV� ZHUH� LQ
DFFRUGDQFH� WR�0DOHHZRQJ�HW� DO�� ������� DQG
0RXVWDID� HW� DO�� ��������$KPDG� DQG�1L]DPL
�������DQG��5DKPDQ�HW�DO����������ZHUH�DEOH
WR�REWDLQ��D�KLJKHU�VHQVLWLYLW\�RI�����SHUFHQW�
7KH� XWLOLVDWLRQ� RI� VRPDWLF� DQWLJHQV� RI�*�
FUXPHQLIHU�WR�UDLVH�DQWLSDUDVLWLF�DQWLERGLHV�LQ
UDEELWV�PLJKW�EH�D�UHDVRQ�IRU�WKH�GLIIHUHQFH�LQ
WKH�VHQVLWLYLW\�RI� WKH� WHVW��ZKHQ�FRPSDUHG� WR
WKRVH�XWLOL]LQJ�H[FUHWRU\��VHFUHWRU\�DQWLJHQV�RI

SDUDVLWHV��$QRWKHU� IDFWRU� WKDW� FRXOG� KDYH
DIIHFWHG�WKH�VHQVLWLYLW\�RI�FRSURDQWLJHQ�(/,6$
LV� WKH� VWRUDJH� RI� FRSURDQWLJHQV� IRU� YDU\LQJ
SHULRGV�DW�YDU\LQJ� WHPSHUDWXUHV�

,W�LV�ZRUWK\�WR�QRWH�WKDW�LQ�WKH�SUHVHQW
VWXG\�� FRSURDQWLJHQV� FRXOG� EH� GHWHFWHG� LQ
IDHFDO� VXSHUQDWDQWV� VWRUHG�XSWR�HLJKW�ZHHNV
DW� ����&� FRQFXUULQJ� ZLWK� WKH� UHVXOWV� RI
'HSOD]HV�HW�DO��������DQG�&UDLJ�HW�DO���������

7KH� SUHVHQW� VWXG\� LQGLFDWHV� WKDW
(/,6$� IRU� FRSURDQWLJHQ� GHWHFWLRQ� LQ
DPSKLVWRPRVLV�LV�UHODWLYHO\�HDV\�WR�KDQGOH�DQG
DSSHDUV� IHDVLEOH� IRU� ILHOG� XVH��7KH� ILQGLQJV
HQFRXUDJH� UHVHDUFK� LQ� WKH� GHWHFWLRQ� RI
FRSURDQWLJHQV� IRU� WKH� GLDJQRVLV� RI� LPPDWXUH
DPSKLVWRPRVLV� ZKHQ� IDHFDO� H[DPLQDWLRQ
GRHV�QRW�UHYHDO�DQ\�RYD�
$FNQRZOHGJHPHQW

7KH�DXWKRUV�DUH�WKDQNIXO�WR�WKH�'HDQ�
&ROOHJH� RI� 9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV�
0DQQXWK\�IRU�WKH�IDFLOLWLHV�SURYLGHG�WR�FDUU\�RXW
WKH�ZRUN�
5HIHUHQFHV
$KPDG�� *�� DQG� 1L]DPL�:�� $�� �����

&RSURDQWLJHQV�� (DUO\� GHWHFWLRQ� DQG
VXLWDELOLW\� RI� DQ� LPPXQRGLDJQRVWLF
PHWKRG� IRU� HFKLQRFRFFRVLV� LQ� GRJV�
9HW��3DUDVLWRO���������������

&UDLJ��3��6���*DVVHU��%���3DUDGD�� O���&DEUHUD�
3���3DULHWWL��6���%RUJXHV��&���$FXWWLV��$��
6QRZGHQ�� .�� DQG�3DROLOOR�� (�� �����
'LDJQRVLV�RI� FDQLQH�HFKLQRFRFFRVLV�
FRPSDULVRQ� RI� FRSURDQWLJHQ� DQG
VHUXP� DQWLERG\� WHVWV�ZLWK� DUHFROLQH
SXUJDWLRQ�LQ�8UXJXD\��9HW��3DUDVLWRO��
�����������

'HSOD]HV�� 3���*RWWVWHLQ�� %��� 6WLQJHOLQ�<�� DQG
(FNHUW�� -�� ������'HWHFWLRQ�RI�7DHQLD
K\GDWLJHQD�FRSURDQWLJHQV�E\�(/,6$�LQ
GRJV��9HW��3DUDVLWRO�������������

-LWKHQGUDQ��.��3���9DLG��-��DQG�.ULVKQD��/�������
&RPSDUDWLYH� HYDOXDWLRQ� RI�$*37�
&,(3�DQG�3+$�WHVWV�IRU�WKH�GLDJQRVLV
RI�'LFURFRHOLXP�GHQWULWLFXP� LQIHFWLRQ
LQ�VKHHS�DQG�JRDWV��9HW��3DUDVLWRO������
��������

-RKQVRQ��0��-���%HKQNH��-��0��DQG�&ROHV��*��&�
������ 'HWHFWLRQ� RI� JDVWURLQWHVWLQDO
QHPDWRGHV�E\�D�FRSURDQWLJHQ�FDSWXUH
(/,6$���5HV�9HW��6FL������������
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.DJDQ�� ,�*�� DQG� 1RUPDQ�� /�� �����
6HURGLDJQRVLV� RI� SDUDVLWLF� GLVHDVHV�
,Q��0DQXDO� RI� &OLQLFDO� ,PPXQRORJ\�
$PHULFDQ�6RFLHW\�IRU�0LFURELRORJ\��SS�
��������

0DOOHZRQJ��:���,QWDSDQ��0��3���:RQJNKDP��&��
:RQJUDWDQDFKHHZLQ�� 6��� 7DSFKDLVUL�
3���0DUDNRWH��1�� DQG�&KDLVXPSD�:�
������ 'HWHFWLRQ� RI� 3DUDJRQLPXV
KHWHURWUHPXV� LQ� H[SHULPHQWDOO\
LQIHFWHG�FDW�IDHFHV�E\�DQWLJHQ�FDSWXUH
(/,6$� DQG� '1$� K\EULGL]DWLRQ�� -�
3DUDVLWRO� ���� ����������

0RXVWDID��1��(���+HJDE��0��+��$��DQG�+DVVDQ�
0��0�� ������5ROH� RI� (/,6$� LQ� HDUO\
GHWHFWLRQ�RI�)DVFLROD�FRSURDQWLJHQV��LQ
H[SHULPHQWDOO\� LQIHFWHG� DQLPDOV�� -�
(J\SW�6RF��3DUDVLWRO��������������

0XNKHUMHH��5��3�� DQG�'HRUDQL��6�9��3�� �����
0DVVLYH� LQIHFWLRQ� RI� D� VKHHS� ZLWK
DPSKLVWRPHV� DQG� KLVWRSDWKRORJ\� RI
WKH�SDUDVLWLVHG�UXPHQ��,QGLDQ�9HW��-��
���� ��������

1DWK�� 7�� 6�� � ������ 7UHPDWRGHV� RI
3DUDPSKLVWRPDWLGDH� LQIHFWLQJ
GRPHVWLF� UXPLQDQWV��0�9�6F��7KHVLV�
.HUDOD� $JULFXOWXUDO� 8QLYHUVLW\�
7KULVVXU����S�

5DKPDQ��6��0��$���5HLOO\��.��/��2��DQG�0DORQH�
-�� (�� ������ %LRFKHPLFDO
FKDUDFWHUL]DWLRQ� DQG� ORFDOLVDWLRQ� RI
)DVFLROD� KHSDWLFD� ������ N'$
GLDJQRVWLF� FRSURDQWLJHQV��3DUDVLWH
,PPXQRO���������������


