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���$QLPDO�4XDUDQWLQH 6HUYLFH��<RNRKDPD ����������-DSDQ
���)0'�&HQWHU��3DN&KRQJ��1DNKRQ�5DWFKDVLPD��������7KDLODQG
�� ,$+�3LUEULJKW���3UHVHQW�DGGUHVV� 9HWHULQDU\ 0HGLFLQHV 'LUHFWRUDWH��1HZ�+DZ��$GGOHVWRQH� 6XUUH\�.7����/6 8.�
�� 1DWLRQDO�,QVWLWXWH�RI�$QLPDO�+HDOWK��7VXNXED��,EDUDNL�����������-DSDQ
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,QWURGXFWLRQ
&XUUHQW VHURORJLFDO WHVWV�WR�GHWHFW�DQWLERG\�WR�)0' YLUXV
LQFOXGH�YLUXV�QHXWUDOL]DWLRQ �617��� OLTXLG�SKDVH�EORFNLQJ
�/3%� (/,6$�� VROLG�SKDVH� FRPSHWLWLRQ� (/,6$ DQG�
QRQVWUXFWXUDO� SURWHLQ� �16� (/,6$� RU� HTXLYDOHQWV� ���� ����
7KH� DGYDQWDJH� RI� 16� DV� (/,6$� DQWLJHQ� LV� QRW� RQO\� WKH�
JURXS� VSHFLILF� FKDUDFWHULVWLFV RI� WKH� DQWLJHQ�� EXW� DOVR� WKH
VSHFLILFLW\� IRU� VR�FDOOHG µYLUXV� LQIHFWLRQ¶ DQWLERGLHV�� 7KH�
ODWWHU� FKDUDFWHULVWLF ZDV� H[SHFWHG WR� SURYLGH� D� SRVVLEOH�
WRRO� GLIIHUHQWLDWLQJ LQIHFWHG� IURP� YDFFLQDWHG DQLPDOV�
7KHVH� DGYDQWDJHV� KDYH� EHHQ� GHPRQVWUDWHG XVLQJ�
ELRORJLFDOO\� HQJLQHHUHG� UHFRPELQDQW� 16� DQWLJHQV� ���� ����
2XU� REMHFWLYH�ZDV� WR� GHYHORS DQ�16 SHSWLGH� DQWLJHQ� IRU�
16� (/,6$�� ZKLFK� FRXOG� UHSODFH� WKH� UHFRPELQDQW 16
DQWLJHQV�

0DWHULDOV�DQG�0HWKRGV
16� 3HSWLGH� $QWLJHQV� )0'9� 16� SHSWLGHV� ZHUH�
V\QWKHVL]HG� E\� %HFNPDQ� ���%� DQG� $GYDQFH� &KHP7HFN�
$&7�� XVLQJ )�PRF� FKHPLVWU\�� 7KH\ ZHUH WKHQ�
FRQMXJDWHG�ZLWK� KRUVH� JDPPD�JOREXOLQ� �&KRQ� IUDFWLRQ� ,,�
	� ,,,�� 6LJPD�� E\� D�PRGLILHG� JOXWDUDOGHK\GH�PHWKRG� �����
6HUD� 6HUD�FROOHFWHG�IURP�-DSDQHVH�KHDOWK\�GDLU\�FDWWOH�LQ�
����� ZHUH� XVHG� DV� )0'� VHUR�QHJDWLYH� VHUD� DIWHU
FRQILUPDWLRQ� RI� WKHLU� VHUR�QHJDWLYH� VWDWXV� E\ 617� DQG�
/3%� (/,6$�� ,QGLYLGXDO� FRQYDOHVFHQW� VHUD� GHULYHG� IURP�
DOO� W\SHV� RI� )0'9� LQIHFWHG� FDWWOH� ZHUH� REWDLQHG� IURP�
,$+� 3LUEULJKW� DQG� XVHG� DV� UHIHUHQFH VHUD�� 6HULDOO\�
FROOHFWHG� VHUD�� ZKLFK� GHULYHG� IURP� IRXU H[SHULPHQWDOO\�
LQIHFWHG� FDWWOH� ������������� ������ ����� LQIHFWHG�ZLWK�2��
8GRUQWKDQL�������ZHUH�DOVR�XVHG�DV�SRVLWLYH�VHUD�
16� 3HSWLGH (/,6$� ,QGLUHFW� (/,6$� ZDV� SHUIRUPHG��
3HSWLGHV±KRUVH� JDPPD� JOREXOLQ� FRQMXJDWHV ���XJ�PO��
ZHUH�XVHG�DV�DQWLJHQ�DQG�FRDWHG�GLUHFWO\�RQWR�SODWHV�ZLWK�
FDUERQDWH�EXIIHU�S+����
16�(/,6$�� 617� DQG� /3%�(/,6$� 7KHVH� DVVD\V ZHUH�
SHUIRUPHG IROORZLQJ�VWDQGDUG SURWRFROV�
*HQH� DQDO\VLV� *(1(7<;� VRIWZDUH� ZDV� XVHG� ZLWK�
)0'9�2�. VHTXHQFH��;�����������

5HVXOWV�DQG�'LVFXVVLRQ
6FUHHQLQJ� RI� 3HSWLGHV� )RUW\� SHSWLGHV� ��$$V� WR� ��$$V�
ORQJ��� FRYHULQJ DOO� RI� WKH� K\GURSKLOLF� SHDNV RQ� WKH� 16�
UHJLRQ�RI�)0'9�VHTXHQFH� ZHUH�V\QWKHVL]HG�DV�DFFRUGLQJ�
WR�0DWHULDOV� DQG�0HWKRGV�� 7KH\� ZHUH� WKHQ� VXEMHFWHG� WR�
(/,6$� WR� WHVW� WKHLU DFWLYLW\� DV� DQWLJHQV XVLQJ� �����

FRQYDOHVFHQW�VHUXP���ZN�DIWHU�FKDOOHQJH���)LQDOO\��WKH����
SHSWLGH��7DEOH�����ZKLFK�VKRZHG�WKH�KLJKHVW�DFWLYLW\��ZDV�
VHOHFWHG DV� WKH� FDQGLGDWH� 16� SHSWLGH� DQWLJHQ� �'DWD� QRW�
VKRZQ��
7DEOH���� 6HTXHQFH�RI����SHSWLGH

/RFDWLRQ���$$V� 6HTXHQFH 16�UHJLRQ
�������������� 5673('/(5$(.4 �%

(VWDEOLVKLQJ� WKH� &XW�RII� 2QH� KXQGUHG� QHJDWLYH� VHUD�
ZHUH�VXEMHFWHG WR�16�SHSWLGH�(/,6$ DW�YDULRXV GLOXWLRQV��
$W�D�GLOXWLRQ�RI �������WKH�PHDQ�2'�YDOXHV�LQ�(/,6$�ZDV�
������Q �����0D[��������0LQ�� �������6' �������7KH� FXW�
RII� ZDV� FRQVHTXHQWO\� VHW� SURYLVLRQDOO\� DW� ���� 2' DW� D�
GLOXWLRQ� RI� ������� 7ZR� IROG� VHUXP� GLOXWLRQV� ZHUH� PDGH�
IURP ������� 6HUD� ZLWK� DQ� 2'� JUHDWHU� WKDQ� ���� DW� ������
ZHUH�FRQVLGHUHG�SRVLWLYH�DQG� WKH� WLWHU�ZDV�GHILQHG�DV� WKH�
ODVW�GLOXWLRQ�ZLWK�DQ�2'�!���
3RVLWLYH�5HIHUHQFH 6HUD��$OO�WKH�UHIHUHQFH VHUD�VXEMHFWHG�
WR�(/,6$�ZHUH SRVLWLYH��������WR����������
6HULDOO\� FROOHFWHG� 6HUD� IURP� ,QIHFWHG� &DWWOH� 7KH� 16�
SHSWLGH�(/,6$�ZDV�FRPSDUHG ZLWK�16�(/,6$��617�DQG�
/3%�(/,6$� XVLQJ� VHULDOO\� FROOHFWHG� VHUD� IURP�
H[SHULPHQWDOO\� LQIHFWHG� FDWWOH�� 7KH� 16� SHSWLGH� (/,6$�
VKRZHG� D� JRRG� FRUUHODWLRQ ZLWK� RWKHU� VHURORJLFDO� WHVWV�
�7DEOH���VKRZHG�WKH�UHVXOWV�RI�DQLPDO��������7KHVH�UHVXOWV�
VXJJHVW�WKDW�SHSWLGH����PD\�UHSUHVHQW�D�YLDEOH�DOWHUQDWLYH�
WR�UHFRPELQDQW�16�DQWLJHQV�DQG�ZRXOG�KDYH�DGYDQWDJHV�LQ�
WHUPV�RI�HDVH�DQG�FRQVLVWHQF\�RI�SURGXFWLRQ��VWDELOLW\�DQG�
FRVW�

$FNQRZOHGJPHQWV
7KH�ZRUN�GHVFULEHG�ZDV� IXQGHG�LQ�SDUW�E\�1$52�-DSDQ�
-,&$ DQG�)0'�&HQWHU��7KDLODQG�
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