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0HWKRG��7KLV�ZDV�D�FURVV-VHFWLRQDO�DQG�FRPPXQLW\-EDVHG�W\SH�RI�VWXG\�RI�%XUXOL�XOFHU�SDWLHQWV�IURP����VWDWHV��
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��� \HDUV�� ZKLOH� ���� �������� ZHUH� �� ��� \HDUV�� 'XULQJ� WKH� VWXG\� SHULRG�� WKH� KLJKHVW� QXPEHU� RI� VDPSOHV�� ����
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0\FREDFWHULXP� XOFHUDQV�� WKH� FDXVDWLYH� SDWKRJHQ� RI�
%XUXOL�XOFHU�GLVHDVH��%8'���UDQNV�WKLUG�DPRQJ�WKH�PRVW�
FRPPRQ� P\FREDFWHULD� LQIHFWLRQ� ZRUOGZLGH�� DIWHU�
WXEHUFXORVLV� DQG� OHSURV\� >�@�� 7KRXJK� LQ� VRPH� DIIHFWHG�
FRPPXQLWLHV� LQ� WKH� ZHVW� DQG� FHQWUDO� $IULFD�� %8'�
LQFLGHQFH� UDWHV� VXUSDVV� WKH� RWKHU� WZR� >�@�� :LWK� HDUO\�
FDVHV�ILUVW�GHVFULEHG�LQ�%XUXOL�FRXQW\�RI�8JDQGD�>�@��WKH�
:RUOG� +HDOWK� 2UJDQL]DWLRQ� �:+2�� LQ� ����� GHFODUHG�
%XUXOL�XOFHU�DQ�HPHUJLQJ�VNLQ�GLVHDVH�RI�SXEOLF�FRQFHUQ��
7KH�GLVHDVH�KDV�QRZ�EHHQ�UHSRUWHG� LQ�RYHU����FRXQWULHV�
LQ�$IULFD��$VLD��$PHULFD��DQG�:HVW�3DFLILF�>�@��ZLWK�PRVW�
FDVHV�FXUUHQWO\�LQ�:HVW�$IULFD�>�@� 

%XUXOL� XOFHU� LV� D� GLVILJXULQJ� DQG� RFFDVLRQDOO\� GLVDEOLQJ�
FXWDQHRXV� GLVHDVH� FKDUDFWHUL]HG� E\� FKURQLF� QHFURVLV� RI�
VXEFXWDQHRXV� WLVVXH��ZLWK�ERQHV� DIIHFWHG� LQ� VRPH�FDVHV��
$W� WKH�RQVHW�RI� LQIHFWLRQ�� LW� DSSHDUV� DV�D�SDLQOHVV� LQVHFW�
ELWH� RU� SLPSOH� ZKLFK� SURJUHVVHV� VORZO\� GHVWUR\LQJ�
VXEFXWDQHRXV� WLVVXHV� OHDGLQJ� WR� DQ� H[WHQVLYH� VNLQ� SHHO�
RII�� WKHQ� WKH�FKDUDFWHULVWLF�XOFHU�ZLWK�XQGHUPLQHG�HGJHV�
>�@�� 7KH� F\WRWR[LF� DQG� LPPXQRVXSSUHVVLYH� DFWLYLWLHV� RI�
P\FRODFWRQH��D�SRO\NHWLGH�WR[LQ�SURGXFHG�E\�0��XOFHUDQV�
LV� UHVSRQVLEOH� IRU� WKH� QHFURVLV� RI� WLVVXH� ZKLFK�
GLVWLQJXLVKHV� LW� IURP� RWKHU�P\FREDFWHULD��7KLV� KDV� EHHQ�
VXJJHVWHG�DV�D�SRVVLEOH�GLDJQRVWLF�WDUJHW�EXW�IRU�LWV� OLSLG�
QDWXUH��PDNLQJ�LW�SRRUO\�LPPXQRJHQLF�>�@� 

0��XOFHUDQV�LV�DQ�HQYLURQPHQWDO�EDFWHULXP�RIWHQ�IRXQG�LQ�
VZDPS\� DQG� KXPLG� DUHDV� ZLWK� VWDJQDQW� ODNHV� RU� VORZ-
IORZLQJ� VWUHDPV� LQ� WURSLFDO� DQG� VXEWURSLFDO� UHJLRQV�
JOREDOO\�>���@��+RZHYHU��VRPH�FDVHV�KDYH�EHHQ�UHSRUWHG�
ZLWKRXW� H[SRVXUH� WR� ZHWODQGV�� 7KH� HVWDEOLVKPHQW� RI� D�
VSHFLILF�PRGH�RI�WUDQVPLVVLRQ�WR�KXPDQV�UHPDLQV�HOXVLYH��
ZLWK�PDQ\� WKHRULHV�SURSRVHG��+RZHYHU��HVWDEOLVKHG� ULVN�
IDFWRUV� LQFOXGH�� OLYLQJ� LQ� %8� HQGHPLF� DUHDV�� SUHYLRXV�
WUDXPD� WR� WKH� VNLQ�� DQG� ODFN� RI� ZHDULQJ� SURWHFWLYH�
IRRWZHDU�>�����@��0��XOFHUDQV�KDYH�EHHQ�IRXQG�LQ�DTXDWLF�
EXJV� DQG� PRVTXLWR�� ILVK�� DTXDWLF� SODQWV�� DQG�
$FDQWKDPRHED� VSHFLHV�� EXW� QR� FRQFOXVLRQ� DERXW� WKH�
WUDQVPLVVLRQ�PRGH�KDV�EHHQ�GUDZQ�\HW�>����������@� 

7KH�ILUVW� WLPH�1LJHULD�QRWLILHG�:+2�RI�%8'�FDVHV�ZDV�
LQ�������DIWHU�D�FROODERUDWLYH�DVVHVVPHQW�E\�D�WHDP�IURP�
%HQLQ� UHSXEOLF� DQG�:+2��ZKLFK� LQYHVWLJDWHG� WKH�%8'�
VLWXDWLRQ� LQ� WKH� FRXQWU\� ZLWK� WKH� DLP� RI� HVWDEOLVKLQJ�
HQGHPLF� DUHDV� >��@�� +LVWRULFDOO\�� *UD\� HW� DO� LQ� �����
GHVFULEHG� WKH� ILUVW� FDVHV� RI� %8'� LQ� 1LJHULD� LQ� IRXU�
SDWLHQWV�UHVLGLQJ�LQ�%HQXH�VWDWH��7KHQ�LQ������DQRWKHU����

SDWLHQWV�ZHUH�GHVFULEHG�DURXQG�,EDGDQ�LQ�2\R�VWDWH�>��@��
6LQFH� WKHQ�� RYHU� WZR� GHFDGHV� SDVVHG� EHIRUH�
LQYHVWLJDWLRQV� RQ� %8'� SLFNHG� XS� DJDLQ� LQ� WKH� FRXQWU\�
EHWZHHQ������DQG������ZKHQ�VDPSOHV�IURP�WKH�/HSURV\�
DQG� 7XEHUFXORVLV� +RVSLWDO� LQ� 0RQLD\D-2JRMD�� &URVV-
5LYHUV� VWDWH�� ZHUH� VHQW� WR� WKH� ,QVWLWXWH� RI� 7URSLFDO�
0HGLFLQH�LQ�%HOJLXP�IRU�3&5�FRQILUPDWLRQ� 

'LDJQRVLV�RI�%8'�LV�FXUUHQWO\�GRQH�XVLQJ�IRXU�PHWKRGV��
3&5�� XVXDOO\� ,6����� DPSOLILFDWLRQ�� PLFURVFRS\� �=1�
VWDLQ�� IRU� DFLG-IDVW� EDFLOOL� GHWHFWLRQ�� FXOWXUH� IRU� WKH�
LVRODWLRQ� RI� YLDEOH� RUJDQLVPV�� DQG� KLVWRSDWKRORJ\�� � 7KH�
,6�����3&5�LV�WKH�JROG�VWDQGDUG��DQG�:+2�UHFRPPHQGV�
WKDW�DW�OHDVW�����RI�UHSRUWHG�FDVHV�EH�FRQILUPHG�XVLQJ�LW�
LQ� DQ\� VXUYH\� >��@�� $IWHU� WKH� ����� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� %XUXOL� XOFHU� &RQWURO� DQG� 5HVHDUFK� LQ�
<DPRXVVRXNUR�� &RWH� G
� ,YRLUH� >��@�� PDQ\� HQGHPLF�
FRXQWULHV� NLFNHG-RII� WKHLU� QDWLRQDO� FRQWURO� SURJUDPPHV��
8QOLNH� RWKHU� QDWLRQV�� WKH� %8'� FRQWURO� SURJUDPPH� LQ�
1LJHULD� LV� LQ� LWV� LQIDQF\� DQG� LV� \HW� WR� FRYHU� DOO� HQGHPLF�
DUHDV� >��@�� KHQFH� WKHUH� LV� D� JURVV� LQIRUPDWLRQ� GHDUWK�
DERXW� %8'� DPRQJ� WKH� SRSXODFH� DQG� VRPH� KHDOWKFDUH�
SUDFWLWLRQHUV�� 7KH� SURJUDPPH� VXIIHUV� LQDGHTXDWH� KHDOWK�
LQIUDVWUXFWXUH�� ORZ� VXUYHLOODQFH�� XQGHU-UHSRUWLQJ�� DQG�
SRRU� PHDVXUHV� JHDUHG� WRZDUGV� SUHYHQWLRQ� DQG� FRQWURO�
>��@�� 7KLV� VLWXDWLRQ� OHG� WR� 1LJHULDQV� VHHNLQJ� PHGLFDO�
DVVLVWDQFH� LQ� QHLJKERXULQJ� FRXQWULHV� >��@�� 7KH� ODFN� RI�
KHDOWK� LQIUDVWUXFWXUH� LQ� WKH� FRXQWU\� LQFOXGHV� WKH� QRQ-
H[LVWHQFH�RI� D� VWDQGDUG� ODERUDWRU\� IRU�3&5�GLDJQRVLV�RI�
%8'��+HQFH��WKLV�VWXG\�ZDV�HPEDUNHG�XSRQ�WR�DVVLVW�WKH�
QDWLRQDO�FRQWURO�SURJUDPPH�WR�RYHUFRPH�WKLV�FKDOOHQJH� 

0RVW�RI�WKH�FDVHV�UHSRUWHG�LQ�WKH�FRXQWU\�KDG�OLPLWDWLRQV��
LQFOXGLQJ�XVLQJ�D�SXUHO\�GHVFULSWLYH�DSSURDFK��ZLWK�PRVW�
GLDJQRVHV�EHLQJ� UHWURVSHFWLYH� RU� SURVSHFWLYH� EDVHG� RQO\�
RQ� FOLQLFDO� SUHVHQWDWLRQ� >���� ��@�� 7KLV� OHG� WR� WKH�
VSHFXODWLRQ� WKDW� %8'� PD\� EH� XQGHUGLDJQRVHG� KHQFH�
XQGHU-UHSRUWHG� LQ�1LJHULD� FRPSDUHG� WR� LWV� WZR� HQGHPLF�
QHLJKERXUV� RQ� WKH� HDVW� �&DPHURRQ�� DQG� ZHVW� �%HQLQ�
UHSXEOLF����7KHUHIRUH�WKHUH�LV�DQ�XUJHQW�QHHG�WR�HVWDEOLVK�D�
3&5� GLDJQRVLV� ODERUDWRU\� WR� DGGUHVV� WKLV� VSHFXODWLRQ��
KHQFH�WKH�QHHG�IRU�WKLV�VWXG\���� 
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FRPLQJ� IURP� WKH� )HGHUDO� &DSLWDO� 7HUULWRU\� �)&7��� WKH�
FRXQWU\
V� FHQWUDO� ]RQH�� 7KH� VWDWHV� ZHUH�� $ELD�� $NZD�
,ERP�� $QDPEUD�� %D\HOVD�� &URVV� 5LYHUV�� 'HOWD�� (ERQ\L��
(NLWL��(QXJX�� ,PR��/DJRV��2JXQ��2QGR��2VXQ�� DQG�5LY�
HUV�� $� WRWDO� RI� ���� VDPSOHV� IURP�%8'� VXVSHFWHG� FDVHV�
ZHUH�VFUHHQHG�GXULQJ�WKH�VWXG\�SHULRG� 

�����6WXG\�GHVLJQ 

7KH� VWXG\� ZDV� FURVV-VHFWLRQDO� DQG� FRPPXQLW\-EDVHG��
&RPPXQLW\� +HDOWK� :RUNHUV� �&+:V�� IURP� WKH� VWDWHV�
ZHUH� WUDLQHG� RQ� FOLQLFDO� VDPSOH� FROOHFWLRQ�� VWRUDJH� DQG�
WUDQVSRUWDWLRQ� WR� WKH� ODERUDWRU\�� %HIRUH� VDPSOH� FROOHF�
WLRQ��WKHUH�ZDV�RXWUHDFK�DQG�VHQVLWL]DWLRQ�RI�WKH�FRPPX�
QLWLHV�� LQFOXGLQJ� GLVWULEXWLRQ� RI� LQIRUPDWLRQ�� HGXFDWLRQ�
DQG� FRPPXQLFDWLRQ� �,(&�� PDWHULDOV�� LQWHUDFWLYH� WDONV��
DQG�RFFDVLRQDOO\�YLGHR�VKRZV��3DWLHQWV�ZHUH�LQWHUYLHZHG��
DQG�WKHLU�GHWDLOV�UHFRUGHG�EHIRUH�VDPSOHV�ZHUH�FROOHFWHG��
7UDLQHG�&+:V�WRRN�D�VZDE�DQG�)LQH�1HHGOH�$VSLUDWLRQ�
�)1$��VSHFLPHQV��&ROOHFWHG�VDPSOHV�ZHUH�VWRUHG� LQ�DS�
SURSULDWH� WUDQVSRUW�PHGLD� DQG� VHQW� WR� WKH� ODERUDWRU\� IRU�
DQDO\VLV��� 

�����(WKLFV�6WDWHPHQW 

$SSURYDO� IRU� WKH� VWXG\�ZDV� REWDLQHG� IURP� WKH�1LJHULDQ�
,QVWLWXWH� RI� 0HGLFDO� 5HVHDUFK�� ,QVWLWXWLRQDO� 5HYLHZ�
%RDUG��,5%���12��,5%����������7KH�SURMHFW�ZDV�GRQH�LQ�
FROODERUDWLRQ� ZLWK� WKH� QDWLRQDO� %8� FRQWURO� SURJUDPPH��
$SSURYDO� DQG� SDUWLFLSDQWV
� FRQVHQW�ZDV� DOVR� REWDLQHG� DW�
WKH�VWDWH�OHYHO�ZKHUH�VDPSOHV�ZHUH�UHFHLYHG�� 

�����6DPSOH�SUHSDUDWLRQ�DQG�'1$�LVRODWLRQ 

6SHFLPHQV�UHFHLYHG�RQ�VZDE�VWLFNV�ZHUH�FXW�WR�VL]H�WR�ILW�
LQWR��PO� WXEHV�� WKHQ����PO�RI�SKRVSKDWH-EXIIHUHG�VDOLQH�
�3%6�� ZDV� DGGHG� DQG� PL[HG� YLJRURXVO\� IRU� �� PLQXWHV��
2QH� KXQGUHG� PLFUROLWUHV� RI� WKH� VROXWLRQ� ZDV� DOLTXRWHG�
LQWR�DQRWKHU�VWHULOH�VFUHZ�FDS�WXEH�UHDG\�IRU�'1$�H[WUDF�
WLRQ�� )LQH� 1HHGOH� $VSLUDWHV� �)1$��� LI� GU\� RQ� DUULYDO��
����O� RI� 3%6� ZDV� DGGHG� DQG� PL[HG� IRU� �� PLQXWHV��
DQG����O�DOLTXRWHG�WR�VWHULOH�WXEHV��,I�)1$�ZDV�LQ�DOFR�
KRO�RQ�DUULYDO��LW�ZDV�FHQWULIXJHG��WKH�VXSHUQDWDQW�GHFDQW�
HG�� DQG� ����O� RI� 3%6� DGGHG� DQG� PL[HG� EULHIO\�� DQG�
����O�DOLTXRWHG�WR�D�VWHULOH� WXEH��UHDG\�IRU�'1$�H[WUDF�
WLRQ� 

)RU�'1$�H[WUDFWLRQ��(WKDQRO-6RGLXP�+\GUR[LGH��(W1D��
^���P0�1D2+������HWKDQRO�DQG�����P0�('7$`�H[�
WUDFWLRQ�SURWRFRO�ZDV�XVHG��%ULHIO\��WR�����O�RI�WKH�EDFWH�
ULDO� VXVSHQVLRQ� LQ�3%6�����PO�RI�(W1D�'1$�H[WUDFWLRQ�
UHDJHQW�ZDV� DGGHG� DQG�PL[HG� EULHIO\�� 7KH�PL[WXUH�ZDV�

WKHQ�KHDWHG�DW���R&�IRU����PLQXWHV��VSXQ�DW��������USP�
�XVLQJ� 0,.52� ����� +HWWLFK� =HQWUIXJHQ� FHQWULIXJH�� IRU�
���PLQXWHV��DQG�WKH�VXSHUQDWDQW�ZDV�UHPRYHG��7KH�SHOOHW�
ZDV�UH-VXVSHQGHG�LQ�����O�RI�'1$�VXVSHQVLRQ�VROXWLRQ��
2QH-WHQWK�YROXPH�RI�6RGLXP�$FHWDWH���0��S+������ZDV�
DGGHG�DQG�PL[HG��WKHQ��;�WKH�YROXPH�RI�LFH�FROG������
HWKDQRO�ZDV�DGGHG�DQG�YRUWH[�IRU����VHFRQGV��,W�ZDV�WKHQ�
LQFXEDWHG�RYHUQLJKW�DW�-��R&��$IWHU�WKH�LQFXEDWLRQ��LW�ZDV�
FHQWULIXJHG�DW��������USP�IRU����PLQXWHV��WKH�VXSHUQDWDQW�
GLVFDUGHG��ULQVHG�E\�DGGLQJ�����O�RI�LFH-FROG�����HWKD�
QRO�� DQG� FHQWULIXJHG� DW� ������� USP� IRU� ���PLQXWHV��7KH�
VXSHUQDWDQW� ZDV� GLVFDUGHG�� DQG� WKH� SHOOHW� GLVVROYHG� LQ�
��XO�RI�7(�DQG�XVHG�IRU�3&5� 

����'1$�DPSOLILFDWLRQ 

���O�RI�WKH�H[WUDFWHG�'1$�ZDV�DPSOLILHG�LQ�D����O�UHDF�
WLRQ� PL[WXUH� FRQWDLQLQJ� ��SPRO� RI� HDFK� SULPHU� �S*S��
DQG� S*S���� �;� ),5(3RO�� 0DVWHU� PL[� UHDG\� WR� ORDG��
),5(3RO�� '1$� 3RO\PHUDVH� DQG� �;� UHDFWLRQ� EXIIHU�
����0�7ULV-+&O�����0��1+���62��������Z�Y�7ZHHQ-����
���P0�0J&O����P0�G173V��%OXH�G\H�����-����NE�'1$�
IUDJPHQW��<HOORZ� G\H�� ��-��ES�'1$� IUDJPHQW�� D� FRP�
SRXQG� WKDW� LQFUHDVHV� VDPSOH� GHQVLW\� IRU� GLUHFW� ORDGLQJ���
3ULPHUV� XVHG� GLUHFWHG� DW� ,6����� ZHUH� S*S��
��
$***&$*&*&**7*$7$&**� �
�� DQG� S*S��
��
&$*7**$77**7*&&*$7&*$*� �
��� ZLWK� D� WKHU�
PRF\FOLQJ� SURILOH� WKXV�� GHQDWXUDWLRQ� DW� ��R&� IRU� ���
PLQXWHV�� ��� F\FOHV� RI� ��R&� IRU� ��� VHFRQGV�� ��R&� IRU� ��
PLQXWH��DQG���R&�IRU���PLQXWH����VHFRQGV�DQG�ILQDO�HORQ�
JDWLRQ� DW� ��R&� IRU� ��� PLQXWHV�� 7KH� KHDWHG� OLG� IXQFWLRQ�
ZDV� XVHG� DW� ���R&� WKURXJKRXW� WKH� F\FOLQJ� WLPH�� %HIRUH�
WKH� IROORZLQJ� VWHS� RI� WKH� QHVWHG� 3&5�� WKH� VWDWXV� RI� WKH�
QHJDWLYH� DQG� SRVLWLYH� FRQWUROV� ZDV� FRQILUPHG� WKURXJK�
DJDURVH� JHO� HOHFWURSKRUHVLV� DV� LQGLFDWHG� E\� WKH� DEVHQFH�
SUHVHQFH�RI����-ES�DPSOLFRQ��ZKLFK�ZDV�D�IUDJPHQW�LQGL�
FDWLQJ� WKH� SUHVHQFH� RI�0�� XOFHUDQV� JHQRPLF� '1$�� )RU�
WKH�QHVWHG�3&5����O�RI�WKH�ILUVW�DPSOLFRQ�ZDV�XVHG� LQ�D�
���O� UHDFWLRQ� PL[WXUH� ZLWK� SULPHUV� S*S�� ��¶-
**&*&$*$7&$$&77&*&**7-�
�� DQG� S*S�� ��¶-
&7*&*7**7*&777$&*&*&-�
��� 2WKHU� UHDFWLRQ�
FRPSRQHQWV� ZHUH� DGGHG� DW� VLPLODU� FRQFHQWUDWLRQV� ZLWK�
WKH�ILUVW�3&5��7KH�WKHUPRF\FOLQJ�SURILOH�ZDV�DOVR�LGHQWL�
FDO� ZLWK� WKH� ILUVW� H[FHSW� WKDW� WKH� QXPEHU� RI� F\FOHV�ZDV�
FKDQJHG�WR���� 

�����*HO�HOHFWURSKRUHVLV 

7ZR� SHUFHQW� DJDURVH� JHO� LQ� ���;� 7%(� EXIIHU� ZDV� SUH�
SDUHG� ZLWK� HWKLGLXP� EURPLGH�� 7HQ� PLFUROLWHUV� RI� HDFK�
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*\DQJ�HW�DO�3DQ�$IULFDQ�-RXUQDO�RI�/LIH�6FLHQFHV����������������-��� 

3&5�SURGXFW�ZHUH�ORDGHG�LQWR�WKH�ZHOOV�RI�WKH�JHO��2Q�D�
URZ� RQ� WKH� JHO� ZHUH� D� PROHFXODU� ZHLJKW� VWDQGDUG�
�PDUNHU���SRVLWLYH�DQG�QHJDWLYH�FRQWUROV�DQG� WHVW� VDPSOH�
DPSOLFRQV��7KH�JHOV�ZHUH�UXQ�DW����9�IRU��KU�DQG�ZHUH�
YLHZHG�LQ�D�SKRWR�GRFXPHQWDWLRQ�FKDPEHU��&OLQ[��86$��
XVLQJ� 89� OLJKW� DQG� FDSWXUHG� RQ� D� ODSWRS�� $Q\� ���-ES�
IUDJPHQW�DSSHDULQJ�IURP�WKH�VHFRQG�3&5�URXQG�ZDV�FRQ�
VLGHUHG�SRVLWLYH�IRU�0��XOFHUDQV�>��@� 

�����6WDWLVWLFDO�DQDO\VLV� 

&DWHJRULFDO� YDULDEOHV� ZHUH� VXPPDUL]HG� XVLQJ� IUHTXHQ�
FLHV��$�&KL-VTXDUHG� WHVW� HYDOXDWHG� SURSRUWLRQV� RI� LQIHF�
WLRQ�EDVHG�RQ�JHQGHU��DJH�JURXS��DQG�VWDWHV��'DWD�DQDO\VLV�
ZDV�GRQH�XVLQJ�6366����� 

 

���5(68/76 

$�WRWDO�RI�����VSHFLPHQV�ZHUH�UHFHLYHG�GXULQJ�WKH�VWXG\�
SHULRG��-DQXDU\������–�-XQH��������7KH�VDPSOHV�LQFOXGHG�
WKRVH� FROOHFWHG� IURP�PLFURVFRSLFDOO\� SRVLWLYH� DQG� QHJD�
WLYH�SDWLHQWV�DQG�DOVR�IURP�FOLQLFDOO\�VXVSHFWHG�FDVHV��7KH�
GHPRJUDSKLF� FKDUDFWHULVWLFV� DUH� VKRZQ� LQ� 7DEOH� ��� 3D�
WLHQWV
�GLVWULEXWLRQ�EDVHG�RQ�VH[�VKRZHG�WKDW�������������
ZHUH� IHPDOHV�ZKLOH����� ��������ZHUH�PDOHV�� LQGLFDWLQJ�
DOPRVW� D� EDODQFHG� VH[� GLVWULEXWLRQ�� 7KH� LQIHFWLRQ� UDWHV�
ZHUH� VLJQLILFDQWO\� GLIIHUHQW� �S������� EHWZHHQ� JHQGHU��
ZLWK� IHPDOHV� EHLQJ� PRUH� LQIHFWHG�� 3DWLHQWV� ROGHU� WKDQ�
��\HDUV�ZHUH��������������ZKLOH�������������ZHUH�FKLO�
GUHQ� �� ��� \HDUV�� ,QIHFWLRQ� UDWHV� ZHUH� DOVR� VLJQLILFDQWO\�
GLIIHUHQW� EHWZHHQ� WKH� DJH� JURXSV� �S�������� ZLWK� DJH�
JURXSV�!��\UV�KDYLQJ�PRUH�LQIHFWLRQ�� 

 

'XULQJ�WKH�VWXG\�SHULRG��WKH�KLJKHVW�QXPEHU�RI�VDPSOHV��
������������DQG�������������ZHUH�UHFHLYHG�IURP�&URVV�
5LYHUV� DQG� 'HOWD� VWDWHV�� UHVSHFWLYHO\�� :KLOH� WKH� OHDVW�
QXPEHU� RI� VDPSOHV�� �� ������� DQG� �� ������� FDPH� IURP�
(NLWL�DQG�/DJRV�VWDWHV�UHVSHFWLYHO\��DV�VKRZQ�LQ�)LJXUH�� 

$�WRWDO�RI�������������RXW�RI�����VDPSOHV�UHFHLYHG�ZHUH�
SRVLWLYH�IRU�0��XOFHUDQV�E\�3&5��2XW�RI�ZKLFK������ZHUH�
PDOHV��DQG�����ZHUH�IHPDOHV��$Q�H[DPSOH�RI�D�JHO�VKRZ�
LQJ�ERWK�SRVLWLYH�DQG�QHJDWLYH�VDPSOHV�LV�VKRZQ�LQ�)LJ�
XUH����,Q�WKH�DJH�JURXS������\HDUV��D�WRWDO�RI������������
RXW�RI�����VSHFLPHQV�ZHUH�SRVLWLYH��:KLOH�LQ�DJHV�DERYH�
���\HDUV�� RXW� RI����� VDPSOHV�� ���� ������ZHUH�SRVLWLYH��
$JH� JURXS� ���ޓ \HDUV� KDG� WKH� KLJKHVW� QXPEHU� ������
��������RI�VDPSOHV��RI�ZKLFK�������������ZHUH�SRVLWLYH�
�7DEOH���� 

 

���'LVFXVVLRQ 

%XUXOL�8OFHU�'LVHDVH��%8'��LV�D�JOREDO�KHDOWK�LVVXH�GXH�
WR� WKH�SDLQ��GHIRUPDWLRQ��DQG�JURVV�HFRQRPLF�EXUGHQ�RQ�
SDWLHQWV
�IDPLOLHV��,Q�RXU�VWXG\��RXW�RI�WKH�����VSHFLPHQV�

9DULDEOH ,QIHFWLRQ�UDWH 

  Q ��� &KL-
VTXDUHG 

S-YDOXH 

*HQGHU         
)HPDOH��Q� ����� ��� ���� ����� �����
 
0DOH��Q� ����� ��� ����     

$JH�JURXS         
����\HDUV��Q ����� �� ����     
��-���\HDUV��Q ����� �� ����     

��-���\HDUV��Q ����� �� ���� ����� �����
 

��-���\HDUV��Q ���� �� ����     
!���\HDUV��Q ����� ��� ����     
7RWDO ��� �����     

7DEOH����'HPRJUDSKLF�FKDUDFWHU LVWLFV�RI�SDWLHQWV�LQIHFWHG�
ZLWK�0��XOFHUDQV 


S������LV�FRQVLGHUHG�VLJQLILFDQW 

)LJXUH����'LVWU LEXWLRQ�RI�0��XOFHUDQV�E\�VWDWHV�� 

)LJXUH� ��� 3&5� IRU � 0\FREDFWHULXP� XOFHUDQV� LQ� FOLQLFDO�
VDPSOHV�� *HO� SLFWXUH� VKRZLQJ� SRVLWLYH� DQG� QHJDWLYH� UHVXOWV�
DIWHU� VHFRQG�3&5��/DQH��� ����ES�PDUNHU�� ODQH��� �SRVLWLYH�
VDPSOH�� ODQHV� �-��  � QHJDWLYH� VDPSOHV�� ODQHV� �-���  � SRVLWLYH�
VDPSOHV��ODQH���� �QHJDWLYH�VDPSOH��ODQH���� �SRVLWLYH�FRQWURO��
ODQH���� �QHJDWLYH�FRQWURO�� 
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UHFHLYHG�� DOPRVW� KDOI�� ���������� ZHUH� SRVLWLYH� IRU�0��
XOFHUDQV���2XW�RI�WKLV�QXPEHU������ZHUH�PDOHV�ZKLOH�����
ZHUH�IHPDOHV��7KLV�����SUHYDOHQFH�UHFRUGHG�DJUHHV�ZLWK�
SUHYLRXV�VWXGLHV��ZKLFK�DOVR�VKRZHG�WKDW�6RXWKHUQ�1LJH�
ULD�ZDV�%8'�HQGHPLF� >������@��)HPDOHV�ZHUH�PRUH� LQ�
IHFWHG� WKDQ� PDOHV� ������� DQG� ������� UHVSHFWLYHO\���
ZKLFK�LV�LQ�GLVDJUHHPHQW�ZLWK�UHSRUWV�HOVHZKHUH�LQ�$IUL�
FD� >��@�DQG�-DSDQ� >��@��6XFK�JHQGHU�YDULDWLRQ�KDV�EHHQ�
DWWULEXWHG� WR� GLIIHUHQWLDO� H[SRVXUH� WR� 0�� XOFHUDQV� DQG�
LPPXQH�UHVSRQVHV�>������@��0DQ\�VWXGLHV�KDYH�VXJJHVW�
HG�WKDW�DJH�JURXSޒ����\HDUV�DUH�PRVWO\�DIIHFWHG�E\�%8'�
LQ�VXE-6DKDUDQ�$IULFD�>��������������@��EXW�WKLV�LV�QRW�LQ�
OLQH� ZLWK� RXU� VWXG\�� 2QO\� ���� ������ ZHUH� XQGHU� ���
\HDUV��ZKLFK�LV�WKH�VDPH�DV�ZKDW�ZDV�UHFRUGHG�LQ�D�VWXG\�
LQ�-DSDQ�>��@��2YHU�����RI�RXU�VWXG\�SDWLHQWV�ZHUH�DJHG�
�� ��� \HDUV�� ZLWK� PRVW� VDPSOHV� FRPLQJ� IURP� WKH� DJH�
JURXS����\HDUV����������$�VWXG\���E\�$\HOR�HW�DO��>��@��
DOVR�VKRZHG�D�VLPLODU�RXWFRPH��EXW�LW�FDQQRW�EH�JHQHUDO�
L]HG�WKDW�PRVW�DJH�JURXS������\HDUV�DUH�DIIHFWHG�E\�%8'�
LQ� 1LJHULD� EHFDXVH� RWKHU� VWXGLHV� KDG� FRQWUDU\� UHSRUWV�
>��@� 

$OO�VDPSOHV�H[DPLQHG�ZHUH�IURP�WKH�VRXWKHUQ�SDUW�RI�WKH�
FRXQWU\��H[FHSW�$EXMD��LQ�WKH�FHQWUDO�UHJLRQ���7KH�VRXWK�
HUQ�UHJLRQ�KDV�VLPLODU�FOLPDWLF�FRQGLWLRQV�ZLWK�RWKHU�%8�
HQGHPLF�DUHDV�RI�VXE-6DKDUDQ�$IULFD��D�WURSLFDO�UDLQIRU�
HVW�W\SH��2WKHU�VWXGLHV�KDYH�DOVR�VKRZQ�WKDW�WKLV�UHJLRQ�LV�
HQGHPLF�>������@��1RUWKHUQ�1LJHULD�LV�FKDUDFWHUL]HG�E\�D�
WURSLFDO� GU\� FOLPDWH�ZKLFK� KDV� QRW� EHHQ� UHSRUWHG� WR� EH�
DVVRFLDWHG�ZLWK�%8'� HQGHPLFLW\�� 7KH� KLJKHVW� QXPEHUV�
RI� VDPSOHV� ZHUH� IURP� &URVV� 5LYHUV� ������ DQG� 'HOWD�
������ VWDWHV�� *RLQJ� E\� WKHLU� QDPHV� OLWHUDOO\�� WKHVH� DUH�
DUHDV�ZLWK�ORWV�RI�ZDWHU�ERGLHV�DQG�PDUVK\�HQYLURQPHQWV�
NQRZQ�WR�VXSSRUW�%8�SUHVHQFH��(NLWL� ����DQG�/DJRV�����
KDG�WKH�ORZHVW�QXPEHU�RI�VDPSOHV�DWWULEXWHG�WR�D�ODFN�RI�
SURSHU�DZDUHQHVV�RI�%8�E\�WKH�SRSXODFH� 

7KLV� VWXG\� UHSRUWV� WKH� ILUVW� LQ-FRXQWU\� QHVWHG�3&5� FRQ�
ILUPHG� %8� FDVHV� RI� D� ODUJH� FRKRUW� RI� SDWLHQWV�� %HIRUH�
QRZ�� WKH� QDWLRQDO� FRQWURO� SURJUDPPH� FRRSHUDWHG� ZLWK�
WKH� 7%� DQG� /HSURV\� FRQWURO� SURJUDP� FDOOHG� �1DWLRQDO�
7XEHUFXORVLV�� %XUXOL� XOFHU�� DQG� /HSURV\� &RQWURO� 3UR�
JUDPPH��17%/&3����VHQGLQJ�VDPSOHV�RI�VXVSHFWHG�FDV�
HV� WR�D�:+2�ODERUDWRU\� LQ�$QWZDUS��%HOJLXP��IRU�3&5�
FRQILUPDWLRQ�� 7KLV� FRQVXPHG� D� ORW� RI� WLPH�� OHDGLQJ� WR�
WUHDWPHQW� GHOD\V�� DQG� UHTXLUHG� D� ORW� RI� ORJLVWLFV�� 7KH�
,6�����3&5�IRU�%8�XVHG�LQ�WKLV�SURMHFW�LV�FRQVLGHUHG�WKH�
JROG�VWDQGDUG�GLDJQRVWLF�WRRO�>��@��,W�KDV�KLJK�VSHFLILFLW\�

DQG�VHQVLWLYLW\�ZLWK�ORZ�GHWHFWLRQ�OLPLWV�>��-��@���� 

�����&RQFOXVLRQ 

7KLV� VWXG\� KDV� VKRZQ� WKDW� VRXWKHUQ�1LJHULD� LV� HQGHPLF�
IRU� %8�� ZKLFK� DJUHHV� ZLWK� RWKHU� SUHYLRXV� VWXGLHV� >����
��@�DQG�VXSSRUWV� WKH�QRWLRQ� WKDW�%8
V�SUHYDOHQFH� LQ�1L�
JHULD�PLJKW� EH�PRUH� WKDQ� SUHYLRXVO\� WKRXJKW�� 7KH� RXW�
FRPH� RI� WKLV� VWXG\� VWUHVVHV� WKH� QHHG� IRU� PRUH� JRYHUQ�
PHQW�LQYROYHPHQW�LQ�SURYLGLQJ�WKH�QHHGHG�KHDOWK�IDFLOL�
WLHV�WR�KHOS�DOOHYLDWH�WKH�DJRQ\�RI�%8�SDWLHQWV� 

 

'HFODUDWLRQ�RI�FRQIOLFW�RI�LQWHUHVW 

7KH�$XWKRUV�GHFODUH�WKDW�WKHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW� 

)XQGLQJ�6WDWHPHQW 

7KLV� VWXG\� ZDV� VXSSRUWHG� E\�:+2�7'5� LPSDFW� JUDQW�
�3URMHFW� ,'�1R�� ���������1LJHULDQ� ,QVWLWXWH� RI�0HGLFDO�
5HVHDUFK� �JUDQW� QXPEHU�� �QLPUJD����-��-����� DQG� DQ�
HTXLSPHQW� JUDQW� IURP� .LQGHUPLVVLRQV� ZHUN� $DFKHQ�
�*HUPDQ\���$�ORW�RI�6XSSRUW�DOVR�FDPH�IURP�WKH�*HUPDQ�
/HSURV\�DQG�7%�5HOLHI�$VVRFLDWLRQ��*/5$�� 

$FNQRZOHGJPHQW 

:H�WKDQN�DOO�WKH�FRPPXQLW\�KHDOWK�ZRUNHUV��&+(:V��LQ�
WKH� GLIIHUHQW� VWXG\� VWDWHV�� DQG� 0UV�� $GHODMD� DQG� 0LVV�
$NSDQ� RI� 1,05� IRU� WKHLU� LPPHQVH� VXSSRUW� GXULQJ� WKH�
VWXG\�� 

$XWKRUV�&RQWULEXWLRQ� 

93*� FRQWU LEXWHG� WR� VWXG\� GHVLJQ�� SHUIRUPHG� GDWD�
FROOHFWLRQ�� DQDO\VLV� DQG�ZURWH� WKH�PDQXVFULSW��7:�SHU�
IRUPHG�GDWD� FROOHFWLRQ�DQG� DQDO\VLV��6,$� FRQWULEXWHG� WR�
VWXG\�GHVLJQ�DQG�GDWD�DQDO\VLV��$2�SHUIRUPHG�GDWD�FRO�
OHFWLRQ�DQG�DQDO\VLV�� �23$�FRQFHLYHG��GHVLJQHG�DQG�VX�
SHUYLVHG�WKH�ZRUN��$OO�DXWKRUV�DSSURYHG�WKH�ILQDO�YHUVLRQ�
RI�WKH�PDQXVFULSW 

5HIHUHQFHV 

�� :+2�%XUXOL�XOFHU�GLVHDVH�IDFWVKHHW��*HQHYD��:RUOG�
+HDOWK�2UJDQL]DWLRQ��������KWWS���ZZZ�ZKR�LQW�
PHGLDFHQWUH�IDFWVKHHWV�IV����HQ�>DFFHVVHG����$XJXVW�
����@� 

�� 6WUDJLHU�3��$EORUGH\�$��%D\RQQH�/0��/XJRU�</��6LQGDQL�
/6��6X\NHUEX\N�3��HW�DO��+HWHURJHQHLW\�DPRQJ�0\FREDF�
WHULXP�XOFHUDQV�LVRODWHV�IURP�$IULFD��(PHUJ�,QIHFW�'LV��
����������������-���� 

�� &ODQFH\�-��'RGJH�5��/XQQ�+)��6WXG\�RI�D�P\FREDFWHULXP�
FDXVLQJ�VNLQ�XOFHUDWLRQ�LQ�8JDQGD��$QQ�6RF�%HOJ�0HG�

*\DQJ�HW�DO�3DQ�$IULFDQ�-RXUQDO�RI�/LIH�6FLHQFHV����������������-��� 
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7URS��������������-��� 

�� 0HUULWW�5:��:DONHU�('��6PDOO�3/��:DOODFH�-5��-RKQVRQ�
3'��%HQERZ�0(��HW�DO��(FRORJ\�DQG�WUDQVPLVVLRQ�RI�%X�
UXOL�XOFHU�GLVHDVH���D�V\VWHPDWLF�UHYLHZ��3OR61HJO�7URS�
'LV���������������H���� 

�� (LQDUVGRWWLU�7��+X\JHQ�.��%XUXOL�XOFHU��+XPDQ�YDFFLQHV���
�����������������-���� 

�� 6DN\L�6$��$ERDJ\H�6<��2WFKHUH�,'��/LDR�$0��&DOWDJL�
URQH�7*��<HERDK-0DQX�'��51$�$SWDPHU�WKDW�VSHFLILFDOO\�
ELQGV�WR�P\FRODFWRQH�DQG�VHUYHV�DV�D�GLDJQRVWLF�WRRO�IRU�
GLDJQRVLV�RI�%XUXOL�XOFHU��3OR61HJO�7URS�'LV����������
������H�������� 

�� 1DUK�&$��0RVL�/��4XD\H�&��7D\�6&��%RQIRK�%��GH�6RX]D�
'.��*HQRW\SLQJ�WRROV�IRU�0\FREDFWHULXP�XOFHUDQV-�'UDZ�
EDFNV�DQG�IXWXUH�SURVSHFWV��0\FREDFW�'LV���������������
������� 

�� .RPRODIH�22��%XUXOL�XOFHU�LQ�0DODZL-D�ILUVW�UHSRUW��0DOD�
ZL�0HGLFDO�-RXUQDO�����������������-��� 

�� +XDQJ�*./��-RKQVRQ�3'��(SLGHPLRORJ\�DQG�PDQDJHPHQW�
RI�%XUXOL�XOFHU��([SHUW�5HY�$QWL�,QIHFW�7KHU��������������
–��� 

��� +RWH]�3-��.DPDWK�$��1HJOHFWHG�WURSLFDO�GLVHDVHV�LQ�6XE-
6DKDUDQ�$IULFD��UHYLHZ�RI�WKHLU�SUHYDOHQFH��GLVWULEXWLRQ��
DQG�GLVHDVH�EXUGHQ��3/R61HJO�7URS�'LV����������H���� 

��� =RJR�%��'MHQRQWLQ�$��&DURODQ�.��%DERQQHDX�-��*XHJDQ�--
)��(\DQJRK�6��HW�DO��$�ILHOG�VWXG\�LQ�%HQLQ�WR�LQYHVWLJDWH�
WKH�UROH�RI�PRVTXLWRHV�DQG�RWKHU�IO\LQJ�LQVHFWV�LQ�WKH�HFRO�
RJ\�RI�0\FREDFWHULXP�XOFHUDQV��3/R6�1HJO�7URS�'LV��
�����������H����� 

��� (GG\DQL�0��2IRUL-DGMHL�'��7HXJHOV�*��'H�:HLUGW�'��
%RDN\H�'��0H\HUV�:0��HW�DO��3RWHQWLDO�UROH�RI�ILVK�LQ�
WUDQVPLVVLRQ�RI�0\FREDFWHULXP�XOFHUDQV�GLVHDVH��%XUXOL�
XOFHU���DQ�HQYLURQPHQWDO�VWXG\��$SSO�(QYLURQ�0LFURELRO���
�����������������-��� 

��� :LOVRQ�0'��%RDN\H�'$��0RVL�/��$VLHGX�.��,Q�WKH�FDVH�RI�
WUDQVPLVVLRQ�RI�0\FREDFWHULXP�XOFHUDQV�LQ�EXUXOL�XOFHU�
GLVHDVH�$FDQWKDPRHED�VSHFLHV�VWDQG�DFFXVHG��*KDQD�0HG�
-�>,QWHUQHW@�����������������-�� 

��� &KXNZXHNH]LH�2��$PSDGX�(��6RSRK�*��'RVVRX�$��
7LHQGUHEHRJR�$��6DGLT�/��HW�DO��%XUXOL�XOFHU��1LJHULD��
(PHUJ�,QIHFW�'LV������������������-�� 

��� 2OXZDVDQPL�-2��6RODQNHH�7)��2OXULQ�(2��,WD\HPL�62��
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