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���$VVLVWDQW�3URIHVVRU�	�3K�'�6FKRODU��5*&%��790
���3URIHVVRU�DQG�+HDG

,62/$7,21�$1'�$17,%,2*5$0�2)�
%$&7(5,$�&$86,1*�5(352'8&7,9(�
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0DQMX�6RPDQ���6UHHMD��5��1DLU���DQG�
0��0LQL�
'HSDUWPHQW�RI�9HWHULQDU\�0LFURELRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\������������7KULVVXU���.HUDOD

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

$EVWUDFW
$� VWXG\� RQ� WKH� LQIHFWLRXV� HWLRORJ\� RI�

UHSURGXFWLYH�GLVRUGHUV�ZDV�FDUULHG�RXW�LQ�ELWFKHV�
SUHVHQWHG� DW�8QLYHUVLW\� 9HWHULQDU\� KRVSLWDOV�
0DQQXWK\� DQG�.RNNDODL�� 9DJLQDO� VZDEV� DQG�
GLVFKDUJHV�ZHUH� VXEMHFWHG� WR� LVRODWLRQ� WULDOV�
ZKLFK�UHYHDOHG�WKH�SUHVHQFH�RI�*UDP�QHJDWLYH�
RUJDQLVPV�� (VFKHULFKLD� FROL� ���� SHU� FHQW���
.OHEVLHOOD� ����SHU�FHQW��DQG�3URWHXV� �����SHU�
FHQW��DQG�*UDP�SRVLWLYH�RUJDQLVPV�EHORQJLQJ�WR�
JHQXV�6WDSK\ORFRFFL��7KH�DQWLELRJUDP�UHYHDOHG�
PD[LPXP� VHQVLWLYLW\� WR� &KORUDPSKHQLFRO�
IROORZHG� E\�*HQWDPLFLQ��&R�WULPR[D]ROH� DQG�

LI�DQ\��DQG�DSSURSULDWH�VHOHFWLRQ�RI�DQWLELRWLFV�
IRU� SURPSW� WUHDWPHQW� DQG� FXUH� RI� YDULRXV�
UHSURGXFWLYH�GLVRUGHUV�LQ�FDQLQHV
.H\�ZRUGV��5HSURGXFWLYH�GLVRUGHUV�LQ�ELWFKHV��
LVRODWLRQ��(�FROL��DQWLELRJUDP��FKORUDPSKHQLFRO

7KH�YDJLQDO�DQG�FHUYLFDO�HSLWKHOLXP�RI�
VLPLODU� WR� WKRVH� GHWHFWHG� LQ� WKH� YDJLQD� RI�
LQIHUWLOH�ELWFKHV� �0VKHOLD�HW��DO���������*XQD\�
HW�� DO��� ������� 6XFK� RUJDQLVPV�PD\� EHFRPH�
RSSRUWXQLVWLF� SDWKRJHQV� XQGHU� FRQGLWLRQV�
RI� VWUHVV� DQG� LPPXQRORJLFDO� LQFRPSHWHQF\��
FDXVLQJ�D�PXOWLWXGH�RI� UHSURGXFWLYH�GLVRUGHUV�
UDQJLQJ�IURP�VXEFOLQLFDO�LQIHFWLRQV�WR�YDJLQLWLV��
S\RPHWUD�� DERUWLRQ� DQG� LQIHUWLOLW\�� ,W� LV� RIWHQ�

EDFWHULD��LQ�ELWFKHV�ZLWK�JHQLWDO�GLVRUGHUV��DUH
(VFKHULFKLD� FROL�� EHWD�KHPRO\WLF�6WUHSWRFRFFL��
6WDSK\ORFRFFXV� LQWHUPHGLXV�DQG�3DVWHXUHOOD�
PXOWRFLGD� �%MXUVWU|P�� ������� %DFWHULD� OLNH�
(QWHURFRFFXV�� .OHEVLHOOD�� (QWHUREDFWRU� DQG�
3URWHXV HW��DO���
FDQ�DVVLVW� LQ�DSSURSULDWH�FKRLFH�RI�DQWLELRWLFV�
DQG� SUHYHQW� FDXVDOLWLHV� LQ� OLIH� WKUHDWHQLQJ�
FRQGLWLRQV�OLNH�S\RPHWUD��7KLV�FDQ�DOVR�UHGXFH�
GXH�WR�LQIHUWLOLW\�SUREOHPV�LQ�ELWFKHV��
0DWHULDOV�DQG�0HWKRGV

7ZHQW\�VHYHQ�IHPDOH�GRJV�RI�GLIIHUHQW�
EUHHGV� DQG� DJHV� ��� WR� ��� \HDUV�� SUHVHQWHG�
DW� WKH� 8QLYHUVLW\� 9HWHULQDU\� KRVSLWDOV� DW�
0DQQXWK\�DQG�.RNNDODL��ZLWK�KLVWRU\�RI�YDULRXV�
JHQLWDO� GLVRUGHUV�� IURP� )HEUXDU\� ����� WR�
2FWREHU� ������ EHFDPH� WKH� REMHFW� RI� VWXG\��
2I� WKHVH�� ��� ZHUH� VXVSHFWHG� RI� S\RPHWUD��
QLQH� VXVSHFWHG�RI� DERUWLRQ�� WZR�YDJLQLWLV� DQG�
WZR�� IDGLQJ�SXSS\�V\QGURPHV��9DJLQDO�VZDEV�
DQG� YDJLQDO� GLVFKDUJHV�� FROOHFWHG� DVHSWLFDOO\�
IURP� WKHVH�DQLPDOV�ZHUH� LQRFXODWHG�RQ�%UDLQ�
+HDUW�,QIXVLRQ�$JDU��%+,��DQG�LQFXEDWHG�IRU����
KRXUV�DW����&��7KH�LVRODWHV�ZHUH�FKDUDFWHUL]HG�
EDVHG� RQ�PRUSKRORJ\�� FXOWXUDO� FKDUDFWHUV�
DQG� ELRFKHPLFDO� FKDUDFWHUV� VXFK� DV� JURZWK�
RQ� VHOHFWLYH�PHGLD�� ,09L&��1LWUDWH� UHGXFWLRQ��
8UHDVH��7ULSOH� 6XJDU� ,URQ� �76,��� &RDJXODVH�
DQG�6XJDU�IHUPHQWDWLRQ�WHVWV�DV�SHU�4XLQQ�HW��
DO����������7KH�DQWLELRJUDP�RI�WKH�LVRODWHV�ZHUH�
FDUULHG�RXW�RQ�0XHOOHU�+LQWRQ�$JDU��DV�SHU�%DXHU�
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HW��DO�� ��������DJDLQVW�QLQH�DQWLELRWLFV�QDPHO\�

5HVXOWV�DQG�'LVFXVVLRQ
,Q�WKH�SUHVHQW�VWXG\��RXW�RI�WKH����VDPSOHV�

VXEMHFWHG� WR�EDFWHULRORJLFDO� FXOWXUH�����\LHOGHG�
EDFWHULDO�JURZWK��*UDP¶V�VWDLQLQJ�RI�WKH�FRORQLHV�
UHYHDOHG�*UDP�QHJDWLYH�VKRUW�EDFLOOL�LQ����SODWHV�

EDFLOOL�DQG�*UDP�SRVLWLYH�FRFFL�LQ�WKUHH�SODWHV�����
SHU�FHQW����7ZR�VDPSOHV�IDLOHG�WR�\LHOG�DQ\�JURZWK��
(OHYHQ�RI� WKH�*UDP�QHJDWLYH�VKRUW�EDFLOOL�ZHUH�
FKDUDFWHUL]HG�DV�(�FROL� ����SHU�FHQW��� WKUHH�DV�
.OHEVLHOOD ����SHU�FHQW��DQG�WKUHH�DV�3URWHXV �����
SHU�FHQW���7KH�*UDP�SRVLWLYH�FRFFL�LVRODWHG�IURP�
VDPSOHV�ZHUH�FKDUDFWHUL]HG�DV�EHORQJLQJ�WR�JHQXV�
6WDSK\ORFRFFXV ����SHU�FHQW��

,QIHUWLOLW\� SUREOHPV� LQ� ELWFKHV�� YDU\LQJ�
IURP�PLOG�YDJLQLWLV�WR�IDWDO�S\RPHWUD��KDYH�DOZD\V�
EHHQ� D�PDWWHU� RI� FRQFHUQ� IRU� YHWHULQDULDQV�
DQG� GRJ� RZQHUV� LQ� .HUDOD�� 7KH� FDXVHV� RI�
LQIHUWLOLW\�DUH�YDULHG��OLNH�QXWULWLRQDO��LQIHFWLRXV��
LPPXQRORJLFDO� HWF�� 3URPSW� GLDJQRVLV� DQG�
HDUO\�WUHDWPHQW�RI� WKH�FRQGLWLRQ�DUH�RI�XWPRVW�
LPSRUWDQFH�WR�HQVXUH�HDUO\�UHFRYHU\��,QIHFWLRXV�
FDXVHV� RI� LQIHUWLOLW\� KDYH� EHHQ� LPSOLFDWHG� E\�
VHYHUDO� DXWKRUV� �0VKHOLD�HW�� DO
HW�� DO��� ������ %DVVHVVDU� HW�� DO��� ������7KH�
YHVWLEXOH� DQG� YDJLQD� RI� KHDOWK\� ELWFKHV� LV�
QRUPDOO\�LQKDELWHG�E\�D�YDULHW\�RI�DHURELF�DQG�
DQDHURELF�EDFWHULD��'XULQJ�SHULRGV�RI�VWUHVV�RU�
LPPXQRORJLFDO� LQFRPSHWHQFH�� WKHVH� EDFWHULD�
RYHUFRPH� WKH� QDWXUDO� SURWHFWLYH� EDUULHUV� RI�
WKH�ERG\�DQG�FDXVH�LQIHFWLRQ��+HQFH�LW�LV�RIWHQ�

VHYHUDO�RUJDQLVPV�PD\�EH�LVRODWHG�DW�WKH�VDPH�
WLPH�IURP�WKH�YDJLQD�RI�ELWFKHV�ZLWK�UHSURGXFWLYH�
GLVHDVHV� �2OVRQ�HW��DO���������0VKHOLD�HW��DO���
�������+RZHYHU��D�KHDY\�JURZWK�RI�D�XQLIRUP�
EDFWHULXP�PD\� EH� VXJJHVWLYH� RI� D� SDWKRJHQ�
�)UHVKPDQ��������

(�FROL�
DV�WKH�PRVW�SUHYDOHQW�EDFWHULD�LQ�WKH�YDJLQD�RI�
ELWFKHV�VXVSHFWHG�RI�S\RPHWUD��%MXUVWU|P�������
&RJJDQ��HW��DO���������$JRVWLQKR��HW��DO����������
6HYHUDO�VWXGLHV�KDYH�DOVR�EHHQ�FRQGXFWHG�RQ�
WKH� YDULRXV� YLUXOHQFH�JHQHV�SUHVHQW� LQ�(�FROL
LVRODWHG�IURP�FDQLQH�YDJLQD��&KHQ�HW��DO���������
&RJJDQ��HW��DO���������$JRVWLQKR��HW��DO����������
7KH� SUHVHQFH� RI� YLUXOHQFH� JHQHV�� VID�� FQI��
SDS��KO\�DQG�DID�LQ�(�FROL�LVRODWHG�IURP�FDQLQH�
YDJLQD�KDV�EHHQ� UHSRUWHG�E\�&RJJDQ� �HW��DO��
��������6WDSK\ORFRFFXV�VSS���&RU\QHEDFWLUXP�
VSS���.OHEVLHOOD� VSS�� DQG�6WUHSWRFRFFXV� VSS��
ZHUH�WKH�FRPPRQ�EDFWHULD�LVRODWHG�IURP�YDJLQD�
RI� KHDOWK\� ELWFKHV� GXULQJ� GLIIHUHQW� VWDJHV� RI�
RHVWUXV� F\FOH� E\�0VKHOLD�HW�� DO�� �������� DQG�
WKH\�RSLQHG�WKDW�WKH�PHUH�LVRODWLRQ�RI�EDFWHULDO�
DJHQWV�LQ�WKH�SUHVHQFH�RI�DQ�RQ�JRLQJ�JHQLWDO�
GLVHDVH�GRHV�QRW�QHFHVVDULO\�EH�LQFULPLQDWLYH�
RI�WKDW�RUJDQLVP��

$SSURSULDWH� FKRLFH� RI� DQWLELRWLFV� LV�
GHFLVLYH�IRU�WKH�HDUO\�FXUH�RI�WKH�GLVHDVH��+HQFH�
WKH� LPSRUWDQFH�RI� LQYLWUR� WHVWLQJ� IRU� DQWLELRWLF�
VHQVLWLYLW\�LV�RI�SULPH�LPSRUWDQFH��,Q�WKH�SUHVHQW�
VHQVLWLYLW\�WR�FKORUDPSKHQLFRO��������SHU�FHQW��
IROORZHG�E\� JHQWDPLFLQ� ������� SHU� FHQW��� FR�

7DEOH����3HUFHQWDJH�6HQVLWLYLW\�DQG�5HVLVWDQFH�WR�WKH�GLIIHUHQW�DQWLELRWLFV
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(VFKHULFKLD� FROL��
(QWHURFRFFXV��.OHEVLHOOD��(QWHUREDFWRU��3URWHXV�
YDJLQD� RI� LQIHUWLOH� FDQLQHV�ZHUH� UHSRUWHG� WR�
KDYH� VHQVLWLYLW\� WR� JHQWDPLFLQ� DQG� UHVLVWDQFH�

HW��DO����������,Q�WKLV�VWXG\��
DPRQJ� WKH�QLQH�DQWLELRWLFV�XVHG� IRU�DQWLELRWLF�
ZHUH�WKH�PRVW�IUHTXHQWO\�XVHG�RQHV��ZKHUHDV��

�7DEOH�����6HYHUDO�VWUDLQV�RI�(�FROL�LVRODWHG�IURP�
FDQLQH�YDJLQD�KDYH�EHHQ�UHSRUWHG�WR�VKRZ�ORZ�
UHVLVWDQFH�WR�WKH�DQWLPLFURELDOV�XVHG�LQ�FDQLQH�
IRXU� SHU� FHQW�� JHQWDPLFLQ� ]HUR� SHU� FHQW��
HLJKW� SHU� FHQW�� WHWUDF\FOLQH� IRXU� SHU� FHQW� DQG�
WULPHWKRSULP� WZR� SHU� FHQW�� �+DJPDQ� DQG�
*UHNR�� ������,Q� D�PLFURELRORJLFDO� VWXG\� RQ�
LQWUD�XWHULQH� FRQWHQWV�RI� GRJV�ZLWK�S\RPHWUD��
(��FROL�ZDV�LVRODWHG��ZKLFK�VKRZHG�VHQVLWLYLW\�

HW��
DO����������$QWLPLFURELDO�VXVFHSWLELOLW\�RI�EDFWHULD�
LVRODWHG�IURP�FDQLQH�S\RPHWUD�FDVHV�VKRZHG�
ORZHU� SURSRUWLRQV� RI� UHVLVWDQFH� FRPSDUHG�
WR� WKRVH� LVRODWHG� IURP� FDQLQH� XULQDU\� WUDFW�
LQIHFWLRQV� �+DJPDQ� DQG�*UHNR�� ������,Q� D�
VWXG\� FRQGXFWHG� E\� &RJJDQ�HW�� DO�� ��������
DQWLPLFURELDO�VXVFHSWLELOLW\��RI�(��FROL�LVRODWHG�IURP�
UHVLVWDQFH�WR�FHSKDORWKLQ�IROORZHG�E\�DPSLFLOOLQ��

FKORUDPSKHQLFRO�
7KH� SUHVHQW� VWXG\� VKRZHG� D� KLJK�

SUHYDOHQFH� RI� *UDP� QHJDWLYH� RUJDQLVPV��
HVSHFLDOO\� (�FROL�� LQ� YDJLQD� RI� FDQLQHV�
PDQLIHVWLQJ� YDULRXV� UHSURGXFWLYH� SUREOHPV��
7KLV� LV� LQ� DFFRUGDQFH�ZLWK� HDUOLHU� UHSRUWV� RI�
LVRODWLRQ�RI�(�FROL�IURP�YDJLQD�RI�FDQLQHV��ZLWK�
DQG�ZLWKRXW� UHSURGXFWLYH� GLVRUGHUV��+HQFH� D�
SRVVLEOH�OLQN�EHWZHHQ�FDQLQH�LQIHUWLOLW\�DQG�(�FROL�
LQIHFWLRQ�FDQQRW�EH�UXOHG�RXW��7KH�DQWLELRJUDP�
JHQWDPLFLQ�DV�WKH�PRVW�SRWHQW�DQWLELRWLFV�DJDLQVW�
WKHVH�RUJDQLVPV��+HQFH�WKHVH�DQWLELRWLFV�PD\�

EH� LQFOXGHG� LQ� WKH� LQLWLDO� WUHDWPHQW� UHJLPH� IRU�
FDQLQH�LQIHUWLOLW\��7KH�SUHVHQW�VWXG\�DGYRFDWHV�
LI�DQ\��DQG�DSSURSULDWH�VHOHFWLRQ�RI�DQWLELRWLFV�
IRU�SURPSW�WUHDWPHQW�DQG�FXUH�RI�UHSURGXFWLYH�
GLVRUGHUV�LQ�FDQLQHV�
$FNQRZOHGJHPHQW
7KH�DXWKRUV�DUH�WKDQNIXO�WR�WKH�'HDQ��&ROOHJH�
RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV��0DQQXWK\��
IRU�SURYLGLQJ�DOO�NLQG�RI�IDFLOLWLHV�
5HIHUHQFHV

,WXUULQR��5�3��� %HUDOGR�� /�*�� %RUJHV��
(VFKHULFKLD� FROL� VWUDLQV� LVRODWHG� IURP�
WKH� XWHULQH� KRUQ��PRXWK�� DQG� UHFWXP�
RI� ELWFKHV� VXIIHULQJ� IURP� S\RPHWUD��
YLUXOHQFH� IDFWRUV�� DQW LPLFURELDO�
VXVFHSWLELOLWLHV��DQG�FORQDO�UHODWLRQVKLSV�
DPRQJ� VWUDLQV�� ,QW�� -�� 0LFURELRO�
GRL�� � �������������������30&,'��
30&��������

0�������$QWLELRWLF�VXVFHSWLELOLW\�WHVWLQJ�E\�
D�VWDQGDUGL]HG�VLQJOH�GLVF�PHWKRG��$P�-��
&OLQ�3DWKRO� ������������

%DVVHVVDU�� 9��� 9HUPD�� <�� DQG� 6ZDP\�� 0��
������$QWLELRJUDP�RI�EDFWHULDO�VSHFLHV�
LVRODWHG� IURP� FDQLQH� � S\RPHWUD�� 9HW�
�:RUOG� �����������

%MXUVWU|P��/������$HURELF�EDFWHULD�RFFXUULQJ�LQ�
WKH�YDJLQD�RI�ELWFKHV�ZLWK�UHSURGXFWLYH�
GLVRUGHUV��9HW��6FDQG� ����������

*�)�� ������8URSDWKRJHQLF� YLUXOHQFH�
IDFWRUV� LQ� LVRODWHV�RI�(VFKHULFKLD�FROL
IURP�FOLQLFDO�FDVHV�RI�FDQLQH�S\RPHWUD�
DQG� IHFHV� RI� KHDOWK\� ELWFKHV��9HW��
0LFURELRO� ����������

)DXVWLQR�� 0��� 0RUHQR�� $�0�� DQG�
%HQLWHV�� 1�5�� ������0LFURELRORJLFDO�
DQG� KLVWRSDWKRORJLFDO� DVSHFWV� RI�
FDQLQH� S\RPHWUD��%UD]�� -��0LFURELRO�
�������±����

LQIHUWLOLW\� LQ� WKH� F\FOLQJ� ELWFK�� 9HW��
&OLQ��1RUWK�$P��6PDOO�$QLP��3UDFW������
��������
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*XQD\��8���2QDW��.��*XQD\��$��DQG�8OJHQ��0��
�����9DJLQDO�� &HUYLFDO� DQG�8WHULQH�
%DFWHULDO�)ORUD�DW�WKH�'LIIHUHQW�6WDJHV�
RI� WKH�5HSURGXFWLYH�&\FOH� LQ�2YDULR�
K\VWHUHFWRPL]HG�%LWFKHV��-��$QLP��9HW��
$GY� �����������

+DJPDQ��5��DQG�*UHNR��&��������$QWLPLFURELDO�
UHVLVWDQFH�LQ�(VFKHULFKLD�FROL�LVRODWHG�
IURP�ELWFKHV�ZLWK�S\RPHWUD�DQG� IURP�
XULQH� VDPSOHV� IURP�RWKHU� GRJV��9HW��
5HF� �������������

3UDVHHGD��5��DQG�$MLWNXPDU��*��������
LQ�LQIHUWLOH�ELWFKHV��9HW��6FDQ� ������

1LJHULD� ORFDO� ELWFKHV� GXULQJ� GLIIHUHQW�
VWDJHV� RI� UHSURGXFWLYH� F\FOH�� ,QW�� -��
$JUL��%LRO���������±�����

2OVRQ��3�1�6��DQG�0DWKHU��(�&��������&DQLQH�
�� -��

$P��9HW��0HG��$VVRF� ���������

9HWHULQDU\�0LFURELRORJ\�DQG�0LFURELDO�
'LVHDVHV��%ODFNZHOO�6FLHQFHV�/WG��SS��
����������������


