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5HFHLYHG����-XQH������$FFHSWHG���1RYHPEHU�����

$%675$&7

� 5DOVWRQLD� VRODQDFHDUXP� LV� DQ� LPSRUWDQW�GLVHDVH�RI � WRPDWR��$Q�DOWHUQDWLYH�PHWKRG� WR�FRQWURO� WKH�GLVHDVH� LV� WKH�
DSSOLFDWLRQ� RI � ELRFRQWURO� DJHQWV�� 3ODQW� *URZWK�3URPRWLQJ� 5KL]REDFWHULD� �3*35�� FRXOG� EH� XVHG� DV� SRWHQWLDO�
ELRFRQWURO�DJHQWV��3*35�ZLWK�VLGHURSKRUHV�LV�DPRQJ�FRPSRXQGV�KDYLQJ�LPSRUWDQW�UROH�LQ�GLVHDVH�VXSSUHVVLRQ���7KLV�
H[SHULPHQW�ZDV�FRQGXFWHG�WR�VHOHFW�DQG�FKDUDFWHUL]H�WKH�VLGHURSKRUH�SURGXFLQJ�UKL]REDFWHULD�IURP�WRPDWR�DQG�WR�
GHWHUPLQH�WKHLU�SRWHQWLDO�DV�DQWDJRQLVWLF�DJHQWV�IRU�5��VRODQDFHDUXP��&DQGLGDWHV�RI �WKH�3*35�ZHUH� LVRODWHG�IURP�
WRPDWR�JURZQ�LQ�:HVW�-DYD�3URYLQFH��,QGRQHVLD��7KH�LVRODWHV�ZHUH�GHWHFWHG�DV�VLGHURSKRUH�SURGXFLQJ�EDFWHULD�XVLQJ�
&$6�PHGLXP��$PRQJ����LVRODWHV�SURGXFLQJ�VLGHURSKRUH�DQG�KDYLQJ�QHJDWLYH�UHVXOW�RQ�K\SHUVHQVLWLYLW\�UHDFWLRQ��WZR�
LVRODWHV�SURYLGHG�WKH�ZLGHVW�GLDPHWHU�RI �LQKLELWLRQ�]RQH�WRZDUG�5��VRODQDFHDUXP���%RWK��LVRODWHV�ZHUH�&3�&�DQG�&3�'�
ZLWK�GLDPHWHU�RI �LQKLELWLRQ�]RQH�XS�WR�����DQG�����PP��UHVSHFWLYHO\��%DVHG�RQ�WKH�VHTXHQFH�RI ���6�U'1$��LVRODWH�
&3�&�ZDV�LGHQWLILHG�DV�%UHYXQGLPRQDV�VS���ZKLOH�LVRODWH�&3�'�ZDV�LGHQWLILHG�DV�(QWHUREDFWHU�VS��%RWK�EDFWHULD�GLG�QRW�
FDXVH�QHJDWLYH�HIIHFW�RQ�WKH�LQFUHDVLQJ�SODQW�KHLJKW�DQG�GU\�ZHLJKW�RI �WKH�SODQWV��FRPSDUHG�ZLWK�FRQWURO��

� .H\ZRUGV��%DFWHULDO�ZLOW���ELRFRQWURO���%UHYXQGLPRQDV��(QWHUREDFWHU��3*35�
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%DFWHULDO� ZLOW� RI � WRPDWR� FDXVHG� E\�5DOVWRQLD�
VRODQDFHDUXP� LV� RQH� RI � LPSRUWDQW� GLVHDVHV� RI �
WRPDWR�LQ�WURSLFV�DQG�VXEWURSLFV�DUHD��-HXQJ�HW�DO��
��������7KH�EDFWHULD�VXUYLYH�IRU�D�ORQJ�WLPH�LQ�WKH�
VRLO��:DQJ�	�/LQ��������7KH�EDFWHULD�DOVR�PXOWLSO\�
LQ� WKH�[\OHP�DV�ZHOO� DV�DWWDFNLQJ� WKH�[\OHP�DQG�
DIIHFW� WKH� ZDWHU� DQG� QXWULHQW� WUDQVORFDWLRQ��
FDXVLQJ� ZLOWLQJ� DQG� GHDWK� RI � WKH� SODQW� �$JULRV�
��������$PRQJ�WKH�FRQWURO�PHWKRGV�WR�FRQWURO�WKH�
GLVHDVH�� LV� WKH� DSSOLFDWLRQ� RI � ELRORJLFDO� FRQWURO�
�ELRFRQWURO��DJHQWV��<XOLDU�HW�DO���������$FFRUGLQJ�
WR�-HQLIHU�HW�DO����������RQH�RI �WKH�PRVW�LPSRUWDQW�
PHFKDQLVPV� UHVSRQVLEOH� IRU� VXSSUHVVLQJ�
3VHXGRPRQDV�VS���D�SODQW�SDWKRJHQ��LV�VLGHURSKRUH�
PHGLDWHG�FRPSHWLWLRQV�IRU�LURQ�

6LGHURSKRUHV��IURP�WKH�*UHHN�́ LURQ�FDUULHUVµ��
DUH� VPDOO� IHUULF�LRQ�VSHFLILF� FKHODWLQJ� DJHQWV�
SURGXFHG�E\�EDFWHULD�DQG�IXQJL�ZKLFK�JURZ�LQ�ORZ�
LURQ� FRQGLWLRQ� FDXVLQJ� WKHP� WR� VFDYHQJH� LURQ�
IURP�WKH�HQYLURQPHQW�DQG�WR�PDNH�LURQ�DYDLODEOH�
WR� WKH� PLFURELDO� FHOO� �1HLODQGV� ������ 3DO� 	�
*RNDUQ�������� �6LGHURSKRUHV�DUH�DOVR�NQRZQ�WR�
ELQG�PRO\EGHQXP�DQG�OHDG���3DO�	�*RNDUQ�������
6D\\HG�HW�DO���������UHSRUWHG�WKDW�VLGHURSKRUH�

SURGXFLQJ� 3VHXGRPRQDV� VS�� SOD\V� YLWDO� UROH� LQ�
VWLPXODWLQJ� SODQW� JURZWK� DQG� LQ� FRQWUROOLQJ�
VHYHUDO�SODQW�GLVHDVHV�� ,Q� �3VHXGRPRQDV� IOXRUHVFHQV�
WKH�SLJPHQW�SURGXFHG�LV�D�VLGHURSKRUH���3LJPHQW�
SURGXFWLRQ� LV� LQFUHDVHG� LQ� WKH� SUHVHQFH� RI �
VRGLXP��SRWDVVLXP��OHDG��PRO\EGHQXP��FDGPLXP�
DQG� DPPRQLXP� VXOSKDWH� � �1+ � 62 ��� � �

�%KDWWDFKDU\D�������6D\\HG�HW�DO��������� �$GGLQJ�
H[RJHQRXV� DPLQR� DFLG� GLG� QRW� VLJQLILFDQWO\�
LQFUHDVH�WKH�SURGXFWLRQ�RI �VLGHURSKRUH��+X�	�;X�
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-DYD�3URYLQFH��,QGRQHVLD� )URP�HDFK�YLOODJH���������
J� RI � UKL]RVSKHUH� VRLO� VDPSOHV� �ZLWK� WRPDWR�
URRWV�� ZHUH� FROOHFWHG� IURP� ILYH� GLIIHUHQW� SORWV�
����� J� SHU� SORW� DV� VXEVDPSOH�� DQG� WKRURXJKO\�
PL[HG�XVLQJ�WURZHO��XQWLO�EHFRPLQJ�D�FRPSRVLWH�
VDPSOH� )URP� HDFK� FRPSRVLWH� VDPSOH�� ��� J� RI ��
UKL]RVSKHUH�VRLO�ZDV�LPPHUVHG�LQ����P/�������
1D&O�� $IWHU D VHULDO� GLOXWLRQ�� ���� P/� RI � HDFK�� �
GLOXWLRQ ZDV� LQRFXODWHG� RQ &KURPH $]XURO�� � �
6XOSKDWH��&$6��PHGLXP��*URVV�������/RXGHQ�HW�
DO��������� ,QRFXODWLRQ�ZDV� UHSHDWHG� WKUHH� WLPHV�� � �
3ODWHV�FRQWDLQLQJ�WKH�LQRFXODWLRQ�ZHUH�LQFXEDWHG�
DW� URRP� WHPSHUDWXUH� ����� &�� 1XPEHUV� RI �

R
�

FRORQ\� RI � VLGHURSKRUH�SURGXFLQJ� UKL]REDFWHULD�
ZHUH�FDOFXODWHG�DW���������KRXUV�DIWHU�LQFXEDWLRQ��
EDVHG�RQ�WKH�SURGXFWLRQ�RI �RUDQJH�]RQH�DURXQG�
FRORQ\� RI � WKH� EDFWHULD�� � 6XFFHVVIXOO\� LVRODWHG�
EDFWHULD� ZHUH� WUDQVIHUUHG� WR� .LQJ
V� %� DJDU�
PHGLXP�DQG�VHSDUDWHG�IURP�HDFK�RWKHU�WR�REWDLQ�
SXUH� FXOWXUH�� � (DFK� LVRODWH� ZDV� SUHVHUYHG� LQ�
1XWULHQW�%URWK��1%��ZLWK�����JO\FHURO�DQG�NHSW�
LQ����� &�HQYLURQPHQW�� �)RU�GDLO\�PDLQWHQDQFH��

R

LVRODWHV�ZHUH�SUHVHUYHG�LQ�1%�DQG�NHSW�DW�URRP�
WHPSHUDWXUH������ &�

R
�

+\SHUVHQVLWLYH�5HDFWLRQ�7HVW

� +\SHUVHQVLWLYH� 5HDFWLRQ� �+5�� WHVW� ZDV�
FRQGXFWHG� WR�VHOHFW� WKH�QRQSDWKRJHQLF�EDFWHULD�
DV�FDQGLGDWHV�RI �ELRFRQWURO�DJHQWV��7KH�WHVW�ZDV�

� �
FRQGXFWHG�E\� LQRFXODWLQJ� �� � ²� �� � FIX�P/�RI �
UKL]REDFWHULD�RQ�WREDFFR�OHDYHV��2QH�PLOOLOLWHU�RI �
VXVSHQVLRQ�ZDV�LQMHFWHG�LQWR�WREDFFR�OHDI �XVLQJ�
�� P/� VWHULOH� V\ULQJH�� 6XFFHVVIXO� LQMHFWLRQ� ZDV�
LQGLFDWHG�E\�ZDWHU�VRDNHG�]RQH�DURXQG�WKH�SRLQW�
RI � LQMHFWLRQ�� ,QRFXODWLRQ� RI � HDFK� LVRODWH� ZDV�
FRQGXFWHG� LQ� GXSOR�� ,QRFXODWHG� OHDYHV� ZHUH�

R
LQFXEDWHG� DW� URRP� WHPSHUDWXUH� ����� &�� IRU�
��� KRXUV�� /HDYHV� VKRZLQJ� QHFURWLF� V\PSWRPV�
EHIRUH����KRXUV�ZHUH�FRXQWHG�DV�KDYLQJ�SRVLWLYH�
UHDFWLRQ�WR�WKH�K\SHUVHQVLWLYH�UHDFWLRQ�DQG�WKXV��
EH�HOLPLQDWHG�

$QWDJRQLVWLF� $FWLYLWLHV� RI � 6LGHURSKRUH�

SURGXFLQJ� 5KL]REDFWHULD� DJDLQVW� *O� WJUSP�

3BMTUPOJB�TPMBOBDFBSVN

� %DFWHULD� LVRODWHV�KDYLQJ�QHJDWLYH� UHDFWLRQ�RQ�
WKH� SUHYLRXV� K\SHUVHQVLWLYH� WHVW�ZHUH� WHVWHG� RQ�
WKHLU�DQWDJRQLVWLF�DFWLYLW\�WRZDUG�5��VRODQDFHDUXP�� �
%RWK� EDFWHULD�� L�H�� 5�� VRODQDFHDUXP� DQG�
UKL]REDFWHULD�� ZHUH� JURZQ� RQ� D� .LQJ
V� %� DJDU�

�������6D\\HG�HW�DO���������DOVR�UHSRUWHG�WKDW�0Q��
+J� DQG� &R� VKRZHG� LQKLELWRU\� HIIHFW� RQ�
VLGHURSKRUHV�JURZWK�DQG�SURGXFWLRQ�� �3UHVHQFH�
RI �SRWDVVLXP��PDJQHVLXP�DQG�FDOFLXP�KDG�OLWWOH�
LQKLELWRU\� HIIHFW� RQ� VLGHURSKRUHV� SURGXFWLRQ�
FRPSDUHG�WR�FRQWUROV��%DWWDFKDU\D�������
6D\\HG� ��������UHSRUWHG�WKDW�SURGXFWLRQ�RI �HW�DO�

VLGHURSKRUHV�E\�EDFWHULD�ZDV�DIIHFWHG�E\�JURZLQJ�
PHGLD���,Q�JURZLQJ�PHGLD�VXFK�DV�1XWULHQW�%URWK�
�1%��DQG�0DF.RQNH\
V�%URWK��0%���VLGHURSKRUHV�
ZHUH� QRW� SURGXFHG� EHFDXVH� ERWK� PHGLD� DUH�
OX[XULRXV�PHGLD�KDYLQJ�KLJK�FRQWHQW�RI �)H�� �)H�
IUHH� VXFFLQLF� DFLG� PHGLXP� �60�� ZDV� IRXQG� WR�
SURYLGH� PD[LPXP� ��������� VLGHURSKRUHV�
SURGXFWLRQ� LQ� FRPSDULVRQ� WR� ������� LQ�
%DUEKD\\D�5DR�EURWK��%5����������LQ�&DVVDPLQR�
$FLG� EURWK� �&$$�� DQG� ������� LQ� (QULFKPHQW�
0HGLXP��(0���6D\\HG� ��������$�VWXG\�RQ�S+�HW�DO�
HIIHFW� WR� WKH� SURGXFWLRQ� RI � VLGHURSKRUHV� E\�
5KL]RELXP� VS�� VKRZHG� WKDW� WKH� JURZWK� DQG�
SURGXFWLRQ� RI � VLGHURSKRUHV� VWDUWHG� DW� S+� �����
UHDFKLQJ� PD[LPXP� DW� QHXWUDO� S+�� DW� S+� ������
WKHUH�ZDV�QR�VLGHURSKRUHV�SURGXFWLRQ��6ULGHYL�HW�
DO��������� �6WXG\�RQ�JHQHWLF�GLYHUVLW\�RI �WREDFFR�
UKL]RVSKHUH� ZKLFK� SURGXFHV� VLGHURSKRUH� �
GHPRQVWUDWHG�WKDW�����RI �WKH�WRWDO�����LVRODWHV�
SURGXFHG� VLGHURSKRUHV� LQ� LURQ� OLPLWHG� OLTXLG�
PHGLXP�� VRPH� RI � WKHP� DUH� ��3VHXGRPRQDV
(QWHUREDFWHU 6HUUDWLD 3DQWRHD (UZLQLD��� �� �� DQG�
6WHQRWURSKRPRQDV £�3URWHREDFWHULD� ZKLFK� EHORQJ� WR� �
�7LDQ� �������HW�DO�
7KLV�H[SHULPHQW�ZDV�FRQGXFWHG�WR�VHOHFW�DQG�

FKDUDFWHUL]H� WKH� VLGHURSKRUH�SURGXFLQJ�
UKL]REDFWHULD� IURP� WRPDWR� DQG� WR� GHWHUPLQH�
WKHLU� SRWHQWLDO� DV� DQWDJRQLVWLF� DJHQWV� IRU� 5��
VRODQDFHDUXP�

0$7(5,$/6�$1'�0(7+2'6

,VRODWLRQ�DQG�4XDQWLILFDWLRQ�RI �6LGHURSKRUH�
SURGXFLQJ�5KL]REDFWHULD�

� 6LGHURSKRUH�SURGXFLQJ� UKL]REDFWHULD� ZHUH�
LVRODWHG� IURP� UKL]RVSKHUH� VDPSOHV� WDNHQ� IURP�
KHDOWK\�WRPDWR�SODQWV��FROOHFWHG�IURP�WRPDWR�ILHOG�
LQ� &LSDQDV� 6XE�GLVWULFW� �&LDQMXU� 'LVWULFW�� DQG�
/HPEDQJ� 6XE�GLVWULFW� �:HVW�%DQGXQJ� 'LVWULFW��� �
,Q� &LSDQDV� 6XE�GLVWULFW�� VDPSOHV�ZHUH� FROOHFWHG�
IURP�WKUHH�YLOODJHV��ZKLOH�LQ�/HPEDQJ�6XE�GLVWULFW�
VDPSOHV�ZHUH�FROOHFWHG�IURP�WZR�YLOODJHV�� �%RWK�
VXE�GLVWULFWV�DUH�WKH�FHQWHU�RI �WRPDWR�ILHOG�LQ�:HVW�



��

6LGHURSKRUH�SURGXFLQJ�5KL]REDFWHULD�DQG�SRWHQWLDO�DQWDJRQLVWLF�DFWLYLW\�WRZDUG�5DOVWRQLD�VRODQDFHDUXP�²�1DZDQJVLK�HW�DO�

SODWH��)LYH�KXQGUHG�PLFUR�OLWHU�VXVSHQVLRQ�RI �5��
VRODQDFHDUXP���� ���� �FIX�P/��ZDV�VSUHDG�RQ�WKH�

�� �

VXUIDFH�RI �WKH�.LQJ
V�%�DJDU�SODWH���$IWHU�EHLQJ�DLU�
GULHG��WKUHH�VWHULOL]HG�ILOWHU�SDSHUV�KDYLQJ�����FP�
GLDPHWHU�ZHUH�SODFHG�EHVLGHV�WKH�DJDU�SODWH�ZLWK���
FP�GLVWDQFH�IURP�HDFK�RWKHU�� �)LOWHU�SDSHU�LQ�WKH�
FHQWHU� ZDV� LQRFXODWHG� ZLWK� ��� �/� RI � VWHULOL]HG�
GLVWLOOHG�ZDWHU�DQG�GHVLJQDWHG�DV�FRQWURO�� � �7KH�
WZR�RWKHU�ILOWHU�SDSHUV�ZHUH�HDFK�LQRFXODWHG�ZLWK�
����/�VXVSHQVLRQ�RI �RQH�LVRODWH�RI �UKL]REDFWHULD���
(DFK� WUHDWPHQW� ZDV� UHSHDWHG� WKUHH� WLPHV��
,QRFXODWHG� SODWHV� ZHUH� LQFXEDWHG� DW� URRP�
WHPSHUDWXUH������ &��� �7KH�DQWDJRQLVWLF�DFWLYLW\�

R

ZDV� REVHUYHG� DW� ��� KRXUV� DIWHU� LQFXEDWLRQ�� �
$QWDJRQLVWLF� DFWLYLW\� ZDV� LQGLFDWHG� E\� WKH�
SURGXFWLRQ�RI � LQKLELWLRQ� ]RQH� DURXQG� WKH� ILOWHU�
SDSHU� LQRFXODWHG� ZLWK� VLGHURSKRUH�SURGXFLQJ�
UKL]REDFWHULD�

(I I H F W � R I � 6 L G H U RSKR U H � S U RGXF L QJ �
5KL]REDFWHULD� RQ� WKH� 9LDELOLW\� RI � 7RPDWR�
6HHGV

� 7RPDWR�VHHGV��$UWKDORND�DQG�5DWQD�YDULHWLHV��
ZHUH�GLSSHG� LQ��� ���� �FIX�P/�VXVSHQVLRQ�RI �

�� �

VLGHURSKRUH�SURGXFLQJ�UKL]REDFWHULD�IRU����KRXUV�
EHIRUH�EHLQJ�SODQWHG�RQ�VWHULOL]HG�PL[WXUH�RI �VRLO�
DQG�FRPSRVW��������UDWLR��� �7KH�VRLO�PL[WXUH�ZDV�
SXW�LQ���������FP�SRO\HWK\OHQH�SRW�WUD\�KDYLQJ�����
KROHV� 7KH�H[SHULPHQW�ZDV�DUUDQJHG�DV�FRPSOHWHO\��
UDQGRPL]HG� IDFWRULDO� GHVLJQ� ZLWK� �� LVRODWHV� RI �
ELRFRQWURO� DJHQWV� DQG� RQH� FRQWURO� �ZLWKRXW�
EDFWHULD�� DV� WKH� ILUVW� IDFWRU� DQG� WZR� WRPDWR�
YDULHWLHV� �$UWKDORND� DQG� 5DWQD�� DV� WKH� VHFRQG�
IDFWRU�� �7KXV�����WUHDWPHQWV�ZHUH�DSSOLHG�LQ�WKLV�
H[SHULPHQW��(DFK�WUHDWPHQW�ZDV�UHSOLFDWHG�WKUHH�
WLPHV�� 7KHUH� ZHUH� ��� XQLWV� LQ� WRWDO�� HDFK� XQLW�

FRQWDLQHG����VHHGV��2QH�WRPDWR�VHHG�ZDV�JURZQ�
LQ�RQH�KROH�RI �SRO\HWK\OHQH�SRW�WUD\���7KH�LVRODWHV�
RI �ELRFRQWURO�DJHQWV�XVHG�LQ�WKLV�H[SHULPHQW�ZHUH�
&3�&� �FRGH�RI �RQH� LVRODWH�RI �EDFWHULD���&3�%��
&3�'��&3�(��/%�$��/%�&� DQG�/%�/�� � 6HHGV�
GLSSHG� LQ� VWHULOL]HG�GLVWLOOHG�ZDWHU�ZHUH�XVHG�DV�
FRQWURO��/D\RXW�RI �WKH�WUHDWPHQWV�ZDV�VKRZQ�LQ�
7DEOH���
� 7RWDO� RI � WKH� HPHUJLQJ� VHHGOLQJV� ZHUH�
FDOFXODWHG� HYHU\� GD\�� � 6HHG� YLDELOLW\� �69�� ZDV�
FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�IRUPXOD�
������������������7RWDO�QRUPDO�VHHGOLQJV
69������ ���������������������������������������[�����
�������������������7RWDO�VHHGV�VRZQ

(I I H F W � R I � 6 L G H U RSKR U H �S U RGXF LQJ �
5KL]REDFWHULD�RQ�WKH�+HLJKW��)UHVK�DQG�'U\�
:HLJKW�RI �7RPDWR�3ODQWV

� $Q� H[SHULPHQW� WR� WHVW� WKH� HIIHFW� RI �
VLGHURSKRUH�SURGXFLQJ� UKL]REDFWHULD� WRZDUG�
WKH� KHLJKW�� IUHVK� DQG� GU\� ZHLJKW� RI � WRPDWR�
SODQWV�ZDV�FRQGXFWHG�LQ�D�JUHHQ�KRXVH�� �7RPDWR�
VHHGV� RI � $UWKDORND� DQG� 5DWQD� YDULHWLHV� ZHUH�
GLSSHG�LQ�VXVSHQVLRQ�RI �VLGHURSKRUH�SURGXFLQJ�
UKL]REDFWHULD� ��� �� �� � FIX�P/�� IRU� ��� KRXUV�

�� �

EHIRUH� EHLQJ� SODQWHG� LQ� ��� [� ��� FP� SRO\EDJ�
ILOOHG�ZLWK�����²���NJ�RI �VWHULOL]HG�PL[WXUH�RI �VRLO�
DQG� FRPSRVW� ��� �� �� UDWLR��� � 7KH� H[SHULPHQWDO�
GHVLJQ� DSSOLHG� ZDV� FRPSOHWHO\� UDQGRPL]HG�
IDFWRULDO� GHVLJQ� KDYLQJ� VLPLODU� OD\RXW� ZLWK� WKH�
RQH� SUHVHQWHG� LQ� 7DEOH� ��� 7KH� RQO\� GLIIHUHQFH�
ZDV� WKDW� HDFK� XQLW� FRQWDLQHG� �� VHHGV�� 3ODQW�
KHLJKW� ZDV� PHDVXUHG� HYHU\� �� GD\V� VWDUWLQJ�
IURP� WKH� GD\� ZKHQ� WKH� ILUVW� OHDI � ZDV� IXOO\�
RSHQHG���7RWDO�DUHD�XQGHU�KHLJKW�RI �SODQW�JURZWK�
FXUYH� �$8+3*&�� ZDV� FDOFXODWHG� XVLQJ�

7DEOH��{/D\RXW�RI �H[SHULPHQW�WR�WHVW�WKH�HIIHFW�RI �VLGHURSKRUH�SURGXFLQJ�UKL]REDFWHULD�WRZDUG�WKH�YLDELOLW\�RI �WRPDWR�VHHGV

7RPDWR�9DULHWLHV�
,VRODWH·V�FRGH �

&3�&� &3�%� &3�'� &3�( � /%�$ � /%�& � /%�/ � &RQWURO

$UWKDORND

�

5HSO��� ���VHHGV� ���VHHGV� ���VHHGV� ���VHHGV � ���VHHGV � ���VHHGV � ���VHHGV � ���VHHGV
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PRGLILFDWLRQ� RI � IRUPXOD� UHSRUWHG� E\� 9DQ� GHU�
3ODQN��������
ZKHUH�

\ � � LQFUHDVLQJ� RI � SODQW� KHLJKW� DW� WKH� QH[W�L��

REVHUYDWLRQ
\ �  � LQFUHDVLQJ� RI � SODQW� KHLJKW� DW� WKH� WLPH� RI �L

REVHUYDWLRQ
W � � WKH�QH[W�REVHUYDWLRQ��,,��,,,��«��9,��L���

W �  � WLPH�RI �REVHUYDWLRQ��,��,,��«��9�L

� 7ZR� PRQWKV� DIWHU� SODQWLQJ�� DOO� SODQWV� �ILYH�
SODQWV�� IURP�HDFK� UHSOLFDWLRQ�RI �HDFK� WUHDWPHQW�
ZHUH� URRWHG� DQG�ZHLJKWHG�XVLQJ�GLJLWDO� EDODQFH�� � �
7KH�DYHUDJH�RI �WKH�ILYH�SODQWV�UHSUHVHQWHG�GDWD�RI �
IUHVK�ZHLJKW�IRU�HDFK�UHSOLFDWLRQ��'U\�ZHLJKW�RI �
SODQW�ZDV�GHWHUPLQHG�E\�GU\LQJ�WKH�IUHVK�SODQWV�LQ�
WKH�RYHQ�DW����� &���7KH�ZHLJKW�RI �WKH�VDPSOH�ZDV�

R

FKHFNHG� SHULRGLFDOO\� XQWLO� WKH� ZHLJKW� RI � WKH�
VDPSOH�ZDV�FRQVWDQW�

&KDUDFWHUL]DWLRQ� DQG� ,GHQWLILFDWLRQ� RI � WKH�
6LGHURSKRUH�SURGXFLQJ�5KL]REDFWHULD

� 6HYHQ� LVRODWHV� RI � WKH� VLGHURSKRUH�SURGXFLQJ�
UKL]REDFWHULD� ZHUH� FKDUDFWHUL]HG� EDVHG� RQ�
PLFURVFRSLF�DQG�FRORQ\�DSSHDUDQFHV��DV�ZHOO�DV�RQ�
SK\VLRORJLFDO� DQG� ELRFKHPLFDO� SURSHUWLHV��
IROORZLQJ� WKH�PHWKRGV�RI �.OHPHQW� �� �������HW� DO
DQG� 6FKDDG� �� �������� 7ZR� LVRODWHV� RI � WKH�HW� DO
VLGHURSKRUH�SURGXFLQJ�EDFWHULD�KDYLQJ�SRWHQWLDO�
DV�ELRFRQWURO�DJHQWV�ZHUH�JHQHWLFDOO\�LGHQWLILHG�E\�
VHTXHQFLQJ� WKH� ��6� U'1$� JHQH�� '1$� ZDV�
H[WUDFWHG� IURP� ORJ� SKDVH� FXOWXUH� XVLQJ�
SKHQROFKORURIRUP� H[WUDFWLRQ� SURFHGXUH�
�6DPEURRN�	�5XVVHO���������7KH���6�U'1$�JHQH�
ZDV� DPSOLILHG� XVLQJ� XQLYHUVDO� SULPHU� IRU�
SURNDU\RWHV�ZKLFK�ZHUH�WKH�IRUZDUG�SULPHU���)�
��
�$*$*777*$7&&7**&7&$*��
�� DQG�
UHYHUVH� SULPHU� ����5� ��
**77$&&77$&*�
$&77��
���7RWDO�YROXPH�UHDFWLRQ�IRU�3RO\PHUDVH�
&KDLQ�5HDFWLRQ��3&5��ZDV�����/�FRQVLVWHG�RI ���
�/�RI ��'1$�WHPSODWH��������/�RI ���[�5HDG\�PL[�
3&5������P0� �0J&O ������P0� �G173V�DQG�7DT��

SRO\PHUDVH���XQLWV�UHDFWLRQ�������/�RI �GG+ 2�����

�/�RI �����SPRO�3ULPHU���)��DQG� ����/�RI �����
SPRO�3ULPHU�����5� 3&5�ZDV�SHUIRUPHG�XQGHU�� �
WKH� IROORZLQJ� FRQGLWLRQV�� RQH� F\FOH� RI � SUH�

R
GHQDWXUDWLRQ�DW���� &�IRU���PLQXWHV��IROORZHG�E\����

R
F\FOHV� RI � GHQDWXUDWLRQ� DW� ��� &� IRU� �� PLQXWH��

R
DQQHDOLQJ�DW���� &�IRU���PLQXWH�DQG�H[WHQVLRQ�DW�

R
��� &�IRU���PLQXWHV��7KH�UHDFWLRQ�ZDV�WHUPLQDWHG�

R
ZLWK�D�ILQDO�H[WHQVLRQ�DW���� &�IRU����PLQXWHV��7KH�
3&5� SURGXFWV� ZHUH� VHQW� WR� WKH� )LUVW� %DVH�
/DERUDWRU\�� 0DOD\VLD� IRU� VHTXHQFLQJ�� %/$67�
VHDUFKHV�ZHUH�SHUIRUPHG�IRU�VHTXHQFHV�REWDLQHG�
WR� ILQG� WKH� VLPLODULW\� ZLWK� VHTXHQFH� GDWD� LQ�
*HQH%DQN�

'DWD�$QDO\VLV

� 'DWD�RI �WKH�EDFWHULDO�SRSXODWLRQ�ZDV�DQDO\]HG�
XVLQJ�W�WHVW�RI �0LQLWDE�SURJUDP�YHUVLRQ��������
� (IIHFWV� RI � WKH� EDFWHULD� WR� WKH� SODQW� JURZWK�
ZHUH� VWDWLVWLFDOO\� DQDO\]HG� XVLQJ� $129$� IRU�
FRPSOHWHO\� UDQGRPL]HG� IDFWRULDO� GHVLJQ� ZLWK�
LVRODWHV�RI �ELRFRQWURO�DJHQWV�DV�WKH�ILUVW�IDFWRU�DQG�
WRPDWR�YDULHWLHV�DV�WKH�VHFRQG�IDFWRU��7UHDWPHQW�
PHDQV�ZHUH�FRPSDUHG�XVLQJ� WKH�'057�WHVW�DW�
��� OHYHO�RI � VLJQLILFDQFH�� 6$6�3URJUDP�YHUVLRQ�
����ZDV�XVHG� IRU�SHUIRUPLQJ� VWDWLVWLFDO� DQDO\VHV�
IRU�FRPSOHWHO\�UDQGRPL]HG�IDFWRULDO�GHVLJQ�DQG�
IRU�WKH�'057�WHVW�

5(68/76�$1'�',6&866,21

$EXQGDQFH� DQG� $QWDJRQLVWLF� $FWLYLWLHV� RI �

6LGHURSKRUH�SURGXFLQJ�%DFWHULD

� %DVHG�RQ�WKH�W�WHVW��WKH�DYHUDJH�RI �VLGHURSKRUH�
SURGXFLQJ�EDFWHULD�LVRODWHG�IURP�&LSDQDV�'LVWULFW�

�
ZDV������ ��� �FIX�J��ZKLFK�ZDV�QRW�VLJQLILFDQWO\�
GLIIHUHQW� ZLWK� WKRVH� IURP� /HPEDQJ� 'LVWULFW�

�
KDYLQJ�DYHUDJH�RI �����[��� �FIX�J��&RORQLHV�RI �WKH�
VLGHURSKRUH�SURGXFLQJ�EDFWHULD�RQ�&$6�PHGLXP�
ZHUH�VKRZQ�LQ�)LJXUH�����6LGHURSKRUH�SURGXFWLRQ�
ZDV� LQGLFDWHG� E\� WKH� RUDQJH� FRORU� DURXQG� WKH�
FRORQ\�RI �WKH�EDFWHULD��)LJXUH���VKRZV�WKDW�HDFK�
FRORQ\� SURGXFHG� GLIIHUHQW� DPRXQW� RI �
VLGHURSKRUHV�� � LQGLFDWHG� E\� WKH� GLDPHWHU� RI �
RUDQJH�DUHD�DURXQG�HDFK�FRORQ\�RI �EDFWHULD�
� $PRQJ� WKH� ��� LVRODWHV� RI � VLGHURSKRUH�
SURGXFLQJ� UKL]REDFWHULD�� ��� LVRODWHV� SRVLWLYHO\�
VKRZHG�K\SHUVHQVLWLYH�UHDFWLRQ�RQ�WREDFFR��ZKLOH�
���RWKHUV�VKRZHG�QHJDWLYH�UHDFWLRQ��%DFWHULD�ZHUH�
DOVR�WHVWHG�IXUWKHU�IRU�WKHLU�DQWDJRQLVWLF�DFWLYLWLHV�
DJDLQVW� �� � %DVHG� RQ� WKH�5DOVWRQLD� VRODQDFHDUXP
DQWDJRQLVWLF�WHVW�����LVRODWHV�SRVLWLYHO\�SURGXFHG�
LQKLELWLRQ�]RQH��)LJ�����KDYLQJ�GLDPHWHU�EHWZHHQ�
����WR�����PP���$PRQJ�WKRVH����LVRODWHV����LVRODWHV�
ZHUH� +5� SRVLWLYH� ZKLFK� KDG� WR� EH� HOLPLQDWHG�
IURP�EHLQJ�FDQGLGDWH�RI �ELRFRQWURO�DJHQWV�� �7KH�

$8+3*&
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RWKHU� �� LVRODWHV� ZHUH� +5� QHJDWLYH�� KDYLQJ�
UHVSHFWLYH� GLDPHWHU� RI � WKH� LQKLELWLRQ� ]RQH� RI �
&3�&������PP���&3�%������PP���&3�'������PP���
&3�(������PP���/%�$������PP���/%�&������PP��
DQG� /%�/� �����PP��� � 7KH� ZLGHVW� GLDPHWHU� RI �
LQKLELWLRQ� ]RQH�ZDV� SURGXFHG� E\� LVRODWH� &3�'�
ZKLFK�ZDV�LVRODWHG�IURP�&LSDQDV��7DEOH����

� 0LFURRUJDQLVPV� JURZLQJ� XQGHU� DHURELF�
FRQGLWLRQV�QHHG� LURQ�IRU�D�YDULHW\�RI � IXQFWLRQV��
LQFOXGLQJ�UHGXFWLRQ�RI �R[\JHQ�IRU�$73�V\QWKHVLV��
UHGXFWLRQ� RI � ULERWLGH� SUHFXUVRUV� RI � '1$�� IRU�
IRUPDWLRQ� RI � KHPH� DQG� IRU� RWKHU� HVVHQWLDO�
SXUSRVHV��$�OHYHO�RI �DW�OHDVW�RQH�PLFURPRODU�LURQ�
LV�QHHGHG�IRU�RSWLPXP�JURZWK��1HLODQGV�������

�

�

�

�

)LJXUH��� 3URGXFWLRQ�RI �VLGHURSKRUHV�E\�WRPDWR�UKL]REDFWHULD�RQ�&$6�DJDU�ZDV�LQGLFDWHG�E\�\HOORZ�RUDQJH�FRORU�DURXQG�
FRORQ\�RI �EDFWHULD

)LJXUH��� 3URGXFWLRQ�RI �LQKLELWLRQ�]RQH��DUURZ�VLJQ��E\�WKH�LVRODWH�RI �VLGHURSKRUH�SURGXFLQJ�UKL]REDFWHULD�
� �1RWH���7KH�LQVHW�VKRZV�PDJQLILFDWLRQ�RI �WKH�LQKLELWLRQ�]RQH�

7DEOH��� ,VRODWHV�RI �VLGHURSKRUH�SURGXFLQJ�UKL]REDFWHULD�ZKLFK�SURGXFHG�LQKLELWLRQ�]RQH�DJDLQVW�5��VRODQDFHDUXP�RQ�
��������������.LQJV·V�%�DJDU

,VRODWH�FRGH���
'LDPHWHU�RI �
LQKLELWLRQ�]RQH��

�PP��

,VRODWH��
FRGH�

'LDPHWHU �RI �
LQKLELWLRQ�]RQH��PP� �

,VRODWH �
FRGH �

'LDPHWHU�RI �
LQKLELWLRQ�]RQH�

�PP� �
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1RWH������&3� �LVRODWHV�IURP�&LSDQDV���/%� �LVRODWHV�IURP�/HPEDQJ
� ���,VRODWHV�ZULWWHQ�LQ�EROG�ZHUH�SRVLWLYHO\�FDXVLQJ�+\SHUVHQVLWLYH�5HDFWLRQ��+5�

6LGHURSKRUH�SURGXFLQJ�5KL]REDFWHULD�DQG�SRWHQWLDO�DQWDJRQLVWLF�DFWLYLW\�WRZDUG�5DOVWRQLD�VRODQDFHDUXP�²�1DZDQJVLK�HW�DO�



7DEOH����(IIHFW�RI �VLGHURSKRUH�SURGXFLQJ�UKL]REDFWHULD�RQ�WRPDWR�VHHG�YLDELOLW\�RI �$UWKDORND�DQG�5DWQD�YDULHWLHV
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7DEOH��� (IIHFW�RI �VLGHURSKRUH�SURGXFLQJ�UKL]REDFWHULD�RQ�WKH�LQFUHDVH�RI �WRPDWR�SODQW�KHLJKW�RI �$UWKDORND�DQG�5DWQD�
YDULHWLHV�

7UHDWPHQW
�

3ODQW�KHLJKW�LQFUHDVH��FP��� �
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1RWH�� ��� 0HDQV�LQ�WKH�VDPH�FROXPQ�IROORZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DFFRUGLQJ�WR�'XQFDQ�0XOWLSOH�5DQJH�7HVW�
�S��������

� ����'$3� �'D\V�$IWHU�3ODQWLQJ
� ����$8+3*&� �$UHD�8QGHU�+HLJKW�RI �3ODQW�*URZWK�&XUYH

� 6HYHQ�LVRODWHV�RI �WKH�EDFWHULD�ZHUH�WHVWHG�IRU�
WKHLU� HIIHFWV� RQ� VHHG� YLDELOLW\�� SODQW� KHLJKW� DQG�
WKH� IUHVK� DQG� GU\� ZHLJKW� RI � WZR� YDULHWLHV� RI �
WRPDWR� SODQWV�� L�H�� $UWKDORND� DQG� 5DWQD�� DV�
SUHVHQWHG�LQ�7DEOH�������DQG����UHVSHFWLYHO\��'DWD�
LQ� 7DEOH� ��� ��� DQG� �� VKRZ� QRW� RQO\� WKDW� WKH�
LVRODWHV�RI �EDFWHULD�GLG�QRW�VLJQLILFDQWO\�LQFUHDVH�

WKH� VHHG� YLDELOLW\�� SODQW� KHLJKW�� IUHVK� DQG� GU\�
ZHLJKW�RI �WRPDWR�FRPSDUHG�WR�FRQWURO��EXW�DOVR�
WKH\�GLG�QRW�KDYH�KDUPIXO�HIIHFWV�WR�WKH�WRPDWR�
SODQWV��7KH�FKDUDFWHULVWLFV�RI �FRORQ\�PRUSKRORJ\��
SK\VLRORJ\�DQG�ELRFKHPLVWU\�DVSHFWV�RI �WKH�VHYHQ�
LVRODWHV� ZHUH� SUHVHQWHG� LQ� 7DEOH� �� DQG� ���
UHVSHFWLYHO\�

� �� �

� �
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7DEOH��� 0RUSKRORJLFDO�FKDUDFWHULVWLF�RI �FRORQ\�RI �WKH�VHYHQ�LVRODWHV�RI �VLGHURSKRUH�SURGXFLQJ�UKL]REDFWHULD�RQ�
��������������.LQJ
V�%�$JDU

,VRODWH�FRGH���
&RORQ\�FKDUDFWHULVWLF �

'LDPHWHU� &RORU� (OHYDWLRQ � (GJH � )RUP �
&3�&�

&3�%�
&3�'�
&3�(
�

/%�$
�

/%�&
�/%�/

����PP�
����PP�
����PP�
����PP
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����PP
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:KLWH�
%URNHQ�ZKLWH�
%URNHQ�ZKLWH�
'DUN�\HOORZ

�
*UHHQLVK�ZKLWH

�
3DOH
�
ZKLWH

�%URNHQ�ZKLWH

&RQYH[ �
'RPHG �
&RQYH[ �
&RQYH[

�
&RQYH[

�
8PERQDWH
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:DY\ �
(QWLUH �
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�
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�
&XUO\

�:DY\

&LUFXODU �
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&LUFXODU
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&LUFXODU
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,UUHJXODU

�&LUFXODU

1RWH�������&3� �LVRODWHV�IURP�&LSDQDV���/%� �LVRODWHV�IURP�/HPEDQJ

7DEOH��� 3K\VLRORJLFDO� DQG� ELRFKHPLVWU\� FKDUDFWHULVWLFV� RI � VLGHURSKRUH�SURGXFLQJ� UKL]REDFWHULD� KDYLQJ� SRWHQWLDO� DV�
DQWDJRQLVW�IRU�5��VRODQDFHDUXP

,VRODWH�FRGH��
�

)OXRUHVFHQFH� *UDP�UHDFWLRQ�
3KRVSKDWH�
VROXELOL]DWLRQ �

5HVLVWDQFH�WR����R& �
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�S��������

� � %DVHG� RQ� WKH� LQKLELWLRQ� ]RQH� SURGXFWLRQ��
HIIHFW� RQ� VHHG� YLDELOLW\�� HIIHFW� RQ� SODQW� KHLJKW�
LQFUHDVH�� DQG�HIIHFW�RQ� IUHVK�DQG�GU\�ZHLJKW�RI �
WRPDWR� SURGXFW�� WZR� LVRODWHV� RI � VLGHURSKRUH�
SURGXFLQJ�EDFWHULD�KDYLQJ� WKH�EHVW� HIIHFWV�ZHUH�

VHOHFWHG��7KH�WZR�LVRODWHV�ZHUH�&3�&�DQG�&3�'���
7KH� VHTXHQFH� RI � ��6� U'1$� RI � WKRVH� LVRODWHV�
ZHUH�UHIHUUHG�WR�WKH�JHQH�EDQN���8VLQJ�WKH�%/$67�
SURJUDP� WKH� LVRODWH� RI �&3�&�ZDV� LGHQWLILHG� DV�
%UHYXQGLPRQDV� VS��� ZKLOH� WKH� LVRODWH� &3�'� ZDV�

6LGHURSKRUH�SURGXFLQJ�5KL]REDFWHULD�DQG�SRWHQWLDO�DQWDJRQLVWLF�DFWLYLW\�WRZDUG�5DOVWRQLD�VRODQDFHDUXP�²�1DZDQJVLK�HW�DO�



��

%,27523,$�9RO�����1R���������

x��� ��(QWHUREDFWHU �VS��&3�'�
������ ��%UHYXQGLPRQDV�VS��&3�& �
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LGHQWLILHG� DV�(QWHUREDFWHU� VS��ZLWK� SHUFHQWDJH� RI �
VLPLODULW\� RI � ���� DQG� ����� UHVSHFWLYHO\��
0D[LPXP�VFRUH��(�YDOXH�DQG�WKH�SHUFHQWDJH�RI �
VLPLODULWLHV� RI � VLGHURSKRUH�SURGXFLQJ� EDFWHULD�
ZHUH�SUHVHQWHG�LQ�7DEOH���� �3K\ORJHQHWLF�WUHH�RI �
WKH�UHODWHG�EDFWHULD�LV�SUHVHQWHG�LQ�)LJXUH�����7LDQ�
HW� DO�� ������� UHSRUWHG� WKDW� (QWHUREDFWHU� DQG�
3VHXGRPRQDV�ZHUH�GRPLQDQW�LQ�WKH�UKL]RVSKHUH�RI �
WREDFFR��ZLWK�������DQG�������WRWDO�IUHTXHQF\��
UHVSHFWLYHO\�
� 6LGHURSKRUHV�DUH�SURGXFHG�E\�YDULRXV�EDFWHULD�
DQG�IXQJL��XVXDOO\�FODVVLILHG�E\�WKH�OLJDQGV�XVHG�WR�
FKHODWH� WKH� IHUULF� LURQ�� 7KH� PDMRU� JURXSV� RI �
V LGHURSKRUHV� LQFOXGH� WKH� FDWHFKRODWHV�

�SKHQRODWHV���K\GUR[DPDWHV�DQG�FDUER[\ODWHV��H�J��
GHULYDWLYHV�RI �FLWULF�DFLG���6DKDUDQ�	�1HKUD���������
5DFKLG� 	� $KPHG� ������� UHSRUWHG� WKDW�
VWUHSWRP\FLQ� DQG� SHQLFLOOLQ� DGGHG� WR� VXFFLQDWH�
PHGLXP� DFWV� GLIIHUHQWO\� RQ� WKH� VLGHURSKRUHV�
SURGXFWLRQ�� �6WUHSWRP\FLQ�UHGXFHG�VLGHURSKRUHV�
SURGXFWLRQ� EHORZ� ��� �0� LQ� GLIIHUHQW� LURQ�
FRQFHQWUDWLRQV�� ZKLOH� SHQLFLOOLQ� LQFUHDVHG� WKH�
SURGXFWLRQ�RI � VLGHURSKRUHV� LQ� WKH�SUHVHQFH�RI �
H[FHVV�LURQ��DERYH������J�P/���7KH�JURZWK�RI �3��
IOXRUHVFHQV� DQG� VLGHURSKRUH� SURGXFWLRQ� ZHUH�
LQKLELWHG�E\�WKH�RFFXUUHQFH�RI �KHDY\�PHWDOV��OHDG��
PHUFXU\�DQG�FDGPLXP���HVSHFLDOO\�LQ�LURQ�OLPLWHG�
FRQGLWLRQ ������������
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&21&/86,216

� 7KH� DYHUDJH� RI � VLGHURSKRUH�SURGXFLQJ�
EDFWHULD�LVRODWHG�IURP�&LSDQDV�'LVWULFW�������[��� �

�

FIX�J��ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKRVH�
LVRODWHG�IURP�/HPEDQJ�'LVWULFW������[��� �FIX�J���

�

7KH� KLJKHVW� GLDPHWHU� RI � LQKLELWLRQ� ]RQH� WR�
5DOVWRQLD�VRODQDFHDUXP� �ZDV�����PP��SURGXFHG�E\�
LVRODWH�&3�'��7KH�VHOHFWHG�EDFWHULD�SURGXFLQJ�WKH�
LQKLELWLRQ� ]RQH� GLG� QRW� VLJQLILFDQWO\� DIIHFW� VHHG�
YLDELOLW\��SODQW�JURZWK��IUHVK�ZHLJKW�DQG�GU\�ZHLJKW�
RI � WRPDWR� FRPSDUHG� WR� FRQWURO�� %DVHG� RQ� WKH�
FKDUDFWHULVWLFV�RI �FRORQ\�PRUSKRORJ\��SK\VLRORJ\��
ELRFKHPLVWU\�DQG�SDUWLDO�VHTXHQFH�RI ���6�U'1$��
WZR�VHOHFWHG� LVRODWHV�� L�H��&3�&�DQG�&3�'�ZHUH�
LGHQWLILHG�DV� �VS��DQG� �VS���%UHYXQGLPRQDV (QWHUREDFWHU
UHVSHFWLYHO\�

$&.12:/('*(0(176

� 7KLV�UHVHDUFK�ZDV�IXQGHG�E\�',3$�,3%�ZLWK�
VFKHPH� RI � 'HFHQWUDOL]HG� 5HVHDUFK� 3URJUDP�
�3URJUDP� 3HQHOLWLDQ� 'HVHQWUDOLVDVL�� +LEDK�
%HUVDLQJ��� &RQWUDFW� 1R�� ���,�������63.��
3'�������RQ���0DUFK������� �7KH�DXWKRUV�DOVR�
WKDQN�'U�.LNLQ�+DP]DK�0XWDTLQ�IRU�WKH�JXLGDQFH�
LQ�VHYHUDO�PROHFXODU�WHVWV�DFWLYLWLHV�

5()(5(1&(6

$JULRV�*1�� ������� �3ODQW�SDWKRORJ\�� �)LIWK�(GLWLRQ�� �1HZ�
<RUN��86���$FDGHPLF�3UHVV�������S�

%KDWWDFKDU\D��$����������6LGHURSKRUH�PHGLDWHG�PHWDO�XSWDNH�
E\�3VHXGRPRQDV�IOXRUHVFHQV�DQG�LWV�FRPSDULVRQ�WR�LURQ�
�,,,��FKHODWLRQ���&H\�-�6FL��%LR��6FL����������������

*URVV�0�� ������� �6LGHURSKRUHV�DQG�IOXRUHVFHQW�SLJPHQWV�� �
,Q�� .OHPHQW� =�� 5XGROSK� .�� 6DQGV� '&�� HGLWRUV��
0HWKRGV� LQ� SK\WREDFWHULRORJ\�� %XGDSHVW� �+8���
$NDGpPLDL�.LDGy������S�

+X� 43�� ;X� -*�� ������ $� VLPSOH� GRXEOH�OD\HUHG� FKURPH�
D]XURO�6�DJDU��6'�&$6$��SODWH�DVVD\�WR�RSWLPL]H�WKH�
SURGXFWLRQ� RI � VLGHURSKRUHV� E\� D� SRWHQWLDO�
ELRFRQWURO� DJHQW� �� $IU� -� 0LFURELRO� 5HV�%DFLOOXV
�������������

-HQLIHU� 05$�� 5HHQD� $�� $\VKD� 26�� 9DOOL� 6�� 1LUPDOD� 3��
9LQRWKNXPDU� 3�� � ������ � ,VRODWLRQ� RI � VLGHURSKRUH�
SURGXFLQJ�EDFWHULD�IURP�UKL]RVSKHUH�VRLO�DQG�WKHLU�
DQWDJRQLVWLF� DFWLYLW\� DJDLQVW� VHOHFWHG� IXQJDO� SODQW�
SDWKRJHQV���,QW�-�&XUU�0LFURELRO�$SS�6FL������������

-HXQJ� <�� .LP� -�� .DQJ� <�� ������ *HQHWLF� GLYHUVLW\� DQG�
GLVWULEXWLRQ� RI � .RUHDQ� LVRODWHV� RI � 5DOVWRQLD�
VRODQDFHDUXP���3ODQW�'LV����������������

.OHPHQW� =�� 5XGROSK� .�� 6DQGV� '&�� ������ 0HWKRGV� LQ�
SK\WREDFWHULRORJ\�� %XGDSHVW� �+8��� $NDGpPLDL�
.LDGy������S�

/RXGHQ�%&��+DDUPDQQ�'��/\QQH�$0����������8VH�RI �EOXH�
DJDU� &$6� DVVD\� IRU� VLGHURSKRUH� GHWHFWLRQ�� -�
0LFURELRO�%LRO�(GXF������������

1HLODQGV�-%����������6LGHURSKRUH��6WUXFWXUH�DQG�IXQFWLRQ�RI �
PLFURELDO�LURQ�WUDQVSRUW�FRPSRXQGV��-�%LRO�&KHP�
����������������

3DO�53��*RNDUQ�.��������6LGHURSKRUHV�DQG�SDWKRJHQLFLW\�RI �
PLFURRUJDQLVPV��-�%LRVFL�7HFK����������

5DFKLG� '�� $KPHG� %�� ������ (IIHFW� RI � LURQ� DQG� JURZWK�
LQKLELWRUV� RQ� VLGHURSKRUHV� SURGXFWLRQ� E\�
3VHXGRPRQDV� IOXRUHVFHQV�� �$IU� -�%LRWHFKQRO� ���������
��� � � $YD L O DE O H � RQ O LQH � D W � K W WS ���ZZZ� �
DFDGHPLFMRXUQDOV��RUJ�$-%�

6DKDUDQ� %6�� 1HKUD� 9�� � ������ 3ODQW� JURZWK�SURPRWLQJ�
5KL]REDFWHULD��$�FULWLFDO�UHYLHZ�� �/LIH�6FLHQFHV�DQG�
0HGLFLQH� 5HVHDUFK�� 9ROXPH� �����/605����� �
KWWS���DVWRQMRXUQDOV�� FRP�OVPU� >5HWULHYHG� RQ� ���
2FWREHU�����@�

6DPEURRN� -�� 5XVVHOO� ':�� ������ 0ROHFXODU� FORQLQJ�� $�
ODERUDWRU\�PDQXDO��7KLUG�HGLWLRQ��1HZ�<RUN��86���
&ROG�6SULQJ�+DUERU�/DE�3U��S������

6D\\HG� 5=�� %DGJXMDU� 0'�� 6RQDZDQH� +0�� 0KDVNH�
00�� &KLQFKRONDU� 6%�� � ������ � 3URGXFWLRQ� RI �
PLFURELDO� LURQ� FKHODWRUV� �VLGHURSKRUHV�� E\�
IOXRUHVFHQW� 3VHXGRPRQDGV�� � ,QGLDQ� -� %LRWHFKQRO�
���������

6FKDDG�1:��-RQHV�-%��&KXQ�:��������/DERUDWRU\�JXLGH�IRU�
LGHQWLILFDWLRQ�RI �SODQW�SDWKRJHQLF�EDFWHULD�� �7KLUG�
HG L W LRQ � � 6 W � � 3DX O � �86� � � 7KH� $PHU LFDQ�
3K\WRSDWKRORJLFDO���6RFLHW\�������S�

6ULGHYL�0��.XPDU�.*��0DOODLDK�.9����������3URGXFWLRQ�RI �
FDWHFKRO�W\SH� RI � VLGHURSKRUHV� E\� 5KL]RELXP� VS��
LVRODWHG� IURP�VWHP�QRGXOHV�RI �6HVEDQLD� SURFXPEHQV�
�5R[E���:�DQG�$��5HV�-�0LFURELRO������������

7LDQ� )�� 'LQJ� <�� =KX� +�� <DR� /�� 'X� %�� � ������ *HQHWLF�
GLYHUVLW\� RI � VLGHURSKRUH�SURGXFLQJ� EDFWHULD� RI �
WREDFFR�UKL]RVSKHUH���%UD]�-�0LFURELRO�����������

:DQJ� -)�� /LQ� &+�� � ������ � ,QWHJUDWHG� PDQDJHPHQW� RI �
WRPDWR�EDFWHULDO�ZLOW��7KH�:RUOG�9HJHWDEOH�&HQWHU�� �
K W W S � � � ZZZ� D Y U G F � R U J � S G I � 3 52'� �
PDQDJHPHQWBEDFWHULDOBZLOW�SGI�� >5HWULHYHG�RQ� ����
6HSWHPEHU�����@�

<XOLDU��1LRQ�<$��7R\RWD�.����������5HFHQW�WUHQGV�LQ�FRQWURO�
PHWKRGV� IRU� EDFWHULDO� ZLOW� GLVHDVHV� FDXVHG� E\�
5DOVWRQLD�VRODQDFHDUXP ���0LFUREHV�(QYLURQ������������

6LGHURSKRUH�SURGXFLQJ�5KL]REDFWHULD�DQG�SRWHQWLDO�DQWDJRQLVWLF�DFWLYLW\�WRZDUG�5DOVWRQLD�VRODQDFHDUXP�²�1DZDQJVLK�HW�DO�


