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&�&���FHOOV��EXW�QRW�LQ�WRWDO�51$V�LWVHOI��)LJXUH�����'1$

VHTXHQFLQJ� RI� WKH� 3&5� SURGXFWV� UHYHDOHG� WKDW� WKH

SDUWLDO� '1$� VHTXHQFH� RI� 3&5� IUDJPHQW� KDYH� ����

LGHQWLW\� ZLWK� WKH� VHTXHQFH� RI� PRXVH� $43�� F'1$

�10B��������� LQGLFDWLQJ� WKDW� &�&��� FHOOV� H[SUHVV

$43��P51$��)LJXUH����

'LIIHUHQWLDWLRQ�LQGXFHG�H[SUHVVLRQ�RI�$43��SURWHLQ

LQ�&�&���FHOOV

7R� H[DPLQH� ZKHWKHU� WKH� SURWHLQ� ZDV� PDGH� IURP� WKH

P51$� LQ�&�&���FHOOV��:HVWHUQ�EORW�DQDO\VLV�ZDV�SHU�

IRUPHG� E\� XVLQJ� SRO\FORQDO� DQWLERG\� VSHFLILF� WR� $43�

SURWHLQ��7KH�H[SHFWHG�VL]H�RI�$43��SURWHLQ�EDQGV�ZHUH

GHWHFWHG� LQ� DOO� PHPEUDQH� IUDFWLRQV� IURP� OXQJ�� VDOLYDU\

JODQGV��KLQGOLPE�VNHOHWDO�PXVFOHV�DQG�&�&���FHOOV��)LJXUH

�$���VXSSRUWLQJ�WKH�H[SUHVVLRQ�RI�$43��LQ�VNHOHWDO�PXVFOH

FHOOV�DV�ZHOO�DV�&�&���FHOOV��1R�DQWLERG\�UHDFWLYH�EDQGV

ZHUH� IRXQG� LQ� WKH�PHPEUDQH� IUDFWLRQV�RI� OLYHU�� )XUWKHU

H[DPLQDWLRQ�RI�WKH�VDOLYDU\�JODQG�E\�LPPXQRKLVWRFKHPL�

VWU\�VKRZHG�SRVLWLYH�VWDLQLQJ�RI�DFLQDU�FHOOV�EXW�QHLWKHU

)LJXUH����%ODVW�DOLJQPHQWV�RI�D�3&5�SURGXFW�VHTXHQFH� LQ�&�&���FHOOV�ZLWK� WKRVH�RI�FORQH�$$�������DQG�PRXVH�$43��F'1$��

)LJXUH� ��� 3&5� $PSOLILFDWLRQ� RI� FORQH� $$������� LQ� &�&��� FHOOV�
$PSOLILFDWLRQ�RI�$43��ZDV�FRQGXFWHG�XVLQJ�SULPHUV�IRU�WKH�FORQH�$$������
�����ES�3&5�SURGXFW���/DQH���DQG����3&5�SURGXFWV�DPSOLILHG�IURP�UHYHUVH
WUDQVFULEHG�&�&���F'1$��0�� ����ES�'1$� ODGGHU�� /DQH�&��$V�D�QHJDWLYH
FRQWURO�� WRWDO� 51$� IURP� &�&��� FHOOV� ZDV� DPSOLILHG� ZLWKRXW� UHYHUVH
WUDQVFULSWLRQ�



�� ([S��0RO��0HG��9RO��������������������

WKH�GXFWDO�QRU�EORRG�YHVVHOV��)LJXUH��%���FRQVLVWHQW�ZLWK

WKH� SUHYLRXV� ILQGLQJ� RI� )XQDNL� HW� DO�� �������� 3RVLWLYH

LPPXQRUHDFWLYLW\�RI�$43��DQWLERG\�ZDV�DOVR�GHWHFWHG�LQ

&�&��� FHOOV�� &�&��� FHOOV� ZHUH� GHULYHG� IURP� VNHOHWDO

PXVFOH�RI�PRXVH�KLQG�OLPE�DQG�GLIIHUHQWLDWHG�UDSLGO\�WR

P\RWXEH�E\�ZLWKGUDZLQJ�)%6�IURP�PHGLXP�DQG�DGGLQJ

���KRUVH� VHUXP� �<DIIH� DQG�6D[HO�� ������� 7R�H[DPLQH

ZKHWKHU�GLIIHUHQWLDWLRQ�RI�&�&���FHOOV�DIIHFW� WKH�H[SUH�

VVLRQ�RI�$43��SURWHLQ��ZH�GHWHUPLQHG�WKH�$43��OHYHO�LQ

WKH�VDPSOHV�REWDLQHG�RQ��QG�DQG��WK�GD\�DIWHU�LQGXFWLRQ

RI� GLIIHUHQWLDWLRQ�� $V� VKRZQ� LQ� )LJXUH� ��� $43�� H[SUH�

VVLRQ� LQFUHDVHG� RQ� WKH� �QG� GD\� DIWHU� LQGXFWLRQ� RI

GLIIHUHQWLDWLRQ�DQG�GHFOLQHG�RQ� WKH��WK�GD\�

7LPH�FRXUVH�IRU�RVPRWLF�LQGXFWLRQ�RI�$43��SURWHLQ

([SUHVVLRQ� RI� $43�� ZDV� IRXQG� WR� EH� LQGXFHG� E\

H[SRVXUH� RI� K\SHUWRQLF� VWUHVV� LQ�PRXVH� OXQJ� HSLWKHOLDO

FHOOV� �+RIIHUW� HW� DO��� ������� 7KH� HIIHFW� RI� K\SHUWRQLF

VWUHVV�RQ�WKH�H[SUHVVLRQ�RI�$43��LQ�&�&���FHOOV�ZHUH

H[DPLQHG� E\� LQFUHDVLQJ� WKH� RVPRODULW\� RI� WKH� FXOWXUH

PHGLXP� WR� ���� P2V0�� &�&��� FHOOV� LQFXEDWHG� LQ� WKH

QRUPDO�PHGLXP�VXSSOHPHQWHG�ZLWK�����P0�1D&O�ZHUH

KDUYHVWHG�DW� YDULRXV� WLPHV� IRU� LPPXQREORW��([SUHVVLRQ

RI�$43��SURWHLQ�ZDV�LQFUHDVHG�E\����K�DIWHU�H[SRVXUH

)LJXUH� ��� $�� ([SUHVVLRQ� RI� $43�� SURWHLQ� LQ� YDULRXV� WLVVXHV�� $�� &UXGH
PHPEUDQH�IUDFWLRQV�ZHUH�REWDLQHG�IURP�OXQJ��ODQH�����OLYHU��ODQH�����VDOLYDU\
JODQGV��ODQH�����&�&���FHOOV��ODQH����DQG�KLQG� OLPE�VNHOHWDO�PXVFOHV��ODQH
��� E\� WKH� SURFHGXUH� GHVFULEHG� LQ� 0DWHULDOV� DQG� 0HWKRGV�� %�� $QWL�UDEELW�
$43��DQWLERG\�ODEHOV�FU\RVHFWLRQ�����WR����µP�VHFWLRQV��RI�PRXVH�VDOLYDU\
JODQGV�DQG�&�&���FHOOV��D�DQG�E���3DQHO�D�VKRZV�LPPXQRODEHOLQJ�FRQWUROV
XVLQJ� DQWL�$43�� DQWLERGLHV� SUHDEVRUEHG� ZLWK� WKH� UHVSHFWLYH� LPPXQL]LQJ
SHSWLGH��1R�VLJQDO�FDQ�EH�VHHQ��0DJQLILFDWLRQ��×����

)LJXUH� ��� ,QGXFWLRQ� RI� $43�� GXULQJ� GLIIHUHQWLDWLRQ� RI� &�&��� FHOOV�
'LIIHUHQWLDWLRQ� RI� &�&��� FHOOV� ZHUH� LQGXFHG� E\� ZLWKGUDZDO� RI� )%6� DQG
DGGLWLRQ�RI����KRUVH�VHUXP��$W� WKH� LQGLFDWHG�GD\V�FHOOV�ZHUH�KDUYHVWHG� LQ
O\VLV�EXIIHU��3URWHLQ�LPPXQREORW�ZDV�SHUIRUPHG�ZLWK�SRO\FORQDO�UDEELW�$43�
DQWLERG\��7KH� XQGHUO\LQJ�6'6�3$*(�JHO� VKRZHG�HTXDO� ORDGLQJ� RI� SURWHLQ
VDPSOHV��*HOV�ZHUH�VWDLQHG�ZLWK�&RRPDVVLH�EULOOLDQW�JUHHQ�*����

)LJXUH����7LPH�FRXUVH�IRU�RVPRWLF� LQGXFWLRQ�RI�$43��SURWHLQ��&�&���FHOOV
ZHUH� LQFXEDWHG� LQ� K\SHUWRQLF�PHGLXP�FRQWDLQLQJ�����P2V0�1D&O��$W� WKH
LQGLDWHG�WLPH��FHOOV�ZHUH�KDUYHVWHG�LQ�O\VLV�EXIIHU�IRU�SURWHLQ�LPPXQREORW�ZLWK
DQWL�$43��DQWLERG\��7R�GHWHUPLQH� WKH�HIIHFW�RI�D�S���0$3�NLQDVH�RU�(5.
RQ�K\SHUWRQLF�LQGXFWLRQ�RI�$43��H[SUHVVLRQ��&�&���FHOOV�ZHUH�LQFXEDWHG�LQ
LVRWRQLF� RU� K\SHUWRQLF� PHGLXP� IRU� ��K� LQ� WKH� SUHVHQFH� RU� DEVHQFH� RI
6%������� ���� �0�� RU� 3'������ ���� �0��� (LWKHU� 6%������� RU� 3'�����
ZDV�SUHWUHDWHG�IRU���K�EHIRUH�WKH�DGGLWLRQ�RI�1D&O��&HOOV�ZHUH�KDUYHVWHG�LQ
KRPRJHQL]DWLRQ� EXIIHU�� DQG� SURWHLQ� LPPXQREORWV� ZHUH� SUREHG� ZLWK� DQWL�
$43��� 7KH� XQGHUO\LQJ� 6'6�3$*(� JHO� VKRZHG� HTXDO� ORDGLQJ� RI� SURWHLQ
VDPSOHV��*HOV�ZHUH�VWDLQHG�ZLWK�&RRPDVVLH�EULOOLDQW�JUHHQ�*����



5HJXODWLRQ�RI�DTXDSRULQ���H[SUHVVLRQ�LQ�&�&���FHOOV ��

WR� K\SHUWRQLF�PHGLXP� �)LJXUH� ���� $�&RPDVVLH�VWDLQLQJ

RI�DQ� LGHQWLFDO�JHO�ZDV�XVHG�WR�VKRZO�DQ�HTXDO� ORDGLQJ

RI� SURWHLQ� LQWR� HDFK� ZHOO�� ([SRVXUH� RI� &�&��� FHOOV� WR

K\SHUWRQLF�PHGLXP�GLG�QRW� LQGXFH�DQ\�VLJQLILFDQW�PRU�

SKRORJLFDO�FKDQJHV�RI�&�&���FHOOV� �GDWD�QRW�VKRZQ��

(IIHFW�RI�H[SRVXUH�WR�K\SHUWRQLF�PHGLXP�RQ�DFWLYLW\

RI�(5.��-1.�6$3.�DQG�S���NLQDVH

3UHYLRXV�UHSRUWV�KDYH�VKRZQ�WKDW�DOO�WKUHH�0$3�NLQDVHV

�(5.��-1.��DQG�S����FDQ�EH�DFWLYDWHG�E\�RVPRWLF�VWUHVV

�8PHQLVKL�HW�DO���������%RURN�HW�DO���������)XQDNL�HW�DO��

�������,Q�SDUWLFXODU��S���KDV�IUHTXHQWO\�EHHQ�LPSOLFDWHG

LQ� WKH� LQGXFWLRQ� RI� JHQHV� LQYROYHG� LQ� RUJDQLF� RVPRO\WH

V\QWKHVLV�DQG�WUDQVSRUW��+DPPDQ�HW�DO���������.UDQH�HW

DO����������3RVVLEOH�DVVRFLDWLRQ�RI�0$3�NLQDVH�PHGLDW�

HG�VLJQDOLQJ�ZLWK�WKH�LQGXFWLRQ�RI�$43��ZDV�ILUVW�GHWHU�

PLQHG� IRU� WKH� DFWLYDWLRQ� RI� -1.�6$3.�DQG� S��� NLQDVH

E\�H[SRVXUH�RI�&�&���FHOOV�WR�K\SHUWRQLF�PHGLXP�����

P2V0���+\SHURVPRODULW\�IDLOHG�WR�DFWLYDWH�-1.�6$3.�LQ

&�&���FHOOV��EXW�LQFUHDVHG�(5.�DQG�S���NLQDVH�DFWLYL�

WLHV��)LJXUH�����+RZHYHU��LQFXEDWLRQ�RI�&�&���FHOOV�ZLWK

���P0�6%�������� D� VSHFLILF� S��� NLQDVH� LQKLELWRU�� GLG

QRW�UHGXFH�EDVDO�$43��H[SUHVVLRQ�DQG�$43��LQGXFWLRQ

E\�K\SHUWRQLFLW\��)LJXUH�����,Q�DGGLWLRQ��WKH�SUHWUHDWPHQW

RI� &�&��� FHOOV� ZLWK� ��� �0� 3'������� DQ� LQKLELWRU� RI

(5.V��GLG�QRW�DIIHFW�$43�LQGXFWLRQ�E\�K\SHURVPRODULW\

�)LJXUH�����7KHVH�UHVXOWV�LQGLFDWH�WKDW�DFWLYDWLRQ�RI�-1.�

6$3.�� (5.V� RU� S��� NLQDVH� GRHV� QRW� DSSHDU� WR� EH

LQYROYHG� LQ� WKH� K\SHURVPRODULW\�LQGXFHG� LQFUHDVH� RI

$43��H[SUHVVLRQ� LQ�&�&���FHOOV�

'LVFXVVLRQ

'LVFRYHU\�RI�WKH�DTXDSRULQ�IDPLO\�RI�ZDWHU�FKDQQHO�SUR�

WHLQV�KDV�SURYLGHG�LQVLJKW�LQWR�PROHFXODU�PHFKDQLVPV�RI

PHPEUDQH� ZDWHU� SHUPHDELOLW\�� ,W� LV� LQFUHDVLQJO\� FOHDU

WKDW�DTXDSRULQV�FDQ�EH�UDWH�OLPLWLQJ� IRU�ZDWHU� WUDQVSRUW�

DV� HYLGHQFHG� E\� UHFHQW� GHPRQVWUDWLRQV� LQ� WKH� NLGQH\

�'HHQ� HW� DO��� ������ 0D� HW� DO��� ������� OXQJ� �%DL� HW� DO��

�������DQG�VDOLYDU\�JODQGV��0D�HW�DO����������$43��WKDW

ZDV� ILUVW� FORQHG� IURP�VDOLYDU\�JODQGV�KDV�VKRZQ� WR�EH

H[SUHVVHG� LQ� OXQJ�� H\H�� PLGGOH� HDU� HSLWKHOLXP� DQG

ODFULPDO�JODQGV�EHVLGHV�RI�VDOLYDU\�JODQGV��5DLQD�HW�DO��

������ 0LQDPL� HW� DO��� ������� ,Q� WKLV� VWXG\� ZH� ILUVW

GHPRQVWUDWHG� WKDW� $43�� LV� H[SUHVVHG� LQ� &�&��� FHOOV

E\�57�3&5��:HVWHUQ�DQDO\LV�DQG�LPPXQRKLVWRFKHPLVWU\�

7KH�SULPHUV�GHVLJQHG�IURP�WKH�'1$�VHTXHQFH�RI�FORQH

$$������� �REWDLQHG� IURP� PRXVH� (67� SURMHFW�� ZDV

XVHG� IRU� DPSOLILFDWLRQ� RI� $43�� F'1$� LQ� &�&��� FHOOV�

7KHUHIRUH��ZH�EHOLHYH�WKDW�WKH�FORQH�FDQ�EH�FODVVLILHG�DV

$43��KRPRORJ� FRQVLGHULQJ� SRVVLEOH� VHTXHQFLQJ� HUURU�

7KH�XSVWUHDP�DQG�GRZQVWUHDP�3&5�SULPHUV�WR�EH�XVHG

LQ�WKH�3&5�UHDFWLRQ�DUH�ORFDWHG�DW�WKH�GLIIHUHQW�H[RQV�RI

WKH�PRXVH�$43��JHQH��.UDQH�HW�DO����������7KH�DPSOLIL�

FDWLRQ�RI�3&5� IUDJPHQWV��ZKLFK�KDYH�DQ� LGHQWLFDO�VL]H

ZLWK� WKDW� GHGXFHG� IURP� WKH� F'1$� VHTXHQFH� RI� WKH

PRXVH� $43�� JHQH�� LQGLFDWHG� WKDW� WKH� 3&5� SURGXFWV

ZHUH�DPSOLILHG�IURP�UHYHUVH�WUDQVFULEHG�F'1$��QRW�IURP

FRQWDPLQDWHG�FKURPRVRPDO�'1$V��

6HYHUDO� VWXGLHV� GHPRQVWUDWHG� WKDW� VNHOHWDO� PXVFOH

FHOOV�H[SUHVV�$43��SURWHLQ��)ULJHUL�HW�DO����������)ULJHUL

HW�DO�� ������� VKRZHG� WKDW�$43��H[SUHVVLRQ� LQ�VNHOHWDO

PXVFOH�FDQ�EH�VXEMHFWHG�WR�UHJXODWLRQ�GHSHQGLQJ�RQ�WKH

IXQFWLRQDO�GHPDQG��DQG�WKDW�LWV�H[SUHVVLRQ�LV�WHPSRUDOO\

DVVRFLDWHG�ZLWK� WKH� WUDQVLWLRQ� IURP� WKH�VORZ�SKHQRW\SH

WR� WKH� IDVW�DQG�WKXV� WR� WKH�JO\FRO\WLF�PHWDEROLVP�RI� WKH

ILEHU�� 7KHVH� GDWD� VXJJHVW� LPSRUWDQW� UROHV� RI� $43�� LQ

VNHOHWDO� PXVFOH� SK\VLRORJ\�� +RZHYHU�� D� UHFHQW� VWXG\

XVLQJ�$43��GHILFHLQW�PLFH�SURYLGHG�HYLGHQFH�DJDLQVW�D

VLJQLILFDQW�UROH�RI�$43��LQ�VNHOHWDO�PXVFOH�SK\VLRORJ\�LQ

PLFH� �<DQJ� HW� DO��� ������� 7KHVH� PD\� EH� UHODWHG� WR

SUHVHQFH� RI� RWKHU� DTXDSRULQ� KRPRORJV� LQ� VNHOHWDO

PXVFOH�FHOOV��:HVWHUQ�EORW�DQDO\VLV�LQ�WKLV�VWXG\�VKRZHG

H[SUHVVLRQ� RI� $43�� LQ� HQGRJHQRXV� VNHOHWDO� PXVFOH�

FRQVLVWHQW� ZLWK� WKH� SUHVHQFH� RI� $43�� LQ� &�&��� FHOOV

GHULYHG� IURP�PRXVH� KLQG� OLPE�� 7KH� GDWD� LQ� WKLV� VWXG\

VKRZHG�WKDW�&�&���FHOOV�H[SUHVV�$43��DQG�LWV�H[SUH�

VVLRQ�ZDV� WUDQVLHQWO\� LQFUHDVHG�GXULQJ�GLIIHUHQWLDWLRQ�RI

&�&���FHOOV��%XW�WKH�H[SUHVVLRQ�OHYHO�RI�$43��LQ�DGXOW

VNHOHWDO� PXVFOHV� REWDLQHG� IURP� ORZHU� OHJ� ZDV� UDWKHU

OLPLWHG��)ULJHUL�HW�DO���������VKRZHG�WKDW�$43���D�PDMRU

DTXDSRULQ� LQ�VNHOHWDO�PXVFOH�� LV�RQO\�H[SUHVVHG�LQ�IDVW�

WZLWFK� ILEHUV�� QRW� LQ� VORZ� WZLWFK� ILEHUV�� %\� UHIHUHQFH�

WKHUH�LV�D�SRVVLELOLW\�WKDW�$43��LV�H[SUHVVHG�LQ�WKH�IDVW

WZLWFK� ILEHU� RQO\� LQ� DGXOW� VNHOHWDO� PXVFOH�� DQG� WKH

H[SUHVVLRQ�OHYHO�LQ�DGXOW�VNHOHWDO�PXVFOH�PD\�EH�UHODWHG

WR� WKH� SURSRUWLRQ� RI� IDVW� WZLWFK� ILEHU� SUHVHQW� LQ� WKH

PXVFOH�WLVVXHV�XVHG��7UDQVLHQW�LQFUHDVH�RI�$43��H[SUH�

VVLRQ�GXULQJ�GLIIHUHQWLDWLRQ�DOVR�VXJJHVWV� WKH�SRVVLELOLW\

WKDW�$43��PD\�EH�LQYROYHG�LQ�HDUO\�VWDJH�RI�P\RJHQLF

GLIIHUHQWLDWLRQ�

2XU�VWXG\�DOVR�VKRZHG� WKDW� WKH�H[SUHVVLRQ�RI�$43�

LQ� &�&��� FHOOV� ZDV� XSUHJXODWHG� E\� WKH� LQFUHDVH� LQ

RVPRODULW\� LQ� FXOWXUH� PHGLXP�� DV� ZDV� IRXQG� LQ� OXQJ

HSLWKHOLDO�FHOOV��+RIIHUW�HW�DO����������ZKLFK�VXJJHVW�UROH

)LJXUH����(IIHFW�RI�H[SRVXUH�WR�K\SHUWRQLF�PHGLXP�RQ�DFWLYLW\�RI�-1.�6$3.
DQG�S���NLQDVH��&�&���FHOOV�ZHUH�H[SRVHG�WR�FRQWURO�RU�K\SHUWRQLF�PHGLXP
IRU� WKH� LQGLFDWHG� WLPHV� DQG� WKHQ� KDUYHVWHG� LQ� SKRVSKRSURWHFWLYH� EXIIHU�
3URWHLQ� LPPXQREORW� ZHUH� SHUIRUPHG� XVLQJ� DQWLERGLHV� WR� SKRVSKR�(5.V�
SKRVSKR�F�-XQ�DQG�SKRVSKR�$7)���� UHVSHFWLYHO\�
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RI�$43��LQ�ZDWHU�PRYHPHQW�WKURXJK�VDFUROHPPD�GXULQJ

H[HUFLVH�� 7KH� VLJQDOLQJ� PHFKDQLVPV� IRU� K\SHUWRQLF

LQGXFWLRQ� RI� $43�� LQ� &�&��� FHOOV� ZHUH� GLIIHUHQW� IURP

WKDW�LQ�0/(����FHOOV��D�OXQJ�HSLWKHOLDO�FHOO�OLQH��+RIIHUW�HW

DO�� ������� UHSRUWHG� WKDW�K\SHUWRQLF� VWUHVV�DFWLYDWHG� WKH

(5.�SDWKZD\�EXW�QRW�WKH�-1.�RU�S���0$3�NLQDVH�SDWK�

ZD\V� LQ�0/(����FHOOV��+RZHYHU�� WKH�GDWD� LQ� WKLV� VWXG\

VKRZHG�WKDW�K\SHUWRQLF�VWUHVV� LQFUHDVHG�(5.�DQG�S��

NLQDVH� DFWLYLWLHV�� DQG� WKDW� 6%�������� D� S��� NLQDVH

LQKLELWRU��DQG�3'�������DQ�(5.�LQKLELWRU��IDLOHG�WR�LQKLELW

LQGXFWLRQ� RI� $43�� H[SUHVVLRQ� E\� K\SHUWRQLF� VWUHVV�

7KHVH�GDWD�LQGLFDWH�WKDW�K\SHUWRQLF�LQGXFWLRQ�RI�$43��LQ

&�&��� FHOOV� LV� QRW� UHODWHG� ZLWK� 0$3.V� DFWLYDWLRQ�

)XUWKHU� VWXG\� ZLOO� EH� UHTXLUHG� WR� HOXFLGDWH� WKH� PHFK�

DQLVP�

5HIHUHQFHV

$JUH�3��%RQKLYHUV�0��%RUJQLD�0-��7KH�DTXDSRULQV��EOXHSULQWV

IRU�FHOOXODU�SOXPELQJ�V\VWHPV��-�%LRO�&KHP������������������

%DL�&��)XNXGD�1��6RQJ�<��0D�7��0DWWKD\�0$��9HUNPDQ�$6�

/XQJ�IOXLG�WUDQVSRUW�LQ�DTXDSRULQ���DQG�DTXDSRULQ���NQRFNRXW

PLFH��-�&OLQ� ,QYHVW����������������

%RUJQLD�0��1LHOVHQ�6��(QJHO�$��$JUH�3��&HOOXODU�DQG�PROHFXODU

ELRORJ\�RI�WKH�DTXDSRULQ�ZDWHU�FKDQQHOV��$QQX�5HY�%LRFKHP

��������������

%RURN�=��/XEPDQ�5/��'DQWR�6,��=KDQJ�;/��=DEVNL�60��.LQJ

/6��/HH�'0��$JUH�3��&UDQGDOO�('��.HUDWLQRF\WH�JURZWK�IDFWRU

PRGXODWHV�DOYHRODU�HSLWKHOLDO�FHOO�SKHQRW\SH�LQ�YLWUR��H[SUHVVLRQ

RI�DTXDSRULQ����$P�-�5HVSLU�&HOO�0RO���������������

'HHQ�30��9HUGLMN�0$��.QRHUV�19��:LHULQJD�%��0RQQHQV�/$�
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