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)HUWLOL]DWLRQ�HIILFLHQF\�LV�NQRZQ�WR�EH�YHU\�ORZ�

LQ�ZKLFK�DURXQG��������1���������3��DQG�������

.�DSSOLHG�LQ�WKH�IRUP�RI�IHUWLOL]HUV�DUH�ORVW� WR�WKH

HQYLURQPHQW� DQG� FDQ� QRW� EH� WDNHQ� XS� E\� SODQWV

�7UHQNHO� ������ /XENRZVNL� ������� 2QH�ZD\� WR

LPSURYH� IHUWLOL]HU� XVH� HIILFLHQF\� LV� E\� FRDWLQJ

DUWLILFLDO�IHUWLOL]HUV�XVLQJ�D�PDWHULDO�WKDW�FDQ�VORZ

GRZQ�WKH�UHOHDVH�RI�QXWULHQWV�IURP�IHUWLOL]HUV��ZKLFK

LV�FDOOHG� DV�VORZ� UHOHDVH� IHUWLOL]HU� �7UHQNHO������

/XENRZVNL�������

7KH�UHOHDVH�RI�QXWULHQWV�IURP�FRDWHG�IHUWLOL]HUV

EDVLFDOO\� RFFXUV� WKURXJK� D� GLIIXVLRQ� SURFHVV� WKDW

SDVVHV� WKURXJK� SHUPHDEOH� RU� VHPL�SHUPHDEOH

FRDWLQJV��6KDYLY�������7UHQNHO��������,Q�JHQHUDO�
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WKLQ�DQG�SRURXV�OD\HUV�KDYH�D�KLJK�UHOHDVH�UDWH��ZKLOH

VPRRWK��XQLIRUP�DQG�WKLFNHU�OD\HUV�LQGLFDWH�PRUH

FRQWURO�RYHU�QXWULHQW�UHOHDVH�DQG�FDQ�VXEVWDQWLDOO\

ZLWKVWDQG� QXWULHQW� UHOHDVH� UDWHV�� 3K\VLFDO

FKDUDFWHULVWLFV� RI� FRDWLQJ�PDWHULDOV� VXFK� DV� VL]H�

VKDSH� DQG� VXUIDFH� DOVR� DIIHFW� QXWULHQW� UHOHDVH

SDWWHUQV� �7UHQNHO� ������$OL� DQG�'DQDIDU� ������

7KHUHIRUH�� WKH� UDWH�RI� UHOHDVH�RI�QXWULHQWV� FDQ� EH

FRQWUROOHG� WKURXJK� FKDUDFWHULVWLF�PDQLSXODWLRQ� RI

FRDWLQJ�PDWHULDOV�� VXFK� DV� WKLFNQHVV� RU� SK\VLFDO�

FKHPLFDO�FRPSRVLWLRQ�

$�JRRG�IHUWLOL]HU�FRDWLQJ�PDWHULDO�PXVW�KDYH�DW

OHDVW� �� FKDUDFWHULVWLFV�� QDPHO\� ORZ� SULFHV�

ELRGHJUDGDEOH��QRQ�WR[LF��DQG�DEXQGDQW�DYDLODELOLW\

�7UHQNHO� ������$OL� DQG�'DQDIDU� ������� 6RPH

LQRUJDQLF�PLQHUDOV�DQG�RUJDQLF�PDWHULDOV�KDYH�EHHQ

UHSRUWHG� WR� EH� XVHG� LQ� WKH�PDQXIDFWXUH� RI� VORZ

UHOHDVH� IHUWLOL]HUV�� LQFOXGLQJ� VLOLFDWH� FRPSRXQGV�

VXOIXU��J\SVXP��OLPH��FHPHQW��]HROLWH��IO\�DVK��OLJQLQ�

RUJDQLF�DFLGV��FKLWRVDQ�DQG�KXPLF��1DLQJJRODQ�HW

DO��������6XODNKXGLQ�HW�DO��������4LX�HW�DO�������

+RX� HW� DO�� ������ /XENRZVNL� ������ %HKLQ� DQG

6DGHJKL�������7HL[HLUD�HW�DO���������1HYHUWKHOHVV�

WKH�SURFHVV�RI�PDNLQJ�VORZ�UHOHDVH�IHUWLOL]HUV�LV�VWLOO

UHODWLYHO\�FRPSOLFDWHG�DQG�UHODWLYHO\�PRUH�H[SHQVLYH

WKDQ�FRQYHQWLRQDO�IHUWLOL]HUV��PDNLQJ�LW�GLIILFXOW�WR�EH

DFFHSWHG�DW�WKH�IDUP�OHYHO��4LX�HW�DO��������'RQJ�HW

DO��������

&RDO�IO\�DVK�DQG�$]ROOD�ELRPDVV�DUH�SRWHQWLDO

PDWHULDOV� WR� EH� XVHG� DV� UDZ�PDWHULDOV� IRU� WKH

PDQXIDFWXUH�RI�VORZ�UHOHDVH�IHUWLOL]HUV��&RDO�IO\�DVK�

D�E\�SURGXFW�RI�FRDO�FRPEXVWLRQ��LV�DQ�DPRUSKRXV

DOXPLQRVLOLFDWH�PDWHULDO�DQG�FRPSRVHG�RI�SDUWLFXODWH

PDWWHU�FROOHFWHG�IURP�IOXH�JDV�VWUHDP��6LQJK�HW�DO�

������� &RDO� IO\� DVK� LV� GRPLQDWHG� E\� ILQH�VL]HG

SDUWLFOHV�����������uP��DQG�KDV�SRG]RODQLF�SURSHUWLHV

�OLNH� FHPHQW��� VR� LW� FDQ� DFW� DV� DQ� DGKHVLYH� DQG

IHUWLOL]HU�FRDWLQJ��&RDO�IO\�DVK�FRQWDLQV�&D�FDWLRQV

DV�WKH�GRPLQDQW�FDWLRQ�IROORZHG�E\�0J��1D�DQG�.

�.LVKRU�HW�DO��������6LQJK�HW�DO��������<DR�HW�DO�

�������ZKLFK�FDQ�SOD\�D�UROH�LQ�FDWLRQ�H[FKDQJH��,Q

DGGLWLRQ�� WKLV�PDWHULDO� DOVR� FRQWDLQV� RWKHU� SODQW

QXWULHQWV��VXFK�DV�3��6��%��)H��&X��=Q��0Q�DQG�0R�

VR� LW� ZLOO� HQULFK� WKH� QXWULHQW� FRQWHQW� RI� IHUWLOL]HU

�.LVKRU�HW�DO��������6LQJK�HW�DO��������6ULQDYDV�HW

DO��������

2UJDQLF�PDWHULDOV�DOVR�KDYH�FKDUDFWHULVWLFV�WKDW

DUH�YHU\�SRWHQWLDO�WR�EH�XVHG�DV�D�IHUWLOL]HU�FRDWLQJ

PDWHULDO�� 'HFRPSRVLWLRQ� RI� RUJDQLF�PDWWHU� ZLOO

SURGXFH� RUJDQLF� DFLGV� VXFK� DV� KXPLF� DQG� IXOYLF

DFLGV��ZKLFK� DUH� GRPLQDWHG� E\� QHJDWLYH� FKDUJHV

�6SRVLWR��������7KHUHIRUH��RUJDQLF�DFLGV�FDQ�ELQG

QXWULHQWV�IURP�IHUWLOL]HUV�WKURXJK�FKHPLFDO�UHDFWLRQV

GLUHFWO\�RU�LQGLUHFWO\�WKURXJK�PLFURELRORJLFDO�DFWLYLW\

DQG�GHFRPSRVLWLRQ�RI�PLFURELDO�ELRPDVV��+DYOLQ�HW

DO�� ������ 6XODNKXGLQ� HW� DO�� ������7HL[HLUD� HW� DO�

�������2QH�SRWHQWLDO�VRXUFH�RI�RUJDQLF�PDWHULDO�LV

D]ROOD��$]ROOD�VS����$]ROOD�LV�D�ZDWHU�IHUQ��6\PELRVLV

RI�$]ROOD�ZLWK�F\DQREDFWHULD�$QDEDHQD�D]ROODH�LV

DEOH�WR�IL[�QLWURJHQ�IURP�WKH�DWPRVSKHUH�DURXQG����

���NJ�1�KD����.ROODK�HW�DO��������5R\�HW�DO��������

7KH�ORZ�&�1�UDWLR�RI�$]ROOD�ELRPDVV��EHWZHHQ���

����LQGLFDWHV�WKDW�WKH�ELRPDVV�ZLOO�UDSLGO\�GHFRPSRVH

DQG�SURGXFH�DYDLODEOH�QXWULHQWV�DQG�RUJDQLF�DFLGV

DV� GHFRPSRVLWLRQ� SURGXFWV� �%KXYDQHVKZDUL� DQG

.XPDU�������5R\�HW�DO���������7KH�XVH�RI�FRDO�IO\

DVK�DQG�RUJDQLF�PDWWHU�PL[WXUHV�LV�NQRZQ�WR�LQFUHDVH

WKH�HIILFLHQF\�RI�XVLQJ�1��3�� DQG�.� IHUWLOL]HUV�E\

�������������DQG��������UHVSHFWLYHO\�FRPSDUHG

WR�WKH�XVH�RI�FKHPLFDO�IHUWLOL]HUV�RU�D�FRPELQDWLRQ

RI�FKHPLFDO�IHUWLOL]HUV�DQG�RUJDQLF�PDWWHU��0LWUD�HW

DO�� ������.LVKRU� HW� DO�� �������+HUPDZDQ� HW� DO�

������� DOVR� UHSRUWHG� WKDW� WKH�XVH�RI�D�PL[WXUH�RI

FRDO�IO\�DVK�DQG�RUJDQLF�IHUWLOL]HU�LQ�EXON�IRUP�FRXOG

LQFUHDVH�WKH�HIILFLHQF\�RI�IHUWLOL]HU�XVH�E\�������

7KH�FRDO�IO\�DVK�WKDW�KDV�SRG]RODQLF�SURSHUWLHV

�OLNH�FHPHQW��ZLWK�D�KLJK�FRQWHQW�RI�DONDOLQH�R[LGH�

DQG�D]ROOD�ELRPDVV�WKDW�LV�ULFK�LQ�1�DQG�ZLOO�SURGXFH

RUJDQLF�DFLGV�VKRZ�LWV�SRWHQWLDO�DV�DQ�DOWHUQDWLYH�WR

XUHD�IHUWLOL]HU�FRDWLQJV��,Q�WKLV�VWXG\��PL[LQJ�RI�FRDO

IO\�DVK��D]ROOD�ELRPDVV�DQG�XUHD�IHUWLOL]HU�LQ�YDULRXV

FRPSRVLWLRQV�ZDV� FDUULHG� RXW� WR�PDNH� EULTXHWWH

IHUWLOL]HUV�ZKLFK�DUH�H[SHFWHG�WR�EH�DEOH�WR�UHOHDVH

QXWULHQWV�VORZO\�LQWR�WKH�VRLO��3K\VLFDO�FKDUDFWHULVWLFV

RI�EULTXHWWH�IHUWLOL]HUV�DUH�NQRZQ�WR�DIIHFW�WKH�UDWH

RI�UHOHDVH�RI�QXWULHQWV�IURP�IHUWLOL]HUV�LQWR�WKH�VRLO

�7UHQNHO�������$OL�DQG�'DQDIDU��������7KHUHIRUH��D

VWXG\� ZDV� FRQGXFWHG� WR� HYDOXDWH� WKH� SK\VLFDO

FKDUDFWHULVWLFV�RI�EULTXHWWHV��VXFK�DV�EXON�GHQVLW\�

FRPSUHVVLYH�VWUHQJWK��SRURVLW\��DQG�ZDWHU�KROGLQJ

FDSDFLW\�RI�EULTXHWWHV�RQ�YDULRXV�FRPSRVLWLRQV�RI

FRDO�IO\�DVK��D]ROOD�DQG�XUHD�
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3UHSDUDWLRQ� RI�%ULJXHWWH�)HUWLOL]HU

&RDO�IO\�DVK�ZDV�REWDLQHG�IURP�D�FRDO�ILUHG

WKHUPDO� SRZHU� VWDWLRQ� LQ�0XDUD� (QLP�'LVWULFW�

6RXWK�6XPDWUD��%LRPDVV�RI�D]ROOD�ZDV�WDNHQ�IURP

WKH� D]ROOD� FXOWXUHG� SRQG� DW� 'HSDUWPHQW� RI� 6RLO

6FLHQFH��6ULZLMD\D�8QLYHUVLW\��7KH�FRDO�IO\�DVK�LV

GRPLQDWHG�E\�VLOW�DQG�FOD\�VL]HG�SDUWLFOHV��������

J� NJ����� ZDWHU� FRQWHQW� ���� J� NJ����� S+� �������

RUJDQLF�&�������J�NJ�����WRWDO�1�������J�NJ�����WRWDO�

3������J�NJ����DQG�WRWDO�.������J�NJ�����7KH�FKHPLFDO

FKDUDFWHULVWLFV�RI�D]ROOD�ELRPDVV�XVHG�LQ�WKLV�VWXG\

DV�IROORZ��S+���������RUJDQLF�&��������J�NJ�����WRWDO�

1�������J�NJ�����3�������J�NJ�����DQG�.��������J�NJ����

&RDO�IO\�DVK�DQG�ELRPDVV�RI�D]ROOD�ZHUH�DLU�GULHG�DQG
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VLHYHG�ZLWK� �����PP� DQG�����PP�GLDPHWHU� VL]H�

UHVSHFWLYHO\�

7KH� H[SHULPHQW� ZDV� FRQGXFWHG� LQ� WKH

/DERUDWRU\�RI�&KHPLVWU\��%LRORJ\�DQG�6RLO�)HUWLOLW\�

'HSDUWPHQW�RI�6RLO�6FLHQFH��)DFXOW\�RI�$JULFXOWXUH�

6ULZLMD\D�8QLYHUVLW\�LQ�6HSWHPEHU������WR�-DQXDU\

������7KH�UHVHDUFK�ZDV�DUUDQJHG�LQ�D�&RPSOHWHO\

5DQGRPL]HG�'HVLJQ�ZLWK� WKUHH� UHSOLFDWHV�� 7KH

IRUPXODWLRQ�RI�EULTXHWWH�IHUWLOL]HUV�DV�WUHDWPHQWV�ZDV

PDGH�ZLWK�WKH�FRPSRVVLWLRQ��Z�Z��GU\�ZHLJKW�EDVLV�

RI� �IO\�DVK��)�� ��ELRPDVVD�RI�D]ROOD� �$=�����XUHD
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���7KH�FRDO�IO\�DVK�D]ROOD�PL[WXUH��)$=��DQG�XUHD

RI�HDFK�FRPSRVLWLRQ�ZHUH�PL[HG�WKRURXJKO\�ZLWK

���VWDUFK�DV�D�ELQGHU��,RQLF�IUHH�ZDWHU�ZDV�DGGHG

WR� DGMXVW� WKH�PRLVWXUH� FRQWHQW� RI� DERXW�����DQG

WKHQ� WKH� PL[WXUH� ZDV� SXW� LQWR� WKH� PROG� DQG

FRPSDFWHG��7KH�EULTXHWWH�PROG�ZDV�PDGH�XVLQJ�D

39&�SLSH�ZLWK�D�GLDPHWHU�RI������FP�DQG�FXW�DORQJ

�� FP�� 7KH� SURGXFHG� EULTXHWWHV�ZHUH� GULHG� DW� D

WHPSHUDWXUH�RI�����R&�IRU����KRXUV�

'DWD�&ROOHFWLRQ� DQG�$QDO\VLV

7KH�EULTXHWWH�IHUWOL]HUV�ZHUH�DQDO\VHG�IRU�WKHLU

SK\VLFDO� SURSHUWLHV� LQFOXGLQJ� ZDWHU� UHWHQWLRQ

FDSDFLW\��SRURVLW\��EXON�GHQVLW\��DQG�WKH�FRPSUHVVLYH

VWHQJWK��:DWHU� UHWHQWLRQ� FDSDFLW\� RI� EULTXHWWH

IHUWLOL]HU�LV�WKH�GLIIHUHQFH�EHWZHHQ�LQLWLDO�ZHLJKW�DQG

ILQDO�ZHLJKW� RI� WKH� EULTXHWWH��%ULTXHWWH� IHUWLOL]HU

VDPSOHV� WKDW� KDYH� EHHQ� NQRZQ� IRU� WKHLU� ZDWHU

FRQWHQW�ZHUH�ZHLJKHG�DV�LQLWLDO�ZHLJKW��7KHQ�LW�ZDV

VDWXUDWHG�ZLWK� LRQ� IUHH�ZDWHU�XVLQJ�D�EHDNHUJODVV

IRU���KRXU��7KH�VDPSOHV�RI�EULTXHWWH�IHUWLOL]HU�WKDW

ZHUH�VDWXUDWHG�ZLWK�ZDWHU�ZHUH� WKHQ�ZHLJKHG��DV

WKH�ILQDO�ZHLJKW��3RURVLW\�ZDV�FDOFXODWHG�E\�GLYLGLQJ

WKH� YROXPH� RI�ZDWHU� DEVRUEHG� E\� WKH� YROXPH�RI

EULTXHWWH�IHUWLOL]HU��%XON�GHQVLW\�RI�EULTXHWWH�IHUWLOL]HU

ZDV�FDOFXODWHG�E\�GLYLGLQJ�WKH�GU\�ZHLJKW�RI�EULTXHWWH

IHUWLOL]HU�ZLWK�WKH�WRWDO�YROXPH�RI�EULTXHWWH�IHUWLOL]HU�

7KH�FRPSUHVVLYH�VWUHQJWK�WHVW�ZDV�FDUULHG�RXW�XVLQJ

WKH�+DQG�3HQHWURPHWHU� WR� GHWHUPLQH� WKH� VWUHQJWK

RI� EULTXHWWHV� LQ� KROGLQJ� WKH� ORDG�ZLWK� D� FHUWDLQ

SUHVVXUH��7KH�VDPSOH�SUHVVXUH�ZDV�IROORZHG�E\�WKH

DGGLWLRQ�RI�WKH�ORDG�XQWLO�WKH�VDPSOH�KDG�DQ�LQLWLDO

FUDFN�� 7KH� LQLWLDO� FUDFN� LV� FRQVLGHUHG� D� IDLOXUH�

EHFDXVH� WKH�VDPSOH� LV�FRQVLGHUHG� WR�EH�XQDEOH� WR

ZLWKVWDQG�WKH�KHDY\�ORDG�PRUH� WKDQ�WKH�ORDG�WKDW

FDXVHV�WKH�LQLWLDO�FUDFN��6WDWLVWLFDO�DQDO\VLV�IRU�DOO

REVHUYHG� SDUDPHWHUV� ZDV� FRQGXFWHG� E\� XVLQJ

$QDO\VLV�RI�9DULDQFH��$129$��IROORZHG�E\�/HDVW

6LJQLILFDQFH�'LIIHUHQFH��/6'��WHVW�DW�OHYHO�RI�S��

�����

5(68/76�$1'�',6&866,21

&RPSUHVVLYH� 6WUHQJWK

7KH�UHVXOWV�RI�DQDO\VLV�RI�YDULDQFH�VKRZHG

WKDW�WKH�EULTXHWWH�IHUWLOL]HUV�ZLWK�WKH�SURSRUWLRQ�RI

FRDO� IO\� DVK�D]ROOD� ELRPDVV� DQG� XUHD� KDYH� D

VLJQLILFDQW�HIIHFW�RQ�WKH�FRPSUHVVLYH�VWUHQJWK�RI�WKH

EULTXHWWH� IHUWLOL]HUV�SURGXFHG��7DEOH��� VKRZV� WKDW

WKH�OHYHO�RI�FRPSUHVVLYH�VWUHQJWK�RI�WKH�EULTXHWWH

7DEOH����7KH�HIIHFW�RI�FRDO�IO\�DVK�D]ROOD�DQG�XUHD�SURSRUWLRQ�RQ�VRPH�SK\VLFDO�SURSHUWLHV�RI�EUL�

TXHWWH�IHUWLOL]HUV�

1RWH��7KH�QXPEHUV�IROORZHG�E\�WKH�VDPH�OHWWHUV�LQ�WKH�VDPH�FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��S�������

7UHDWPHQWV�&RGH�

�)O\�$VK�$]ROOD��8UHD�

3DUDPHWHUV�

&RPSUHVVLYH�

6WUHQJWK��NJ�P
��
�
�

%XON�'HQVLW\��

�J�FP
��
��

:DWHU�5HWHQWLRQ�

&DSDFLW\�����
3RURVLW\�����

)$=��8��������������� �����DE� �����D� ������G� ������DE�

)$=��8��������������� �����D� �����E� ������EF� ������EFG�

)$=��8��������������� �����D� �����E� ������G� ������G�

)$=��8��������������� �����D� �����E� ������F� ������EFG�

)$=��8��������������� �����EF� �����F� ������E� ������DEF�

)$=��8��������������� �����D� �����E� ������F� ������DE�

)$=��8��������������� �����EF� �����F� ������E� ������FG�

)$=��8��������������� �����F� �����G� ������D� ������D�

)$=��8��������������� �����DE� �����F� ������E� ������DEFG�

/6'����� ����� �������� ����� ���������

�



��� $�+HUPDZDQ�HW�DO���3K\VLFDO�3URSHUWLHV�RI�%ULTXHWWH�)HUWLOL]HUV

IHUWLOL]HUV�ZLWK�WKH�FRPSRVLWLRQ�RI��FRDO�IO\�DVK�D]ROOD

ELRPDVV�� �� XUHD� ������������� �)$=
�
�8

�
�� LV� QRW

VLJQLILFDQWO\�GLIIHUHQW�IURP�)$=
�
�8

�
�DQG�)$=

�
�8

�
�

EXW� VLJQLILFDQWO\� KLJKHU� WKDQ� RWKHU� FRPSRVLWLRQV�

7DEOH���DOVR�VKRZV�WKDW�WKH�LQFUHDVHG�SURSRUWLRQ�RI

FRDO� IO\� DVK�D]ROOD�ZLOO� LQFUHDVH� WKH� FRPSUHVVLYH

VWUHQJWK�RI�WKH�EULTXHWWH�IHUWLOL]HUV��0HDQZKLOH��WKH

LQFUHDVHG�SHUFHQWDJH�RI�DGGHG�XUHD�ZLOO�GHFUHDVH

WKH�OHYHO�RI�FRPSUHVVLYH�VWUHQJWK�RI�WKH�EULTXHWWH

IHUWLOL]HUV�

)LJXUH���VKRZV�WKDW�WKH�FRPSRVLWLRQ�RI�FRDO�IO\

DVK� DQG� D]ROOD� WHQGV� WR� DIIHFW� WKH� FRPSUHVVLYH

VWUHQJWK�RI�WKH�EULTXHWWH�IHUWLOL]HUV�SURGXFHG��7KH

LQFUHDVLQJ�SURSRUWLRQ�RI�FRDO�IO\�DVK�WHQGV�WR�FDXVH

WKH�EULTXHWWH�IHUWLOL]HUV�SURGXFHG�WR�EH�KDUGHU��DQG

YLFH�YHUVD�DQ� LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�D]ROOD

WHQGV� WR� UHGXFH� WKH� FRPSUHVVLYH� VWUHQJWK� RI� WKH

EULTXHWWH� IHUWLOL]HUV� SURGXFHG�� &RDO� IO\� DVK� LV

JHQHUDOO\�SRG]RODQLF��VXFK�DV�FHPHQW���<DR�HW�DO�

������0D�HW�DO���������VR�WKH�LQFUHDVH�LQ�SURSRUWLRQ

ZLOO� FDXVH� WKH� FRPSUHVVLYH� VWUHQJWK� RI� EULTXHWWH

IHUWLOL]HUV�WR�EH�LQFUHDVHG��0HDQZKLOH��DQ�LQFUHDVH

LQ�WKH�SURSRUWLRQ�RI�XUHD�LQ�EULTXHWWH�IHUWLOL]HUV�WHQGV

WR� UHGXFH� WKH� FRPSUHVVLYH� VWUHQJWK� RI� EULTXHWWH

IHUWLOL]HUV�SURGXFHG�

7KH� FRPSUHVVLYH� VWUHQJWK� RI� WKH� EULTXHWWH

IHUWLOL]HUV�LQ�WKH�YDULRXV�FRPSRVLWLRQV�RI�FRDO�IO\�DVK

DQG�D]ROOD�ELRPDVV�YDULHV�EHWZHHQ������DQG�����

NJ� FP��� �7DEOH� ����)LJXUH� �� DOVR� VKRZHG� WKDW� WKH

KLJKHU�D]ROOD�ELRPDVV�SURSRUWLRQ��)$=����WHQGV�WR

GHFUHDVH�WKH�OHYHO�RI�FRPSUHVVLYH�VWUHQJWK��ZKLOH

WKH�LQFUHDVHG�RI�PLQHUDO�FRQWHQW��IO\�DVK�SURSRUWLRQ�

WHQGV� WR� LQFUHDVH� WKH�FRPSUHVVLYH� VWUHQJWK�RI� WKH

EULTXHWWH� IHUWLOL]HUV�� 7KH� OHYHO� RI� FRPSUHVVLYH

VWUHQJWK� LV� LQIOXHQFHG� E\�ZDWHU� FRQWHQW�� RUJDQLF

PDWWHU�FRQWHQW��DQG�PLQHUDO�FRQWHQW��.XUQLD�HW�DO�

������� ,Q� WKLV� FDVH�� WKH� FRPSRVLWHV�ZLWK� KLJKHU

FRPSUHVVLYH�VWUHQJWK�DUH�FRQVLGHUHG�EHWWHU��DV�WKH\

DUH�OHVV�HDVLO\�GHVWUR\HG�DQG�WKH�HDVLO\�WR�WUDQVSRUW

RI�WKH�EULTXHWWH�IHUWLOL]HUV�SURGXFHG�

%XON�'HQVLW\

7KH�UHVXOWV�RI�WKH�DQDO\VLV�RI�YDULDQFH�VKRZHG

WKDW�WKH�SURSRUWLRQ�RI�FRDO�IO\�DVK�D]ROOD�ELRPDVV�DQG

XUHD�KDYH�D�YHU\�VLJQLILFDQW�HIIHFW�RQ�WKH�EXON�GHQVLW\

RI�WKH�EULTXHWWH�IHUWLOL]HUV�SURGXFHG��7DEOH���VKRZV

WKDW�EXON�GHQVLW\�RI�WKH�EULTXHWWH�ZLWK�WKH�FRPSRVLWLRQ

RI��FRDO�IO\�DVK�D]ROOD�ELRPDVV����XUHD�������������

�)$=
�
8
�
�� LV� VLJQLILFDQWO\� KLJKHU� WKDQ� RWKHU

FRPSRVLWLRQV�RI� WKH�EULTXHWWH� IHUWLOL]HUV�SURGXFHG�

)LJXUH���VKRZV�WKDW�WKH�LQFUHDVHG�SURSRUWLRQ�RI�FRDO

IO\� DVK� WHQGV� WR� LQFUHDVH� WKH� EXON� GHQVLW\� RI� WKH

EULTXHWWH� IHUWLOL]HUV�RU� WKH� LQFUHDVHG�SURSRUWLRQ� RI

D]ROOD�ELRPDVV�WHQGV�WR�GHFUHDVH�WKH�EXON�GHQVLW\�RI

WKH�EULTXHWWH�IHUWLOL]HUV�SURGXFHG��0HDQZKLOH��FKDQJHV

LQ�XUHD�SHUFHQWDJH�DGGLWLRQ�DUH�UHODWLYHO\�YDULDEOH�DQG

WKHUH� LV� D� WHQGHQF\� WR� LQFUHDVH� WKH� EULTXHWWH�EXON

GHQVLW\�E\�LQFUHDVLQJ�WKH�SURSRUWLRQ�RI�XUHD�DGGHG�

%XON� GHQVLW\� GHVFULEHV� DV� WKH�ZHLJKW� RI� WKH

EULTXHWWH�IHUWLOL]HUV�SHU�WRWDO�RI�WKH�EULTXHWWH�YROXPH�

VR�WKDW�WKH�KLJK�YDOXH�RI�EXON�GHQVLW\�FKDUDFWHUL]HV

WKH�VROLGV�FRQWDLQHG�LQ�WKH�EULTXHWWH�ZLOO�EH�KLJKHU��WKH

ORZHU� RI� WKH� SRUH� VSDFH� DQG� WKH� KLJKHU� RI� WKH

FRPSUHVVLYH�VWUHQJWK��7KH�EXON�GHQVLW\�RI�WKH�EULTXHWWH

IHUWLOL]HUV�SURGXFHG�LQ�WKLV�VWXG\�YDULHV�EHWZHHQ�����

�������J�FP����7DEOH�����7KH�EXON�GHQVLW\�RI�EULTXHWWH

IHUWLOL]HUV� SURGXFHG� LV� VWLOO� UHODWLYHO\� ORZ�ZKHQ

FRPSDUHG�WR�WKH�JHQHUDO�EXON�GHQVLW\�RI�VRLO��.XUQLD

HW�DO���������VXJJHVW�WKDW�PLQHUDO�VRLO�EXON�GHQVLW\
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&RDO�)O\�$VK�$]ROOD��)$=��DQG�8UHD��8��&RPSRVLWLRQ��Z�Z�
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)LJXUH����&RPSUHVVLYH�VWUHQJWK�RI�WKH�EULTXHWWH�IHUWLOL]HUV�ZLWK�YDULRXV�SURSRUWLRQ�RI�FRDO�IO\�DVK�D]ROOD
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���-�7URS�6RLOV��9RO������1R������������������

YDULHV�EHWZHHQ������ WR������J� FP���� DQG�SHDW� VRLO

EXON�GHQVLW\�YDU\�EHWZHHQ������WR������J�FP���

)LJXUH� �� DQG��� VKRZHG� WKDW� WKH� FRPSUHVVLYH

VWUHQJWK�DQG�WKH�EXON�GHQVLW\�OHYHO�DUH�JHWWLQJ�KLJKHU

ZLWK�WKH�LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�FRDO�IO\�DVK�RQ

WKH�EULTXHWWH�IHUWLOL]HUV�SURGXFHG��7KLV�FRQGLWLRQ�DOVR

UHIOHFWV�RQ� WKH�SRURVLW\�RI�EULTXHWWH� IHUWLOL]HUV�� LQ

ZKLFK� ORZ� EXON� GHQVLW\�ZLOO� WHQG� WR� KDYH� KLJKHU

SRURVLW\�WKDQ�FRPSRVLWHV�ZLWK�KLJKHU�EXON�GHQVLW\

�7DEOH�����&RDO�IO\�DVK�LV�GRPLQDWHG�E\�VLOW�DQG�FOD\

VL]HG�SDUWLFOHV�DQG�KDV�SRG]RODQLF�SURSHUWLHV��OLNH

FHPHQW��EHFDXVH�LW�LV�GRPLQDWHG�E\�DOXPLQRVLOLFDWH

DQG�FDOFLXP�FRPSRXQGV��6LQJK�HW�DO��������<DR�HW

DO���������7KHUHIRUH��DQ�LQFUHDVH�LQ�WKH�SURSRUWLRQ

RI�FRDO�IO\�DVK�ZLOO�UHVXOW�LQ�PRUH�GHQVH�EULTXHWWH

IHUWLOL]HU�ZKLFK�LV�FKDUDFWHUL]HG�E\�KLJKHU�EXON�GHQVLW\

DQG�FRPSUHVVLYH�VWUHQJWK�

:DWHU�5HWHQWLRQ�&DSDFLW\� �:5&�

7KH�UHVXOWV�RI�WKH�DQDO\VLV�RI�YDULDQFH�VKRZHG

WKDW�WKH�WUHDWPHQW�RI�FRDO�IO\�DVK�D]ROOD�ELRPDVV�DQG

XUHD� FRPSRVLWLRQ�VLJQLILFDQWO\� DIIHFWHG� WKH�ZDWHU

UHWHQWLRQ� FDSDFLW\� RI� WKH� EULTXHWWH� IHUWLOL]HUV

SURGXFHG�� 7KH� UHVXOWV� RI� WKH� /HDVW� 6LJQLILFDQFH

'LIIHUHQFH��/6'��WHVW��7DEOH����VKRZ�WKDW�WKH�:5&

RI�WKH�EULTXHWWH�IHUWLOL]HUV�ZLWK�WKH�FRPSRVLWLRQ�RI

�FRDO�IO\�DVK��D]ROOD�ELRPDVV����XUHD�������������

�)$=
�
8
�
�� LV� VLJQLILFDQWO\� ORZHU� FRPSDUHG� WR� WKH

)LJXUH����%XON�GHQVLW\�RI�WKH�EULTXHWWH�IHUWLOL]HUV�ZLWK�YDULRXV�SURSRUWLRQ�RI�FRDO�IO\�DVK�D]ROOD��)$=��DQG

XUHD� �8��

)LJXUH����:DWHU�UHWHQWLRQ�FDSDFLW\�RI�WKH�EULTXHWWH�IHUWLOL]HUV�ZLWK�YDULRXV�SURSRUWLRQ�RI�FRDO�IO\�DVK�D]ROOD

�)$=��DQG�XUHD��8��
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&RDO�)O\�$VK�$]ROOD��)$=��DQG�8UHD��8��&RPSRVLWLRQ��Z�Z�
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&RDO�)O\�$VK�$]ROOD��)$=��DQG�8UHD��8��&RPSRVLWLRQ��Z�Z�
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��� $�+HUPDZDQ�HW�DO���3K\VLFDO�3URSHUWLHV�RI�%ULTXHWWH�)HUWLOL]HUV

RWKHU� FRPSRVLWLRQV� RI� WKH� EULTXHWWH� IHUWLOL]HUV

SURGXFHG�

)LJXUH� �� DOVR� VKRZV� WKDW� WKH� LQFUHDVHG

SURSRUWLRQ�RI�D]ROOD�ELRPDVV�ZLOO�VLJQLILFDQWO\�LQFUHDVH

:5&�RU�DQ� LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�FRDO�IO\

DVK�RQ�EULTXHWWH�IHUWLOL]HUV�ZLOO�VLJQLILFDQWO\�ORZHU

:5&�RI� WKH�EULTXHWWH� IHUWLOL]HUV��0HDQZKLOH�� WKH

LQFUHDVLQJ�SHUFHQWDJH�RI�XUHD�IHUWLOL]HU�DGGHG�WHQGV

WR�YDU\��2UJDQLF�PDWHULDOV�ZLWK�KLJK�ZDWHU�KROGLQJ

FDSDFLW\�FDXVH�:5&�RI�WKH�FRPSRVLWHV�WR�LQFUHDVH�

:DWHU�KROGLQJ�FDSDFLW\�LV�UHODWHG�WR�WKH�FRQWHQW�RI

RUJDQLF�PDWHULDOV�DQG�PLQHUDO�PDWHULDOV�LQ�D�PDWHULDO�

2UJDQLF� PDWWHU� LV� NQRZQ� WR� KDYH� KLJK� ZDWHU

UHWHQWLRQ��+DYOLQ�HW�DO��������2ERXU�HW�DO��������

DQG�FRDO�IO\�DVK�ZKLFK�LV�D�PLQHUDO�LV�NQRZQ�WR�KDYH

ORZHU�ZDWHU�UHWHQWLRQ�FDSDFLW\��&DUOVRQ�DQG�$GULDQR

������6LQJK�HW�DO��������

:DWHU�KROGLQJ�FDSDFLW\�LV�UHODWHG�WR�WKH�DELOLW\

WR�ELQG�DQG�WKHQ�UHOHDVH�ZDWHU�WR�WKH�VRLO�VROXWLRQ

�2ERXU�HW�DO���������7KHUHIRUH��WKH�JUHDWHU�WKH�DELOLW\

RI�WKH�EULTXHWWH�WR�UHWDLQ�ZDWHU��WKH�DELOLW\�WR�UHOHDVH

ZDWHU�DORQJ�ZLWK�WKH�HOHPHQW�RI�IHUWLOL]HU�LQWR�WKH

VRLO� VROXWLRQ�ZLOO� DOVR� LQFUHDVH��1HYHUWKHOHVV�� WKH

EULTXHWWH�IHUWLOL]HU�ZLWK�KLJK�ZDWHU�KROGLQJ�FDSDFLW\

WHQGV� WR� KDYH� D� ORZHU� OHYHO� RI� WKH� FRPSUHVVLYH

VWUHQJWK��7DEOH�����VR�LW�ZLOO�EH�PRUH�HDVLO\�GHVWUR\HG

DQG�ZLOO�EH�GLIILFXOW�ZKHQ�WUDQVSRUWLQJ�DQG�DSSO\LQJ

WKH�IHUWLOL]HU�LQ�WKH�ILHOG�

3RURVLW\

3RURVLW\�RU�WRWDO�SRUH�VSDFH�LV�WKH�YROXPH�RI�DOO

SRUHV�LQ�D�YROXPH�RI�D�PDWHULDO�H[SUHVVHG�LQ�SHUFHQW�

3RURVLW\�UHIOHFWV�WKH�GHJUHH�RI�WKH�SDVVDJH�RI�ZDWHU

PDVV�IORZ��SHUPHDELOLW\��RU�WKH�YHORFLW\�RI�ZDWHU

IORZ�WR�SDVV�WKURXJK�WKH�PDVV�RI�D�PDWHULDO��3RURVLW\

GHWHUPLQHV�WKH�YDOXH�RI�WKH�EXON�GHQVLW\��7KH�JUHDWHU

WKH�QXPEHU�RI�SRUHV��WKH�ORZHU�WKH�GHQVLW\�RI�WKH

PDVV� RU� WKH� KLJKHU� SRURVLW\�� DQG� WKH� ORZHU� WKH

QXPEHU�RI�SRUHV��WKH�KLJKHU�WKH�GHQVLW\�RI�WKH�PDVV

RU�WKH�SRURVLW\�LV�ORZHU��1LPPR�HW�DO��������2ERXU

HW�DO�������

7DEOH���VKRZHG�WKDW�WKH�SRURVLW\�RI�WKH�EULTXHWWH

IHUWLOL]HU�ZLWK�WKH�FRPSRVLWLRQ�RI��FRDO�IO\�DVK���D]ROOD

ELRPDVV�� �� XUHD� ������������� �)$=
�
8
�
�� LV� QRW

VLJQLILFDQWO\� GLIIHUHQW� IURP� WKH� SRURVLW\� RI� RWKHU

FRPSRVLWLRQV��+RZHYHU�� WKHUH� LV� D� WHQGHQF\� WR

LQFUHDVH�WKH�FRPSRVLWH�SRURVLW\�E\� LQFUHDVLQJ�WKH

SURSRUWLRQ�RI�D]ROOD�ELRPDVV��+LJKHU�RUJDQLF�FRQWHQW

�D]ROOD�ELRPDVV��FDQ�FDXVH�WKH�DPRXQW�RI�SRUHV�LQ

WKH�FRPSRVLWH�WR�LQFUHDVH��6RLO�SRURVLW\�LV�LQIOXHQFHG

E\�RUJDQLF�PDWWHU�FRQWHQW��VRLO�VWUXFWXUH��DQG�VRLO

WH[WXUH��6RLO�SRURVLW\�LV�KLJK�ZKHQ�RUJDQLF�PDWWHU�LV

KLJK��1LPPR�HW�DO��������+DYOLQ�HW�DO��������

)LJXUH� �� VKRZV� WKDW� WKH� LQFUHDVH� LQ� WKH

SURSRUWLRQ�RI�FRDO�IO\�DVK�WHQGV�WR�FDXVH�WKH�SRURVLW\

RI�EULTXHWWH�IHUWLOL]HUV�WR�GHFUHDVH��RU�FRQYHUVHO\�DQ

LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�D]ROOD�WHQGV�WR�FDXVH

SRURVLW\� RI� EULTXHWWH� IHUWLOL]HUV� WR� LQFUHDVH�

0HDQZKLOH��FKDQJHV�LQ�WKH�SURSRUWLRQ�RI�XUHD�WHQG

WR�IOXFWXDWH�WKH�SRURVLW\�RI�EULTXHWWH�IHUWLOL]HU��7KLV

LV�SUREDEO\�GXH�WR�WKH�LQFUHDVHG�SURSRUWLRQ�RI�FRDO

IO\� DVK�ZLOO� GHFUHDVH� WKH� DPRXQW� RI� SRUHV� LQ� WKH

FRPSRVLWH�DQG�FDXVH�WKH�SRURVLW\�WR�GHFUHDVH��7KH

VL]H�RI�FRDO�IO\�DVK�SDUWLFOHV�GRPLQDWHG�E\�VLOW�DQG

FOD\� SDUWLFOHV� ����� uP�� FDXVHV� WKH� FRPSRVLWH

EHFRPHV�GHQVHU��6LQJK�HW�DO��������<DR�HW�DO��������

7KH�UHGXFHG�QXPEHU�RI�SRUH�FDXVHV�WKH�EXON�GHQVLW\

RI�WKH�FRPSRVLWH�WR�EH�KLJKHU�DQG�LV�DVVRFLDWHG�ZLWK

)LJXUH����3RURVLW\�RI�WKH�EULTXHWWH�IHUWLOL]HUV�ZLWK�YDULRXV�SURSRUWLRQ�RI�FRDO�IO\�DVK�D]ROOD��)$=��DQG�XUHD��8��
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&RDO�)O\�$VK�$]ROOD��)$=��DQG�8UHD��8��&RPSRVLWLRQ��Z�Z�

��

��

��

��

��

��

�

3
R
UR
VL
W\
��
�
�



���-�7URS�6RLOV��9RO������1R������������������

WKH� LQFUHDVHG� FRPSUHVVLYH� VWUHQJWK� �7DEOH� ����$V

H[SODLQHG� SUHYLRXVO\�� WKH� SRURVLW\� RI� EULTXHWWH

IHUWLOL]HU� LOOXVWUDWHV� WKH� VSHHG� RI� UHOHDVH� RI�ZDWHU

IURP�IHUWLOL]HU�LQJUHGLHQWV�WR�WKH�VXUURXQGLQJ�VRLO�

7KH�JUHDWHU�WKH�SRURVLW\��WKH�ZDWHU�ZLOO�EH�DEVRUEHG

PRUH�TXLFNO\�DQG�UHOHDVHG�EDFN�WR�WKH�VRLO�VROXWLRQ�

,Q�UHODWLRQ�WR�WKH�UHOHDVH�RI�QXWULHQWV�IURP�IHUWLOL]HUV�

WKH� ORZHU� SRURVLW\� RI� EULTXHWWH� IHUWLOL]HU� FDQ� EH

H[SHFWHG� WR� UHOHDVH� ZDWHU� ZLWK� QXWULHQWV� IURP
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9DULDWLRQ�LQ�FRPSRVLWLRQ�RI�FRDO�IO\�DVK�D]ROOD�DQG

XUHD�VLJQLILFDQWO\�DIIHFWHG�WKH�FRPSUHVVLYH�VWUHQJWK�

EXON�GHQVLW\��ZDWHU�KROGLQJ�FDSDFLW\�DQG�SRURVLW\�RI

EULTXHWWH�IHUWLOL]HUV�SURGXFHG��7KH�LQFUHDVH�LQ�WKH

SURSRUWLRQ� RI� IO\� DVK� RU� WKH� GHFUHDVH� RI� D]ROOD

ELRPDVV�SURSRUWLRQ�WHQGV�WR�LQFUHDVH�FRPSUHVVLYH

VWUHQJWK�DQG�EXON�GHQVLW\��DQG�WHQGV�WR�GHFUHDVH�WKH

ZDWHU�KROGLQJ�FDSDFLW\�DQG�SRURVLW\�RI�WKH�SURGXFHG

EULTXHWWH�IHUWLOL]HUV�
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7KH� DXWKRUV� JUDWHIXOO\� DFNQRZOHGJH� WKH

ILQDQFLDO� VXSSRUW� IURP� WKH�&RPSHWLWLYH�5HVHDUFK

)HDWXUHG��6ULZLMD\D�8QLYHUVLW\�E\�WKH�JUDQW�1R������
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.DUWLND�)DWLPD��JUDGXDWH�VWXGHQWV�LQ�WKH�'HSDUWPHQW

RI�6RLO�6FLHQFH��)DFXOW\�RI�$JULFXOWXUH��6ULZLMD\D

8QLYHUVLW\��ZKR�KDYH�GLUHFWO\�LQYROYHG�DQG�KHOSHG

LQ�WKH�LPSOHPHQWDWLRQ�RI�WKLV�VWXG\�
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2UJ�:DVWH�$JULF�����������

%KXYDQHVKZDUL� .� DQG�$�.XPDU�� ������$JURQRPLF

SRWHQWLDO�RI�WKH�DVVRFLDWLRQ�$]ROOD�$QDEDHQD��6FL
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&DUOVRQ�&/�DQG�'&�$GULDQR��������(QYLURQPHQWDO�LPSDFWV
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IHUWLOL]HU�RQ�WKH�JURZWK�RI�PDL]H��-�6RLO�6FL�3ODQW

1XW�������������

+DYOLQ�-/��-'�%HDWRQ��6/�7LVGDOH�DQG�:/�1HOVRQ�������

6RLO�IHUWLOLW\�DQG�IHUWLOL]HUV�DQ�LQWURGXFWLRQ�WR�QXWULHQW

PDQDJHPHQW���WKHG��3UHQWLFH�+DOO��1HZ�-HUVH\�

+HUPDZDQ�$��6DEDUXGGLQ��0DUVL��5�+D\DWL�DQG�:DUVLWR�
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GXH�WR�DSSOLFDWLRQ�RI�FRDO�IO\�DVK�FKLFNHQ�PDQXUH
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+RX�-��<-�'RQJ�DQG�=<�)DQ��������(IIHFWV�RI�FRDWHG�XUHD

DPHQGHG�ZLWK�ELRORJLFDO�LQKLELWRUV�RQ�SK\VLRORJLFDO

FKDUDFWHULVWLFV��\LHOG��DQG�TXDOLW\�RI�SHDQXW��&RPP

6RLO�6FL�DQG�3ODQW�$QDO�������������

.LVKRU�3��$.�*KRVK�DQG�'�.XPDU��������8VH�RI�IO\�DVK

LQ�DJULFXOWXUH��$�ZD\�WR�LPSURYH�VRLO�IHUWLOLW\�DQG

LWV�SURGXFWLYLW\���$VLDQ�-�$JULF�5HV���������

.ROODK�%��$.�3DWUD�DQG�65�0RKDQW\�� ������$TXDWLF

PLFURSK\OOD�$]ROOD�� D� SHUVSHFWLYH� SDUDGLJP� IRU
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FOLPDWH� FKDQJH��(QYLURQ� 6FL� 3ROOXW� 5HV�� GRL�
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%HVDU�/LWEDQJ�6XPEHUGD\D�/DKDQ�3HUWDQLDQ��%RJRU
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/XENRZVNL�.��������&RDWLQJ� IHUWLOL]HU�JUDQXOHV�ZLWK
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UHOHDVH��(QYLURQ�(QJ�0DQDJ�-���������������
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&KDOOHQJHV�DQG�'HYHORSPHQWV� LQ� WKH�8WLOL]DWLRQ

RI�)O\�$VK�LQ�&KLQD��,QW�-�(QYLURQ�6FL�'HYHORS���
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0LWUD�%1��6�.DUPDNDU��'.�6ZDLQ�DQG�%&�*KRVK�������

)O\�DVK���D�SRWHQWLDO�VRXUFH�RI�VRLO�DPHQGPHQW�DQG

D�FRPSRQHQW�RI� LQWHJUDWHG� SODQW�QXWULHQW� VXSSO\

V\VWHP�� ������ ,QWHUQDVLRQDO�$VK� 8WLOL]DWLRQ

6\PSRVLXP��8QLYHUVLW\�RI�.HQWXFN\�

1DLQJJRODQ�*'��6XZDUGL�DQG�'DUPDZDQ��������3ROD

SHOHSDVDQ� QLWURJHQ� GDUL� SXSXN� WHUVHGLD� ODPEDW

�VORZ�UHOHDVH�IHUWLOL]HU��XUHD�]HROLW�DVDP�KXPDW��-

=HROLW�,QGRQHVLD����������

1LPPR�-5��������3RURVLW\�DQG�3RUH�6L]H�'LVWULEXWLRQ�

,Q��'�+LOOHO� �HGV�� (QF\FORSHGLD� RI� 6RLOV� LQ� WKH

(QYLURQPHQW��/RQGRQ��(OVHYLHU��9�����SS����������

2ERXU�3%��-/�-HQVHQ��0�/DPDQGp��&:�:DWWV�DQG�/-

0XQNKROP��������6RLO�RUJDQLF�PDWWHU�ZLGHQV�WKH

UDQJH�RI�ZDWHU�FRQWHQWV� IRU� WLOODJH��6RLO�7LOO�5HV
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KRPHPDGH� FRDWHG� FRQWUROOHG� UHOHDVH� IHUWLOL]HUV� RQ
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&KLQHVH�FDEEDJH��$FWD�3HGRORJLFD�6LQLFD�������������

5R\�'&��0&�3DNKLUD�DQG�6�%HUD��������$�UHYLHZ�RQ

ELRORJ\��FXOWLYDWLRQ�DQG�XWLOL]DWLRQ�RI�$]ROOD��$GY
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6KDYLY�$�� ������$GYDQFHV� LQ� &RQWUROOHG� 5HOHDVH� RI

)HUWLOL]HUV��$GY�$JURQRP\���������
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3HUIRUPDQFH� RI� VHYHUDO� FURSV� JURZQ� LQ� IO\� DVK

DPHQGHG� VRLO��:RUOG� RI� &RDO�$VK� �:2&$�

&RQIHUHQFH��'HQYHU��&2��86$�

6SRVLWR�*��������7KH�FKHPLVWU\�RI�VRLOV���QG�(GLWLRQ�
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$QDO\VLV� WKH� HIIHFW� RI� IO\� DVK� DQG� YHUPLFRPSRVW

FRPELQDWLRQ� RQ� KHUE� \LHOG�� RLO� FRQWHQW� DQG� RLO

FRPSRVLWLRQ�RI�OHPRQJUDVV��&\PERSRJRQ�IOH[XRVXV

1HHV���,QW�-�3XUH�$SS�%LRVFL��������������

6XODNKXGLQ��$�6\XNXU�DQG�%+�6XQDUPLQWR��������=HROLWH

DQG�+XFDOFLD�DV�&RDWLQJ�0DWHULDO�IRU�,PSURYLQJ

4XDOLW\�RI�13.�)HUWLOL]HU�LQ�&RVWDO�6DQG\�6RLO��-

7URS�6RLOV������������

7HL[HLUD�56��,5��6LOYD��5�1��6RXVD��(GVRQ��0�0DWWLHOOR�DQG

(0%�6RDUHV��������2UJDQLF�DFLG�FRDWHG�VORZ�UHOHDVH

SKRVSKRUXV� IHUWLOL]HUV� LPSURYH� 3� DYDLODELOLW\� DQG

PDL]H�JURZWK�LQ�D�WURSLFDO�VRLO��-�6RLO�6FL�3ODQW�1XW
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7UHQNHO�0(�� ������&RQWUROOHG�5HOHDVH� DQG� 6WDELOL]HG

)HUWLOL]HUV�LQ�$JULFXOWXUH��,PSURYLQJ�)HUWLOL]HU�8VH

(IILFLHQF\��6HFRQG�HGLWLRQ�� ,QWHUQDWLRQDO�)HUWLOL]HU
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