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,1752'8&7,21 
3ODQWV� DUH� PDMRU� VRXUFHV� RI� PHGLFLQHV� GXH� WR�
WKHLU� FKHPLFDO� GLYHUVLW\�� 7KH� DYDLODELOLW\�� DF�
FHVVLELOLW\� DQG� SUHVXPHG� VDIHW\� RI� SODQW-EDVHG�
PHGLFLQHV�FRQWLQXHV�WR�HQKDQFH�WKH�DFFHSWDELO�

LW\� RI� KHUEDO� PHGLFLQHV� LQ� SULPDU\� KHDOWKFDUH�
JOREDOO\�� HVSHFLDOO\� LQ� GHYHORSLQJ� FRXQWULHV��
+RZHYHU��D�PDMRU�VHWEDFN�WR�WKH�XVH�RI�SODQW�DV�
PHGLFLQHV�KDV�EHHQ�WKH�GLIILFXOW\�LQ�LGHQWLI\LQJ�
FORVHO\� UHODWHG� VSHFLHV�� DQG� WKLV� RIWHQ� OHDGV� WR�
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KWWS���G[�GRL�RUJ���������MXVW�Y��L��� 

.H\ZRUGV��$LGLD�JHQLSLIORUD��SKDUPDFRJQRVWLF��FDOFLXP�R[DODWH�FU\VWDOV��RUJDQROHSWLF��WULFKRPHV� 

$%675$&7 
7KH�VWHP�EDUN�DQG�OHDYHV�RI�$LGLD�JHQLSLIORUD��'&���'DQG\��5XELDFHDH��KDYH�VHYHUDO�HWKQRPH�
GLFLQDO�XVHV�DQG�DUH�UHFHQWO\�EHLQJ�FRPPHUFLDOL]HG�E\�VRPH�WUDGLWLRQDO�KHDOHUV�LQ�*KDQD��DV�DQWL
-LQIODPPDWRU\�DQG�DQWLPLFURELDO�DJHQWV��7KLV�VWXG\�VRXJKW�WR�HVWDEOLVK�SKDUPDFRJQRVWLF�SDUDP�
HWHUV� IRU� WKH� VWHP�EDUN�DQG� OHDYHV�RI� WKH�SODQW� LQ�RUGHU� WR� VHW� VWDQGDUGV� IRU� LGHQWLILFDWLRQ�DQG�
TXDOLW\� FRQWURO�� 7KH� RUJDQROHSWLF�� PDFUR-PRUSKRORJLFDO�� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� PLFUR-
PRUSKRORJLFDO�IHDWXUHV�ZHUH�DQDO\VHG�IRU�WKH�ZKROH�DQG�SRZGHUHG�OHDYHV�DQG�VWHP�EDUN��)OXR�
UHVFHQFH�� SK\VLFRFKHPLFDO� DQG� SK\WRFKHPLFDO� DQDO\VLV� DQG� WKLQ� OD\HU� FKURPDWRJUDSK\� �7/&��
ZHUH�DOVR�SHUIRUPHG�XVLQJ�VWDQGDUG�PHWKRGV��7KH�OHDI�LV�HOOLSWLFDO�LQ�VKDSH�ZLWK�DFXPLQDWH�DSH[��
HQWLUH�PDUJLQ�� DFXWH� EDVH�� UHWLFXODWH� YHQDWLRQ� DQG� SXEHVFHQW� RQ� ERWK� WKH� DGD[LDO� DQG� DED[LDO�
VXUIDFHV��7KH�OHDI�KDV�ZDY\-ZDOOHG�HSLGHUPDO�FHOOV�ZLWK�XQLVHULDWH�FORWKLQJ�WULFKRPH��7KH�PLGULE�
DQG�SHWLROH�KDYH�FRQFDYH-VKDSHG�YDVFXODU�EXQGOHV��6WDUFK�JUDLQV�� ILEUHV�� FRUN�FHOOV�� VWRQH�FHOO��
SULVPDWLF�FDOFLXP�R[DODWH�FU\VWDOV�DQG�XQLVHULDWH�FORWKLQJ�WULFKRPHV�ZHUH�SUHVHQW�LQ� WKH�OHDYHV�
DQG� VWHP� EDUN� SRZGHU�� 3K\VLFRFKHPLFDO� FRQVWDQWV� IRU� DVK� FRQWHQW�� VROYHQW� VROXEOH� H[WUDFWLYHV�
DQG�S+� UHYHDOHG�GLIIHUHQFHV�EHWZHHQ� WKH� VWHP�EDUN�DQG� OHDYHV��7KH�SODQW�PDWHULDOV� FRQWDLQHG�
OHDG��FDGPLXP�DQG�DUVHQLF�EXW�EHORZ�WKH�OLPLW�YDOXHV��7KH\�DOVR�FRQWDLQHG�YDU\LQJ�OHYHOV�RI�FRS�
SHU��]LQF��FDOFLXP�DQG�SRWDVVLXP��)OXRUHVFHQFH�DQDO\VLV��7KLQ�OD\HU�FKURPDWRJUDSK\�DQG�89-YLV�
ILQJHUSULQW� DOVR� UHYHDOHG�QRWDEOH� GLIIHUHQFHV� LQ� WKH� VWHP�EDUN� DQG� OHDYHV�� 7KLV� UHVXOW� SURYLGHV�
LPSRUWDQW�GLDJQRVWLF�IHDWXUHV�WR�DLG�WKH�FRUUHFW�LGHQWLILFDWLRQ�DQG�DXWKHQWLFDWLRQ�RI�$LGLD�JHQL�
SLIORUD�IRU�UHVHDUFK�DQG�FRPPHUFLDO�SXUSRVHV�� 
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 RI�6FLHQFH�DQG�7HFKQRORJ\��.1867���.XPDVL��
*KDQD��9RXFKHU�VSHFLPHQ��.1867�+0������
6%���� DQG� .1867�+0������/22��� IRU� WKH�
VWHP� EDUN� DQG� OHDI� UHVSHFWLYHO\�� ZHUH� NHSW� DW�
WKH�KHUEDULXP�RI� WKH�)DFXOW\� RI�3KDUPDF\� DQG�
3KDUPDFHXWLFDO� 6FLHQFHV�� .ZDPH� 1NUXPDK�
8QLYHUVLW\� RI� 6FLHQFH� DQG� 7HFKQRORJ\�
�.1867���.XPDVL��*KDQD� 
 
7KH� IUHVK� OHDYHV� DQG� VWHP� EDUN� RI�$GLD� JHQL�
SLIORUD� ZHUH� ZDVKHG� XQGHU� UXQQLQJ� ZDWHU� DQG�
VDPSOHV� WDNHQ� IRU� RUJDQROHSWLF� DQG� PDFUR-
PRUSKRORJLFDO� VWXGLHV�� 6DPSOH� RI� WKH� IUHVK�
OHDYHV� ZHUH� DOVR� XVHG� IRU� PLFURVFRSLF� VWXG\��
:DVKHG� SODQW� PDWHULDOV� ZHUH� FKRSSHG� LQWR�
SLHFHV� DQG� VKDGH� GULHG� IRU� RQH� ZHHN�� $ERXW�
���� J� HDFK� RI� WKH� GULHG� OHDYHV� DQG� VWHP� EDUN�
ZDV�SXOYHUL]HG�LQWR�FRDUVH�SRZGHU�XVLQJ�D�PH�
FKDQLFDO� JULQGHU� DQG� VWRUHG� LQ� DLU-WLJKW� SODVWLF�
EDJV�DW�URRP�WHPSHUDWXUH�XQWLO�UHTXLUHG�IRU�XVH� 
� 
2UJDQROHSWLF�DQG�PDFURVFRSLF�HYDOXDWLRQ 
7KH�IUHVK�OHDYHV�DQG�VWHP�EDUN�ZHUH�H[DPLQHG�
IRU�WKHLU�RUJDQROHSWLF�DQG�PDFURVFRSLF�IHDWXUHV��
2UJDQROHSWLF� RU� VHQVRU\� SDUDPHWHUV� VXFK� DV�
FRORXU��WDVWH��RGRXU�DQG�WH[WXUH�ZHUH�H[DPLQHG�
XVLQJ� WKH� VHQVH� RUJDQV�� 7KH� IUHVK� OHDYHV� ZHUH�
H[DPLQHG� IRU� PDFURVFRSLF� IHDWXUHV� LQFOXGLQJ�
OHDI� VKDSH�� DSH[�� YHQDWLRQ�� EDVH�� PDUJLQ�� WKH�
W\SH�RI�OHDI�DQG�SUHVHQFH�RU�DEVHQFH�RI�SHWLROH��
$YHUDJH� OHQJWK� DQG�ZLGWK� RI� ��� UDQGRPO\� VH�
OHFWHG� IUHVK� OHDYHV� �Q ���� ZHUH� GHWHUPLQHG��
$OVR�� WKH� DYHUDJH� OHQJWK� RI� SHWLROH� ZDV� GHWHU�
PLQHG�� 6DPSOHV� RI� WKH� IUHVK� VWHP� EDUN� ZHUH�
H[DPLQHG� IRU� WKHLU� WKLFNQHVV� DQG� VXUIDFH� FKDU�
DFWHULVWLFV��(YDQV��������%DLGRR�HW�DO��������� 
 
4XDOLWDWLYH�PLFURVFRS\� DQG� KLVWRORJLFDO� VWXG�
LHV 
)UHH-KDQG� WKLQ� VHFWLRQV� RI� WKH� ODPLQD�� WUDQV�
YHUVH�VHFWLRQV�RI�ERWK�WKH�PLGULE�DQG�SHWLROH�RI�
WKH�OHDI�ZHUH�PDGH�ZLWK�VKDUS�UD]RU�EODGHV��7KH�
ODPLQD�VHFWLRQV�ZHUH�FOHDUHG�LQ�����Z�Y�FKOR�
UDO�K\GUDWH�XQWLO�WKH�JUHHQ�SLJPHQW�ZDV�FOHDUHG��
7KH� VHFWLRQV�RI� WKH� ODPLQD��PLGULE� DQG�SHWLROH�
ZHUH� LQGLYLGXDOO\� PRXQWHG� HLWKHU� LQ� ZDWHU� RU�
VWDLQHG�ZLWK�����Z�Y�SKORURJOXFLQRO�LQ�+&O��WR�
LGHQWLI\� OLJQLILHG� WLVVXHV�� RU� 1���� LRGLQH� �WR�
LGHQWLI\� VWDUFK� JUDLQV�� XQGHU� D� PLFURVFRSH�
�/HLFD�OLJKW�PLFURVFRSH�'0������/('��:HW]�
ODU��*HUPDQ\�� ILWWHG� ZLWK� D� FDPHUD� �/HLFD� ,&�
&���+'�� -RV�+DQVHQ� DQG�6RHKQH�*PEK��*HU�

$QRNZDK�HW�DO� �� 

XQLQWHQWLRQDO�RU� LQWHQWLRQDO�DGXOWHUDWLRQ��7KHVH�
FKDOOHQJHV�DIIHFW�WKH�UHSURGXFLELOLW\�DQG�TXDOLW\�
RI� EDWFK� WR� EDWFK� SURGXFWLRQV�ZLWK� FRQVHTXHQW�
WKUHDW� RI� KHDOWK� LPSOLFDWLRQV� WR� FRQVXPHUV�
�%DLGRR� HW� DO��� ������� ,Q� DGGLWLRQ�� WKH� ODFN� RI�
UHSURGXFLELOLW\� DIIHFWV� UHVHDUFK� DQG� GHYHORS�
PHQW�RI�KHUEDO�PHGLFLQHV��7KHUHIRUH��HVWDEOLVK�
LQJ�SKDUPDFRJQRVWLF�VWDQGDUGV�DQG�TXDOLW\�FRQ�
WURO� SDUDPHWHUV� IRU� SODQWV� LV� YHU\� LPSRUWDQW��
7KLV� HQVXUHV� FRUUHFW� VRXUFLQJ� WKURXJK� LGHQWLIL�
FDWLRQ��VHOHFWLRQ��DXWKHQWLFDWLRQ��DQG�VWDQGDUGL�
]DWLRQ�RI�SODQW�PDWHULDO�IRU�UHVHDUFK�DQG�GHYHO�
RSPHQW� RI� SODQW-EDVHG� PHGLFLQHV� �$VDQWH-
.ZDWLD�HW�DO���������� 
 
$LGLD� JHQLSLIORUD� �'&��� 'DQG\� RI� WKH� IDPLO\�
5XELDFHDH�� DOVR� UHIHUUHG� DV�5DQGLD� JHQLSLIORUD�
LV� KDUG-ZRRG\� VKUXE� RU� WUHH��$LGLD� JHQLSLIORUD�
LV�PDLQO\�GLVWULEXWHG�LQ�FRXQWULHV�VXFK�DV�6LHUUD�
/HRQH��,YRU\�FRDVW��*XLQHD�–�%LVVDX��6XGDQ�DQG�
&DPHURRQ� �%XUNLOO�� ������� ,Q� *KDQD�� $LGLD�
JHQLSLIORUD�LV�GLVWULEXWHG�LQ�FDSH�FRDVW��2EXDVH��
.DGH��DQG�.ZDKX��7KH�VWHP�EDUN�RI�$LGLD�JHQL�
SLIORUD� LV� XVHG� HLWKHU� DORQH� RU� LQ� SRO\KHUEDO�
IRUPXODWLRQV�ZLWK� RWKHU� SODQWV� IRU� WUHDWLQJ�PL�
FURELDO� LQIHFWLRQV� RU� LQIODPPDWRU\� FRQGLWLRQV�
E\� WUDGLWLRQDO�PHGLFLQH� KHDOHUV��%RWK� WKH� VWHP�
EDUN� DQG� WKH� OHDI� KDYH�EHHQ�XVHG� WR� WUHDW� JRXW�
�%XUNLOO�� ������� 7KH� SODQW� LV� VRXUFHG� IURP� WKH�
ZLOG� E\� WUDGLWLRQDO� KHDOHUV� IRU� LWV� PHGLFLQDO�
SXUSRVHV�� 7KH� DQWLPLFURELDO� DQG� DQWL-
LQIODPPDWRU\�DFWLYLW\�KDV�EHHQ� UHSRUWHG� LQ�RXU�
SUHYLRXV�ZRUN��$QRNZDK�HW�DO���������� 
+RZHYHU��WKHUH�LV�QR�VWDQGDUG�SDUDPHWHU�IRU�WKH�
FRUUHFW�LGHQWLILFDWLRQ�DQG�DXWKHQWLFDWLRQ�RI�$LG�
LD� JHQLSLIORUD� WR� HQVXUH� FRUUHFW� VRXUFLQJ� IRU�
UHVHDUFK�DQG�GHYHORSPHQW�RI�UHSURGXFLEOH�FRQ�
VXPHU�SURGXFWV�� 
 
+HQFH�� WKLV� VWXG\� ZDV� GRQH� WR� HVWDEOLVK� SKDU�
PDFRJQRVWLF� VWDQGDUGV� IRU� WKH� FRUUHFW� LGHQWLIL�
FDWLRQ�DQG�TXDOLW\�FRQWURO�RI�$LGLD�JHQLSLIORUD� 
 
0$7(5,$/�$1'�0(7+2'6 
3ODQW�FROOHFWLRQ�DQG�SURFHVVLQJ 
7KH� OHDYHV� DQG� VWHP�EDUN�RI�$LGLD� JHQLSLIORUD�
ZHUH� FROOHFWHG� IURP� .ZDKX� $VDNUDND� LQ� WKH�
(DVWHUQ� 5HJLRQ� RI� *KDQD� ���ၨ������¶1�� ���ၨ�
������¶:���7KH�VDPSOHV�ZHUH�DXWKHQWLFDWHG�E\�
0U��&OLIIRUG�$VDUH�RI�WKH�'HSDUWPHQW�RI�+HUEDO�
0HGLFLQH�� )DFXOW\� RI� 3KDUPDF\� DQG� 3KDUPD�
FHXWLFDO�6FLHQFHV��.ZDPH�1NUXPDK�8QLYHUVLW\�
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PDQ\�3KRWRPLFURJUDSKV�ZHUH� WDNHQ� DW� YDULRXV�
PDJQLILFDWLRQV� IROORZLQJ� VWDQGDUG� SURFHGXUHV�
�$VDQWH-.ZDWLD�HW�DO���������0LUHNX-*\LPDK�HW�
DO���������� 
 
4XDQWLWDWLYH�PLFURVFRS\ 
7KLQ�VHFWLRQV�RI�WKH�FOHDUHG�OHDI�ZHUH�PRXQWHG�
LQ� ZDWHU� DQG� REVHUYHG� XQGHU� OLJKW� PLFURVFRSH�
IRU� HSLGHUPDO� FHOO�� SDOLVDGH� FHOOV� YHLQOHWV� DQG�
YHLQ� LVOHWV�� 3KRWRPLFURJUDSKV� ZHUH� WDNHQ� IRU�
WKH�FHOOV�LQ�VL[�GLIIHUHQW�ILHOGV�RI�YLHZ�DQG�DOVR�
WDNHQ�IRU�WKH�VWDJH�PLFURPHWUH��6WDQGDUG�SURFH�
GXUHV�ZHUH�IROORZHG�WR�GHWHUPLQH�YHLQOHW�WHUPL�
QDWLRQ� QXPEHU�� YHLQ� LVOHW� QXPEHU� DQG� SDOLVDGH�
UDWLRQ� SHU� VTXDUH� PLOOLPHWUH� IRU� HDFK� VXUIDFH�
GDWD��$PSRQVDK�HW�DO��������� 
 
3RZGHU�PLFURVFRS\ 
7KH� GULHG� SRZGHUV� RI� WKH� OHDI� DQG� VWHP� EDUN�
ZHUH� PRXQWHG� LQ� ZDWHU� DQG� REVHUYHG� XQGHU�
OLJKW� PLFURVFRSH�� 7KH\� ZHUH� VXEVHTXHQWO\�
VWDLQHG� ZLWK� HLWKHU� SKORURJOXFLQRO� LQ� +&O� RU�
1���� LRGLQH��3KRWRPLFURJUDSKV�ZHUH� WDNHQ� IRU�
FKDUDFWHULVWLF� FHOO� VWUXFWXUHV� DQG� FRQWHQWV� LQ�
FOXGLQJ� FRUN� FHOOV�� VWRQH� FHOOV�� ILEUHV�� VWDUFK�
JUDLQV� DQG� FDOFLXP� R[DODWH� FU\VWDOV� �(YDQV��
������%DLGRR�HW�DO��������� 
 
3K\VLFRFKHPLFDO�DQDO\VLV 
3RZGHUHG�VDPSOHV�RI�ERWK�WKH�OHDYHV�DQG�VWHP�
EDUN�ZHUH�VXEMHFWHG�WR�YDULRXV�SK\VLFRFKHPLFDO�
LQYHVWLJDWLRQV�LQFOXGLQJ�VROYHQW�VROXEOH�H[WUDF�
WLYHV� LQ� ZDWHU�� HWKDQRO� DQG� PHWKDQRO�� WKH� DVK�
FRQWHQW��WRWDO�DVK��DFLG-LQVROXEOH�DVK�DQG�ZDWHU-
VROXEOH� DVK��� S+�RI� ���Z�Y�ZDWHU� DQG� HWKDQRO�
H[WUDFWV��DQG�HOHPHQWDO�FRQWHQW�W�ZHUH�DQDO\VHG�
IRU�WKH�OHDYHV�DQG�VWHP�EDUN�DFFRUGLQJ�WR�VWDQG�
DUG� PHWKRGV� ��1NDQVDK� HW� DO��� ������ &KDQGD��
������� 
 
)OXRUHVFHQFH�DQDO\VLV 
7KH� GULHG� SRZGHUHG� OHDI� DQG� VWHP� EDUN� ZHUH�
H[DPLQHG� IRU� IOXRUHVFHQW� FKDUDFWHULVWLFV� RQ�
FOHDQ�QRQ-IOXRUHVFHQW�JODVV�VOLGHV�ZLWK�RU�ZLWK�
RXW� FKHPLFDO� UHDJHQW� �SLFULF� DFLG�� DFHWLF� DFLG��
FRQFHQWUDWHG�QLWLF�DFLG������IHUULF�FKORULGH�����
��DTXHRXV�SRWDVVLXP�K\GUR[LGH�������DOFRKRO�
LF� SRWDVVLXP� K\GUR[LGH�� ����0� LRGLQH� VROXWLRQ�
DQG� ��� �� DPPRQLD� VROXWLRQ�� LQ� YLVLEOH� OLJKW��
DQG� XQGHU� WKH� VKRUW� ����� QP�� DQG� ORQJ� �����
QP�� ZDYHOHQJWK� RI� WKH� 8OWUDYLROHW� OLJKW�� 7KH� 

������3KDUPDFRJQRVWLF�SDUDPHWHUV�IRU�WKH�VWHP�EDUN�DQG�OHDYHV�RI�$LGLD�JHQLSLIORUD��'&������ �� 

VROYHQW� H[WUDFWV� �DTXHRXV�� HWKDQRO�� PHWKDQRO��
HWK\O�DFHWDWH�DQG�SHWUROHXP�HWKHU�H[WUDFWV��ZHUH�
DOVR�H[DPLQHG�IRU�WKHLU�IOXRUHVFHQW�FKDUDFWHULV�
WLFV��,VKWLDT�HW�DO��������� 
 
3K\WRFKHPLFDO�VFUHHQLQJ 
7KH� SUHVHQFH� RI� PDMRU� VHFRQGDU\� PHWDEROLWHV�
�DONDORLGV��VWHUROV�� WULWHUSHQRLGV�� WDQQLQV��IODYR�
QRLGV�� FRXPDULQV�� LQ� WKH� SRZGHUHG� OHDI� DQG�
VWHP�EDUN�RI�$LGLD�JHQLSLIORUD�ZHUH�GHWHUPLQHG�
E\� VLPSOH� TXDOLWDWLYH� SK\WRFKHPLFDO� VFUHHQLQJ�
PHWKRGV��(YDQV�������� 
 
89–YLV�VSHFWUD 
7KH�89-YLVLEOH�VSHFWUD�RI�WKH�DTXHRXV�DQG�HWK�
DQRO� H[WUDFWV� RI� WKH� GULHG� SRZGHUHG� OHDI� DQG�
VWHP�EDUN�ZHUH� UHFRUGHG�RQ�D� -(1:$<������
89�VSHFWURSKRWRPHWHU�DW�D�ZDYHOHQJWK�UDQJH�RI�
���–����QP��VFDQ�VSHHG����QP�V� 
 
7KLQ�OD\HU�FKURPDWRJUDSK\ 
$ERXW� �� JUDPV� RI� HDFK� SRZGHUHG� VDPSOH� ZDV�
FROG-PDFHUDWHG�LQ����PO�RI�HWK\O�DFHWDWH�IRU����
KRXUV�� 7KH� H[WUDFW� REWDLQHG� ZDV� FRQFHQWUDWHG�
DQG�VSRWWHG�RQ�7/&� VLOLFD�JHO�SODWH� �*���)�����
�����PP�WKLFNQHVV���7KH�SODWHV�ZHUH�GHYHORSHG�
LQ�SUH-VDWXUDWHG�FKURPDWDQNV� FRQWDLQLQJ�3HWUR�
OHXP�HWKHU��HWK\O�DFHWDWH���������7KH�GHYHORSHG�
SODWHV�ZHUH�GULHG�DQG�REVHUYHG�IRU�FKDUDFWHULV�
WLF� IOXRUHVFHQFH�DQG�TXHQFKLQJ�RI� WKH� UHVROYHG�
VSRWV�IRU�FRPSRXQGV�XQGHU�89�ODPS�DW�����QP�
DQG�����QP��3LFWXUHV�ZHUH�WDNHQ�RI�WKH�SODWHV�LQ�
YLVLEOH� OLJKW� DQG� XQGHU� 89� ����� QP� DQG� ����
QP��7KH� SODWHV� ZHUH� VSUD\HG� ZLWK� D� GHWHFWLQJ�
UHDJHQW� ZKLFK� LV� YDQLOOLQ� LQ� FRQF�� +�62�� DQG�
SLFWXUHV�ZHUH�WDNHQ��(YDQV�������� 
 
5(68/76�$1'�',6&866,21 
2UJDQROHSWLF� DQG� PDFURVFRSLF� HYDOXDWLRQ� RI�
OHDI�DQG�VWHP�EDUN�RI�$��JHQLSLIORUD 
7KH� UHVXOW� SUHVHQWHG� LQ� 7DEOH� �� SURYLGHV� WKH�
RUJDQROHSWLF� DQG� PDFURVFRSLF� GHVFULSWLRQ� RI�
WKH�OHDYHV�DQG�VWHP�EDUN��)LJ����VKRZV�WKH�SLF�
WXUHV� RI� WKH� IUHVK� OHDYHV� DQG� VWHP� EDUN� RI� $��
JHQLSLIORUD��$OWKRXJK� WKH�VWXG\�GRHV�QRW� IRFXV�
RQ�WKH�IUXLW�RI� WKH�SODQW�� WKH�SUHVHQFH�RI�D�JOR�
ERVH�IUXLW�DWWDFKHG�GLUHFWO\�WR�WKH�EUDQFK�RI�WKH�
VWHP�ZDV�QRWHG��)LJ������$FFRUGLQJ�WR�5LGVGDOH�
�������� OHDYHV� RI� $LGLD� VSHFLHV� PRVWO\� KDYH�
DFXPLQDWH� DSH[� DQG� HOOLSWLF� VKDSH� ZLWK� D� IHZ�
KDYLQJ�HLWKHU�HOOLSWLF�WR�ODQFHRODWH�RU�HOOLSWLF�WR�
RYDWH�ZLWK�FKDUDFWHULVWLF�DFXWH�EDVH��$LGLD�JHQL�
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SLIORUD�OHDYHV�KDYH�DFXPLQDWH�DSH[�DQG�HOOLSWLF�
ZLWK�DFXWH�EDVH�ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�OHDI�
IHDWXUHV� RI� RWKHU�$LGLD� VSHFLHV�� 7KH� WH[WXUH� RI�
WKH� OHDYHV� RI�PRVW�$LGLD� VSHFLHV� LV� FRULDFHRXV�
ZLWK�JODEURXV�VXUIDFH�RQ�ERWK�DGD[LDO�DQG�DED[�
LDO� VXUIDFHV� ZKHUHDV� D� IHZ� VSHFLHV� DUH� SXEHV�
FHQW� RQ� WKH� DED[LDO� VXUIDFH� �5LGVGDOH�� �������
)URP� WKH� UHVXOW�� WKH� OHDI� RI�$�� JHQLSLIORUD� KDV�
FRULDFHRXV�WH[WXUH�EXW�SXEHVFHQW�RQ�ERWK�DGD[L�
DO� DQG� DED[LDO� VXUIDFHV� ZKLFK� LV� GLI- 

$QRNZDK�HW�DO� 

7DEOH����2UJDQROHSWLF�DQG�PDFUR-PRUSKRORJ\�RI�WKH�OHDI�DQG�VWHP�EDUN�RI�$LGLD�JHQLSLIORUD 

 3DUDPHWHU �/HDI 

7\SH 6LPSOH 

6KDSH (OOLSWLFDO 

0DUJLQ (QWLUH 

$SH[ $FXPLQDWH 

%DVH 6\PPHWULFDO��DFXWH� 
3HWLRODWLRQ 3HWLRODWH 

7H[WXUH &RULDFHRXV 
9HQDWLRQ 5HWLFXODWH 

&RORXU��DGD[LDO� *UHHQ 

&RORXU��DED[LDO� /LJKW�JUHHQ 

6XUIDFH 3XEHVFHQW��ERWK�DGD[LDO�DQG�DED[LDO� 

/HDI�DUUDQJHPHQW :KRUOHG 

2GRXU &KDUDFWHULVWLF 

7DVWH %ODQG 
/DPLQD�OHQJWK��PHDQ���6'��Q ���� �����������FP 

/DPLQD�ZLGWK��PHDQ���6'��Q ���� ����������FP 

3HWLROH�OHQJWK��PHDQ���6'��Q ���� ��������� 
  �VWHP�EDUN 

&RORXU��RXWHU�EDUN� *UH\LVK-*UHHQ 

&RORXU��LQQHU�EDUN� 3DOH�\HOORZ 

2GRXU &KDUDFWHULVWLF 

7DVWH %LWWHU 
7H[WXUH��RXWHU�EDUN� 5RXJK 

7H[WXUH��LQQHU�EDUN� 6PRRWK 
7KLFNQHVV �-��PP 
)UDFWXUH 5RXJK 
&XW 1R�H[XGDWH 

IHUHQW� IURP� RWKHU� VSHFLHV� RI�$LGLD� UHSRUWHG� LQ�
OLWHUDWXUH� �5LGVGDOH�� ������� ,Q� DGGLWLRQ�� WKH�
SODQW�KDG�JORERVH�IUXLW�VLPLODU�WR�WKRVH�UHSRUWHG�
IRU� PRVW� $LGLD� VSHFLHV�� 7KH� 2UJDQROHSWLF� DQG�
PDFUR-PRUSKRORJLFDO� H[DPLQDWLRQ� LV� D� VLPSOH�
TXDOLWDWLYH�SURFHVV� IRU�SURYLGLQJ�TXLFN�DXWKHQ�
WLFDWLRQ� RI� WKH� LGHQWLW\� DQG� TXDOLW\� RI� FUXGH�
GUXJV�EDVHG�RQ�VHQVRU\�SHUFHSWLRQ�DQG�H[WHUQDO�
PRUSKRORJ\��7KLV�DOORZV�HDV\� LGHQWLILFDWLRQ�RI�
SODQWV� GXULQJ� KDUYHVWLQJ� DQG� SUHYHQW� XQLQWHQ- 
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7�6�RI�WKH�PLGULE�DQG�SHWLROH 
7KH� 7�6� RI� WKH� PLGULE� VKRZHG� VLQJOH-OD\HUHG�
REORQJ� HSLGHUPDO� FHOOV� HQYHORSHG� E\� D� WKLQ�
FXWLFOH�RQ�ERWK�WKH�EXOJLQJ�YHQWUDO�DQG�WKH�SUR�
WUXGHG��ZLWK�FXUYHG�DSH[��GRUVDO�VXUIDFHV��)LJ��
����&ORVHO\�SDFNHG�FROOHQFK\PD�FHOOV�DUH�IRXQG�
GLUHFWO\� EHORZ� DQG� DERYH� D� FRQFDYH-VKDSHG�
YDVFXODU�EXQGOH� RI� WKH� PLGULE�� $� XQLVHULDWH�
PXOWLFHOOXODU� WULFKRPH�ZDV� IRXQG� RQ� WKH� EXOJ�
LQJ�VXUIDFH��)LJ���E��� 
 
7KH�7�6�RI�WKH�SHWLROH�GLVSOD\V�D�VLQJOH-OD\HUHG�
HSLGHUPDO� FHOO� ZLWK� XQLVHULDWH� PXOWLFHOOXODU�
FORWKLQJ� WULFKRPHV�� &ORVHO\� SDFNHG� FROOHQFK\�
PD� FHOOV� ZHUH� IRXQG� EHQHDWK� WKH� HSLGHUPDO�
FHOOV� DQG� D� FRQFDYH-VKDSHG� OLJQLILHG� YDVFXODU�
EXQGOH�ZDV�ORFDWHG�DW�WKH�FHQWUH��)LJ����� 

 
WLRQDO� VXEVWLWXWLRQ� ZLWK� FORVHO\� UHODWHG� VSHFLHV�
GXULQJ�VRXUFLQJ�RI�SODQW�IRU�PHGLFLQDO�XVH��7KH�
GHVFULSWLYH� SDUDPHWHUV� IRU� WKH� OHDI� DQG� VWHP�
EDUN� LQ� WDEOH� �� DUH� HVVHQWLDO� IRU� LGHQWLI\LQJ�
SODQWV� LQ� WKHLU� QDWXUDO� KDELWDWV�� 7KHUHIRUH�� WKH�
UHVXOW� LV� HVVHQWLDO� IRU� SURPSW� LGHQWLILFDWLRQ� RI�
$LGLD�JHQLSLIORUD� 
 
4XDOLWDWLYH�PLFURVFRS\� DQG� KLVWRORJLFDO� VWXG�
LHV 
/HDI�PLFURVFRS\ 
7KLQ�VHFWLRQV�RI�WKH�OHDI�ODPLQD�UHYHDOHG�ZDY\�
HSLGHUPDO�FHOOV�RQ� WKH�DED[LDO�VXUIDFH��)LJ������
0LFURVFRSLF�VWXGLHV�RI�WKH�OHDI�UHYHDO�WKH�FHOOX�
ODU�RUJDQL]DWLRQ�RI�WKH�OHDI�ZKLFK�DUH�LPSRUWDQW�
LQ�GLVWLQJXLVKLQJ�FORVHO\�UHODWHG�SODQW�VSHFLHV�� 

)LJ����3LFWXUHV�RI�WKH�IUXLW��$����DGD[LDO�DQG�DED[LDO�ODPLQD��$���OHDI�DUUDQJHPHQW��$���DQG�
WKH�VWHP��%���DQG�VWHP�EDUN��%�-%���IHDWXUHV�RI�$��JHQLSLIORUD� 
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)LJ�� ���7�6� RI�$��JHQLSLIORUD� OHDI�PLGULE� �[� ����� FR-� FROOHQFK\PD�� OHS-� ORZHU� HSLGHUPDO� FHOO��
FSFK-� FRUWLFDO� SDUHQFK\PD�� YE-� YDVFXODU� EXQGOH�� HG-� HQGRGHUPLV�� SFK-� SDUHQFK\PD�� XHS-� 
XSSHU�HSLGHUPDO�FHOO��FX-�FXWLFOH��SV-�SDOLVDGH�FHOO��[���� 

 

 

)LJ�� ��� 0LFURVFRS\� RI� $�� JHQLSLIORUD� OHDI� ODPLQD�� ZHF-� ZDY\� ZDOOHG� HSLGHUPDO� FHOOV�� SF-� 
SDOLVDGH�FHOO��YL-�YHLQ�LVOHW��YW-�YHLQOHW�WHUPLQDWLRQV��î���� 
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)LJ�� ���7�6�RI�$��JHQLSLIORUD� OHDI�SHWLROH� �[������ YE-� YDVFXODU�EXQGOH�� HS-� HSLGHUPDO� FHOO�� FR-�
FROOHQFK\PD��WUFK-�WULFKRPH��[���� 

4XDQWLWDWLYH�PLFURVFRS\ 
/HDI� FRQVWDQWV� VXFK� DV� YHLQOHW� WHUPLQDWLRQ�
QXPEHU�� YHLQ� LVOHW� QXPEHU� DQG� SDOLVDGH� UDWLR�
DUH� LPSRUWDQW� FRQVWDQWV� IRU� GHWHFWLQJ� DGXOWHUD�
WLRQ� LQ� OHDI� GUXJV� DQG� GLVWLQJXLVKLQJ� EHWZHHQ�
FORVHO\�UHODWHG�SODQW�VSHFLHV��7DEOH���VKRZV�WKH�
UHVXOWV� RI� WKH� OHDI� FRQVWDQW� RI� $�� JHQLSLIORUD�
OHDI�� 
 
3RZGHU�PLFURVFRS\ 
7KH� GULHG� SRZGHUHG� OHDI� RI�$�� JHQLSLIORUD� UH�
YHDOHG�WKH�SUHVHQFH�RI�SDUWLDO�VWRPDWD��VWUDLJKW-
ZDOOHG� HSLGHUPDO� FHOOV�� VWRQH� FHOO�� XQLVHULDWH�
FORWKLQJ� WULFKRPHV�� ILEUH�� SULVPDWLF� FDOFLXP�
R[DODWH� FU\VWDOV� DQG� VWDUFK� JUDLQV� �)LJ����� 7KH�
SRZGHUHG� VWHP� EDUN� UHYHDOHG� WKH� SUHVHQFH� RI�
FRUN�FHOOV��VWRQH�FHOOV��ILEUHV��SULVPDWLF�FDOFLXP�
R[DODWH� FU\VWDOV� DQG� VWDUFK� JUDLQV� �)LJ�� ����
&UXGH� GUXJV� DUH� XVXDOO\� SURFHVVHG� LQWR� SRZ�
GHUV�IRU�HDV\�SDFNDJLQJ��WUDQVSRUWDWLRQ��PHGLFL�
QDO� XVH� DQG� FRPPHUFLDO� SXUSRVHV�� �%DLGRR� HW�
DO����������7KXV�� VHWWLQJ� VWDQGDUGV� IRU� LGHQWLIL�
FDWLRQ�DQG�TXDOLW\�DVVHVVPHQW�LV�YHU\�LPSRUWDQW�
IRU�TXDOLW\�FRQWURO�RI�SRZGHUHG�FUXGH�GUXJV�� 
 
3K\VLFRFKHPLFDO�SURSHUWLHV 
3K\VLFRFKHPLFDO� SURSHUWLHV� SURYLGH� XVHIXO� 

SK\VLFDO� DQG� FKHPLFDO� SDUDPHWHUV� WKDW� DUH� HV�
VHQWLDO� IRU� LGHQWLI\LQJ�DQG�DVVHVVLQJ� WKH�TXDOLW\�
RI� FUXGH�GUXJV��7KH� H[WUDFWLYH�YDOXHV�ZHUH�GH�
WHUPLQHG� IRU� ERWK� WKH� GULHG� SRZGHUHG� OHDYHV�
DQG� VWHP� EDUN� �7DEOH� ���� 7KH� VROYHQWV� XVHG�
ZHUH� ZDWHU�� HWKDQRO� DQG� PHWKDQRO� GXH� WR� WKHLU�
ZLGH� XVH� LQ� FUXGH� GUXJ� SUHSDUDWLRQV�� )URP� WKH�
UHVXOW��ZDWHU�KDV�WKH�KLJKHVW�TXDQWLW\�RI�VROXEOH�
H[WUDFWLYHV� IROORZHG� E\� PHWKDQRO� DQG� HWKDQRO�
UHVSHFWLYHO\�IRU� WKH� OHDI� ZKHUHDV� PHWKDQRO� KDV�
WKH�KLJKHVW�H[WUDFWLYH�SRZHU�IROORZHG�E\�ZDWHU�
DQG� HWKDQRO� UHVSHFWLYHO\� IRU� WKH� VWHP� EDUN�
�7DEOH� ���� 7KH� UHVXOW� FDQ� EH� XVHG� WR� DVVHVV�
ZKHWKHU� D� VXSSOLHG� SODQW� PDWHULDO� �OHDYHV� RU�
VWHP�EDUN��KDV�EHHQ�H[KDXVWHG�RU�RWKHUZLVH�DQG�
LW�FDQ�DOVR�EH�XVHG�WR�VHOHFW�D�SDUWLFXODU�VROYHQW�
IRU� SURFHVVLQJ� WKH� GULHG� FUXGH� SRZGHU� RI� $��
JHQLSLIORUD��)RODVKDGH�HW�DO���������� 
 
7KH� S+� RI� WKH� FRPPRQO\� XVHG� HGLEOH� VROYHQWV�
H[WUDFWV� �ZDWHUV� DQG� HWKDQRO�� ZDV� GHWHUPLQHG�
IRU�WKH�SRZGHUHG�OHDI�DQG�VWHP�EDUN�RI�$��JHQL�
SLIORUD�� $VVHVVLQJ� WKH� S+� RI� DQ� H[WUDFW� LV� DQ�
LPSRUWDQW� SDUDPHWHU� IRU� SUHGLFWLQJ� WKH� HIIHFW�
FUXGH�GUXJ�RQ�WKH�JDVWURLQWHVWLQDO�WUDFW��DEVHQFH�
RU�SUHVHQFH�RI�*,7�LUULWDWLRQ��ZKHQ�WDNHQ�RUDOO\��
)URP� WKH� UHVXOW�� WKH� S+� RI� WKH� H[WUDFWV� �ZDWHU� 
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7DEOH����/HDI�FRQVWDQWV�IRU�WKH�IUHVK�PDWXUH�OHDI�RI�$��JHQLSLIORUD 

 
3$5$0(7(5 5$1*( 

9HLQ�LVOHW�QXPEHU�PP� ��–���-��� 

9HLQOHW�WHUPLQDWLRQ�QXPEHU�PP� ��–���-�� 

3DOLVDGH�UDWLR ��–���-�� 

 

)LJ�� ��� 3RZGHUHG� OHDI�PLFURVFRS\� IRU� XQVWDLQHG� �$�-��� DQG� VWDLQHG�ZLWK� SKORURJOXFLQRO� LQ�
+&O��%��DQG�1����LRGLQH��&��VKRZLQJ�YDULRXV�FHOO�IHDWXUHV��D�SLHFH�RI�ODPLQD�VKRZLQJ�HSLGHU�
PDO� FHOO� �HS�� DQG� VWRPDWD� �VWW��� FU�–� FDOFLXP�R[DODWH� FU\VWDO�� WU�–� WULFKRPH�� IE�–� ILEUH�� VF�–�
VWRQH�FHOO��VW�–�VWDUFK�JUDLQ 

DQG�HWKDQRO�H[WUDFWV��RI�WKH�VWHP�EDUN�DUH�QHX�
WUDO� WR� ZHDN� EDVHV� �EHWZHHQ� S+� RI� �� DQG� �����
ZKHUHDV� WKH� S+� IRU� UHVSHFWLYH� H[WUDFWV� RI� WKH�
OHDI� DUH� QHXWUDO� WR� ZHDNO\� DFLGLF� �EHWZHHQ� S+�
RI� ���� DQG� ���� 7KLV� LPSOLHV� WKDW� RUDO� IRUPXOD�
WLRQV� RI� WKH� OHDI� DQG� VWHP� EDUN� RI�$LGLD� JHQL- 

SLIORUD� LV� OLNHO\� WR� KDYH� QR� LUULWDWLQJ� HIIHFW� RQ�
JDVWULF�PXFRVD��� 
 
&UXGH� GUXJV� PD\� EH� FRQWDPLQDWHG� ZLWK� LQRU�
JDQLF�PDWWHU��VLOLFD��GXULQJ�KDUYHVWLQJ�DQG�SUR�
FHVVLQJ�� 'HWHUPLQDWLRQ� RI� WKH� DVK� FRQWHQW� RI� 
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FUXGH� GUXJV� SURYLGH� LPSRUWDQW� TXDOLW\� DVVHVV�
PHQW� SDUDPHWHU� IRU� DVVHVVLQJ� WKH� SXULW\� RI�
FUXGH� GUXJV�� 7KH� ZDWHU-VROXEOH� DVK� FRQWHQW�
SURYLGHV� LQIRUPDWLRQ� RQ�ZKHWKHU� D� FUXGH� GUXJ�
KDV� EHHQ� SUHYLRXVO\� H[WUDFWHG� �H[KDXVWHG�� RU�
WKH� GUXJ� LV� VWLOO� LQWDFW� DV� RULJLQDOO\� VRXUFHG�
�3UDNDVLD�DQG�1DLU���������7KH�DVK�FRQWHQW� IRU�
WKH� VWHP� EDUN� DQG� OHDI� RI� $LGLD� JHQLSLIORUD�
WKHUHIRUH� SURYLGHV� D� VWDQGDUG� IRU� VXEVHTXHQW�
DVVHVVPHQW�RI�WKH�SODQW�PDWHULDO��7DEOH���� 
 
7KH�VRXUFH�RI�UDZ�SODQW�PDWHULDOV�IRU�WKH�PDQX�
IDFWXULQJ�RI�GUXJV�DIIHFWV�WKH�TXDOLW\�DQG�KHQFH�
WKH� VDIHW\� DQG� HIILFDF\� RI� WKH� ILQDO� SURGXFW��
$JULFXOWXUDO� DFWLYLWLHV� VXFK� DV� DSSOLFDWLRQ� RI�
IHUWLOL]HU� DQG� ZHHGLFLGHV� SROOXWH� WKH� HQYLURQ�
PHQW��3ROOXWDQWV� IURP�WKH�HQYLURQPHQW�VXFK�DV�
WR[LF� KHDY\�PHWDOV� �+J�� 3E�� &G�� $V�� DQG� DOVR�
HVVHQWLDO�PLQHUDOV� �&D��.��3K��=Q��&X��)H���DF�
FXPXODWH� LQ� WKH� VRLO�� 7KHVH� HOHPHQWV� VXEVH�
TXHQWO\� DFFXPXODWH� LQ� WKH� URRW� RI� SODQWV� DQG�
HYHQWXDOO\� JHW� WR� WKH� VKRRW� �VWHP� DQG� OHDYHV��
�0DJKUDEL���������+RZHYHU��WKH�OHYHOV�RI�WKHVH�
HOHPHQWV�YDU\�DPRQJ�SODQW�VSHFLHV�GXH�WR�JHR- 

)LJ�����0LFURVFRS\�RI�SRZGHUHG�VWHP�EDUN�PRXQWHG�LQ�ZDWHU��$�-����VWDLQHG�ZLWK�1����LRGLQH�
�%��DQG�SKORURJOXFLQRO�LQ�+&O��&�-���VKRZLQJ�YDULRXV�FHOO�IHDWXUHV��FU�–�FDOFLXP�R[DODWH�FU\V�
WDO��FF�–�FRUN�FHOO��VW�–�VWDUFK�JUDLQ��IE�–�ILEUH��VF�–�VWRQH�FHOO 

JUDSKLFDO� ORFDWLRQ��GLIIHUHQFHV� LQ� WKH�ERWDQLFDO�
VWUXFWXUH� RI� SODQW� DV� ZHOO� DV� SUHIHUHQWLDO� DE�
VRUEDELOLW\�LQ�WKH�SODQW��0DJKUDEL���������7R[�
LF�DQG�KHDY\�PHWDOV�VXFK�DV�/HDG��3E���&DGPL�
XP��&G��DQG�$UVHQLF��$V��DUH�FRQVLGHUHG�ZLGH�
O\�� DV� FRQWDPLQDQWV� LQ� WKH� HQYLURQPHQW� GXH� WR�
WKHLU�VHULRXV�KHDOWK�KD]DUGV�WR�KXPDQV��0LQHU�
DOV� VXFK� DV� SRWDVVLXP�� FDOFLXP�� ]LQF� DQG� FRS�
SHU� SOD\� YLWDO� UROHV� LQ� WKH� KHDOWK� EHQHILWV� RI�
FUXGH� GUXJV� DV� ZHOO� DV� LQ� WKH� ELRV\QWKHVLV� RI�
SK\WR-FRQVWLWXHQWV�� )RU� WKLV� UHDVRQ�� HOHPHQWDO�
FRQWHQW� DQDO\VLV�ZDV�GRQH� WR� DVVHVV� WKH� OHYHOV�
RI� VHOHFWHG�PDFURQXWULHQW� �&D��.���PLFURQXWUL�
HQW��=Q��&X��DQG�WUDFH�WR[LF�KHDY\�PHWDOV��3E��
&G�DQG�$V�� LQ� WKH� OHDI�DQG�VWHP�EDUN�RI�$LGLD�
JHQLSLIORUD�� $OWKRXJK�� YDULDWLRQV� LQ� WKH� HOH�
PHQWDO� FRQWHQW� DPRQJ� SODQWV� LV� GXH� WR� GLIIHU�
HQFHV� LQ� WKH� SODQW� RULJLQ�� ERWDQLFDO� VWUXFWXUH�
DQG� SUHIHUHQWLDO� DEVRUEDELOLW\� RI� WKH� SODQWV�
�0DJKUDEL�� ������� SODQWV� XVHG� DV� VRXUFHV� RI�
PHGLFLQH� VKRXOG� PHHW� WKH� :+2� SHUPLVVLEOH�
OLPLW� �1NDQVDK� HW� DO��� ������� 7KH� HOHPHQWDO�
FRQWHQW�YDOXHV�IRU�WKH�WR[LF�KHDY\�PHWDOV�ZHUH�
FRPSDUHG�ZLWK� WKH�:+2�PD[LPXP� SHUPLVVL- 



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867������ 

 

 

$QRNZDK�HW�DO� �� 

 

 

SURGXFLEOH� IOXRUHVFHQFH� FRORXUV� SURGXFHG� E\�
FUXGH� GUXJ� ZKHQ� REVHUYHG� XQGHU� XOWUDYLROHW�
UDGLDWLRQ� PDNHV� IOXRUHVFHQFH� DQDO\VLV� DGMXQFW�
SDUDPHWHU� WR� VXSSRUW� RWKHU� SDUDPHWHUV� LQ� DV�
VHVVLQJ�WKH�TXDOLW\�RI�FUXGH�GUXJV�� 
 
3UHOLPLQDU\�SK\WRFKHPLFDO�VFUHHQLQJ 
7KH� UHVXOWV� RI� WKH� SUHOLPLQDU\� SK\WRFKHPLFDO�
VFUHHQLQJ� UHYHDOHG� WKH� SUHVHQFH� RI� PDMRU� VHF�
RQGDU\� PHWDEROLWHV� DV� SUHVHQWHG� LQ� 7DEOH� ���
%RWK� WKH� OHDI� DQG� VWHP� FRQWDLQHG� VLPLODU� FRQ�
VWLWXHQWV�H[FHSW�DONDORLGV�ZKLFK�ZDV�QRW�GHWHFW�
HG�LQ�WKH�OHDI�VDPSOH� 
 
89�ILQJHUSULQW 
&KDUDFWHULVWLF� 89� ILQJHUSULQW� RI� PHGLFLQDO�
SODQW� H[WUDFWV� LV� XVHIXO� IRU� WKH� TXDOLW\� HYDOXD�
WLRQ� RI� FUXGH� GUXJV�� 7KH� 89� VSHFWUD� VKRZHG�
WZR�DEVRUSWLRQ�SHDNV�HDFK�IRU�WKH�DTXHRXV�H[�
WUDFWV�RI� WKH� VWHP�EDUN� �����DQG������DQG� OHDI�
�����DQG�������)LJ������)RU�WKH�HWKDQRO�H[WUDFWV��
IRXU� DEVRUSWLRQ� SHDNV� DW� ������ ����� ���� DQG�
�����ZHUH�VHHQ�IRU�WKH�VWHP�EDUN�ZKHUHDV�VHY�
HQ� DEVRUSWLRQ� SHDNV� DW� ������ ����� ����� ����� 

EOH� OLPLWV� �:+2�� ������� 7KH� PD[LPXP� SHU�
PLVVLEOH�OLPLW�IRU�OHDG��3E��LV����PJ�NJ��FDGPL�
XP� �&G�� LV� ����PJ�NJ�� DQG� IRU� DUVHQLF� �$V�� LV�
���PJ�NJ�� 7KH� UHVXOW� VKRZV� WKDW� WKH� OHYHOV� RI�
DOO� WKH� WR[LF� HOHPHQWV� �3E�� &G� DQG� $V�� ZHUH�
YHU\�ORZ�ZLWK�YDOXHV�EHORZ�������PJ�NJ�������
PJ�NJ�DQG�������PJ�NJ�UHVSHFWLYHO\��7DEOH�����
$OWKRXJK� WKHUH� DUH�QR� VHW� OLPLWV� IRU� WKH� HVVHQ�
WLDO� HOHPHQWV� E\� WKH� :+2�� WKH� SUHVHQFH� RI�
WKHVH�HVVHQWLDO� HOHPHQWV� �&D��.��=Q�DQG�3K�� LV�
FRQVLGHUHG� LPSRUWDQW� IRU� WKH�KHDOWK�EHQHILWV�RI�
SODQWV��0LUHNX-*\LPDK�HW�DO���������� 
 
)OXRUHVFHQFH�DQDO\VLV 
7DEOH� �� UHSUHVHQWV� WKH� IOXRUHVFHQW� FKDUDFWHULV�
WLFV�RI�WKH�SRZGHUHG�VWHP�EDUN�DQG�OHDYHV�RI�$��
JHQLSLIORUD� DQG� WKHLU� UHVSHFWLYH� H[WUDFWV� ZKHQ�
YLHZHG�XQGHU�89�OLJKW�ZLWK�RU�ZLWKRXW�GHULYDW�
LVLQJ� DJHQWV�� 3ODQWV� FRQWDLQ� FRQVWLWXHQWV� ZLWK�
IOXRURSKRUHV� ZKLFK� HPLW� FRORXUV� XQGHU� 89�
OLJKW�DQG�VRPHWLPHV� LQ�YLVLEOH� OLJKW��'HULYDWLV�
LQJ�DJHQWV� VXFK�DV�DFLG�DQG�EDVHV�ZKHQ�DGGHG�
WR�FUXGH�GUXJV�HQKDQFH�LWV�IOXRUHVFHQFH�FKDUDF�
WHULVWLFV� �$VDQWH-.ZDWLD� HW� DO��� ������� 7KH� UH- 

 3$5$0(7(5 67(0�%$5. /($9(6   
$VK�YDOXH����Z�Z�       

7RWDO�DVK ����������� ������������   
$FLG�LQVROXEOH�DVK ������������ ������������   
:DWHU�LQVROXEOH ������������ ������������   

        
([WUDFWLYH�YDOXH����Z�Z�       

:DWHU ������������ ������������   
(WKDQRO ����������� ������������   
0HWKDQRO ������������ ������������   

S+       
:DWHU ����������� �����������   
(WKDQRO ����������� �����������   

        
(OHPHQWDO�FRQWHQW��PJ�NJ�     3HUPLVVLEOH�OLPLW��PJ�NJ� 

&DOFLXP��&D� ������������ ������������   
3RWDVVLXP��.� ������������ ����������   
=LQF��=Q� ������������� �������������   

&RSSHU��&X� ������������� �������������   
/HDG��3E� ��������������� �������������� ���� 

&DGPLXP��&G� �������������� �������������� ����� 
$UVHQLF��$V� ��������������� �������������� ���� 

7DEOH����3K\VLFRFKHPLFDO�SURSHUWLHV�RI�WKH�OHDI�DQG�VWHP�EDUN�RI�$��JHQLSLIORUD 
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3KDUPDFRJQRVWLF�SDUDPHWHUV�IRU�WKH�VWHP�EDUN�DQG�OHDYHV�RI�$LGLD�JHQLSLIORUD��'&����� �� 

7DEOH����3K\WR-FRQVWLWXHQWV�GHWHFWHG�LQ�WKH�OHDI�DQG�VWHP�RI�$��JHQLSLIORUD 

7DEOH����)OXRUHVFHQFH�DQDO\VLV�RI�WKH�OHDI�DQG�VWHP�EDUN�RI�$��JHQLSLIORUD 

 32:'(5���5($*(17��62/9(17 9,6,%/(�/,*+7 89-���� 89-���� 

$LGLD�JHQLSLIORUD�OHDYHV       

3RZGHU���:DWHU 'DUN�JUHHQ 'DUN�EURZQ 'DUN�JUHHQ 
3RZGHU���(WKDQRO���� *UHHQ %URZQ 5HG 

3RZGHU���0HWKDQRO 'DUN�JUHHQ %URZQ 5HGGLVK�EURZQ 
3RZGHU���(WK\O�DFHWDWH *UHHQ %URZQ 5HG 
3RZGHU���3HW�HWKHU <HOORZ /LJKW�EURZQ 5HG 
3RZGHU���3LFULF�DFLG *UHHQ 'DUN�JUHHQ 'DUN�JUHHQ 
3RZGHU���$FHWLF�DFLG *UHHQ 'DUN�JUHHQ 1��) 
3RZGHU���&RQF��+12� %URZQ 1��) 1��) 
3RZGHU���)HUULF�FKORULGH����� *UHHQ 'DUN�JUHHQ 1��) 
3RZGHU���$TXHRXV�.2+������ *UHHQ 1��) %URZQ 
3RZGHU���$OFRKROLF�.2+������ *UHHQ 1��) <HOORZ 
3RZGHU���,RGLQH�VROXWLRQ�����0� *UHHQ 'DUN�EURZQ 1��) 

3RZGHU���$PPRQLD�VROXWLRQ������ *UHHQ 1��) *UHHQ 

$LGLD�JHQLSLIORUD�VWHP�EDUN       

3RZGHU���:DWHU 'DUN�EURZQ %URZQ %URZQ 
3RZGHU���(WKDQRO���� 3DOH�\HOORZ %URZQ %OXLVK�JUHHQ 
3RZGHU���0HWKDQRO <HOORZ $PEHU�\HOORZ <HOORZLVK�EURZQ 
3RZGHU���(WK\O�DFHWDWH 3DOH�\HOORZ 3DOH�\HOORZ 3LQN 
3RZGHU���3HW�HWKHU 3DOH�\HOORZ 3DOH�\HOORZ 3LQN 
3RZGHU���3LFULF�DFLG <HOORZ 1��) 3DOH�\HOORZ 
3RZGHU���$FHWLF�DFLG %URZQ 1��) %URZQ 
3RZGHU���&RQF��+12� 5HGGLVK�EURZQ 1��) %OXH-EODFN 

3RZGHU���)HUULF�FKORULGH %URZQ 'DUN�JUHHQ %OXH-EODFN 
3RZGHU���$TXHRXV�.2+������ %URZQ 1��) 1��) 
3RZGHU���$OFRKROLF�.2+ %URZQ 1��) *UHHQ 

3RZGHU���,RGLQH�VROXWLRQ�����0� %URZQ 1��) 1��) 

3RZGHU���$PPRQLD�VROXWLRQ������ %URZQ 1��) *UHHQ 

.H\��1��)�–�1R�IOXRUHVFHQFH 

.H\����GHWHFWHG��-�QRW�GHWHFWHG 

3+<72&2167,78(17 /($) 67(0 
$ONDORLG - � 

7ULWHUSHQRLG � � 
3K\WRVWHURO � � 
)ODYRQRLG � � 
&RXPDULQ � � 
7DQQLQ � � 

5HGXFLQJ�VXJDU � � 
6DSRQLQ - - 
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����� ����� ���� DQG� ���� ZHUH� REWDLQHG� IRU� WKH�
OHDI� �)LJ�� ���� 'LIIHUHQFHV� LQ� WKHLU� UHVSHFWLYH�
DTXHRXV� DQG� HWKDQRO� H[WUDFWV� LQGLFDWH� GLIIHU�
HQFHV� LQ� WKH� FRQMXJDWHG� V\VWHPV� �DOWHUQDWLQJ�
GRXEOH�DQG�VLQJOH�ERQGV��LQ�WKH�FRQVWLWXHQWV�RI�
WKH� OHDI� DQG� VWHP� EDUN� RI�$�� JHQLSLIORUD��7KLV�
LPSOLHV� WKDW�DGXOWHUDWLRQ�RI� WKH�VWHP�EDUN�ZLWK�
WKH� OHDI�FRXOG�EH�GHWHFWHG�ZLWK� WKH�89�ILQJHU�
SULQW��7KH�89�VSHFWUD�ZDV�WKH�DTXHRXV�H[WUDFW�
RI� WKH� VWHP�EDUN�ZDV� UHODWLYHO\� GLIIHUHQW� IURP�
WKH� HWKDQRO� H[WUDFWV�� 6LPLODU� REVHUYDWLRQ� ZDV�
PDGH�IRU�WKH�OHDI�LQGLFDWLQJ�GLIIHUHQFHV�LQ�FRQ- 

VWLWXHQWV�RI�VROYHQW�VROXEOH�H[WUDFWV� 
 
7KLQ�OD\HU�FKURPDWRJUDSK\ 
7KLQ� OD\HU� FKURPDWRJUDSK\� �7/&�� SURYLGHV�
VLPSOH� DQG� UDSLG� FKHPLFDO� SURILOLQJ� RI� SODQWV�
IRU�TXDOLW\�DVVHVVPHQW�DQG�GHWHFWLRQ�RI�DGXOWHU�
DQWV��)LJ����VKRZV�WKH�WKLQ�OD\HU�FKURPDWRJUDP�
VKRZLQJ�GLIIHUHQFHV�LQ�FRQVWLWXHQWV�IRU�WKH�VWHP�
EDUN� �OHIW� VSRWV�� DQG� OHDI� �ULJKW� VSRWV�� H[WUDFWV�
RI� $�� JHQLSLIORUD�� 7KH� UHVROYHG� VSRWV� IRU� WKH�
OHDI� H[WUDFWV� VHHQ� LQ� YLVLEOH� OLJKW� �$�� LV� FRQ�
VLVWHQW� ZLWK� WKH�89� DEVRUSWLRQ� VSHFWUXP� �)LJ�� 

$QRNZDK�HW�DO� �� 

 

)LJ�����89�VSHFWUD�RI�$��JHQLSLIORUD�DTXHRXV�DQG�HWKDQRO�VWHP�EDUN�H[WUDFWV 

 

)LJ�����89�VSHFWUD�RI�$��JHQLSLIORUD�DTXHRXV�DQG�HWKDQRO�OHDI�H[WUDFWV 
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����ZKHUH�DEVRUSWLRQ�SHDNV�ZHUH�UHFRUGHG�LQ�WKH�
YLVLEOH� OLJKW� UHJLRQ�EHWZHHQ� WKH�ZDYHOHQJWK�RI�
����–�����QP� 
 
&21&/86,21 
7KLV� VWXG\� KDV� SURYLGHG� FRPSUHKHQVLYH� UHSRUW�
RQ� WKH� SKDUPDFRJQRVWLF� SDUDPHWHUV� RI� $LGLD�
JHQLSLIORUD�� 7KHVH� VWDQGDUGV� DUH� XVHIXO� IRU�
LGHQWLILFDWLRQ� DQG� TXDOLW\� DVVHVVPHQW� RI� WKH�
OHDYHV�DQG�VWHP�EDUN�RI�$LGLD�JHQLSLIORUD���7KH�
SDUDPHWHUV�FDQ�DOVR�EH�XVHG�WR�GHYHORS�D�VWDQG�
DUG�PRQRJUDSK�IRU�FRUUHFW�VRXUFLQJ�DQG�TXDOLW\�
FRQWURO� RI� WKH� SODQW� DQG� LWV� SURGXFWV� IRU� UH�
VHDUFK��PDQXIDFWXULQJ�DQG�FRQVXPHU�SXUSRVHV��
7KLV� LV� WKH� ILUVW� HVWDEOLVKHG� VWDQGDUGV� IRU� $��
JHQLSLIORUD� 
 
&21)/,&7�2)�,17(5(67 
1RQH 
 
$&.12:/('*(0(17 
:H�DUH�JUDWHIXO� WR�0U��&OLIIRUG�$VDUH��DQG� WKH�
WHFKQLFLDQV�RI�WKH�3KDUPDFRJQRV\�'HSDUWPHQW��
6RLO�VFLHQFH�GHSDUWPHQW��DQG�WKH�&HQWUDO�ODERU�
DWRU\�IRU�WKHLU�DVVLVWDQFH�DQG�VXSSRUW 
 
5()(5(1&(6 
$PSRQVDK��,�.���0HQVDK��$�<���2WRR��$���0HQ�
VDK��0�� /�.�� DQG� -RQDWKDQ�� -�� �������� 3KDU�
PDFRJQRVWLF� VWDQGDUGLVDWLRQ� RI�+LOOHULD� ODWL�
IROLD��ODP���+��:DOW���3K\WRODFFDFHDH�� $VLDQ�
3DFLILF� -RXUQDO� RI� 7URSLFDO� %LRPHGLFLQH� ���

���-���� 
 
$QRNZDK��'���0HQVDK��$�<���0LUHNX��(�$��DQG�
'DQTXDK�� &�$�� �������� $QWLPLFURELDO� DQG�
DQWL-LQIODPPDWRU\� SRWHQWLDOV� RI� $LGLD� JHQL�
SLIORUD� �'&��� 'DQG\� �5XELDFHDH�� 3ODQWD�
0HGLFD��3-���� 

 
$VDQWH-.ZDWLD�(��0HQVDK�$��<��%DLGRR�0��)��
$VRPDQLQJ�� *�� $�� ������� µ4XDOLW\� FRQWURO�
VWDQGDUGL]DWLRQ�RI�WKH�OHDYHV�DQG�URRW�RI�/DQ�
GROSKLD� RZDULHQVLV� �$SRF\QDFHDH�¶�� 7KH�
-RXUQDO�RI�3K\WRSKDUPDFRORJ\��������–����� 

 
%DLGRR�� 0�� )��� $VDQWH-.ZDWLD�� (��� 0HQVDK��
$�<���6DP��*�+��DQG�$PSRQVDK��,�.����������
3KDUPDFRJQRVWLF� FKDUDFWHUL]DWLRQ� DQG� GHYHO�
RSPHQW�RI�VWDQGDUGL]DWLRQ�SDUDPHWHUV�IRU�WKH�
TXDOLW\�FRQWURO�RI�(QWDGD�DIULFDQD�*XLOO��DQG�
3HUU� -RXUQDO�RI�$SSOLHG�5HVHDUFK�RQ�0HGLFL�
QDO�DQG�$URPDWLF�3ODQWV� ������-��� 

 
%XUNLOO�� +��0�� �������$LGLD� JHQLSLIORUD� �'&���
'DQG\� >IDPLO\� 58%,$&($(@� RQ� -6725��
7KH� XVHIXO� SODQWV� RI� ZHVW� WURSLFDO� $IULFD��
$YDLODEOH� DW�� KWWSV���SODQWV�MVWRU�RUJ�
VWDEOH���������DO�DS�XSZWD��B���� �$FFHVVHG��
���0D\������� 

 
&KDQGD�� 6�� ������� µ,PSRUWDQFH� RI� SKDUPDFRJ�
QRVWLF� VWXG\� RI� PHGLFLQDO� SODQWV�� $Q� RYHU�
YLHZ¶��-RXUQDO�RI�3KDUPDFRJQRV\�DQG�3K\WR- 

��������������3KDUPDFRJQRVWLF�SDUDPHWHUV�IRU�WKH�VWHP�EDUN�DQG�OHDYHV�RI�$LGLD�JHQLSLIORUD��'&������ �� 

 

)LJ�����7/&�FKURPDWRJUDP�IRU�WKH�VWHP�EDUN�DQG�OHDI�H[WUDFW�RI�$��JHQLSLIORUD�LQ�YLVLEOH�OLJKW�
�$���XQGHU�89��%-�����QP�DQG�&-����QP��DQG�VSUD\HG�ZLWK�YDQLOOLQ�LQ�FRQF��+�62���6ROYHQW�
V\VWHP��3HW��(WKHU��(W2$F������� 
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 VWXGLHV� RI� WZR� *KDQDLDQ� PHGLFLQDO� SODQWV��
6DED� VHQHJDOHQVLV� DQG� 6DED� WKRPS�
VRQLL� ,QWHUQDWLRQDO�-RXUQDO�RI�3KDUPDFHXWL�
FDO�6FLHQFHV�DQG�5HVHDUFK� �������-����� 

 
1NDQVDK��0��$���+D\IRUG��6�7���%RUTXD\H��/�6��
DQG�(SKUDLP��-�+����������+HDY\�PHWDO�FRQ�
WHQWV�RI� VRPH�PHGLFLQDO�KHUEV�IURP�.XPDVL��
*KDQD� &RJHQW� (QYLURQPHQWDO� 6FLHQFH� ���
�������� 

 
3UDNDVLD��3��3��DQG�1DLU��$�6����������3KDUPD�
FRJQRVWLF� DQG� SK\VLFRFKHPLFDO� VWDQGDUGL]D�
WLRQ� RI� OHDYHV� RI� *O\FRVPLV� SHQWDSK\OOD�
�5HW]��� '&� 7KH� 3KDUPD� ,QQRYDWLRQ� ��� ��-
�� 

 
5LGVGDOH�� &�� (�� �������� $� UHYLHZ� RI� $LGLD� VO�
�5XELDFHDH�� LQ� 6RXWKHDVW� $VLD�� %OXPHD�� ����
���-��� 

 
:RUOG� +HDOWK� 2UJDQLVDWLRQ� �������� :+2�
JXLGHOLQHV� IRU� DVVHVVLQJ� TXDOLW\� RI� KHUEDO�
PHGLFLQHV� ZLWK� UHIHUHQFH� WR� FRQWDPLQDQWV�
DQG�UHVLGXHV��*HQHYD� 

�FKHPLVWU\�������–��� 
 
(YDQV��:��&���������µ*HQHUDO�PHWKRGV�DVVRFL�
DWHG�ZLWK� WKH�SK\WRFKHPLFDO� LQYHVWLJDWLRQ�RI�
KHUEDO� SURGXFWV¶�� 7UHDVH� DQG� (YDQV¶� 3KDU�
PDFRJQRV\��6L[WHHQWK�(GLWLRQ�����–���� 

 
)RODVKDGH�� 2��� 2PRUHJLH�� +�� DQG� 2FKRJX�� 3��
�������µ6WDQGDUGL]DWLRQ�RI�KHUEDO�PHGLFLQHV-
$�UHYLHZ¶��,QWHUQDWLRQDO�-RXUQDO�RI�%LRGLYHU�
VLW\�DQG�&RQVHUYDWLRQ��������–���� 

 
,VKWLDT�� 6��� +DQLI�� 8�� DQG� $IULGL�� 0�6�.��
�������� 0D]XV� SXPLOXV� �%XUP�� I��� 6WHHQLV��
3KDUPDFRJQRV\� ,QGLDQ�-RXUQDO�RI�7UDGLWLRQ�
DO�.QRZOHGJH� �������-���� 

 
0DJKUDEL�� ,�$�� ��������'HWHUPLQDWLRQ�RI� VRPH�
PLQHUDO� DQG� KHDY\� PHWDOV� LQ� 6DXGL� $UDELD�
SRSXODU� KHUEDO� GUXJV� XVLQJ� PRGHUQ� WHFK�
QLTXHV� $IULFDQ� MRXUQDO� RI� 3KDUPDF\� DQG�
3KDUPDFRORJ\� ������-���� 

 
0LUHNX-*\LPDK�� 1�� $��� 6DUSRQJ�� .��� $P�
SRQVDK�� ,�� .��� 0HQVDK�� $�<�� DQG� 'LFNVRQ��
5�$��� �������� &RPSDUDWLYH� SKDUPDFRJQRVWLF�

$QRNZDK�HW�DO� �� 


