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RWKHU�0HGLWHUUDQHDQ�SODQWV��'XH�WR�WKH�IXQFWLRQDO�SURSHUWLHV�RI�ILJ�V\FRQLDV��WKH�LQWHUHVW�LQ�ILJ�FXOWLYDWLRQ�LV�LQFUHDV�
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,Q�6ORYHQLD�LO�ILFR�FRPPXQH�o�XQD�VSHFLH�IUXWWLIHUD�VRWWRXWLOL]]DWD�FKH�FUHVFH�LQ�RUWL�GL� IDPLJOLD��LQ�DVVRFLD]LRQH
FRQ�JOL�XOLYL�H�DOWUH�SLDQWH�PHGLWHUUDQHH��9LVWD�O
HOHYDWD�FRQFHQWUD]LRQH�GL�YLWDPLQH��PLQHUDOL�H�ELRIHQROL�QHL�IUXWWL�GL
ILFR��O
LQWHUHVVH�SHU�OD�FROWLYD]LRQH�GL�WDOH�SLDQWD�o�FUHVFHQWH��$O�ILQH�GL�IRUQLUH�PDWHULDOH�YHJHWDOH�FHUWLILFDWR�QHOOD�UH�
JLRQH�GHOO
,VWULD�VORYHQD��OD�GHWHUPLQD]LRQH�GHOOH�YDULHWi�UHIHUHQ]LDOL�o�ULFKLHVWD�FRQ�O
DXVLOLR�GL�VLVWHPL�PROHFRODUL�GL
PDUNHU��/D�FKLDYH�GL�LGHQWLILFD]LRQH�SHUPHWWH�XQD�GLVFULPLQD]LRQH�QRQ�DPELJXD�GHOOH�YDULHWi�UHIHUHQ]LDOL�GL�ILFR��HG
o�VWDWD�VYLOXSSDWD�FRQ�OD�VFHOWD�GHL� ORFL�PLFURVDWHOOLWDUL�SL|�LQIRUPDWLYL��7XWWH�OH�YDULHWi�GL� ILFR�UDFFRPDQGDWH�SHU�OD
6ORYHQLD�VRQR�VWDUH�JHQHWLFDPHQWH�GLIIHUHQ]LDWH�GD�VROL���ORFL��)&83�������)&83������H�)&83������
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7KH� FRPPRQ� ILJ� �)LFXV� FDULFD� /��� LV� D� W\SLFDO� IUXLW
VSHFLHV�RI�ZDUP�FOLPDWH��ZLGHO\� VSUHDG� LQ� WKH�0HGLWHU�
UDQHDQ�%DVLQ�ZKHUH�LWV�SURGXFWLRQ�LV�RI�JUHDW�HFRQRPLF
VLJQLILFDQFH��,Q�6ORYHQLD��WKH�FXOWLYDWLRQ�RI�WKH�FRPPRQ
ILJ�LV� OLPLWHG�WR�WKH�FRDVWDO�UHJLRQ�RI�6ORYHQH�,VWULD��*R�
ULÊND�%UGD�DQG� WKH�9LSDYD�9DOOH\��$SSUR[LPDWHO\������
ILJ�WUHHV�DUH�SODQWHG�RQ�DURXQG����KHFWDUHV�RI� LQWHQVLYH
RUFKDUGV��DQG�WKH�SURGXFWLRQ�RI�IUXLWV�LV�HVWLPDWHG�WR�WR�
WDO����WRQHV�SHU�\HDU��)$267$7���������<HW�ODUJH�ILJ�RU�
FKDUGV� DUH� UDUH�� DQG� LQGLYLGXDO� WUHHV� DUH� IUHTXHQWO\
SODQWHG�LQ� IDPLO\�\DUGV�DQG�JDUGHQV� LQ�DVVRFLDWLRQ�ZLWK
ROLYHV�DQG�RWKHU�0HGLWHUUDQHDQ�SODQWV��)LJ�IUXLWV�DUH�SUH�
YDLOLQJO\� VROG� IUHVK�DW� ORFDO�PDUNHWV��7KH�HFRQRPLF�SR�
WHQWLDO�RI�ILJ�FXOWLYDWLRQ�KDV�EHHQ�SRRUO\�DGGUHVVHG��DQG
WKH�ILJ�WUHH�LV�FRQVLGHUHG�DQ�XQGHUXWLOL]HG�IUXLW�VSHFLHV�LQ
WKH�UHJLRQ��2YHU�WKH�ODVW� IHZ�\HDUV�� LQFUHDVLQJ�DWWHQWLRQ
DQG�SURPRWLRQ�KDYH�EHHQ�SDLG� WR�XQGHUXWLOL]HG�VSHFLHV
ZKRVH�UHHPHUJHQFH�FRXOG�OHDG�WR�KLJKHU�DJULFXOWXUDO�GL�
YHUVLILFDWLRQ�� JUHDWHU� XVH� RI�PDUJLQDO� ODQGV�DQG� D�PRUH
EDODQFHG�GLHW��,3*5,��������

7KH�IXQFWLRQDO�SURSHUWLHV�RI�ILJ�IUXLWV��VXFK�DV�ULFKQHVV
RI� ILEHUV�� ELRSKHQROV�� YLWDPLQV� DQG�PLQHUDOV�� FRQWULEXWH
WR�WKHLU�JUHDW�GHPDQG�DPRQJ�WKH�FRQVXPHUV�DQG�HQFRXU�
DJH�WKH�XVH�RI�ILJ�IUXLWV�LQ�WKH�IRRG�SURFHVVLQJ�LQGXVWU\��,Q
RUGHU�WR�HQFRXUDJH� ILJ�JURZLQJ� LQ�6ORYHQLD�� WKH�UHVHDUFK
RQ� YDULHW\� VWUXFWXUH� DQG� DQ� LQYHQWRU\� RI� ILJ� JHQHWLF� UH�
VRXUFHV�DUH�UHTXLUHG��0RUSKRORJLFDO�VXUYH\�ZDV�LQLWLDWHG
DW� WKH� QDWLRQDO� OHYHO�� DQG� SUHOLPLQDU\� UHVXOWV� VKRZHG� D
JUHDW�GLYHUVLW\�RI�ILJ�YDULHWLHV��3RGJRUQLN�HW�DO����������7KH
HIILFLHQF\� RI� ILJ� JURZLQJ� UHYLWDOL]DWLRQ� LV� JUHDWO\� LQIOX�
HQFHG�E\�YDULHW\�FKRLFH�� VLQFH�QRW�DOO�YDULHWLHV�DUH� VXLW�
DEOH� IRU�FRPPHUFLDO�XVH��7KH� IROORZLQJ� ILJ� YDULHWLHV� DUH
UHFRPPHQGHG�IRU�WKH�6ORYHQH�FXOWLYDWLRQ�DUHD��
%HOD�SHW�
URYND
� DQG� 
0LOMVND� ILJD
� DV�PDMRU� YDULHWLHV�� DQG� 
=XF�
FKHULQD
��
=HOHQND
��
)OD]DQD
��
3LQáLFD
��
/DÊáLFD
��
6LYND

DV�PLQRU� YDULHWLHV� �*RGHF� HW� DO��� �������&XWWLQJV� IRU� ILJ
WUHH� SURSDJDWLRQ� DUH� XVXDOO\� FROOHFWHG� IURP� LQGLYLGXDO
WUHHV�DW�GLIIHUHQW� ORFDWLRQV�� WKHUHIRUH�PRWKHU� WUHHV�RXJKW

WR�EH�GHWHUPLQHG�DQG�WKH�LGHQWLILFDWLRQ�V\VWHP�GHYHORSHG
IRU�SURSDJDWLRQ�RI�FHUWLILHG�SODQW�PDWHULDO�

7KH� REMHFWLYHV� RI� WKH� FHUWLILFDWLRQ� SURFHVV� DUH� SUR�
GXFWLRQ�DQG�GLVWULEXWLRQ�RI�KLJK�TXDOLW\�SODQW�PDWHULDO�RI
VXSHULRU� YDULHWLHV� RI� HVWDEOLVKHG� JHQHWLF� LGHQWLW\� DQG
SURSDJDWLRQ� RI� YLUXV� IUHH� SODQWV�� (YHQ� LI�PRUSKRORJLFDO
HYDOXDWLRQ�RI�YDULHWLHV�LV�WUDGLWLRQDO�DQG�ZHOO�DGRSWHG��WKH
XVH� RI� SKHQRW\SLF� FKDUDFWHULVWLFV� LQ� WKH� LGHQWLILFDWLRQ
SURFHVV� LV�XQFHUWDLQ�GXH� WR� WKHLU�KLJK� YDULDWLRQ� DQG�GH�
SHQGHQFH�RQ�HQYLURQPHQWDO�IDFWRUV��,QWURGXFWLRQ�RI�'1$
PROHFXODU�PDUNHUV�LQWR�WKH�LGHQWLILFDWLRQ�VFKHPH�RI�SODQW
PDWHULDO�KDV�EHFRPH�D� URXWLQH�DQDO\WLFDO�DSSURDFK��DQG
DPRQJ�DYDLODEOH�PDUNHU� V\VWHPV��PLFURVDWHOOLWHV�RU� VLP�
SOH�VHTXHQFH�UHSHDWV��665��DUH�WKH�PRVW�HPSOR\HG�

7KH� UHFHQWO\� GHYHORSHG�PLFURVDWHOOLWHV� LQ� WKH� FRP�
PRQ� ILJ� �.KDGDUL�HW�DO���������*LUDOGR�HW�DO���������%DQ�
GHOM�HW�DO���������HQDEOHG� LQWURGXFWLRQ�RI� WKHVH�PDUNHUV
LQWR� WKH� JHQRW\SLQJ� DQDO\VLV� RI� YDULHWLHV�� '1$� ILQJHU�
SULQWLQJ�RI�SODQWV�ZLWK�PLFURVDWHOOLWHV� LV� UHOLDEOH�DQG� IDVW
RQFH�WKH�PRVW�LQIRUPDWLYH�ORFL�KDYH�EHHQ�VHOHFWHG��2WKHU
DGYDQWDJHV� RI� WKH�PLFURVDWHOOLWH�PDUNHU� V\VWHP� DUH� WKH
JHQHUDWLRQ�RI�QRQ�FRPSOH[�EDQGLQJ�SDWWHUQV��KLJK�SRO\�
PRUSKLVP�� DQG� JHQRW\SLQJ� UHVXOWV� FRPSDUDEOH� DPRQJ
GLIIHUHQW�ODERUDWRULHV�

7KH�DLP�RI� WKLV�ZRUN�ZDV� WR�HVWDEOLVK� WKH� LGHQWLILFD�
WLRQ� NH\� IRU� UHFRPPHQGHG� ILJ� YDULHWLHV� LQ� 6ORYHQLD� E\
XVLQJ� PLFURVDWHOOLWH� JHQRW\SHG� GDWD�� 7KH� LGHQWLILFDWLRQ
NH\� ZLOO� VHUYH� IRU� WHVWLQJ� DQG� FRQILUPDWLRQ� RI� JHQHWLF
LGHQWLW\�RI�PRWKHU�SODQWV�JURZQ� LQ�QXUVHULHV� IRU� WKH�SXU�
SRVH�RI�SURSDJDWLRQ��7KH�UHVXOWV�RI�WKLV�ZRUN�FDQ�VHUYH�DV
WKH�EDVLV� IRU�WKH�HVWDEOLVKPHQW�RI� WKH�QDWLRQDO� ILJ�FROOHF�
WLRQ�DQG�ZLOO�EH�DOVR�XVHG� IRU� ILJ�JHQHWLF�UHVRXUFHV�PDQ�
DJHPHQW�LQ�6ORYHQLD�

0$7(5,$/6�$1'�0(7+2'6

3ODQW�PDWHULDO

7KH�JHQRW\SLQJ�DQDO\VLV�LQFOXGHG���UHFRPPHQGHG�ILJ
YDULHWLHV�IRU�WKH�6ORYHQH�FXOWLYDWLRQ�DUHD��)URP��� WR��� ILJ

7DE�����/LVW�RI�ILJ�YDULHWLHV�LQFOXGHG�LQ�WKH�JHQRW\SLQJ�DQDO\VLV��QXPEHU�RI�DQDO\VHG�VDPSOHV�DQG�ORFDWLRQ�RI�VDP�
SOLQJ�
7DE�����6H]QDP�VRUW�ILJ��YNOMXàHQLK�Y�JHQRWLSL]DFLMR��ÉWHYLOR�DQDOL]LUDQLK�Y]RUFHY�LQ�ORNDFLMD�Y]RUàHQMD�

9DULHW\�QDPH 1R��VDPSOHV 6DPSOLQJ�ORFDWLRQ


%HOD�SHWURYND
 � ,]ROD��/XFLMD��*OHP��'HNDQL

0LOMVND�ILJD
 � 6HáD��2VS��*OHP��'HNDQL

=XFFKHULQD
 � ÉDODUD

=HOHQND
 � 3DGQD

3LQáLFD
 � 6HáD

/DÊáLFD
 � 3DGQD��1RYD�YDV

6LYND
 � 6PRNYLFD

)OD]DQD
 � *RULÊND�%UGD
6XP�RI�VDPSOHV ��
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WUHHV�ZHUH� VDPSOHG�SHU�YDULHW\�RQ� WKH�EDVLV�RI�SUHYLRXV
PRUSKRORJLFDO� GHVFULSWLRQ� �9UKRYQLN� 	� .RGULá�� �����
3RGJRUQLN� HW� DO��� ������� )LJ� OHDYHV�ZHUH� FROOHFWHG� IURP
LQGLYLGXDO�WUHHV�DW�GLIIHUHQW�ORFDWLRQV�LQ�6ORYHQH�,VWULD�DQG
*RULÊND�%UGD��7KH�QDPHV�RI�JHQRW\SHG� ILJ�YDULHWLHV�DQG
ORFDWLRQV�RI�VDPSOHG�SODQW�PDWHULDO�DUH�OLVWHG�LQ�7DEOH���

)LJ�'1$�LVRODWLRQ�DQG�DPSOLILFDWLRQ�RI�PLFURVDWHOOLWHV

)LJ� '1$� ZDV� H[WUDFWHG� IURP� OHDYHV� E\� PRGLILHG
&7$%�PHWKRG��DQG�DPSOLILFDWLRQ�RI�PLFURVDWHOOLWHV�ZLWK
IOXRUHVFHQFH�EDVHG� GHWHFWLRQ� ZDV� SHUIRUPHG� DV� SUHYL�
RXVO\�UHSRUWHG�E\�%DQGHOM�HW�DO����������)RXU�SULPHU�SDLUV
IRU� ILJ� PLFURVDWHOOLWH� ORFL� �)&83������� )&83������
)&83������� )&83������� ZHUH� XVHG� LQ� WKH� JHQRW\SLQJ
DQDO\VLV�� )RU� IOXRUHVFHQW� GHWHFWLRQ�� VKRUW� SULPHUV� RI� WKH
GHYHORSHG�SDLU�ZHUH�HORQJDWHG� IRU� WKH�0�����������ES
VHTXHQFH� DFFRUGLQJ� WR� 6FKXHONH� �������� $PSOLILFDWLRQ
UHDFWLRQV� ZHUH� FDUULHG� RXW� LQ� D� WRWDO� YROXPH� RI� ��� �O�
FRQWDLQLQJ� ��� QJ� RI� ILJ� '1$�� �;� VXSSOLHG� 3&5� EXIIHU
�3URPHJD�������P0�RI�HDFK�G173���5RFKH��������XQLW�RI
7DT�'1$�SRO\PHUDVH� �3URPHJD��������0�RI�HDFK� ORFXV
VSHFLILF� SULPHU� DQG� ������ �0� RI� 0�������� SULPHU� OD�
EHOOHG�DW� WKH��
�HQG�ZLWK�&\�� �0:*�%LRWHFK���$PSOLIL�
FDWLRQ�ZDV�SHUIRUPHG� LQ�D�*HQH$PS������ WKHUPDO�F\�
FOHU��$SSOLHG�%LRV\VWHPV���DQG�WKH�FRQGLWLRQV�RI�WKH�WZR�
VWHS�3&5�DPSOLILFDWLRQ�ZHUH�DV� IROORZV�����°&� ���PLQ��
WKHQ���F\FOHV�RI����V�DW����°&�����V�DW�WKH�LQLWLDO�DQQHDO�
LQJ� WHPSHUDWXUH� ���� °&� IRU� ORFL� )&83������ DQG
)&83������� ��� °&� IRU� ORFL� )&83������ DQG� )&83����
����ZKLFK�ZDV� ORZHUHG�E\���°&� LQ�HDFK�F\FOH��DQG� WKH
H[WHQVLRQ�DW� ��� °&� IRU� ��PLQ� ��� V�� 7KH� VHFRQG� VWHS� RI
DPSOLILFDWLRQ�SDVVHG�WKRXJK�����)&83�������)&83����
���)&83�������RU�����)&83�������F\FOHV�ZLWK�WKH�VDPH
F\FOLQJ� FRQGLWLRQV� H[FHSW� IRU� WKH� FRQVWDQW� DQQHDOLQJ
WHPSHUDWXUH�RI����°&��)&83�������)&83�������RU����°&
�)&83������� )&83�������� 7KH� UHDFWLRQV� HQGHG� E\� �
PLQ�H[WHQVLRQ�DW����°&��7KH�DPSOLILFDWLRQ�SURGXFWV�ZHUH
VHSDUDWHG� RQ� D� ����� SRO\DFU\ODPLGH� GHQDWXULQJ� JHO�
FRQWDLQLQJ���0�XUHD��(OHFWURSKRUHVLV�ZDV�SHUIRUPHG�RQ
DQ� DXWRPDWHG� $/)H[SUHVV,,� VHTXHQFHU� �$PHUVKDP� %LR�
VFLHQFHV���DQG�WKH�OHQJWK�RI�DOOHOHV�ZDV�GHWHUPLQHG�ZLWK
WKH� DLG� RI� DQ� H[WHUQDO� VWDQGDUG� �������� ES�� *(
+HDOWKFDUH�� DQG� LQWHUQDO� VWDQGDUG� XVLQJ� $OOHOH� /RFDWRU
�����VRIWZDUH�

5(68/76

,Q�RUGHU�WR�HVWDEOLVK�WKH�GDWDEDVH�RI�UHIHUHQFH�ILJ�YD�
ULHWLHV�IRU�6ORYHQLD��JHQRW\SLQJ�ZLWK�PLFURVDWHOOLWH�PDUN�

HUV�ZDV�SHUIRUPHG��7KH�GDWDEDVH�RI�JHQRW\SHG�YDULHWLHV
ZDV�XVHG�DV�WKH�EDVLV�IRU�GHYHORSPHQW�RI�WKH�LGHQWLILFD�
WLRQ�NH\�WKDW�LQFOXGHV�WKH�PLQLPXP�SULPHU�SDLUV�IRU�GLV�
WLQJXLVKLQJ� DOO� YDULHWLHV� LQ� FDVH� RI� SURSDJDWLRQ� RI� FHUWL�
ILHG� SODQW� PDWHULDO� LQ� QXUVHULHV�� 'HYHORSPHQW� RI� WKH
LGHQWLILFDWLRQ�NH\�HQDEOHV�IDVW�DQG�UHOLDEOH�GHWHUPLQDWLRQ
RI� LGHQWLW\�RI�PRWKHU�SODQWV�� FXWWLQJV�DQG�\RXQJ�SODQWV�
)RU�'1$�JHQRW\SLQJ�DQDO\VLV����SXEOLVKHG�PLFURVDWHOOLWH
ORFL��)&83�������)&83�������)&83�������)&83������
ZHUH�FKRVHQ��%DQGHOM�HW�DO���������

7KH�PLFURVDWHOOLWH�PDUNHUV� ZHUH� VXFFHVVIXOO\� DPSOL�
ILHG� LQ� DOO� ��� VDPSOHV� ZLWK� �� SULPHU� SDLUV� XVHG�� 3&5
SURGXFWV� ZHUH� VHSDUDWHG� E\� SRO\DFU\ODPLGH� JHO� ZLWK
KLJK� UHVROXWLRQ� XVLQJ� $/)H[SUHVV,,� VHTXHQFLQJ� LQVWUX�
PHQW� DQG� GHWHFWHG� DXWRPDWLFDOO\� E\� IOXRUHVFHQFH�� 0L�
FURVDWHOOLWHV� OHQJWKV� ZHUH� GHWHUPLQHG� DXWRPDWLFDOO\� XV�
LQJ�D�FRPSXWHU�VRIWZDUH�SDFNDJH�

$OWRJHWKHU�����DOOHOHV�ZHUH�DPSOLILHG�DW���ORFL�LQ���ILJ
YDULHWLHV����DOOHOHV�ZHUH�REVHUYHG�DW�ORFXV�)&83��������
DOOHOHV�ZHUH�DPSOLILHG�DW�ORFL�)&83������DQG�)&83����
��� DQG� RQO\� �� DOOHOHV�ZHUH� IRXQG� DW� ORFXV� )&83������
7KH�YDULHWLHV�
%HOD�SHWURYND
��
0LOMVND�ILJD
�DQG�
/DÊáLFD
�
UHSUHVHQWHG� E\� �� DQG� �� VDPSOHV� UHVSHFWLYHO\�� VKRZHG
LGHQWLFDO� '1$� SURILOHV�� DQG� QR� LQWUD�YDULHW\� SRO\PRU�
SKLVP� ZDV� IRXQG�� 7KH� QXPEHU� RI� REVHUYHG� JHQRW\SHV
ZDV� ���� WKH� KLJKHVW� QXPEHU� ���� ZDV� REVHUYHG� DW� ORFXV
)&83�������ZKLOH��� GLIIHUHQW� JHQRW\SHV�ZHUH� IRXQG� DW
RWKHU�WKUHH�ORFL��$W���DQDO\]HG�ORFL����XQLTXH�JHQRW\SHV
ZHUH�REVHUYHG��7KH\�ZHUH�FKDUDFWHULVWLF�RI�WKH�IROORZLQJ
YDULHWLHV�� 
%HOD� SHWURYND
� >$(���������@�� >15���������@�

0LOMVND�ILJD
�>%)���������@��
=XFFKHULQD
�>35���������@�

/DÊáLFD
� >')���������@�� DQG� 
)OD]DQD
� >++���������@
�7DE�����

9DULHW\� VSHFLILF� RU� XQLTXH� DOOHOHV�ZHUH� DPSOLILHG� LQ
WZR�YDULHWLHV�� 
%HOD�SHWURYND
� �DOOHOH�$������ES�DW� ORFXV
)&83�������DQG�
=XFFKHULQD
��DOOHOH�3������ES�DW�ORFXV
)&83�������

7KH�DOOHOLF�SRO\PRUSKLVP�DOORZHG�WKH�GLVFULPLQDWLRQ
RI�DOO�DQDO\]HG�YDULHWLHV��7KH�SUHVHQFH�RI� LQGLYLGXDO�DO�
OHOHV� JHQHUDWHG� E\� �� SULPHU� SDLUV� LQ� �� ILJ� YDULHWLHV� LV
VKRZQ�LQ�7DEOH����$�PLQLPXP�QXPEHU�RI���PLFURVDWHO�
OLWH�PDUNHUV�ZHUH�FKRVHQ�IRU�UDSLG�YDULHWDO�LGHQWLILFDWLRQ
RI� UHFRPPHQGHG� ILJ� YDULHWLHV�� 6SHFLILF� DOOHOH� SURILOHV� DW
ORFXV� )&83������ZHUH� ILUVW� DVVLJQHG� WR� WKUHH� YDULHWLHV�

%HOD� SHWURYND
�� 
0LOMVND� ILJD
� DQG� 
/DÊáLFD
�� WKH� QH[W
WKUHH�YDULHWLHV��
6LYND
��
)OD]DQD
�DQG�
=XFFKHULQD
��ZHUH
GLIIHUHQWLDWHG�E\�)&83�������DQG�WKH�UHPDLQLQJ�WZR�YD�
ULHWLHV�� 
=HOHQND
�DQG� 
3LQáLFD
��ZHUH�DGGLWLRQDOO\� JHQR�
W\SHG�E\�)&83�������7KH�LGHQWLILFDWLRQ�NH\�IRU�WKH���ILJ
YDULHWLHV�LV�SUHVHQWHG�LQ�7DEOH���
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7DE�����,GHQWLILFDWLRQ�RI���UHFRPPHQGHG�ILJ�YDULHWLHV�LQ�6ORYHQLD�E\�PLFURVDWHOOLWH�PDUNHUV��7KH�SUHVHQFH�RI�DOOHOHV
LQ� VSHFLILF� JHQRW\SH�YDULHW\� LV� PDUNHG� E\� V\PERO� ��� $OO� YDULHWLHV� ZHUH� GLIIHUHQWLDWHG� E\� �� PLFURVDWHOOLWH� ORFL�
)&83�������)&83�������)&83�������ZKLFK�IRUP�WKH�PROHFXODU�LGHQWLILFDWLRQ�NH\�IRU�ILJ�YDULHWLHV�
7DE����� ,GHQWLILNDFLMD���SULSRURàOMLYLK�VRUW� ILJ�Y�6ORYHQLML�]�PLNURVDWHOLWVNLPL�PDUNHUML��=DVWRSDQRVW�DOHORY�Y� VSHFL�
ILàQHP�JHQRWLSX�VRUWL� MH�R]QDàHQD� V� VLPERORP����9VH� VRUWH� ORàLPR� V� WUHPL�PLNURVDWHOLWVNLPL� ORNXVL�� )&83������
)&83�������)&83�������NL�REOLNXMHMR�PROHNXOVNL�LGHQWLILNDFLMVNL�NOMXà�]D�VRUWH�ILJ�

�/RFXV
$OOHOH�GHVLJQD�
WLRQ�DQG�DOOHOH

LQ�ES


%HOD�SHW�
URYND



0LOMVND
ILJD



=XFFKHULQD
 
=HOHQND
 
3LQÞLFD
 
/DÇÞLFD
 
6LYND
 
)OD]DQD
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',6&866,21�$1'�&21&/86,216

,Q� WKH� 0HGLWHUUDQHDQ� %DVLQ�� WKH� FXOWLYDWHG� ILJ� LV� D
ZLGHO\�VSUHDG�IUXLW�VSHFLHV�ZLWK�D�ODUJH�QXPEHU�RI�ORFDO
YDULHWLHV� ZKRVH� LGHQWLW\� KDV� EHHQ� SRRUO\� VWXGLHG�� 7KH
LGHQWLILFDWLRQ� RI� UHIHUHQFH� YDULHWLHV� LV� LPSRUWDQW� HVSH�
FLDOO\� WR� QXUVHULHV� ZKHUH� FHUWLILHG� SODQW� PDWHULDO� LV
SURSDJDWHG��7KH�DFFXUDWH� LGHQWLILFDWLRQ�V\VWHP�RI�YDULH�
WLHV� LV�DOVR� LPSRUWDQW� WR�JURZHUV�ZKHQ� WKH\� SODQ� WR� HV�
WDEOLVK� QHZ� SHUPDQHQW� RUFKDUGV� DV� WKH� TXDOLW\� RI� WKH
FURS� LV� JUHDWO\� LQIOXHQFHG� E\� YDULHW\� FKRLFH�� $� UHOLDEOH
LGHQWLILFDWLRQ� WHFKQLTXH�RI� SODQW�PDWHULDO� LV� DOVR� RI� VLJ�
QLILFDQW� LPSRUWDQFH� IRU� WKH�HVWDEOLVKPHQW�RI�JHUPSODVP
FROOHFWLRQ� DQG� SUHYHQWLRQ� RI� SODQW� PLVODEHOOLQJ� GXULQJ
SODQWDWLRQ�� /RQJ� MXYHQLOH� VWDJH� RI� YHJHWDWLYHO\� SURSD�
JDWHG� ILJ� WUHHV�DQG�VWURQJO\�H[SUHVVHG�KHWHURSK\OO\�SUH�
YHQW� WKH� GHWHUPLQDWLRQ� RI� \RXQJ� WUHHV
� LGHQWLW\� RQ� WKH
EDVLV�RI�PRUSKRORJLFDO�FKDUDFWHULVWLFV��7KH�GHYHORSPHQW
RI�'1$�PDUNHUV�KDV�EURXJKW�DERXW�QHZ�DSSURDFKHV� LQ
YDULHWDO� DQDO\VLV�� '1$� EDVHG� LGHQWLILFDWLRQ� SURFHGXUHV
HQDEOH�SODQW� LGHQWLILFDWLRQ�E\� JHQHUDWLQJ�JHQRW\SH� VSH�
FLILF� '1$� EDQGLQJ� SURILOHV�� $PRQJ� DYDLODEOH� '1$
PDUNHUV��UDQGRPO\�DPSOLILHG�SRO\PRUSKLF�'1$��5$3'�

KDV� EHHQ� WKH� PRVW� HPSOR\HG� LQ� )LFXV� FDULFD� /�� JHUP�
SODVP� FKDUDFWHUL]DWLRQ� �'H� 0DVL� HW� DO��� ������ 6DOKL�
+DQQDFKL� HW� DO��� ������ 6DGGHU� 	� $WH\\HK�� ������� DQG
WKH�UHFHQW�GHYHORSPHQW�RI�ILJ�PLFURVDWHOOLWHV�HQDEOHG�WKH
LQFOXVLRQ�RI�WKHVH�PDUNHUV�LQWR�GLYHUVLW\�VWXGLHV�RI�FRP�
PRQ� ILJV� �.KDGDUL� HW� DO��� ������ *LUDOGR� HW� DO��� �����
%DQGHOM�HW�DO���������

,Q�RUGHU�WR�HVWDEOLVK�DQ�DFFXUDWH�LGHQWLILFDWLRQ�V\VWHP
IRU� UHFRPPHQGHG� ILJ� YDULHWLHV� LQ� 6ORYHQLD��'1$�SURILO�
LQJ�RI���� ILJ�VDPSOHV�EHORQJLQJ� WR��� UHIHUHQFH�YDULHWLHV
ZDV�SHUIRUPHG��$PRQJ�WKH���SXEOLVKHG�VHWV�RI�ILJ�PLFUR�
VDWHOOLWH�PDUNHUV��ZH�FKRVH���)&83�SULPHU�SDLUV�RQ� WKH
EDVLV�RI�WKHLU�JRRG�SRO\PRUSKLF�FKDUDFWHULVWLFV�H[KLELWHG
LQ�RXU�SUHYLRXV�GLYHUVLW\�VWXG\�RI�FXOWLYDWHG�ILJV��%DQGHOM
HW� DO��� �������7KH�KLJKHVW� QXPEHU� RI� DPSOLILHG�PDUNHUV
ZDV� GLVSOD\HG� E\� ORFL� )&83������� )&83������
)&83������DQG�)&83������ZLWK� WKH�FULWHULD� IRU�PDUNHU
FKRLFH�DOVR�EHLQJ�KLJK�SRO\PRUSKLF�LQIRUPDWLRQ�FRQWHQW
YDOXH�DQG�ORZ�SUREDELOLW\�RI�LGHQWLW\��7KH�FKRLFH�RI� WKH
PRVW� DSSURSULDWH� PDUNHUV� LV� DQ� LPSRUWDQW� VWHS� LQ� WKH
LGHQWLILFDWLRQ�SURFHGXUH� RI� YDULHWLHV� DV� LW� DIIHFWV� WKH� UD�
SLGLW\� DQG� H[WHQW� RI� PROHFXODU� DQDO\VLV� DQG�� FRQVH�
TXHQWO\��WKH�FRVW�RI�WKH�SURFHGXUH�
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7KH�VHOHFWHG�PLFURVDWHOOLWH�ORFL�DOORZHG�WKH�GLVFULPL�
QDWLRQ�RI�DOO���ILJ�YDULHWLHV��7KH�DYHUDJH�QXPEHU�RI�DP�
SOLILHG�DOOHOHV�SHU�ORFXV�ZDV�������WKXV�EHLQJ�LGHQWLFDO�WR
WKH�QXPEHU�UHSRUWHG�E\�.KDGDUL�HW�DO���������LQ�WKHLU�GL�
YHUVLW\� VWXG\�RI���� ILJ�YDULHWLHV��8VLQJ� /0)&� VHW� RI�PL�
FURVDWHOOLWHV�� *LUDOGR� HW� DO�� ������� GHWHFWHG� D� ORZHU
QXPEHU�RI�DOOHOHV�SHU�ORFXV�����LQ�WKHLU�JHQRW\SLQJ�DQDO\�
VLV�RI����ILJ�YDULHWLHV��7KH�QXPEHU�RI�GHWHFWHG�DOOHOHV� LV
SUREDEO\� GHSHQGHQW� RQ� FKDUDFWHULVWLFV� RI� ORFL� DQG� JH�
QHWLF� EDFNJURXQG� DIIHFWLQJ� VLPLODULW\� RI� YDULHWLHV� LQ�
FOXGHG� LQWR� WKH� DQDO\VLV�� ,Q� RXU� VWXG\�� KLJK� JHQHWLF
VLPLODULW\�ZDV� REVHUYHG�EHWZHHQ� WKH� YDULHWLHV� 
)OD]DQD

DQG�
6LYND
��DV�ZHOO�DV�EHWZHHQ�
=HOHQND
�DQG�
3LQáLFD
�
'LIIHUHQFHV� LQ� DOOHOLF� SURILOHV� RI� WKH� DERYH�PHQWLRQHG
YDULHWLHV� ZHUH� IRXQG� RQO\� DW� ORFL� )&83������ DQG
)&83������ UHVSHFWLYHO\�� ZKLOH� LGHQWLFDO� DOOHOHV� ZHUH
REVHUYHG�DW�RWKHU�WKUHH�ORFL�

7KH�FRPSDULVRQ�RI�DOOHOLF�SURILOHV�RI� VDPSOHV�ZLWKLQ
WKH�YDULHWLHV�
%HOD�SHWURYND
��
0LOMVND�ILJD
�DQG� 
/DÊáLFD

UHYHDOHG�QR�GLIIHUHQFHV��ZKLFK� WHVWLILHG� WR� WKH�KRPRJH�
QHLW\�RI�WKH�DQDO\]HG�YDULHWLHV�DQG�WKH�DEVHQFH�RI�GLIIHU�
HQW� FORQHV�� ,Q� RWKHU� VWXGLHV�� JHQHWLFDOO\� KHWHURJHQHRXV
YDULHWLHV� ZHUH� LGHQWLILHG� E\� PHDQV� RI� LQWHU� VLPSOH� VH�
TXHQFH� UHSHDW�� PLFURVDWHOOLWHV� �.KDGDUL� HW� DO��� ������
5$3'V�DQG�$)/3V��&DEULWD�HW�DO���������

'LVFULPLQDWLRQ� RI� YDULHWLHV� E\�'1$�PDUNHUV� LV� XVX�
DOO\� SHUIRUPHG� LQ� WKH� IROORZLQJ� WKUHH� ZD\V�� E\� XVLQJ
XQLTXH�PDUNHUV��XQLTXH�JHQRW\SHV��DQG�WKH�FRPELQDWLRQ
RI�'1$�SURILOHV�LQ�GLIIHUHQW�'1$�UHJLRQV��2XU�VWXG\�UH�
YHDOHG�RQO\���XQLTXH�DOOHOHV�FKDUDFWHULVWLF�RI� WKH�YDULH�
WLHV� 
%HOD� SHWURYND
� DQG� 
=XFFKHULQD
�� 7KHVH� WZR� YDULH�
WLHV�FRXOG�EH�LPPHGLDWHO\� LGHQWLILHG�E\�JHQRW\SLQJ� ORFL
)&83������ DQG� )&83������� 8QLTXH� JHQRW\SHV� ZHUH
IRXQG�DW�DOO� ORFL�H[FHSW�DW� ORFXV�)&83������ZKHUH� WZR

E\� WZR�YDULHWLHV� VKDUHG� WKH� VDPH� DOOHOLF� SURILOH�� %\� DS�
SO\LQJ� WKH� FRPELQDWLRQ� RI� �� ORFL� �)&83������
)&83������ DQG� )&83�������� ZH� ZHUH� DEOH� WR� GLVWLQ�
JXLVK� DOO� �� UHIHUHQFH� ILJ� YDULHWLHV��*LUDOGR� HW� DO�� ������
GLVWLQJXLVKHG���ILJ�YDULHWLHV�E\�RQO\���PLFURVDWHOOLWH�ORFL�
7KH�QXPEHU�RI�SULPHU�SDLUV�UHTXLUHG�IRU�WKH�GLVFULPLQD�
WLRQ�DQDO\VLV�GHSHQGV�RQ�JHQHWLF�EDFNJURXQG�DQG�UHODW�
HGQHVV�RI�DQDO\]HG�YDULHWLHV��7KH�FKRLFH�RI�ORFXV�LV�DOVR
DQ�LPSRUWDQW�IDFWRU�LQ�WKH�GLVFULPLQDWLQJ�SURFHVV��,Q�RXU
SUHYLRXV� VWXG\�� ORFXV� )&83������ JHQHUDWHG� KLJK� YDUL�
DELOLW\� LQIRUPDWLRQ� �%DQGHOM� HW� DO��� ������� ZKLOH� LQ� WKH
SUHVHQW� DQDO\VLV� LW� UHYHDOHG� LGHQWLFDO� JHQRW\SHV� IRU� WKH
YDULHWLHV�
0LOMVND�ILJD
��
=HOHQND
��
3LQáLFD
�DQG�
/DÊáLFD
�
2Q�WKH�EDVLV�RI�WKLV�UHVXOW��LW�FDQ�EH�FRQFOXGHG�WKDW�ORFXV
)&83������ LV� QRW� VXLWDEOH� IRU� YDULHW\� LGHQWLILFDWLRQ� RI
6ORYHQH�UHIHUHQFH�ILJV�

7KH�SUHVHQW�VWXG\�SURYLGHV�WKH�ILUVW�LGHQWLILFDWLRQ�NH\
WKDW� LQFOXGHV� WKH�PLQLPXP� QXPEHU� RI� SULPHU� SDLUV� UH�
TXLUHG�IRU�XQDPELJXRXV�GLVFULPLQDWLRQ�RI�UHFRPPHQGHG
ILJ� YDULHWLHV� LQ� 6ORYHQLD��0LFURVDWHOOLWHV� SURYHG� WR� EH� D
YDOXDEOH�PROHFXODU�WRRO�IRU�YDULHWDO�LGHQWLILFDWLRQ�RI�ILJV�
DQG� WKH� UHVXOWV� RI� WKLV� ZRUN� FRXOG� EH� VXFFHVVIXOO\� LP�
SOHPHQWHG�IRU�FRQILUPDWLRQ�RI�YDULHWDO�LGHQWLW\�RI�SURSD�
JDWHG�ILJ�SODQWV�LQ�QXUVHULHV��IRU�LGHQWLILFDWLRQ�RI�ILJ�WUHHV
RI�XQNQRZQ�LGHQWLW\�LQ�6ORYHQH�FXOWLYDWLRQ�DUHD��DV�ZHOO
DV�IRU�VFUHHQLQJ�DQG�PDQDJLQJ�RI�ILJ�JHQHWLF�UHVRXUFHV�LQ
FROOHFWLRQV�

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

7KLV�ZRUN�ZDV� VXSSRUWHG� E\� WKH� UHVHDUFK� JUDQW�1R�
=������� REWDLQHG� WKURXJK� WKH� 6ORYHQLDQ� 5HVHDUFK
$JHQF\�DQG�E\�WKH�0LQLVWU\�RI�$JULFXOWXUH��)RUHVWU\�DQG
)RRG�

5$=92-�,'(17,),.$&,-6.(*$�./-8à$�=$�5()(5(1à1(�6257(�),*
�),&86�&$5,&$�/���6/29(16.(�,675(

'XQMD�%$1'(/-�0$96$5
=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��8QLYHU]D�QD�3ULPRUVNHP��6,������.RSHU��*DULEDOGLMHYD��

)DNXOWHWD�]D�PDWHPDWLNR��QDUDYRVORYMH�LQ�LQIRUPDFLMVNH�WHKQRORJLMH��8QLYHU]D�QD�3ULPRUVNHP��6,������.RSHU��*ODJROMDÊND��
(�PDLO��GXQMD�EDQGHOM#]UV�XSU�VL

329=(7(.

)LJD�MH�Y�6ORYHQLML�SR]QDQD�NRW�PDQM�UD]ÈLUMHQD�LQ�XSRUDEOMHQD�VDGQD�YUVWD��9�6ORYHQVNL�,VWUL�LQ�WRSOHMÈLK�SUHGHOLK
9LSDYVNH�GROLQH�LQ�*RULÈNLK�%UG�XVSHYD�QD�GUXÊLQVNLK�YUWRYLK�Y�DVRFLDFLML�V� WLSLßQLPL�VUHGR]HPVNLPL�NXOWXUDPL��9L�
VRND� YVHEQRVW� YODNQLQ�� ELRIHQRORY�� YLWDPLQRY� LQ� PLQHUDORY� Y� SORGRYLK� ILJH� SULVSHYD� N� QMHQHPX� YHßMHPX
SRYSUDÈHYDQMX�QD�WUJX�WHU�N�YNOMXßHYDQMX�VDGHÊHY�Y�ÊLYLOVNR�SUHGHORYDOQR�LQGXVWULMR��=D�SRVSHÈHYDQMH�JRMHQMD�ILJ�Y
3ULPRUMX�MH�SRPHPEQR�]DJRWRYLWL�VDGLOQL�PDWHULDO�UHIHUHQßQLK�LQ�SULSRURßHQLK�VRUW��=�UD]YRMHP�PROHNXOVNLK�PDUNHU�
MHY�LGHQWLWHWR�VRUW�Y�VDGMDUVWYX�XJRWDYOMDPR�QD�QLYRMX�JHQRPD��1DPHQ�UD]YRMD�PROHNXOVNLK�LGHQWLILNDFLMVNLK�NOMXßHY�Y
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VDGMDUVWYX�MH�GRORßLWL�YLVRNR�LQIRUPDFLMVNH�PROHNXOVNH�PDUNHUMH�]D�SRVDPH]QR�VDGQR�YUVWR��V�NDWHULPL�SR�RSUDYOMHQL
JHQRWLSL]DFLML�VRUWH�JHQHWVNR�KLWUR�ORßLPR��]PDQMÈD�SD�VH�WXGL�REVHJ�ODERUDWRULMVNLK�DQDOL]��5HIHUHQßQH�VRUWH�ILJ��NL�VR
SUHGVWDYOMHQH� Y� VDGQHP� L]ERUX� ]D� 6ORYHQLMR�� VPR� ORßLOL� V� WUHPL� YLVRNR� LQIRUPDWLYQLPL� ORNXVL� PLNURVDWHOLWRY
�)&83�������)&83������LQ�)&83��������NL�SRQD]DUMDMR�LGHQWLILNDFLMVNL�NOMXß�R]LURPD�QDMPDQMÈH�PRÊQR�ÈWHYLOR�OR�
NXVRY��QD�RVQRYL�NDWHULK�ODKNR�SULSRURßHQH�VRUWH�ILJ�JHQHWVNR�ORßLPR�

.OMXÞQH�EHVHGH��)LFXV�FDULFD�/���UHIHUHQáQD�VRUWD��PLNURVDWHOLWL��6ORYHQVND�,VWUD

5()(5(1&(6

%DQGHOM��'���%��-DYRUQLN�	�-��-DNÇH���������'HYHORSPHQW
RI�PLFURVDWHOOLWH�PDUNHUV�LQ�WKH�FRPPRQ�ILJ��)LFXV�FDULFD
/��0RO��(FRO��1RWHV���������������
&DEULWD�� /�� )��� 8�� $NVR\�� 6�� +HSDNVR\� 	� -�� 0�� /HLWDR
��������6XLWDELOLW\�RI�LVR]\PH��5$3'�DQG�$)/3�PDUNHUV
WR� DVVHVV� JHQHWLF� GLIIHUHQFHV� DQG� UHODWHGQHVV� DPRQJ� ILJ
�)LFXV�FDULFD�/���FORQHV��6FL��+RUWLF������������������
'H�0DVL�� /��� '�� &DVWDOGR�� *�� *DODQR�� 3�� 0LQDVL� 	� %�
/DUDWWD� �������� *HQRW\SLQJ� RI� ILJ� �)LFXV� FDULFD� /��� YLD
5$3'�PDUNHUV��-��6FL��)RRG�$JULF�����������������
)$267$7� �������� ZZZ�IDRVWDW�RUJ� ����������� KWWS�
��IDRVWDW�IDR�RUJ�VLWH�����'HVNWRS'HIDXOW�DVS["3DJH,' �
���DQFRU
*LUDOGR�� (��� 0�� $�� 9LUXHO�� 0�� /RSHV�&RUUDOHV� 	� -�� ,�
+RUPD]D� �������� &KDUDFWHULVDWLRQ� DQG� FURVV�VSHFLHV
WUDQVIHUDELOLW\�RI�PLFURVDWHOOLWHV�LQ�WKH�FRPPRQ�ILJ��)LFXV
FDULFD�/����-��+RUWLF��6FL�%LRWHFKQRO���������������
*RGHF��%���0��+XGLQD��9��8VHQLN��1��)DMW��'��.RURQ��$�
6RODU��9��9HVHO��%��$PEURÉLÞ�7XUN�	�,��9UKRYQLN��������
)LJD� �)LFXV� FDULFD��� 9�� *RGHF�� %�� �XU���� 6DGQL� L]ERU� ]D
6ORYHQLMR� ������ .PHWLMVNL� LQÊWLWXW� 6ORYHQLMH�� /MXEOMDQD�
������VWU�
,3*5,� �������� 1HJOHFWHG� DQG� 8QGHUXWLOL]HG� 3ODQW� 6SH�
FLHV��6WUDWHJLF�$FWLRQ�3ODQ�RI�WKH�,QWHUQDWLRQDO�3ODQW�*H�
QHWLF�5HVRXUFHV�,QVWLWXWH��,QWHUQDWLRQDO�3ODQW�*HQHWLF�5H�
VRXUFHV� ,QVWLWXWH��5RPH�� ,WDO\�����S��ZZZ��ELRGLYHUVLW\�
LQWHUQDWLRQDO�RUJ�����������
KWWS���ZZZ�ELRYHUVLW\LQWHUQDWLRQDO�RUJ�ILOHDGPLQ�ELRYHUVL
W\�SXEOLFDWLRQV�SGIV�����SGI�

.KDGDUL��%��� ,��+RFKX��6�6DQWRQL�	�)��.MHOOEHUJ� �������
,GHQWLILFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�PLFURVDWHOOLWH� ORFL
LQ� WKH� FRPPRQ� ILJ� �)LFXV� FDULFD� /��� DQG� UHSUHVHQWDWLYH
VSHFLHV�RI�WKH�JHQXV�)LFXV��0RO��(FRO��1RWHV���������
3RGJRUQLN�� 0��� ,�� 9UKRYQLN�� ,�� 7RPDÉLÞ�� 0�� %XÞDU�
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