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$EVWUDFW

&KHPLFDO�GH�HPXOVLILFDWLRQ�LV�DQ�HPXOVLRQ�WUHDWPHQW�PHWKRG��ZKLFK�LQYROYHV�WKH�DGGLWLRQ�RI�FKHPLFDOV�
NQRZQ�DV�GH�HPXOVLILHUV�WR�EUHDN�FUXGH�RLO�HPXOVLRQV� 5HVROHV �EDVH�FDWDO\]HG�SKHQRO�IRUPDOGHK\GH�
UHVLQV� DQG�SRO\HVWHU�EDVHG�GH�HPXOVLILHUV ZHUH�IRUPXODWHG�DQG�EOHQGHG�DW�YDULRXV�UDWLRV�WR�SURGXFH
D�VLQJOH�GH�HPXOVLILHU��7KH�IRUPDOGHK\GH�WR�SKHQRO�UDWLRV�IRU�WKH�UHVROHV�YDULHG�IURP�������± ������DQG�
WKH�SRO\HVWHUV�ZHUH�SURGXFHG�DW�����&������&�DQG�����&��3HUIRUPDQFH�DQDO\VHV�RI�WKH�GH�HPXOVLILHUV�
ZHUH�FDUULHG�RXW�XVLQJ�WKH�ERWWOH�WHVW�PHWKRG�DW�D�WHPSHUDWXUH�RI����&��FRQFHQWUDWLRQ RI���SSP�DQG�
UHVLGHQFH�WLPH�RI����PLQXWHV��7KH�PRVW�HIIHFWLYH�GH�HPXOVLILHU�VHOHFWHG�ZDV�EDVHG�RQ�WKH�YROXPH�RI�
ZDWHU�H[SHOOHG�IURP�WKH�FUXGH�RLO�HPXOVLRQ��7KH�UHVXOWV�ZHUH�DOVR�DQDO\VHG�XVLQJ�0LQLWDE����XWLOL]LQJ�D�
3DUHWR�� 1RUPDO� HIIHFW�� ,QWHUDFWLRQ� DQG� FRQWRXU� SORWV� WR� VWXG\� ZKLFK� RI� PROH� UDWLRV�� EOHQG� UDWLRV��
WHPSHUDWXUH�DQG�WKHLU�FRPELQHG�HIIHFWV�KDYH�WKH�PRVW�VLJQLILFDQW�HIIHFW�RQ�GH�HPXOVLILFDWLRQ��5HVXOWV�
VKRZHG�WKDW�WKH�PRVW�HIIHFWLYH�GH�HPXOVLILHU�ZDV�VDPSOH�)�;�PDGH�RI�����UHVROH���������DQG ���
SRO\HVWHU�VDPSOH���SURGXFHG�DW�����&��FRPELQHG�ZLWK�[\OHQH�DW�D�FRQFHQWUDWLRQ�RI������7KLV�GH�
HPXOVLILHU�REWDLQHG�D�ZDWHU�VHSDUDWLRQ�HIILFLHQF\�RI�������FRPSDUHG�WR�D�FRPPHUFLDO�GH�HPXOVLILHU��
ZKLFK�JDYH�DQ�HIILFLHQF\�RI�����
.H\ZRUGV� 'H�HPXOVLILFDWLRQ� 5HVROHV� 3RO\HVWHUV� ;\OHQH� %OHQG�

���,QWURGXFWLRQ

&UXGH�RLO�FDQ�EH�GHVFULEHG�DV�D�QDWXUDOO\�RFFXUULQJ�OLTXLG��ZKLFK�FDQ�EH�IRXQG�XQGHU�WKH�
VXUIDFH�RI�WKH�HDUWK DQG�LV�IRUPHG�E\�WKH�KHDWLQJ�DQG�FRPSUHVVLRQ�RI�WKHVH�RUJDQLF�PDWWHUV�
RYHU�D�ORQJ�SHULRG�RI�WLPH��,W FRQVLVWV�RI��FRPSOH[�PL[WXUH�RI� K\GURFDUERQV�>���@� LQRUJDQLF�
VDOWV��RUJDQLF�PDWWHU�DV�ZHOO�DV�PLQXWH�DPRXQWV�RI�PHWDO�>�@��,Q�1LJHULD��FUXGH�RLO�ZDV�GLVFR�
YHUHG�LQ�2ORLELUL��%D\HOVD�6WDWH�LQ������DQG�LV�FXUUHQWO\�UDQNHG�WKH��WK ODUJHVW�RLO�SURGXFHU�LQ�
WKH�ZRUOG� 7KH�H[SORUDWLRQ��SURGXFWLRQ�DQG�VDOHV�RI�FUXGH�RLO�LQ�1LJHULD�SOD\V�DQ�LPSRUWDQW�UROH�
LQ�WKH�FRXQWU\¶V�HFRQRP\�DV�LW�DFFRXQWV�IRU�D�ZKRSSLQJ�����RI�KHU�JURVV�HDUQLQJV�>�@�

$Q�HPXOVLRQ�LV�D�FROORLGDO�V\VWHP�LQ�ZKLFK�VPDOO�GURSV�RI�RQH�OLTXLG�DUH�GLVSHUVHG�LQ�DQRWKHU�
OLTXLG�DQG�ZDWHU±LQ±RLO�HPXOVLRQV��ZKHUH�ZDWHU�LV�GLVSHUVHG�LQ�WKH�H[WHUQDO�RLO�SKDVH� >�@ DUH�
FRPPRQ�HVSHFLDOO\�GXULQJ�K\GURFDUERQ�SURGXFWLRQ�ZKHQ�LW�LV�FR�SURGXFHG�ZLWK�ZDWHU�DW�WKH�
UHVHUYRLU��RU�ZLWK� LQMHFWHG�ZDWHU�DW� WKH�ZHOO�ERUH� >���@��7KH� WZR� OLTXLGV��RLO�DQG�ZDWHU��DUH�
LPPLVFLEOH� EXW�ZLWK� WKH� QDWXUDO� VXUIDFWDQWV RU� HPXOVLI\LQJ� DJHQW� VXFK� DV� DVSKDOWHQHV� DQG�
UHVLQV�FRQWDLQHG�LQ�WKH�FUXGH RLO��DQ�HPXOVLRQ�LV�SURGXFHG�>����@��7KH�SUHVHQFH�RI�HPXOVLRQV�LV�
XQGHVLUDEOH�EHFDXVH�RI�LWV�DVVRFLDWHG�SUREOHPV�VXFK�DV�LQFUHDVHG�YLVFRVLW\��GHQVLW\��SUHVVXUH�
GURS��ULJLG�ILOPV�WKDW�DUH�GLIILFXOW�WR�EUHDN��UHGXFHG�KDQGOLQJ�FDSDFLW\�RI�SLSHV�DQG�FRUURVLRQ�
RI� SURFHVVLQJ� IDFLOLWLHV� ZKLFK� DOO� OHDG� WR� KLJKHU� RSHUDWLRQDO� FRVW� >�����@� 7R� PLQLPL]H� WKH�
SUREOHPV�UHODWHG�WR�WKH�SURGXFWLRQ�RI�FUXGH�RLO�HPXOVLRQV�VXFK�DV�LQFUHDVHG�SURGXFWLRQ�FRVWV�
DQG�FRUURVLRQ��DV�ZHOO�DV�HQYLURQPHQWDO�FRQFHUQV��SHWUROHXP�RSHUDWRUV�QHHG�WR�SUHYHQW�WKH�
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IRUPDWLRQ�RI�WKHVH�HPXOVLRQV�E\�EUHDNLQJ�RU�VHSDUDWLQJ�WKHP�>�����@��&RQVHTXHQWO\��DIWHU�WKH�
GH�HPXOVLILFDWLRQ�SURFHVV�FUXGH�RLO�IRU�VDOHV�LV�H[SHFWHG�WR�FRPSO\�ZLWK�SURGXFW�VSHFLILFDWLRQV�
VXFK�DV�PD[LPXP�DOORZDEOH�DPRXQW�RI�EDVLF�VHGLPHQW�DQG�ZDWHU�FRQWHQW�DV�ZHOO�DV�VDOW�FRQWHQW�

6HYHUDO�PHWKRGV� FXUUHQWO\� DYDLODEOH� IRU� GH�HPXOVLILFDWLRQ� RI� FUXGH� RLO� LQFOXGH� FKHPLFDO��
HOHFWULFDO��WKHUPDO��PHFKDQLFDO�PHWKRGV�RU�WKHLU�FRPELQDWLRQ�>��@��&KHPLFDO�GH�HPXOVLILFDWLRQ�
LQYROYHV�WKH�XVH�RI�FKHPLFDOV�NQRZQ�DV�GH�HPXOVLILHUV��WR�UHGXFH�WKH�VWDELOLW\�RI�WKH�HPXOVLRQV�
DQG�DVVLVW�LQ�LWV�FRDOHVFHQFH�DQG�HYHQWXDO�VHSDUDWLRQ�>��@��'H�HPXOVLILHU�IRUPXODWLRQV�LQYROYH�
D�FRPELQDWLRQ�RI�WZR�WR�IRXU�GLIIHUHQW�FKHPLVWULHV��FKHPLFDOV���LQ�FDUULHU�VROYHQW�V��VXFK�DV�
LVRSURSDQRO��PHWKDQRO��[\OHQH�RU�GLHVHO��7KLV�WUHDWPHQW�PHWKRG�LV�WKH�PRVW�ZLGHO\�DSSOLHG�PHWKRG�
EHFDXVH�RI�WKH�HDVH�RI�DSSOLFDWLRQ�RI�WKH�FKHPLFDOV��ORZ�FRVW�DV�ZHOO�DV�PLQLPDO�KHDW�DQG�VHW�
WOLQJ�WLPH�UHTXLUHPHQWV�>�����@�

7KH�FKDUDFWHULVWLFV�DQG�SK\VLFDO�SURSHUWLHV�RI�FUXGH�RLO�XQGHUJR�D�VLJQLILFDQW�DPRXQW�RI�FKDQJH�
XSRQ�HPXOVLILFDWLRQ��&KDQJHV�VXFK�DV�LQFUHDVH�LQ�GHQVLW\��YLVFRVLW\�DQG�ZDWHU�FXW�RI�FUXGH�RLO�
FRXOG�OHDG�WR�FRUURVLRQ�RI�SLSHOLQHV�DV�ZHOO�DV�LQFUHDVH�SURFHVVLQJ�DQG�SURGXFWLRQ�FRVWV��7KHVH�
DGYHUVH�HIIHFWV�FRXOG�PDNH�WKH�SURGXFWLRQ�RI�FHUWDLQ�RLOILHOGV�OHVV�HFRQRPLFDO� ,W�LV�WKHUHIRUH��
LPSHUDWLYH�WKDW�HIIHFWLYH�PHWKRGV�RI�WUHDWPHQW�EH�HPSOR\HG�LQ�RUGHU�WR�FXUE�WKLV�FKDOOHQJH�

7KLV� UHVHDUFK� DLPV� DW� LGHQWLI\LQJ DQG� IRUPXODWLQJ DQ� HIIHFWLYH� GH�HPXOVLILHU� XVLQJ� D�
FRPELQDWLRQ�RI�FKHPLVWULHV��FKHPLFDOV��WKDW�ZRXOG KHOS�EUHDN�FUXGH�RLO�HPXOVLRQV� LQWR�WZR�
FOHDU�ZDWHU�DQG�FUXGH�RLO�SKDVHV�DQG�KHQFH�IDFLOLWDWH�UHGXFHG�RSHUDWLRQDO�FRVW�LQYROYHG�LQ�RLO�
SURFHVVLQJ� ,Q�DGGLWLRQ� ORFDOO\� IRUPXODWHG�DQG�HIIHFWLYH�GH�HPXOVLILHUV�ZLOO�DOVR� UHGXFH� WKH�
LPSRUWDWLRQ�RI�GH�HPXOVLILHUV��WKHUHE\�FRQVHUYLQJ�RXU�KDUG�HDUQHG�IRUHLJQ�H[FKDQJH�

���([SHULPHQWDO�DQG�SURFHGXUH

�����0DWHULDOV

&UXGH�RLO�XVHG�ZDV�REWDLQHG�IURP�$JEDPL��D�GHHSZDWHU�ILHOG��ORFDWHG�RII�WKH�1LJHU�'HOWD� 1LJHULD�
3KHQRO�FU\VWDOV����� SXULW\��7HFKQLFDO�JUDGH���IRUPDOGHK\GH������SXULW\��%DNHU�DQDO\VHG�� VRGLXP�
K\GUR[LGH�SHOOHWV������SXULW\��5LHGHO�GH�+DHQ�DQDO\VHG���[\OHQH��������SXULW\� %DNHU�DQDO\�
VHG���PDOHLF�DQK\GULGH��SRO\SURS\OHQH�JO\FRO��33*� DQG�����SKRVSKRULF�DFLG ZHUH�DOO�RI�DQDODU JUDGH�

�����$SSDUDWXV�(TXLSPHQW�

7KH�HTXLSPHQW�XVHG LQFOXGH�WKH�IROORZLQJ��+RW�3ODWH�ZLWK�0DJQHWLF�6WLUUHU��7KHUPR�6FLHQ�
WLILF�0RGHO� 63�������� )XPH�&XSERDUG� �(6&2�'XFWOHVV���:DWHU� %DWK� �8QLVFRSH� /DERUDWRU\�
0RGHO� 60���$��� S+� PHWHU� �-HQZD\ 0RGHO� ������� &HQWULIXJH� �8QLVFRSH� /DERUDWRU\� 0RGHO�
60���%���:HLJKLQJ�%DODQFH��6FRXW�3UR�0RGHO�638�������4XLFN�)LW�7KHUPRPHWHU��������&���
���P/ ��QHFN� IODW�ERWWRP�IODVN��%HDNHUV�����P/ DQG����P/������P/ 0HDVXULQJ�&\OLQGHU��
5HIOX[�&RQGHQVHU� &HQWULIXJH�%RWWOHV��6SDWXOD��6WLUULQJ�5RG�DQG�6DPSOH�%RWWOHV��$OO�WKH�JODVV�
ZDUH�ZHUH�3\UH[�SURGXFW��

�����0HWKRGV

)LJXUH���EHORZ�VKRZV�WKH�IORZ�FKDUW�RI�WKH�PHWKRGV�HPSOR\HG�LQ�WKLV�UHVHDUFK�ZRUN�DQG�
WKH�EULHI�GHVFULSWLRQ�RI�HDFK�PHWKRG�LV�KLJKOLJKWHG�EHORZ���

)LJXUH ���)ORZFKDUW�RI�WKH�H[SHULPHQWDO�ZRUN
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�������)RUPXODWLRQ�RI�UHVROHV�

5HVROHV�DUH�SURGXFHG�E\�D�FRQGHQVDWLRQ�SRO\PHUL]DWLRQ�UHDFWLRQ�EHWZHHQ�SKHQRO�DQG�IRUPDO�
GHK\GH� LQ� WKH� SUHVHQFH� RI� D� EDVLF� �DONDOLQH�� FDWDO\VW�� 1D2+�� ��P/ RI� IRUPDOGHK\GH� ZDV�
PHDVXUHG�DQG �����J�RI�SKHQRO�FU\VWDOV�ZDV�DGGHG�DQG�VWLUUHG� WR�GLVVROYH��7KH�S+�RI� WKH�
VROXWLRQ�ZDV�DGMXVWHG�WR���E\�LQWURGXFLQJ�WKH�SUHSDUHG������Z�Y��VRGLXP�K\GUR[LGH�VROXWLRQ�
LQ�GURSV�XQWLO�GHVLUHG�UHVXOW�ZDV�DFKLHYHG��7KH�VROXWLRQ�ZDV�WKHQ�FKDUJHG�LQWR�D���QHFN�IODW�
ERWWRP�IODVN�ILWWHG�ZLWK�D�UHIOX[�FRQGHQVHU�DQG�TXLFN�ILW�WKHUPRPHWHU��7KH�H[SHULPHQW�ZDV�
VHW�XS�LQ�D�IXPH�FXSERDUG�DQG�DOORZHG�WR�UXQ�IRU�WKH�UHTXLUHG���KRXUV�ZLWK�XQLIRUP�DJLWDWLRQ�
DW�D�WHPSHUDWXUH�RI����&��7KH�S+�RI�WKH�VROXWLRQ�ZDV�DGMXVWHG�WR���HYHU\����PLQXWHV�XVLQJ�
WKH�VRGLXP�K\GUR[LGH�VROXWLRQ��7KH�UHVROHV�SURGXFHG�ZHUH�WKHQ�DOORZHG�WR�FRRO��DIWHU�ZKLFK�
WKH\� ZHUH� WUDQVIHUUHG� LQWR� DSSURSULDWHO\� ODEHOHG� VDPSOH� ERWWOHV� 7KH� SURFHGXUH� ZDV� WKHQ�
UHSHDWHG�XVLQJ�YDULHG�TXDQWLWLHV�RI�SKHQRO�FU\VWDOV�DQG�IRUPDOGHK\GH�VROXWLRQ�VKRZQ�LQ�7DEOH ���
(DFK�IRUPXODWLRQ�ZDV�VFDOHG�XS�GRZQ�EDVHG�RQ�D����P/ EDWFK�VL]H��

7DEOH��� &RQWULEXWLRQ�RI�UDZ�PDWHULDOV�LQ�UHVROH�IRUPXODWLRQ

6DPSOH�
1DPH

)�3�
UDWLR

0RODU�PDVV
RI�SKHQRO�

�J�

9ROXPH�RI�
IRUPDOGHK\GH

�P/�

6FDOH�
XS�GRZQ�
YDOXH

1HZ�PDVV�
RI�SKHQRO�

�J�

1HZ�YROXPH�RI�
IRUPDOGHK\GH�

�P/�
$ ����� ���� ���� ��� ����� ����
% ����� ���� ���� ��� ����� ����
& ����� ���� ���� ��� ����� ����
' ����� ���� ���� ���� ����� ����
( ����� ���� ���� ���� ����� ����
) ����� ���� ���� ��� ����� ����
* ����� ���� ���� ���� ����� ����

�������)RUPXODWLRQ�RI�SRO\HVWHU�EDVHG�GH�HPXOVLILHU�

������SDUWV�������SDUWV�DQG�����SDUWV�RI�SRO\SURS\OHQH�JO\FRO��33*���PDOHLF�DQK\GULGH�DQG�
SKRVSKRULF�DFLG�UHVSHFWLYHO\�ZHUH�DFFXUDWHO\�ZHLJKHG��FKDUJHG�LQWR�WKH�UHDFWRU�DQG�KHDWHG�DW�
ORZ�VWLUULQJ�VSHHG�WR�WKH�UHDFWLRQ�WHPSHUDWXUHV�IRU�D�UHVLGHQFH�WLPH�RI�ILYH�KRXUV��DV�VKRZQ�
LQ�7DEOH����

7DEOH��� 5HDFWLRQ�FRQGLWLRQV�IRU�SRO\HVWHU�EDVHG�GH�HPXOVLILHU�IRUPXODWLRQV

6�1 6DPSOH
5HDFWLRQ�

WHPSHUDWXUH� ��&�
5HDFWLRQ�WLPH�

�KU�
� � ��� �
� � ��� �
� � ��� �

�������%OHQGLQJ�RI�GH�HPXOVLILHUV�

���������%OHQGLQJ�RI�UHVROH�DQG�SRO\HVWHU�EDVHG�GH�HPXOVLILHUV�

7KHVH�GH�HPXOVLILHUV�ZHUH�EOHQGHG�EDVHG�RQ�ZHLJKW�UDWLRV�EHWZHHQ�UHVROH�6DPSOH�$�DQG�
SRO\HVWHU�VDPSOH����%OHQGV�IRU�GH�HPXOVLILHUV�%�*�IROORZ�WKH�VDPH�SDWWHUQ�DV�ZLWK�GH�HPXO�
VLILHU�VDPSOH�$�VKRZQ�LQ�7DEOH�����

7DEOH����%OHQGLQJ�5HVROH�6DPSOH�$�DQG�3RO\HVWHU�EDVHG�6DPSOH���

6DPSOH 0DVV�RI�SRO\HVWHU�EDVHG�GH�
HPXOVLILHU��J�

0DVV�RI�3I�GH�HPXOVLILHU�$�
�J�

$�D �� �
$�E � �
$�F � �
$�G � �
$�H � ��
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���������%OHQGLQJ�GH�HPXOVLILHUV�ZLWK�VROYHQW��[\OHQH��

$IWHU� VFUHHQLQJ� WKH� 'H�HPXOVLILHUV� SURGXFHG� LQ� 7DEOH� ��� WKH� PRVW� HIIHFWLYH� RI� WKH� GH�
HPXOVLILHU�VDPSOH�ZDV�WKHQ�EOHQGHG�ZLWK�[\OHQH��7KLV�LV�VKRZQ�LQ�7DEOH����

7DEOH��� %OHQGLQJ�RI�GH�HPXOVLILHU�ZLWK�VROYHQW�[\OHQH

0DVV�UDWLR
�GH�HPXOVLILHU���[\OHQH�

0DVV�RI�GH�
HPXOVLILHU��J�

0DVV�RI�[\OHQH�
�J�

����� � �
����� � �
����� � �
����� � �
����� � �

�������6FUHHQLQJ�SURFHGXUH�

���������%DVLF�6HGLPHQW�DQG�:DWHU�7HVW��%6	:��

7KLV�WHVW�ZDV�GRQH�ILUVW�WR�NQRZ�WKH�SHUFHQWDJH�RI�ZDWHU�FRQWDLQHG�LQ�WKH�FUXGH�RLO�HPXOVLRQ��
8QWUHDWHG� FUXGH� RLO� VDPSOHV� REWDLQHG� ZHUH� ILUVW� WKRURXJKO\� DJLWDWHG� WR� KRPRJHQL]H� 7KH�
KRPRJHQL]HG�FUXGH�RLO�VDPSOH�ZDV�WKHQ�SRXUHG�LQWR�FHQWULIXJH�ERWWOH�WR�DERXW�����RI�WKH�
ERWWOH�YROXPH� 3XUH�[\OHQH�ZDV�DGGHG�WR�WKH�ERWWOH�WR�PDNH�LW�XS�WR �����DQG�VKDNHQ�YLJR�
URXVO\�IRU�WKRURXJK�PL[LQJ� 7KH�FHQWULIXJH�ERWWOH�ZDV�WKHQ�SODFHG�LQ�D�ZDWHU�EDWK�DQG�IRU���
PLQV�DW�D�WHPSHUDWXUH�RI����&� 7KH�VDPSOH�ZDV�SODFHG�LQ�D�FHQWULIXJH�DQG�VSXQ�DW�����USP�
IRU���PLQV��7KH�SHUFHQWDJH�ZDWHU�DQG�EDVLF�VHGLPHQW�%6�DQG�: LQ�WKH�WXEH�ZDV�UHFRUGHG�DV�
µ[¶��7KHQ�IURP�HTQ�����WKH���%6	:�ZDV�FDOFXODWHG��7KH�
�
�DFFRXQWV�IRU�WKH�SXUH�[\OHQH�VRO�
YHQW�XVHG�

%6	:������ ��[���������� � � � � � � � ���

���������%RWWOH�WHVW�PHWKRG�

6FUHHQLQJ�RI�GH�HPXOVLILHUV�ZDV�GRQH�WR�GHWHUPLQH�KRZ�HIIHFWLYH�WKH�IRUPXODWHG�DQG�FRP�
SRXQGGHG�GH�HPXOVLILHUV��7DEOHV���DQG����UHVSHFWLYHO\�DUH�LQ�EUHDNLQJ�WKH�ZDWHU�LQ�RLO�HPXOVLRQ��

7KH�PHWKRG�GHVFULEHG�E\�(IHRYERNKDQ�HW�DO� >�@�ZDV�DGDSWHG�DQG�XVHG��7KH�FHQWULIXJH�ERWWOHV�
FRQWDLQLQJ�WKH�FUXGH�SHWUROHXP�HPXOVLRQ�ZHUH�LPPHUVHG�LQ�D�ZDWHU�EDWK�DW�WKH�WHPSHUDWXUH�
RI����&� IRU���PLQXWHV� IRU� WHPSHUDWXUH�VWDELOL]DWLRQ�����SSP�RI� WKH�GH�HPXOVLILHU�ZDV� WKHQ�
LQMHFWHG�LQWR�HDFK�ERWWOH�XVLQJ�D�PLFURSLSHWWH�DQG�XQLIRUPO\�DJLWDWHG�E\�RYHUWXUQLQJ�����WLPHV��
7KH�ERWWOHV�ZHUH�SXW�EDFN�LQ�WKH�ZDWHU�EDWK�IRU����PLQXWHV�DIWHU�ZKLFK�WKH\�ZHUH�SODFHG�LQ�D�
FHQWULIXJH�VHW�DW�����USP�IRU����PLQXWHV�

�������6FUHHQLQJ�RI FRPPHUFLDO�GH�HPXOVLILHU

7KH�FRPPHUFLDO�GH�HPXOVLILHU�ZDV�DOVR�VFUHHQHG�DW����&�DV�GLVFXVVHG�LQ�VHFWLRQ��������
ZKLOH�YDU\LQJ�UHVLGHQFH�WLPH��ZLWK�DQ�LQWHUYDO�RI���PLQXWHV�IURP������PLQXWHV��7KH�YROXPH�RI�
ZDWHU�DQG�RLO�VHSDUDWHG�IURP�WKH�HPXOVLRQ�V\VWHP�ZDV�REVHUYHG�DQG�WKH���ZDWHU�VHSDUDWLRQ�
FDOFXODWHG�XVLQJ�HTXDWLRQ����
Ψࢊࢋ࢚ࢇ࢘ࢇ࢖ࢋ࢙�࢘ࢋ࢚ࢇ࢝�ࢌ࢕�ࢋ࢓࢛࢒࢕ࢂ� ൌ

ࢊࢋ࢚࢘ࢇ࢖ࢋ࢙�࢘ࢋ࢚ࢇ࢝�ࢌ࢕�ࢋ࢓࢛࢒࢕࢜

�࢔࢕࢏࢙࢒࢛࢓ࢋ�ࢋࢎ࢚�࢔࢏�࢘ࢋ࢚ࢇ࢝�ࢌ࢕�ࢋ࢓࢛࢒࢕࢜�࢒ࢇ࢚࢕ࢀ
���

���5HVXOWV�DQG�GLVFXVVLRQV

�����(IIHFW�RI�PROH�UDWLR�RQ�WKH�SHUIRUPDQFH�RI�SKHQRO�IRUPDOGHK\GH�GH�HPXOVLILHU�

6FUHHQLQJ��DQDO\VLV��RI�IRUPXODWHG�GH�HPXOVLILHUV�ZDV�GRQH�XVLQJ�WKH�ERWWOH�WHVW�PHWKRG�
7KH�UHVXOWV�REWDLQHG�DUH�VKRZQ�LQ�)LJXUH���

)URP�)LJXUH����WKH�SHUFHQWDJH�YROXPH�RI�ZDWHU�VHSDUDWHG�LQFUHDVHG�VWHDGLO\�WR�D�PD[LPXP�
YDOXH�RI�����DW�SKHQRO�WR�IRUPDOGHK\GH�PRODU�UDWLR�RI��������,W�ZDV�REVHUYHG�WKDW�D�IXUWKHU�
LQFUHDVH�LQ�WKH�PRODU�UDWLR�EH\RQG�������UHVXOWV�LQ�D�GHFOLQH�LQ�WKH�HIILFLHQF\�RI�ZDWHU�VHSDUDWLRQ�
RI�WKH�UHVROH�GH�HPXOVLILHU��7KLV�LV�LQ�FRQIRUPLW\�ZLWK�WKH�ZRUN�RI�RWKHU�UHVHDUFKHUV�>�@�WKDW�WKH�

���



3HWUROHXP�DQG�&RDO

3HW�&RDO�����������������������
,661���������� DQ RSHQ�DFFHVV�MRXUQDO

SHUIRUPDQFH�RI�UHVROH�GH�HPXOVLILHUV�LQFUHDVHV�ZLWK�LWV�PRODU�UDWLR�RI�IRUPDOGHK\GH�UHODWLYH�WR�
SKHQRO��7KLV�LV�EHFDXVH�PHWK\O�RO�FRQWHQW�RI�UHVROH�GR�QRW�RQO\�LQFUHDVH�ZLWK�LQFUHDVLQJ�PRODU�
UDWLR�RI�IRUPDOGHK\GH��LW�LV�DOVR�VROXEOH�LQ�WKH�DTXHRXV�SKDVH�RI�WKH�FUXGH�RLO�HPXOVLRQ�PDNLQJ�
PRUH�RI�WKH�GH�HPXOVLILHU�DYDLODEOH�DW�WKH�LQWHU�SKDVH�WR�DOWHU�WKH�VXUIDFH�WHQVLRQ��7KLV�DFWLRQ�
SURPRWHV�WKH�UDSLG�FRDOHVFHQFH�RI�ZDWHU�GURSOHWV�DQG�KHQFH�ZDWHU�VHSDUDWLRQ�� ,W�ZDV�DOVR�
VHHQ�WKDW�D�IXUWKHU�LQFUHDVH�LQ�WKH�PROH�UDWLR�EH\RQG�������UHVXOWV�LQ�D�GHFOLQH�LQ�WKH�HIILFLHQF\�
RI�ZDWHU�VHSDUDWLRQ�RI�WKH�GH�HPXOVLILHU��7KLV�DJUHHV�ZLWK�+DQDSL�HW�DO� >��@��ZKR�VXJJHVWHG�
WKDW�WKH�)�3�UDWLR�RI�UHVROH�UHVLQV�EH�OLPLWHG�WR���������������WR�DYRLG�LQYHUVLRQ�LQ�VROXELOLW\���

)LJXUH����(IIHFW�RI�PROH�UDWLR�RQ�SHUIRUPDQFH�RI�UHVROH�

�����(IIHFW�RI�GH�HPXOVLILHUV�EOHQG�RQ�GH�HPXOVLILFDWLRQ�SURFHVV�

3KHQRO�IRUPDOGHK\GH� GH�HPXOVLILHUV� SURGXFHG�ZHUH� EOHQGHG�ZLWK� D� SRO\HVWHU�EDVHG� GH�
HPXOVLILHU�WR�SURGXFH�D�QHZ�VHW�RI�GH�HPXOVLILHUV�WKDW�ZHUH�VFUHHQHG�VR�DV�WR�GHWHUPLQH�WKHLU�
HIIHFWLYHQHVV�LQ�VHSDUDWLQJ�FUXGH�RLO�HPXOVLRQV��7KH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUHV������

)LJXUH �� 7KH�HIIHFW�RI�EOHQG�RI�UHVROH�DQG�SRO\HVWHU�VDPSOH���RQ�GH�HPXOVLILFDWLRQ

)URP�)LJXUH����LW�ZDV�REVHUYHG�WKDW�WKH�GH�HPXOVLILHU�EOHQG�)��PDGH�RI�)�3����������DQG�
SRO\HVWHU�VDPSOH���JDYH�WKH�RYHUDOO�EHVW�SHUIRUPDQFH�LQ�WKH�GH�HPXOVLILFDWLRQ�SURFHVV�UXQ����
7KH�PD[LPXP�SHUIRUPDQFH��ZDWHU�VHSDUDWLRQ��RI�������RFFXUUHG�DW�D�EOHQG�RI�����VDPSOH�
)�DQG�����VDPSOH����7KH�EOHQG�$��PDGH�RI�)�3���������DQG�SRO\HVWHU�VDPSOH���SURGXFHG�WKH�
OHDVW�SHUIRUPDQFH��7KLV�VXJJHVWV�WKDW�WKH�KLJKHU�WKH�PRODU�UDWLR�RI�)�3�GH�HPXOVLILHU�LQ�WKH�
EOHQGV��WKH�KLJKHU�WKH�HIILFLHQF\�RI�WKH�GH�HPXOVLILHU��%OHQG�(��PDGH�RI�)�3���������DQG�SRO\�
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HVWHU�VDPSOH���ZDV�VHHQ�WR�FRPSOHWHO\�RYHUODS�ZLWK�EOHQG�)��DW�WKH�KLJKHU�EOHQG�UDWLRV��7KLV�
VKRZV�WKDW�WKH�RSWLPXP�EOHQG�IRU�PD[LPXP�ZDWHU�VHSDUDWLRQ�OLHV�EHWZHHQ�WKH�EOHQGV�(��DQG�)��

)LJXUH����7KH�HIIHFW�RI�EOHQG�RI�UHVROH�DQG�SRO\HVWHU�VDPSOH���RQ�GH�HPXOVLILFDWLRQ

)LJXUH����7KH�HIIHFW�RI�EOHQG�RI�UHVROH�DQG�SRO\HVWHU�VDPSOH���RQ�GH�HPXOVLILFDWLRQ

)LJXUHV���DQG���IROORZ�H[DFWO\�WKH�VDPH�SDWWHUQ�DV�)LJXUH����([FHSW�WKDW�)LJXUH���DUH�EOHQGV�
SURGXFHG�IURP�UHVROH�VDPSOHV�DQG�SRO\HVWHU�VDPSOH���ZKLOH�)LJXUH���DUH�EOHQGV�SURGXFHG�IURP�
UHVROH�GH�HPXOVLILHU�VDPSOHV�DQG�SRO\HVWHU�VDPSOH����7KH�SRO\HVWHU�VDPSOHV�ZHUH�REWDLQHG�DW�
GLIIHUHQW�UHDFWLRQ�WHPSHUDWXUHV�±�VDPSOH���ZDV�SURGXFHG�DW�D�WHPSHUDWXUH�RI����R&��VDPSOH�
��DW����R&�DQG�VDPSOH���DW����R&��)URP�)LJXUHV���±����GH�HPXOVLILHU�VDPSOHV�REWDLQHG�E\�
EOHQGV� RI� UHVROH� DQG� SRO\HVWHU� SURGXFHG� DW� KLJKHU� WHPSHUDWXUHV� JHQHUDOO\� SHUIRUPHG�EHVW�
FRPSDUHG�WR�WKH�RWKHUV��7KH�LQFUHDVLQJ�RUGHU�RI�SHUIRUPDQFH�LV�$����$����$���&����&����&���
)����)����)���HWF��7KHUH�ZDV�DQ�RYHUDOO�LPSURYHPHQW�LQ�SHUIRUPDQFH�FRPSDULQJ�WKH�LQGLYLGXDO�
UHVROH�GH�HPXOVLILHUV�ZLWK�WKH�EOHQGHG�GH�HPXOVLILHUV��)URP�)LJXUH���WKH�KLJKHVW�SHUFHQWDJH�
ZDWHU�VHSDUDWLRQ�REWDLQHG�IRU�WKH�LQGLYLGXDO�UHVROH�GH�HPXOVLILHUV�ZDV�����ZKLOH�IRU�VRPH�RI�
WKH�EOHQGHG�GH�HPXOVLILHUV�(��DQG�)��UHVSHFWLYHO\�JDYH����DQG��������ZDWHU�VHSDUDWLRQ�HIIL�
FLHQF\�DV�VHHQ�LQ�)LJXUH����%XW�LQ�)LJXUH����DOO�WKH�EOHQGHG�VDPSOHV�SHUIRUPHG�EHWWHU�WKDQ�WKH�
LQGLYLGXDO�UHVROH�GH�HPXOVLILHUV��7KH�KLJKHVW�ZDV�������ZDWHU�VHSDUDWLRQ�HIILFLHQF\�IRU�)���
����IRU�'�������IRU�(�������IRU�&�������IRU�%��DQG�����IRU�$����
)URP�)LJXUHV���WR����WKH�PD[LPXP�YDOXH�RI�SHUFHQWDJH�ZDWHU�VHSDUDWLRQ�IRU�DOO�WKH�EOHQGV��

H[FHSW�IRU�$���RFFXUUHG�DW�D�EOHQG�RI�����UHVROH�DQG�����SRO\HVWHU�VDPSOHV��$QG�LQ�DOO�WKH�
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WKUHH�UXQV�UHSUHVHQWHG�E\�)LJXUHV���WR���UHVSHFWLYHO\�WKH�)���)��DQG�)��EOHQGV�JDYH�WKH�EHVW�
ZDWHU�VHSDUDWLRQ�RI������������DQG��������

�����7KH�HIIHFW�RI�VROYHQW��[\OHQH��EOHQG�ZLWK�GH�HPXOVLILHU�)��RQ�GH�HPXOVLILFDWLRQ��

7KH�HIIHFW�RI�LQWURGXFLQJ�D�VROYHQW�WR�WKH�EHVW�EOHQGHG�GH�HPXOVLILHU�RQ�ZDWHU�VHSDUDWLRQ�
HIILFLHQF\�ZDV�FDUULHG�RXW�XVLQJ�[\OHQH��+HUH�[\OHQH�ZDV�PL[HG�ZLWK�)���)�;��LQ�LQFUHDVLQJ�
SHUFHQWDJH�RUGHU�RI������������������������DQG�����DV�D�PRGLI\LQJ�DJHQW�WR� IXUWKHU�
HQKDQFH�LWV�SHUIRUPDQFH��)LJXUH���VKRZV�WKH�SHUIRUPDQFH�RI�WKH�[\OHQH�)��EOHQGV�RQ�WKH�GH�
HPXOVLILFDWLRQ�RI�WKH�1LJHULDQ�FUXGH�RLO�HPXOVLRQ���
)LJXUH� � VKRZV� WKDW� WKH� ZDWHU� VHSDUDWLRQ� HIILFLHQF\� LQFUHDVHV� ZLWK� LQFUHDVLQJ� [\OHQH�

FRQFHQWUDWLRQ��XS�WR������DIWHU�ZKLFK�VXEVHTXHQW�LQFUHDVH�UHVXOWHG�LQ�D�VWHDG\�GHFOLQH�LQ�GH�
HPXOVLILHU�HIILFLHQF\��0D[LPXP�ZDWHU�VHSDUDWLRQ�RI�������ZDV�REWDLQHG�DW�D�EOHQG�RI�����
[\OHQH�DQG�����)��GH�HPXOVLILHU��,W�ZDV�REVHUYHG�IURP�)LJXUH���WKDW�DOO�WKH�EOHQGV�SURGXFHG�
EHWWHU�ZDWHU�VHSDUDWLRQ�WKDQ�MXVW�)��DORQH��VKRZQ�DV�LQWHUFHSW�RQ�WKH�<�D[LV���7KHVH�UHVXOWV�
DUH�LQ�DJUHHPHQW�ZLWK�WKH�UHVXOWV�REWDLQHG�E\�RWKHU�UHVHDUFKHUV�>��@ WKDW�FR�VROYHQW�RU�VROYHQW�
DGGLWLRQ�HQKDQFHV�GH�HPXOVLILFDWLRQ�SURFHVV��

)LJXUH����7KH�HIIHFW�RI�VROYHQW��[\OHQH��RQ�GH�HPXOVLILHU�SHUIRUPDQFH

�����&RPSDULVRQ�ZLWK�FRPPHUFLDO�GH�HPXOVLILHU�

7KH�FRPPHUFLDO�GH�HPXOVLILHU�ZDV�VFUHHQHG�DQG�WHVWHG�DJDLQVW�)�;�VXEMHFW�WR�WKH�VDPH�
ERWWOH�WHVW�FRQGLWLRQV��+HUH�UDWH�RI�ZDWHU�VHSDUDWLRQ�DQG�SHUFHQWDJH�ZDWHU�VHSDUDWLRQ�ZHUH�
PHDVXUHG��)LJXUH���VKRZV�WKH�FRPSDUDWLYH�WHVWV�FDUULHG�RXW�RQ�ERWK�GH�HPXOVLILHUV��,W�ZDV�
REVHUYHG�IURP�)LJXUH���WKDW�UDWH�RI�ZDWHU�VHSDUDWLRQ�PHDVXUHG�IRU����PLQXWHV�DW�LQWHUYDOV�RI��
��PLQXWHV��ZDV�KLJKHU�IRU�)�;�WKDQ�WKH�FRPPHUFLDO�GH�HPXOVLILHU��$OVR�WKH�SHUFHQWDJH�ZDWHU�
VHSDUDWLRQ�HIILFLHQF\�ZDV�������FRPSDUHG�WR�������IRU�)�;�GH�HPXOVLILHU���

)LJXUH��� &RPSDULVRQ�RI�)�;�GH�HPXOVLILHU�EOHQG�ZLWK�D�FRPPHUFLDO�GH�HPXOVLILHU
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�����'HWHUPLQLQJ�WKH�IDFWRUV�ZKLFK�KDYH�WKH�PRVW�VLJQLILFDQW�HIIHFW�

7KH�UHVXOWV�REWDLQHG�IURP�VFUHHQLQJ�DQDO\VLV�RI�WKH�IRUPXODWHG�DQG�FRPSRXQGHG�GH�HPXO�
VLILHUV�ZHUH�IXUWKHU�DQDO\VHG�XVLQJ�0LQLWDE�����7KLV�ZDV�WR�GHWHUPLQH�ZKLFK�RQH�RU�FRPELQHG�
IDFWRUV��PROH�UDWLR��EOHQG�UDWLR�DQG�SRO\HVWHU�VDPSOH��KDYH�WKH�PRVW�SURQRXQFHG�HIIHFW�RQ�GH�
HPXOVLILFDWLRQ��$�3DUHWR�&KDUW��1RUPDO�(IIHFWV�DQG�&RQWRXU�3ORWV�ZHUH�XVHG�IRU�WKH�DQDO\VLV���

�������3DUHWR�3ORW�

7KH�3DUHWR�FKDUW�ZDV�XVHG�WR�GHWHUPLQH�ZKLFK�IDFWRUV�KDYH�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFWV�
RQ�WKH�UHVSRQVH�RU�SHUFHQWDJH�ZDWHU�VHSDUDWLRQ��7KH�UHIHUHQFH�UHG�OLQH�LQGLFDWHG�RQ�WKH�FKDUW�
KHOSHG�WR�LGHQWLI\�ZKLFK�HIIHFWV��ZKHWKHU�VLQJO\�RU�FRPELQHG��DUH�VLJQLILFDQW�WR�WKH�UHVSRQVH��
7KH�IDUWKHU�D�IDFWRU�LV�IURP�WKH�UHG�OLQH�WKH�PRUH�VLJQLILFDQW�LWV�LPSDFW�RI�WKH�UHVSRQVH��)URP�
WKH�3DUHWR�&KDUW�LQ�)LJXUH����LW�ZDV�VHHQ�WKDW�PROH�UDWLR��$��KDV�WKH�PRVW�VLJQLILFDQW�LPSDFW�
RQ�WKH�YROXPH�RI�ZDWHU�H[SHOOHG�IURP�WKH�HPXOVLRQ��IROORZHG�E\�EOHQG�UDWLRV��%��DQG�WKH�FRPEL�
QHG�HIIHFW�RI�EOHQG�UDWLR��WHPSHUDWXUH�RI�LQ�ZKLFK�WKH�SRO\HVWHU�VDPSOH�ZDV�SUHSDUHG��%&����

)LJXUH��� 3DUHWR�SORW�RI�WKH�HIIHFWV�RI�YDULRXV�IDFWRUV�RQ�HIILFLHQF\�RI�GH�HPXOVLILHU

�������1RUPDO�3ORW

7KH�1RUPDO�HIIHFWV�SORW��)LJXUH����ZDV�XVHG�WR�FRPSDUH�WKH�UHODWLYH�PDJQLWXGH�DQG�WKH�
VWDWLVWLFDO�VLJQLILFDQFH�RI�ERWK�WKH�PDLQ�DQG�LQWHUDFWLRQ�HIIHFWV��7KH�IDFWRUV�WKDW�KDYH�VLJQL�
ILFDQW�HIIHFWV�DUH�VKRZQ�LQ�UHG�DQG�WKRVH�ZLWKRXW�VLJQLILFDQW�HIIHFWV�DUH�VKRZQ�LQ�EOXH��7KH�
IXUWKHU�D�IDFWRU�LV�IURP�WKH�UHG�OLQH��WKH�PRUH�VLJQLILFDQW�WKH�HIIHFW�LW�KDV�RQ�WKH�FRUUHVSRQGLQJ�
UHVSRQVH��

)LJXUH����1RUPDO�HIIHFWV�SORW�IRU�RSWLPL]DWLRQ�RI�HIILFLHQF\
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)URP�)LJXUH����LW�ZDV�REVHUYHG�WKDW�WKH�PROH�UDWLR��$��DW�ZKLFK�WKH�UHVROHV�ZHUH�SURGXFHG�
KDV�WKH�PRVW�VLJQLILFDQW�HIIHFW�RI���DQG�UHODWLYH�PDJQLWXGH�RI������7KH�EOHQG�UDWLR��%��DQG�
WKH�FRPELQHG�HIIHFW�RI�WKH�EOHQG�UDWLR�DQG�WHPSHUDWXUH�RI�SRO\HVWHU�W\SH��%&��SURGXFHG�WKH�
VDPH�HIIHFW�RI���EXW�UHODWLYH�PDJQLWXGHV�RI����DQG�����UHVSHFWLYHO\�RQ�WKH�GH�HPXOVLILFDWLRQ�
SURFHVV���

�������&RQWRXU�SORW

$�FRQWRXU�SORW��)LJXUH�����LV�D�JUDSK�XVHG�WR�GHWHUPLQH�WKH�SRWHQWLDO�UHODWLRQVKLS�EHWZHHQ�
WKUHH�YDULDEOHV��&RQWRXU�SORWV�H[KLELW�WKH���GLPHQVLRQDO�UHODWLRQVKLS�LQ�WZR�GLPHQVLRQV��ZLWK�
[��DQG�\�IDFWRUV��SUHGLFWRUV��SORWWHG�RQ�WKH�[��DQG�\�VFDOHV�DQG�UHVSRQVH�YDOXHV�UHSUHVHQWHG�
E\�FRQWRXUV��

)LJXUH�����&RQWRXU�3ORWV�RI�9ROXPH

)URP�)LJXUH�����WKH�SORWV�VKRZ�WKH�HIIHFWV�RI�PROH�UDWLR��EOHQG�UDWLR�DQG�WHPSHUDWXUH�RI�
SRO\HVWHU�RQ�WKH�YROXPH�RI�ZDWHU�H[SHOOHG�IURP�WKH�FUXGH�RLO�HPXOVLRQ��7KH�ILUVW�SORW�VKRZHG�
WKH� FRPELQHG� HIIHFW� RI� EOHQG� UDWLR� DQG�PROH� UDWLR� LI� WHPSHUDWXUH� RI� SRO\HVWHU� ZHUH� NHSW�
FRQVWDQW�DW�������&��7KH�GDUNHVW�JUHHQ�UHJLRQ�UHYHDOHG�WKH�EOHQG�UDWLR�DQG�PROH�UDWLR�LQWHU�
DFWLRQ�WKDW�ZLOO�FDXVH�WKH�KLJKHVW�DPRXQW�RI�ZDWHU�WR�EH�H[SHOOHG�IURP�WKH�FUXGH�RLO�HPXOVLRQ�
ZKLOH�WKH�GDUN�EOXH�UHJLRQ�VKRZHG�WKH�FRPELQDWLRQ�ZLWK�WKH�OHDVW�HIIHFW��3ORW���ZKLFK�VKRZHG�
WKH�FRPELQHG�HIIHFW�RI�WHPSHUDWXUH�RI�SRO\HVWHU�DQG�PROH�UDWLR�ZKHQ�WKH�EOHQG�UDWLR�ZDV�KHOG�
FRQVWDQW�DW�����DQG�SORW���ZKLFK�VKRZHG�WKH�HIIHFW�RI�WHPSHUDWXUH�RI�SRO\HVWHU�DQG�EOHQG�UDWLR�
ZKHQ�PROH�UDWLR�ZDV�NHSW�FRQVWDQW�DW������SURGXFHG�VLPLODU�HIIHFWV�LQGLFDWHG�E\�WKH�FRQWRXUV��
7KH�GDUNHVW�JUHHQ�VKRZHG�WKH�UDQJH�RI�WHPSHUDWXUHV�DQG�PROH�UDWLRV�LQ�ZKLFK�WKHLU�FRPELQHG�
HIIHFW�ZLOO�EH�VLJQLILFDQW��7KH�GDUNHU�EOXH�VKRZHG�WKH�UDQJHV�ZKHUH�WKH�FRPELQHG�HIIHFW�RI�
WHPSHUDWXUH�DQG�PROH�UDWLR�ZLOO�EH�LQVLJQLILFDQW��([DFWO\�WKH�VDPH�WUHQG�ZDV�REVHUYHG�IRU�SORW����
7KH�FRQWRXUV�DUH�ZHOO�LQWHUSUHWHG�DQG�UHDG�IURP�WKH�OHJHQG�

���&RQFOXVLRQV�

7KLV�VWXG\�VKRZHG�WKDW�GH�HPXOVLILHU�SHUIRUPDQFH�LQFUHDVHV�ZLWK�LQFUHDVH�LQ�)��3�UDWLR�IRU�
WKH�UHVROHV�UHDFKLQJ�DQ�RSWLPXP�EH\RQG�ZKLFK WKHUH�LV�DQ�LQYHUVLRQ�RU�D�UHGXFWLRQ�LQ�LWV�ZDWHU�
VHSDUDWLRQ�HIILFLHQF\��:DWHU�VHSDUDWLRQ�HIILFLHQF\�LV�HQKDQFHG�ZKHQ�EOHQGV�RI�SKHQROLF�UHVLQ�
�RU� UHVROH��DQG�SRO\HVWHU� � EDVHG�GH�HPXOVLILHUV�DUH�XVHG��$OVR��EOHQGLQJ�FRPSRXQGHG�GH�
HPXOVLILHUV�ZLWK�D�GLOXHQW��[\OHQH��SURGXFHV�YHU\�HIIHFWLYH�DJHQWV�IRU�WKH�GH�HPXOVLILFDWLRQ�RI�
FUXGH�RLO�HPXOVLRQV��7KH�KLJK�ZDWHU�VHSDUDWLRQ�UDWHV�DQG�HIILFLHQF\�RI�WKH�FRPSRXQGHG�)�;�
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GH�HPXOVLILHU�DWWDLQHG�RYHU�WKH�FRPPHUFLDO�VDPSOH�EHLQJ�XVHG�LQ�WKH�1LJHULDQ�RLO�,QGXVWU\��ZLOO�
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