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*OXFRVH�&RQWHQW�LQ�3RSXODU�6ZHHWHQHG�%HYHUDJHV��6RIW�GULQNV��
)UXLW�MXLFHV��:LQHV�

0DQGLUD�3UDGKDQDQJD�$GKLNDUL �DQG�6XQLO�7KDNXU�

&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX��1HSDO�

$EVWUDFW�

*OXFRVH�LV�IRXQG�QDWXUDOO\�LQ�IRRG�DQG�LV�RIWHQ�DGGHG�WR�SURFHVVHG�IRRGV�WR�VZHHWHQ�WKHP�DQG�LQFUHDVH�
IODYRU��,W�LV�WKH�NH\�VRXUFH�RI�HQHUJ\�IRU�KXPDQ�EHLQJ��,W�VXSSOLHV�DOPRVW�DOO�HQHUJ\�IRU�WKH�EUDLQ��VR�LWV�
DYDLODELOLW\� LQIOXHQFHV�SK\VLRORJLFDO�SURFHVVHV�� +RZHYHU�� FRQVXPSWLRQ� RI� H[FHVV� DPRXQW� RI� JOXFRVH�
FRQWULEXWHV�QHJDWLYHO\� WR�PHWDEROLF�KHDOWK��7KH�DPRXQW�RI�JOXFRVH�FRQWHQWV� LQ� VRPH�SRSXODU� VZHHWHQHG�
EHYHUDJHV�VXFK�DV�VRIW�GULQNV��IUXLW�MXLFHV�DQG�ZLQH�VDPSOH�PDUNHWHG�LQ�.DWKPDQGX�YDOOH\�RI�1HSDO�ZHUH�
GHWHUPLQHG�� 7KH� TXDQWLWDWLYH� DQDO\VLV� ZDV� FDUULHG� RXW� E\� XVLQJ� )HKOLQJ� WLWUDWLRQ�PHWKRG�� 7KH� JOXFRVH�
FRQWHQW�YDULHG�IURP�GULQNV�WR�GULQNV�RI�DOO�EUDQGV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�FRQFHQWUDWLRQ�RI�JOXFRVH�
ZDV�PRUH�LQ�WKH�VRIW�GULQNV�PDQXIDFWXUHG�E\�&RFD�&ROD�&RPSDQ\�WKDQ�WKH�VRIW�GULQNV�PDQXIDFWXUHG�E\�
3HSVL�&RPSDQ\��7KH�FRQFHQWUDWLRQ�RI�JOXFRVH�UDQJHG� IURP������J�/� WR������J�/�DQG������J�/� WR�������
J�/�LQ�&RFD�&ROD�DQG�3HSVL�&RPSDQ\��UHVSHFWLYHO\��7KH�JOXFRVH�FRQWHQW�RI�IUXLW�MXLFH�YDULHG�IURP������
J�/� WR��������J�/�� ,W�ZDV�D�PLQLPXP� LQ�RUDQJH� MXLFH�DQG�D�PD[LPXP� LQ�PDQJR� MXLFH�DPRQJ� WKH� MXLFH�
VDPSOHV�WDNHQ�LQ�WKLV�VWXG\��7KH�VWXG\�DOVR�VKRZHG�WKDW�FRQFHQWUDWLRQ�RI�JOXFRVH�ZDV�WZLFH�LQ�ZKLWH�ZLQH�
RI� WKH� ORFDO� EUDQG� FRPSDUHG� WR� WKDW� LQ� ZKLWH� ZLQH� RI� WKH� LQWHUQDWLRQDO� EUDQG� DQG� WKH� YDOXHV� ZDV� OLH�
EHWZHHQ����WR����J�/�

.H\ZRUGV��JOXFRVH��IUXLW�MXLFH��VRIW�GULQN��ZLQH�

,QWURGXFWLRQ

6RIW�GULQNV�DUH�RQH�RI�WKH�PRVW�SRSXODU�DQG�FRQVXPHG�EHYHUDJHV�DFURVV�WKH�ZRUOG��7KH\�DUH�ZLGHO\�
XVH� DW� IDVW� IRRG� UHVWDXUDQWV�� PRYLH� WKHDWHUV�� GLQLQJ� UHVWDXUDQWV� HWF�� 7KH\� DUH� YHU\� SRSXODU� LQ� VPDOO�
JDWKHULQJ�� JHW� WRJHWKHU�� FHOHEUDWLRQ�RI� GLIIHUHQW� FHUHPRQ\� VXFK� DV� ELUWK�GD\��PDUULDJH��'DVKDLQ�� HWF�� LQ�
1HSDO��$OWKRXJK��VRIW�GULQNV�DUH�DYDLODEOH�LQ�SODVWLF�ERWWOHV��FDQV��JODVV�ERWWOH�DQG�SDSHU�SDFN��LQ�D�YDULHW\�
RI�VL]HV�� WKH�VRIW�GULQNV�ZLWK�SODVWLF�ERWWOHV�DUH�PRVW�FRPPRQO\�XVHG��7KH\�DUH�VHUYHG�HLWKHU�FKLOOHG�RU�
RYHU�LFH�FXEHV�DQG�VRPHWLPHV�DW�URRP�WHPSHUDWXUHV���

6RIW� GULQNV� DUH� QRQ�DOFRKROLF� VZHHWHQHG� EHYHUDJHV� FRQWDLQLQJ� FDUERQDWHG� ZDWHU�� IUXLW� DFLGV��
VZHHWHQLQJ� DJHQWV� DQG� QDWXUDO� RU� DUWLILFLDO� IODYRULQJ� DQG� FRORULQJV� DJHQWV��� 6RIW� GULQNV� FRQWDLQ� PDQ\�
EHQHILFLDO�TXDOLWLHV�WR�RQH¶V�KHDOWK��WKH\�SURYLGH�SOHDVDQW�IODYRU��PLQHUDOV��DQWLR[LGDQW�DQG�ILEHU�ZKLFK�DUH�
HVVHQWLDO� YHKLFOH� IRU� K\GUDWLRQ�� 7KH\� DUH� XVXDOO\� DEVRUEHG� E\� ERG\� PRUH� UHDGLO\� WKDQ� ZDWHU� DQG� FDQ�
UHSODFH�ORVW�VDOW��7KH\�SURYLGH�HQHUJ\�TXLFNO\�DQG�WKLUVW\�TXHQFKLQJ�UDSLGO\���6RIW�GULQNV�SURYLGH�FRQVWDQW�
HQHUJ\�ZKHQ�FRQVXPHG�EHFDXVH�RI�WKH�VZHHWHQLQJ�DJHQWV�SUHVHQW�LQ�LW���$OO�FDUERK\GUDWHV�DUH�LPSRUWDQW�

&RUUHVSRQGLQJ�DXWKRU
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VRXUFH�RI�HQHUJ\�EXW�VRIW�GULQNV�JHQHUDOO\�FRQWDLQ�VROXEOH�VXJDUV�ZKLFK�DUH�HDV\�WR�DGPLQLVWHU��2QH�RI�WKH�
PDLQ�FRPSRQHQWV�RI�FDUERQDWHG�GULQNV�LV�VXFURVH��6WUXFWXUDOO\�VXFURVH�LV�D�GLVDFFKDULGH�FRQVWLWXWHG�E\�WKH�
XQLRQ�RI� WKH�PRQRVDFFKDULGH� JOXFRVH� DQG� IUXFWRVH�� FRQQHFWHG� WKURXJK� WKHLU� DQRPHULF� FDUERQ��� 6XFURVH�
WKDW�LV�XVHG�LQ�FDUERQDWHG�GULQNV�LV�PDGH�IURP�VXJDUFDQH�DQG�VXJDU�EHHWV��6XFURVH�LV�DFLGLF�LQ�QDWXUH�DQG�
WKH�DFLGLW\�LQFUHDVHV�ZKHQ�FDUERQ�GLR[LGH�LV�SXPSHG�LQWR�WKH�FDUERQDWHG�GULQNV��,W�LV�SXUH�DQG�FU\VWDOOLQH�
DQG�LW� LV�FRQVLVWHQWO\�VZHHW�ZLWKRXW�DQ\�RWKHU�IODYRU��,W� LV�UDSLGO\�XWLOL]HG�LQ�WKH�RUJDQLVP�VHUYLQJ�DV�DQ�
HDVLO\�DVVLPLODWHG�VRXUFH�RI�HQHUJ\���,Q�DGGLWLRQ�WR�HQHUJ\��VRIW�GULQNV�SURPRWH�WKH�UDSLG�XSWDNH�RI�ERG\�
VDOWV� DQG�ZDWHU�ZKLFK� DUH�YHU\� LPSRUWDQW�SURGXFWV� IRU� VSRUWV�SHRSOH� DQG�RWKHU� UHTXLULQJ� DOPRVW� LQVWDQW�
GHK\GUDWLRQ�� 2WKHU� QXWULWLRQDO� EHQHILWV� WKDW� DUH� FODLPHG� E\� VRPH� SURGXFHUV� LQFOXGH� WKH� GHOLYHU\� RI�
HVVHQWLDO�YLWDPLQV��DQG�PLQHUDOV��HVSHFLDOO\�WR�FKLOGUHQ����

$IWHU�WKH�VRIW�GULQNV�WKH�PRVW�FRPPRQO\�FRQVXPHG�DQRWKHU�EHYHUDJH�LV�WKH�IUXLW�MXLFH��$�IUXLW�MXLFH�LV�
REWDLQHG�IURP�WKH�HGLEOH�SRUWLRQ�RI�D� ULSH� IUHVK� IUXLW�RU� IURP�D� IUXLW�NHSW� LQ� IUHVK�FRQGLWLRQ�E\�VXLWDEOH�
PHDQV���5HFHQWO\��FRQVXPSWLRQ�RI�IUXLW�MXLFH�LV�GUDVWLFDOO\�LQFUHDVLQJ�LQ�.DWKPDQGX��1HSDO��DV�IUXLW�MXLFH�
LV�PRUH�SURILWDEOH�WKDQ�IUHVK�IUXLW��)UXLW�MXLFH�FRQWDLQV�YLWDPLQV��PLQHUDOV��DQWL�R[LGDQWV�DQG�ILEHUV�ZKLFK�
DUH� HVVHQWLDO� IRU� WKH� KXPDQ� GLHW�� KHQFH�� WKH\� DUH� RIWHQ� FRQVXPHG� IRU� WKHLU� SHUFHLYHG� KHDOWK� EHQHILWV��
3HRSOH�FRQVXPH�IUXLWV�MXLFHV�RQ�D�GDLO\�EDVLV�DV�WKH\�SURYLGH�EHQHILWV�RI�YDULRXV�IUXLWV���

)UXFWRVH�LV�RQH�RI�WKH�PRVW�DEXQGDQW�VXJDUV�LQ�IUXLW�MXLFH��)UXLWV��YHJHWDEOHV��DQG�KRQH\�DUH�DOO�QDWXUDO�
VRXUFHV�RI� IUXFWRVH��7KUHH�FRPPRQ�IRUPV�RI� IUXFWRVH�DUH�FU\VWDOOLQH� IUXFWRVH��KLJK�IUXFWRVH�FRUQ�V\UXS��
DQG� VXFURVH�� &U\VWDOOLQH� IUXFWRVH� LV� GHULYHG� IURP� FRUQ�� DQG� KDV� WKH� KLJKHVW� FRQFHQWUDWLRQ� RI� IUXFWRVH��
+LJK�IUXFWRVH�FRUQ�V\UXS�LV�D�FRPELQDWLRQ�RI�IUXFWRVH�DQG�JOXFRVH���7KH\�DUH�ZLGHO\�XVHG�DV�VZHHWQHVV�LQ�
VRIW�GULQNV���)UXFWRVH�LV�D�VLPSOH�PRQRVDFFKDULGH�DEVRUEHG�GLUHFWO\�LQWR�WKH�EORRGVWUHDP�GXULQJ�GLJHVWLRQ��
7KH� FRQVXPSWLRQ� RI� IUXFWRVH�� ODUJHO\� LQ� WKH� IRUP� RI� KLJK� IUXFWRVH� FRUQ� V\UXS�� KDV� ULVHQ� RYHU� WKH� SDVW�
VHYHUDO� GHFDGHV��� 6RPH� SHRSOH� EHOLHYH� WKDW� WKH� IUXFWRVH� LV� KHDOWKLHU� WKDQ� VXFURVH� EHFDXVH� LW� LV� IRXQG�
QDWXUDOO\�LQ�IUXLW��KRZHYHU�LW�FDQ�EH�HTXDOO\�KDUPIXO���

:LQH�LV�DQRWKHU�EHYHUDJH�PDGH�IURP�JUDSHV��*OXFRVH�DQG�IUXFWRVH�DUH�WKH�PDLQ�IHUPHQWDEOH�VXJDU�LQ�
JUDSH�MXLFH��$W�WKH�HQG�RI�IHUPHQWDWLRQ�H[FHVV�VXJDU�UHPDLQV�DV�UHVLGXDO�VXJDU�LQ�WKH�ZLQH��,W�LQFOXGHV��DOO�
UHGXFLQJ� VXJDUV� LQFOXGLQJ� JOXFRVH�� IUXFWRVH� DQG� RWKHU� XQ�IHUPHQWDEOH� VXJDU�� ,W� LV� XVXDOO\� PHDVXUHG� LQ�
JUDP�RI�VXJDU�SHU�OLWHU�RI�ZLQH��7KH�ZLQHV�DUH�FODVVLILHG�DV�VZHHW�LQ�ZKLFK�VXJDU�FRQWHQWV�LV�JUHDWHU�WKDQ�
���J�/�DQG�PHGLXP�VZHHW�LQ�ZKLFK�VXJDU�FRQWHQWV�UDQJH�IURP����J�/�WR����J�/���7KH�VXEMHFWLYH�VZHHWQHVV�
RI�D�ZLQH�LV�GHWHUPLQHG�PDLQO\�E\�WKH�DPRXQW�RI�VXJDU�LQ�WKH�ZLQH�EXW�DOVR�WKH�UHODWLYH�OHYHO�RI�DOFRKRO��
DFLGV�DQG�WDQQLQV��

,W� LV� IRXQG� WKDW� WKH�HQWLUH�FRPPRQO\�XVHG�EHYHUDJH�FRQWDLQV�VXJDU�JOXFRVH��*OXFRVH� LV�DQ� LPSRUWDQW�
HQHUJ\�VRXUFH�WKDW�LV�QHHGHG�E\�DOO�WKH�FHOOV�DQG�RUJDQV�RI�WKH�ERG\�VXFK�DV�PXVFOHV�DQG�EUDLQ��+RZHYHU��
WKH� DGGLWLRQ� RI� H[FHVVLYH� TXDQWLW\� RI� VXJDU� WUDQVIRUPV� WKH� IRRG� LQ� D� FDORULH� ERPE� ZLWK� HYHQWXDO�
SDWKRJHQLF� HIIHFW���$OWKRXJK� WKH� VXJDU� LV� HVVHQWLDO� IRU� HQHUJ\�� WKH� KXPDQ� ERG\� FDQQRW� WROHUDWH� D� ODUJH�
DPRXQW�RI�VXJDU��ZKLFK�PD\�GDPDJH� WKH�YLWDO�RUJDQV��7KH�DYHUDJH�KHDOWK\�GLJHVWLYH�V\VWHP�FDQ�GLJHVW�
DQG� HOLPLQDWH� WZR� WR� IRXU� WHDVSRRQV� RI� VXJDU� GDLO\�� XVXDOO\� ZLWKRXW� QRWLFHDEOH� VLGH�HIIHFWV�� 6XJDU��
VZHHWHQHG�EHYHUDJHV�FRQWULEXWH�WR�ZHLJKW�JDLQ�LQ�ERWK�DGXOWV�DQG�\RXWK�DQG�DUH�UHVSRQVLEOH�IRU�REHVLW\��
GLDEHWHV�� FDUGLRYDVFXODU�GLVHDVH� DQG� IDWW\� OLYHU�GLVHDVH� HWF�������7KH� ODUJH� FRQVXPSWLRQ�RI� WKHVH�JOXFRVH�
VORZO\� HURGHV� WKH� DELOLW\� RI� FHOOV� LQ� WKH� SDQFUHDV� WR�PDNH� LQVXOLQ��� ,Q� DGGLWLRQ�� WKH� LQKHUHQW� DFLGV� DQG�
VXJDUV�DGGHG�LQ�EHYHUDJHV�KDYH�ERWK�DFLGRJHQLF�DQG�FDULRJHQLF�SRWHQWLDO��ZKLFK�UHVXOWV�GHQWDO�FDULHV�DQG�
SRWHQWLDO� HQDPHO� HURVLRQ��$FLGRVLV� FDQ�FDXVH�NLGQH\� VWRQHV�� ORZHU�JURZWK�KRUPRQHV�� LQFUHDVH�ERG\� IDW�
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DQG�UHGXFH�PXVFOH�PDVV��)XUWKHU��EDFWHULD�DQG�YLUXVHV�WKULYH�LQ�DQ�DFLGLF�HQYLURQPHQW��KHQFH�DQ\�VWDWH�RI�
DFLGRVLV�ZLOO�PDNH�WKH�ERG\�PRUH�VXVFHSWLEOH�WR�EDFWHULDO�DQG�YLUDO�LQIHFWLRQV���

2Q�WKH�RWKHU�KDQG��WKH�HOHYDWHG�FRQFHQWUDWLRQ�RI�VXJDU�DV�ZHOO�DV�ORZHU�FRQFHQWUDWLRQ�RI�WKH�VXJDU�LQ�
KXPDQ� ERG\� KDV� KDUPIXO� HIIHFW�� 7KHUHIRUH�� LW� LV� YHU\� HVVHQWLDO� WR� NQRZ� WKH� DPRXQW� RI� VXJDU� �VXFURVH��
JOXFRVH� DQG� IUXFWRVH�� SUHVHQW� LQ� WKH� VZHHW� EHYHUDJHV�� WKRVH� DUH� FRPPRQO\� FRQVXPHG���� WR� SUHYHQW�
H[FHVVLYH� FRQVXPSWLRQ� RI� JOXFRVH� DQG� SURWHFW� SHRSOH� IURP� KDUPIXO� HIIHFW�� 7KLV� VWXG\� GHWHUPLQHV� WKH�
JOXFRVH� FRQWHQW� RI� FHUWDLQ� VHOHFWHG� SRSXODU� EUDQGV� RI� VRIW� GULQNV�� IUXLW� MXLFHV� DQG� ZLQH� PDUNHWHG� DQG�
SRSXODU�LQ�WKH�.DWKPDQGX�YDOOH\��

1XPHURXV�PHWKRGV�KDYH�EHHQ� UHSRUWHG� IRU�JOXFRVH�DQDO\VLV� LQ� IRRG��+RZHYHU��PRVW�RI� WKH�DGRSWHG�
PHWKRGV� DUH� WLPH�FRQVXPLQJ�RU� FRVWO\��&XUUHQWO\�� VHYHUDO� GHYLFHV� DUH� DYDLODEOH� IRU�SUHFLVH� DQG�SURPSW�
JOXFRVH�PHDVXUHPHQWV� LQ� WKH� FOLQLFDO� DUHD�� EXW� WKHVH� GHYLFHV� DUH� IUHTXHQWO\� GHVLJQHG� WR� RSHUDWH� XQGHU�
EORRG� VHUXP� FRQGLWLRQV�� 'HYHORSPHQW� RI� IDVW�� FKHDS�� SUDFWLFDO�� DQG� VHOHFWLYH� PHWKRGV� IRU� GHWHFWLQJ�
JOXFRVH�LQ�IRRG�LV�VWLOO�D�UHVHDUFK�DUHD�WKDW�EULQJV�WRJHWKHU�HIIRUWV�IURP�FKHPLVWU\�WR�FOLQLFDO�DQDO\VLV����

+LJK�3UHVVXUH�/LTXLG�&KURPDWRJUDSK\��+3/&��PHWKRG�FDQ�PHDVXUH�VXJDU�FRPSRQHQWV�OLNH�JOXFRVH��
IUXFWRVH� DQG� VXFURVH� DFFXUDWHO\���� )7,5� VSHFWURVFRS\� FDQ� SRWHQWLDOO\� JLYH� LQIRUPDWLRQ� DERXW� WKH�
SURSRUWLRQV�RI�WKH�WKUHH�PDLQ�FDUERK\GUDWHV�VXFK�DV�JOXFRVH��IUXFWRVH�DQG�VXFURVH���%HLQJ�D�FRVW�HIIHFWLYH�
DQG�SRWHQWLDOO\�PRUH�UDSLG�WKDQ�WKH�DERYH�PHQWLRQHG�PHWKRGV��)7,5�VSHFWURVFRS\�EHFDPH�DQ�DOWHUQDWLYH�
WHFKQLTXH�IRU�WKH�DQDO\VLV�RI�FDUERK\GUDWHV�LQ�IRRG�VDPSOHV���

7KH�PHWKRG�HPSOR\HG�IRU�WKH�GHWHUPLQDWLRQ�RI�JOXFRVH�LQ�WKLV�VWXG\�LV�)HKOLQJ
V�WHVW��7KLV�PHWKRG�LV�
VLPSOH�DQG�HFRQRPLF�WR�GHWHUPLQH�DPRXQW�RI�JOXFRVH�LQ�ODERUDWRU\��)HKOLQJ¶V�WHVW�IRU�UHGXFLQJ�VXJDUV�KDV�
EHHQ�XVHG�VLQFH�WKH�����¶V�WR�GHWHUPLQH�WKH�DPRXQW�RI�JOXFRVH�DQG�RWKHU�UHGXFLQJ�VXJDUV��ODFWRVH�LQ�PLON��
IRU�H[DPSOH����,W�LV�DOVR�DSSOLHG�LQ�DJULFXOWXUH��JOXFRVH�GHWHUPLQDWLRQ�LQ�FRUQ�IRU�XVH�LQ�FRUQ�V\UXS�����DQG�
LQ�PHGLFLQH��JOXFRVH�GHWHUPLQDWLRQ�LQ�XULQH�IRU�GLDEHWHV�WHVWV��������

([SHULPHQWDO�0HWKRGV�

&ROOHFWLRQ�RI�VDPSOHV�RI�VZHHWHQHG�EHYHUDJHV��

6L[WHHQ� VDPSOHV� RI� VZHHWHQHG� EHYHUDJHV�ZHUH� SXUFKDVHG� IURP� WKH� ORFDO� PDUNHW� RI� WKH�.DWKPDQGX�
YDOOH\�� 6ZHHWHQHG� EHYHUDJHV� ZHUH� VHOHFWHG� DFFRUGLQJ� WR� WKHLU� SRSXODULW\� DQG� IUHTXHQF\� RI� WKHLU�
FRQVXPSWLRQ��$PRQJ�WKHP�VHYHQ�ZLGHO\�FRQVXPHG�VRIW�GULQNV��VXFK�DV�&RNH�&ROD��)DQWD��6SULWH��3HSVL��
0LUDQGD��'HZ�DQG�6HYHQ�XS�ZHUH�FROOHFWHG�IRU�DQDO\VLV��6LPLODUO\��ILYH�IUXLW�MXLFHV�ZLWK�GLIIHUHQW�IODYRU�
VXFK�DV�PDQJR��RUDQJH��OLWFKL��DSSOH��DQG�SRPHJUDQDWH�IUXLW�MXLFHV�ZHUH�VHOHFWHG�IRU�DQDO\VLV��)XUWKHU�IRXU�
ZLQHV�VDPSOH�VXFK�DV�WZR�ZKLWH�ZLQHV�RQH�IURP�ORFDO�EUDQG�DQG�RQH�IURP�LQWHUQDWLRQDO�EUDQG�DQG�WZR�UHG�
ZLQHV� RQH� IURP� ORFDO� EUDQG� DQG� RQH� IURP� LQWHUQDWLRQDO� EUDQG� ZHUH� FROOHFWHG� IURP� ORFDO� PDUNHW� RI�
.DWKPDQGX� YDOOH\� IRU� DQDO\VLV�� $OO� WKH� VRIW� GULQNV�ZHUH� SXUFKDVHG� LQ� SHW� ERWWOH� DQG� IUXLW� MXLFHV�ZHUH�
SXUFKDVHG�LQ�SDSHU�SDFN�DQG�ORFDO�ZLQHV�ZHUH�SXUFKDVHG�LQ�JODVV�ERWWOH�ZKHUHDV�LQWHUQDWLRQDO�ZLQHV�ZHUH�
SXUFKDVHG�LQ�SDSHU�SDFN��7KH�VDPSOHV�ZHUH�GLOXWHG�DV�SHU�UHTXLUHPHQW��

3UHSDUDWLRQ�RI�VDPSOH�VROXWLRQ�

6RIW�GULQNV�

���P/�RI�HDFK�VRIW�GULQN�ZDV�WDNHQ�IURP�IUHVKO\�RSHQ�����P/�SHW�ERWWOH�DQG�WUDQVIHUUHG�LQWR�����PO�
YROXPHWULF� IODVN��'LVWLOOHG�ZDWHU�ZDV� DGGHG�XS� WR� WKH�PDUN� WR�PDNH�����P/� VROXWLRQ�� � ���P/�RI� WKXV�
SUHSDUHG�VDPSOH�VROXWLRQ�ZDV�XVHG�IRU�WLWUDWLRQ�HDFK�WLPH�ZLWK�VWDQGDUG�)HKOLQJ¶V�VROXWLRQ����
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)UXLW�MXLFHV�� �

���P/�RI�HDFK�IUXLW�MXLFH�IURP�SDSHU�SDFN�ZDV�WUDQVIHUUHG�LQ�D�YROXPHWULF�IODVN�RI�����P/�DQG�GLOXWHG�
XS�WR�WKH�PDUN�XVLQJ�GLVWLOOHG�ZDWHU�����P/�RI�WKLV�VROXWLRQ�ZDV�WLWUDWHG�ZLWK�VWDQGDUG�)HKOLQJ¶V�VROXWLRQ�
LQ�RUGHU�WR�GHWHUPLQH�WKH�FRQFHQWUDWLRQ�RI�WKH�IUXLW�MXLFHV��

:LQHV�

$OO� IRXU� EUDQGV� RI� ZLQH� VDPSOH� ZHUH� WLWUDWHG� GLUHFWO\� ZLWK� VWDQGDUG� )HKOLQJ¶V� VROXWLRQ� LQ� RUGHU� WR�
GHWHUPLQH�WKH�FRQFHQWUDWLRQ�RI�JOXFRVH�SUHVHQW�LQ�WKH�ZLQH�VDPSOH�ZLWKRXW�DQ\�GLOXWLRQ��

3UHSDUDWLRQ�RI�UHDJHQWV�IRU�WKH�GHWHUPLQDWLRQ�RI�JOXFRVH��

7KH�IROORZLQJ�VWDQGDUG�VROXWLRQV�RI�GLIIHUHQW�UHDJHQWV�ZHUH�SUHSDUHG�IROORZLQJ�VWDQGDUG�PHWKRG��������
$OO�UHDJHQWV�XVHG�DUH�RI�DQDO\WLFDO�JUDGH�

)HKOLQJ
V�VWRFN�VROXWLRQ�$

)HKOLQJ
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