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$QWXG�XXULPLVW||�S}KLRVDV�NlVLWOHWDNVH�NDKWH�N}UJOHJHHULWXG URRVWHYDED�WHUDVW�MD�

QHQGH�Y}LPDOLNXG�HKN�ROHPDVROHYDG�NHHYLWXVWHKQRORRJLD�ODKHQGXVHG�HWWHY}WWHV�

(67$1&�$6LV��6DPXWL�ROL�ROXOLVHOW�ND�YDDGHOGD�PDDLOPD�PHWDOOXUJLD� MD�NHHYLWXVH�

OLVDDLQHWH�MXKWLYDWHOW�WRRWMDWHOW�VRRYLWXVL�YDMDOLNX�NDWVHNHHYLWDPLVWH�WHRVWDPLVHNV��

.HHYLWXVH�OLVDPDWHUMDOLGH�DQDO��V�VHDOKXOJDV�SUDNWLOLVHG�NDWVHWXVHG�HWWHY}WWHV�}LJHWH�

NHHYLWXVSDUDPHHWULWH�RWVLQJX�NRKWD�QlLWDVLG��HW�VRRYLWDWXG�NHHYLWXVH�SDUDPHHWULG�

NHHYLWXVH�OLVDDLQHWH�WRRWMDWHOW�RQ�VDUQDVHG�MD�XODWXVHV�XPEHV���� ����QLQJ�QHLG�Y}LE�

UDNHQGDGD�PLV�LJDQHV�WUDDGL�NDXEDPDUJLJD�NDVXWDGHV������0,*��������0$*��MD�����

�6$:��NHHYLWXVH�SURWVHVVL�MD�NDLWVHJDDVL�$U������MD�$U���&2��V}OWXYDOW�NHHYLWDWXG�

S}KLPDWHUMDOL�PDUJLVW�����602��(1�QU���������Y}L�6XSHU�'XSOH[��(1�QU���������

.HHYLWXVH�OLVDPDWHUMDOLGH�NHHPLOLVWH�NRRVWLVWH�DQDO��V�QlLWDV�YlLNHVW�HULQHYXVW�

HULQHYDWH�WUDDWLGH�YDKHO�XODWXVHV�XPEHV������
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3UDNWLOLVHNV�RVDNV�MD�XXULQJXWH�WHRVWDPLVHNV�RQ�NHHYLWDWXG����SODDWL�NROPHV�SDNVXVH�

GLDSDVRRQLV�± �����MD����PP�L��PLV�RQ�N}LJH�ODLHPDOW�NDVXWDWDYDG�HWWHY}WWHV�

����602�S}KLPDWHUMDOL�NHHYLWDPLVHNV�RQ�NDVXWDWXG�NRPELQHHULWXG�NHHYLWXVSURWVHVV�±

MXXUHO�����MD�WlLWHV�����NDVXWDGHV�NDLWVHJDDVL�$U�������DJD�6XSHU�'XSOH[�LNV�SODDW���

PP�L�RQ�NHHYLWDWXG�WHLVH�NHHYLWXVSURWVHVVLJD�± ����MD�NDLWVHJDDVLV�$U���&2���.}LN�

YDOLWXG�NDVXWDWDYDG�NHHYLWXVSDUDPHHWULG�RQ�VDPDVXJXVHG��

0LWWHSXUXVWDYD�NRQWUROOL�NlLJXV�RQ�NDVXWDWXG�NDNV�NRQWUROOL�PHHWRGLW�± U|QWJHQ�MD�

SHQHWUDQW��3}KLNDWVHNHKDGHO�U|QWJHQ�DYDVWDV���S}KLGHIHNWL�� SRRUVXV�MD�SUDJX�NHVHW�

}PEOXVHV��PLV�RQ�LVHORRPXOLN�NXL�����602��(1�QU���������OH�QLL�6XSHU�'XSOH[��(1�QU�

��������OH�YDVWDYDOW�WHKWXG�S}KLGHIHNWLGH��OHYDDWXVHOH��3HQHWUDQW�NDWVH�ND�OHLGLV�

SUDJXQHPLVW�}PEOXVH�NHVNHO��.RNNXY}WWHV�����S}KLNDWVHNHKDGHVW�����602�VW�MD�

����6XSHU�'XSOH[L�VW�VLVDOGDYDG�GHIHNWH��PLV�HL�ROH�OXEDWXG�YDVWDYDOW�(1�,62������

�NODVV�%��VWDQGDUGLOH��-llQXG�RVD�NDWVHNHKDGHVW�RQ�VDDGHWXG�SXUXVWDYD�NRQWUROOL�

ODERULOH��NXV�YLLDNVH�YDMDOLNXG�SXUXVWDPLVH�NDWVHG�OlEL�YDVWDYDOW�NHHYLWXVWHKQRORRJLD�

DWHVWHHULPLVH�(1�,62���������VWDQGDUGL�Q}XHWHOH�

3XUXVWDYD�NRQWUROOL�SDLQGHNDWVH�WXOHPXVHG�QlLWDVLG��HW�YDOPLVWDWXG�SODDGLG�

S}KLPDWHUMDOLVW�����602�VW�SODDW�SDNVXVHO���PP�RQ�HGXNDOW�NDWVHW�OlLQXG��NXLG���MD����

PP�L�RQ�NDWVHWDPLVH�NlLJXV�PXUGXG��PLV�HL�ROH�OXEDWXG��(VLDOJQH�Y}LPDOLN�S}KMXV�Y}LE�

ROOD�S}KLPDWHUMDOL�KDEUDV�VWUXNWXXU�

6XSHU�'XSOH[�LVW�NDWVHNHKDGH�SDLQGHNDWVH�RQ�WHRVWDWXG�DLQXOW�SDNVXVHOH���MD����PP�

L��PLV�RQ�HGXNDOW�}QQHVWXQXG��3DNVXVHOH���PP�L�HL�VDDQXG�OlEL�YLLD�SDLQGHNDWVHW��NXQD�

HVLDOJXVHV�DQWXG�NDWVHNHKD�ROL�SUDJXQHPLVHJD�}PEOXVH�VHHV��PLGD�HHOQHYDOW�QlLWDV�

PLWWHSXUXVWDY�U|QWJHQNDWVH��7lSVHPDNV�XXULQJXNV�ROL�WHKWXG�PDNUROLKYLPLQH��PLV�

QlLWDV�GHIHNWL�QU������ NRNNXVXODPDWXV��(1�,62�������NODVV�%��MD�VHOOH�VXXUXVW�����

PP�L�DVXNRKDJD�MXXUH}PEOXVHV��PLV�HL�ROH�OXEDWXG�

.DWVHNHKDGH�RVDG�VHDOKXOJDV���PP�L��6XSHU�'XSOH[��MD���MD����PP�L�����602���PLV�

HL�ROH�SDLQGHNDWVH�OlEL�OlLQXG�ROLG�VDDGHWXG�6(0�MD�;5'�DQDO��VLOH��HW�YlOMD�VHOJLWDGD��

PLV�S}KMXVHO�WHNNLV�Y}LPDOLN�KDEUDV�VWUXNWXXU��PLOOHVW�KRLDWDE�6KDHIIOHU�'H/RQJ�

GLDJUDPPL�HWWH�

���602�O�6(0� MD�;5'�DQDO��V�DYDVWDV��HW�DQWXG�NDWVHNHKDGHO�RQ��NV�DXVWHQLLWQH�

IDDV�NXL�NHHYLVPHWDOOLV�QLL�S}KLPDWHUMDOLV��9DVWDYDOW�;5'�DQDO��VLOH�RQ�OHLWXG�DLQXOW�

DXVWHQLLWQH�.���IDDV�MD�WHLVL�IDDVH�HL�ROH�OHLWXG��.HHYLV}PEOXVH�SODVWVHOW�PXUGXQXG�DOD�

MXXUHO�RQ�NHHPLOLVHV�NRRVWLVHV�WHNNLQXG�VXKWHOLVHOW�YlKH�1E�MD�0R�HUDOGXPLVW���������

1E�MD��������0R���VDUQDVHOW�KDSUDOW�PXUGXQXG�DODOH�� 1E�MD�������0R��1E�MD�0R�

VLVDOGXV�RQ�VXXUHP�KDSUDOW�PXUGXQXG�DODV�MD�NHHYLVH�WDUGXPLVH�NlLJXV�WHNNLQXG�

NXXPSUDJXGHV��+DSUD�VWUXNWXXUL�XXULPLVDODV�NXXPSUDJXGHV�RQ�DODG��NXV�RQ�WHNNLQXG�

VXXU�1E�L�VHJUHJDWVLRRQ�MD�VXXUH�W}HQlRVXVHJD�RQ�VHH�NRJX�NHHYLVH�XODWXVHV�

DUYHVWDGHV�PHWDOOL�WDKNXPLVH�LVHORRPX��YDDWD�1E�����MD�0R�������(OHPHQWLGH�
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VHJUHJDWVLRRQ�RQ�S}KMXVWDWXG�WDKNXPLVH�SURWVHVVLVW�YHGHO�IDDV��

J �DXVWHQLLW�� G �IHUULLW���3lUDVW�WDUGXPLVW�G �IHUULLW���! J �DXVWHQLLW���7RDWHPSHUDWXXULO�

RQ�DXVWHQLLWQH�VWUXNWXXU��PLGD�QlLWDV�ND�;5'�DQDO��V��$HJODQH�MDKWXPLQH�S}KMXVWDE�

NHHPLOLVWH�HOHPHQWLGH�VHJUHJDWVLRRQL��6HGD�Y}LE�lUD�KRLGD�NLLUHP�MDKWXPLQH��

-lUHOGXVHV�RQ�VRRYLWDWXG�NDVXWDGD�PDGDODPDW�VRRMXVVLVHVWXVW��PLV�WDJDE�NLLUHPD�
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MXXUH}PEOXVHO��PLV�YLLWDE�SRRUVXVHOH�MD�N}UJHOH�KDSQLNX�VLVDOGXVHOH��;5'�DQDO��V�

QlLWDV��HW�S}KLPDWHUMDOLV�MD�NHHYLV}PEOXVHV�RQ�Y}UGQH�NRGXV�IHUULLWL�MD�DXVWUHQLLWL�QLQJ�

QHQGH�NRJXVHG�YDVWDYDG�ND�WLQJLPXVWHOH��0LQJHLG�WHLVL�IDDVH�HL�ROH�OHLWXG��-lUHOGXVHV�

RQ�VRRYLWDWXG��NDVXWDGD�VXXUHPDW�VRRMXVVLVHVWXVW�MXXU}PEOXVH�NHHYLWDPLVHO��HW�WDJDGD�

SLLVDY�NRNNXVXODPLQH�
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HUDOGLNV�SURWVHVVLNV�QLQJ�NDVXWDWXG�NHHYLWDPLVHNV��0LWWHSXUXVWDY�NRQWUROO�
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NRQWUROO�WXOHE�WHKD�WXOHYDVWHV�XXULQJXWHV��HW�YlOMD�VHOJLWDGD��PLNV�NHHYLWXVSURWVHVVLGHV�
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WKHLU�SRVVLEOH�RU�H[LVWLQJ�ZHOGLQJ�WHFKQRORJ\�VROXWLRQV�DW�(67$1&�$6��,W�ZDV�DOVR�

LPSRUWDQW�WR�ORRN�DW�UHFRPPHQGDWLRQV�E\�ZRUOG¶V�PDQXIDFWXUHUV�OHDGHUV�LQ�

PHWDOOXUJLFDO�DQG�ZHOGLQJ�FRQVXPDEOH�SURGXFWLRQ�LQGXVWULHV�DQG�WR�FRQGXFW�WKH�

QHFHVVDU\�WHVW�ZHOGLQJ��$QDO\VLV�RI�ZHOGLQJ�FRQVXPDEOHV��LQFOXGLQJ�SURGXFWLRQ�WHVWV�WR�

ILQG�WKH�ULJKW�ZHOGLQJ�SDUDPHWHUV�LQ�WKH�FRPSDQ\��VKRZHG�WKDW�WKH�UHFRPPHQGHG�

ZHOGLQJ�SDUDPHWHUV�IURP�ZHOGLQJ�FRQVXPDEOH�PDQXIDFWXUHUV�DUH�DSSUR[LPDWHO\����
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$QDO\VLV�RI�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�ZHOGLQJ�FRQVXPDEOHV�VKRZHG�D�VPDOO�

GLIIHUHQFH�RI�DERXW�����EHWZHHQ�WKH�GLIIHUHQW�ZLUH��

,Q�SUDFWLFDO�SDUW�DQG�IRU�UHVHDUFK�SXUSRVHV�ZHUH�ZHOGHG����SODWHV�LQ�WKUHH�WKLFNQHVV�

UDQJHV�� �����DQG����PP��ZKLFK�DUH�WKH�PRVW�ZLGHO\�XVHG�LQ�WKH�FRPSDQ\��7KH�����

602�EDVH�PDWHULDO�LV�ZHOGHG�XVLQJ�D�FRPELQHG�ZHOGLQJ�SURFHVV�± IRU�WKH�URRW�����DQG�

IRU�ILOOLQJ�����XVLQJ�$U������VKLHOGLQJ�JDV��EXW�6XSHU�'XSOH[���PP�LV�ZHOGHG�ZLWK�

DQRWKHU�ZHOGLQJ�SURFHVV�� ����DQG�VKLHOGLQJ�JDV�$U������&2���$OO�VHOHFWHG�ZHOGLQJ�

SDUDPHWHUV�DUH�WKH�VDPH�

)RU�QRQ�GHVWUXFWLYH�WHVWLQJ �1'7� LV�XVHG�WZR�WHVWLQJ�PHWKRGV�� ;�UD\ �57� DQG�

3HQHWUDQW �37���;�UD\V�RQ�WKH�PDLQ�VSHFLPHQV�IRXQG ��PDLQ�GHIHFWV�� SRURVLW\�DQG�KRW�

FUDFNLQJ LQ�WKH�FHQWHU�RI�WKH�ZHOG�VHDP��ZKLFK�LV�W\SLFDO�GHIHFW�FKDUDFWHULVWLF�RI�����

602��(1�QR����������DQG�6XSHU�'XSOH[��(1�QR����������DW�LQVSHFWLRQ�RI�PDLQ�GHIHFWV��

3HQHWUDQW�WHVW�DOVR�IRXQG�D�FUDFN�LQ�WKH�PLGGOH�RI�WKH�ZHOG�VHDP��,Q�WRWDO������RI�WKH�

PDLQ�WHVW�VSHFLPHQV�IURP ����602V�DQG�����RI�WKH 6XSHU�'XSOH[�FRQWDLQ�GHIHFWV�

WKDW�DUH�QRW�SHUPLWWHG�DFFRUGLQJ�WR�(1�,62�������&ODVV�%���7KH�UHPDLQGHU�RI�WKH�WHVW�

VSHFLPHQV�KDYH�EHHQ�VHQW�WR�GHVWUXFWLYH�ODERUDWRU\� ZKHUH�RFFXU�WKH�UHTXLUHG�

GHVWUXFWLYH WHVWV�LQ�DFFRUGLQJ�WR UHTXLUHPHQWV�RI�VWDQGDUG�(1�,62����������ZKLFK�

XVHV IRU�WKH�FHUWLILFDWLRQ�RI�ZHOGLQJ�WHFKQRORJ\�

7KH�UHVXOWV�RI�WKH�EHQGLQJ�WHVW�DUH VKRZHG�WKDW�WKH�SODWHV�PDGH�IURP ����602�EDVH�

PDWHULDO�ZLWK�D�WKLFNQHVV�RI���PP�KDG�VXFFHVVI XOO\�SDVVHG�WKH�WHVW��EXW���DQG����PP�

ZHUH�EURNHQ�GXULQJ�WKH WHVWLQJ��ZKLFK�ZDV�QRW�DOORZHG��7KH�LQLWLDO�SRVVLEOH�FDXVH�PD\�

EH�WKH�IUDJLOH�VWUXFWXUH�RI�WKH�EDVH�PDWHULDO�

6XSHU�'XSOH[�WHVW�VSHFLPHQV�KDYH�EHHQ�EHQG�WHVWHG�RQO\�IRU�WKLFNQHVVHV�RI���DQG����

PP��ZKLFK�KDYH�EHHQ�VXFFHVVIXO��7KH�EHQGLQJ�WHVW�LV�QRW�SURYHG XQVXFFHVVIXO�IRU�

WKLFNQHVV�RI���PP�EHFDXVH�WKH�LQLWLDOO\�JLYHQ�WHVW�VSHFLPHQ�ZDV�FUDFNHG�E\�LQVLGH�WKH�

VHDP��DV�SUHYLRXVO\�GHPRQVWUDWHG�E\�D�QRQ�GHVWUXFWLYH�;�UD\�WHVW��)RU�PRUH�GHWDLOHG�

H[DPLQDWLRQ�ZDV�GRQH��PDFURH[DPLQDWLRQ��ZKLFK�LV�VKRZHG�D�GHIHFW�1R�����± ODFN�RI�

IXVLRQ��DFF��WR�(1�,62�������FODVV�%��DQG�LWV�VL]H�DW�D�����PP�URRW�VHDP��ZKLFK�LV�QRW�

DOORZHG��

3DUWV�RI�WHVW�VSHFLPHQV�LQFOXGLQJ���PP��6XSHU�'XSOH[��DQG���DQG����PP�����602��

KDYH�QRW�SDVVHG�WKH�EHQG�WHVW��WKHQ�ZHUH�VHQW�IRU�6(0�DQG�;5'�DQDO\VLV�WR�GHWHUPLQH�

WKH�FDXVH�RI�WKH�SRVVLEOH�IUDJLOH�VWUXFWXUH�WKDW�6KDHIIOHU�'H/RQJ�ZDUQV�LQ�IURQW�RI�WKH�

FKDUW��

$W����602��6(0�DQG�;5'�DQDO\VLV�IRXQG�WKDW�ZHOG�KDV�IDLOXUH�DW�EHQG�WHVW�IURP�WKH�

PDLQ�ZHOG��URRW�RI�WKH�ZHOG�KDV�QR�LVVXHV��;5'�DQDO\VLV�VKRZ RQH�DXVWHQLWLF�SKDVH�DW�

SDUHQW�PDWHULDO�DQG�PDLQ�ZHOG��'XFWLOH�IDLOXUH�DUHD��GLPSOH��DW�URRW�KDV�XQLIRUP�


