
��6HVVLRQ����$IWHUWUHDWPHQW��3DUW����$HUVROIG�3URMHFW���7DON 6���
��
7KH�9(57�*3)�5HWURILW�3URJUDP�IRU�&OHDQHU�8UEDQ�0RELOLW\��1DQRSDUWLFOH�(PLVVLRQV�5HGXFWLRQ�YLD�)LOWUDWLRQ

ZLWKLQ�WKH�+25,=21�(XURSH�$HUR6ROIG�3URMHFW�

/��5XELQR���$��0D\HU���7��/XW]���-��&]HUZLQVNL���/��/DUVHQ�

�9(57�$VVRFLDWLRQ��$HPHWVWUDVVH���&+�������1LHGHUZHQLQJHQ��6ZLW]HUODQG�

(PLVVLRQV RI XOWUDILQH DQG QDQRSDUWLFOHV IURP SHWURO HQJLQH FRPEXVWLRQ DUH D WKUHDW WR KXPDQ KHDOWK DQG WKH HQYLURQPHQW�
&OHDQ XUEDQ PRELOLW\ LV WKH PDLQ JRDO RI WKH +25,=21 (XURSH $HUR6ROIG SURMHFW ODXQFKHG E\ WKH (XURSHDQ &RPPLVVLRQ
LQ ���� WKDW UXQV RYHU D WKUHH \HDUV SHULRG XQWLO PLG������ $HUR6ROIG ZLOO GHOLYHU DIIRUGDEOH� DGDSWDEOH� DQG VXVWDLQDEOH
UHWURILW VROXWLRQV WR UHGXFH QRW RQO\ WDLOSLSH H[KDXVW HPLVVLRQV IURP JDVROLQH HQJLQHV� EXW EUDNH HPLVVLRQV DQG SROOXWLRQ LQ
VHPL� FORVHG HQYLURQPHQWV� 7KH 6ZLVV�EDVHG 9(57 DVVRFLDWLRQ� ZLWKLQ $HUR6ROIG� IRFXVHV RQ UHGXFLQJ WDLOSLSH HPLVVLRQV
RI JDVROLQH YHKLFOHV E\ XVLQJ WKH EHVW DYDLODEOH UHWURILW ILOWUDWLRQ 7HFKQRORJ\ �%$7�� DQG LQ SDUWLFXODU WKH EHVW DYDLODEOH *3)
WHFKQRORJ\� XVLQJ DQ XQFRDWHG &251,1* FHUDPLF PXOWLFHOO ZDOO�IORZ ILOWHU� 9(57� ZLWK LWV PHPEHU SDUWQHUV +-6� &3.�
%)+ DQG &251,1*� LQYHVWLJDWHV WKH SHUIRUPDQFH DQG GHOLYHUV D 75/ � *3)�UHWURILW V\VWHP IRU IXWXUH PDUNHW DSSOLFDWLRQV�
7KH 9(57 *3)�UHWURILW V\VWHP VKRZHG H[FHOOHQW SHUIRUPDQFH ZLWK ILOWUDWLRQ HIILFLHQF\ RYHU ��� RQ VWDQGDUG F\FOHV
�:/7& 	 5'(� DV ZHOO DV RQ URDG� )LIW\ JDVROLQH YHKLFOHV� ERWK *', DQG 3), HQJLQHV� KDYH EHHQ UHWURILWWHG LQ *HUPDQ\�
6ZLW]HUODQG� ,VUDHO DQG 'HQPDUN� WKH *3) UHWURILW V\VWHP SHUIRUPDQFH LV FRQWLQXRXVO\ PRQLWRUHG IRU DOO YHKLFOHV RYHU D
SHULRG RI ��� PRQWKV DQG QR LVVXHV KDYH EHHQ REVHUYHG LQ DQ\ RI WKH �� YHKLFOHV LQ WHUPV RI ILOWHU UHJHQHUDWLRQ RU LQFUHDVHG
IXHO FRQVXPSWLRQ RU VHFRQGDU\ HPLVVLRQV� $ 137, WHVWLQJ FDPSDLJQ RI ���� JDVROLQH YHKLFOHV LV DOVR FRQGXFWHG LQ
$HUR6ROIG� FRQILUPLQJ D GLUW\�WDLO SKHQRPHQD IRU WKH 6ZLVV SHWURO IOHHW� 7KH *3)�UHWURILW DSSOLFDWLRQ LV VXFFHVIXOO\ UHGXFLQJ
QDQRSDUWLFOH HPLVVLRQV� SURYLGLQJ D IDVW VROXWLRQ WR WKH DGYHUVH KHDOWK HIIHFW RI QDQRSDUWLFOHV IURP JDVROLQH HQJLQHV LQ
FRQJHVWHG XUEDQ DUHDV DQG IRU FRQWUROOLQJ JOREDO ZDUPLQJ� 7KH ILQDO UHVXOWV RI WKH RYHUDOO 9(57 *3)�UHWURILW SURMHFW DQG
WKH�137,�WHVWLQJ�FDPSDLJQ�DUH�SUHVHQWHG�
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��
$HUR6ROIG��$GYDQFLQJ�$LU�4XDOLW\�WKURXJK�5HWURILWWHG�*DVROLQH�3DUWLFXODWH�)LOWHUV�±�,QVLJKWV�IURP�/DERUDWRU\�DQG

5HDO�:RUOG�(YDOXDWLRQV�

'��(QJHOPDQQ���7��E��GHILQHG�

�/DERUDWRU\�IRU�3RZHUWUDLQ�DQG�$)+%�

7KH $HUR6ROIG SURMHFW� DQ (8�IXQGHG LQLWLDWLYH� IRFXVHV RQ LPSURYLQJ DLU TXDOLW\ E\ UHGXFLQJ DWPRVSKHULF SDUWLFOH
HPLVVLRQV� ,Q UHVSRQVH WR WKH JURZLQJ FKDOOHQJHV SRVHG E\ DLU SROOXWLRQ DQG LWV LPSDFW RQ HQYLURQPHQWDO DQG KXPDQ KHDOWK�
WKH SURMHFW DLPV WR JHQHUDWH UREXVW VFLHQWLILF GDWD DQG GHYHORS SUDFWLFDO VROXWLRQV� $ SULPDU\ REMHFWLYH LV WKH LPSOHPHQWDWLRQ
RI *DVROLQH 3DUWLFXODWH )LOWHUV �*3)V� DV UHWURILW VROXWLRQV IRU LQ�XVH OLJKW�GXW\ YHKLFOHV �/'9V� WR PLWLJDWH SDUWLFXODWH
HPLVVLRQV�HIIHFWLYHO\�

�

�

.H\�UHVXOWV�VWHP�IURP�DQ�LQ�GHSWK�PHDVXUHPHQW�FDPSDLJQ�FRQGXFWHG�DW�WKH�%)+�([KDXVW�(PLVVLRQV�7HVW�&HQWHU�RQ�IRXU
UHSUHVHQWDWLYH�YHKLFOHV��7KH�FDPSDLJQ�HYDOXDWHG�QRQ�DJHG�*3)V�WR�HVWDEOLVK�D�EDVHOLQH�IRU�ORQJ�WHUP�SHUIRUPDQFH
PRQLWRULQJ�DQG�DIWHU�VL[�PRQWKV�DQG�VHYHUDO�WKRXVDQG�NLORPHWHUV�RI�XVH��7KH�YHKLFOHV��FRPSULVLQJ�WZR�ZLWK�GLUHFW�SHWURO
LQMHFWLRQ�DQG�WZR�ZLWK�LQWDNH�PDQLIROG�LQMHFWLRQ��ZHUH�WHVWHG�XQGHU�ODERUDWRU\�FRQGLWLRQV�XVLQJ�WKH�:RUOGZLGH
+DUPRQL]HG�/LJKW�9HKLFOHV�7HVW�3URFHGXUH��:/7&��DQG�6WHDG\�6WDWH�&\FOH��66&���DV�ZHOO�DV�LQ�UHDO�GULYLQJ
HQYLURQPHQWV��5'(���&RPSUHKHQVLYH�DQDO\VHV�ZHUH�SHUIRUPHG�WR�DVVHVV�WKH�UHGXFWLRQ�LQ�SDUWLFOH�QXPEHUV�DQG�HYDOXDWH
SRWHQWLDO�LPSDFWV�RQ�JDVHRXV�HPLVVLRQV��)RXULHU�7UDQVIRUP�,QIUDUHG�6SHFWURVFRS\��)7,5��ZDV�HPSOR\HG�WR�DQDO\]H�QRQ�
UHJXODWHG�HPLVVLRQV��FDSWXULQJ�ERWK�JDVHRXV�DQG�SDUWLFXODWH�GDWD�EHIRUH�DQG�DIWHU�WKH�LQVWDOODWLRQ�RI�*3)V��3UHOLPLQDU\
ILQGLQJV�GHPRQVWUDWH�WKH�*3)V¶�VLJQLILFDQW�HIIHFWLYHQHVV�LQ�UHGXFLQJ�SDUWLFXODWH�HPLVVLRQV�ZLWK�QR�REVHUYDEOH�DGYHUVH
HIIHFWV�RQ�JDVHRXV�HPLVVLRQV�0RUHRYHU��WKH�SURMHFW�H[WHQGHG�LWV�VFRSH�E\�HTXLSSLQJ�IOHHWV�LQ�*HUPDQ\��6ZLW]HUODQG�
,VUDHO��DQG�'HQPDUN�ZLWK�UHWURILWWHG�*3)V�DQG�GDWD�ORJJHUV��7KHVH�IOHHWV�DUH�PRQLWRUHG�RYHU�WKH�ORQJ�WHUP�WR�HYDOXDWH�WKH
ILOWHUV
�UHDO�ZRUOG�SHUIRUPDQFH��GXUDELOLW\��DQG�RSHUDWLRQDO�LPSDFW�XQGHU�GLYHUVH�GULYLQJ�FRQGLWLRQV�

�

�
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+HDOWK�,PSDFW�RI�1DQRSDUWLFOHV�HPLWWHG�E\�LQ�XVH�*DVROLQH�(QJLQHV�UHGXFHG�E\�*3)�5HWURILW�/LIH�&\FOH�$QDO\VLV�DQG

WKH�UHVXOWLQJ�%HQHILW�&RVW�5DWLR�

$��&��0D\HU�

�9(57�$VVRFLDWLRQ�

:RUOGZLGH KHDOWK LPSDFW E\ WUDIILF UHODWHG WR[LF HPLVVLRQV SROOXWLQJ WKH EUHDWKLQJ DLU LV GRPLQDWHG E\ QDQRSDUWLFOH
HPLVVLRQV RI SHWURO HQJLQHV� ZKLFK LV VWLOO ZLGHO\ QHJOHFWHG� 3DUWLFOH ILOWHUV ZLWK HIILFLHQFLHV FORVH WR ���� DUH DYDLODEOH DQG
FRXOG EH XVHG LQ DOO IOHHWV DW YHU\ ORZ FRVW HYHQ DV UHWURILW RI LQ�XVH SHWURO YHKLFOHV DV WKH (8�$HUR6ROIG SURMHFW KDV
GHPRQVWUDWHG�����������

+RZHYHU� VLQFH FODVVLF HSLGHPLRORJ\ VWLOO UHIHUV WR 30��� DV WKH RIILFLDO PHWULF IRU WKH GRVH�HIIHFW IDFWRUV� LW LV GLIILFXOW WR
SURYLGH QXPHULFDO HYLGHQFH IRU WKH KHDOWK LPSDFW ZKHQ XVLQJ VXFK ILOWHUV EHFDXVH WKH HOLPLQDWHG RYHUDOO SDUWLFOH PDVV RI
WKHVH�QXPHURXV�EXW�YHU\�VPDOO�SDUWLFOHV�KDV�RQO\�YHU\�OLWWOH�JUDYLPHWULF�LQIOXHQFH�RQ�WKH�PDVV�RI�30����

8VLQJ D QRQ�FODVVLF DSSURDFK WR HVWLPDWH WKH KHDOWK LPSDFW RI WKHVH QDQRSDUWLFOHV EDVHG RQ WKH SDUWLFOH QXPEHU
FRQFHQWUDWLRQ� VL]H DQG VXEVWDQFH� ZH FDQ HVWLPDWH WKH FRQWULEXWLRQ RI WKHVH ILOWHUV RQ ZRUOGZLGH WUDIILF UHODWHG PRUWDOLW\ DQG
ZLWK�:+2�PRQHWDU\�DVVXPSWLRQV�ZH�FDQ�FRQFOXGH�RQ�KHDOWK�FRVW�

,QFOXGLQJ DOO LPSRUWDQW HOHPHQWV RI D OLIH F\FOH DQDO\VLV ZLWK UHVSHFW WR LQWHUQDO DQG H[WHUQDO FRVW IURP WKH WLPH RI UHWURILW WR
ILQDO ZDVWH GLVSRVDO ZH FDQ FRQFOXGH RQ %HQHILW�&RVW RI WKLV WHFKQLFDO PHDVXUH DQG ZH DUH FRPLQJ WR YDOXHV !�� LI DOO
YHKLFOHV DUH UHWURILWWHG DQG !!��� LI WKH KLJK HPLWWHUV DUH VHOHFWHG E\ GLUW\ WDLO DQDO\VLV DQG UHWURILW LV RQO\ FRQFHQWUDWHG RQ
WKRVH�KLJK�HPLWWHUV�
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��

1H[W�JHQHUDWLRQ�JDVROLQH�SDUWLFOH�ILOWHUV��,PSDFW�RQ�JHQRWR[LF�FRPSRXQGV��DVVHVVPHQW�RI�ULVNV�IRU�VHFRQGDU\
SRLVRQLQJ�

1��+HHE���0��=HQQHJJ���.��=H\HU���-��0RKQ���3��&RPWH���0��7��*|SIHUW���<��=LPPHUOL���'��(QJHOPDQQ���/��5XELQR���7�
/XW]���$��0D\HU���/��&��/DUVHQ��

�(PSD���8$6%���9(57�

$EVWUDFW� 3DUWLFOH ILOWHUV �3)V� KDYH EHFRPH WKH PRVW HIILFLHQW DQG UHOLDEOH WHFKQRORJ\ WR DEDWH SDUWLFOH HPLVVLRQV RI GLHVHO
HQJLQHV� 3)V DUH LQFUHDVLQJO\ DSSOLHG RQ JDVROLQH YHKLFOHV �*3)V� ZLWK GLUHFW LQMHFWLRQ �*',� DQG PXOWL�SRLQW LQMHFWLRQ
�03,� HQJLQHV� 7KHVH HQJLQHV KDYH KLJK SDUWLFOH QXPEHU HPLVVLRQV� RIWHQ H[FHHGLQJ WKH FXUUHQW 31 HPLVVLRQ OLPLW RI �[����

SDUWLFOHV�NP�

,Q WKH (8 +RUL]RQ (XURSH IUDPHZRUN SURMHFW $HUR6ROIG WKH QH[W JHQHUDWLRQ RI JDVROLQH SDUWLFOH ILOWHUV ZHUH UHWURILWWHG DQG
WHVWHG RQ WZR (XUR��E YHKLFOHV� RQH HTXLSSHG ZLWK D *',�HQJLQH �9: *ROI 76, ��� /� �� N:�� WKH RWKHU ZLWK DQ 03,�
HQJLQH �)LDW ���; ��� /� �� N:�� %RWK ZLGHO\ XVHG YHKLFOHV ZHUH WHVWHG XQGHU WUDQVLHQW GULYLQJ LQ WKH FROG� DQG KRW�VWDUWHG
:/7&�F\FOH�DQG�LQ�D�VWHDG\�VWDWH�F\FOH�

)RU HDFK YHKLFOH� UHWURILWWHG SDUWLFOH ILOWHUV RI WKH W\SH RI PXOWL�FHOO ZDOO�IORZ &RUGLHULWH ILOWHUV ZHUH LQWHJUDWHG LQ WKH WDLOSLSH
V\VWHPV� %RWK YHKLFOHV ZHUH VWXGLHG RQ WKH FKDVVLV G\QDPRPHWHU LQ VWDQGDUG FRQILJXUDWLRQV ZLWKRXW ILOWHUV DQG ZLWK
UHWURILWWHG�ILOWHUV�

$ FRPSUHKHQVLYH FKDUDFWHUL]DWLRQ RI JDVHRXV� OLTXLG DQG VROLG H[KDXVW FRQVWLWXHQWV ZDV SHUIRUPHG� 7KH IRFXV ZDV RQ WR[LF�
FDUFLQRJHQLF DQG PXWDJHQLF FRPSRXQGV VXFK DV SRO\F\FOLF DURPDWLF K\GURFDUERQV �3$+V�� QLWUDWHG 3$+V �QLWUR�3$+V��
SRO\FKORULQDWHG�GLEHQ]RGLR[LQV��3&''V��DQG�SRO\FKORULQDWHG�GLEHQ]RIXUDQV��3&')V��

3DUWLFOH QXPEHU HPLVVLRQV RI WKH 03, YHKLFOH �)LDW ���;� ZHUH ���[���� DQG ���[���� SDUWLFOHV�NP LQ WKH F:/7& DQG
K:/7&� UHVSHFWLYHO\� &RQVLGHUDEO\ ORZHU 31 HPLVVLRQV RI ��������[���� SDUWLFOHV�NP ZHUH REVHUYHG LQ WKH 66&� 31
HPLVVLRQV RI WKH *',�YHKLFOH �9: *ROI 76,� ZHUH �� WR ���IROG KLJKHU� DW ���[���� DQG ���[���� SDUWLFOHV�NP LQ WKH F:/7&
DQG�K:/7&��31�HPLVVLRQV�RI�WKH�*',�YHKLFOH�LQ�WKH�66&�ZHUH�KLJKHU�WRR�FRPSDUHG�WR�WKH�03,�WHFKQRORJ\�

7KH KLJKHU 31 HPLVVLRQV RI WKH *',� FRPSDUHG WR WKH 03,�YHKLFOH DOVR DIIHFWHG 31 ILOWUDWLRQ HIILFLHQFLHV LQ WKH FROG� DQG
KRW�:/7&� ZKLFK UHDFKHG ����� DQG ����� IRU ILOWHU )� RQ WKH 03,�YHKLFOH DQG ����� DQG ����� IRU ILOWHU )� RQ WKH *',�
YHKLFOH�

:H FRQFOXGH WKDW ERWK UHWURILWWHG ILOWHUV DUH KLJKO\ HIILFLHQW ZLWK UHVSHFW WR QDQRSDUWLFOH HPLVVLRQV� LQGLFDWLQJ WKDW VRRW
SDUWLFOHV�DUH�UHWDLQHG�DQG�SRVVLEO\�FRQYHUWHG�LQ�WKHVH�ILOWHUV�

7KLV EULQJV XV WR WKH TXHVWLRQ KRZ HPLVVLRQV RI VHPL�YRODWLOH JHQRWR[LF FRPSRXQGV OLNH 3$+V� QLWUDWHG 3$+V DQG
3&&'�)V DUH DIIHFWHG E\ WKHVH ILOWHUV" ,W KDV WR EH PHQWLRQHG WKDW WKH XS�WDNH RI WKHVH WR[LF FRPSRXQGV YLD WKH DOYHRODU
V\VWHP RI WKH KXPDQ OXQJ RFFXUV YLD LQKDODWLRQ RI FRPEXVWLRQ�JHQHUDWHG QDQRSDUWLFOHV ZLWK SDUWLFOH VL]HV RI ������ QP�
7KHVH QDQRSDUWLFOHV RIIHU HQRXJK VXUIDFH DUHD WR DGVRUE VHPL�YRODWLOH FRPSRXQGV DW ORZHU WHPSHUDWXUHV� ZKDW KDV EHHQ
GHVFULEHG�ODWHO\�DV�WKH�7URMDQ�KRUVH�HIIHFW�

:H ZLOO UHSRUW RQ WKH HIIHFWV RI QH[W�JHQHUDWLRQ SDUWLFOH ILOWHUV IRU JDVROLQH YHKLFOHV RQ WKH HPLVVLRQV RI JHQRWR[LF
FRPSRXQGV�DQG�DVVHVV�WKH�ULVNV�RI�D�VHFRQGDU\�IRUPDWLRQ�RI�WKHVH�SROOXWDQWV�LQ�WKH�ILOWHUV��
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��

,Q�XVH�JDVROLQH�FDUV�UHWURILW�ZLWK�D�SDUWLFOH�ILOWHU�±�,VUDHOL�H[SHULHQFH�

'��%XQWLQ���$��%HQ�$UL���%��%��%HQ�'DYLG�+ROW]HU���9��%D\ELNRY���$��0D\HU���-��&]HUZLQVNL���/��7DUWDNRYVN\����

�7HFKQLRQ�±�,VUDHO�,QVWLWXWH�RI�7HFKQRORJ\��+DLID����������,VUDHO���3UHVHQWLQJ�DXWKRU��HPDLO��WDUWDN#WHFKQLRQ�DF�LO�

,Q WKH IUDPHZRUN RI WKH $HUR6ROIG (& +RUL]RQ SURMHFW� WZR LQ�XVH JDVROLQH FDUV ZHUH UHWURILWWHG ZLWK D JDVROLQH SDUWLFOH
ILOWHU �*3)� SURGXFHG E\ +-6� 7R PRQLWRU WKH ILOWHU KHDOWK� WKH FDUV ZHUH LQVWUXPHQWHG DOVR ZLWK &3. GDWD ORJJHUV WKDW
DOORZHG�PRQLWRULQJ�EDFNSUHVVXUH�DQG�*3)�WHPSHUDWXUH�YDOXHV�

7KH FDUV ZHUH WHVWHG EHIRUH *3) LQVWDOODWLRQ� LPPHGLDWHO\ DIWHU LQVWDOODWLRQ� WKUHH PRQWKV DIWHU VWDUW RI WKH URDG WHVW� DQG DW
WKH WHVW HQG �KDOI D \HDU DIWHU WHVW LQLWLDWLRQ�� 7KH FDUV ZHUH WHVWHG DW IRXU RSHUDWLQJ PRGHV� ORZ DQG KLJK LGOH ZLWK DQG
ZLWKRXW�DLU�FRQGLWLRQHU�VZLWFKHG�RQ�

1R VHQVLEOH LQIOXHQFH RI *3) LQVWDOODWLRQ RQ RSHUDWLRQ RI WKH FDU¶V FDWDO\WLF FRQYHUWHU DQG LWV HIIHFWLYHQHVV ZDV REVHUYHG�
7KH PHDVXUHG JDVHRXV SROOXWDQW FRQFHQWUDWLRQV ZHUH VLPLODU LQ WKH FDU ZLWK DQG ZLWKRXW *3)� 7KH PHDVXUHG GDWD FRQILUP
QR QHJDWLYH LQIOXHQFH RI *3) UHWURILWWLQJ RQ WKH QRLVH OHYHO RI WHVWHG FDUV� 0RUHRYHU� WKH REWDLQHG GDWD LQ PRVW RI WHVWV VKRZ
D WHQGHQF\ RI VOLJKW QRLVH UHGXFWLRQ DIWHU *3) UHWURILW� 7KHUH LV QR LQGLFDWLRQ RI DQ\ QHJDWLYH LQIOXHQFH RI WKH UHWURILWWHG
*3)�RQ�JDVHRXV�SROOXWDQW�FRQFHQWUDWLRQV�DQG�QRLVH�OHYHO�DV�FRPSDUHG�WR�WKH�2(0�LQVWDOOHG�ILOWHU�

%RWK WHVWHG FDUV GHPRQVWUDWHG TXLWH VWDEOH 31 HPLVVLRQ EHKDYLRU GXULQJ WKH VL[ PRQWKV RI WKH WHVW SHULRG� ,Q DEVROXWH
PDMRULW\ RI WHVWV *3) GHPRQVWUDWHG D YHU\ KLJK HIIHFWLYHQHVV LQ 31 HPLVVLRQV PLWLJDWLRQ� 7KH FDOFXODWHG YDOXHV RI 31)( IRU
ERWK WHVWHG FDUV DW IRXU LQYHVWLJDWHG RSHUDWLQJ PRGHV GXULQJ WKH VL[ PRQWKV RI WKH WHVW GXUDWLRQ ZHUH XVXDOO\ KLJKHU WKDQ
���� &RPSDULVRQ RI WKH UHVXOWV RI SDUWLFOH QXPEHU FRQFHQWUDWLRQ PHDVXUHPHQW LQ WKH 9: *ROI FDUV ZLWK D UHWURILWWHG DQG DQ
2(0�LQVWDOOHG *3) DOORZV XV DUULYLQJ WR D FRQFOXVLRQ WKDW WKH FDU ZLWK D UHWURILWWHG ILOWHU HPLWV VLPLODU DPRXQWV RI SDUWLFOH
PDWWHU�DW�DOO�WHVWHG�UHJLPHV�

7KHUH ZHUH QR LQGLFDWLRQV RQ WKH EDFNSUHVVXUH ULVH GXULQJ WKH VL[�PRQWK¶V WHVW LQ ERWK WHVWHG YHKLFOHV� +RZHYHU� KDOI�D�\HDU
WHVW�GXUDWLRQ�LV�QRW�ORQJ�HQRXJK�WR�DVVHVV�LQ�D�UHOLDEOH�PDQQHU�D�GXUDELOLW\�RI�WKH�UHWURILWWHG�JDVROLQH�SDUWLFOH�ILOWHUV�
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