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Abstract.�&KLOGUHQ�H[SRVXUH�WR�UDGLR�ZDYHV�QHDU�PRELOH�SKRQH�EDVH�VWDWLRQV�LV�UHFHLYLQJ�D�
JUHDW�DWWHQWLRQ�LQ�ODVW�\HDUV���7KLV�ZRUN�LV�IRFXVHG�RQ�WKH�HIIHFWV�RI�UDGLDWLRQ�HPLWWHG�E\�WKH�EDVH�
VWDWLRQV�RQ�WKH�FKLOGUHQ
V�EORRG�DQG�DOVR�RQ�WKH�FRQMXJDWHG�HIIHFW�RI�ROLYH�RLO�RQ�WKHLU�EORRG��&KLOGUHQ�
RI������\HDUV�UHVLGLQJ�DURXQG�EDVH�VWDWLRQV�IRU�PRUH�WKDQ�ILYH�\HDUV�DUH�GLYLGHG�LQWR�WKUHH�JURXSV��
7KH�ILUVW�RQH�VHUYHG�DV�D�FRQWURO��7KH�VHFRQG�JURXS�LV�DVVXPHG�WR�EH�H[SRVHG�RQO\�WR�PRELOH�SKRQH�
UDGLDWLRQ��ZKLOH�WKH�WKLUG�JURXS�LV�H[SRVHG�WR�PRELOH�SKRQH�UDGLDWLRQ�DQG�WUHDWHG�ZLWK�����P/�GD\�RI�
ROLYH�RLO�IRU�ILYH�ZHHNV��7KH�VHFRQG�DQG�WKH�WKLUG�JURXSV�DUH�OLYLQJ�QHDUE\�PRELOH�SKRQH�EDVH�VWDWLRQV�
����������P��PRUH�WKDQ���\HDUV��7KH�ELRFKHPLFDO�SDUDPHWHUV�RI�FKLOGUHQ�EORRG�KDYH�EHHQ�HYDOXDWHG��
,W�ZDV�QRWLFHG�WKDW�WKH�FRQFHQWUDWLRQV�RI�VHUXP�JOXFRVH��WULJO\FHULGHV��WRWDO�FKROHVWHURO��DQG�DOEXPLQ�
DUH�LQFUHDVHG�EXW�WRWDO�FRQFHQWUDWLRQV�RI�WKH�SURWHLQV�DQG�JOREXOLQV�ZHUH�GHFUHDVHG��6LJQV�RI�
LPSURYHPHQWV�LQ�WKH�SUHYLRXV�ELRFKHPLFDO�SDUDPHWHUV�ZHUH�QRWLFHG�GXULQJ�FKLOGUHQ�WUHDWPHQWV�ZLWK�
ROLYH�RLO�VXSSOHPHQWDWLRQ��

Key word��*OREDO�PRELOH�SKRQH�UDGLDWLRQ��ROLYH�RLO��EORRG�SLFWXUH��JOXFRVH��DOEXPLQ��
WULJO\FHULGHV��WRWDO�FKROHVWHURO��WRWDO�SURWHLQV��

,1752'8&7,21�
0RELOH� SKRQHV� DUH� XVHG� PRUH� DQG� PRUH� LQ� RXU� PRGHUQ� OLIH�� $OVR��

WHFKQRORJLFDO� GHYLFHV� KDYH� EHFRPH� HVVHQWLDO� FRPSRQHQWV� RI� RXU� GDLO\� WLPH� RQ�
(DUWK��$�ORW�RI�HOHFWURPDJQHWLF�ZDYHV�DUH�WRGD\�HPLWWHG�E\�UDGDU��FRPPXQLFDWLRQ�
HTXLSPHQW�� PRELOH� SKRQH� EDVH� VWDWLRQV�� KLJK� YROWDJH� OLQHV�� UDGLR� DQG� WHOHYLVLRQ�
WUDQVPLWWHUV��VXEVWDWLRQV��DQG�HOHFWULFDO�HTXLSPHQW�DW�KRPH�DQG�ZRUN��LQ�DGGLWLRQ�WR�
PDQ\� HOHFWULFDO� V\VWHPV� LQ� WKH� HQYLURQPHQW� >���� ��@�� 7KH� *OREDO� 6\VWHP� IRU�
0RELOH� &RPPXQLFDWLRQV� �*60�� ���±����0+]�� LV� FXUUHQWO\� WKH� PRVW� H[WHQVLYH�
V\VWHP�IRU�PRELOH� WHOHFRPPXQLFDWLRQV�>�@��7KH�ZLGHVSUHDG�XVH�RI�PRELOH�SKRQHV�
LQ� UHFHQW� \HDUV� KDV� UDLVHG� UDSLGO\�� DQG� VHYHUDO� UHVHDUFKHV� KDYH� DSSURDFKHG� WKH�
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HIIHFW�RI�PRELOH�SKRQH�UDGLDWLRQ�RQ�GLIIHUHQW�WLVVXHV��0DQ\�FRXQWULHV�KDYH�WULHG�WR�
GHWHUPLQH� WKH� HIIHFW� RI� WKH� HPLWWHG� HOHFWURPDJQHWLF� UDGLDWLRQ� E\� PRELOH� SKRQHV�
ZKLFK�� RYHU� WKH� ODVW� WZR� GHFDGHV�� KDV� UHFHLYHG� D� UDSLG� JURZWK� LQ� WKH� QXPEHU� RI�
SHRSOH� XVLQJ� WKHP�� 3HRSOH� DQG� DQLPDOV� DUH� H[SRVHG� WR� UDGLRIUHTXHQF\�
HOHFWURPDJQHWLF�UDGLDWLRQ�HPLWWHG�E\�PRELOH�SKRQHV�EDVH�VWDWLRQV�DQG�RQH�QHHGV�WR�
HYDOXDWH� WKH� SRVVLEOH� KDUPIXO� HIIHFWV� RQ� KXPDQ� KHDOWK� >�@�� 7KH� PRELOH� SKRQH�
UDGLDWLRQ�LQGXFHG�GDPDJH�GHSHQGV�RQ�WKH�IUHTXHQF\��LQWHQVLW\��SRZHU��DQG�GXUDWLRQ�
RI� H[SRVXUH� WR� WKH� HOHFWURPDJQHWLF� ILHOG� >�@��$OJKDPGL�et al�� >�@� LQYHVWLJDWHG� WKH�
HIIHFWV�RI�HOHFWURPDJQHWLF�ILHOGV�RQ�VRPH�KHPDWRORJLFDO�SDUDPHWHUV�RI�PDOH�ZKLWH�
PLFH��([SRVXUH�WR�HOHFWURPDJQHWLF�ILHOGV�LV�UHVSRQVLEOH�IRU�WKH�YDULDWLRQV�RI�VRPH�
KHPDWRORJLFDO�SDUDPHWHUV�LQ�PLFH��$OJODLE�et al��>�@�H[DPLQHG�WKH�KLVWRSDWKRORJLFDO�
HIIHFWV�RI�GLUHFW�H[SRVXUH�WR�HOHFWURPDJQHWLF�UDGLDWLRQ�IURP�PRELOH�SKRQHV�LQ�DGXOW�
PDOH�DOELQR�UDWV��)DWPD�et al��>�@�REVHUYHG�WKDW�WKH�UDGLRIUHTXHQF\�HOHFWURPDJQHWLF�
UDGLDWLRQ� RI� PRELOH� SKRQHV� LQGXFHV� R[LGDWLYH� VWUHVV� LQ� UDW�� $JDUZDO� et al�� >�@�
VKRZHG�QR�FRQFOXVLYH�OLQN�EHWZHHQ�PDOH�LQIHUWLOLW\�DQG�FHOO�SKRQH�XVDJH��5XELQ�et 
al.�HYDOXDWHG�WKDW�WKH�SDLQ�OHYHO�RI�KHDGDFKH�PD\�LQFUHDVH�GXULQJ�H[SRVXUH��EXW�WKH�
SDLQ�GHFUHDVHG�LPPHGLDWHO\�ZKHQ�H[SRVXUH�GHFHDVHG�>��@��$JDUZDO�et al��HYDOXDWHG�
WKH�HIIHFWV�RI�PRELOH�SKRQH�HOHFWURPDJQHWLF�ZDYHV�UDGLDWLRQ�GXULQJ�WDON�PRGH�RQ�
XQSURFHVVHG� �QHDW�� HMDFXODWHG� KXPDQ� VHPHQ� >�@�� 7KH\� REVHUYHG� QR� VLJQLILFDQW�
GLIIHUHQFH� LQ� VSHUP� FRQFHQWUDWLRQ� RI� H[SRVHG� DQG� XQH[SRVHG� VDPSOHV��+RZHYHU��
WKH� VSHUP�PRWLOLW\�ZDV� VLJQLILFDQWO\� ORZHU� LQ� H[SRVHG� VDPSOHV�DV� FRPSDUHG�ZLWK�
XQH[SRVHG�VDPSOHV���,W�ZDV�FRQFOXGHG�WKDW�PRELOH�SKRQH�UDGLDWLRQ�FDXVHV�R[LGDWLYH�
VWUHVV� LQ�QHDW� VHPHQ�DQG� OHDGV� WR�GHFUHDVH� LQ�VSHUPDWR]RRQ�PRWLOLW\�DQG�YLDELOLW\�
>�@��7KH�HIIHFW�RI�PDJQHWLF�ILHOGV�RQ�FDQFHU�LQ�FKLOGUHQ�UHVLGLQJ�QHDU�6ZHGLVK�KLJK�
YROWDJH� SRZHU�OLQHV� KDV� EHHQ� HYDOXDWHG� E\� )H\FKWLQJ� et al.� >��@�� 7KLV� VWXG\� LV�
IRFXVHG� RQ� WKH� HIIHFWV� RI� HOHFWURPDJQHWLF� UDGLDWLRQ� SURGXFHG� E\� WKH�PRELOH� EDVH�
VWDWLRQV� RQ� WKH� FKLOGUHQ
V� EORRG� LQ� WKH� FDVH� RI� WKH� FKLOGUHQ� UHVLGLQJ� DURXQG� EDVH�
VWDWLRQV�IRU�ILYH�\HDUV�DQG�WUHDWHG�ZLWK�ROLYH�RLO���

0(7+2'2/2*<�

2QH� KXQGUHG� DQG� WZHQW\� YROXQWDU\�PDOH� FKLOGUHQ� �DJLQJ� ����� \HDUV�� KDYH�
EHHQ� FKRVHQ� IRU� WKH� H[SHULPHQWDO� ZRUN�� 7KH\�ZHUH� GLYLGHG� LQWR� WKUHH� JURXSV� DV�
IROORZV� >�@�� WKH� ILUVW� JURXS� VHUYHG� DV� FRQWURO�� WKH� VHFRQG� JURXS� ZDV� H[SRVHG� WR�
HOHFWURPDJQHWLF�ILHOG��(0)��HPLWWHG�IURP�WKH�EDVH�VWDWLRQ�UDGLDWLRQ��DQG�WKH�WKLUG�
JURXS�ZDV� H[SRVHG� WR� HOHFWURPDJQHWLF� ILHOG� UDGLDWLRQ� DQG� RUDOO\� WUHDWHG�ZLWK� ����
P/�GD\�RI�ROLYH�RLO�GXULQJ�WKH�H[SHULPHQWDO�SHULRGV����ZHHNV���7KH�VHFRQG�DQG�WKH�
WKLUG�JURXSV� OLYHG�QHDU� WKH�PRELOH�SKRQH�EDVH� VWDWLRQV� ���������P��PRUH� WKDQ���
\HDUV� DQG�ZHUH� H[SRVHG� WR� HOHFWURPDJQHWLF� UDGLDWLRQ�ZLWK� FRQVWDQW� SRZHU� LQ� WKH�
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UDQJH�RI���������P:�FP���PHDVXUHG�GXULQJ�WKH�H[SHULPHQW��7KH�HOHFWULF�ILHOG�ZDV�
VLWXDWHG� LQ� WKH� UDQJH� �������9�P�� 7KH� DQWHQQD� UHFHLYHG� WKH� VLJQDO� IURP�PRELOH�
EDVH�VWDWLRQV�DW�WKH�VSHFLILF�DUHD��7KH�PRELOH�V\VWHP�XVHG�LQ�*D]D�LV�*60��*OREDO�
6\VWHP� IRU� 0RELOH��� ZLWK� D� IUHTXHQF\� RI� ���� 0+]�� $� TXHVWLRQQDLUH� LQFOXGLQJ�
GHWDLOV� DERXW� KHDOWK�ZDV� ILOOHG� E\� WKH� FKLOGUHQ�� %ORRG� VDPSOHV�ZHUH� FROOHFWHG� LQ�
RUGHU�WR�PHDVXUH�VRPH�ELRFKHPLFDO�SDUDPHWHUV�RI�DOO�VXEMHFWV��

'$7$�$1$/<6,6�

'DWD� ZHUH� DQDO\]HG� XVLQJ� 6366� SURJUDP� IRU�ZLQGRZV� �6WDWLVWLFDO� 3DFNDJH�
IRU� WKH� 6RFLDO� 6FLHQFHV� ,QF�� &KLFDJR�� ,OOLQRLV��� 0HDQ� YDOXHV� ZHUH� FRPSDUHG� E\�
LQGHSHQGHQW�VDPSOH�W�WHVW��3HUFHQWDJH�FKDQJH�ZDV�DOVR�FDOFXODWHG��$OO�YDOXHV�ZHUH�
H[SUHVVHG�DV�PHDQ���6�(��1RQ�VLJQLILFDQW�GLIIHUHQFHV�ZHUH� FRQVLGHUHG�ZKHQ�P�!�
������6LJQLILFDQW�GLIIHUHQFHV�ZHUH�FRQVLGHUHG�ZKHQ�P����������

5(68/76�$1'�',6&866,21�

�2XU�UHVXOWV�DUH�V\QWKHWLFDOO\�SUHVHQWHG�LQ�WKH�7DEOHV���DQG���DV�IROORZV���7KH�
EORRG� ELRFKHPLFDO� SDUDPHWHUV�� LQ� WKH� FDVHV� RI� FKLOGUHQ� H[SRVHG� WR� UDGLDWLRQ� DQG�
WUHDWHG�RU�QRW�WUHDWHG�ZLWK�ROLYH�RLO��DUH�SUHVHQWHG�LQ�7DEOH����2QH�FDQ�QRWLFH�WKDW�
H[SRVXUH�WR�HOHFWURPDJQHWLF�UDGLDWLRQ�DORQH�KDV�LQFUHDVHG�WKH�VHUXP�JOXFRVH�OHYHO�
E\� ���� �� FRPSDUHG� WR� WKH� FRQWURO� OHYHO�� +RZHYHU�� WKH� FKLOGUHQ� WUHDWPHQWV� ZLWK�
ROLYH� RLO� KDV� UHGXFHG� WKH� EORRG� OHYHO� E\� ����� �� FRPSDUHG� WR� WKH� FRQWURO� OHYHO��
0HDQ� YDOXHV� RI� VHUXP� WULJO\FHULGHV�� DW� WKH� HQG� RI� WKH� H[SHULPHQWDO� SHULRG��ZHUH�
������� ������� DQG� �����PJ�G/� LQ� WKH� WUHDWHG� JURXS�� FRQWURO�� DQG� HOHFWURPDJQHWLF�
UDGLDWLRQ� �� ROLYH� RLO�� UHVSHFWLYHO\�� 2Q� WKH� RWKHU� KDQG�� PHDQ� YDOXHV� RI� VHUXP�
FKROHVWHURO�ZHUH���������������DQG�������PJ�G/��UHVSHFWLYHO\���

Table 1 

*OXFRVH��WULJO\FHULGHV��DQG�WRWDO�FKROHVWHURO�SDUDPHWHUV�LQ�FKLOGUHQ�DIWHU�H[SRVXUH�WR�HOHFWURPDJQHWLF�
UDGLDWLRQ�DQG�WKH�WKHUDSHXWLF�DFWLRQ�RI�ROLYH�RLO��

3DUDPHWHU� &RQWURO�
N� ����

(OHFWURPDJQHWLF�ILHOG�
N� ����

(OHFWURPDJQHWLF�
ILHOG���ROLYH�RLO�

N� ����
*OXFRVH��PJ�G/��
����FKDQJH��
� P�YDOXH�
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7ULJO\FHULGHV��PJ�G/��
����FKDQJH��
  P�YDOXH�

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

�����������
�����
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$OO�YDOXHV�DUH�H[SUHVVHG�DV�PHDQ���6�(��1RQ�VLJQLILFDQW�GLIIHUHQFHV�DUH�DW�P�!�������6LJQLILFDQW�
GLIIHUHQFHV�DUH�DW�P���������Highly�VLJQLILFDQW�GLIIHUHQFHV�DUH�DW�P���������
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7RWDO� SURWHLQ�� DOEXPLQ�� DQG� JOREXOLQ� FRQFHQWUDWLRQV�� LQ� WKH� FDVHV� RI� EORRG�
VHUXP�DIWHU� FKLOGUHQ� H[SRVXUH� WR� HOHFWURPDJQHWLF� UDGLDWLRQ� DQG� WUHDWHG�ZLWK�ROLYH�
RLO��DUH�SUHVHQWHG�LQ�7DEOH����6LJQLILFDQW�LQFUHDVH�LQ�WKH�DOEXPLQ�OHYHO�PD\�EH�GXH�
WR�WKH�DQWLR[LGDQW�RI�DOEXPLQ�GXH�WR�WKH�GURS�WRWDO�R[LGDWLRQ�VWDWXV��726��RI�VHUXP�
OHYHO�LQ�SODVPD��7KH�FRQFHQWUDWLRQ�RI�DOEXPLQ�KDV�EHHQ�LQFUHDVHG�ZKHQ�H[SRVHG�WR�
HOHFWURPDJQHWLF� UDGLDWLRQ�� $OVR�� E\� XVLQJ� ROLYH� RLO�� WKH� DOEXPLQ� LV� GHFUHDVHG��
)XUWKHUPRUH��WKH�VHUXP�DOEXPLQ�FRQFHQWUDWLRQV�PD\�EH�PRGXODWHG�E\�UDGLDWLRQ���

Table 2 

7RWDO�SURWHLQ��DOEXPLQ��DQG�JOREXOLQ�SDUDPHWHUV�LQ�FKLOGUHQ�DIWHU�H[SRVXUH�WR�HOHFWURPDJQHWLF�
UDGLDWLRQ�DQG�WKH�WKHUDSHXWLF�DFWLRQ�RI�ROLYH�RLO�

3DUDPHWHU� &RQWURO�
N� ����

(OHFWURPDJQHWLF�ILHOG�
N� ����

(OHFWURPDJQHWLF�
ILHOG���ROLYH�RLO�

N� ����
7RWDO�SURWHLQV��PJ�G/�����
����FKDQJH�
  P�YDOXH�

������������
�

������������
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  P�YDOXH�
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 P�YDOXH�
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$OO�YDOXHV�DUH�H[SUHVVHG�DV�PHDQ���6�(��1RQ�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�FRQVLGHUHG�ZKHQ�P�!�������
VLJQLILFDQW�GLIIHUHQFHV�ZKHQ�P���������DQG�KLJKO\�VLJQLILFDQW�GLIIHUHQFHV�ZKHQ�P���������
�

,Q�7DEOH���� WRWDO�SURWHLQV�ZHUH�GHFUHDVHG�ZLWK�D�SHUFHQWDJH�RI�������ZKLOH�
DOEXPLQ� YDOXH� ZDV� LQFUHDVHG� ZLWK� ��� �� LQ� UHVSRQVH� WR� HOHFWURPDJQHWLF� ILHOG�
H[SRVXUH�DV� FRPSDUHG� WR� FRQWURO� OHYHOV��2OLYH�RLO�ZDV�PRUH�HIILFLHQW� LQ� ORZHULQJ�
WKH�HOHYDWHG�YDOXHV�RI� WRWDO�SURWHLQV�DQG�DOEXPLQ��+RZHYHU��JOREXOLQ�YDOXHV�ZHUH�
GHFUHDVHG�LQ�DOO�FDVHV�ZLWK�D�SHUFHQWDJH�RI������DQG�����UHVSHFWLYHO\��DV�FRPSDUHG�
WR� WKH� FRQWUROV�� 5HVXOW� UHYHDOHG� D� JHQHUDO� LQFUHDVH� LQ� VHUXP� JOXFRVH� OHYHOV� LQ�
UHVSRQVH� WR� HOHFWURPDJQHWLF� ILHOG��ZLWK�ZLWKRXW� ROLYH� RLO� WUHDWPHQW�� WKDW� FRXOG� EH�
DWWULEXWHG�WR�LPSDLULQJ�KHSDWLF�VWUXFWXUH�QRWLFHG�E\�$EXR�(OQDJD�>�@��ZKR�REVHUYHG�
D�SRVW� LUUDGLDWLRQ�UHGXFWLRQ�RI�JO\FRJHQ�LQ�FHOOV��GXH� WR� WKH�GHFUHDVH�RI�7��DQG�7��
KRUPRQHV� RI� WKH� WK\URLG�� ZKLFK� OHVVHQ� WKH� JOXFRVH� HQWUDQFH� LQWR� WKH� FHOOV��
(OHFWURPDJQHWLF�ILHOG�H[SRVXUH�PD\��LQGLUHFWO\��SOD\�D�VSHFLILF�UROH�LQ�FDUERK\GUDWH�
PHWDEROLVP�� $OVR�� WKH� PRELOH� SKRQH� IUHTXHQF\� H[SRVXUH� WRJHWKHU� ZLWK� ROLYH� RLO�
VKRZHG�D�GHFUHDVH�LQ�VHUXP�JOXFRVH�DV�FRPSDUHG�WR�WKH�FRQWURO��,Q�WKLV�UHVSHFW��$O�
-DPDO�et al�� VWXGLHG� WKH�SURWHFWLYH� HIIHFW� RI� ROLYH�RLO�� DWWULEXWHG� WR� LWV� DQWLR[LGDQW�
DQG� IUHH� UDGLFDO� VFDYHQJLQJ�SURSHUWLHV� >�@��2OLYH� RLO� KDG�SRVLWLYH� HIIHFWV� RQ� OLSLG�
SURILOH� DQG� EORRG� JOXFRVH� OHYHO� LQ� ERWK� DV\PSWRPDWLF� SDUWLFLSDQWV� DQG� W\SH� ��
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GLDEHWLF�VXEMHFWV��2QH�FDQ�VXSSRVH�WKDW�ROLYH�RLO�DPHOLRUDWHV�WKH�SULQFLSDO�IXQFWLRQV�
RI� WKH� OLYHU� ZKLFK� DUH� UHODWHG� WR� WKH� UHJXODWLRQ� RI� FDUERK\GUDWH� PHWDEROLVP� DQG�
EORRG� JOXFRVH� KRPHRVWDVLV� >��@�� &RQFHUQLQJ� OLSLG� PHWDEROLVP�� WKH� UHVXOWV�
GHPRQVWUDWHG� WKDW� WKH� WULJO\FHULGHV� DQG� WRWDO� FKROHVWHURO� OHYHOV�ZHUH� LQFUHDVHG� LQ�
UHVSRQVH�WR�HOHFWURPDJQHWLF�IUHTXHQF\��7KH�SRVVLEOH�H[SODQDWLRQ�RI�WKHVH�REVHUYHG�
LQFUHPHQWV� PD\� EH� LQ� GLUHFW� RU� LQGLUHFW� DFWLRQ� RI� PRELOH� UDGLDWLRQ� RQ� OLSLG�
PHWDEROLVP� RU� OLSLG� SHUR[LGDWLRQ� >��@�� 7KH� VLJQLILFDQW� GHFUHDVHG� OHYHOV� RI� WRWDO�
SURWHLQV� LQ� WKH�FDVHV�RI� VXEMHFWV�H[SRVHG� WR�HOHFWURPDJQHWLF� ILHOG� LV� LQ�DJUHHPHQW�
ZLWK�WKDW�REVHUYHG�E\�.RVWRII�DQG�/DX�>��@��7KH�GHFUHDVH�RI�WRWDO�SURWHLQV�FRXOG�EH�
DWWULEXWHG�WR�DQ�LQFUHDVH�LQ�DPLQR�DFLG�GHDPLQDWLRQ��,Q�DQRWKHU�VWXG\��ZH�REVHUYHG�
D� GHFUHDVH� LQ� JOREXOLQ�� LQ� WKH� FDVHV� RI� FKLOGUHQ� H[SRVHG� RQO\� WR� HOHFWURPDJQHWLF�
ZDYHV�� 7KH� GHFUHDVHV�PD\� KDYH� UHVXOWHG� IURP� GLVWXUEHG� SURWHLQ� V\QWKHVLV� LQ� WKH�
OLYHU��7KHVH�UHVXOWV�ZHUH�LQ�DJUHHPHQW�ZLWK�WKRVH�RI�.XOD�>��@��

&21&/86,21�

,Q�WKLV�ZRUN��WKH�HIIHFWV�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�SURGXFHG�E\�WKH�PRELOH�
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