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D�]DWLP�GRGDW�LVLWQMHQL�OLVW�OLMDQGHUD��6YH�MH�UHIOXN�
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JHURYLP�UDVWYRURP�ELOD�YH`D�RG�HQHUJLMH�L]PHUHQH
QDNRQ�GHORYDQMD�UDVWYRUD�ROHDQGULQD��

7DEHOD����(QHUJLMH�VLJQDOD�]D�SUYLK���CDED
(QHUJLMD�VLJQDOD�
[��¬��:]�

3RYH`DQMH�
HQHUJLMH��SXWD�

5� 2� 2� 2� 2�
CDED�� ��� ��� ��� ���� ����
CDED�� ��� ��� ��� ���� ����
CDED�� ���� ��� ��� ���� ����
CDED�� ���� ��� ��� ���� �����
CDED�� ��� ��� ��� ����� �����
5�¬�5LQJHU��2��¬�ROHDQGULQ����2��¬�ROHDQGULQ������¬���V�

,]�WDEHOH���VH�SULPH`XMH�GD�MH�UDVWYRU�NDUGLRWR�
QLaQRJ�JOLNR]LGD�L]D]YDR�SRYH`DQMH�HQHUJLMH�VLJQDOD
NRG�YH`LQH�MHGLQNL��'R�VPDQMHQMD�HQHUJLMH�L]OD]QLK
VLJQDOD�GR^OR�MH�X�GUXJRP�PHUHQMX�NRG�CDEH����X�SU�
YRP�PHUHQMX�NRG�CDEH���L�CDEH����GRN�MH�NRG�CDEH
���UDVWYRU�ROHDQGULQD�L]D]YDR�LVNOMXaLYR�VPDQMHQMH
HQHUJLMH�L]OD]QRJ�VLJQDOD�

5DVWYRU�ROHDQGULQD�MH�QD�VUFD�VYLK�CDED��RVLP�QD
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WUDNFLMH��2YR�VH�PRCH�]DNOMXaLWL�MHU�MH�VDPR�NRG�CDEH
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VYLK�CDED�REH�JUXSH�PRCH�VH�SULPHWLWL�GD�VH�QD�IUHN�
YHQFLML�RG���+]�NRQVWDQWQR�SRMDYOMXMX���SLND�SULEOL�
CQR�MHGQDNLK�LQWHQ]LWHWD��EH]�RE]LUD�GD�OL�MH�VUFH
WUHWLUDQR�VDPR�5LQJHURYLP�UDVWYRURP��VOLND����LOL�L
UDVWYRURP�ROHDQGULQD��VOLND�����2YDM�UH]XOWDW�SRND�
]XMH�GD�UDVWYRU�RYRJ�NDUGLRWRQLaQRJ�JOLNR]LGD�QH
XWLaH�QD�IUHNYHQFLMX�UDGD�VUFD��RGQRVQR�GD�PX�QH�UH�
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,]�UH]XOWDWD�GRELMHQLK�GHORYDQMHP�UDVWYRUD�ROHDQ�

GULQD�QD�VUFH�CDEH��PRCH�VH�]DNOMXaLWL�GD�GROD]L�GR
SRYH`DQMD�HQHUJLMH�L]OD]QRJ�VLJQDOD��RGQRVQR�MDaLQH
VUaDQH�NRQWUDNFLMH��D�GD�VH�SUL�WRP�IUHNYHQFLMD�VUFD
ELWQR�QH�PHQMD��8�YH`LQL�VOXaDMHYD�UDVWYRU�ROHDQ�
GULQD�L]D]YDR�MH�SRYH`DQMH�HQHUJLMH�L]OD]QRJ�VLJQDOD�
8�SRMHGLQLP�VOXaDMHYLPD��YHURYDWQR�]ERJ�IDNWRUD
NDR�^WR�MH�VDPD�SULURGD�ROHDQGULQD��UDVWYRU�QLMH�RG�
PDK�LOL�XRS^WH�GHORYDR��ALQMHQLFD�GD�RYDM�NDUGLR�
WRQLaQL� JOLNR]LG� XWLaH� QD� SRMDaDQMH� VUaDQH
NRQWUDNFLMH��D�GD�QH�UHPHWL�QRUPDODQ�ULWDP�VUFD�
PRCH�VH�XSRWUHELWL�NDR�RSUDYGDQMH�]D�QMHJRYX�SRWHQ�
FLMDOQX�XSRWUHEX�
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)LJXUH����6SHFWUXP�RI�KHDUW�VLJQDO��DIWHU�ILOWUDWLRQ��DIWHU�WUHDWPHQW�ZLWK�5LQJHU±V�VROXWLRQ�DQG�ROHDQGULQVROXWLRQ
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ZZZ�LQFKHP�RUJ

$OHNVDQGUD�0DQGL`
7KH�(IIHFW�RI�&DUGLDF�*O\FRVLGH
2OHDQGULQ�RQ�)URJ±V�+HDUW

2OHDQGHU��1HULXP�ROHDQGHU��LV�DQ�HYHUJUHHQ
VKUXE��QDWLYH�RQO\�LQ�WKH�0HGLWHUUDQHDQ�UHJLRQ��7KLV
SODQW�FRQWDLQV�DERXW������RI�FDUGLDF�JO\FRVLGHV��7KH
PRVW�LPSRUWDQW�RQH�LV�ROHDQGULQ�ZKLFK�VKRZV�D
VWURQJ�HIIHFW�RQ�WKH�KHDUW�PXVFOH�

7KH�SXUSRVH�RI�WKLV�SURMHFW�ZDV�WR�VKRZ�ROHDQ�
GULQ±V�HIIHFW�RQ�WKH�RXWJRLQJ�VLJQDO�HQHUJ\�DQG�IUH�
TXHQF\�RI�D�IURJ±V�KHDUW��5DQD�HVFXOHQWD��

�2OHDQGULQ�ZDV�H[WUDFWHG�E\�FROXPQ�FKURPDWRJ�
UDSK\�IURP�OHDYHV�DQG�IORZHUV�RI�ROHDQGHU��$OFR�
KROLF�VROXWLRQV�RI�ROHDQGULQ�ZHUH�XVHG��7KH�IURJV±
KHDUWV�ZHUH�SUHSDUHG�E\�LQ�VLWX�PHWKRG��1H^L`�������

0HDVXULQJV�ZHUH�GRQH�RQ����IURJV��7KHUH�ZHUH�WZR
JURXSV�DQG�HDFK�FRQWDLQHG���IURJV��)LUVW��HDFK�KHDUW
ZDV�WUHDWHG�ZLWK�5LQJHU±V�VROXWLRQ��,Q�WKH�ILUVW�JURXS
DQ�ROHDQGULQ�VROXWLRQ�ZLWK�D�������J�/�FRQFHQWUDWLRQ
ZDV�XVHG��,Q�WKH�VHFRQG�JURXS�IURJV�ZHUH�WUHDWHG
ZLWK�D�������J�/�ROHDQGULQ�VROXWLRQ��7KH�VROXWLRQV
ZHUH�SRXUHG�RXW�LQ�GURSV�GLUHFWO\�RQ�IURJV±�KHDUWV�
7KH�RXWJRLQJ�VLJQDO�DQG�IUHTXHQF\�RI�KHDUWV�ZHUH
PHDVXUHG�E\�WKH�UHJLVWUDWLRQ�V\VWHP�LQ�WLPH�SHULRGV
RI������DQG����VHFRQGV�

7KH�UHVXOWV�VKRZ�WKDW�WKH�ROHDQGULQ�VROXWLRQ�KDG
DQ�HIIHFW�RQ�WKH�KHDUW�PXVFOH�DQG�LW�LQFUHDVHG�WKH
VLJQDO�HQHUJ\�LQ�DOPRVW�HYHU\�FDVH��7KH�RQO\�IURJ±V
KHDUW�WKDW�WKH�ROHDQGULQ�VROXWLRQ�GLG�QRW�DIIHFW�ZDV
WKH�KHDUW�RI�)URJ�����,Q�WKLV�FDVH��WKH�VROXWLRQ�GLG�QRW
LQFUHDVH�VLJQDO�HQHUJ\��LW�GHFUHDVHG�LW�LQ�ERWK�PHDV�
XULQJV��&RPSDULQJ�KHDUW�VLJQDOV�RI�HYHU\�IURJ�IURP
ERWK�JURXSV�LW�FDQ�EH�VHHQ�WKDW�RQ�D�IUHTXHQF\�RI
��+]�WZR�SHDNV�FRQVWDQWO\�VKRZ�XS��UHJDUGOHVV�RI
ZKHWKHU�WKH�KHDUW�ZDV�WUHDWHG�ZLWK�WKH�5LQJHU�RU
ROHDQGULQ�VROXWLRQ��7KLV�PHDQV�WKDW�ROHDQGULQ�VROX�
WLRQV�KDG�QR�HIIHFW�RQ�WKH�IUHTXHQF\�RI�WKH�KHDUWV�
)URP�WKH�UHVXOWV�LW�FDQ�EH�FRQFOXGHG�WKDW�ROHDQGULQ
LQFUHDVHV�RXWJRLQJ�VLJQDO�HQHUJ\��ZKLOH�WKH�IUHTXHQ�
F\�RI�WKH�KHDUW�LV�QRW�FKDQJHG��,Q�VRPH�FDVHV��SURE�
DEO\�EHFDXVH�RI�WKH�QDWXUH�RI�WKLV�FDUGLDF�JO\FRVLGH�
WKH�VROXWLRQ�KDG�QR�HIIHFW�RQ�IURJ±V�KHDUWV��7KH�IDFW
WKDW�ROHDQGULQ�LQFUHDVHV�WKH�IRUFH�RI�FRQWUDFWLRQ��EXW
KDV�QR�HIIHFW�RQ�WKH�IUHTXHQF\�RI�WKH�KHDUW��FDQ�EH
XVHG�IRU�LWV�SRWHQWLDO�XVH�DV�D�PHGLFLQH�
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