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5WOOCT[�
&DQQDELV�VDWLYD�LV�D�GLRHFLRXV��KDYLQJ�PDOH�DQG�IHPDOH�IORZHUV�LQ�

VHSDUDWH� SODQWV��� JUHHQ�� OHDI\� SODQW� ZLWK� FKDUDFWHULVWLF� RSSRVLWH��
XVXDOO\� VHYHQ�ILQJHUHG�� ODQFH�VKDSHG� OHDYHV�� RQ� GU\�� VDQG\� VOLJKWO\�
DONDOLQH�VRLO��&DQQDELV� LV�QRW�D�VLQJOH�VXEVWDQFH�EXW�FRQWDLQV�D� ODUJH�
QXPEHU� RI� GLIIHUHQW� FRPSRQHQWV�� RYHU� ���� KDYH� EHHQ� LGHQWLILHG� WR�
GDWH�� 7KH� FDQQDELQRLGV�� RI� ZKLFK� WKHUH� DUH� RYHU� ���� DUH� WKH� PRVW�
LPSRUWDQW� FODVV� FRQWDLQLQJ� WKH� DFWLYH� SULQFLSOH� UHVSRQVLEOH� IRU� WKH�
SV\FKRWURSLF� HIIHFWV� RI� WKH� SODQW�� GHOWD���WHWUDK\GURFDQQDELQRO�
�UHIHUUHG�WR�LQ�WKH�IROORZLQJ�DV�GHOWD��7+&��RU�7+&���

7KHUH�DUH�PDLQO\� WZR�ZD\V�RI�LQJHVWLQJ�FDQQDELV��E\�LQKDODWLRQ��
RU� WKURXJK� WKH� OXQJV�� DQG� RUDOO\�� 0DULMXDQD� DQG� KDVKLVK� FDQ� EH�
LQKDOHG�� +DVKLVK� FDQ� DOVR� EH� EDNHG� LQWR� ELVFXLWV� RU� FDNH�� 7KH�
GLIIHUHQFH�EHWZHHQ� WKHVH� WZR�PRGHV�RI� LQJHVWLRQ� LV�REVHUYHG�GXULQJ�
WKH�RQVHW�RI�WKH�GUXJ
V�HIIHFWV��7KH�LQIOXHQFH�RI�WKLV�GUXJ�LV�IHOW�PRUH�
SURPSWO\�ZKHQ�LW�LV�LQKDOHG��

7+&�LV�DEVRUEHG�E\�WKH�ERG\�PXFK�PRUH�VORZO\�DIWHU�RUDO�LQWDNH�
�HDWLQJ� RU� GULQNLQJ�� DQG� WKHQ� KDV� D� ORZHU� ELRDYDLODELOLW\� RI� �� WR� ���
SHUFHQW�EHFDXVH�RI�WKH�SRRUHU�DEVRUSWLRQ��FDWDEROLVP��EUHDNGRZQ�LQWR�
VLPSOHU� VXEVWDQFHV�� LQ� WKH� OLYHU�� DQG� WKH� IDFW� WKDW� WKH� LQDFWLYH�
WHWUDK\GURFDQQDELQROLGLF�DFLGV�LQ�QDWXUDO�FDQQDELV�SURGXFWV�FDQQRW�EH�
WUDQVIRUPHG� LQWR� SV\FKRDFWLYH� GHOWD���7+&� XQOHVV� WKH\� DUH� KHDWHG�
ILUVW��DV�LV�WKH�FDVH�ZKHQ�WKH\�DUH�VPRNHG�����
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6SHFLILF� UHVHDUFK� LQWR� WKH� PRGH� RI� DFWLRQ� RI� FDQQDELV� ZDV� QRW��

SRVVLEOH�XQWLO��������ZKHQ�GHOWD���7+&�ZDV�LVRODWHG�DQG�LWV�VWUXFWXUH�
ZDV�HOXFLGDWHG��,W�WKHQ�EHFDPH�SRVVLEOH�WR�GHYHORS�VXEVWDQFHV�ZLWK�DQ�
DFWLRQ�VLPLODU�WR�7+&��VRPH�RI�WKHP�KLJKO\�SRWHQW��'XULQJ�WKH�����V��
YDULRXV�VFLHQWLILF�ILQGLQJV�UHPRYHG�DQ\�GRXEW�DERXW�WKH�H[LVWHQFH�RI�
VSHFLILF� FDQQDELV� UHFHSWRUV�� � $� FDQQDELQRLG� UHFHSWRU� �&%��� ORFDWHG�
SUHGRPLQDQWO\� LQ� WKH� FHUHEHOOXP�� WKH� KLSSRFDPSXV� DQG� WKH� FHUHEUDO�
FRUWH[� ZDV� ILQDOO\� GLVFRYHUHG� DQG� FORQHG� LQ� ����� �� $� IXUWKHU��
SHULSKHUDO�� UHFHSWRU��&%���ZDV�IRXQG�LQ�FHUWDLQ�SDUWV�RI� WKH� LPPXQH�
V\VWHP� �H�J��� WKH� VSOHHQ�� LQ������ � � ,QYHVWLJDWLRQV� FDUULHG�RXW� WR�GDWH�
ZRXOG� VHHP� WR� FRQILUP� WKDW� WKHVH� UHFHSWRUV� DUH� FDSDEOH� RI� DIIHFWLQJ�
QHXURSK\VLRORJLFDO�SURFHVVHV�LQ�WKH�EUDLQ���)XWXUH�UHVHDUFK�ZLOO�UHYHDO�
WKH� H[WHQW� WR� ZKLFK� SURFHVVHV� RI� WKLV� W\SH� LQYROYLQJ� FDQQDELQRLG�
UHFHSWRUV�DUH�OLQNHG�WR�WKH�FRPSOH[�HIIHFWV�RI�FDQQDELV�LQ�KXPDQV��

7KH�SUHYDOHQFH�RI�PDULMXDQD�XVH�E\�DGROHVFHQWV�KDV�IOXFWXDWHG�LQ�
UHFHQW�GHFDGHV��EXW�RYHUDOO��KDV� LQFUHDVHG�VLJQLILFDQWO\�� ,W�ZDV�IRXQG�
WKDW�WKH�SDWWHUQV�RI�PDULMXDQD�XVH�KDG�FKDQJHG��HVSHFLDOO\�DPRQJ�HDUO\�
DGROHVFHQWV��$Q�HDUOLHU�DJH�RI�RQVHW�RI�XVH�DQG�DQ�LQFUHDVHG�IUHTXHQF\�
RI� XVH� ZHUH� QRWHG�� &RQFHUQ� DERXW� WKH� SV\FKLDWULF� FRQVHTXHQFHV� RI�
FDQQDELV�XVH��FDQQDELV�PLJKW�EH�D�µJDWHZD\¶�GUXJ�WR�RWKHU�DJHQWV�VXFK�
DV�KHURLQ�DQG�FRFDLQH�,W�FRQVLGHU�LOOHJDO� � LQ�PRVW�FRXQWULHV��DOWKRXJK�
OHJDOLVDWLRQ�FDPSDLJQV�KDYH�EHHQ�UHSHDWHGO\�PRXQWHG��

&DQQDELV� XVHIXO� DV� D� QRFWXUQDO� VHGDWLYH� LQ� VHQLOH� QHXUDOJLDV�
LQFOXGLQJ�LQVRPQLD��DQG�YDOXDEOH�LQ�WUHDWLQJ�G\VPHQRUUKHDO�LQFOXGLQJ��
PLJUDLQH�KHDGDFKH�DQG�FHUWDLQ�HSLOHSWRLG�RU�FKRUHRLG�PXVFOH�VSDVPV��
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+H�IHOW�LW�WR�EH�RI�XQFHUWDLQ�EHQHILW�LQ�DVWKPD��DOFRKROLF�GHOLULXP�DQG�
GHSUHVVLRQV�� 0RUH� WKDQ� HLJKWHHQ� PDMRU� VWXGLHV� SXEOLVKHG� EHWZHHQ�
����� DQG� ����� VKRZHG� WKDW� WKH� FKHPLFDOV� LQ� FDQQDELV� NQRZQ� DV�
FDQQDELQRLGV� KDYH� D� VLJQLILFDQW� HIIHFW� ILJKWLQJ� FDQFHU� FHOOV�� 1RZ���
FDQQDELQRLGV� DUUHVW� PDQ\� NLQGV� RI� FDQFHU� JURZWKV� �EUDLQ�� EUHDVW��
OHXNHPLF��PHODQRPD��SKDHRFKURPRF\WRPD��HW�DO���WKURXJK�SURPRWLRQ�
RI� DSRSWRVLV� �SURJUDPPHG� FHOO� GHDWK�� WKDW� LV� ORVW� LQ� WXPRUV�� DQG� E\�
DUUHVWLQJ�DQJLRJHQHVLV��LQFUHDVHG�EORRG�YHVVHO�SURGXFWLRQ���

7KH� DFXWH� HIIHFWV� RI� FDQQDELV� XVH� DUH� DQ� DOWHUHG� VWDWH� RI�
FRQVFLRXVQHVV� FKDUDFWHUL]HG� E\� PLOG� HXSKRULD� DQG� UHOD[DWLRQ��
SHUFHSWXDO� DOWHUDWLRQV�� LQFOXGLQJ� WLPH� GLVWRUWLRQ�� DQG� WKH�
LQWHQVLILFDWLRQ� RI� RUGLQDU\� VHQVRU\� � H[SHULHQFHV�� VXFK� DV� WKRVH�
DVVRFLDWHG�ZLWK� HDWLQJ�� ZDWFKLQJ� ILOPV� DQG� OLVWHQLQJ� WR�PXVLF� �� 7KH�
SK\VLRORJLFDO� HIIHFWV� REVHUYHG� LPPHGLDWHO\� DIWHU� FRQVXPSWLRQ� DUH�
UHGGHQLQJ� RI� WKH� FRQMXQFWLYDH� RI� WKH� H\HV�� D� UHGXFWLRQ� LQ� ERG\�
WHPSHUDWXUH��D�GU\�PRXWK�DQG�WKURDW��KXQJHU��D�VOLJKWO\�HOHYDWHG�KHDUW�
UDWH�DQG�EORRG�SUHVVXUH�ZKHQ�O\LQJ�GRZQ��DQG�D�GURS�LQ�KHDUW�UDWH�DQG�
EORRG�SUHVVXUH�ZKHQ�VWDQGLQJ��

7KH� PDLQ� SK\VLRORJLFDO� DQG� SV\FKRORJLFDO� HIIHFWV� RI� FKURQLF�
KHDY\� FDQQDELV� XVH�� HVSHFLDOO\� GDLO\� XVH� � RYHU� PDQ\� \HDUV�� UHPDLQ�
XQFHUWDLQ��7KH�PDLQ�SRWHQWLDO�DGYHUVH�HIIHFWV�DUH�UHVSLUDWRU\�GLVHDVH��
FDQQDELV� GHSHQGHQFH�� DQG� VXEWOH� FRJQLWLYH� LPSDLUPHQW�� 5HVSLUDWRU\�
GLVHDVHV� DUH� WKRVH� DVVRFLDWHG� ZLWK� VPRNLQJ� DV� WKH� PHWKRG� RI�
DGPLQLVWUDWLRQ�� VXFK� DV� FKURQLF� EURQFKLWLV�� &DQQDELV� FRQVXPSWLRQ�
OHDGV� WR� ORZHU� OHYHOV� RI� IROOLFOH�VWLPXODWLQJ� KRUPRQH� �)6+�� DQG�
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OXWHLQL]LQJ� KRUPRQH� �/+��� DQG� PD\� DIIHFW� WKH� PHQVWUXDO� F\FOH��
DOWKRXJK�WKHVH�HIIHFWV�DUH�HYLGHQWO\�UHYHUVLEOH�DQG�GLVDSSHDU�RQFH�WKH�
GUXJ� LV�GLVFRQWLQXHG�� ,Q�H[DPLQLQJ�FDQQDELV¶� LPSDFW�RQ� WKH�TXDQWLW\�
DQG� TXDOLW\� RI� VSHUP�� WKDW� IUHTXHQW� FDQQDELV� XVHUV� KDG� ORZHU� VSHUP�
FRXQWV���

7KH� DFXWH� HIIHFWV� RI� D� PRGHUDWH� RU� KLJKHU� GRVH� RI� FDQQDELV��
LPSDLUV� WKH�VNLOOV� UHODWHG� WR� VDIH�GULYLQJ�DQG� LQMXU\� ULVN� �DQG�GULYHUV�
DUH�DZDUH�RI�WKLV�LPSDLUPHQW��ZKLFK�PD\�SURPSW�WKHP�WR�VORZ�GRZQ�
DQG�GULYH�PRUH�FDXWLRXVO\��VXJJHVWLQJ�WKDW�H[SHULHQFHG�FDQQDELV�XVHUV�
FDQ� FRPSHQVDWH� IRU� WKH� GHOHWHULRXV� HIIHFWV� RI� FDQQDELV� RQ� GULYLQJ�
VNLOOV������
�


