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1HO� SUHVHQWH� ODYRUR� q� VWDWD� YDOXWDWD� OD� PLQLPD� FRQFHQWUD]LRQH� LQLEHQWH� OD� FUHVFLWD� EDWWHULFD�
�0,&�� H� OD�PLQLPD� FRQFHQWUD]LRQH� EDWWHULFLGD� �0%&�� GL� HVWUDWWL� RWWHQXWL� GD� GLYHUVH� PDWULFL�
YHJHWDOL�QHL�FRQIURQWL�GL�3VHXGRPRQDV�V\ULQJDH�SY��DFWLQLGLDH��3VD���3VD�q�O¶DJHQWH�FDXVDOH�GHO�
FDQFUR�EDWWHULFR�GHOO
DFWLQLGLD�FKH�KD�GHWHUPLQDWR�XQD�YHUD�H�SURSULD�SDQGHPLD�D�SDUWLUH�GDO������
VX� VSHFLH� D� SROSD�JLDOOD� �$FWLQLGLD� FKLQHQVLV�� H� YHUGH� �$��GHOLFLRVD���6RQR� VWDWL� VDJJLDWL� YDUL�
HVWUDWWL�YHJHWDOL�FDUDWWHUL]]DWL�GDOOD�SUHVHQ]D�GL�GLYHUVH�FODVVL�GL�SROLIHQROL��5LVXOWDWL�SURPHWWHQWL�
VRQR�VWDWL�RWWHQXWL�GD�HVWUDWWL�GL�UDGLFL�GL�3RO\JRQXP�FXVSLGDWXP��$O�ILQH�GL�YDOXWDUH�XQ¶HYHQWXDOH�
ILWRWRVVLFLWj�GHJOL�VWHVVL�q�VWDWR�FRQGRWWR�XQ�VDJJLR�VX�GLVFKL�IRJOLDUL�GL�$��FKLQHQVLV�FY��%HOHQ��
XWLOL]]DQGR�FRQFHQWUD]LRQL�GL�HVWUDWWL�VXSHULRUL�D�TXHOOH�DWWLYH�VX�3VD��/H�YDOXWD]LRQL�VRQR�VWDWH�
FRQGRWWH�VLD�YLVLYDPHQWH��SHU�HYLGHQ]LDUH�HYHQWXDOL�GDQQL�PDFURVFRSLFL��FKH�HVHJXHQGR�XQ�WHVW�
ELRFKLPLFR�VHQVLELOH��TXDOH�O¶DQDOLVL�GHOOD�YDULD]LRQH�TXDQWLWDWLYD�GHOOD�FORURILOOD�WRWDOH�QHL�GLVFKL�
IRJOLDUL� WUDWWDWL�� /H� DQDOLVL� KDQQR� SHUPHVVR� GL� HVFOXGHUH� ILWRWRVVLFLWj� GL� WXWWL� JOL� HVWUDWWL� QHL�
FRQIURQWL�GHL�WHVVXWL�GHOOD�SLDQWD���
3DUROH�FKLDYH��$FWLQLGLD�FKLQHQVLV��$FWLQLGLD�GHOLFLRVD��0,&��0%&��ILWRWRVVLFLWj�
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,Q�WKH�SUHVHQW�VWXG\�WKH�PLQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ��0,&��DQG�WKH�PLQLPXP�EDFWHULFLGDO�
FRQFHQWUDWLRQ� �0%&�� RI� VHYHUDO� H[WUDFWV� IURP� GLIIHUHQW� SODQW� PDWULFHV� ZHUH� HYDOXDWHG� RQ�
3VHXGRPRQDV� V\ULQJDH� SY�� DFWLQLGLDH� �36$��� 3VD� LV� WKH� FDXVDO� DJHQW� RI� NLZLIUXLW� EDFWHULDO�
FDQNHU��FDXVLQJ�D�SDQGHPLF�VLQFH������RQ�\HOORZ��$FWLQLGLD�FKLQHQVLV��DQG�JUHHQ��$��GHOLFLRVD��
NLZLIUXLW�� 7KH� WHVWHG� H[WUDFWV� DUH� FKDUDFWHUL]HG� E\� WKH� SUHVHQFH� RI� GLIIHUHQW� FODVVHV� RI�
SRO\SKHQROV�� 7KH� PRVW� SURPLVLQJ� UHVXOWV� ZHUH� REWDLQHG� IURP� WKH� URRWV� RI� 3RO\JRQXP�
FXVSLGDWXP��7R�HYDOXDWH�SRVVLEOH�SK\WRWR[LFLW\�RI�WKH�H[WUDFWV��D�OHDI�GLVF�DVVD\�RQ�$��FKLQHQVLV�
FY��%HOHQ�ZDV�SHUIRUPHG�XVLQJ�H[WUDFW�FRQFHQWUDWLRQV�KLJKHU�WKDQ�0,&��7KH�HYDOXDWLRQV�ZHUH�
FDUULHG�RXW�ERWK�E\�YLVXDO�REVHUYDWLRQ�RI�WKH�WUHDWHG�WLVVXHV�DQG�E\�D�VHQVLWLYH�ELRFKHPLFDO�WHVW��
L�H��WKH�DQDO\VLV�RI�WKH�TXDQWLWDWLYH�YDULDWLRQ�RI�WRWDO�FKORURSK\OO�LQ�IROLDU�GLVNV��7KHVH�DQDO\VHV�
GLGQ¶W�VKRZ�DQ\�SK\WRWR[LFLW\�RI�WKH�H[WUDFWV�LQ�WKH�SODQW�WLVVXHV��
.H\ZRUGV��$FWLQLGLD�FKLQHQVLV��$FWLQLGLD�GHOLFLRVD��0,&��0%&��SK\WRWR[LFLW\�
�



,1752'8=,21(�
3VHXGRPRQDV�V\ULQJDH�SY��DFWLQLGLDH� �3VD���DJHQWH�FDXVDOH�GHO�FDQFUR�EDWWHULFR�GHO�NLZL�D�

SROSD�JLDOOD��$FWLQLGLD�FKLQHQVLV��H�YHUGH��$FWLQLGLD�GHOLFLRVD���q�VWDWR�VHJQDODWR�SHU�OD�SULPD�
YROWD� LQ� ,WDOLD� QHO� ����� �6FRUWLFKLQL�� ������� ,Q� ,WDOLD� HVVR� ULPDVH� VSRUDGLFR� H� FRQ� XQD� EDVVD�
LQFLGHQ]D�SHU����DQQL��WXWWDYLD�D�SDUWLUH�GDO������VL�q�DYXWR�XQR�VFRSSLR�HSLGHPLFR�GHOOD�PDODWWLD�
LQL]LDOPHQWH�QHOOH�SURYLQFLH�GL�/DWLQD�H�5RPD�H� VXFFHVVLYDPHQWH�DQFKH� LQ�(PLOLD�5RPDJQD��
3LHPRQWH�H�SURYLQFLD�GL�9LWHUER��%DOHVWUD�HW�DO���������)HUUDQWH�H�6FRUWLFKLQL���������6L�VWLPD�
FKH�TXHVWR�SDWRJHQR�DEELD�FDXVDWR�XQD�SHUGLWD�GL�SURGX]LRQH�SDUL�D��������SLDQWH�HWWDUR�DQQR�
ULGXFHQGR� OD� SURGX]LRQH� GHO� IUXWWHWR� GHO� ������� �&DFLRSSR�� ������ FRQ� LQJHQWL� SHUGLWH�
HFRQRPLFKH��$OOR�VWDWR�DWWXDOH�QRQ�HVLVWH�XQD�VROX]LRQH�XQLYRFD�H�GHILQLWLYD�SHU�LO�FRQWUROOR�GL�
TXHVWD� PDODWWLD�� PD� VL� SRVVRQR� PHWWHUH� LQ� DWWR� PLVXUH� GL� QDWXUD� GLYHUVD� FKH� SHUPHWWRQR� GL�
PDQWHQHUH� LO�SDWRJHQR�DO�GL�VRWWR�GL�XQD�VRJOLD�GL�GDQQRVLWj��7DOL�PLVXUH�FRPSUHQGRQR��ROWUH�
DOO¶XWLOL]]R�GL�PH]]L�FKLPLFL��OD�FROWLYD]LRQH�GL�YDULHWj�GL�NLZL�UHVLVWHQWL��OD�SUDWLFD�GL�ULJRURVH�
QRUPH�LJLHQLFKH�QHL�IUXWWHWL��O¶XWLOL]]R�GL�VWUDWHJLH�GL�FRQWUROOR�ELRORJLFR�H�GL�HOLFLWRUL�LQ�JUDGR�GL�
VWLPRODUH�OH�ULVSRVWH�GL�GLIHVD�GHOOD�SLDQWD��/¶LPSLHJR�GL�WUDWWDPHQWL�FKLPLFL��XWLOL]]DWL�SHU�3VD�
FRPH�PLVXUD�SUHYHQWLYD��VL�EDVD�VRSUDWWXWWR�VXOO¶LPSLHJR�GL�FRPSRVWL�EDWWHULFLGL�H�ILWRIDUPDFL�D�
EDVH� GL� UDPH�� (VVHQGR� LQ� (XURSD� YLHWDWR� O¶XWLOL]]R� GL� DQWLELRWLFL� QHL� FRQIURQWL� GHL� SDWRJHQL�
YHJHWDOL�� LO� ORUR� FRQWUROOR� DYYLHQH� SULQFLSDOPHQWH� DSSOLFDQGR� FRPSRVWL� UDPHLFL�� ,Q�
FRQVLGHUD]LRQH� GHL� UHFHQWL� REEOLJKL� SUHYLVWL� GDOOD� OHJJH� �5HJRODPHQWR� GL� HVHFX]LRQH� �8(��
��������� FKH� SUHYHGRQR� OD� VRVWLWX]LRQH� GL� GLYHUVL� FRPSRVWL� FKLPLFL� IUD� FXL� LO� UDPH�� H� GHL�
SUREOHPL�OHJDWL�DOO¶LQVRUJHQ]D�LQ�*LDSSRQH�GL�FHSSL�GL�3VD�UHVLVWHQWL�DO�UDPH�VWHVVR��DSSDUH�PROWR�
LPSRUWDQWH� LQGDJDUH� VX� QXRYL� FRPSRVWL� �VRSUDWWXWWR�TXHOOL� FRQ�EDVVR� LPSDWWR� DPELHQWDOH�� GD�
XWLOL]]DUH� LQ� FRPELQD]LRQH� FRQ� DOWUH� PROHFROH� SHU� FRQWULEXLUH� DG� XQ� FRQWUROOR� LQWHJUDWR� H�
VRVWHQLELOH�GHOOD�PDODWWLD��/
XVR�GL�HVWUDWWL�GL�RULJLQH�YHJHWDOH�FRPH�DQWLEDWWHULFL�HG�DQWLIXQJLQL�
SXz� UDSSUHVHQWDUH� XQ
DOWHUQDWLYD� YDOLGD� DOO
XVR� GL� FRPSRVWL� VLQWHWLFL�� /D� OHWWHUDWXUD� ULSRUWD�
ULVXOWDWL�LQWHUHVVDQWL�VLD�LQ�FDPSR�DQLPDOH�FKH�YHJHWDOH��/H�VSHFLH�DSSDUWHQHQWL�DO�JHQHUH�0RUXV�
SURGXFRQR�XQ
DPSLD�JDPPD�GL�PHWDEROLWL�VHFRQGDUL�DQWLPLFURELFL��/H�DWWLYLWj�DQWLPLFURELFKH�LQ�
YLWUR�H� LQ�YLYR�RWWHQXWH�GD� IRJOLH�GL�0��DOED� H�0��QLJUD� VRQR�VWDWH�DPSLDPHQWH� VWXGLDWH��*OL�
HVWUDWWL�DFHWRQLFR�H�PHWDQROLFR�GHOOD�FRUWHFFLD�UDGLFDOH�GL�0��QLJUD�PRVWUDQR�DWWLYLWj�DQWLIXQJLQD�
FRQWUR�GLYHUVL� IXQJKL� ILWRSDWRJHQL��TXDOL�%RWU\WLV�FLQHUHD��3HQLFLOOLXP�H[SDQVXP��$VSHUJLOOXV�
QLJHU��$��FDUERQDULXV�H�$��WHUUHXV��6LPRQHWWL�HW�DO���������/H�UDGLFL�GL�+\SHULFXP�SHUIRUDWXP�
FRQWHQJRQR� [DQWRQL�� SHU� L� TXDOL� VRQR� VWDWH� GLPRVWUDWH� GLYHUVH� DWWLYLWj� ELRORJLFKH� WUD� FXL�
DQWLIXQJLQD� �6LPRQHWWL� HW� DO��� ������� DQWLUDGLFDOLFD� HG� DQWLQILDPPDWRULD�� /D� SURGX]LRQH� GL�
[DQWRQL��VFDUVD�QHOOH�UDGLFL�GHOOD�SLDQWD��q�VWDWD�LQFUHPHQWDWD�XWLOL]]DQGR�UDGLFL�FROWLYDWH�LQ�YLWUR�
HOLFLWDWH� FRQ� FKLWRVDQR� �7RFFL� HW� DO��� ������� /¶HVWUDWWR� GL� 3RO\JRQXP� FXVSLGDWXP� KD� D]LRQH�
DQWLEDWWHULFD�FRQWUR�GLYHUVL�EDWWHUL�SDWRJHQL�DQLPDOL��,QROWUH�O¶HVWUDWWR�JUH]]R�PRVWUD�XQ¶D]LRQH�
DQWLEDWWHULFD�FRQWUR�DOFXQL�EDWWHUL�FRPXQHPHQWH�SUHVHQWL�QHJOL�DOLPHQWL��6KDQ�HW�DO����������/H�
QXPHURVH� SURSULHWj� ELRORJLFKH� GHO� IUXWWR� GL�3XQLFD� JUDQDWXP� GLSHQGRQR� SULQFLSDOPHQWH� GDL�
FRPSRVWL�SROLIHQROLFL��SDUWLFRODUPHQWH�DEERQGDQWL�QHOO
HVRFDUSR�H�QHO�PHVRFDUSR�GHO�PHORJUDQR��
SUHVHQWL�DQFKH�QHOOD�SDUWH�HGLELOH��7DOL�VRVWDQ]H�FRPSUHQGRQR�SULQFLSDOPHQWH�DQWRFLDQLQH��DFLGR�
HOODJLFR� HG� HOODJLWDQQLQL�� DFLGR� JDOOLFR� H� JDOORWDQQLQL�� IODYDQROL� H� SURDQWRFLDQLGLQH�� 4XHVWH�
PROHFROH�ELRDWWLYH�VYROJRQR�D]LRQH�SUHYHQWLYH�LQ�PDODWWLH�GHJOL�DQLPDOL�H�GHOO
XRPR��'HOO
$JOL�
HW�DO����������7UD�L�FRPSRVWL�ELRDWWLYL�SURGRWWL�GD�9LWLV�YLQLIHUD�FL�VRQR�JOL�VWLOEHQL��WUD�L�TXDOL�
TXHOOR� PDJJLRUPHQWH� UDSSUHVHQWDWR� q� LO� UHVYHUDWUROR�� WDOH� FRPSRVWR� SUHVHQWD� DWWLYLWj�
DQWLRVVLGDQWH�H�DQWLQILDPPDWRULD��(VWUDWWL�GL�VHPL�GL�XYD�PRVWUDQR�DWWLYLWj�DQWLPLFURELFD�FRQWUR�
QXPHURVL�EDWWHUL�H�IXQJKL�SDWRJHQL�GHOO¶XRPR��3DVTXD�H�6LPRQHWWL��������6LPRQHWWL�HW�DO�����������
���6FRSR�GHO�SUHVHQWH� ODYRUR� q� VWDWR�YDOXWDUH� OD�PLQLPD� FRQFHQWUD]LRQH� LQLEHQWH� OD� FUHVFLWD�

EDWWHULFD��0,&��H�OD�PLQLPD�FRQFHQWUD]LRQH�EDWWHULFLGD��0%&��GL�HVWUDWWL�RWWHQXWL�GD�GLYHUVH�
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PDWULFL� YHJHWDOL� VX�3VHXGRPRQDV�V\ULQJDH�SY��DFWLQLGLDH�SHU�XQ� ORUR�SRWHQ]LDOH�XWLOL]]R� LQ�
VWUDWHJLH�GL�ORWWD�LQWHJUDWD�FRQWUR�LO�FDQFUR�EDWWHULFR�GHO�NLZL��
�

0$7(5,$/,�(�0(72',�
$WWLYLWj�DQWLEDWWHULFD�
���3HU� YDOXWDUH� O
DWWLYLWj� DQWLEDWWHULFD� GHJOL� HVWUDWWL� RWWHQXWL� QHO� ODERUDWRULR� GL�%LRWHFQRORJLH�

FHOOXODUL�YHJHWDOL��q�VWDWR�XWLOL]]DWR�LO�FHSSR�GL�3VD�&5($�3$9�������*OL�HVWUDWWL�VDJJLDWL�VRQR�
VWDWL� RWWHQXWL� GDOOH� VHJXHQWL� PDWULFL� YHJHWDOL�� UDGLFL� GL�+\SHULFXP� SHUIRUDWXP� H� 3RO\JRQXP�
FXVSLGDWXP��FRUWHFFFLD�UDGLFDOH�GL�0RUXV�QLJUD��PHVRFDUSR�GL�3XQLFD�JUDQDWXP��VHPL�H�YLQDFFLD�
GL�9LWLV�YLQLIHUD��/¶DWWLYLWj�EDWWHULRVWDWLFD�q�VWDWD�YDOXWDWD�XWLOL]]DQGR�LO�PHWRGR�SHU�GLOXL]LRQH�LQ�
SLDVWUH�GD����SR]]HWWL�D�FRQFHQWUD]LRQL�GL�������������H������ȝJ�P/�GL�FLDVFXQ�HVWUDWWR��'RSR�
���RUH�GL�LQFXED]LRQH�D��������&��q�VWDWD�YDOXWDWD�OD�0LQLPD�&RQFHQWUD]LRQH�,QLEHQWH�OD�FUHVFLWD�
�0,&��� /D� 0LQLPD� &RQFHQWUD]LRQH� %DWWHULFLGD� �0%&�� q� VWDWD� YDOXWDWD� D� SDUWLUH� GD�
FRQFHQWUD]LRQL�GL�HVWUDWWR�XJXDOL�R�VXSHULRUL�DOOD�0,&���
�
7HVW�GL�ILWRWRVVLFLWj�GHJOL�HVWUDWWL�YHJHWDOL�VX�GLVFKL�IRJOLDUL�GL�NLZL�
���6RQR�VWDWH�SUHOHYDWH�IRJOLH�FRPSOHWDPHQWH�HVSDQVH�GL�$��FKLQHQVLV�FY��%HOHQ�GDOOH�TXDOL�VRQR�

VWDWL�RWWHQXWL�GLVFKL�IRJOLDUL�GHO�GLDPHWUR�GL����PP��'RSR�UDQGRPL]]D]LRQH��FLQTXH�GLVFKL�VRQR�
VWDWL�WUDWWDWL�FRQ�HVWUDWWR�YHJHWDOH��FRPH�FRQWUROOR�q�VWDWR�XWLOL]]DWR�'062�DOOD�FRQFHQWUD]LRQH�
ILQDOH�SDUL�DOO¶����%UXQHWWL�HW�DO����������
���$O�ILQH�GL�LQGDJDUH�OD�ILWRWRVVLFLWj�GHJOL�HVWUDWWL�YHJHWDOL��ROWUH�DOO¶RVVHUYD]LRQH�IHQRWLSLFD�GHL�

GLVFKL�IRJOLDUL�WUDWWDWL�FRQ�OH�VRVWDQ]H��q�VWDWR�SUHVR�LQ�HVDPH�LO�GRVDJJLR�GHOOH�FORURILOOH�D�H�E�
WRWDOL�SURGRWWH�GD�WDOL�GLVFKL��/D�FORURILOOD�q�VWDWD�HVWUDWWD�SUHOHYDQGR�WUH�GLVFKL�SHU�FDPSLRQH��
PDFHUDQGROL� FRQ� XQ� PLFURSHVWHOOR� LQ� VROX]LRQH� GL� DFHWRQH� DOO
����� XWLOL]]DQGR� XQ� UDSSRUWR�
SHVR�YROXPH�SDUL�D���J���P/��&LDVFXQ�HVWUDWWR��FRQVHUYDWR�DO�EXLR�D������&�SHU����RUH��q�VWDWR�
SRUWDWR�DG�XQ�YROXPH�GL���P/��SRVWR�SHU����PLQXWL� LQ�XQ�EDJQHWWR�DG�XOWUDVXRQL��VRQLFDWRUH��
FRQWHQHQWH�DFTXD�H�JKLDFFLR��H�VXFFHVVLYDPHQWH�ILOWUDWR�SHU�HOLPLQDUH�HYHQWXDOL�UHVLGXL��(
�VWDWR�
TXLQGL�PLVXUDWR�O
DVVRUELPHQWR�GHO�FDPSLRQH�DOOR�VSHWWURIRWRPHWUR�D�GXH�OXQJKH]]H�G
RQGD������
H�����QP��FRUULVSRQGHQWL��ULVSHWWLYDPHQWH��DO�SLFFR�PDVVLPR�GL�DVVRUELPHQWR�GHOOD�FORURILOOD�E�
H�GHOOD�FORURILOOD�D��$SSOLFDQGR�OH�VHJXHQWL�IRUPXOH�VL�q�FDOFRODWR�������í����ܣ������î� �݈݃݉��ܽ�݈݈݂ܽ݅݋ݎ݋݈ܥ   ���îܾ�݈݈݂ܽ݅݋ݎ݋݈ܥ   ������ܣ���݈݉݃� ������îܣ������í������îܣ������
���,O�FRQWHQXWR�WRWDOH�GL�FORURILOOD�q�VWDWR�RWWHQXWR�VRPPDQGR�DOJHEULFDPHQWH�OD�TXDQWLWj�GHOOH�

GXH�FORURILOOH��3HU�RJQL�FDPSLRQH�VRQR�VWDWH�HVHJXLWH�WUH�HVWUD]LRQL�D�WHPSR�GLYHUVR��GRSR����
RUH�����RUH�H����JLRUQL�GDOOD�VRPPLQLVWUD]LRQH�GHO�WUDWWDPHQWR��SHU�L�FRQWUROOL�q�VWDWD�HVHJXLWD�
XQ¶HVWUD]LRQH�DQFKH�D�WHPSR�]HUR��
�

5,68/7$7,�
$WWLYLWj�DQWLEDWWHULFD��
���/D�SL��DOWD�DWWLYLWj�DQWLEDWWHULFD�H�EDWWHULFLGD��FRUULVSRQGHQWH��ULVSHWWLYDPHQWH��DO�SL��EDVVR�

YDORUH�GL�0,&�H�GL�0%&��q�VWDWD�GLPRVWUDWD�GDOO¶HVWUDWWR�FRPPHUFLDOH�GL�UDGLFL�GL�3��FXVSLGDWXP�
�3RO\GDWLQ��WDEHOOD�����$QFKH�O¶HVWUDWWR�GL�VHPL�GL�9��YLQLIHUD�FY��,WDOLD��WDEHOOD����KD�PRVWUDWR�
VRGGLVIDFHQWL�YDORUL�GL�0,&�H�GL�0%&��1HOOD�WDEHOOD���VRQR�ULSRUWDWL�DQFKH�L�YDORUL�GL�0,&�HG�
0%&�GHOOH�DOWUH�VRVWDQ]H�VDJJLDWH��
�
�
�



7DEHOOD� ��� 6DJJLR� GL� DWWLYLWj� DQWLEDWWHULFD� �0,&�0%&�� GHJOL� HVWUDWWL� GL� +�� SHUIRUDWXP� H����������������������������
3�� FXVSLGDWXP��GL� FRUWHFFFLD� UDGLFDOH� GL�0�� QLJUD��GL�PHVRFDUSR� GL� 3�� JUDQDWXP��GL� VHPL� GL���������������������������������
9��YLQLIHUD�H�GL�YLQDFFLD�GL�9��YLQLIHUD�QHL�FRQIURQWL�GL�3��V\ULQJDH�SY��DFWLQLGLDH��&5($�3$9�
������

(VWUDWWL�YHJHWDOL� 0,&��ȝJ�P/�� 0%&��ȝJ�P/����

5DGLFL�GL�+��SHUIRUDWXP�� ���� ����

&RUWHFFLD�UDGLFDOH�0��QLJUD� !����� !�����

5DGLFL�GL�3��FXVSLGDWXP� ���������� ����

0HVRFDUSR�GL�3��JUDQDWXP� GD�!����D�!���� GD�!����D�!����

6HPL�GL�9��YLQLIHUD�FY��,WDOLD� !���� !����

9LQDFFH�GL�9��YLQLIHUD�FY��,WDOLD� !���� !����
�
7HVW�GL�ILWRWRVVLFLWj�GHJOL�HVWUDWWL�YHJHWDOL�VX�GLVFKL�IRJOLDUL�GL�NLZL�
���3HU� YDOXWDUH� O¶DVVHQ]D� GL� ILWRWRVVLFLWj� GHJOL� HVWUDWWL� VDJJLDWL�� TXHOOL� FRQ� PLJOLRUH� DWWLYLWj�

EDWWHULFLGD� VRQR� VWDWL� YDOXWDWL� VLD� DWWUDYHUVR� XQ� HVDPH� IHQRWLSLFR� VLD� PHGLDQWH� DQDOLVL� GHO�
SDUDPHWUR�ILVLRORJLFR�FORURILOOD�WRWDOH��/¶DQDOLVL�PRUIRORJLFD�GHL�GLVFKL�IRJOLDUL��GRSR����JLRUQL�
GDOOD�VRPPLQLVWUD]LRQH�GHO�WUDWWDPHQWR�FRQ�O¶HVWUDWWR�FRPPHUFLDOH�GL�UDGLFL�GL�3��FXVSLGDWXP�HG�
HVWUDWWL�GL�VHPL�GL�XYD�QRQ�KDQQR�HYLGHQ]LDWR�FRPSDUVD�GL�DUHH�QHFURWLFKH�H�FORURWLFKH�VXL�GLVFKL�
ULVSHWWR�DL�FRQWUROOL��,Q�UHOD]LRQH�DOO¶DQDOLVL�GHO�SDUDPHWUR�ILVLRORJLFR�TXDQWLWj�GL�FORURILOOD�WRWDOH�
�WDEHOOD����L�GLVFKL�IRJOLDUL�VRWWRSRVWL�DO�WUDWWDPHQWR�FRQ�O¶HVWUDWWR�GL�UDGLFL�GL�3��FXVSLGDWXP��DG�
HQWUDPEH� OH� FRQFHQWUD]LRQL� ����� H� ����� ȝJ�P/�� HG� D� WXWWL� L� WHPSL� FRQVLGHUDWL� PRVWUDQR� XQ�
DXPHQWR�QHO�FRQWHQXWR�GL�FORURILOOD�ULVSHWWR�DO�FRQWUROOR��,�GLVFKL�VRWWRSRVWL�DO�WUDWWDPHQWR�FRQ�OD�
FRQFHQWUD]LRQH�GL�VHPL�9��YLQLIHUD�GL�FY��,WDOLD��WDEHOOD����SL��EDVVD������ȝJ�P/���GRSR����RUH�
GDOOD� VRPPLQLVWUD]LRQH� GHOOD� VRVWDQ]D� PRVWUDQR� XQ� GHFUHPHQWR� QHO� FRQWHQXWR� GL� FORURILOOD�
ULVSHWWR� DO� FRQWUROOR� PHQWUH� GRSR� ��� RUH� H� ��� JLRUQL� XQ� LQFUHPHQWR�� ,� GLVFKL� WUDWWDWL� FRQ� OD�
FRQFHQWUD]LRQH� GL� HVWUDWWR� SL�� DOWD� ������ ȝJ�P/�� SUHVHQWDQR� XQ� LQFUHPHQWR� LQ� WXWWL� L� WHPSL�
DQDOL]]DWL��
�
7DEHOOD����9DULD]LRQL�SHUFHQWXDOL�GL�FORURILOOD�WRWDOH�SURGRWWD�GD�GLVFKL�IRJOLDUL�GL�$��FKLQHQVLV�
FY��%HOHQ�VRWWRSRVWL�D�WUDWWDPHQWR�FRQ�HVWUDWWL�GL�UDGLFL�GL�3��FXVSLGDWXP�H�9LQDFFLD�GL�9��YLQLIHUD�
DOOD�FRQFHQWUD]LRQH�GL�����ȝJ�P/�H������ȝJ�P/��,�ULOLHYL�VRQR�VWDWL�HIIHWWXDWL�D����RUH�����RUH�H�
���JLRUQL�GDO�WUDWWDPHQWR�
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6HPL�9��YLQLIHUD� ������� ����� ����� ������ ������ �����
�
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',6&866,21(�(�&21&/86,21,�
���/D�FROWLYD]LRQH�GL�NLZL��$��FKLQHQVLV�H�$��GHOLFLRVD��ULYHVWH�XQ�UXROR�GL�SDUWLFRODUH�ULOLHYR�LQ�

,WDOLD��DWWXDOPHQWH�LO�VHFRQGR�3DHVH�SURGXWWRUH�PRQGLDOH��1HOO¶XOWLPR�GHFHQQLR�3VHXGRPRQDV�
V\ULQJDH� SY�� DFWLQLGLDH�� DJHQWH� FDXVDOH� GHO� FDQFUR� EDWWHULFR� GHO� NLZL�� KD� GHYDVWDWR� TXHVWH�
FROWLYD]LRQL�SURYRFDQGR�LQJHQWL�SHUGLWH�HFRQRPLFKH�LQ�,WDOLD�H�LQ�WXWWR�LO�PRQGR��$WWXDOPHQWH�
QRQ�HVLVWH�XQD�VROX]LRQH�GHILQLWLYD�SHU�LO�FRQWUROOR�GHOOD�PDODWWLD��FKH�UHVWD�D�WXWW¶RJJL�EDVDWR�
SUHYDOHQWHPHQWH�VXOOD�SUHYHQ]LRQH��&Lz�q�LQ�SDUWH�OHJDWR�DOOH�ULJLGH�QRUPDWLYH�YLJHQWL�LQ�,WDOLD�
FKH�OLPLWDQR�O¶XWLOL]]R�GHL�FRPSRVWL�FKLPLFL�VRPPLQLVWUDWL�LQ�FDPSR�DJULFROR�D�FDXVD�GHOOD�ORUR�
ILWRWRVVLFLWj��GHOOD�SRVVLELOLWj�GL�LQVRUJHQ]D�GL�IRUPH�GL�UHVLVWHQ]D�EDWWHULFD�H�GHOOD�SUREOHPDWLFD�
GHOO¶DFFXPXOR�GL�UHVLGXL�GL�VRVWDQ]H�GDQQRVH�QHL�IUXWWL�H�QHOO¶DPELHQWH��4XHVWR�KD�VWLPRODWR�XQ�
FUHVFHQWH�LQWHUHVVH�QHOOD�ULFHUFD�GL�VRVWDQ]H�DOWHUQDWLYH�QDWXUDOL��QRQ�ILWRWRVVLFKH�H�FRQ�PLQRU�
LPSDWWR�DPELHQWDOH���
���6HEEHQH� O¶HIIHWWR� DQWLEDWWHULFR� HG� DQWLIXQJLQR� GL� TXHVWL� HVWUDWWL� VLD� VWDWR� JLj� LQGDJDWR� LQ�

GLYHUVL�VWXGL�QHL�FRQIURQWL�GL�PLFURUJDQLVPL�SDWRJHQL�GHOO¶XRPR�DQLPDOH��3DVTXD�H�6LPRQHWWL��
������6LPRQHWWL�HW�DO���������6LPRQHWWL�HW�DO���������6LPRQHWWL�HW�DO����������L�GDWL�GL�OHWWHUDWXUD�
LQ�FDPSR�YHJHWDOH�VRQR�UDUL��Ê�VWDWR�GLPRVWUDWR�FKH�O¶HVWUDWWR�GL�UDGLFL�GL�3��FXVSLGDWXP�SUHVHQWD�
D]LRQH�DQWLIXQJLQD�FRQWUR�%RWU\RVSKDHULD�GRWKLGHD��SDWRJHQR�GHO�JHQHUH�3RSXOXV��=KRX�HW�DO���
�������/¶HVWUDWWR�GL�VHPL�GL�XYD�KD�D]LRQH�DQWLIXQJLQD�FRQWUR�%RWU\WLV�FLQHUHD��;X�HW�DO����������
/¶HVWUDWWR�GL�YLQDFFLD�GL�9LWLV�YLQLIHUD�FY��0DQGLODUL�q�VWDWR�VDJJLDWR�VX�DOFXQH�VSHFLH�EDWWHULFKH�
DIILQL�D�TXHOOD�LQGDJDWD�QHO�SUHVHQWH�ODYRUR��3VHXGRPRQDV�V\ULQJDH�SY��WRPDWR��DJHQWH�FDXVDOH�
GHOOD�SLFFKLHWWDWXUD�EDWWHULFD�GHO�SRPRGRUR��H�3VHXGRPRQDV�YLULGLIODYD� �DJHQWH�FDXVDOH�GHOOD�
PDFXODWXUD� EDWWHULFD� GHO� NLZL��� FRQWUR� WDOL� SDWRJHQL�� GRSR� ��� RUH� GDOOD� VRPPLQLVWUD]LRQH�
GHOO¶HVWUDWWR� OD�0,&� ����� ULVXOWDYD� HOHYDWD� ������ ȝJ�P/�� �0DYUDNLV�� ������� LQGLFDQGR� XQD�
EDVVD�DWWLYLWj��1HOOR�VWHVVR�ODYRUR�VRQR�VWDWL�WHVWDWL�DQFKH�HVWUDWWL�RWWHQXWL�GD�IRJOLH�GL�ROLYR�ULFFKH�
LQ�ROHXURSHLQD��LQ�TXHVWL�HVSHULPHQWL�OD�0,&������ULVXOWDYD�LQIHULRUH�SDUL�D�����ȝJ�P/��5RVVHWWL�
HW�DO���������VWXGLDQGR�JOL�HIIHWWL�LQ�YLWUR�HG�LQ�YLYR�GL�DFLGR�JDOOLFR�HG�HOODJLFR�QHL�FRQIURQWL�GHL�
SULQFLSDOL�EDWWHUL�GHO�NLZL��3VD��3��YLULGLIODYD�H�3��V\ULQJDH�SY��V\ULQJDH��KDQQR�PRVWUDWR�FKH�
HQWUDPEL� SUHVHQWDQR� DOOH� FRQFHQWUD]LRQL� VDJJLDWH� ����� PJ�P/�� XQ¶D]LRQH� DQWLPLFURELFD�
HTXLSDUDELOH� D� TXHOOD� GHOOD� VWUHSWRPLFLQD� H� FKH� LO� ORUR� LQFDSVXODPHQWR� LQ� PLFURSDUWLFHOOH� GL�
QDWXUD�GLYHUVD�SXz�SUROXQJDUH�OD�ORUR�HIILFDFLD�ILQR�D����JLRUQL�GRSR�LO�WUDWWDPHQWR�LQ�VHUUD�R�LQ�
SLHQR�FDPSR���
���,Q�TXHVWR� VWXGLR� VRQR�VWDWL� VDJJLDWL� HVWUDWWL�RWWHQXWL�GD�GLYHUVH�PDWULFL�YHJHWDOL� HG�q� VWDWD�

GLPRVWUDWD�O¶DWWLYLWj�DQWLEDWWHULFD�QHL�FRQIURQWL�GL�3VD�GL�DOFXQL�GL�HVVL��'XH�HVWUDWWL�FRPPHUFLDOL�
KDQQR�GLPRVWUDWR�OD�SL��DOWD�DWWLYLWj�EDWWHULRVWDWLFD�H�EDWWHULFLGD�FRQWUR�3VD��XQR�RWWHQXWR�GDOOH�
UDGLFL�GL�3��FXVSLGDWXP��O¶DOWUR�GD�VHPL�GL�XYD�GL�9��YLQLIHUD��/¶HVWUDWWR�GL�YLQDFFLD�GL�9��YLQLIHUD�
FY��,WDOLD��RWWHQXWR�H�FDUDWWHUL]]DWR�LQ�ODERUDWRULR��KD�PRVWUDWR�XQ¶DWWLYLWj�DQWLEDWWHULFD�PLQRUH�
ULVSHWWR�DJOL�DOWUL�GXH��PD�HVVHQGR�XQ�SURGRWWR�GL�VFDUWR�GHO�FRPSDUWR�YLWLYLQLFROR�UDSSUHVHQWD�
XQ¶LQWHUHVVDQWH�IRQWH�HFRQRPLFD�HG�HFRVRVWHQLELOH��
���4XHVWL� ULVXOWDWL�H� OD�FDUDWWHUL]]D]LRQH�FKLPLFD�GHJOL�HVWUDWWL�VXJJHULVFRQR�FKH� OH�PROHFROH�

HIILFDFL�SHU� O¶DWWLYLWj�DQWLEDWWHULFD�FRQWUR�3VD� VLDQR�JOL� VWLOEHQL� �DEERQGDQWL� QHOOH� UDGLFL�GL�3��
FXVSLGDWXP��H�OH�SURFLDQLGLQH�ROLJRPHULFKH��DEERQGDQWL�QHOO¶HVWUDWWR�FRPPHUFLDOH�GL�VHPL�GL�9��
YLQLIHUD��� *OL� DOWUL� HVWUDWWL� WHVWDWL�� ULFFKL� LQ� DOWUH� PROHFROH� IHQROLFKH� FRPH� [DQWRQL� �+��
SHUIRUDWXP��� IODYRQRLGL� SUHQLODWL� �0�� QLJUD��� HOODJLWDQQLQL� �3�� JUDQDWXP��� QRQ� KDQQR� GDWR� L�
ULVXOWDWL�VSHUDWL�FRQ�XQ�HIIHWWR�DQWLEDWWHULFR�PLQRUH��0,&�YDULDELOH�GD�!����D�!�����ȝJ�P/���*OL�
VWLOEHQL�� LQ� SDUWLFRODUH�� LO� FLV�� H� WUDQV�UHVYHUDWUROR�� VRQR�PHWDEROLWL� VHFRQGDUL� FRLQYROWL� QHOOH�



ULVSRVWH� GL� GLIHVD� GHOOH� SLDQWH�� VLQWHWL]]DWL� LQ� PRGR� FRVWLWXWLYR� QHOOD� EXFFLD� GHOO¶XYD� TXLQGL�
DEERQGDQWL�QHOOD�YLQDFFLD��HVWUDWWR�RWWHQXWR�GD�EXFFLD�SL��VHPL��PD�QRQ�QHL�VHPL��,O�UHVYHUDWUROR�
KD�D]LRQH�DQWLPLFURELFD�FRQWUR�QXPHURVL�EDWWHUL�H�IXQJKL�ILWRSDWRJHQL��WUD�FXL�;\OHOOD�IDVWLGLRVD�
�0DGGR[�HW�DO����������%RWU\WLV�FLQHUHD��&KDODO�HW�DO����������3ODVPRSDUD�YLWLFROD��&KDODO�HW�DO���
������� /H� SURDQWRFLDQLGLQH�� SULQFLSDOL� FRPSRQHQWL� GHOO¶HVWUDWWR� GHL� VHPL�� VRQR� FRPSRVWL�
SROLIHQROLFL�FRQ�IXQ]LRQH�GL�GLIHVD�FRQWUR�PLFURUJDQLVPL�SDWRJHQL��LQVHWWL� HG�HUELYRUL��Ê�VWDWR�
UHFHQWHPHQWH�GLPRVWUDWR�FKH�HVWUDWWL�GL�VHPL�GL�XYD�GHOOD�FY��0LFKHOH�3DOLHUL�VRQR�PROWR�DWWLYL�
VX�IXQJKL�SDWRJHQL�GHOO¶XRPR��6LPRQHWWL�HW�DO���������HG� LQ�YLWUR�QHL�FRQIURQWL�GL�0DODVVH]LD�
IXUIXU�H�7ULFKRSK\WRQ�PHQWDJURSK\WHV��ULVSHWWLYDPHQWH��0,&������GL����ȝJ�P/�H�����ȝJ�P/��
�6LPRQHWWL�HW�DO�����������
���/H�SURYH�HIIHWWXDWH�DO�ILQH�GL�HVFOXGHUH�O
HIIHWWR�ILWRWRVVLFR�GHJOL�HVWUDWWL�YHJHWDOL�VDJJLDWL�QHL�

FRQIURQWL�GHL�WHVVXWL�IRJOLDUL�GL�DFWLQLGLD�HYLGHQ]LDQR�O
DVVHQ]D�GL�VHJQL�PDFURVFRSLFL�GL�GDQQR�
QHL�GLVFKL�IRJOLDUL�GL�$��FKLQHQVLV�FY��%HOHQ�LQ�VHJXLWR�DO�WUDWWDPHQWR�FRQ�JOL�HVWUDWWL�D�SL��HOHYDWD�
DWWLYLWj�DQWLEDWWHULFD��1RQ�ULVXOWDQR�LQROWUH�YDULD]LRQL�GHO�FRQWHQXWR�GL�FORURILOOD�WRWDOH�ULVSHWWR�
DO�FRQWUROOR�QRQ�WUDWWDWR��Ê�VWDWR�TXLQGL�SRVVLELOH�HVFOXGHUH�FKH�WDOL�HVWUDWWL��DOOH�FRQFHQWUD]LRQL�
WHVWDWH� ����� H� �����ȝJ�P/��� SUHVHQWLQR� ILWRWRVVLFLWj� QHL� FRQIURQWL� GL�$�� FKLQHQVLV� FY��%HOHQ��
/¶DVVHQ]D�GL�WRVVLFLWj�GHJOL�HVWUDWWL�GD�VHPL�GL�9��YLQLIHUD��GL�YLQDFFLD�H�GL�UDGLFL�GL�3��FXVSLGDWXP�
q� VWDWD� GD� WHPSR� DFFHUWDWD� VX� VLVWHPL� DQLPDOL� HG� XPDQL�� /¶HVWUDWWR� GL� VHPL� GL�9�� YLQLIHUD� q�
FRQVLGHUDWR�³VRVWDQ]D�JHQHUDOPHQWH�ULFRQRVFLXWD�VLFXUD��*HQHUDOO\�5HFRJQL]HG�DV�6DIH��*5$6��
GDOOD�)HGHUDO�)RRG��'UXJ�$GPLQLVWUDWLRQ��)'$���,Q�FDPSR�YHJHWDOH�q�VWDWD�GLPRVWUDWD�DVVHQ]D�
GL�ILWRWRVVLFLWj�GHOOD�YLQDFFLD�VX�SLDQWLQH�GL�ODWWXJD��SRPRGRUR��SHSH�H�PHORQH��&DUPRQD�HW�DO���
��������
���6HEEHQH� XOWHULRUL� LQGDJLQL� VLDQR� QHFHVVDULH� SHU� LQGDJDUH� OH� SURSULHWj� DQWLEDWWHULFKH� GHJOL�

HVWUDWWL�DWWLYL�LQ�SODQWD��LQ�XQD�SURVSHWWLYD�IXWXUD�WDOL�HVWUDWWL��QRQ�HVVHQGR�ILWRWRVVLFL��SRWUHEEHUR�
HVVHUH�XWLOL]]DWL�FRPH�SHVWLFLGL�QDWXUDOL�QHO�FRQWUROOR�GL�TXHVWR�SHULFRORVR�ILWREDWWHULR��$OOD�OXFH�
GHOOH�UHFHQWL�GLVSRVL]LRQL�VXOOD�ULGX]LRQH�GHOO
XWLOL]]R�GL�UDPH��RJJL�PROWR�GLIIXVR�SHU�LO�FRQWUROOR�
GHOOD� PDODWWLD�� O
XVR� GL� TXHVWL� HVWUDWWL� QDWXUDOL� FRQVHQWLUHEEH� O
LQGLYLGXD]LRQH� GL� VWUDWHJLH�
DOWHUQDWLYH�GL�FRQWUROOR�QHOO
DPELWR�GL�XQ
DJULFROWXUD�VRVWHQLELOH�D�EDVVR�LPSDWWR�DPELHQWDOH��
�

*OL�DXWRUL�KDQQR�FRQWULEXLWR�QHOOD�VWHVVD�PLVXUD�DO�ODYRUR�
�

/$925,�&,7$7,�
%DOHVWUD�*�0���0D]]DJOLD�$���4XDWWUXFFL�$���6SLQHOOL�5���*UD]LDQL�6���5RVVHWWL�$��������&DQFUR�

EDWWHULFR�VX�$FWLQLGLD�FKLQHQVLV��/¶,QIRUPDWRUH�$JUDULR�������������
%UXQHWWL�$���3XFFL�1���/XPLD�9���0RGHVWL�9���'L�1LFROD�(���/DWLQL�$���*DOOHOOL�$���'L�/HUQLD�*���

0DWHUH�$��� /RUHWL� 6���0�3LORWWL�� ������ 6FUHHQLQJ� GL�PROHFROH�SURGRWWL� SHU� LO� FRQWUROOR� GL�
3VHXGRPRQDV�V\ULQJDH�SY��DFWLQLGLDH��DJHQWH�GHO�FDQFUR�EDWWHULFR�GHO�NLZL��.LZL� LQIRUPD�
����������������

&DFLRSSR�2���������$JJLRUQDPHQWR�GHOO¶DFWLQLGLFROWXUD�PRQGLDOH��.LZL�,QIRUPD���������
&DUPRQD� (��� 0RUHQR�0�� 7��� $YLOpV� 0��� 2UGRYiV� -��� ������ 8VH� RI� JUDSH� PDUF� FRPSRVW� DV�

VXEVWUDWH�IRU�YHJHWDEOH�VHHGOLQJV��6FLHQWLD�+RUWLFXOWXUDH�������������
&KDODO� 0��� .OLQJXHU� $��� (FKDLUL� $��� 0HXQLHU� 3��� 9HUYDQGLHU�)DVVHXU� '��� $GULDQ�0��� ������

$QWLPLFURELDO�$FWLYLW\�RI�5HVYHUDWURO�$QDORJXHV��0ROHFXOHV�������������������
'HOO
$JOL�0���*DOOL�*��9���%XOJDUL�0���%DVLOLFR�1���5RPHR�6���%KDWWDFKDU\D�'���7DUDPHOOL�'���

%RVLVLR� (��� ������ (OODJLWDQQLQV� RI� WKH� IUXLW� ULQG� RI� SRPHJUDQDWH� �3XQLFD� JUDQDWXP��
DQWDJRQL]H� LQ�YLWUR� WKH�KRVW� LQIODPPDWRU\� UHVSRQVH�PHFKDQLVPV� LQYROYHG� LQ� WKH�RQVHW�RI�
PDODULD��0DODULD�-RXUQDO������������
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)HUUDQWH� 3��� 6FRUWLFKLQL�0�� ������ ,GHQWLILFDWLRQ� RI�3VHXGRPRQDV� V\ULQJDH� SY�� DFWLQLGLDH� DV�
&DXVDO�$JHQW�RI�%DFWHULDO�&DQNHU�RI�<HOORZ�.LZLIUXLW� �$FWLQLGLD� FKLQHQVLV� 3ODQFKRQ�� LQ�
&HQWUDO�,WDO\��-�3K\WRSDWKRO���������±�����

0DGGR[� &�� (��� /DXU� /�� 0��� 7LDQ� /��� ������ $QWLEDFWHULDO� $FWLYLW\� RI� 3KHQROLF� &RPSRXQGV�
$JDLQVW�WKH�3K\WRSDWKRJHQ�;\OHOOD�IDVWLGLRVD��&XUUHQW�0LFURELRORJ\���������

0DYUDNLV�7��1���������([SORLWDWLRQ�RI�ELRDFWLYH�FRQVWLWXHQWV�RI�ROLYH�OHDYHV��JUDSH�SRPDFH��ROLYH�
PLOO�ZDVWH�ZDWHU�DQG�WKHLU�DSSOLFDWLRQV�LQ�SK\WRSURWHFWLRQ��7HVL�GL�'RWWRUDWR�QRQ�SXEEOLFDWD��
&UDQILHOG�8QLYHUVLW\��$SSOLHG�0\FRORJ\�*URXS��&UDQILHOG�+HDOWK��)DFXOW\�RI�0HGLFLQH�DQG�
%LR6FLHQFHV��

3DVTXD�*��H�6LPRQHWWL�*���������$QWLPLFURELDO�DQG�DQWLYLUDO�DFWLYLWLHV�RI�JUDSH�VHHG�H[WUDFWV��,Q�
*UDSH� 6HHGV�� 1XWULHQW� &RQWHQW�� $QWLR[LGDQW� 3URSHUWLHV� DQG� +HDOWK� %HQHILWV�� 5RGUtJXH]�
-0/��5XL]�')��HGV���1RYD�6FLHQFH�3XEOLVKHUV��1HZ�<RUN�����±�����

5RVVHWWL�$���0D]]DJOLD�$���0XJDQX�0���3DRORFFL�0���6JXL]]DWR�0���(VSRVLWR�(���&RUWHVL�5���
%DOHVWUD�*�0�� ������0LFURSDUWLFOHV� FRQWDLQLQJ� JDOOLF� DQG� HOODJLF� DFLGV� IRU� WKH�ELRORJLFDO�
FRQWURO�RI�EDFWHULDO�GLVHDVHV�RI�NLZLIUXLW�SODQWV��-�3ODQW�'LV�3URW��'2,���������V����������
�������

6FRUWLFKLQL� 0��� ������ 2FFXUUHQFH� RI� 3VHXGRPRQDV� V\ULQJDH� SY�� DFWLQLGLDH� LQ� ,WDO\�� 3ODQW�
3DWKRORJ\���������±������

6KDQ� %��� &DL� <�� =��� %URRNV� -�� '��� &RUNH� +��� ������ $QWLEDFWHULDO� SURSHUWLHV� RI� 3RO\JRQXP�
FXVSLGDWXP�URRWV�DQG�WKHLU�PDMRU�ELRDFWLYH�FRQVWLWXHQWV��)RRG�&KHPLVWU\������������������

6LPRQHWWL�*���%UDVLOL�(���'¶$XULD�)���&RUSRORQJR�6���)HUUDUL�)���3DVTXD�*���9DOOHWWD�$���LQ�SUHVV��
�����3UHQ\ODWHG�IODYRQRLGV�DQG�WRWDO�H[WUDFWV�IURP�0RUXV�QLJUD�/��URRW�EDUN�LQKLELW�LQ�YLWUR�
JURZWK�RI�SODQW�SDWKRJHQLF�IXQJL��3ODQW�%LRV\VWHPV������

6LPRQHWWL� *��� '
$XULD� )�� '��� 0XOLQDFFL� 1��� ,QQRFHQWL� 0��� $QWRQDFFL� '��� $QJLROHOOD� /���
6DQWDPDULD�$��5���9DOOHWWD�$���'RQDWL�/���3DVTXD�*���������$QWL�'HUPDWRSK\WH�DQG�$QWL�
0DODVVH]LD�$FWLYLW\�RI�([WUDFWV�5LFK�LQ�3RO\PHULF�)ODYDQ���ROV�2EWDLQHG�IURP�9LWLV�YLQLIHUD�
6HHGV��3K\WRWKHUDS\�5HVHDUFK������������������

6LPRQHWWL�*���7RFFL�1���9DOOHWWD�$���%UDVLOL�(���'
$XULD�)��'���,GRX[�$���3DVTXD�*��������� ,Q�
YLWUR�DQWLIXQJDO�DFWLYLW\�RI�H[WUDFWV�REWDLQHG�IURP�+\SHULFXP�SHUIRUDWXP�DGYHQWLWLRXV�URRWV�
FXOWXUHG� LQ� D� PLVW� ELRUHDFWRU� DJDLQVW� SODQNWRQLF� FHOOV� DQG� ELRILOP� RI�0DODVVH]LD� IXUIXU��
1DWXUDO�SURGXFW�UHVHDUFK������

7RFFL�1��� )HUUDUL� )��� 6DQWDPDULD�$��5���9DOOHWWD� $��� 5RYDUGL� ,��� 3DVTXD��*��� ������ &KLWRVDQ�
HQKDQFHV�[DQWKRQH�SURGXFWLRQ�LQ�+\SHULFXP�SHUIRUDWXP�VXEVS��DQJXVWLIROLXP�FHOO�FXOWXUHV��
1DWXUDO�SURGXFW�UHVHDUFK�����������������

9DOOHWWD�$���'H�$QJHOLV�*���%DGLDOL�&���%UDVLOL�(���0LFFKHOL�$���'L�&RFFR�0��(���3DVTXD�*���
������$FHWLF�DFLG�DFWV�DV�DQ�HOLFLWRU�H[HUWLQJ�D�FKLWRVDQ�OLNH�HIIHFW�RQ�[DQWKRQH�ELRV\QWKHVLV�
LQ�+\SHULFXP�SHUIRUDWXP�/��URRW�FXOWXUHV��3ODQW�&HOO�5HSRUWV������������±������

;X�:��7���+XDQJ�.��/��*XR�)���4X�:���<DQJ�-��-���/LDQJ�=��+���/XR�<��%���������3RVWKDUYHVW�
JUDSHIUXLW�VHHG�H[WUDFW�DQG�FKLWRVDQ�WUHDWPHQWV�RI�WDEOH�JUDSHV�WR�FRQWURO�%RWU\WLV�FLQHUHD��
3RVWKDUYHVW�%LRORJ\�DQG�7HFKQRORJ\���������������

<DQJ�-��H�;LDR�<��<���������*UDSH�3K\WRFKHPLFDOV�DQG�$VVRFLDWHG�+HDOWK�%HQHILWV��&ULWLFDO�
5HYLHZV�LQ�)RRG�6FLHQFH�DQG�1XWULWLRQ���������

=KRX�<���/LX�+���=KDR�-���7DQ�0���6XL�3���:DQJ�-���=KRX�/���������3RSODU�VWHP�EOLVWHU�FDQNHU�
DQG� LWV� FRQWURO� VWUDWHJLHV� E\� SODQW� H[WUDFWV�� :RUOG� -RXUQDO� RI� 0LFURELRORJ\� DQG�
%LRWHFKQRORJ\������������������
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