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5HVXPR� 2�PLOKR�DSUHVHQWD�HOHYDGD�H[LJrQFLD�SHOR�QLWURJrQLR�H�R�PRQLWRUDPHQWR�GR�VHX�WHRU�IROLDU�
SRGH� DX[LOLDU� QR� PDQHMR� QXWULFLRQDO� GHVVD� FXOWXUD�� 'HVVD� IRUPD�� XP� HVWXGR� IRL� UHDOL]DGR� QR�
PXQLFtSLR� GH�6mR�&DUORV� � 63�SDUD� UHDOL]DU� D� FDOLEUDomR� GH� XP� HTXLSDPHQWR� SRUWiWLO�&ORURIL/2*�
&)/� ������ TXH� PHGH� R� tQGLFH� UHODWLYR� GH� FORURILOD�� HP� IXQomR� GR� WHRU� IROLDU� GH� QLWURJrQLR�� 2�
GHOLQHDPHQWR� H[SHULPHQWDO� XWLOL]DGR� IRL� R� GH� EORFRV� FDVXDOL]DGRV�� FRP� TXDWUR� WUDWDPHQWRV� H� WUrV�
UHSHWLo}HV��2V� WUDWDPHQWRV� IRUDP�FRPSRVWRV�SRU�SDUFHODV� DGXEDGDV� FRP�13.� �XUHLD�� VXSHUIRVIDWR�
VLPSOHV�H�FORUHWR�GH�SRWiVVLR���(I3.��HIOXHQWH�GH�HVJRWR�WUDWDGR��VXSHUIRVIDWR�VLPSOHV�H�FORUHWR�GH�
SRWiVVLR��� (I� �HIOXHQWH�� H� 3.� �VXSHUIRVIDWR� VLPSOHV� H� FORUHWR� GH� SRWiVVLR��� $� FDOLEUDomR� GR�
HTXLSDPHQWR� IRL� UHDOL]DGD� TXDQGR� R�PLOKR� VH� HQFRQWUDYD� QD� IDVH� GH� SHQGRDPHQWR��$V� IROKDV� QDV�
TXDLV�IRUDP�UHDOL]DGDV�DV�OHLWXUDV�FRP�R�HTXLSDPHQWR�IRUDP�FROHWDGDV�H�HQYLDGDV�DR�ODERUDWyULR�SDUD�
GHWHUPLQDomR�GR�WHRU�GH�QLWURJrQLR��)RL�REVHUYDGD�FRUUHODomR�SRVLWLYD�HQWUH�RV�tQGLFHV�UHODWLYRV�GH�
FORURILOD�WRWDO��,5&7��H�RV�WHRUHV�IROLDUHV�GH�QLWURJrQLR��2V�PDLRUHV�YDORUHV�GH�,5&7�H�WHRUHV�IROLDUHV�
GH�QLWURJrQLR�IRUDP�HQFRQWUDGRV�QR�WUDWDPHQWR�13.��QDV�WUrV�PHGLGDV�UHDOL]DGDV�

3DODYUDV�FKDYH� VHQVRU� GH� FRQWDWR�� FDOLEUDomR�� tQGLFH� UHODWLYR� GH� FORURILOD�� IRVVD� VpSWLFD�
ELRGLJHVWRUD��
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$EVWUDFW� &RUQ� KDV� D� KLJK� GHPDQG� IRU� QLWURJHQ� DQG� PRQLWRULQJ� LWV� OHDI� FRQWHQW� PD\� KHOS� WKH�
QXWULWLRQDO�PDQDJHPHQW�RQ�WKLV�FURS��7KXV��D�VWXG\�ZDV�FDUULHG�RXW�LQ�6mR�&DUORV��VWDWH�RI�6mR�3DXOR��
%UD]LO�� WR� FDOLEUDWH� D� KDQGKHOG� HTXLSPHQW� &ORURIL/2*� &)/� ������ ZKLFK� PHDVXUHV� WKH� UHODWLYH�
FKORURSK\OO� LQGH[�� DV� IXQFWLRQ� RI� WKH� OHDI� QLWURJHQ� FRQWHQW�� 7KH� H[SHULPHQWDO� GHVLJQ� ZDV� D�
UDQGRPL]HG�EORFN�GHVLJQ�ZLWK� IRXU� WUHDWPHQWV� DQG� WKUHH� UHSOLFDWLRQV��7KH� WUHDWPHQWV� FRQVLVWHG� RI�
SORWV� IHUWLOL]HG� ZLWK� 13.� �XUHD�� VLPSOH� VXSHUSKRVSKDWH� DQG� SRWDVVLXP� FKORULGH��� (I3.� �WUHDWHG�
VHZDJH� HIIOXHQW�� VLPSOH� VXSHUSKRVSKDWH� DQG� SRWDVVLXP� FKORULGH��� (I� �HIIOXHQW�� DQG� 3.� �VLPSOH�
VXSHUSKRVSKDWH�DQG�SRWDVVLXP FKORULGH���7KH�FDOLEUDWLRQ�ZDV�SHUIRUPHG�ZKHQ� WKH�FRUQ�ZDV� LQ� WKH�
WHDULQJ�SKDVH��/HDYHV�LQ�ZKLFK�WKH�UHDGLQJV�ZHUH�WDNHQ�ZLWK�WKH�HTXLSPHQW�ZHUH�FROOHFWHG�DQG�VHQW�
WR� WKH� ODERUDWRU\� IRU�QLWURJHQ�FRQWHQW�GHWHUPLQDWLRQ��$�SRVLWLYH�FRUUHODWLRQ�ZDV�REVHUYHG�EHWZHHQ�
UHODWLYH� WRWDO� FKORURSK\OO� FRQWHQW� �57&&�� DQG� OHDI� QLWURJHQ� FRQWHQW��7KH� KLJKHVW� YDOXHV� RI�57&&�
DQG�OHDI�QLWURJHQ�FRQWHQW�ZHUH�REVHUYHG�LQ�13.�WUHDWPHQW��LQ�DOO�RI�WKH�WKUHH�HYDOXDWLRQV���

.H\ZRUGV��FRQWDFW�VHQVRU��FDOLEUDWLRQ��UHODWLYH�FKORURSK\OO LQGH[��ELRGLJHVWHU�VHSWLF�WDQN

���,QWURGXomR�
2�PLOKR�p�XP�GRV�FHUHDLV�PDLV�FXOWLYDGRV�QR�PXQGR�FRP�SURGXomR�HTXLYDOHQWH�D�XP�ELOKmR�

GH�WRQHODGDV��),(63���������8P�IDWRU�SUHSRQGHUDQWH�SDUD�REWHQomR�GH�DOWDV�SURGXWLYLGDGHV�GR�PLOKR�
p�R�FRUUHWR� IRUQHFLPHQWR�GH�QXWULHQWHV�D�FXOWXUD��FRP�PDLRU�GHVWDTXH�SDUD�R�QLWURJrQLR��DEVRUYLGR�
HP� PDLRU� TXDQWLGDGH�� H� LQGLVSHQViYHO� QD� IRUPDomR� GH� DPLQRiFLGRV�� SURWHtQDV� H� FORURILODV� TXH�
DX[LOLDP�QR�GHVHQYROYLPHQWR�GD�SODQWD�H�GR�JUmR��VXD�IDOWD�p�D�TXH�PDLV�OLPLWD�D�SURGXomR�GD�FXOWXUD�
�2.8085$�HW�DO����������
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$�GHWHUPLQDomR�GH�QLWURJrQLR�SHOD�DQiOLVH�GH�VROR�p�ODERULRVD��VHQGR�D�SUiWLFD�PDLV�FRPXP�
SDUD�UHFRPHQGDomR�GH�VXD�GRVH�D�VHU�DSOLFDGD�D�UHDOL]DGD�SRU�PHLR�GD�SURGXWLYLGDGH�D�VHU�DOFDQoDGD�
RX� SHOR� GLDJQyVWLFR� GR� WHRU� IROLDU� GH� QLWURJrQLR� �6,/9$���������2�GLDJQyVWLFR� p� XPD� LPSRUWDQWH�
IHUUDPHQWD� SDUD� PRQLWRUDU� D� VLWXDomR� QXWULFLRQDO� GR� 1� QD� SODQWD�� OHYDQGR� RV� UHVXOWDGRV� HP�
FRQVLGHUDomR�QD�WRPDGD�GH�GHFLVmR�GH�TXDQWR�H�TXDQGR�DSOLFDU�R�QLWURJrQLR��*2'2<�HW�DO���������
1R�HQWDQWR��D�WpFQLFD�GH�DQiOLVH�GH�QLWURJrQLR�HP�WHFLGR�YHJHWDO�HP�ODERUDWyULR�p�GHVWUXWLYD�

$� LPSRUWkQFLD� GD� HVFROKD� GH� XPD� WpFQLFD� SDUD� GHWHUPLQDU� R� WHRU� IROLDU� GH� QLWURJrQLR� p� D�
SRVVLELOLGDGH�GH�YHULILFDU�D� IDOWD�RX�R�H[FHVVR�GHVVH�QXWULHQWH�QD�SODQWD� �5$0%2�HW�DO����������2�
XVR�GR�PHGLGRU�SRUWiWLO�SDUD�PHGLU�R�tQGLFH�UHODWLYR�GH�FORURILOD�p�XPD�DOWHUQDWLYD�SDUD�VH�FRQKHFHU�D�
VLWXDomR� GR� QLWURJrQLR� QDV� SODQWDV�� (VVH� PpWRGR� JHUD� PHGLGDV� LQGLUHWDV�� LQVWDQWkQHDV� H� QmR�
GHVWUXWLYDV��RV�UHVXOWDGRV�JHUDGRV�SHOR�HTXLSDPHQWR�VH�FRUUHODFLRQDP�SRVLWLYDPHQWH�FRP�D�FORURILOD�
H�SRVVLYHOPHQWH�FRP�R�WHRU�GH�QLWURJrQLR�IROLDU��&2(/+2�HW�DO���������0$,$�HW�DO����������

$OpP�GR�XVR�GH�IHUWLOL]DQWHV�QLWURJHQDGRV�PLQHUDLV��WDPEpP�SRGH�VHU�IHLWR�R�XVR�GR�HIOXHQWH�
GH� HVJRWR� WUDWDGR FRPR� IHUWLOL]DQWH� SDUD� D� FXOWXUD� GR� PLOKR�� (VVD� SUiWLFD� SRGH� WUD]HU� EHQHItFLRV�
SRVLWLYRV�� FRPR� GLVSRQLELOL]DU� QXWULHQWHV� SUHVHQWHV� QD� iJXD� GH� UH~VR� j� FXOWXUD�� UHGX]LU� DR�PHVPR�
WHPSR�R�XVR�GD�iJXD��DXPHQWDU�D�SURGXomR�DJUtFROD��H�WUD]HU�EHQHItFLRV�DPELHQWDLV��86(3$���������

'HVVD� IRUPD�� R� SUHVHQWH� WUDEDOKR� WHYH� FRPR� REMHWLYR� REWHU� XPD� FXUYD� GH� FDOLEUDomR� GR�
FORURILO{PHWUR� SDUD� PHQVXUDU� R� WHRU� IROLDU� GH� QLWURJrQLR� QD� FXOWXUD� GR� PLOKR� IHUWLUULJDGD� FRP�
HIOXHQWH�GH�HVJRWR�WUDWDGR�SHOD�IRVVD�VpSWLFD�ELRGLJHVWRUD�

���0DWHULDLV�H�0pWRGRV
���� /RFDO�GH�HVWXGR�H�GHOLQHDPHQWR�H[SHULPHQWDO

2�H[SHULPHQWR�IRL�UHDOL]DGR�QD�iUHD�H[SHULPHQWDO�GR�/DERUDWyULR�GH�5HIHUrQFLD�1DFLRQDO�HP�
$JULFXOWXUD�GH�3UHFLVmR��/$1$35(���SHUWHQFHQWH�j�(PEUDSD�,QVWUXPHQWDomR��HP�6mR�&DUORV��63� $�
iUHD�HQFRQWUD�VH�D�����P�GH�DOWLWXGH�H�QDV�FRRUGHQDGDV�JHRJUiILFDV�GH������
������6�H������
������
2��$�FXOWLYDU�GH�PLOKR�3����9<+5�IRL�VHPHDGD�HP���GH�RXWXEUR�GH�������HP�HVSDoDPHQWR�HQWUH�
ILOHLUDV� GH� ���� P� H� HQWUH� SODQWDV� GH� ���� P�� HP� XP� VROR� FODVVLILFDGR� FRPR� /DWRVVROR� 9HUPHOKR�
$PDUHOR�'LVWUyILFR��6$5725(//,�HW�DO����������$�LUULJDomR�IRL�UHDOL]DGD�SRU�PHLR�GH�VXOFRV�HQWUH�
DV�ILOHLUDV�GH�SODQWDV��H�R�PDQHMR�IRL�UHDOL]DGR�FRP�EDVH�QD�HYDSRWUDQVSLUDomR�GD�FXOWXUD��$�FROKHLWD�
IRL�UHDOL]DGD�HP���GH�IHYHUHLUR�GR�������FRP�����GLDV�GH�FLFOR��2V�WUDWDPHQWRV�XWLOL]DGRV�IRUDP����
13.��SODQWDV� DGXEDGDV� FRP� IHUWLOL]DQWH�PLQHUDO� YLD� VROR� �XUHLD�� VXSHUIRVIDWR� VLPSOHV� H� FORUHWR�GH�
SRWiVVLR����� (I3.��SODQWDV�DGXEDGDV�FRP�HIOXHQWH�GH�HVJRWR�WUDWDGR�SRU�IRVVD�VpSWLFD�ELRGLJHVWRUD�
DSOLFDGR�QR�VXOFR�GH� LUULJDomR��IRQWH�GH�QLWURJrQLR��H�3.�PLQHUDO�YLD�VROR��VXSHUIRVIDWR�VLPSOHV�H�
FORUHWR�GH�SRWiVVLR��� �� (I�� SODQWDV� DGXEDGDV� VRPHQWH� FRP�HIOXHQWH�GH� HVJRWR� WUDWDGR� DSOLFDGR�QR�
VXOFR� GH� LUULJDomR�� H� �� 3.�� SODQWDV� DGXEDGDV� FRP� 3.�PLQHUDO� YLD� VROR� �VXSHUIRVIDWR� VLPSOHV� H�
FORUHWR� GH� SRWiVVLR��� &DGD� SDUFHOD� H[SHULPHQWDO� SRVVXLX� XPD� iUHD� GH� ����� P��� VHQGR� ���� P� GH�
FRPSULPHQWR�H�����P�GH� ODUJXUD��2�GHOLQHDPHQWR�GR�H[SHULPHQWR�IRL�GR� WLSR�EORFRV�FDVXDOL]DGRV��
FRP� TXDWUR� WUDWDPHQWRV� H� WUrV� UHSHWLo}HV�� 2� YROXPH� GH� (I� H� D� GRVH� GH� IHUWLOL]DQWHV�PLQHUDLV� QDV�
SDUFHODV� IRL� FDOFXODGR� HP� IXQomR� GD� QHFHVVLGDGH� GH�1�� 3� H�.� GD� FXOWXUD�� VHJXQGR� UHFRPHQGDomR�
DJURQ{PLFD��5$,-�HW�DO���������

���� ËQGLFH�UHODWLYR�GH�FORURILOD
2� tQGLFH� UHODWLYR� GH� FORURILOD� IRL� GHWHUPLQDGR� FRP� R� XVR� GR� HTXLSDPHQWR� SRUWiWLO�

&ORURIL/2*�PRGHOR�&)/�������)DONHU��3RUWR�$OHJUH��%UDVLO��HP����GH�QRYHPEUR�GH�������HVWiGLR�
9����HP����GH�GH]HPEUR�GH������ �HVWiGLR�5���� H�HP����GH� MDQHLUR�GH������ �HVWiGLR�5����)RUDP�
DQDOLVDGDV��� SODQWDV�SRU�SDUFHOD��VHQGR�IHLWD�XPD�PHGLGD�SRU�SODQWD�QD�IROKD�DGMXQWD�j�HVSLJD��$V�
DQiOLVHV�JHUDUDP�YDORUHV�GH�tQGLFH�UHODWLYR�GH�FORURILOD�WRWDO��,5&7��

���� &XUYD�GH�FDOLEUDomR�GR�HTXLSDPHQWR
3DUD� REWHU� D� FXUYD� GH� FDOLEUDomR� GR� FORURILO{PHWUR� SDUD� GHWHUPLQDomR� GR� WHRU� IROLDU� GH�

QLWURJrQLR��IRUDP�UHDOL]DGDV�PHGLGDV�GR�tQGLFH�UHODWLYR�GH�FORURILOD�WRWDO�TXDQGR�D�FXOWXUD�DOFDQoRX�
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�����GH�SHQGRDPHQWR� QDV�SDUFHODV� �HVWiGLR�5����)RUDP�XWLOL]DGDV����SODQWDV�SRU�SDUFHOD�� FRP���
PHGLGDV�HP�XPD�IROKD��7RGDV�DV�IROKDV�PHGLGDV�HP�FDGD�SDUFHOD�IRUDP�FROHWDGDV��DUPD]HQDGDV�HP�
VDFRV� GH� SDSHO�� VHFDV� HP� HVWXID� GH� FLUFXODomR� IRUoDGD� D� ��� �&� SRU� ��� KRUDV�� WULWXUDGDV� SRU� XP�
PRLQKR��H�DQDOLVDGDV�SDUD�D�GHWHUPLQDomR�GR�WHRU�GH�QLWURJrQLR�QD�PDWpULD�VHFD�QR�/DERUDWyULR�GH�
)HUWLOLGDGH�GR�6ROR�GR�'HSDUWDPHQWR�GH�5HFXUVRV�1DWXUDLV�GD�)&$�81(63��FDPSXV�GH�%RWXFDWX��
2V�YDORUHV�PpGLRV�GR�tQGLFH�UHODWLYR�GH�FORURILOD�H�GR�WHRU�GH�QLWURJrQLR�QD�IROKD�SRU�SDUFHOD��HP�XP�
WRWDO� GH� ��� SRQWRV�� IRUDP� XWLOL]DGRV� SDUD� D� GHWHUPLQDomR� GD� FXUYD� GH� FDOLEUDomR�� 2V� WHRUHV� GH�
QLWURJrQLR�D�SDUWLU�GR�,5&7�IRUDP�FDOFXODGRV�SHOD�HTXDomR�JHUDGD�QD�FDOLEUDomR�GR�HTXLSDPHQWR�

���5HVXOWDGRV�H�'LVFXVVmR
1D�WDEHOD����REVHUYD�VH�D�DQiOLVH�GH�YDULkQFLD�SDUD�R�tQGLFH�UHODWLYR�GH�FORURILOD�WRWDO�HP�WUrV�

GDWDV�GH�DYDOLDomR��+RXYH�GLIHUHQoD�VLJQLILFDWLYD�D����HQWUH�RV�WUDWDPHQWRV�QDV�WUrV�DYDOLDo}HV�

7DEHOD����$QiOLVH�GH�YDULkQFLD�SDUD�R�tQGLFH�UHODWLYR�WRWDO��,5&7��HP�WUrV�GDWDV�GH�DYDOLDomR��
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�H�QV��VLJQLILFDWLYR�D����GH�SUREDELOLGDGH�H�QmR�VLJQLILFDWLYR��UHVSHFWLYDPHQWH��SHOR�WHVWH�)�

2V� PDLRUHV� YDORUHV� GH� tQGLFH� UHODWLYR� GH� FORURILOD� WRWDO� QDV� WUrV� DYDOLDo}HV� IRUDP� GR�
WUDWDPHQWR�13.��7DEHOD�����$SHVDU�GH�XWLOL]DU�D�PHVPD�GRVH�GH�QLWURJrQLR��RV�WUDWDPHQWRV�(I3.�H�
(I�QmR�DSUHVHQWDUDP�RV�PHVPRV�YDORUHV�GR�13.�

7DEHOD����9DORUHV�PpGLRV�GR�tQGLFH�UHODWLYR�GH�FORURILOD�WRWDO��,5&7��QRV�WUDWDPHQWRV�13.��(I3.��
(I� H� 3.�� HP� WUrV� GDWDV� GH� DYDOLDomR�� )RQWHV� GH�1�� 3� H�.�PLQHUDLV�� XUHLD�� VXSHUIRVIDWR� VLPSOHV� H�
FORUHWR�GH�SRWiVVLR��)RQWH�GR�HIOXHQWH�GH�HVJRWR�WUDWDGR��(I���IRVVD�VpSWLFD�ELRGLJHVWRUD�

7UDWDPHQWRV �����������HVWiGLR�9��� �����������HVWiGLR�5� �����������HVWiGLR�5�

13. ������D ������D ������D

(I3. ������E ������E ������E

(I ������E ������E ������E

3. ������F ������F ������F
9DORUHV�QDV�FROXQDV�VHJXLGRV�SHOD�PHVPD�OHWUD�QmR�GLIHUHP�HQWUH�VL�SHOR�WHVWH�GH�7XNH\��S�������

$� GHWHUPLQDomR� GR� WHRU� GH� FORURILOD� QD� IROKD�� HP� FRQGLomR� GH� FDPSR� H� XWLOL]DQGR�VH�
HTXLSDPHQWRV�SRUWiWHLV�� SRGH� VHU� FRUUHODFLRQDGD� FRP�R� WHRU� IROLDU�GH�QLWURJrQLR�� SRLV� Ki�XPD�DOWD�
UHODomR� HQWUH� DPERV� �.81(6.,�� ������� ,VVR� SRGH� VHU� FRPSURYDGR� SHOD� )LJXUD� ��� RQGH� R� tQGLFH�
UHODWLYR�GH� FORURILOD� WRWDO� �,5&7��� IRUQHFLGR�SHOR� HTXLSDPHQWR�&ORURIL/2*� WHP� UHODomR�SRVLWLYD� H�
VLJQLILFDQWH�D����FRP�RV�WHRUHV�GH�QLWURJrQLR�IROLDU��5HVXOWDGRV�VHPHOKDQWHV�IRUDP�HQFRQWUDGRV�SRU�
9DUJDV� HW� DO�� �������� TXH� FRQVHJXLUDP� DOWDV� FRUUHODo}HV� HQWUH� R� ,5&7� H� R� WHRU� GH� QLWURJrQLR� QDV�
IROKDV�HP�GLIHUHQWHV�HVWiGLRV�GR�PLOKR��6RX]D�HW�DO�� ������� WDPEpP�HQFRQWUDUDP�DOWDV�FRUUHODo}HV�
HQWUH�R�,5&7�H�R�QLWURJrQLR�IROLDU�SULQFLSDOPHQWH�QRV�HVWiGLRV�LQLFLDLV�GH�GHVHQYROYLPHQWR�GR�PLOKR�
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�
)LJXUD����7HRU�IROLDU�GH�QLWURJrQLR�HP�IXQomR�GR�tQGLFH�UHODWLYR�GH�FORURILOD�

$� 7DEHOD� �� DSUHVHQWD� RV� WHRUHV� IROLDUHV� GH� QLWURJrQLR� GHWHUPLQDGRV� SHOD� HTXDomR� GH�
FDOLEUDomR�GR�FORURILO{PHWUR�D�SDUWLU�GR�tQGLFH�UHODWLYR�GH�FORURILOD�WRWDO�QRV�HVWiGLRV�9����5��H�5���
+RXYH� GLIHUHQoD� VLJQLILFDWLYD� D� ��� HQWUH� WUDWDPHQWRV� SDUD� WHRU� GH� QLWURJrQLR� IROLDU� HP� WRGRV� RV�
HVWiGLRV��1mR�KRXYH�GLIHUHQoD�VLJQLILFDWLYD�HQWUH�EORFRV�

7DEHOD����$QiOLVH�GH�YDULkQFLD�SDUD�WHRU�GH�QLWURJrQLR�IROLDU�HP�WUrV�GDWDV�GH�DYDOLDomR�GHWHUPLQDGR�
SHOD�HTXDomR�GD�FXUYD�GH�FDOLEUDomR�GR�FORURILO{PHWUR�
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