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La contaminación ambiental por ruidos de muy bajas 
frecuencias: Un estudio de campo
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Resumen 
(VWXGLR� LQWHUGLVFLSOLQDULR� GH� FDPSR� VREUH� ORV� HIHFWRV� SURGXFLGRV�
SRU�OD�H[SRVLFLyQ�D�UXLGRV�GH�EDMDV�IUHFXHQFLDV��50%)���KDVWD�����
+]��JHQHUDGRV�SRU�HTXLSRV�GH�DLUH�DFRQGLFLRQDGR�PDTXLQDULDV�GH�
IiEULFD� \� WUiQVLWR� YHKLFXODU�� 6XV� REMHWLYRV� HVSHFtILFRV� IXHURQ�
GHWHUPLQDU�����]RQDV�FDUDFWHUL]DGDV�SRU�OD�SUHVHQFLD�GH�ORV�UXLGRV�
DUULED� PHQFLRQDGRV� \� ��� VL� ORV� KDELWDQWHV� GH� GLFKDV� ]RQDV�� D��
UHIHUtDQ�PROHVWLD�R�HIHFWRV�QRFLYRV�UHODFLRQDGRV�FRQ�HO�UXLGR��E��OD�
HYDOXDFLyQ� VXEMHWLYD� GH� ORV� PLVPRV� \� F�� YDULDEOHV� PRGHUDGRUDV�
LQWHUYLQLHQWHV�� 6H� UHDOL]DURQ� PHGLFLRQHV� GHO� UXLGR� IUHQWH� D� ODV�
YLYLHQGDV�GH� ORV���� YROXQWDULRV� HQFXHVWDGRV� HQ� ODV��� ]RQDV�� /RV�
UHVXOWDGRV� GH� ODV� FRUUHODFLRQHV� \� ORV� $129$V� PRVWUDURQ� TXH�� D��
KDEtD� XQD� UHODFLyQ� HQWUH� ORV� QLYHOHV� VRQRURV� GH� ODV� EDMDV�
IUHFXHQFLDV�\�ORV�MXLFLRV�VXEMHWLYRV�VREUH�ORV�UXLGRV�\�WDPELpQ�FRQ�
VXV�HIHFWRV��E��ODV�YDULDEOHV�QLYHO�HGXFDFLRQDO�\�HO�VRFLRHFRQyPLFR��
DSR\R� VRFLDO�� VDWLVIDFFLyQ� FRQ� OD� YLGD�� DQVLHGDG� \� VHQVLELOLGDG� DO�
UXLGR� SRGUtDQ� HVWDU� DFWXDQGR� FRPR� YDULDEOHV� PRGHUDGRUDV� FRQ�
UHVSHFWR�D�ODV�UHDFFLRQHV�D�ORV�UXLGRV�\�F��DGHPiV�GHO�QLYHO�VRQRUR�
ODV� FDUDFWHUtVWLFDV� GH� ORV� UXLGRV� HVWDUtDQ� LQIOX\HQGR� HQ� HVDV�
UHDFFLRQHV��
Palabras clave:� &RQWDPLQDFLyQ� SRU� UXLGR�� UXLGR� GH� PX\� EDMDV�
IUHFXHQFLDV�� HVWUHVRUHV� GH� IRQGR�� HIHFWRV� GHO� UXLGR�� YDULDEOHV�
PRGHUDGRUDV��

Low Frequency Noise Pollution: a Field Study 

Abstract 
$�ILHOG� LQWHUGLVFLSOLQDU\�UHVHDUFK�VWXG\�ZDV�FDUULHG�RXW�FRQFHUQLQJ�
WKH� HIIHFWV� RI� ORZ� IUHTXHQF\� QRLVH� �IUHTXHQFLHV� EHORZ� ���� +]�� �
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JHQHUDWHG� E\� DLU� FRQGLWLRQLQJ� HTXLSPHQW�� IDFWRU\� PDFKLQHV� DQG�
WUDIILF��RQ�SHRSOH��7KH�VSHFLILF�DLPV�ZHUH�����WR�GHWHUPLQH�]RQHV�LQ�
WKH�FLW\�FKDUDFWHUL]HG�E\�WKH�QRLVHV�DERYH�PHQWLRQHG��DQG����ZLWK�
UHVSHFW� WR� WKH� LQKDELWDQWV�RI� WKHVH�]RQHV�� WR�GHWHUPLQH��D�� LI� WKH\�
ZHUH�DQQR\HG�RU� WKH�QRLVHV�KDG�QR[LRXV�HIIHFWV�RQ�WKHP��E�� WKHLU�
VXEMHFWLYH�HYDOXDWLRQ�RI�WKH�QRLVHV�DQG�F��WKH�PRGXODWLQJ�YDULDEOHV�
RI�WKHLU�UHDFWLRQV��1RLVH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�LQ�IURQW�RI�
WKH�KRXVHV�RI�WKH����YROXQWHHUV�VXUYH\HG��7KH�FRUUHODWLRQV�DQG�WKH�
$129$V� UHVXOWV�VKRZHG�WKDW��D�� WKHUH�ZDV�D�UHODWLRQVKLS�EHWZHHQ�
WKH� ORZ� IUHTXHQF\� QRLVH� OHYHOV� PHDVXUHG� DQG� WKH� VXEMHFWLYH�
MXGJPHQWV� UHJDUGLQJ� WKH� QRLVHV� DV� ZHOO� DV� WKHLU� HIIHFWV�� E�� WKH�
IROORZLQJ� YDULDEOHV�� HGXFDWLRQDO� DQG� VRFLRHFRQRPLF� OHYHO�� VRFLDO�
VXSSRUW��OLIH�VDWLVIDFWLRQ��DQ[LHW\�DQG�VHQVLELOLW\�WRZDUGV�WKH�QRLVHV�
LQ�JHQHUDO��FRXOG�KDYH�PRGHUDWHG�VXEMHFWV
� UHDFWLRQV� WRZDUGV� WKH�
QRLVHV�� DQG� F�� QRLVH� FKDUDFWHULVWLFV� DV� ZHOO� DV� QRLVH� OHYHO� ZRXOG�
KDYH�LQIOXHQFHG�WKHLU�UHDFWLRQV��
Key words:� QRLVH� SROOXWLRQ� ORZ� IUHTXHQF\� QRLVH�� EDFNJURXQG�
VWUHVVRUV��QRLVH�HIIHFWV��PRGHUDWRU�YDULDEOHV�

Introducción 
/RV� LQYHVWLJDGRUHV� HQ� JHQHUDO� FRLQFLGHQ� HQ� DILUPDU� TXH� HQ� ORV�

DPELHQWHV� PRGHUQRV� H[LVWH� FDGD� YH]� PD\RU� FDQWLGDG� GH� HVWUHVRUHV�
SRWHQFLDOHV�� SHUR� TXH� GHELGR� D� OD� HVFDVH]� GH� HVWXGLRV� ORQJLWXGLQDOHV�
VREUH�HO�WHPD�VX�LQFLGHQFLD�HQ�OD�VDOXG�HV�GLItFLO�SUHFLVDU��7DQ�HV�DVt�TXH�
OD�:RUOG�+HDOWK�2UJDQL]DWLRQ��������HV�SUXGHQWH�FXDQGR�VH�UHILHUH�D�ORV�
SULQFLSDOHV�HIHFWRV�QHJDWLYRV�GHO�UXLGR�DPELHQWDO�PHQFLRQDQGR�PROHVWLD��
SHUWXUEDFLRQHV�HQ�OD�FRPXQLFDFLyQ��GHVFDQVR��VXHxR��ELHQHVWDU�\�FDOLGDG�
GH�YLGD��6LQ�HPEDUJR��OD�QRFLyQ�GH�TXH�HO�UXLGR�HV�ULHVJRVR�SDUD�OD�VDOXG�
GHULYD�GH�ORV�\D�FRQRFLGRV�PRGHORV�UHODFLRQDGRV�FRQ�HO�HVWUpV��

(O�SUHVHQWH�WUDEDMR�HV�XQ�DERUGDMH�LQWHUGLVFLSOLQDULR�SDUD�HVWXGLDU�ORV�
HIHFWRV� SURGXFLGRV� SRU� ORV� UXLGRV� GH� PX\� EDMD� IUHFXHQFLD� �50%)��
FRQVLGHUDGRV�SRU�%HQWRQ�\�/HYHQWKDOO��������GHQWUR�GH�ORV�GHQRPLQDGRV�
HVWUHVRUHV� GH� IRQGR�� GHILQLGRV� FRPR� HYHQWRV� UHSHWLWLYRV� \� SHUVLVWHQWHV��
TXH� SXHGHQ� IRUPDU� SDUWH� UXWLQDULD� GH� OD� YLGD� GLDULD�� FX\RV� HIHFWRV� VRQ�
FUyQLFRV� PiV� TXH� DJXGRV� UHVXOWDQGR� GH� XQD� H[SRVLFLyQ� SURORQJDGD��
3UHFLVDPHQWH��HQ� ORV�~OWLPRV�DxRV�� ORV� LQYHVWLJDGRUHV�KDQ�FRPHQ]DGR�D�
SUHVWDU�PD\RU�DWHQFLyQ�D�HVWH�WLSR�GH�UXLGRV�HQ�IXQFLyQ�GH�FLHUWDV�TXHMDV�
PDQLIHVWDGDV�SRU�ODV�SHUVRQDV��FX\DV�FDUDFWHUtVWLFDV�VRQ�GLIHUHQWHV�D�ODV�
SURGXFLGDV�SRU�IUHFXHQFLDV�GH�UXLGR�PiV�DOWDV��FRQVWLWX\pQGRVH�DVt�HQ�XQ�
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FDStWXOR� HVSHFLDO� HQ� HO� SUREOHPD� GH� OD� FRQWDPLQDFLyQ� DPELHQWDO� SRU�
UXLGR��VX�LPSDFWR�VREUH�OD�VDOXG��GHVHQYROYLPLHQWR�\�FDOLGDG�GH�YLGD�GHO�
VHU�KXPDQR���

%HQWRQ��������FRQVLGHUD�TXH�XQ�UDVJR�IXQGDPHQWDO�GH� ORV�50%)�HV�
OD�LQWUXVLYLGDG�\�HV�pVWD�OD�FXDOLGDG�EDVH�SDUD�ODV�UHVSXHVWDV�GH�PROHVWLD�
GHQWUR�GH�FDGD�DPELHQWH��$ILUPD�TXH� OD�FXDQWLILFDFLyQ�GHO� UDQJR�\�GH� OD�
LQWHUDFFLyQ�HQWUH�ODV�YDULDEOHV�DFWLYDV�GHQWUR�GH�WDOHV�DPELHQWHV�GH�UXLGR�
KD�SUREDGR�VHU�XQ�GHVDItR�FRQWLQXR��SHUR�TXH�ELHQ�SXHGH�UHSUHVHQWDU�HO�
PpWRGR�PiV�HIHFWLYR�GH� HVWDEOHFHU� ODV� EDVHV� LQWHUDFWLYDV� \� SVLFRItVLFDV�
GH�OD�PROHVWLD�SRU�UXLGR��

%HQWRQ�\�/HYHQWKDOO��������DILUPDQ�TXH�FXDQGR�XQ�50%)�HV�GH�LJXDO�
IXHU]D� VRQRUD� TXH� RWURV� UXLGRV�� WLHQGH� D� VHU� FDOLILFDGR� FRPR� PiV�
PROHVWR��(VWR�VXJLHUH�TXH�SRU�DOJXQD� UD]yQ�HO� FDUiFWHU�GH� ORV�50%)�HV�
FRQVLGHUDGR�SRU� OD�JHQWH�FRPR�PiV�GLItFLO�GH� LJQRUDU�R�DWHQXDU��/D�IDOOD�
GH�DWHQXDFLyQ�FRQGXFLUtD�D�XQD�UHGXFFLyQ�GH�OD�KDELOLGDG�SDUD�FRQWURODU�
HO�LPSDFWR�TXH�XQ�HVWtPXOR�SRGUtD�WHQHU�FXDQGR�SRGUtD�WDPELpQ�FRQGXFLU�
D� XQD� GHVKDELWXDFLyQ�� (VWi� ELHQ� GRFXPHQWDGR� TXH� ORV� LQGLYLGXRV� TXH�
VXIUHQ� PROHVWLD� SRU� 50%)� OR� GHVFULEHQ� FRPR� RPQLSUHVHQWH�� TXH� QR�
SXHGH�VHU� LJQRUDGR��TXH�HV�SHRU�DGHQWUR�GHO�DPELHQWH�TXH�DIXHUD��TXH�
QR�VH�SXHGH�ORFDOL]DU��(V�SUREDEOH�TXH�WDOHV�TXHMDV�LQGLTXHQ�XQD�IDOOD�HQ�
HO�SURFHVR�VHQVRULR���FRJQLWLYR�SDUD�KDELWXDUVH�D�OD�VHxDO��(V�HO�FDUiFWHU�
GHO�HVWtPXOR��HQ�HO�TXH�VH�FRPELQDQ�IXHU]D�VRQRUD�\�IUHFXHQFLD��GHILQLGR�
FRQ� UHODFLyQ� D� ORV� OtPLWHV� RSHUDFLRQDOHV� GHO� SURFHVR� GH� FRGLILFDFLyQ�� HO�
TXH� SURGXFH� OD� UHSUHVHQWDFLyQ� GHO� LQSXW� VHQVRULDO� GHQWUR� GHO� GRPLQLR�
VXEMHWLYR� \� HV� GH� ODV� FDUDFWHUtVWLFDV� GH� ODV� FRPELQDFLRQHV� GH� GRQGH�
VXUJHQ� ODV� GLILFXOWDGHV�� %HQWRQ� �������� GHVWDFD� OD� LPSRUWDQFLD� GH� OD�
DWHQFLyQ� VHOHFWLYD� FX\D� IXQFLyQ� HV� SURWHJHU� OD� OLPLWDGD� FDSDFLGDG� GH�
SURFHVDPLHQWR�FRJQLWLYR�GH�ORV�LQGLYLGXRV��OR�TXH�QR�UHVXOWD�VLPSOHPHQWH�
GHO� KHFKR� GH� FHUUDU� XQ� FDQDO� TXH� FRQWHQJD� LQIRUPDFLyQ� QR� GHVHDGD��
UHVDOWDQGR�HQ�HVWH�SXQWR�OD�LPSRUWDQFLD�GH�ORV�UHTXHULPLHQWRV�GH�OD�WDUHD�
UHDOL]DGD�SRU�ORV�LQGLYLGXRV��%HQWRQ�\�/HYHQWKDOO���������/D�IDOOD�HQ�HVWH�
SURFHVR� SRGUtD� SURGXFLU� DQVLHGDG� \� HVWUpV� �%HQWRQ�� ������� (VWRV�
FRQFHSWRV� LQGLFDQ� OD� FRPSOHMLGDG� GHO� WHPD� \� GH� OD� LQWHUDFFLyQ� GH� ODV�
YDULDEOHV� TXH� LQWHUYLHQHQ� HQ� OD� SURGXFFLyQ� GH�PROHVWLD� \� RWURV� HIHFWRV�
FRQ� UHODFLyQ�D�HVWRV� UXLGRV��GHQWUR�GH� ODV�FXDOHV�HVWDUtDQ� LQFOXLGDV�XQD�
VHULH�LPSRUWDQWH�GH�YDULDEOHV�SHUVRQDOHV�\�DPELHQWDOHV��
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(Q�HVWUHFKD�UHODFLyQ�FRQ�ORV�FRQFHSWRV�DQWHULRUHV�\�FRQ�OD�QHFHVLGDG�
GH� UHDOL]DU� LQYHVWLJDFLyQ� VREUH� HO� WHPD� GRV� DVSHFWRV� DGLFLRQDOHV� VRQ�
LPSRUWDQWHV� GH� FRQVLGHUDU�� (O� SULPHUR� GH� HOORV�� HV� OD� IDFLOLGDG� GH�
SURSDJDFLyQ�GH�HVWDV�RQGDV�VRQRUDV� \� ODV�GLILFXOWDGHV�TXH�SUHVHQWD�VX�
DEVRUFLyQ� \�R�DWHQXDFLyQ��(O�VHJXQGR��HV�TXH� ODV� OHJLVODFLRQHV�YLJHQWHV�
HQ�QXHVWUR�SDtV�QR�FRQWHPSODQ� ORV�WLSRV�GH�PHGLFLRQHV��QL� OD�XWLOL]DFLyQ�
GH� LQVWUXPHQWRV� R� WpFQLFDV�TXH�SHUPLWDQ�GHWHFWDU� OD� SUHVHQFLD� GH� HVWH�
WLSR� GH� UXLGRV� \� SRU� FRQVLJXLHQWH� SURWHJHU� D� ORV� FLXGDGDQRV� GH� ODV�
FRQVHFXHQFLDV�GH�VX�H[SRVLFLyQ���

0XFKDV�GH�ODV�GHPDQGDV�VREUH�SUREOHPDV�GH�UXLGR��SURYLHQHQ�GH�ODV�
50%)�� SURYRFDGRV� SRU� GLYHUVDV� IXHQWHV�� WDOHV� FRPR� SRU� HTXLSRV� GH�
YHQWLODFLyQ� GH� ORV� JUDQGHV� HPSUHQGLPLHQWRV� FRPHUFLDOHV�� WUiQVLWR�
YHKLFXODU�� LQGXVWULDV�\�P~VLFD�GH�GLVFRWHFDV��3HUVVRQ�\�5\ODQGHU� �������
DILUPDQ� TXH� KD� VLGR� GHPRVWUDGR� TXH� ODV� TXHMDV� SRU� UXLGRV� GH� 50%)�
FRQVWLWX\HQ� XQD�PD\RU� SURSRUFLyQ� HQWUH� HO� WRWDO� GH� ODV� ���� TXHMDV� SRU�
UXLGRV� TXH� IXHURQ� KHFKDV� D� ODV� DXWRULGDGHV� GH� 6DOXG� \� $PELHQWH� HQ�
6XHFLD��$VLPLVPR��7HPSHVW���������LQIRUPD�TXH�HQ�WRGD�*UDQ�%UHWDxD�VH�
UHFLEHQ� ���� TXHMDV� SRU� DxR� UHODFLRQDGDV� FRQ� ORV� UXLGRV� GH� EDMDV�
IUHFXHQFLDV� \� ODV� DXWRULGDGHV� VRQ� FDSDFHV� GH� LGHQWLILFDU� HO� ����GH� ODV�
IXHQWHV��VLHQGR�ODV�PiV�FRPXQHV�IiEULFDV��������P~VLFD�������\�WUiILFR�
GH�YHKtFXORV���������

/D�ELEOLRJUDItD�FLHQWtILFD�EULQGD�GDWRV�LPSRUWDQWHV�VREUH�UHVXOWDGRV�GH�
LQYHVWLJDFLRQHV� GH� FDPSR�� HQWUH� HOORV�� TXHMDV� UHIHULGDV� DO� DPELHQWH�
VRQRUR�WDOHV�FRPR�SHUWXUEDFLyQ��GLVJXVWR�R�GDxR�HQ�SHUVRQDV�H[SXHVWDV�
D������+]�#����G%��7HPSHVW���������R�ODV�UHODFLRQDGDV�FRQ�XQ�UXLGR�GH�
EDQGD� DQFKD� GH� HQWUH� ORV� ��� \� ���� +]�� SURYHQLHQWH� GH� IXHQWHV�
LQGXVWULDOHV� GLVWDQWHV� �9DVXGHYDQ� \� *RUGRQ�� ������� PROHVWLD� SURGXFLGD�
SRU� OD� SHUFHSFLyQ� GH� YLEUDFLRQHV� \� WDEOHWHR� GH� SXHUWDV� \� YHQWDQDV�
�6FKRPHU��������2FKLDL�HW�DO��������6FKRPHU�\�$YHUEXFK���������WHPRU��
LUULWDELOLGDG�� DQVLHGDG�� LPSRVLELOLGDG� GH� YROYHUVH� D� GRUPLU� FXDQGR� VH�
GHVSLHUWDQ� \� QHFHVLGDG� GH� FDPELDU� GH� OXJDU� GH� UHVLGHQFLD�� WRGR� HOOR�
GHELGR�D� ORV�UXLGRV��HQ�KDELWDQWHV�FHUFDQRV�D�DXWRSLVWDV�R�D�XQ�SXHQWH�
LPSRUWDQWH� FRQ� JUDQ� DIOXHQFLD� GH� WUiQVLWR� YHKLFXODU�� �<DPDGD�� ������
1DJDL�HW�DO����������FRQ�H[SRVLFLyQ�D�VRQLGRV�HQ�HO�UDQJR�������+]�#�����
G%��VH�HQFRQWUDURQ�YLEUDFLRQHV�HQ�ODV�SDUHGHV�GHO�SHFKR�\�VHQVDFLyQ�GH�
DKRJR� �0RKU� HW� DO��� ������ FLWDGR� SRU� %U\DQ� \� 7HPSHVW�� ������� %pNHV\�
�FLWDGR� SRU� 3LPRQRZ�� ������ GLFH� TXH� VH� SUHVHQWDQ� HQ� OD� FROXPQD�
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YHUWHEUDO��D�ORV�����+]��\�TXH�VH�REVHUYD�UHVRQDQFLD�DEGRPLQDO�D����+]��
WRUi[LFD� D� IUHFXHQFLDV� HQWUH� ��� \� ���+]�� GHSHQGLHQGR� GH� OD� HVWDWXUD� \�
SRVWXUD� GHO� VXMHWR� �/DQGVWU|P�� ������� /D� UHJLyQ� FRUUHVSRQGLHQWH� D� ORV�
LQIUDVRQLGRV�VH�H[WLHQGH�KDVWD�ORV����+]��GRQGH�ORV�VXMHWRV�PDQLILHVWDQ�
VHQVDFLRQHV�GH�RSUHVLyQ�\�YLEUDFLyQ��GHSHQGLHQGR�HO�JUDGR�GH�VHQVDFLyQ�
GHO�QLYHO�VRQRUR� �1DNDPXUD�\�7RNLWD���������&RQ�H[SRVLFLyQ�GXUDQWH����
VHJXQGRV� D� LQIUDVRQLGRV� GH� IUHFXHQFLDV� GLVFUHWDV� GH� �������� G%�� VH�
UHJLVWUDURQ� PRYLPLHQWRV� GH� ODV� SDUHGHV� DEGRPLQDOHV� \� GHO� SHFKR�
�-RKQVRQ��������%URQHU�\�/HYHQWKDO���������&RQ�LQIUDVRQLGRV�DSHQDV�SRU�
HQFLPD� GHO� XPEUDO� GH� DXGLFLyQ�� VH� REVHUYy� VHQVDFLyQ� GH� SUHVLyQ� HQ� HO�
RtGR� �0¡OOHU�� ������� OD� VHQVDFLyQ� GH� SUHVLyQ� SDUD� �� +]� FRPLHQ]D�
DOUHGHGRU� GH� ORV� ���� G%� \� SDUD� ��� +]� FHUFD� GH� ORV� ��� G%�� FRQ� XQD�
GLIHUHQFLD� SDUD� OD� VHQVDFLyQ� GH� YLEUDFLyQ� GH� HQWUH� ���� G%� SRU� HQFLPD��
DXQTXH�DOUHGHGRU�GH�ORV����+]�VH�LJXDODQ�ORV�QLYHOHV��,QXNDL�HW�DO����������
SUHVLyQ�\�YLEUDFLyQ�VRQ�VHQVDFLRQHV�SHFXOLDUHV�GH�ORV�LQIUDVRQLGRV��,QXNDL�
HW�DO����������DSDUHFHQ�YLEUDFLyQ�\�SUHVLyQ�HQ�FDEH]D�\�RtGRV�D����+]�\�
YLEUDFLyQ�D����+]�\�SUHVLyQ�D����+]�HQ�RtGRV��)XFKV�HW�DO���������9HU]LQL�
HW� DO��� �������PROHVWLD�� QiXVHD�� GRORU� GH� FDEH]D� IXHURQ�DWULEXLGRV�D�XQ�
UXLGR�GH�UHIULJHUDGRU�GH����+]�#�������G%��<DPDGD�������1DJDL�HW�DO���
������� LPSRUWDQWH� PROHVWLD� HQ� RILFLQDV� HQ� ODV� FXDOHV� SUHYDOHFtDQ� ODV�
EDMDV�IUHFXHQFLDV��SUREOHPDV�GH�FRQFHQWUDFLyQ���FRQ�H[SRVLFLyQ�GXUDQWH�
WRGD� OD� MRUQDGD� ODERUDO� D� ����� G%� SURPHGLR� �/DQGVUWRP� HW� DO��� �������
PROHVWLD� HQ� SHUVRQDV� H[SXHVWDV� D� 50%)� DWULEXLGD� D� IDOWD� GH� FRQWURO�
SHUFLELGR� H� LUUHJXODULGDGHV� HQ� UHODFLyQ�DO� UXLGR� �+ROPEHUJ�HW�DO����������
IDWLJD� GHVSXpV� GHO� WUDEDMR� HQ� XQ� HVWXGLR� FRQ� ���� SHUVRQDV� TXH�
WUDEDMDEDQ� HQ� RILFLQDV�� ODERUDWRULRV� H� LQGXVWULDV� H[SXHVWRV� D� 50%)�
HVWDEDQ�IXHUWHPHQWH�UHODFLRQDGRV�FRQ�IDWLJD�GHVSXpV�GHO�WUDEDMR��7HVDU]�
HW�DO����������8Q�HVWXGLR�ELEOLRJUiILFR�FRPSOHWR�HQ�SRGUi�YHUVH�HQ�9HU]LQL�
��������

&DEH�GHVWDFDU�TXH� OD�GLVFULPLQDFLyQ�GH� ORV�HIHFWRV�TXH�FDXVDQ�HVWH�
WLSR�GH� UXLGRV�HV�GLILFXOWRVD��GHELGR�D�TXH�JHQHUDOPHQWH�VH�HQFXHQWUDQ�
HQ�HO�DPELHQWH�GHQWUR�GH�XQ�FRPSOHMR�FRQWH[WR�GH�HVWtPXORV�VRQRURV��(V�
SRU�HOOR�TXH�PXFKDV�YHFHV�VH�KDFH�QHFHVDULR�FRPELQDU� ORV�HVWXGLRV�GH�
FDPSR�FRQ�H[SHULPHQWRV�GH�ODERUDWRULR���

6H�SUHVHQWD�XQ�HVWXGLR�GH�FDPSR�VREUH�ORV�HIHFWRV�SURGXFLGRV�SRU�OD�
H[SRVLFLyQ�D�50%)�� HQ� HO� FXDO� VH�KDQ� FRQVLGHUDGR� FRPR� WDOHV�� D� WRGRV�
DTXHOORV� UXLGRV�FX\DV� IUHFXHQFLDV�VH�HQFXHQWUDQ�SRU�GHEDMR�GH� ORV�����



La contaminación ambiental por ruidos de muy bajas frecuencias: un estudio de campo 

������� ���
	���� ��
�� ���
��	������ � ������	�� � �������26 

+]� LQFOXLGRV� ORV� LQIUDVRQLGRV��HV�GHFLU� ODV� IUHFXHQFLDV�SRU�GHEDMR�GH� ORV�
���+]���

$QWHFHGHQWHV�GHO�PLVPR�VRQ�ORV�HVWXGLRV�VREUH�FRQWDPLQDFLyQ�VRQRUD�
UHDOL]DGRV� HQ� OD� FLXGDG� GH� &yUGRED� �6HUUD� HW� DO��� ������ 9HU]LQL� HW� DO���
������ \� GRV� WUDEDMRV� SUHYLRV� HQ� ODERUDWRULR� HVSHFtILFRV� VREUH� 50%)��
GHVDUUROODGRV� HQ� XQD� FiPDUD� GH� SUHVLyQ�� TXH� GLHURQ� FRPR� UHVXOWDGR�
GLIHUHQFLDV�VLJQLILFDWLYDV�HQWUH�ORV�SDUiPHWURV�SVLFROyJLFRV�PHGLGRV�FRQ�\�
VLQ�H[SRVLFLyQ�D�WRQRV�\�UXLGRV�GH�EDMDV�IUHFXHQFLDV��)XFKV�HW�DO��������\�
9HU]LQL�HW�DO�����������

(O� REMHWLYR� JHQHUDO� GH� HVWD� OtQHD� GH� LQYHVWLJDFLyQ� HV� GHWHUPLQDU� ORV�
HIHFWRV�SVLFROyJLFRV�\�ILVLROyJLFRV�TXH�SURGXFHQ�ORV�50%)�\�HQFRQWUDU�ORV�
OtPLWHV�GH�ULHVJR�SDUD�HO�VHU�KXPDQR��

/RV�REMHWLYRV�HVSHFtILFRV�GHO�SUHVHQWH�WUDEDMR�IXHURQ�GHWHUPLQDU��
���=RQDV�FDUDFWHUL]DGDV�SRU�OD�SUHVHQFLD�GH�UXLGRV�FRQ�FRPSRQHQWHV�

GH�EDMDV�IUHFXHQFLDV��GHQWUR�GH�OD�FLXGDG�GH�&yUGRED��
��� (Q� ORV� KDELWDQWHV� GH� ODV� ]RQDV� VHOHFFLRQDGDV� H[SXHVWRV� D� HVRV�

UXLGRV�� D�� 6L� SHUFLEtDQ� ORV� UXLGRV� D� ORV� FXDOHV� HVWiQ� H[SXHVWRV� \� VXV�
FDUDFWHUtVWLFDV��E��6L�UHIHUtDQ�DOJ~Q�WLSR�GH�PROHVWLD�R�UHSRUWDEDQ�HIHFWRV�
QRFLYRV�VREUH�VX�HVWDGR�JHQHUDO�\�DFWLYLGDGHV�FRWLGLDQDV�UHODFLRQDGD�FRQ�
HO� UXLGR�� F�� /D� HYDOXDFLyQ� VXEMHWLYD� GHO� PLVPR�� GH� DFXHUGR� D� HVFDODV�
HODERUDGDV� D� WDO� ILQ� \� G�� &XiOHV� HUDQ� ODV� YDULDEOHV� VRFLR� GHPRJUiILFDV��
SHUVRQDOHV�\�DPELHQWDOHV�TXH�VH�DVRFLDEDQ� WDQWR�FRQ� ORV�HIHFWRV�FRPR�
FRQ�OD�HYDOXDFLyQ�GHO�UXLGR��

Método 
6H�GHOLPLWDURQ�GHQWUR�GHO�WHMLGR�PXQLFLSDO�GH�OD�&LXGDG�GH�&yUGRED����

]RQDV� XWLOL]DQGR� SDUD� HOOR� GRV� FULWHULRV�� (Q� SULPHU� FULWHULR� IXH� HO� GH�
SUHGRPLQDQFLD�GH�UXLGR�GH�PX\�EDMD�IUHFXHQFLD��(O�VHJXQGR�FULWHULR�IXH�HO�
GH�GLIHUHQFLDFLyQ�HQ�]RQD�VHJ~Q�OD�IXHQWH�SULQFLSDO�GH�UXLGR�GH�FDGD�XQD�
GH� HOODV�� 6HJ~Q� HVWH� ~OWLPR� FULWHULR� UHVXOWDURQ� WUHV� ]RQDV� ELHQ�
GLIHUHQFLDGDV�� =RQD� ��� SUHGRPLQDQFLD� GH� UXLGR� GH� HTXLSRV� GH� DLUH�
DFRQGLFLRQDGR� GH� JUDQGHV� HPSUHQGLPLHQWRV� FRPHUFLDOHV�� =RQD� ���
SUHGRPLQDQFLD�GH�UXLGR�GH�GLVWLQWDV�PDTXLQDULDV�LQGXVWULDOHV�WDOHV�FRPR�
JUDQGHV� FRPSUHVRUHV�� LQ\HFWRUHV� \� H[WUDFWRUHV� \� RWUDV� PDTXLQDULDV�
OLJDGDV� D� OD� OtQHD� GH� SURGXFFLyQ�� \�=RQD� ��� SUHGRPLQDQFLD� GH� UXLGR� GH�
WUiQVLWR�YHKLFXODU�SHVDGR�\�OLYLDQR�VREUH�DXWRSLVWDV��SXHQWHV�\�VDOLGDV�GH�
W~QHOHV��
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Sujetos 

���YROXQWDULRV�GH�DPERV�VH[RV��GLVWULEXLGRV�HQWUH�ODV���]RQDV�\�FX\DV�
HGDGHV� RVFLODEDQ� HQWUH� ORV� ��� \� ��� DxRV�� /D� HGDG� SUHVHQWy� XQD�
GLVWULEXFLyQ�ELPRGDO��HQFRQWUiQGRVH�ODV�PD\RUHV�IUHFXHQFLDV�HQ����D����
DxRV�\����D����DxRV���

=RQD�������VXMHWRV�����PXMHUHV�\����YDURQHV��
=RQD�������VXMHWRV�����PXMHUHV�\���YDURQHV��
=RQD�������VXMHWRV�����PXMHUHV�\����YDURQHV��

Instrumentos 

�� 0HGLGRU� GH� SUHFLVLyQ� GH� QLYHO� VRQRUR� \� GH� LPSXOVRV� WLSR� ������
PLFUyIRQR�D�FRQGHQVDGRU�WLSR�������DQDOL]DGRU�GH�IUHFXHQFLDV�HQ�WLHPSR�
UHDO�GH�GREOH�FDQDO� WLSR�������SURJUDPD�GH�ILOWUR�GLJLWDO�SDUD�DQDOL]DGRU�
GH�GREOH�FDQDO�WLSR�%=�������FDOLEUDGRU�SDUD�PHGLGRU�GH�QLYHO�VRQRUR�WLSR�
������7RGRV�HOORV�PDUFD�%UXHO�\�.MDHU��

�� 3UHDPSOLILFDGRU� SDUD� PLFUyIRQR� SDWUyQ�� PDUFD� %U�HO� \� .MDHU�� WLSR�
������

�� )LOWURV� SDVDEDQGDV� GH� LQIUDVRQLGRV� \� GH� EDMDV� IUHFXHQFLDV� SDUD�
DFRSODU�DO�PHGLGRU�GH�QLYHO�VRQRUR�%U�HO�\�.MDHU��WLSR�������

6H� FRQVWUX\y�XQ� FXHVWLRQDULR� VREUH� OD� EDVH�GH� UHVXOWDGRV� REWHQLGRV�
HQ�LQYHVWLJDFLRQHV�SUHFHGHQWHV��6HUUD�HW�DO��������9HU]LQL�HW�DO��������\�
DGDSWDGR� D� OD� VLWXDFLyQ� DFWXDO�� /RV� GDWRV� REWHQLGRV� HQ� GLFKDV�
LQYHVWLJDFLRQHV�VREUH� ORV�HIHFWRV�GHO� UXLGR�XUEDQR�HQ� ORV�KDELWDQWHV�GH�
]RQDV� GH� GLVWLQWDV� FDUDFWHUtVWLFDV� GHQWUR� GH� OD� &LXGDG� GH� &yUGRED��
$UJHQWLQD�� IXHURQ� SURFHVDGRV� PHGLDQWH� HO� $QiOLVLV� )DFWRULDO� GH�
&RUUHVSRQGHQFLDV� 0~OWLSOHV� �QR� SDUDPpWULFR��� (VWH� DQiOLVLV� SHUPLWLy�
GHWHUPLQDU� ODV�YDULDEOHV�UHOHYDQWHV�\�HOLPLQDU� ODV�YDULDEOHV�UHGXQGDQWHV�
SDUD� HVWH� WLSR� GH� HVWXGLRV�� \� DMXVWDUOR� DO� DPELHQWH� ItVLFR� \� VRFLR� ²�
HFRQyPLFR�²�FXOWXUDO�GH�OD�SREODFLyQ�D�OD�FXDO�HVWDED�GLULJLGR���

/DV� SUHJXQWDV� HUDQ� GH� UHVSXHVWDV� DELHUWDV� R� FHUUDGDV�� DOJXQDV� FRQ�
HVFDODV� \� GH� P~OWLSOH� RSFLyQ� VHJ~Q� HO� FDVR�� 6XV� HMHV� GH� DQiOLVLV� \�
YDULDEOHV�FRQVLGHUDGDV�IXHURQ�ODV�VLJXLHQWHV���

��� 9DULDEOHV� 6RFLRGHPRJUiILFDV�� HGDG�� VH[R�� QLYHO� HGXFDFLRQDO�� QLYHO�
VRFLR�²�HFRQyPLFR� ��FXOWXUDO�GHO� MHIH�GH�IDPLOLD��(VWD�~OWLPD�YDULDEOH� IXH�
HYDOXDGD� PHGLDQWH� XQ� tQGLFH� FRPSXHVWR� SRU� QLYHO� HGXFDFLRQDO�� QLYHO�
ODERUDO��WLSR�GH�RFXSDFLyQ��\�QLYHO�GH�LQJUHVR���
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��� 9DULDEOHV� SHUVRQDOHV�� DSR\R� VRFLD�� VDWLVIDFFLyQ� FRQ� OD� YLGD� TXH�
GHEtDQ�VHU�UHVSRQGLGDV�PHGLDQWH�HVFDODV�WLSR�/LFNHUW���VHQVLELOLGDG�KDFLD�
ORV� UXLGRV� HQ� JHQHUDO�� QLYHO� GH� DQVLHGDG� �DPEDV� HYDOXDGDV�
VXEMHWLYDPHQWH�PHGLDQWH�HVFDODV�WLSR�/LFNHUW���VtQWRPDV�JHQHUDOHV�WDOHV�
FRPR� SUREOHPDV� SDUD� GRUPLU�� LUULWDELOLGDG�� DQVLHGDG�� SUREOHPDV� GH�
FRQFHQWUDFLyQ�� IDWLJD�� SUHVLyQ� R� YLEUDFLyQ� HQ� FDEH]D�� RtGRV�� SHFKR��
DEGRPHQ��ULJLGH]�HQ�FDEH]D�\�R�FXHOOR��YyPLWRV��PDUHRV�R�QDXVHD��FX\RV�
SXQWDMHV� VH� VXPDURQ� REWHQLpQGRVH� XQ� tQGLFH� �6,17��� &DEH� DFODUDU� DTXt�
TXH�HVWRV�VtQWRPDV��VHJ~Q�VH�SXHGH�DSUHFLDU�HQ�OD�,QWURGXFFLyQ��SXHGHQ�
VHU�SURGXFLGRV�SRU�ORV�50%)���

���9DULDEOHV�SHUFHSFLyQ�GHO� UXLGR��UHVSXHVWD�DELHUWD��\�HYDOXDFLyQ�GH�
VX� QLYHO� �HVFDOD� WLSR� /LFNHUW��� (Q� SULPHU� OXJDU� VH� SUHJXQWDED� DO�
HQFXHVWDGR� VL� KDEtD� DOJ~Q� IDFWRU� GHO� DPELHQWH� R� GHO� EDUULR� TXH�
FRQVLGHUDUD� SHUMXGLFLDO�� (Q� HO� FDVR� GH� QR� PHQFLRQDU� DO� UXLGR� VH� OH�
SUHJXQWDED�VREUH�HO�PLVPR���

��� 9DULDEOHV� UHODFLRQDGDV� FRQ� OD� HYDOXDFLyQ� \� FRQ� ORV� HIHFWRV�
SURGXFLGRV�SRU�ORV�UXLGRV�HVWXGLDGRV��ODV�TXH�WDPELpQ�IXHURQ�DJUXSDGDV�
SDUD�IRUPDU�tQGLFHV��D��(YDOXDFLyQ�VXEMHWLYD�GH�ORV�UXLGRV��(9$��D�ORV�TXH�
HVWDEDQ� H[SXHVWRV�� PHGLDQWH� ODV� VLJXLHQWHV� HVFDODV� GH� 'LIHUHQFLDO�
6HPiQWLFR�� DJUDGDEOH�GHVDJUDGDEOH�� EHQHILFLRVR� �SHUMXGLFLDO� \�
VHGDQWH�H[FLWDQWH�� E�� 3HUFHSFLyQ� GH� WHPEORUHV�� YLEUDFLRQHV� R� GH� GDxRV�
HQ�ODV�YLYLHQGDV��79'��GH�UHVSXHVWD�FHUUDGD��F��(IHFWRV�SHUFLELGRV�SRU�ORV�
HQWUHYLVWDGRV� FRPR� SURGXFLGRV� SRU� HO� UXLGR� WDOHV� FRPR� PROHVWLD��
SUREOHPDV�GH�FRQFHQWUDFLyQ�\�HQ�HO�VXHxR��()(��GH�UHVSXHVWD�DELHUWD��

Procedimiento 

0HGLFLyQ�GH�ORV�UXLGRV��6H�UHDOL]y�XQ�UHOHYDPLHQWR�HQ�GLVWLQWRV�OXJDUHV�
GH�OD�FLXGDG�\�D�ORV�ILQHV�GH�VHOHFFLRQDU�ODV�]RQDV�DQWHV�GHVFULWDV�VHJ~Q�
ORV�FULWHULRV�HVWDEOHFLGRV��

��� 0HGLDQWH� XQD� FUHGHQFLDO� SURYLVWD� SRU� HO� &HQWUR� GH� ,QYHVWLJDFLyQ��
GRV�HQFXHVWDGRUDV�GHELGDPHQWH�HQWUHQDGDV�YLVLWDURQ�WRGDV�ODV�YLYLHQGDV�
FRPSUHQGLGDV�GHQWUR�GH�ODV�]RQDV�GH�UXLGR�VHOHFFLRQDGDV��VROLFLWDQGR�D�
VXV�KDELWDQWHV�TXH�DFFHGLHUDQ�D� UHDOL]DU�XQD�HQWUHYLVWD�VREUH�HO�PHGLR�
DPELHQWH�� GH� DSUR[LPDGDPHQWH� ��� PLQXWRV� GH� GXUDFLyQ�� (Q� QLQJ~Q�
PRPHQWR�VH� OHV�DOHUWy�TXH�HO�REMHWLYR�HUD�HYDOXDU� ORV�HIHFWRV�GHO� UXLGR��
%DMR� HVWDV� FRQGLFLRQHV� VH� ORJUy� HQWUHYLVWDU� D� ODV� ��� SHUVRQDV� DQWHV�
PHQFLRQDGDV��
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���/RV�GDWRV�REWHQLGRV�VH�SURFHVDURQ�REWHQLpQGRVH�YDORUHV�SDUD�FDGD�
XQD�GH�ODV�YDULDEOHV��

���6H�HIHFWXDURQ�PHGLFLRQHV��GHQWUR�GHO� OtPLWH�KRUDULR��FRQGLFLRQHV�\�
WLHPSR�HVWDEOHFLGRV��GHODQWH�GH�ORV�IUHQWHV�GH�ODV�YLYLHQGDV�GH�FDGD�XQR�
GH� ODV� SHUVRQDV� TXH� IXHURQ� HQFXHVWDGDV�� $OPDFHQDGDV� HQ� GLVNHWWHV��
HVDV�PHGLFLRQHV�IXHURQ�SURFHVDGDV�HQ�ODERUDWRULR�REWHQLpQGRVH�YDORUHV�
GH� QLYHOHV� VRQRURV� HQ� G%$� \� HQ� G%� OLQHDOHV� GH� WRGR� HO� HVSHFWUR�� /DV�
VHxDOHV� IXHURQ� WDPELpQ� ILOWUDGDV�� ORJUiQGRVH� YDORUHV� SDUD� LQIUDVRQLGRV�
KDVWD� ��� +]� �,1)��� EDMDV� IUHFXHQFLDV� HQWUH� ��� \� ���� +]� �%$-�� \� EDMDV�
IUHFXHQFLDV�LQFOXLGRV�ORV�LQIUDVRQLGRV��KDVWD�����+]��$0%����

Análisis de los datos 

3DUD� FDGD� ]RQD� HQ� SDUWLFXODU� VH� REWXYLHURQ� ORV� SRUFHQWDMHV� GH�
SHUVRQDV�TXH�DILUPDEDQ�HVFXFKDU�HO�UXLGR�D�TXH�HVWDEDQ�H[SXHVWRV���

6H� FRUUHODFLRQy� HQWUH� Vt� WRGDV� ODV� YDULDEOHV� HVWXGLDGDV� HQ� HO�
FXHVWLRQDULR�\�DGHPiV�FRQ�ODV�PHGLFLRQHV�GH�UXLGR�GH�WRGDV�ODV�]RQDV�HQ�
FRQMXQWR���

6H�UHDOL]DURQ�DQiOLVLV�GH�YDULDQ]D�GH�XQR�\�GRV�IDFWRUHV��/DV�YDULDEOHV�
LQGHSHQGLHQWHV� FRQVLGHUDGDV� IXHURQ� ODV� ]RQDV� \� ORV� QLYHOHV� VRQRURV�
PHGLGRV�HQ�FDGD�XQD�GH�HOODV�\�HQ�FDGD�XQR�GH�ORV�WLSRV�GH�PHGLFLRQHV�
DQWHV�PHQFLRQDGDV��,1)��%$-��$0%��G%OLQ�\�G%$��

(Q�ORV�$129$V�IDFWRULDOHV��VH�WRPDURQ�FRPR�VHJXQGRV�IDFWRUHV�D�ODV�
YDULDEOHV�SHUVRQDOHV�\�DPELHQWDOHV�HVWXGLDGDV�HQ�HO�FXHVWLRQDULR��&RPR�
YDULDEOHV� GHSHQGLHQWHV� GH� FRQVLGHUDURQ� ORV� HIHFWRV� DWULEXLGRV� SRU� ORV�
HQFXHVWDGRV�DO� UXLGR� \� OD�HYDOXDFLyQ�VXEMHWLYD�GHO�PLVPR��/RV�VtQWRPDV�
JHQHUDOHV�IXHURQ�WRPDGRV�FRPR�VHJXQGR�IDFWRU�\�WDPELpQ�FRPR�YDULDEOH�
GHSHQGLHQWH�  

Resultados 
/RV�QLYHOHV�GH� UXLGR�PHGLGRV� IXHURQ� ORV�VLJXLHQWHV��D�� ,1)��HQWUH����

G%�\������G%��E��%$-��HQWUH������G%�\������G%��F��$0%��HQWUH������G%�\�
�����G%�\�G��(VSHFWUR�FRPSOHWR��HQWUH������G%�\������G%�OLQHDOHV��/,7��\�
HQWUH� ����� G%$� \� ����� G%$�� 6HJ~Q� HVWRV� QLYHOHV�� ORV� LQIUDVRQLGRV� HQ�
WRGRV�ORV�FDVRV�HVWXYLHURQ�SRU�GHEDMR�GH�ORV�XPEUDOHV�GH�DXGLFLyQ�\� ORV�
QLYHOHV� GH� UXLGR� FRQVLGHUDQGR� HO� HVSHFWUR� FRPSOHWR� H[FHGtDQ� DTXHOORV�
DFRQVHMDEOHV�SDUD�ODV�GLVWLQWDV�]RQDV�HVWXGLDGDV��
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6H�REWXYLHURQ� ORV�VLJXLHQWHV�SRUFHQWDMHV�GH�SHUVRQDV�TXH�DILUPDURQ�
HVFXFKDU�HO�UXLGR�HVWXGLDGR��VHJ~Q�ODV�]RQDV��

=RQD����UXLGR�SURYHQLHQWH�GH�HTXLSRV�GH�DLUH�DFRQGLFLRQDGR��������
=RQD����UXLGR�SURYHQLHQWH�GH�LQGXVWULDV��������
=RQD����UXLGR�SURYHQLHQWH�GHO�WUiQVLWR�YHKLFXODU��������
&DEH�VHxDODU�TXH�QR�KXER�UHODFLyQ�HQWUH�ORV�QLYHOHV�GH�UXLGR�\�HVWDV�

UHVSXHVWDV��
6HJ~Q�ORV�UHVXOWDGRV�GH�ODV�FRUUHODFLRQHV��

• /RV� QLYHOHV� GH� UXLGR� HQ� %$-� FRUUHODFLRQDURQ� GH� IRUPD�
VLJQLILFDWLYD� FRQ� ORV� SXQWDMHV� HQ� HYDOXDFLyQ� VXEMHWLYD� GHO�
UXLGR� �(9$�� �S ������� \� HQ� HIHFWRV� SURGXFLGRV� SRU� HO� UXLGR�
�()(���S �������7DEOD������

(OOR� VLJQLILFD� TXH� D� PHGLGD� TXH� DXPHQWDURQ� ORV� QLYHOHV� HQ� ODV�
IUHFXHQFLDV� EDMDV�� ORV� MXLFLRV� VXEMHWLYRV� VREUH� ORV� PLVPRV� IXHURQ� PiV�
GHVIDYRUDEOHV� \� WDPELpQ� DXPHQWDURQ� ORV� HIHFWRV� SHUMXGLFLDOHV� TXH� ORV�
HQWUHYLVWDGRV� OH�DWULEX\HQ�DO�PLVPR�UXLGR��(OOR�VXJHULUtD�TXH�SRGUtDQ�VHU�
ODV�EDMDV�IUHFXHQFLDV�ODV�TXH�HVWDUtDQ�SURGXFLHQGR�GLFKDV�UHDFFLRQHV��

• ()(�FRUUHODFLRQy�VLJQLILFDWLYDPHQWH�FRQ�HYDOXDFLyQ�VXEMHWLYD�GHO�
UXLGR��(9$�� �S �������\�FRQ�VtQWRPDV�JHQHUDOHV�GH�VDOXG��6,17��
�S �������7DEOD�����

• 6,17�FRUUHODFLRQy�VLJQLILFDWLYDPHQWH�FRQ�(9$��S �������7DEOD�����
(VWDV�FRUUHODFLRQHV�VLJQLILFDUtDQ�TXH��D��D�PHGLGD�TXH�DXPHQWDURQ�ORV�

MXLFLRV� GHVIDYRUDEOHV� KDFLD� HO� UXLGR� WDPELpQ� DXPHQWDURQ� ORV� HIHFWRV�
DWULEXLGRV�DO�UXLGR�\�E��PLHQWUDV�PiV�VtQWRPDV�JHQHUDOHV�SUHVHQWDURQ�ORV�
HQFXHVWDGRV�� HPLWLHURQ� MXLFLRV�PiV�GHVIDYRUDEOHV��'RV� LQWHUSUHWDFLRQHV�
VRQ� SRVLEOHV� HQ� HVWH� ~OWLPR� FDVR�� SRU� XQD� SDUWH�� TXH� ORV� VtQWRPDV�
JHQHUDOHV�SRGUtDQ�KDEHU�VLGR�SURGXFWR�GH� OD�H[SRVLFLyQ�DO� UXLGR�� \D�TXH�
VHJ~Q� OD�ELEOLRJUDItD� ORV�50%)�SURGXFHQ�HVWH�WLSR�GH�VtQWRPDV��SRU�RWUD�
SDUWH�� SRGUtD� LQWHUSUHWDUVH� TXH� PLHQWUDV� PiV� VtQWRPDV� \�R� PDOHVWDUHV�
SUHVHQWDURQ� ODV�SHUVRQDV�PiV�GHVIDYRUDEOHPHQWH�HYDOXDURQ�DO� UXLGR�HQ�
HVWXGLR��

• /DV�YDULDEOHV�QLYHO�HGXFDFLRQDO�GHO�HQWUHYLVWDGR��1('��\�QLYHO�
VRFLR� FXOWXUDO� GHO� MHIH� GH� IDPLOLD� �1(6�� FRUUHODFLRQDURQ�
VLJQLILFDWLYDPHQWH� FRQ� ORV� HIHFWRV� SURGXFLGRV� SRU� HO� UXLGR�
�()(���S ������\�S �������UHVSHFWLYDPHQWH��7DEOD�����
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(OOR� VLJQLILFDUtD� TXH�D�PHGLGD�TXH�DXPHQWy� HO� QLYHO� VRFLRHFRQyPLFR�
IDPLOLDU� \� HO� QLYHO� HGXFDFLRQDO� GH� ORV� HQWUHYLVWDGRV�� DXPHQWDURQ� ORV�
HIHFWRV�TXH�HO�UXLGR�OHV�SURGXFtD��

�
Tabla 1. Correlaciones entre las variables y sus niveles de significación 

 dBLin BAJ EVA SINT EFE 
dBLin      

BAJ      
EVA - r=,20; p=,040    

SINT - - r=,20; p=,044   
EFE r=,21; p=,036 r=,23; p=,02 r=,91; p=,000 r=,24; p=,018  
NED   r=,18; p=,072 - r=,22; p=,025 
NSC   r=,21; p=,032 - r=,24; p=,029 
VID   - r=,32; p=,001 - 

APO   - r=,20; p=,044 - 

�
• /DV� YDULDEOHV� VDWLVIDFFLyQ� FRQ� VX� SURSLD� YLGD� �9,'�� \� DSR\R�

VRFLDO� �$32�� FRUUHODFLRQDURQ� VLJQLILFDWLYDPHQWH� FRQ� 6,17�
�S �����\�S �������UHVSHFWLYDPHQWH��7DEOD�����

(OOR�VLJQLILFDUtD�TXH�PLHQWUDV�PHQRV�DSR\R�VRFLDO�\�VDWLVIDFFLyQ�FRQ�OD�
YLGD�WHQtDQ�ODV�SHUVRQDV��PiV�VtQWRPDV�JHQHUDOHV�SUHVHQWDEDQ���

• /D� FRUUHODFLyQ� GH� OD� YDULDEOH� 1('� FRQ� (9$� WXYR� XQD�
VLJQLILFDFLyQ� GH� S ������� OR� TXH� LQGLFDUtD� XQD� WHQGHQFLD� D�
UHODFLRQDUVH��7DEOD�����

'H� FRUURERUDUVH� HOOR� VLJQLILFDUtD�� TXH� PLHQWUDV� PD\RU� IXH� HO� QLYHO�
HGXFDFLRQDO� GH� ORV� HQWUHYLVWDGRV�� PiV� GHVIDYRUDEOHV� IXHURQ� ORV� MXLFLRV�
TXH�HPLWLHURQ�VREUH�ORV�UXLGRV�D�TXH�HVWDEDQ�H[SXHVWRV��

&RQ� UHVSHFWR� D� ORV� $129$V� IDFWRULDOHV� QR� VH� HQFRQWUDURQ�
LQWHUDFFLRQHV�VLJQLILFDWLYDV�HQWUH�ORV�IDFWRUHV��

$�FRQWLQXDFLyQ�VH�GHWDOODQ�ORV�UHVXOWDGRV�GH�ORV�$129$V�SDUDPpWULFRV�
D�XQ�IDFWRU��$VLPLVPR��D�ORV�ILQHV�GH�YHULILFDU�ORV�UHVXOWDGRV��HQ�ORV�FDVRV�
HQ� ORV� TXH� ORV� VXSXHVWRV� QR� VH� FXPSOtDQ�� ORV� GDWRV� IXHURQ� DQDOL]DGRV�
PHGLDQWH�HO�WHVW�QR�SDUDPpWULFR�GH�.UXVNDO�:DOOLV��3DUD�GHWHUPLQDU�HQWUH�
TXp�YDULDEOHV�VH�SURGXFtDQ�ODV�GLIHUHQFLDV�VH�XWLOL]y�HO�7HVW�GH�'XQFDQ��

6H� REVHUYDURQ� ODV� VLJXLHQWHV� GLIHUHQFLDV� VLJQLILFDWLYDV� HQWUH� ORV�
QLYHOHV� GH� UXLGR� FRQ� UHODFLyQ� D� ORV� GLVWLQWRV� WLSRV� GH� PHGLFLRQHV�
UHDOL]DGDV��

• (QWUH�ODV�]RQDV�HQ�ORV�QLYHOHV�VRQRURV�PHGLGRV�HQ�,1)��%$-��$0%�
\�G%OLQ�\�G%$��YDULDEOHV�LQGHSHQGLHQWHV���S �������7DEOD�����

(Q�WRGRV�ORV�FDVRV�IXHURQ�PD\RUHV�HQ�ODV�]RQDV���\���TXH�HQ�OD�����



La contaminación ambiental por ruidos de muy bajas frecuencias: un estudio de campo 

������� ���
	���� ��
�� ���
��	������ � ������	�� � �������32 

�
Tabla 2. Tabla resumen. ANOVAs de un factor: Diferencias de 
niveles sonoros entre las zonas 

 F Prob. 
INF 13,26 p = 0,000 
BAJ 15,57 p = 0,000 

AMB 15,57 p = 0,000 
dB Lin 19,81 p = 0,000 

dB A 11,47 p = 0,000 
�

• 'LIHUHQFLDV� GH� ODV� YDULDEOHV� �GHSHQGLHQWHV�� 6,17�� (9$� \� ()(�
HQWUH� ]RQDV� �7DEOD� ���� 0D\RU� FDQWLGDG� GH� VtQWRPDV� HQ� ODV�
]RQDV� �� \� �� FRQ� UHVSHFWR� D� OD� ]RQD� ��� �S �������� 0D\RU�
FDQWLGDG�GH�HIHFWRV�HQ�ODV�]RQDV���\���FRQ�UHODFLyQ�D�OD�]RQD���
�S �������� -XLFLRV�PiV�GHVIDYRUDEOHV�HQ� ODV� ]RQDV��� \���FRQ�
UHVSHFWR�D�OD���\�HQ�OD���FRQ�UHVSHFWR�D�OD�]RQD����S ���������

�
Tabla 3. Resumen de resultados de los ANOVAs de un factor. 
Diferencias entre zonas de las variables dependientes 
síntomas Generales, efectos y evaluación subjetiva del ruido  

 F Prob. 
SINT 4,15 p = 0,018 
EFE 8,25 p = 0,000 
EVA 11,18 p = 0,000 

�
• 'LIHUHQFLDV�HQ�ODV�YDULDEOHV�GHSHQGLHQWHV�(9$�\�()(��\�6,17��

VHJ~Q�ORV�GLVWLQWRV�QLYHOHV�GH�ODV�YDULDEOHV�VRFLRGHPRJUiILFDV�
SHUVRQDOHV�\�DPELHQWDOHV��7DEOD�����

��� 6H[R� �6(;�� \� 6,17�� 6H� REVHUYy� XQD� WHQGHQFLD� D� LQIRUPDU� PD\RU�
FDQWLGDG� GH� VtQWRPDV� JHQHUDOHV� HQ� ORV� YDURQHV� TXH� HQ� ODV� PXMHUHV�
�S �������7DEOD������

��� 6HQVLELOLGDG� DO� UXLGR� �6(16�� \� ()(�� 6H� REVHUYDURQ� GLIHUHQFLDV�
VLJQLILFDWLYDV��S �������HQ�ORV�HIHFWRV�GHO�UXLGR�VHJ~Q�OD�VHQVLELOLGDG�GH�
ORV� HQFXHVWDGRV�� $TXHOORV� TXH� PDQLIHVWDURQ� VHU� PX\� VHQVLEOHV� D� ORV�
UXLGRV�HQ�JHQHUDO��PDQLIHVWDURQ�VHU�PiV�SHUWXUEDGRV�TXH�ORV�TXH�QR�HUDQ�
WDQ�VHQVLEOHV��7DEOD�����

���6(16�\�(9$��6H�REVHUYDURQ�GLIHUHQFLDV�VLJQLILFDWLYDV��S �������HQ�
ORV� MXLFLRV� VXEMHWLYRV� VREUH� HO� UXLGR� VHJ~Q� OD� VHQVLELOLGDG� GH� ORV�
HQFXHVWDGRV��7DEOD�����$TXHOORV�TXH�PDQLIHVWDEDQ�VHU�PX\�VHQVLEOHV�FRQ�
UHVSHFWR� D� ORV� UXLGRV� HQ� JHQHUDO� HPLWLHURQ� MXLFLRV� PiV� GHVIDYRUDEOHV�
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KDFLD� ORV� UXLGRV� D� TXH� HVWDEDQ� H[SXHVWRV�� TXH� ORV� TXH� HUDQ� DSHQDV� R�
QDGD�VHQVLEOHV��

�
Tabla 4. Resumen de resultados de los ANOVAs de un factor. Diferencias de las 
variables dependientes síntomas generales, efectos del ruido y evaluación subjetiva del 
ruido en relación al sexo, sensibilidad al ruido en general y ansiedad. 
 SINT EFE EVA 
 F Prob. F Prob. F Prob. 

Sexo 3,50 p =0,064     
Sensibilidad al 

ruido   4,23 p =0,007 3,04 p =0,032 

Ansiedad 35,92 p =0,000 3,28 p =0,041 2,86 p =0,062 

�
���$QVLHGDG��$16��\�6,17��6H�REVHUYDURQ�GLIHUHQFLDV�VLJQLILFDWLYDV�HQ�

OD�FDQWLGDG�GH�VtQWRPDV�LQIRUPDGRV�SRU� ORV�HQFXHVWDGRV�VHJ~Q�HO�JUDGR�
GH�DQVLHGDG� �S �������7DEOD�����0D\RU�FDQWLGDG�GH�VtQWRPDV�JHQHUDOHV�
HQ� ORV� HQFXHVWDGRV� TXH� PDQLIHVWDEDQ� VHU� PX\� DQVLRVRV� \� EDVWDQWH�
DQVLRVRV� FRQ� UHODFLyQ� D� ORV� TXH� QR� HUDQ� DQVLRVRV�� $VLPLVPR�� KXER�
GLIHUHQFLDV�VLJQLILFDWLYDV�HQWUH�ORV�PX\�DQVLRVRV�\�ORV�EDVWDQWH�DQVLRVRV���

���$16�\�()(��6H�REVHUYDURQ�GLIHUHQFLDV�VLJQLILFDWLYDV�HQWUH�HO�JUDGR�
GH� DQVLHGDG� \� OD� FDQWLGDG� GH� HIHFWRV� LQIRUPDGRV� SRU� ORV� HQFXHVWDGRV�
�S ������� 7DEOD� ���� /RV� PX\� DQVLRVRV� SUHVHQWDURQ� PD\RU� FDQWLGDG� GH�
HIHFWRV�TXH�ORV�QR�DQVLRVRV���

��� $16� \� (9$�� 6H� REVHUYy� XQD� WHQGHQFLD� D� GLIHUHQFLDU� HO� PRGR� GH�
MX]JDU�HO�UXLGR��VHJ~Q�HO�JUDGR�GH�DQVLHGDG�GH�ORV�HQFXHVWDGRV��S �������
7DEOD� ���� /RV� PiV� DQVLRVRV� WHQGLHURQ� D� MX]JDUOR� HQ� IRUPD� PDV�
GHVIDYRUDEOH�TXH�ORV�QR�DQVLRVRV���

���1R�VH�HQFRQWUDURQ�GLIHUHQFLDV�VLJQLILFDWLYDV�HQ�UHODFLyQ�DO�UHVWR�GH�
ODV�YDULDEOHV��

Discusión 
(Q�SULPHU�OXJDU��GHEHPRV�GHVWDFDU�TXH�ORV�SRUFHQWDMHV�GH�UHVSXHVWDV�

GH� ORV� HQFXHVWDGRV�� LQGLFDQ� TXH� QR� WRGDV� ODV� SHUVRQDV� SHUFLELHURQ� HO�
UXLGR�D�TXH�HVWDEDQ�H[SXHVWDV�VLHQGR�PD\RU�HO�Q~PHUR�GH�HVFXFKDV�HQ�
ODV� ]RQDV� FDUDFWHUL]DGDV� UXLGRV� GH� HTXLSRV� GH� DLUH� DFRQGLFLRQDGR� \�
WUiQVLWR�YHKLFXODU��]RQDV���\���UHVSHFWLYDPHQWH���6LQ�HPEDUJR��VHJ~Q�ORV�
$129$V�� ORV� QLYHOHV�GH� UXLGR�PHGLGRV� IXHURQ�PiV�DOWRV� HQ� ODV� ]RQDV���
�LQGXVWULDV��\���TXH�HQ�OD����6H�SXHGH�VXSRQHU�HQWRQFHV�TXH�HQ�DFXHUGR�
FRQ� ORV� FRQFHSWRV� GH� %HQWRQ� \� /HYHQWKDO� �������� VHUtD� HO� FDUiFWHU� GHO�
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UXLGR�HO�TXH�HVWDUtD�LQIOX\HQGR�HQ�HVWRV�UHVXOWDGRV��3RU�RWUD�SDUWH�KDEUtD�
TXH� SURIXQGL]DU� DFHUFD� GHO� GHVFRQRFLPLHQWR�� SRU� SDUWH� GH� DOJXQRV�
HQFXHVWDGRV�� GH� OD� SUHVHQFLD� GHO� UXLGR�� \D� TXH� ORV� QLYHOHV� PHGLGRV�
H[FHGtDQ� HQ� FDVL� WRGRV� ORV� FDVRV� D� ORV� SHUPLWLGRV�� (V� SRVLEOH� TXH� HOOR�
UHVSRQGD�D�OD�FRQFHSFLyQ�GH�HVWH�UXLGR�FRPR�HVWUHVRU�GH�IRQGR�VHJ~Q�OR�
H[SUHVDQ�%HQWRQ�\�/HYHQWKDO���������\�TXH�SDUD�HVWDV�SHUVRQDV�\�GHELGR�
WDPELpQ�D�VXV�SURSLDV�FDUDFWHUtVWLFDV�SHUVRQDOHV��KD\DQ�SDVDGR�D�IRUPDU�
SDUWH�GH�VX�YLGD�GLDULD�\�SRU�HOOR�QR�KD\DQ�H[SUHVDGR�HVFXFKDUORV��&DEH�
GHVWDFDU� DO� UHVSHFWR�� OR� RFXUULGR� HQ� OD� ]RQD� �� HQ� GRQGH� XQ� SRUFHQWDMH�
PtQLPR� GH� SHUVRQDV� WHQtDQ� FRQFLHQFLD� GH� OD� SUHVHQFLD� GHO� UXLGR�� 6L� VH�
KXELHVH� HQFRQWUDGR� FRUUHODFLyQ� VLJQLILFDWLYD� HQWUH� DQWLJ�HGDG� HQ� OD�
YLYLHQGD�\�ODV�YDULDEOHV�GH�UHVSXHVWD�DO�UXLGR��SRGUtD�KDEHUVH�SHQVDGR�HQ�
XQD�KDELWXDFLyQ�SRU�SDUWH�GH�ORV�UHVLGHQWHV��SRU�OR�TXH�VH�KDFH�QHFHVDULR�
FRQWLQXDU�LQYHVWLJDQGR�HVWH�IHQyPHQR��

/RV� UHVXOWDGRV� GH� ODV� FRUUHODFLRQHV� LQGLFDQ� TXH�� WRPDQGR� WRGRV� ORV�
HQFXHVWDGRV� GH� ODV� WUHV� ]RQDV� HQ� FRQMXQWR�� ORV� QLYHOHV� VRQRURV� GH� ORV�
50%)�HVWXYLHURQ�UHODFLRQDGRV�FRQ�ORV�MXLFLRV�VXEMHWLYRV�\�FRQ�ORV�HIHFWRV�
GH�ORV�UXLGRV��(V�GHFLU�TXH�PLHQWUDV�PD\RU�IXH�HO�QLYHO�VRQRUR�HQ�50%)�
PiV�GHVIDYRUDEOHV� IXHURQ� ORV� MXLFLRV� TXH�HPLWLHURQ� ORV� VXMHWRV� VREUH� HO�
PLVPR�\�PiV�HIHFWRV�OHV�SURGXMHURQ��3RU�RWUD�SDUWH�� ORV�$129$V�LQGLFDQ�
TXH� ORV� MXLFLRV� VXEMHWLYRV� VREUH� HO� UXLGR� IXHURQ� PiV� GHVIDYRUDEOHV� \�
DGHPiV�VH�SURGXMHURQ�PD\RU�FDQWLGDG�GH�HIHFWRV�HQ�ODV�]RQDV���\���TXH�
HQ� OD��� \� TXH� VLQ� HPEDUJR�� ORV� QLYHOHV�PiV�DOWRV� GH� UXLGR� HQ�50%)� VH�
HQFRQWUDURQ� HQ� ODV� ]RQDV� �� \� ��� 1XHYDPHQWH� VH� SXHGH� VXSRQHU� FRQ�
%HQWRQ�\�/HYHQWKDO� ��������TXH�KXELHURQ�IDFWRUHV�GLIHUHQWHV�D� OD� IXHU]D�
VRQRUD�TXH�LQWHUYLQLHURQ�HQ�ORV�HIHFWRV�\�HQ�OD�HYDOXDFLyQ�GH�ORV�VXMHWRV�
FRQ�UHVSHFWR�DO�UXLGR��(OORV�HVWDUtDQ�YLQFXODGR�D�RWUDV�FDUDFWHUtVWLFDV�GHO�
UXLGR� \� SRGUtD� UHODFLRQDUVH� FRQ� ORV� FRQFHSWRV� GH� %HQWRQ� ������� \� GH�
%HQWRQ�\�/HYHQWKDOO��������H[SXHVWRV�HQ�OD�LQWURGXFFLyQ��FRQ�UHVSHFWR�D�
OD� LQWHUYHQFLyQ� GH� IDFWRUHV� FRJQLWLYRV�� (Q� QXHVWUR� FDVR� HO� WUiQVLWR� \� ORV�
JUDQGHV� HTXLSRV� GH� DLUH� DFRQGLFLRQDGR� IXHURQ� HYDOXDGRV� PiV�
GHVIDYRUDEOHPHQWH� \� SURGXMHURQ�PD\RUHV� HIHFWRV�� 2WUD� H[SOLFDFLyQ� TXH�
SRGUtD�VHU�FRQVLGHUDGD�HQ�HVWH�FDVR��HV�OD�SRVLEOH�LQIOXHQFLD�GH�OD�IXHQWH�
GH�UXLGR�FRPR�YDULDEOH�PRGLILFDGRUD�GH�OD�UHDFFLyQ��TXH�HQ�HVWH�FDVR�DO�
VHU� XQD� IiEULFD� SRU� XQD� SDUWH� SRGUtD� FRQVLGHUDUVH� HO� IDFWRU� XWLOLGDG�
�IXHQWH�ODERUDO��\�TXH�SRU�RWUD�SDUWH�SURGXFH�XQ�SURGXFWR�DWUDFWLYR�SDUD�OD�
PD\RUtD�GH� ODV� SHUVRQDV��$PEDV�FDUDFWHUtVWLFDV�SRGUtDQ�HVWDU�DFWXDQGR�
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IDYRUDEOHPHQWH�\�HQ�HVH�FDVR�HO�UXLGR�QR�VHUtD�SHUFLELGR�FRPR�UXLGR�R�QR�
WDQ�GHVIDYRUDEOHPHQWH��

&RQ�UHVSHFWR�D�OR�RFXUULGR�FRQ�OD�YDULDEOH�VtQWRPDV�JHQHUDOHV��SRGUtD�
SHQVDUVH�VHJ~Q�GRV�DOWHUQDWLYDV��TXH�DFWXy�HQ�HVWH�FDVR�FRPR�YDULDEOH�
PRGHUDGRUD� GH� ORV� MXLFLRV� VXEMHWLYRV� y� TXH� HVWRV� VtQWRPDV� IXHURQ�
SURGXFWR�GHO�PLVPR�UXLGR��.MHOOEHUJ�\�:LGH���������FLWDGR�SRU�/DQGVWU|P�
��������H[SUHVDQ�TXH� OD�DXVHQFLD�GH� UHVSXHVWDV�VXEMHWLYDV�GLUHFWDV��QR�
LPSOLFD� TXH� OD� SHUVRQD� QR� HVWp� DIHFWDGD� SRU� HO� UXLGR�� \D� TXH� SXHGH�
DWULEXLU�D�RWURV�IDFWRUHV�ORV�SUREOHPDV�FDXVDGRV�SRU�HO�PLVPR���

3RU� ~OWLPR� VH� SXHGH� LQWHUSUHWDU� TXH� ODV� YDULDEOHV� DQVLHGDG��
VHQVLELOLGDG� D� ORV� UXLGRV� HQ� JHQHUDO�� QLYHO� HGXFDFLRQDO�� QLYHO�
VRFLRHFRQyPLFR��DSR\R�VRFLDO� \�VDWLVIDFFLyQ�FRQ� OD�YLGD�H[SHULPHQWDGRV�
SRU� ORV� HQFXHVWDGRV�� SDUHFHUtDQ� KDEHU� DFWXDGR� FRPR� YDULDEOHV�
PRGHUDGRUDV�GH�OD�HYDOXDFLyQ�\�HIHFWRV�GHO�UXLGR��VHJ~Q�HO�FDVR���

(Q� VtQWHVLV�� HV� SRVLEOH� FRQFOXLU� TXH� HQ� HVWH� WUDEDMR� H[LVWHQ� LQGLFLRV�
TXH�KDFHQ� VXSRQHU� TXH� ODV� EDMDV� IUHFXHQFLDV�GH� ORV� UXLGRV�� HQWUH���� \�
���� +]�� SRGUtDQ� HVWDU� PiV� UHODFLRQDGDV� FRQ� ODV� UHDFFLRQHV�
GHVIDYRUDEOHV�GH�ODV�SHUVRQDV�TXH�ODV�RWUDV�IUHFXHQFLDV�\�TXH�DGHPiV�HO�
FDUiFWHU� GH� GLFKRV� UXLGRV� SXHGH� FRQWULEXLU� D� GHWHUPLQDU� GLFKDV�
UHDFFLRQHV��)LQDOPHQWH��XQ�JUXSR�LPSRUWDQWH�GH�YDULDEOHV�PRGLILFDGRUDV�
SDUHFHUtDQ�LQIOXLU�HQ�ODV�UHDFFLRQHV�D�HVWH�WLSR�GH�UXLGRV��

/RV�UHVXOWDGRV�REWHQLGRV�VRQ�DOHQWDGRUHV�\�GHPXHVWUDQ�OD�QHFHVLGDG�
GH�FRQWLQXDU� LQYHVWLJDQGR�VREUH�HO� WHPD�\� OD� LPSRUWDQFLD�GH�GHWHUPLQDU�
FXDO�VHUtD�HO�DERUGDMH�PiV�DGHFXDGR�\� IXQGDPHQWDOPHQWH�FRQVLGHUDU� OD�
QHFHVLGDG� GH� UHDOL]DU� HVWXGLRV� ORQJLWXGLQDOHV� ORV� TXH� SHUPLWLUtDQ�
HVWDEOHFHU�OD�LQIOXHQFLD�GH�HVWH�WLSR�GH�UXLGRV�VREUH�OD�VDOXG��
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