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RESUMEN
/RV�SURFHVRV�¿VLROyJLFRV�TXH�WLHQHQ�OXJDU�HQ�QXHVWUR�RUJDQLVPR��FRPR�OD�IXQFLyQ�
DGHFXDGD� GH� ODV� HQ]LPDV� \� HO�PHWDEROLVPR� FHOXODU�� HVWiQ� LQÀXLGRV� SRU� HO� S+� GH�
QXHVWUR�PHGLR�LQWHUQR��(O�HTXLOLEULR�iFLGR�EDVH��TXH�GHWHUPLQD�HO�S+��HV�UHJXODGR�SRU�
DPRUWLJXDGRUHV�WDQWR�LQWUDFHOXODUHV�FRPR�H[WUDFHOXODUHV��DVt�FRPR�SRU�ORV�VLVWHPDV�
UHQDO�\�UHVSLUDWRULR��(O�SULQFLSDO�VLVWHPD�DPRUWLJXDGRU�GH�OD�VDQJUH�HV�HO�IRUPDGR�
SRU�HO�SDU�ELFDUERQDWR�iFLGR�FDUEyQLFR��VLQ�HPEDUJR�OD�QRPHQFODWXUD�JHQHUDO�GH�ORV�
VLVWHPDV�DPRUWLJXDGRUHV��EDVH�FRQMXJDGD�iFLGR��FRQGXFH�DO�XVR�LQFRUUHFWR�GH�ORV�
WpUPLQRV�HQ�OD�HFXDFLyQ�GH�+HQGHUVRQ�+DVVHOEDOFK�SDUD�HO�VLVWHPD�GH�ELFDUERQDWR�
iFLGR�FDUEyQLFR�

ABSTRACT
3K\VLRORJLFDO�SURFHVVHV�WKDW�WDNH�SODFH�LQ�RXU�ERG\��VXFK�DV�WKH�SURSHU�IXQFWLRQ�RI�
HQ]\PHV�DQG�FHOOXODU�PHWDEROLVP�DUH�LQÀXHQFHG�E\�WKH�S+�RI�RXU�LQWHUQDO�HQYLURQ-
PHQW��7KH�DFLG�EDVH�EDODQFH��WR�GHWHUPLQH�WKH�S+��LV�UHJXODWHG�ERWK�LQWUDFHOOXODU�
DQG�H[WUDFHOOXODU�EXIIHUV��DV�ZHOO�DV�UHQDO�DQG�UHVSLUDWRU\�V\VWHPV��7KH�PDLQ�EORRG�
EXIIHU�V\VWHP�LV�IRUPHG�E\�WKH�SDLU�ELFDUERQDWH�FDUERQLF�DFLG��KRZHYHU�WKH�JHQHUDO�
FODVVL¿FDWLRQ�RI�WKH�EXIIHU�V\VWHPV��FRQMXJDWH�EDVH�DFLG��OHDGV�WR�WKH�LQFRUUHFW�XVH�
RI�WKH�WHUPV�LQ�WKH�+HQGHUVRQ�+DVVHOEDOFK�HTXDWLRQ�IRU�WKH�ELFDUERQDWH�FDUERQLF�
DFLG�V\VWHP�
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INTRODUCCIÓN

(O�HTXLOLEULR�iFLGR�EDVH�HV�UHJXODGR�SRU�DPRUWLJXD-
GRUHV�WDQWR�LQWUDFHOXODUHV�FRPR�H[WUDFHOXODUHV��DVt�
FRPR�SRU�ORV�VLVWHPDV�UHQDO��H[FUHWD�GH�++��DPRQLD-
FR�\�UHJHQHUD�ELFDUERQDWR��\�UHVSLUDWRULR��H[FUHWD�
GLy[LGR�GH�FDUERQR����������&RQVHUYDU�HVWH�HTXLOL-
EULR� FRQVWLWX\H�XQ� FRPSOLFDGR�SURFHVR�¿VLROyJLFR�
TXH�SHUPLWH�PDQWHQHU�HVWDEOH�HO�S+�HQ�OD�VDQJUH��
3DUD�OD�IXQFLyQ�ySWLPD�GH�ODV�HQ]LPDV�\�GHO�PHWD-
EROLVPR�FHOXODU�HO�S+�GHEH�PDQWHQHUVH�HQ�YDORUHV�
HQWUH����������������/RV� WUDVWRUQRV�GHO�HTXLOLEULR�
DFLGR�EDVH�SXHGHQ� LQWHUIHULU� FRQ� ORV�PHFDQLVPRV�
¿VLROyJLFRV� TXH� FRQGXFHQ� D� DFLGRVLV� �S+� DUWHULDO�
������� R� DOFDORVLV� �S+�DUWHULDO!������� \� SXHGHQ�
SRQHU�HQ�ULHVJR�OD�YLGD������������(O�SULQFLSDO�VLVWHPD�
DPRUWLJXDGRU�GH�OD�VDQJUH�HV�HO�IRUPDGR�SRU�HO�SDU�
ELFDUERQDWR�iFLGR�FDUEyQLFR���������6LQ�HPEDUJR��

HO�IXQFLRQDPLHQWR�GH�HVWH�VLVWHPD�HV�PXFKR�PiV�
FRPSOHMR�TXH�HO�GH�FXDOTXLHU�DPRUWLJXDGRU�FOiVLFR��
FRPR�HO�GH�+324
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SDUD�HO�VLVWHPD�GH�ELFDUERQDWR�iFLGR�FDUEyQLFR��3RU�
HMHPSOR��FRQ�IUHFXHQFLD�VH�PHQFLRQD�TXH�KD\�TXH�
FRORFDU�HQ�HO�GHQRPLQDGRU�GHO�WpUPLQR�ORJDUtWPLFR�
GH�OD�HFXDFLyQ�GH�+HQGHUVRQ�+DVVHOEDOFK�D�OD�FRQ-
FHQWUDFLyQ�GHO�iFLGR�FDUEyQLFR��\�HVWR�GHELGR�D�TXH�
QR� VH�GH¿QH� FRQ�SUHFLVLyQ� OD� UHODFLyQ�TXH�H[LVWH�
HQWUH�OD�FRQFHQWUDFLyQ�GH�iFLGR�FDUEyQLFR�\�OD�GHO�
GLy[LGR�GH�FDUERQR��GH�WDO�VXHUWH�TXH�D�YHFHV�VH�SLGH�
FDOFXODU�HO�S+�GH�OD�VDQJUH�SDUD�XQD�FRQFHQWUDFLyQ�
GH�iFLGR�FDUEyQLFR�GH���P0���������R�GDGR�XQ�S+�\�
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XQD�FRQFHQWUDFLyQ�GHO�DQLyQ�ELFDUERQDWR��HQFRQWUDU�
OD� FRQFHQWUDFLyQ� GHO� iFLGR� FDUEyQLFR� HQ� VDQJUH��
&RPR�VH�PXHVWUD�HQ�HVWD�SHTXHxD�UHYLVLyQ��HQ�OD�
HFXDFLyQ�GH�+HQGHUVRQ�+DVVHOEDOFK�VH�GHEH�XWLOL]DU�
OD�FRQFHQWUDFLyQ�GH�GLy[LGR�GH�FDUERQR��\D�TXH�OD�
FRQFHQWUDFLyQ�GH�iFLGR�FDUEyQLFR�HQ�OD�VDQJUH�HVWi�
HQ�HO�RUGHQ�PLFURPRODU��

EL SISTEMA BICARBONATO/ÁCIDO CARBÓNICO

&RPR�VH�PXHVWUD�HQ�OD�¿JXUD����HO�S.�GH�HVWH�VLV-
WHPD�HV�GH����������SRU�OR�TXH�HO�LQWHUYDOR�GH�S+�HQ�
HO�TXH�VLUYH�FRPR�DPRUWLJXDGRU�GHO�S+�HV�GH�����
D�������S.�������&RPR�HO�S+�GHO�SODVPD�HV�GH������
����XQLGDGHV�SRU�DUULED�GHO�S.�GH�HVWH�VLVWHPD��OD�
FDSDFLGDG�DPRUWLJXDGRUD�GHO�SDU�ELFDUERQDWR�iFLGR�
FDUEyQLFR�HV�SUiFWLFDPHQWH�QXOD��

EL SER HUMANO ES UN SISTEMA ABIERTO

6LQ�HPEDUJR��FXDQGR�VH�WRPD�HQ�FXHQWD�OD�HQRUPH�
FDSDFLGDG�TXH�WLHQH�HO�VHU�KXPDQR�GH�SURGXFLU�&22 
D�WUDYpV�GHO�PHWDEROLVPR�\�GH�HOLPLQDU�HVWH�JDV�SRU�
HO�VLVWHPD�UHVSLUDWRULR��VH�SXHGH�LQFOXLU�HO�HTXLOLEULR�
GH�OD�UHDFFLyQ�FDWDOL]DGD�SRU�OD�DQKLGUDVD�FDUEyQLFD�
�&22���+22�'�+2&2���SUHVHQWH�HQ�ORV�HULWURFLWRV��
ODV�QHIURQDV��LQWHVWLQR��SiQFUHDV��P~VFXOR�HVWULDGR�
\�HO�HQGRWHOLR�FDSLODU�SXOPRQDU��������SDUD�H[SOL-
FDU� OD� FDSDFLGDG� GHO� VLVWHPD� ELFDUERQDWR�iFLGR�
FDUEyQLFR�SDUD�DPRUWLJXDU�HO�S+�VDQJXtQHR������
OD�UHDFFLyQ�HV�UHYHUVLEOH�\�PLUiQGROD�GH�L]TXLHUGD�
D�GHUHFKD��GHVFULEH�OD�KLGUDWDFLyQ�GHO�GLy[LGR�GH�
FDUERQR�SDUD�GDU�DO�iFLGR�FDUEyQLFR������HQ�VHQWLGR�
FRQWUDULR��VH�WLHQH�OD�IRUPDFLyQ�GHO�DQKtGULGR�GHO�
+2&2���/D�FRQVWDQWH�GH�HTXLOLEULR�GH�HVWD�UHDFFLyQ�

HV�GH��[����������GH�GRQGH�VH�SXHGH�FDOFXODU�XQ�S.�
GH������(V�LPSRUWDQWH�PHQFLRQDU�TXH�HO�YDORU�GH�
OD�FRQVWDQWH�GH�HTXLOLEULR�GH�HVWD�UHDFFLyQ�LQFOX\H�
D�OD�FRQFHQWUDFLyQ�GH�DJXD��GHELGR�D�TXH�pVWD�YLU-
WXDOPHQWH�VH�PDQWLHQH�FRQVWDQWH�������0�������
� (Q�XQD�VHJXQGD�UHDFFLyQ�HO�+2&2��VH�GLVRFLD�HQ�
XQ�SURWyQ�\�VX�EDVH�FRQMXJDGD�

+2&2�   '���+&2�-���++

� (O�S.�GH�HVWD�UHDFFLyQ�HV�GH������FRQVWDQWH�GH�
HTXLOLEULR� GH� ����� [� ��-4�0��� 6L� DKRUD� VH� VXPDQ�
DPEDV�UHDFFLRQHV�

&22���+22�'�+2&2�����������.HT� ��[���������������S.� ����
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� /D�FRQVWDQWH�GH�HTXLOLEULR�SDUD� OD�UHDFFLyQ�UH-
VXOWDQWH������[�������VH�REWLHQH�GH�PXOWLSOLFDU�ODV�
FRQVWDQWHV�GH�HTXLOLEULR�GH� ODV�UHDFFLRQHV�TXH�VH�
VXPDQ��\�HO�S.�������HV�HO�UHVXOWDGR�GH�VXPDU�ORV�
GRV�YDORUHV�GH�S.������������'H�HVWD�PDQHUD��VL�VH�
FRQVLGHUD�TXH�OD�HVSHFLH�TXH�SDUWLFLSD�HQ�OD�UHDFFLyQ�
HV�HO�DQKtGULGR�GHO�iFLGR�FDUEyQLFR��&22��\�VH�TXLWD�
DO�DJXD�GHELGR�D�TXH�\D�HVWi�LQFOXLGD�HQ�OD�FRQVWDQWH�
GH�HTXLOLEULR��VH�REWLHQH� OD�VLJXLHQWH�HFXDFLyQ�GH�
+HQGHUVRQ�+DVVHOEDOFK�

S+� �S.���ORJ�>+&2�-@�>&22])

� 6LQ�HPEDUJR��ORV�ODERUDWRULRV�UHSRUWDQ�OD�SUHVLyQ�
SDUFLDO�GH�&22 (PCO2������HQ�YH]�GH�OD�FRQFHQWUDFLyQ�

Figura 1.  
Curva de 

titulación 

para el ácido 

carbónico.
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GH�&22��SHUR�HVWD�~OWLPD�VH�SXHGH�UHODFLRQDU�FRQ�OD�
PCO2�D�WUDYpV�GH�OD�VLJXLHQWH�HFXDFLyQ�

>&22@ ������PCO2

� (Q�GRQGH�OD�FRQFHQWUDFLyQ�GH�&22�VH�H[SUHVD�HQ�
P0��OD�PCO2�HQ�PLOtPHWURV�GH�PHUFXULR��PP�+J��\�
ODV�XQLGDGHV�GHO�IDFWRU�GH�FRQYHUVLyQ�VRQ��P0ā�PP�
+J-1���$Vt��OD�DQWHULRU�HFXDFLyQ�GH�+HQGHUVRQ�+DV-
VHOEDOFK�VH�WUDQVIRUPDUtD�HQ�

S+� �S.���ORJ�>+&2�-@�������PCO2 )

DATOS DE LABORATORIO

� 6XSRQJDPRV�TXH�REWHQHPRV�ORV�VLJXLHQWHV�YD-
ORUHV�

S+� �����

>++@� ��������[���-8�0��VH�FDOFXOD�D�SDUWLU�GHO�S+�

+&2�-� ����P0

>&22@� �����P0

� 6L� DKRUD� VH� VXSRQH� TXH� HO� VLVWHPD� HVWi� HQ�
HTXLOLEULR��\�HVWD�HV�XQD�VXSRVLFLyQ�UD]RQDEOH��\D�
TXH�ODV�FRQVWDQWHV�GH�YHORFLGDG�DVRFLDGDV�D�HVWDV�
UHDFFLRQHV�VRQ�JUDQGHV���VH�SXHGH�FDOFXODU�OD�FRQ-
FHQWUDFLyQ�GH�+2&2���GDGDV�ODV�FRQFHQWUDFLRQHV�GH�
&22�\�+&2�-�GHVFULWDV�DQWHULRUPHQWH��GH�OD�VLJXLHQWH�
PDQHUD�
 
� 6H�FRPLHQ]D�FRQ�OD�UHDFFLyQ�GH�GLVRFLDFLyQ�GHO�
iFLGR�FDUEyQLFR

+2&2� '�+&2�-���++ 

\�VH�GH¿QH�OD�FRQVWDQWH�WHUPRGLQiPLFD�SDUD�OD�GL-
VRFLDFLyQ�GHO�iFLGR

 
$O�GHVSHMDU�OD�FRQFHQWUDFLyQ�GHO�iFLGR�FDUEyQLFR�VH�
REWLHQH

� 6L�VH�VXVWLWX\HQ�ORV�YDORUHV�TXH�FRUUHVSRQGHQ�D�
ODV�FRQFHQWUDFLRQHV�GH�ELFDUERQDWR��KLGURJHQLRQHV�\�
GH�OD�FRQVWDQWH�GH�HTXLOLEULR��VH�REWLHQH�TXH�OD�FRQ-
FHQWUDFLyQ�GH�iFLGR�FDUEyQLFR�HQ�VDQJUH�HV�GH������
�0�������[������0���/D�FRQFHQWUDFLyQ�GH�HVWH�iFLGR�
HV� DSUR[LPDGDPHQWH� WUHV� yUGHQHV� GH�PDJQLWXG�
PiV�SHTXHxD�TXH�OD�FRQFHQWUDFLyQ�GH�&22����P0���
6L�VH�VXVWLWX\H�OD�YHUGDGHUD�FRQFHQWUDFLyQ�GH�iFLGR�
FDUEyQLFR�HQ�OD�HFXDFLyQ�GH�+HQGHUVRQ�+DVVHOEDOFK�
VLQ�FDPELDU�HO�YDORU�GHO�S.�GH������VH�REWLHQH�XQ�
UHVXOWDGR�������TXH�QDGD�WLHQH�TXH�YHU�FRQ�HO�S+�
GH�OD�VDQJUH��������6LQ�HPEDUJR��VL�VH�XWLOL]D�HO�S.�
GH�����\�ODV�FRQFHQWUDFLRQHV�GH�+2&2���������0��
\�+&2�-�����P0���VH�REWLHQH�TXH�HO�S+�HV�GH������
(Q�UHVXPHQ��SDUD�FRQRFHU�HO�S+�GH�OD�VDQJUH��HQ�
OD�HFXDFLyQ�GH�+HQGHUVRQ�+DVVHOEDOFK�VH�WLHQH�TXH�
XWLOL]DU�OD�FRQFHQWUDFLyQ�GH�GLy[LGR�FDUERQR�\�QR�OD�
GHO�iFLGR�FDUEyQLFR��
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