
Abstract 

 

This thesis addresses an important problem of biomedical acid-base theory, where there are two 

apparently contradictory ways of describing the acid-base status of blood plasma, while the 

underlying physiology and chemistry obviously has to be only one. The two descriptions are called 

the traditional approach, based mainly on the work of Ole Siggaard-Andersen and the modern 

approach, based on the work of Peter Stewart and his followers. This work has three starting points. 

First are generally accepted basic concepts of acid-base chemistry and physiology. Second is an 

elegant formalism to the description of acid-base phenomena in complex solutions developed by 

Guenther. First part of this thesis builds on these two starting points, which serve as a basis for a 

detailed analysis augmented by the use of simple computer modelling. This results in formal 

description of several more advanced concepts, including the titration curves of proteins, behaviour 

of bicarbonate and protein buffers in single solution, relationship between strong ion charge and 

protein buffer charge and fuzzy division between strong ions and buffer ions in physiology. The 

modeling work then proceeds to comparing various models of albumin, principal protein buffer of 

blood plasma. Theoretical concepts of this work, such as pH-pKA criterion are validated by the 

behaviour of these models. Third starting point is the detailed knowledge of the formulations of both 

approaches. Second part of this thesis builds on the results of the general theory developed in the 

first part; the presented comparison of the two approaches is the most detailed and comprehensive 

so far, at least to my knowledge. Several fundamental weaknesses of the modern approach are 

uncovered; some of them seem to be seriously discussed for the first time. The transformation 

between the two approaches is derived; the explicit form of the transformation relationships is an 

original contribution.  The existence of the transformation shows that neither approach contains 

extra information to the other one. Out of this comparison, reunited description is suggested, 

combining the strengths of both approaches and eliminating the weak points. More is taken from the 

traditional approach, where several key concepts appear more rooted either in clinical needs or in 

experiment. The thesis concludes by showing the use of the gained insight in building educational 

acid-base simulators, which was the original purpose of this work.  
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