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Bio Currents Research Center Protocol 
 
Correction for Analyte Buffering 
 
Introduction 
The material below has been adapted from several primary papers and reviews originating from the BRC.  
These should be referred to in publications and for the original source materials.   
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There are a number of circumstances that cause the calculated flux to be smaller than measured.  In the first 
example discussed here, extracellular buffers can collapse gradients of free analytes.  This has been addressed 
for the collapsing of H+ gradients by H+ buffers3,4.  The analyte can diffuse from the surface of the cell in either 
its free state or bound to the buffer.  ISEs only measure the free concentration of the analyte.  The actual H+flux 
from a source is the sum of the measured free H+ flux and the unmeasured H+ flux moving as H+ bound to 
buffer.  

HBHmeasuredHtotal JJJ +=  
  
Knowing the conditions under which the H+ flux was measured i.e. [H+] of medium, Ka of the buffers and 
concentration of buffers present, a simple relationship can be derived to determine the ratio of H+ diffusing as 
bound to buffer compared to the freely diffusing H+.  Demarest and Morgan (1995) and Arif et al. (1995) have 
derived two separate sets of equations that can be simplified to the same equation given below. 
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The correction factor, 'xi', is the ratio of the H+ bound buffer flux to the free H+ flux.  Therefore 
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where a number of different H+ buffers (xi +…+ xn ) could be carrying H+ away from the source.  The 
correction factor is based on 3 criteria, the ratio of the diffusion coefficients of the protonated buffer to the 
proton, the buffer concentration and the Ka of the buffer compared to the [H+] of the medium.  Under most 
conditions the first term will be relatively constant because buffer sizes and diffusion coefficients do not differ 
very much.  The smaller bicarbonate ion, for example, (Mr 61, D = 1.2 * 10-5 cm/s) will only produce a first 
term of 0.13 while PIPES (Mr 302 D ˜ 0.52 * 10-5 cm/s) one of the largest Good buffers, will produce a first 
term of 0.056, a change of only 2.3 fold.  The second term shows that correction factor is directly proportional 
to the buffer concentration.  The last term, the relationship of the Ka of the buffer to the [H+], could have the 
most significant impact on the correction factor. 
 
 
 
 

    1 



The following information and images are © BioCurrents Research Center. Please do not reproduce in any context without 
permission. To contact us about usage email infobrc@mbl.edu. 

www.biocurrents.org

 
In the absence of intentionally added H+ buffers, water and dissolved carbonates can have a significant 
buffering effect at neutral to alkaline pH 4.  Water, at a concentration of about 56 M with a Ka of 10-16 begins  
to impact the correction factor above pH 6.  The correction factor due to water acting as a H+ buffer contributes 
to the total flux by less than 1% when the pH = 6.  Bicarbonate in solution, due to atmospheric CO2, will also 
have a more significant impact at neutral to alkaline pH.  Bicarbonate will increase in concentration at more 
alkaline pH, and can add to the H+ flux by about 2 and 21% at pH 7 and 8 respectively. 

In order to minimize the effect of buffer on H+ efflux a buffer with a Ka below the [H+] should be 
chosen such that most of the buffer will be in its protonated form reducing the effective buffering capacity.  As 
in the former example, investigators can choose buffers to suit their needs, either to remove a very large H+ flux 
that is interfering with measurement of other analytes or to correct for the amount of H+ passing through the 
plasma membrane in order to accurately quantitate such a flux.  See Arif et al. (1995) for a mathematical 
solution to multiple buffers.  This correction method is theoretically applicable to other forms of analyte 
buffering such as for Ca2+ or transition metals. 
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