Correction to “Ammonia/ammonium dissociation coefficient in seawater: a significant numerical correction”
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It has been brought to our attention that in Bell et al.[1] we misinterpreted the method presented by Khoo et al.[2] for calculating pKa from measured data.  In their paper, the authors present the following equation for calculating pKa:
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Equation 1
where pKaº is the acid dissociation coefficient of ammonium in pure water; t is the temperature in °C and If is the formal ionic strength of the solution with ion pairing neglected (mol kg-1).
Using this formula, we applied pKaº as a constant value (at standard temperature, 25°C), as have some of the studies we noted in Bell et al.[1].  Used in this way there is substantial divergence between the measured data in Khoo et al.[2] and the predictive equation (Equation 1), as we demonstrated in Bell et al.[1].  However, the correct and presumably intended approach for Equation 1 is to use a temperature-dependent value for pKaº from the work of Bates and Pinching[3], although this is not explicitly stated within Khoo et al.[2].  In this form, Equation 1 is essentially a temperature correction of the pKa in pure water (pKaº) with a further correction for the effect of variation in ionic strength (which itself has a small variation with temperature) in saline water (0.1552 – 0.0003142×t)If).  When used in this way, Equation 1 gives reasonable predictions of the pKa of ammonia/ammonium in saline waters for an environmentally-appropriate range of temperatures (between 5°C and 40°C).  However, Equation 1 requires another formula to describe the temperature-dependence of pKaº; this is described in Bates and Pinching[3].  
In Bell et al.[1] we formulated an approximation for pKa in the form of a simple linear equation (Equation 2):
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Equation 2
where t is the temperature in °C and If is the formal ionic strength of the solution (mol kg-1).  This is still applicable and accurate between 5°C and 40°C (Figure 1).  We can substitute salinity (S) for If without a loss in accuracy, making calculation simpler for marine waters where salinity rather than If is usually measured; the method for its derivation is outlined in Bell et al.[1] and produces Equation 3:
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Equation 3
A full chemical model of seawater that includes ammonia/ammonium has previously been developed and extensively compared with experimental data[4].  This provides a highly accurate equation with ten coefficients and enables the calculation of pKa to ± 0.00017 for a range of temperatures (-2°C to 40°C) and salinities (0 to 40 psu).  The Clegg and Whitfield[4] formulation is in good agreement with both Equation 3 and the data of Khoo et al.[2] (Figure 1).  The formula of Johansson and Wedborg[5] predicts somewhat divergent values from all of the above, including the data of Khoo et al.[2] (Figure 1).  For applications requiring high precision, the Clegg and Whitfield[4] expression is probably most suitable, particularly below 5°C.  However, for simpler calculations we would recommend the salinity-based expression presented here (Equation 3).
We acknowledge and thank Simon Clegg for drawing attention to our misinterpretation of Khoo et al.[2] in Bell et al.[1].
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Figure 1:
Comparison of predictive equations for the pKa of NH3/NH4+.  Deviations from Clegg and Whitfield[4] are plotted against temperature at four different salinities (S=0, black; S=20.31, blue; S=35, red; and S=44.55, green).  B refers to Bell et al.[1] (solid lines, dotted below 5°C as the expression was developed based upon the data of Khoo et al.[2]); K refers to Khoo et al.[2] (dashed lines); J&W refers to Johansson and Wedborg[5] (dotted lines).  K Data refers to the experimental results of Khoo et al.[2] (open symbols).
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