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Dissolved inorganic carbon (DIC) is commonly measured in water and 

is an important parameter for understanding carbonate equilibrium, 

carbon cycling, and water-rock interaction. While accurate 

measurements can be made in the analytical laboratory, we have 

developed a rapid, portable technique that can be used to obtain 

accurate and precise data in the field as well.  

DIC is calculated from the CO2 data based on carbonate equilibrium chemistry, the mass balance on the 

carbon species, and corrections for activity-concentration relationships. However, our initial data indicated that 

DIC was underestimated.This may be due to CO2-citrate interaction in the mixture that increases gas solubility. 

If the gas solubility is enhanced, then less gas is partitioned into the air phase during the chamber expansion 

on the CarboQC, resulting in an underestimate of CO2. Using a model from Rischbieter et al. (1996), the 

solubility of a gas in an organic mixture can be estimated as follows: 
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Where CG,O is the molar concentration of the gas in the organic mixture, CG is the molar concentration of the 

gas in pure water, Kn is a model parameter for gas solubility, and Cn is the concentration of the non-electrolyte 

organic substance.  Kn is defined as follows: 

 

𝐾𝑛 =  𝑏𝑛 +  𝑏𝐺,𝑂 + 𝑏𝐺,𝑇 𝑇 − 298.15  

 

Where bn for citric acid is 4.81E-4 m3 kg-1, bG,O for CO2 is -1.86E-4 m3 kg-1, bG,T for CO2 is 0.010E-4 m3 kg-1 K-1, 

and T is temperature in Kelvin. For our concentration of citrate (Cn), KnCn equals 0.078, indicating gas 

solubility in the organic mixture is 1.195 times higher than in the pure water.  Therefore, the CO2 concentration 

determined using Henry’s Law Constant for pure water (HG) on the CarboQC can be expected to 

underestimate the CO2 in our citrate mixture by this same factor. To account for this in our calculation, we 

added a CO2-citrate adjustment factor  of 1.195 to the DIC calculation.. 

From this we derived the following calculation:   
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Where the DIC is calculated in terms of mol/L, the ɑ’s are the activities of the subscripted solutes, the g’s are 

the activity correction coefficients, the K’s are the first and second dissociation constants for carbonic acid 

adjusted for temperature, CF (concentration factor) accounts for the sample dilution from the buffer, and 1.195 

corrects for the CO2-citrate interaction. 

 

For fresh waters, the activity coefficients used in this study are 1.09, 0.73, and 0.29 for CO2, HCO3
-, and CO3

-2.  

These values were calculated using the Davies Equation and full solution composition in Minteq (Alison, 1991).  

Consistent values can be used over the DIC concentration range tested because the addition of a highly 

concentrated buffer to our samples prior to measurement stabilizes the ionic strength of the samples.  The 

fixing of the ionic strength allows us to determine the DIC of field samples without the need to fully quantify the 

sample’s chemical composition. 

• 100 mL of the sample is combined with 10 mL of 1 M sodium 

citrate.  The addition is done using two syringes to minimize 

degassing. 

 

 

 

• Approximately 100 mL of the sample-buffer mixture is introduced 

into the CarboQC. The first ca. 80 mL are used to flush the 

chamber and the CO2 measurement is made on the last 10 mL.  

The excess volume of mixture in the syringe is injected into a small 

container for measurement of pH and temperature.  

 

• Standard solutions with 1 to 40 mM DIC were prepared using dried 

NaHCO3. Each sample was analyzed in replicate. 

Our procedure utilizes a Carbo-QC carbonation meter (Anton Paar 

GmbH, Graz, Austria) that is used by the beverage industry to 

measure dissolved CO2 concentrations. This meter has also been 

used to measured CO2 in environmental water samples (Vesper and 

Edenborn, 2012). 

CO2 is measured in a sealed chamber 

where the sample is subjected to a 

double expansion procedure to 

remove less soluble gases. CO2 is 

determined from changes in pressure 

and temperature (Anton Paar, 2010) 

Calculation and Modification for CO2-Buffer Interaction 

Procedure 

Introduction 



The method was applied to 23 commercially bottled waters with DIC 

concentrations ranging from <1 to ~30 mM.  Each of these was 

degassed prior to testing; therefore, for these test samples, the DIC 

being measured is the sum of the bicarbonate and carbonate species. 

Our goal was to see if readily-available single-source waters could be 

used as test standards under field conditions. The results of the 

CarboQC-DIC measurements were compared to those measured on 

identical samples using a Shimadzu TOC-V Analyzer. 

 

Application to Commercial Bottled Waters 

For the lower concentrations, the Shimadzu DIC concentration was 

biased high; for the higher concentrations, the Shimadzu concentrations 

were biased low.  Discrepancies in the data may be attributed to one or 

more of the following factors: 

 

• CO2-citrate interactions: These may or may not be important. It is also 

possible that they depend on the DIC concentration of the solution. 

The CarboQC DIC concentrations above include the interaction 

correction factor, which may cause the CarboQC data to be biased 

high.  

 

• Although care was taken in transferring and mixing samples, some 

degassing may have occurred using either sample method. 

Advantages 

• Very precise  

• Highly accurate over 1-15 mM; upper 

range may be lower than 40 mM 

• Limited loss of CO2 due to sample 

handling and transfer. This can be 

improved by direct pumping of sample 

into the instrument. 

• Can be used to obtain rapid results in 

the field 

• No need for calibration 

 

Disadvantages 

• pH is required and has inherent error 

• CO2-citrate interactions may change with 

concentration of DIC or alkalinity 
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Demonstration of Method 

Small volumes of methanol were added to the 

mixture to modify the matrix and determine if an 

organic interactions were important. This 

modification increased the measured CO2 

concentrations, consistent with the hypothesis that 

a CO2-organic interactions were important in the 

sample-buffer mixture. 

 Rapid Field Measurement of Dissolved Inorganic Carbon 

Based on CO2 Analysis 

Standards of known DIC concentrations were made 

from NaHCO3 and tested in replicate  (n=4 or n=12 

on two different dates). All concentrations graphed 

were calculated using the CO2-citrate adjustment. 

 

Instrument precision was excellent (within 6% for 

replicate samples, error bars for 1 standard 

deviation). Accuracy was excellent for lower 

concentrations but less so at 40 mM. 
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