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4500-CO2        CARBON DIOXIDE*#(1)

4500-CO2 A.        Introduction

1.  Occurrence and Significance
 Surface waters normally contain less than 10 mg free carbon dioxide (CO2) per liter

while some groundwaters may easily exceed that concentration. The CO2 content of a water
may contribute significantly to corrosion. Recarbonation of a supply during the last stages of
water softening is a recognized treatment process. The subject of saturation with respect to
calcium carbonate is discussed in Section 2330. 

2.  Selection of Method
 A nomographic and a titrimetric method are described for the estimation of free CO2 in

drinking water. The titration may be performed potentiometrically or with phenolphthalein
indicator. Properly conducted, the more rapid, simple indicator method is satisfactory for
field tests and for control and routine applications if it is understood that the method gives, at
best, only an approximation. 

The nomographic method (B) usually gives a closer estimation of the total free CO2 when
the pH and alkalinity determinations are made immediately and correctly at the time of
sampling. The pH measurement preferably should be made with an electrometric pH meter,
properly calibrated with standard buffer solutions in the pH range of 7 to 8. The error
resulting from inaccurate pH measurements grows with an increase in total alkalinity. For
example, an inaccuracy of 0.1 in the pH determination causes a CO2 error of 2 to 4 mg/L in
the pH range of 7.0 to 7.3 and a total alkalinity of 100 mg CaCO3/L. In the same pH range,
the error approaches 10 to 15 mg/L when the total alkalinity is 400 mg as CaCO3/L. 

Under favorable conditions, agreement between the titrimetric and nomographic methods
is reasonably good. When agreement is not precise and the CO2 determination is of particular
importance, state the method used. 

The calculation of the total CO2, free and combined, is given in Method D. 

4500-CO2 B.        Nomographic Determination of Free Carbon Dioxide and the
Three Forms of Alkalinity*#(2)

1.  General Discussion
 Diagrams and nomographs enable the rapid calculation of the CO2, bicarbonate,

carbonate, and hydroxide content of natural and treated waters. These graphical presentations
are based on equations relating the ionization equilibria of the carbonates and water. If pH,
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total alkalinity, temperature, and total mineral content are known, any or all of the alkalinity
forms and CO2 can be determined nomographically. 

A set of charts, Figure 4500-CO2:1, Figure 4500-CO2:2, Figure 4500-CO2:3, and  Figure
4500-CO2:4 †#(3) is presented for use where their accuracy for the individual water supply is
confirmed. The nomographs and the equations on which they are based are valid only when
the salts of weak acids other than carbonic acid are absent or present in extremely small
amounts. 

Some treatment processes, such as superchlorination and coagulation, can affect
significantly pH and total-alkalinity values of a poorly buffered water of low alkalinity and
low total-dissolved-mineral content. In such instances the nomographs may not be applicable. 

2.  Precision and Bias
 The precision possible with the nomographs depends on the size and range of the scales.

With practice, the recommended nomographs can be read with a precision of 1%. However,
the overall bias of the results depends on the bias of the analytical data applied to the
nomographs and the validity of the theoretical equations and the numerical constants on
which the nomographs are based. An approximate check of the bias of the calculations can be
made by summing the three forms of alkalinity. Their sum should equal the total alkalinity. 

3.  Bibliography
 MOORE, E.W. 1939. Graphic determination of carbon dioxide and the three forms of

alkalinity. J. Amer. Water Works Assoc. 31:51.

4500-CO2 C.        Titrimetric Method for Free Carbon Dioxide

1.  General Discussion
a. Principle: Free CO2 reacts with sodium carbonate or sodium hydroxide to form

sodium bicarbonate. Completion of the reaction is indicated potentiometrically or by the
development of the pink color characteristic of phenolphthalein indicator at the equivalence
pH of 8.3. A 0.01N sodium bicarbonate (NaHCO3) solution containing the recommended
volume of phenolphthalein indicator is a suitable color standard until familiarity is obtained
with the color at the end point.

b. Interference: Cations and anions that quantitatively disturb the normal CO2-carbonate
equilibrium interfere with the  determination. Metal ions that precipitate in alkaline solution,
such as aluminum, chromium, copper, and iron, contribute to high results. Ferrous ion should
not exceed 1.0 mg/L. Positive errors also are caused by weak bases, such as ammonia or
amines, and by salts of weak acids and strong bases, such as borate, nitrite, phosphate,
silicate, and sulfide. Such substances should not exceed 5% of the CO2 concentration. The
titrimetric method for CO2 is inapplicable to samples containing acid mine wastes and
effluent from acid-regenerated cation exchangers. Negative errors may be introduced by high
total dissolved solids, such as those encountered in seawater, or by addition of excess
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indicator.
c. Sampling and storage: Even with a careful collection technique, some loss in free CO2

can be expected in storage and transit. This occurs more frequently when the gas is present in
large amounts. Occasionally a sample may show an increase in free CO2 content on standing.
Consequently, determine free CO2 immediately at the point of sampling. Where a field
determination is impractical, fill completely a bottle for laboratory examination. Keep the
sample, until tested, at a temperature lower than that at which the water was collected. Make
the laboratory examination as soon as possible to minimize the effect of CO2 changes.

2.  Apparatus
 See Section 2310B.2. 

3.  Reagents
 See Section 2310B.3. 

4.  Procedure
 Follow the procedure given in Section 2310B.4b, phenolphthalein, or Section 2310B.4d,

using end-point pH 8.3. 

5.  Calculation

 

where: 
                  A =   mL titrant and 
                  N =   normality of NaOH. 

6.  Precision and Bias
 Precision and bias of the titrimetric method are on the order of ±10% of the known CO2

concentration. 

4500-CO2 D.        Carbon Dioxide and Forms of Alkalinity by Calculation

1.  General Discussion
 When the total alkalinity of a water (Section 2320) is due almost entirely to hydroxides,

carbonates, or bicarbonates, and the total dissolved solids (Section 2540) is not greater than
500 mg/ L, the alkalinity forms and free CO2 can be calculated from the sample pH and total
alkalinity. The calculation is subject to the same limitations as the nomographic procedure
given above and the additional restriction of using a single temperature, 25°C. The
calculations are based on the ionization constants: 
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and 

where: 

[H2CO3*] = [H2CO3] + [CO2(aq)]

Activity coefficients are assumed equal to unity. 

2.  Calculation
 Compute the forms of alkalinity and sample pH and total alkalinity using the following

equations: 
a. Bicarbonate alkalinity:

 

where: 
                T  =   total alkalinity, mg CaCO3/L 

b. Carbonate alkalinity:

 CO3
2– as mg CaCO3/L = 0.94 × B × 10(pH−10)

where: 
                  B =   bicarbonate alkalinity, from a. 

c. Hydroxide alkalinity:

 OH– as mg CaCO3/L = 5.0 × 10(pH−10)

d. Free carbon dioxide:

 mg CO2/L = 2.0 × B × 10(6−pH)
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where: 
                  B =   bicarbonate alkalinity, from a. 

e. Total carbon dioxide:

 mg total CO2/L = A + 0.44 (2B + C)

where: 
                  A =   mg free CO2/L, 
                  B =   bicarbonate alkalinity from a, and 
                  C =   carbonate alkalinity from b. 

3.  Bibliography
 DYE, J.F. 1958. Correlation of the two principal methods of calculating the three kinds of

alkalinity. J. Amer. Water Works Assoc. 50:812.
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Endnotes
1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1997.
2 (Popup - Footnote)
* See also Alkalinity, Section 2320.
3 (Popup - Footnote)
† Copies of the nomographs in Figure 4500-CO2:1–4, enlarged to several times the size
shown here, may be obtained as a set from Standard Methods Manager, The American Water
Works Association, 6666 West Quincy Ave., Denver, CO 80235.
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