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The effect of dissolved air and natural isotopic
distributions on the density of water*

by Frank J. Millero' and Robert T. Emmet}

ABSTRACT

The effects of dissolved air and of natural isotopic distributions on the density of water have
been determined at 1 atm by using a magnetic float densimeter. Dissolved gases were found to
decrease the density by 3.0 = 0.2 X 10—°g cm —* at 4°C. The apparent molal volumes of air
were found to be nearly independent of saturation concentration and temperatures between 0°
and 30°C. The decrease in density (to = 0.2 X 107®) can be determined from, Ad = —2.6 X
10— X ¢ where c is the total concentration of air in moles/liter (O., N., Ar and CO:) over the
saturation and temperature range of ocean waters. The dissolved air experimental results were
found to be in good agreement with those determined from partial molal volume data for gases
determined by other workers. The ion exchanged Miami water used in our density studies was
found to be 1 X 10~°g cm—° lower than distilled standard mean ocean water (SMOW) and
Mediterranean deep water (MDW). All of our isotopic measurements were found to obey
(%= 0.7 X 10°) the relationship developed by Menaché (1967)

Ad = 2.3 X 1077 A3(®0) + 1.8 X 10~° AS(D)

where Ad is the density difference (in g cm—*) at 4°C between other waters and SMOW, and
AS$ is the isotopic difference (in ppt).

1. Introduction

A study of the density of seawater solutions has recently been initiated in this
laboratory (Millero, Gonzalez and Ward, 1975). In these studies, ion exchanged
Miami tap water has been used as a density standard. To compare these seawater
densities with those obtained by other workers (Knudsen, Forch and Sorensen,
1902), (Cox, McCartney and Culkin, 1970), and (Kremling, 1972), it is necessary
to specify our standard water (hereafter designated as MIAMI) as accurately as
possible relative to the other water standards.

To specify the density of water at a given temperature and at a pressure of one
normal atmosphere (1.013b) to within one part per million (1 ppm), as discussed
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