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60 The Carbonate System and pH Control Chap. 4
or, from (4-19), 4
ac,haacog- = Ke.jK|Kco, (4-25) :
Equation (4~25) is useful in understanding natural waters, since the controlling vari- B
ables in many natural systems are CO, and HCO3. Carbonate concentration and pH
can often be thought of as consequences of Pco, and mucos. For example, photosynthe-
sis decreases dissolved CO,, which will increase the state of saturation. Respiration and
aerobic decay, on the other hand, increase dissolved CO; and decrease saturation.
Anaerobic decay with sulfate reductjon (see Chapter 14) may be represented in a sim-
plified way by the equation ’
SO} + 2C4q + 2H;0 = H,S + 2HCO5
Where C..,; represents carbon in organic matter. Thus anaerobic decay will increase sat-
uration with respect to carbonate minerals, the opposite of aerobic decay.
Example 2
How do the pH and calcium concentration of pure water in equilibrium with calcite
vary as a function of Pco,?
- IN auco, = Keo,Peo, (4-26)
l K, = 282ucos (4-27)
. AH,CO,
!{ Rearranging Eq. (4—27) and substituting (4-26) gives
1 K. Kco, P
) g? aucoy = ——t (4-28)
- i au~
oRES : aucor
] Rearranging (4-29) and substituting (4—28) gives
o _ KiK:Kco, Poo,
| oo = =gk w0
E , Kea = aci+acoi- (@-31) ¢
E Substituting (4—30) in (4—31) gives
=8 - K K:Kco, P ;
i1 Koy = 2= 217200 [0 (4-32)
t ah‘ :
, I o The charge balance equation is
my-+ + ch,zo = Mucos + szQi- + rhou- (4-—33)

If we restrict our attention to the pH region below 9, my-, mox-, and 2mco3- will be

. small compared to 2mc,:+ and mucoy in the charge balance equation (small quantities
can be neglected when they are added to or subtracted from large quantities; they may
not be neglected when they multiply large quantities). Equation (4-33) then simplifies
to




ntrol Chap. 4

(4-2)

» controlling vari-
centration and pH

nple, photosynthe-
n. Respiration and
>crease saturation.
resented in a sim-

y will increase sat-
ecay.

brium with calcite

(4-26)

4-27)

(4-28)

(4-29)

(4-30)

(4-31)
(4-32)

(4-33)

and 2moo3- will be
>n (small quantities
uantities; they may
RBi} then simplifies

!§n§ R
g . '

»
%}
7
H

Calcium Carbonate Solubility 61

value of 1073

sz.u = Mucos (4— 34)

2ac.z¢ _ aucos
Ycai+ Yrcos

or
aca+ = %ﬂ-nco; Yoo (4-35)
cos
Substituting (4—28) in (4-35) and then substituting the result in (4—32) gives
_ 3 Ky Kco, Pco, Ki Kz Keo, Peo;  Yeart
Kew = .
ay+ ap+ Yhcos
which rearranges to
K i Kz K COy YCa2+
= Py, ————— 4-36
2! COq 2 Kcal Yucos ( )

which is the desired relationship.

The relationship is shown graphically in Fig. 4-4, assuming 25°C and a total
pressure of 1 atm. The calculation of the activity coefficients can be done by an itera-
tion procedure similar to that used in Example 5 of Chapter 2. For each value of Pco,,
a preliminary calculation is made assuming that yc.+ = yucos; the concentrations of
all species are calculated on this assumption, and these concentrations are used to cal-
culate yc,:+ and ycos by the Debye-Hiickel equation. These + values are then used in
Eq. (4-36) to give better values for pH and hence the concentrations of other dissolved
species, and the cycle is repeated until consistent results are achieved.

In most surface waters, the Pco, lies between 1072 atm and the atmospheric

atm. Waters with Pco, values in this range in equilibrium with calcite

would have pH values between 7.3 and 8.4. The majority of surface waters do have
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Figure 44 Relationship between pH and Pco, for pure water in equilibrium with
calcite ar 25°C and 1 atm total pressure. Note the difference of form when Pco, is
plotted as a logarithm.
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Figure 15-8 Simplified pe-pH diagram
for the system U-O-H,;0-CO, at 25°C
and Peo, = 1072 atm, showing the sta-
bility fields of ideal solid uraninite and
dissolved species. Solubility boundaries
are drawn at 107¢ m dissolved uranium

Figure 15-9 Simplified pe-pH &
for the system U-O~H,0-COr
at 25°C and Poo, = 1072 atm, K™
10-3 m, V = 10-¢, Solubility 4 -
boundaries are drawn at lO"_m‘ﬁ’" .

solved uranium species (modified 0
Langmuir, 1978).
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