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ABSTRACT

Acid rain and increase of COn concentration in atmosphere are the
impartant problems to the global changes. In the past, people studied them
separately. Someone found that lakes are sources of atmopheric COp,but the
mechanism is not clear. In this paper, we present our investigation on this
question by uging chemical equilibrium model. Theoretical calculation
indicates that: in the acidic range of pH<§, Pgos may change from
1x10™ to 0.1 atm without altering pH value of waters due to the
buffering actions of AI** and H*; Oppositely, the pH is very sensitive
to the Pgoa in the neutral ( pH> 6 ) surface waters. Therefore, we come
to the conclusion that acidified surface waters may hold much more COg
than neutral waters, Acid rain, also promotes the accumulation of COs
in surface waters !

INTRODUCTION

There is increased concern over the supersaturation of carbon dioxide in
the surface waters of lakes [*-®), Procesees that add and remove COj,
occur gimultaneously in the surface waters of lakes. Data on the partial
pressure of carbon dioxide in the surface waters from a large number of
lakes (1835) with a worldwide distribution show that only a emall
proportion of the 4665 eamples analyzed ( less than 10% ) were within
+20% of the equilibrium with the atmosphere and that most samples (87%)
were supersaturated. Furthermore, lakes showed an enormous range of COs
concentrations from 175-fold below to 67-fold above atmospheric
equilibrium at the extremes. This indicates that lakes are sources rather
than ainks of atmospheric COa. The probable reason for this excess COa
may be due to the large accumulation of organic matter in the tundra and
its regpiration in soil or lake waters [#4), Thermokarst and fluvial
procesees cause Qgreat erogion of peat and release of dissolved organic
carbon (DOC) into lakes and rivers =71, gnd this C may be respired to
COp '®®1, There is also direct eovidence that dissolved inorganic
Cin ground is moving from land to lakes and rivers, movement of
COp—charged ground waters into the river can easily account for the
high Pooa observed in the river. However, this explanation
is not very satisfying, because it does not consider the effect of the pH
of surface waters. As we know, acid rain is a2 very serious problem to the
global changes. One of the consequences of the acidic precipitation is that
H* and aluminum concentrations increased in the surface waters, (19113
In this paper, we try to link the excess CO; with the acid rain by
congidering the effects of Al™* and H* buffering actions in acidifed
surface waters. A theoretical model based on the chemical equilibrium
equations is developed for evaluating the interactions of Pgoy and
pH. Water quslity data from the literatures for about 20 sampling
stations are analyzed by our model, Interesting conclusion was obtained.

THEORY
We initially make the following assumptions:

(1) the surface water studied is in equilibrium with the natural gibbaite.
It is a dilute solution with low ionic strength 227,

(2) in acidic pH range, Al>* and H* dominate the buffering system.
The chemical speciation of aluminum in acidic surface waters is
complicated because Al®* forms complexes with OH-, 802
F- and organic compounds. {*2?
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(@) [AlI**] can be predicted as a function of pH using an aluminum
trihydroxide solubility relation. Al(OH), + 3H * = Al*+ + 3H.0,
- [AP=Kap[HY]? e .
(4) concentrations of Fe and Mn are very low, their reactions With
ligands ( F-, 803-, OH-, and organic solute ) are insignificant *2?;
(5) organic solutes in natural waters are presented as a triprotic acids,
while two species of aluminum-organic solutes are depicted *€?;
(6) no adsorption of anions was taken into account;
() for an open system, the following reactions controlling the CO,
concentrations take place: ( Pooa ia the partial pressure of COs )

[Haooal = KHPp_oa (1)
[HCOa] = KuaKz:Pooa/[H*] 2
[COZT] = KoiKoeKaPoos/ [H*]® ®

By employing the electroneutrality relationship, we can write;

Exy = EN,A,_pu + Enpar + Envars04 + Envoarors + Enooe
+ Ce - Ca + [NH] - [F] + [H*] - [OH] @

E, is the digcrepance in electroneutrality, in which contributions from

various compoents Exy; are:

En,ar-ou = 3[AI™*142{ANOH)=*] +[ANOH) 3] - [ AIOH)3) ®)
En arz = 2[AIF*]+[AIF3] - [AIFS]-2[ AIF] ©)
Eni ar-soas = [AIBOL]-[ANSBO)z] ()
Fo, Ar-org = [AIHOrg*]-8[Org®]-2[HOrg® |- [H.Org"] . ®)
Erg, 008 = -2{C0%5]-[HCOZ) ©)

Cs is the sum of basic cation equivalence ( 2[Ca®]+2[Mg®]+[K*]+[Na*]
in eg/L ),Ca is the sum of acidic anion equivalence ( 2[80z]+[NOz]1+[C1]
in eq/L ).

Ere is a function of [H*], Ex = f(H*). By using Newton-Raphson

lneth‘ , [H*] can be calculated:;
Ex
ta]=(H}]- ——— {10)
T
s H

[H*] is the hydrogen ion concentration at the i th iteration and [Hi.a]
is the hydrogen ion concentration at the i th + 1 iteration. Equstions (1-10)
express the relationship of Poos with pH in surface waters and can
be used to evaluate their interactions. With fixed Pooa, pH can be given;
On the other hand, Pooa can also be calculated at a fized pH by iteration.
The mass balance is:

Go=[F1+[HF]+[AIF=‘] +2[ AIF;] +3[ AlF,] +4 [ AIF3] +5 [ AIF 5] )
GSoe= [802°]+ [AISOZ] + 2[AIBO0Lz] (12)
Gre= [0rg® ]+ [HOrg™]+[H,0rg~)+[HoOrg] + [AIHOrg*] + [AlOrg] (3

A GW-BASIC computer program was developed to perform the necessary
calculation. All chemical reactions equilibrium constants are cited from
literatures (12141,

RESULTS AND DISCUSSION

Atmospheric deposition and processes occuring in the soil are
responsible for the observed surface water chemistry in a catchment, [2®?
COq partial pressure in soil is commonly much higher than atmospheric
CO; partial pressure ( 10-2-° atm ). When the eolution is removed from
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contact w:ththeeoﬂmamxandexposedtotheatmosphm(thatmwhen
water enters the stream channel ), two sgituations may be occuring
for the COs depending on the pH value of the surface waters.
Figure 1 gives the results of the theoretical calculation of pH values as
the function of Cp—Ca under various Pooa valuee for surface waters.
Weea.nuselttoexplamthemﬂueneeof pH an the accumulation of COa
concentrations in surface waters.

(1) the surface water is in the acidic range of Co-Ca < —200 ueq/L,
Pgooz may increase from 1x 10~ to 0.1 atm without change of pH. Acidic
conditions restrict the dissociation of COg ( HoCOs ) to H* and HCOj;
due to the buffering actions of AI™* and H*. This means that much mare
CO. concentrations can be accumulated in surface waters under acidic
condition;

(2) COa is not easy to accumulate in the surface water which is of
Cu-Ca > 0 peg/L. Under this condition, the water is poorly buffered and
emall changes in CO. concentration can gignificantly affect pH. Higher
Pooa needs lower pH. Otherwise, the pH of the solution will increase,
cauging COy lost to the atmosphere.{®°-*] This means that when water
enters the neutral stream channel from soil, excess CO» concentrations can
not be accumulated in surface waters due to the increase of pH.

Figure 2 depicts the ?” Pooa us. pH 7 relationship for analyzing
the practical sampling water quality data. The data are cited from
the literatures {*22¢1,  The values of Pgos are calculated from pH
measured. After pH > §, Pgos i not more than 20 P,. Conversely,
Pooa increases rapidly as an exponential function at pH < 5. Lakes are a
emall but potential important conduit for carbon from terrestrial sources to
the atmospheric sink. Acid rain, also promotes the accumulation of carbon
dioxide in surface waters!

pH

w

600 ~400 -200 0 200 400 600
CoCa ( weq/L)

Fig.1 plot of 7 pH vs. Cs—Ca ”
P_c_oz (atm):
1 — 1x10¢, 2 — 3.16x107=,
8§ —1x1073, 4 — 1x107%,
5 — 1x10™
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Fig.2 plot of ” Pooa vs. PH
( P, = 316X 10~ atm )
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