Mixing, Dilution, and Evaporation
Reading Assignment: Langmuir 298 - 304
Mixing

To quantify the mixing of two water samples with different compositions (or concentrations of components A and B), first we need to define our mixing parameter “fA” 
fA = WA/(WA + WB)                                (1)
where WA and WB are the weights (or volumes) of components A and B, respectively, in the mixture.

Accordingly, 

fB = WB/(WA + WB)                                (2)
Two solutions A & B, each containing a conservative element “X”. A conservative element is one that is neither added nor removed from solution by any process other than mixing, dilution or evaporation (e.g. biological activity, adsorption, …etc.). The concentration of the conservative element in the mixture of A & B (X)M is then given by: 

XM = XA fA + XB fB = XA. fA + XB (1-XA).                                (3)
Note that plotting the concentrations of two conservative elements against one another for several samples that are a product of mixing two end-members has the advantage of allowing you to calculate the % contribution of each of the end-members (mixing parameter) as the relation will be linear (Fig. 1). These diagrams can be useful in many other ways, e.g., if you knew the mixing parameter, and the concentration of one of the elements, then the concentration of the other element can be calculated, … and so on.

Dilution

In the case of dilution (i.e., addition of pure water to your sample, or in natural systems, mixing of your stream, lake, or groundwater with meteoric water), the concentration of the conservative elements in this diluting water will be = 0. Therefore, set XB = 0. 
Therefore, from equation (3)
XM = XA fA
or 

XM = XA. WA/(WA + WB)

Note that plots of the concentrations of one element vs. another in which samples are being diluted by pure water are characterized by straight lines running through the origin. The slopes of these lines will depend on the relative concentrations of the two elements in the water sample being diluted.

Real data sets representing binary mixtures typically scatter above and below the mixing line, indicating that the assumptions of the straight line scenario are not strictly followed in nature. These assumptions are:

1- Both elements are strictly conservative

2- Mixing is strictly binary

3- Compositions of the end-members are constant.

Evaporation

Evaporation leads to the concentration of conservative elements (opposite of dilution), and on concentration figures, the trends move away from the origin (Fig. 2a). Once the conservative elements are incorporated in the salt precipitating, the trend is reversed, but the slope is no longer maintained (Fig. 2b - d). Note that the slopes and trends will vary as a function of the composition of the precipitating salt, so please read the caption to Fig. 2 carefully. 
Mixing, Dilution, and Stream Flow
· Relationship to discharge is given by the relation:

        Cm = C1Q1/Qm                                  (4)

where Cm is the concentration of the conservative element in the mixture, C1 its concentration in the original water, and assuming meteoric water as the cause of increased discharge (i.e. C2 = 0).
· Increases in stream flow (discharge) are generally accompanied by a decrease in solute concentration (Fig. 3b).

· Stream discharge is positively correlated with solute concentration when substances involved are mainly adsorbed on clay mineral surfaces, or are associated with the stream sediment (Fig. 3a).

· Note differences between theoretical dilution curves and observed ones (Fig. 3b), which in case of this example, is a measure of the amount of dissolved silica contributed to the stream by increased flow.
· Discharge vs. specific conductance diagrams or heavy metal concentration diagrams (Figs. 4 & 5).

