EA 2002

Notes for week 1 Monday

Geochemistry

The first chemistry labs deal with alkalinity. Alkalinity is an important chemical constituent of nearly all common waters. What is it and where does it come from?

First two geologic settings. An unusual rock type, dunite, a variety of peridotite (see glossary in UE) and made largely of magnesium-rich olivine (see Ch. 2) crops out in the Twin Sisters area of the Cascade Range. The Twin Sisters dunite is probably Jurassic in age. Four miles wide and 11 miles long, it contains the largest olivine reserves in the United States (olivine is used as a refractory furnace lining).

A common rock type, limestone, composed largely of the mineral calcite will make up our second setting.

Alkalinity

Definition from Hem, p. 105

"The alkalinity of a solution may be defined as the capacity for solute it contains to react with and neutralize acid. The property of alkalinity must be determined by titration with strong acid, and the end point of the titration is the pH at which virtually all solutes contributing to alkalinity have reacted."

Alkalinity is pretty squirmy, but important. Note the value for alkalinity in average Thurston County ground water. It is higher than all other negatively charge species combined.

Where does most alkalinity come from? It comes from the formation of dilute carbonic acid in precipitation and the reaction of precipitation with minerals in earth's crust.

First the dissolution of carbon dioxide in water to form carbonic acid H2CO3

CO2(g) + H2O = H2CO3(aq)

KCO2 = aH2CO3/PCO2aH2O
a indicates activity, P pressure. The a of water is taken as 1.

Then the dissociation of carbonic acid to form hydrogen (hydronium) ions and hydrogen carbonate (bicarbonate) ions.

H2CO3(aq) = H+ + HCO3-
K1 = aH+aHCO3-/aH2CO3
Bicarbonate also dissociates.

HCO3- = H+ + CO32-
K2 = aH+aCO32-/aHCO3-
at 20 degrees C, the pK (pK = -log K)

pKCO2 = 1.11; pK1 = 6.38; K2 = 10.38

So for most natural conditions some HCO3- gets produced along with H+, but very little CO32-.

Here acid (H+) can react with minerals such as calcite CaCO3 (as in our limestone).

CaCO3 + H+ = Ca2+ + HCO3- (note the calcite dissolves)

where for each mole of calcite consumed a mole of H+ is consumed and a mole of HCO3- is produced. HCO3- is alkalinity because it will react with strong acid.

The mineral magnesium olivine in the rock dunite (a variety of peridotite) can react with H+ in a similar way.

Mg2SiO4 + 4H+ = 2Mg2+ + H4SiO4(aq)

where for each mole of olivine consumed, 4 moles of H+ are consumed and 4 moles of HCO3- produced. This reaction produces even more alkalinity.

Bottom line -- many common water-mineral reactions consume carbonic acid and produce "carbonate" alkalinity.

The strange way of accounting for alkalinity.

Usually expressed as CaCO3. This is a reporting convention nothing more. The alkalinity does not exist as CaCO3!

Average Thurston Co. ground water (Median of N = 359 wells). Units (mg/L).

pH = 7.1 Dissolved oxygen = 3.9 mg/L. Source: Drost, Turney, Dion and Jones 1998 WRIR 92-4109 revised.

Constituent
Formula Wt.  (mass)
Equivalent Wt. (mass)
Conc.

mg/L
mMol/L
meq/L

Ca2+
40.078

11



Mg2+
24.305

5.8



Na+
22.98977

6.5



K+
39.0983

1.6



alkalinity as CaCO3
100.0707

56



SO42-
96.042

4



Cl-
35.4527

3.4



F-
18.9984

0.1



N 
14.00674

0.33



P 
30.97376

0.04



Si
28.0855

35



Fe
55.845

0.023



Mn
54.93805

0.005



