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1. PURPOSE

To determine the total hardness and calcium hardness using titration method.

2. THEORY
Water is a good solvent and when it is combined with carbon dioxide to form very weak carbonic acid, an even better solvent results. As water moves through soil and rock, it dissolves very small amounts of minerals and holds them in solution. Calcium and magnesium dissolved in water are the two most common minerals that make water "hard."  The degree of hardness becomes greater as the calcium and magnesium content increases and is related to the concentration of multivalent cations dissolved in the water [1].

Hard water is not a health hazard. In fact, hard drinking water generally contributes a small amount toward total calcium and magnesium human dietary needs. While some studies suggest a correlation between hard water and lower cardiovascular disease mortality, other studies do not suggest a correlation [1].

The amount of hardness minerals in water affects the amount of soap and detergent necessary for cleaning.  Soap used in hard water combines with the minerals to form a sticky soap curd. Some synthetic detergents are less effective in hard water because the active ingredient is partially inactivated by hardness, even though it stays dissolved. Very hard water is responsible for an assortment of problems ranging from aesthetic ones, such as bathtub rings and soap scum, to more critical ones like plugged steam lines and damaged hot water heaters. A water softener removes calcium and magnesium from hard water, making it softer. Water with a low level of calcium and magnesium ions is called soft. When soft water contacts surfaces containing calcium and magnesium, such as plaster swimming pool walls, it dissolves the plaster and may damage the surface [2]. 

Principal cations causing hardness and the major anions associated with them (in decreasing order of abundance in natural waters) is given below [3]:

• Cations: Ca2+, Mg2+, Sr2+, Fe2+, Mn2+
• Anions: HCO3-, SO42-, Cl-, NO3-, SiO32-
3. REAGENTS
Deionized water

EDTA solution

Eriochrome Black-T indicator

Buffer solution
Murexide

1 N NaOH
Preparation of Reagents   

Buffer   Solution for Total Hardness 

Weigh 65 g ammonium chloride (NH4Cl) and add in 400 ml concentrated ammonium and dissolve. Carefully transfer the solution to a 1000 ml measuring cylinder and fill using distilled water.
Erichrome Black- T indicator
Weigh 0.2 g Erichrome Black T and mix with 80 g NaCl. Storage inside amber bottle.

EDTA titrant (0.01 M)

On an analytical balance, weigh 3.75 g reagent-grade dry disodium ethylenediaminetetraacetate dehydrate (EDTA) and add 17 mL 1 N NaOH on it. Carefully transfer the chemical to a 1 L beaker and dilute to the 1 L mark with distilled water. 
1 N NaOH (Ca+2 hardness)

Weigh 40 g NaOH and dissolve inside 1 L distilled water.

Murexide indicator (Ca+2 hardness)

Weigh 0.2 g Erichrome Black T and mix with 100 g NaCl. Storage inside amber bottle.
4.APPARATUS
Burette and titration stand
Automatic pipette 

Gratuated cyclinder

Erlenmeyer flask 

5. EXPERIMENTAL PROCEDURE
Total Hardness Procedure

1. Take 50 ml sample into erlenmeyer flask.

2. Add 1 ml buffer solution into the erlenmeyer flask.

3. Add 0.1 g of Eriochrome Black-T into the erlenmeyer flask. (Observe the wine red color.)

4. Fill the burette with 0.01 M EDTA solution. 

5. Locate the erlenmeyer flask under the burette.

6. Titrate the sample until a blue color is appeared.

7. Record the volume of titrant used.

Calcium (Ca2+) Hardness Procedure

1. Take 50 ml sample into erlenmeyer flask.

2. Add 1 ml 1 N NaOH into the erlenmeyer flask and swirl the solution and wait for a couple of minutes to completely precipitate the magnesium ions as Mg(OH)2(s)
3. Add 0.1 g of murexide into the erlenmeyer flask. (Observe the pink color.)

4. Fill the burette with 0.01 M EDTA solution. 

5. Locate the erlenmeyer flask under the burette.

6. Titrate with 0.01 M EDTA until it changes to purple color.
7. Record the volume of titrant used.

For sampling and storage procedures, interferences, precision and bias related to the method, please consult Standard Methods for the Examination of Water and Wastewater [4].
6. CALCULATION
Total Hardness as mg CaCO3 /L = (Vtitrant used* EDTA Normality* 50000) / Vsample

Calcium (Ca2+) Hardness as mg Ca /L = (Vtitrant used* EDTA Normality* 20000) / Vsample
Total Hardness= Calcium (Ca2+) Hardness + Magnesium (Mg2+) Hardness
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