Experiment No. 09
Determination of Iron in Water

Objective:

The objective of this experiment is to determine the iron concentration present in given water sample. 

Iron:
Iron, as well as manganese, creates serious problems in public water supplies. The problems are most critical for groundwater. Iron exists in soils and minerals as insoluble ferric oxide/hydroxide and iron sulfide (pyrite). In some areas, it also occurs as ferrous carbonate, which is very slightly soluble. Since groundwater usually contains significant amounts of carbon dioxide, appreciable amounts of ferrous carbonate may be dissolved according to the following equation –

                         FeCO3 + CO2 + H2O = Fe2+ + 2HCO3-
If reducing (anaerobic) conditions exist in groundwater environment, the insoluble ferric iron [Fe3+] is reduced to more soluble ferrous iron [Fe2+] and iron concentration in water increases. There seems to be enough evidence to suggest that development of reducing (anaerobic) condition is essential for appreciable amount of iron (as well as manganese) to gain entrance into water.  
Iron is the second most abundant metallic element in the earth's crust and is essential in the metabolism of plants and animals. In general, human suffer no harmful effects from drinking water containing iron and manganese. But such water, when exposed to the air so that oxygen can enter, becomes turbid and highly unacceptable from the aesthetic viewpoint owing to the oxidation of iron and manganese to the Fe3+ and Mn4+ states which form colloidal precipitates. The rates of oxidation are not rapid, and thus reduced forms can persist for some time in aerated waters. This is especially true when the pH is below 6 with iron oxidation and below 9 with manganese oxidation. The rates may be increased by the presence of certain inorganic catalysts through the action of micro-organisms. 

Iron in water may cause hardness, undesirable taste in beverages, interfere with laundering operations, impart objectionable stains to plumbing fixtures and cause difficulties in distribution systems by supporting growths of iron bacteria. Iron also imparts a reddish brown color to water along with a taste which is detectable at very low concentrations. 
According to the Environment Conservation Rules (1997), drinking water standard for iron is 0.3 - 1.0 mg/l. A guideline value of 0.3 mg/l is considered by World Health Organization (WHO) for taste threshold or aesthetic considerations.
Principle:
Iron may be present in two forms, namely the reduced form (ferrous, Fe2+) and the fully oxidized form (ferric, Fe3+). Ferric iron is seldom found in true solution in natural waters, unless they are highly acidic, due to the formation of insoluble ferric hydroxides. Ferrous iron is more likely to be found in true solution, although it is easily oxidized to the ferric state and precipitated in alkaline waters as ferric hydroxide. 

Since some iron may exist as iron hydroxide precipitates, it is necessary to make sure that all iron is in soluble condition. This is done by treating the sample to be tested with hydrochloric acid to dissolve the ferric hydroxide. For determination of total iron following this procedure, it must be ensured that all iron exists in ferric form (Fe3+). This can be readily accomplished by using potassium permanganate, an oxidizing agent.
Potassium Dichromate can oxidize Fe2+ solution to Fe3+ in acidic media according to the following reaction:

6Fe2+ + Cr2O72- + 14H+ = 2Cr3+ + 7H2O + 6Fe3+
Reagents:

· Potassium dichromate solution 

· Standard iron solution 

· Sulfuric acid 

· Phosphoric acid

Apparatus:
· Burette and Pipette

· Measuring cylinder 
· Conical flask

Procedure:

1. Take 10 ml of the iron solution or 100 ml of water in a conical flask.

2. Add 50 ml 5% sulfuric acid and 5 ml concentrated phosphoric acid.

3. Add 4-5 drops of sodium diphenylamine indicator and titrate slowly against standard K2Cr2O7 until the formation of violet color. 
4. Repeat the titration at least three times in the same way and calculate the mean volume of K2Cr2O7.

Observation and Calculation:
	Sample No
	Initial burette reading
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	Final burette reading
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	Volume added (ml)
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6 mols Fe2+ = 1 mol K2Cr2O7
1000 ml 1 M K2Cr2O7 = 6×55.85 g iron
Iron content (mg/l) = 

Result:   
Iron content of the tested sample is …….. mg/l.
Comments on Result:

