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What’s in water?
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Every day across the UK water companies analyse water to monitor its quality. They use sophisticated and expensive equipment to provide rapid and reliable data. You will not be able to compete with them but by careful choice of watercourse and analysis technique you can still devise a worthwhile and rewarding investigation into what is in water.

The key to a successful investigation is to select a situation in which you can test whether some event has an effect on the quality of water in a watercourse. For example, you might investigate the effect, on a stream or river, of an outlet from a sewage works or of a factory discharge, or of run-off from fields. You might study the effect of the mixing of different watercourses – in an estuary where the mixing of sea water and fresh water occurs, or at a point where streams draining different types of terrain join. You will need to plan your sampling sites carefully (and safely!) and you might be able to study the compound effects of several water events.

Here are some suggestions for the kinds of measurements you could think of taking from water samples. You would not need to take all of these, but would be best advised to choose those that are likely to tell you something interesting about the water system you are studying.

All you need is some fairly common laboratory equipment and some of the chemistry you learn at A-Ievel.

The concentrations of most of the things you will be measuring are low, and you will need to take care that you do not get misleading results from the use of unclean glassware or impure reagents. 

To give you an idea of the concentrations you might expect to find, a sample of the legal limits for drinking water are given in Table 1.

Table 1     Legal limits for drinking water


pH




5.5 – 9.5

Conductivity

  < 1500 μsiemens cm-1

Chloride

 
  < 400 mg dm-3

Nitrate



  < 50 mg dm-3
Phosphate


  < 2.2 mg dm-3
Permanganate value

  < 5 mg dm-3
pH

If you live near to the origins of watercourses you may get interesting variations in pH as the water travels downstream. When you take water samples for determining pH make sure that they are quickly stored in airtight bottles so that they cannot absorb or release carbon dioxide.

You can record the pH values of your water samples in the laboratory using a pH meter. Do not forget to calibrate the meter first with a recently made up buffer solution. You will need to think whether any differences are significant and what they might be due to.

Conductivity

You can also measure this very rapidly if you have access to an appropriate meter . The values you get may vary a great deal and can provide you with information about the overall concentration of dissolved ionic compounds. Usually conductivity readings are more-or-less proportional to the concentration of chloride ions; but the measurement is so easy that it can be useful.

Chloride ion concentration

Chloride ions can get into water systems from a number of sources, including sewage and, of course, the sea. The concentration in fresh water is used by water companies as a measure of the extent of dilution of sewage. You can determine the concentration of chloride ions in your samples using a precipitation titration involving silver nitrate solution with potassium chromate(VI) solution as indicator. The appearance of a blood red precipitate of silver chromate(IV) marks the end point of the titration, as it is more soluble than silver chloride and does not precipitate until all the chloride ions in the solution have been precipitated as silver chloride:

Ag+(aq)   +   Cl–(aq)   →   AgCl(s) 




      white precipitate

2 Ag+(aq)  +  CrO42–(aq)  →  AgCrO4(s) 




          red precipitate 

Nitrate ion concentration 

One source of nitrate ions in water samples could be from fertilisers which have percolated through, or run off, fields. Nitrate can be measured by converting it into a diazo compound and measuring the intensity of colour of this compound. An alternative method, approved for Water Authority usage, is to measure the absorbance at 225 nm in the u.v. region of the spectrum. This method is only really suitable for samples of rather high purity since many species beside nitrate can absorb at this low wavelength.

Whatever method you use, do be particularly careful with your own water supply. In some laboratories the normal supply of purified water is deionised water; if the deioniser is a cation exchanger the water will still contain anions such as nitrate. It is best to use distilled water.

You will need to construct a calibration curve first by plotting the absorbance at this wavelength of nitrate solutions of known concentration. You may find that you need to dilute your samples with distilled water to get them onto a measurable scale. The idea of diluting water may seem a little strange and you will have to think carefully about what you are doing.

Phosphate ion concentration

The source of phosphates may be fertilisers as well but is more likely to be from washing powders in domestic waste water. The most used method of finding the phosphate concentration is to react the phosphate with molybdate and a reducing agent; this produces molybdenum blue, and the colour intensity depends on the concentration of phosphate. The absorbance at a wavelength of 830 nm can be measured and compared with a calibration curve produced from solutions of known phosphate concentration treated in the same way as the water samples. If you do not have a colorimeter you can use your eye to compare the colour intensities in your samples with those of standard solutions. Providing your sample and standard solutions are made up in identical test tubes, and you compare the colour intensity by looking down into the tube so that you can see the full depth of colour, this can give you a surprisingly accurate value.

Hardness of water

In contrast to nitrates and phosphates, hardness has long been a feature of our water systems as a result of dissolved calcium and magnesium salts. You can find the total hardness of water by using test strips or, more accurately, by carrying out a complexiometric titration, using EDTA solution and an indicator such as Erichrome Black T. The indicator is an organic dye which forms a coloured complex with calcium and magnesium ions. This complex is, however, less stable than the complex of the ligand EDTA with these cations. The end-point of the titration is when sufficient EDTA has been added to complex the cations so that the colour of the dye-cation complex is replaced by the colour of the dye alone. As a variation on this theme you could boil your water samples to remove the temporary hardness caused by dissolved hydrogen carbonate ions and re-titrate with EDTA to find the permanent hardness which remains:

M(HCO3)2(aq)    →    MCO3(aq)   +   H2O(l)   +   CO2(g)

Permanganate value (PV)

This is a measure of the total oxidisable material in the sample which is likely to be mainly made up of organic compounds. You can find the PV by mixing the water with excess acidified potassium manganate(VII) solution and keeping it warm for some time to allow the oxidation to take place. The concentration of manganate(VII) remaining is found by adding solid potassium iodide and titrating the liberated iodine with sodium thiosulphate solution. A distilled water sample is treated in exactly the same way to act as a blank. The blank titre minus sample titre is now a measure of the oxidisable material in the water.

Evaluating your results

Having established a chemical profile for your watercourse you will be able to evaluate your results. What patterns emerge? Can you interpret changes or suggest causes from a chemical standpoint? Do not forget to comment on your techniques too. How reliable do you think they are? Did you encounter any practical difficulties? Such issues are also an important part of evaluating your results.

Practical details

You will find full details about methods for the determination of chloride ion, nitrates, phosphates and hardness in Vogel's A Textbook of Quantitative Inorganic Analysis (Longman). You can find the PV as follows: to 250 cm3 of sample add 10 cm3 of 25% sulphuric acid and 10 cm3 of 0.0025 mol dm-3 potassium manganate(vn) solution and place in a water bath at 26 °C for 4 hours. If you do not have a water bath, a warm cupboard works pretty well. Cool the mixture in a refrigerator for at least an hour then add about 0.5 g of solid potassium iodide and titrate the liberated iodine with 0.0125 mol dm-3 sodium thiosulphate solution using starch as indicator. Treat a 250 cm3 sample of distilled water in exactly the same way in a blank determination:

PV = (blank titre – sample titre)  x 100 mg dm-3

         (volume of sample taken)

Various companies supply test kits containing tablets suitable for measuring the concentration of nitrate or phosphate in a single sample. These have the advantage of being reliable, and they come with full instructions for use. The drawback is cost. This depends on the test and on the number of tablets you buy. One company that supplies these test kits is Palintest Ltd, Palintest House, Kingsway, Team Valley, Tyne and Wear  NE11 0NS. Typically, their kits contain tablets for 250 tests and cost between £20 and £40.
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