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The gallery is a piece of equipment designed by Thermo Scientific which is capable of analysing minerals in water. In order to comply with the environmental regulations which states ‘EU countries must ensure compliance with environmental quality standards, they must also take measures to ensure that the concentrations of substances that tend to accumulate in sediment and/or biota do not increase significantly’ (Anon., 26.10.2018). Tata must analyse all the water sources on site including reservoirs, boreholes, surface water and effluents to ensure that the contamination levels are stable and within the agreed range complying to the environmental quality standards, the water on site must also contain a degree of purity.
There are many different types of tests carried out depending on the type of water sample obtained, different samples require different tests depending on the desired element/mineral that needs to be detected. In order to carry out specific tests a range of different equipment is used. One specific piece of equipment that is used within the laboratory to test for certain minerals is the gallery. The gallery is equipped to test alkalinity, ammonia, chlorides, silica, sulphate, phosphate, nitrate and nitrite remotely so that these tests do not have to be carried out manually. Typically the mentioned minerals are detected using titration methods or spectroscopy. The benefit of the gallery is it removes the human error factor and it is possible to detect lower limits using less volume of filtered sample. 
Throughout this report I am going to be investigating the reasons why the specific elements are important and how the methods were originally developed and how they have been further developed to be performed automatically using a new piece of equipment. 
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Natural waters contain ions derived from weak acids or bases, and the hydrolysis of these ions causes the solution to adopt a pH value. (TA DICK, LR PITTWELL , 1981). The ‘pH’ is a measure of the concentration of the hydrogen ion (H+) activity in a solution determining whether the solution is acidic or alkaline. (Planinka AD, n.d.) 
Total alkalinity is a measurement of the water’s ability to resist a change in pH as it’s a measurement of the concentration of all alkaline substances that have dissolved in the water sample. (T.E. Larson and A.M. Buswell, 2017). Alkalinity is defined as ‘the proton accepting capacity of a solution relative to a predetermined reference species’. (Liat Birnhack, Sara Sback, Ori Lahav, 2012). 
Measuring the alkalinity is important in determining the water samples ability to neutralize acidic pollution from rainfall or waste water. (Anon., 2018). Essentially when determining the alkalinity using titration methods you are determining ‘the mass of H+ ions titrated to a solution until the pH reaches a reference pH point’. (Liat Birnhack, Sara Sback, Ori Lahav, 2012). The ability of water to resist pH changes increases as the alkalinity increases therefore enlarging the waters buffering capacity. (Victoriano Martínez-AlvarezManuel J. González-OrtegaBernardo Martin-GorrizMariano Soto-GarcíaJose F. Maestre-Valero, 2018). 
Originally the laboratories within Tata analysed water samples using a titration method to determine the total alkalinity value. The titration method determines the volume of sulphuric acid that is required to lower the pH of the sample, after the precipitation of carbonate. The result is calculated in terms of  parts per million (ppm) of calcium carbonate mg/l (CaCO3). This method was developed using a method from the study of (TA Dick, LR Pittwell, 1981). Alkalinity is generally expressed as the equivalent calcium carbonate concentration. (Victoriano Martínez-AlvarezManuel J. González-OrtegaBernardo Martin-GorrizMariano Soto-GarcíaJose F. Maestre-Valero, 2018). 
The Gallery simply performs colorimetric titration that is then analysed on a built in spectrometer. The gallery uses a one point titration which has been developed from many sources. 
[bookmark: _Toc23255539]The gallery uses the reagents methyl - orange and phthalein buffer pH4. This is due to the nature of the samples that are tested. Methyl – orange is used as its pH range is in the same range as the equivalence point for total alkalinity. The methyl orange is dissolved in a weak buffer, below the equivalence point this is so that any addition of alkalinity will cause a loss of colour which is directly proportional to the amount of alkalinity. (Anon., 1974).  The colour change is measured using the spectrometer and results reported to the internal customers. 






Ammonia NH+4 Nitrate NO-3 Nitrite NO-2
Ammonia is produced through the decay of organic matter as well as by humans through the production of fertilisers, plastics and pharmaceuticals. Therefore ammonia is naturally found in water. Ammonia has a chemical formula of NH3, however when dissolved in water, some of the ammonia molecules gain a hydrogen charge resulting in a positively charged ammonium molecule (NH4+). (Anon., 2019).  Unionized ammonia is highly toxic to aquatic species, though the ammonium ion is harmless except for at extreme concentrations. Studies have shown that the ratio of NH3 to NH4+ is dependent on the pH and temperature of the water. ‘As water becomes more alkaline and temperature increases, the relative proportion of ammonia increases, increasing the toxicity of the water.’ (Bull, 2003). Therefore, to keep in line with the environmental quality standards it is required of Tata Steel to measure, record and report the ammonia levels of the water around site, especially the water that gets released out of the Tata Works. 
To measure ammonia in the laboratories an ion selective electrode measurement probe is used. The use of an ion selective electrode determines the ion ‘Mn+’ between the analysed solution and an internal standard solution therefore it is used to measure the ammonia as NH4+. (K.Scott, 1998). Some water samples get tested using the Nessler reagent method and determining concentration by eye using a nessleriser. (Hammond, 2011). The gallery uses a photometric method to determine the concentration of ammonia in the present sample. Ammonia is reacted with hypochlorite ions which are generated by the alkaline hydrolysis of sodium dichloroisocyanurate to form monochloramine. The monochloramine further reacts with salicylate ions when in the presence of sodium nitroprusside to form a blue compound when at the pH of approximately 12.6. The absorbance of this compound is then measured using the internal spectrometer at a wavelength of 660nm giving an actual figure for the concentration f ammonia. (Oy, 2014).
Nitrogen is an important element that helps plants and cops grow, but at high levels can be harmful to the environment. The nitrates directive was adopted in 1991 aiming to protect water quality across Europe by preventing nitrates from agricultural sources polluting ground and surface water. (Anon., 07/08/2019). The gallery analyses water for nitrate using a colorimetric hydrazine method. Nitrate is detected based on the copper-catalysed reduction of nitrate to nitrite with hydrazine sulphate. Sulphanilamide and N-(1-napthyl)ethyl-enediamine dihydrochloride is used as the colour-development reagent in order for the analysis to be detected on the internal spectrometer.  (Carole R. Sawicki, 1971).  Nitrite is performed the same way but using phosphoric acid, Sulphanilamide and N-(1-napthyl)ethyl-enediamine dihydrochloride as its reagents. 

[bookmark: _Toc23255540]Sulphate
Sulphate levels must be monitored within the works as reduced concentrations of sulphate can have detrimental effects on algae growth. The gallery uses a colorimetric method where sulphate ions precipitate in a strong acid medium with barium chloride. Therefore, hydrochloric acid and barium chloride as used as its reagents. The turbidity is measure photometrically as a wavelength of 405nm. (Oy, 2014).   
Previously, the laboratories tested for the sulphate ion using titrimetric methods. The titrimetric method involved three pH based titrations, where one was of a known sulphate concentration used as a standard, the second was the sample and the third a blank. This method uses the partial protonation of the weak base or the partial dissociation of the weak acid. (Béla Noszál, 1987). 
[bookmark: _Toc23255541]Chloride
Chloride is originally tested using a titrimetric method based on the ‘Mohr method’. This method involved determining the chloride concentration by titrating with silver nitrate using potassium chromate indicator. (Anon., 2015). Unfortunately, this method is limited as it cannot detect low level chlorides. The gallery is able to detect chlorides as lower limits using Mercury Dithiocyanate, Iron(III) nitrate and nitric acid. The gallery is able to detect levels of chloride at 0.1mg/L. 
[bookmark: _Toc23255542]Phosphate
Phosphate stimulates the growth of plankton and aquatic plants which provide food for fish, however high concentrations of phosphate in water leads to the over growth of aquatic plants which reduces the dissolved oxygen level of water which is detrimental to aquatic life. (B. Shyla, 2011).  The gallery determines the phosphate concentration of a water sample photometrically using the reaction between orthophosphate and ammonium molbydate. The complex is then reduced with ascorbic acid to form a blue compound at which the absorbance can be measured on the internal spectrometer at a wavelength of 880nm. 
[bookmark: _Toc23255543]Silicate
Silica in water can cause scale. The laboratories test for silica using a colorimetric method that involves the reaction of silicate and molybdate in an acidic media to form a yellow silicomolybdate complex. (Anon., n.d.) This complex is then reduced by ascorbic acid to form the molybdate blue colour. The pH of the complex is kept below 2.5 in order for the conditions to stay in the formation of the beta polymorph. This is because silica has two forms that absorb at different wavelengths. The wavelength used to measure silica on the gallery is 700nm. (Oy, 2014). 

[bookmark: _Toc23255544]Conclusion
The analytical laboratory receives over 75 water and effluent samples retrieved from different areas un the laboratory. The water analysis that were carried out on these water samples before the use of the gallery was extremely time consuming. The types of methods used were also unreliable as the limits of detections were poor. The methods that were used also introduced a lot of human error that could affect the final result that is reported to the internal customers. The titrimetric analysis carried out was dependant on the individual to identify the end point which is open for a lot of errors. The gallery is able to continuously analysis the water samples at the same time. The gallery is easy to use, the samples only need to be filtered then placed in the machine. The results are produced within the space of an hour depending on the amount of samples inputted and all the tests can be run at the same time. 
Looking at the old methods compared to the analysis on the gallery I can conclude that the gallery will give more precise, accurate results in a timely manner compared to the conventional tests. 
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