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Abstract 

 

In the present study an attempt was made to assess the water samples by considering few parameters such as  (a)  Hardness (total 

hardness including temporary and permanent hardness) , (b) nitrate levels  and (c) analysis of some metals using flame  photometry. 

Hardness of water was estimated by electroanalytical techniques (potentiometry and pH metry). Estimation of nitrate levels was 

done using nitrate sensing electrodes following the principles of potentiometry and colorimetry. Analysis of ions such as sodium 

and potassium was done by flame photometry. 
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I. INTRODUCTION 

Alkalinity in water is a measure of ability of water to neutralize acids .Alkalinity in water causes nutritional imbalance to human 

health. Highly alkaline water may lead to caustic embrittlement. Bicarbonates of calcium and magnesium induce temporary 

hardness in water and hence it is essential to have an idea about the nature and extent of alkalinity present in water.  Above pH 8.3, 

alkalinity is mostly in the form of carbonate (CO3).and pH below 8.3, alkalinity is present mostly as bicarbonate (HCO3-) [1, 2]. 

Alkalinity varies greatly due to differences in geology and so there are no general standards for alkalinity [3].  

Alkalinity contributes to corrosiveness and influence chemical reaction rates, chemical speciation and biological processes. 

Nitrate is one of the main constituents in water and result in a variety of natural and manmade sources. Nitrate is an important 

source of nitrogen for plants and animals for the synthesis of proteins and amino acids (4). Drinking water with nitrates present 

may increase the risk of breast cancer. (5, 6). Other health hazards from drinking water with nitrate-nitrogen occurs when nitrate 

is transformed to nitrite in the digestive system. The nitrite oxidizes the iron in the hemoglobin of the red blood cells to form 

methemoglobin, which lacks the oxygen-carrying ability of hemoglobin. This creates the condition known as methemoglobinemia 

(sometimes referred to as "blue baby syndrome"), in which blood lacks the ability to carry sufficient oxygen to the individual body 

cells causing the veins and skin to appear blue. Concentrations of nitrates in waters are different and mainly depend on the sources 

(7, 8). 

Some of the ions present in natural waters include calcium, magnesium hydrogen, carbonate, bicarbonate, sulphate etc. Ions of 

ferrous, ferric, manganese, halides are also present in small amounts. The general rigidity of water is determined by the presence 

of alkaline metal ions. Sodium and magnesium ions are widely present in natural waters whilst in mineralized waters calcium ion 

is predominantly present (9). 

II. METHODOLOGY 

 Hardness: Carbonate and Bicarbonate Analysis 

The alkalinity in water can be determined by titrating the water sample with Standard HCl solution. The titration may be performed 

by various electroanalytical methods or volumetrically using phenolphthalein and methyl orange indicators. In volumetric analysis 

phenolphthalein end point indicates alkalinity due to OH- ions and one half of CO3
2- ions i.e. Completion of reactions (a) and (b) 

only whilst methyl orange end point marks the presence of carbonate and bicarbonate ions i.e. Completion of reactions (a), (b) and 

(c). Total amount of acid used represents the total alkalinity (10). 

[OH-] + [H+
2O 

[CO3
2-] + [H+ 3-] 

(c) [HCO3-] + [H+
2O +CO2 

 Instrumental Analysis 

 Potentiometry 

Electrode potential differences of the cell were measured using potentiometer. The electrodes used were saturated calomel electrode 

and quinhydrone electrodes. Alkaline water (0.3gm/lit carbonate and 0.06gm/lit bicarbonate) was titrated against standard HCl 

taken in a burette .A differential graph was plotted (ΔE/ΔV verses volume of HCl) (Figure-1) was plotted and equivalence point 

was noted from the graphical plot. 
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 pH metry 

pH values were noted using pH meter by titrating alkaline water as mentioned above against standard HCl  using combined glass-

calomel electrode . A differential graph was plotted (ΔpH/ΔV verses volume of HCl) (Figure-2) was plotted and equivalence point 

was noted from the graphical plot. 

 Conductometry 

Conductance values were noted using conductivity meter by titrating standard alkaline water against standard HCl. 
Table – 1 

Potentiometry 

S. No Volume of HCl(ml) ΔE/ΔV 

1 1 0.16 

2 2 0.22 

3 3 0.31 

4 4 1.02 

5 5 0.08 

6 6 0.20 

7 7 0.22 

8 8 0.32 

9 9 0.38 

10 10 1.15 

 

 
Fig. 1: Graph of ΔE/ΔV vs. volume of HCl 

Table – 2 

Potentiometry 

S. No Volume of Alkaline water (ml) 
Volume of 0.02N HCl run down through burette (ml) 

Carbonates  end point (2P) Bicarbonates end point (M-2P) 

1 20 8 2 

Table - 3  

pH metry 

S. No Volume of HCl(ml) ΔpH/ΔV 

1 1 0.23 

2 2 0.31 

3 3 0.37 

4 4 1.54 

5 5 0.55 

6 6 0.25 

7 7 0.15 

8 8 0.33 

9 9 0.46 

10 10 1.72 

11 11 0.35 

12 12 0.17 
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Fig. 2: Graph of ΔpH /ΔV vs. volume of HCl 

Table – 4 

pH metry 

S. No Volume of Alkaline water (ml) 
Volume of 0.02N HCl run down through burette (ml) 

Carbonates end point (2P) Bicarbonates end point (M-2P) 

1 20 8 2 

 Nitrate Analysis 

Analysis is described for the determination of nitrate in water by colorimetry and potentiometry. 

 Colorimetry 

In colorimetry, the light absorptive capacity of a system (coloured solution) is measured and this measurement is related to the 

concentration of the coloured substance in the solution. When monochromatic light passes through a transparent medium (coloured 

solution) the rate of decrease in intensity with the concentration and thickness of the medium is directly proportional to the intensity 

of the light. 

The colorimetric method is based on the reaction of water sample with certain reagents and on the measurement of the optical 

density of the coloured compound which absorbs maximally at 520m. Hence all measurements were made at 520 nm. Absorbance 

of the chromophore is directly proportional to the amount of nitrate‐ N present. 

Sodium salicylate is the reagent used to use to obtain coloured compounds [11].  A known amount of pure potassium nitrate is 

dissolved in distilled water, diluted to 1 liter.  1 ml of this solution is diluted to 100ml. 1 cc. of this diluted solution equals 0.0005 

mg. of nitrate nitrogen. (12) The nitrate concentrations of up to 250 mg l1 in water are determined  

 Potentiometry 

Determination of nitrate in waters, with sequential detection by potentiometric sensors, is done. The equipment used consisted of 

a potentiometer (a potential measuring device), a reference electrode and an indicator electrode (a nitrate ion selective 

electrode).The half-cell potential of the reference electrode is a known constant and this electrode is completely insensitive to the 

composition of the solution under study. A series of standards containing 10 – 100 micro grams per litre of nitrate are prepared. 

A nitrate ion-selective electrode Orion 93-07 was used to check the analytical signal. The electrode potential was measured by 

an Orion pH/mVmeter 407 A to 1 mV. For calibration standard solutions of 10 -1 to 10-4M sodium nitrate were used. As a known 

addition reagent 10- 2 M sodium nitrate solution was used. For direct potentiometry a standard graph was used. The one-step 

known addition was performed .Six known addition (0.10, 0.15, 0.20, 0.25 and 0.30 ml of 10 .2 M sodium nitrate) were added to 

10 ml of the sample and after each addition the electrode potential was checked and recorded. It is worth mentioning that the 

analysis was performed with constant stirring.  

 Determination of Sodium and Potassium 

Analysis is described for the determination of sodium and potassium by flame photometry. 

 Flame Photometry 

When sodium salt is introduced into a flame, a yellow light is emitted by the flame and this light when passed through a dispersive 

device such as a prism, lines of characteristic wavelength are observed. The intensity of these lines is related to the quantity of 

sodium introduced into the flame. And this is the basic principle of flame photometry. 

The flame photometer consists of a flame whose temperature is around 20000 C. The flow rate of the fuel gas and oxidant gas 

(acetylene and oxygen) is properly controlled. An automiser is used to obtain fine drops of sample solution, which is sent into the 

flame. The radiation emitted by the flame is made to pass through a monochromator and then to the detector, such as a photocell 

which measures the intensity of the spectral lines.  
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III. RESULTS AND DISCUSSION 

Alkalinity (carbonate, bicarbonate analysis) 

 Instrumental Analysis 

Graphs of ΔE/ΔV Vs. Volume of HCl in potentiometry (Figure-2), Graphs of ΔPH/ΔV Vs. Volume of HCl in PH metry (Figure-

3) were plotted. For Conductance values conductometry was used it was observed that there was no change in conductance values 

even after addition of 15ml of standard acid and the conductance values thereafter were erratic. The data is shown in Tables 3 and 

4 for potentiometry and Tables 5 and 6 for pH metry. 

 Calculations of Potentiometry and pH metry  

 CO3
2- 

Normality of CO3
2- = Normality of HCl x Volume of HCl 

                                VolumeofCO3
2- 

    = 0.02 x 8.0 = 0.008 

20 

Weight of CO3
2- = Normality of CO32- x Equivalent weight x 1000 g/l 

              1000 

= 0.24gm/lit 

Weight of CaCO3 = 400ppm (mg/lit) 

 HCO3
- 

Normality of HCO3
- =   Normality of HCl x Volume of HCl 

Volume of HCO3
- 

    = 0.02 x 2.5= 0.0025 

20 

Weight of HCO3
- = Normality of HCO3

- x Equivalent weight x 1000 g/l 

1000 

= 0.0775gm/lit 

Weight of CaCo3equivalants = 64ppm (mg/lit) 

 Nitrate Analysis 

Colorimetric analysis involves an electrophillic aromatic substitution (nitration) between nitronium and salicylate (6, 8).  

The nitrate electrode contains an internal reference solution in contact with a porous plastic organophilic membrane which acts as 

selective nitrate exchanger (12). When the membrane is exposed to nitrates present in water, a potential, E is developed across the 

membrane which is measured against a constant reference electrode potential, E0. The magnitude of E depends on the concentration 

of nitrates present. 

The nitrate results obtained with nitrate selective electrode were compared with those obtained from colorimetric analysis. 

 Determination of Sodium and Potassium 

A stock solution of the sample water is prepared from which working standards were made. These solutions were introduced into 

the flame and concentrations were noted. A calibration plot is prepared as shown in figure 3 and concentration of sodium and 

potassium was found. 

 
Fig. 3: Calibration 
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IV. CONCLUSION 

The results obtained for estimation of hardness of water by electro electronanalytical procedures   (potentiometric and pH metric 

analyses) were comparable whilst those of conductometric analysis were erratic. 

Alkalinity in water induces hardness in water which if untreated causes scale formation, caustic embrittlement in boilers (13). 

Alkalinity in water may even cause nutritional or pH imbalance in humans (14). Therefore it is essential to have an idea about 

nature and extent of alkalinity present in water. 

Methods for nitrate analysis require expensive equipment and complicated procedures. In the present study an attempt was made 

to develop a simple and accurate procedure for nitrate analysis. Analysis of nitrate nitrogen in water was successfully performed 

calorimetrically and an attempt was made to study the concentrations of nitrate in water sample by using the reagent sodium 

salicylate .The results were found to be accurate and reproducible (15). This new method utilizes a non-hazardous reagent and was 

found to be much simpler, less expensive & less time consuming with proper filter chosen. 

Analysis of metals (sodium and potassium) was done by flame photometry and the method was simple and economical. The 

results thus obtained were reproducible (16). 
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