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2. Experiment 
 
Determination of the inorganic ion composition of standing 
surface water 
 

Objectives 
 

All the biologically important inorganic chemical parameters of standing 
surface water are called halobity. It generally depends on the geochemical 
parameters of the watershed, but can be influenced by human activities. On this 
practice we will determine the quantity of anions (carbonate, hydrogen-carbonate, 
chloride, sulfate) and cations (sodium, potassium, calcium, magnesium) being 
characteristic of groundwaters.  

 

Experiment outline 
 
Sampling 
 

The location of sampling is the small lake in the Botanical garden behind the 
Life Science Building. Before taking the sample both the air and water temperature 
have to be measured and recorded in the lab manuals.  

 
1. The lake in the Botanical garden is rather deepless, in a case like this 

immersed sampling is the convenient method. Wash the screw-cap sampling 
bottle of 1 dm3 out two or three times with lake water then fill it up with water 
sample.  
Attention: sample must be taken opposite to the water inflow!  

 
2. Plot a small map on your lab manual which represents the sampling location. If 

you notice anything unusual (dead fish, oil stain ect.), indicate it too! 
3.  
 

Argentrometric determination of chloride ion 
 
 
1. Examine the pH of the water sample by an indicator paper. If it is lower than 6 or 
higher than 8 neutralization is required. Acidic waters can be neutralized by NaHCO3, 
KHCO3 or by borax solution. The pH of strongly alkaline waters can be adjusted to 7 
by adding a few drops of 0,1 mol/dm3 HNO3 then KHCO3 or borax solution. 
 

2. Measure 100 cm3 sample into a 250 cm3 titration flask and add 1 cm3 (5 drops) of 
K2CrO4 indicator to it. This is the analyte solution for the titration. 
 
3. The titrant solution is AgNO3. 1 cm3 of AgNO3 solution measures 1 mg Cl- ion. Use 
a calibrated burette to add the titrant. When the endpoint is reached the colour of the 
analyte turns to reddish-brown.  
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4. The factor of the AgNO3 solution must be determined for NaCl solution. For this 
measure 5 cm3 of NaCl solution by pipette to a 250 cm3 flask. Complete it to 100 cm3 
with distilled water by using measuring cylinder. Then treat this solution exactly the 
same like the water sample analytes. 
 
5. For every determination make 3 paralell titrations simultaneously from one sample. 
For the calculation average the endpoint volumes of the paralell titrations.  
 
 
Attention: Before you start measurements make sure that all of your glassware is 
clean and dry. When pouring the titrant into the burette ensure that there is no air-
space at the tip of it. This can be seen as a bubble in between the tap and the end tip 
of the burette. Read and record carefully the start and end points of the liquid on the 
burette! 
 
 
Calculation 

1. Calculate the factor of the AgNO3 solution 

3AgNO

NaCl

V

V
f =  

f= factor of AgNO3 solution 

V
NaCl

= volume of NaCl solution in cm
3
 

V
AgNO3

= volume of AgNO3 after the titration in cm
3
 

 

2. Calculate the Cl- concentration of the water sample 
 

1 cm
3
 AgNO3 solution measures 1 mg Cl

-
 

1000
V

Vf
 = mg/dm Cl

sample

sAgNO3- 3 ⋅
⋅

 

f= factor of AgNO3 solution 

V
AgNO3

= volume of AgNO3 titrate solution after titration in cm
3
-ben,  

V
sample

= volume of the water sample in cm
3  

 

Spectrofotometric determination of sulphate ion 

Attention: Make blind sample from distilled water and treat it exactly the same way 
like your water sample! 
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1. Measure 20 cm3 water sample into a 100 cm3 beaker and heat it until boiling. Add 
10 cm3 BaCl2 reagent to the mildly boiling sample, but only slowly, in drops.  

2. Leave the sample then to cool down totally. 

3. After it is cooled measure 10 cm3 K2CrO4 reagent to it. Shake well the solution for 
the complete homogenisation.  

4. Wait at least 10 minutes then wash the solution into a 50 cm3 volumetric flask and 
fill it up until the mark with distilled water. 
 

5. Select and fold filter papers and filter the solution by standard gravity filtration to 
remove solid impurities from the liquid. 

 

6. The filtrated sample then will be measured by a photometer tuned at 380 nm as 
well as the blind sample made from distilled water.  

 

Preparation of standard solutions 

1. Make standard solutions from stock-solutions of 1000 mg/dm3 concentration. 
Measure the given volumes (see below in table 1.) of the stock-solution into 100 cm3 
volumetric flasks then fill them up until the mark with distilled water.  

Table 1.: 
 1. 2. 3. 4. 5. 

SO4
2- (mg/dm3) 0 10 20 30 40 

Volume of measured 
stock-solution (ml)  1 2 3 4 

 
2. Pour 20 cm3 of each of the standard solutions you made and treat them exactly the 
same as the water samples (written in 1. to 6. points above). Spectrophotometric 
determination will be carried out on standard solutions too.  
 
3. Plot a diagramm on millimeter paper where the concentration of the standard 
solutions is on the adaxial and the absorbance measured at 380 nm is on the 
ordinate. Calculate the sulphate concentration according to the line equation of the 
calibraton curve you obtained. 
 
 
Determination of carbonate and hydrogen-carbonate concentration  
 
Alkalinity is the presence of alkaline (acid neutralizing) minerals in water.  
 

By definition, total alkalinity – also called „M” alkalinity – is that which produces 
a pH above methyl orange (M) endpoint of about 4,5, and which reacts with mineral 
acids to produce a neutral salt at the M endpoint. Alkalinity then ceases to exist at pH 
4,5 and further reduction of pH produces free mineral acidity. Another significant 
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alkalinity measure is „P” alkalinity, which exists at pH’s above the phenolphtalein end-
point range of pH 8,3. 
 
Carbonate and hydrogen-carbonate concentration can be calculated from the M and 
P alkalinity by Table 2.  
 

Determination of M and P alkalinity 
 

1. Measure 100 cm3 filtred water sample into a titration flask of 250 cm3 and add 2 
drops of phenolphtalein indicator to it. If the solution turns pink the water sample has 
P alkalinity. 
 
2. Titrate the sample until colourless using 0,1 mol/dm3 HCl solution as a titrant. 

V
100fb)3eé/dm(mg alkalinityp ⋅⋅=⋅−  

b= volume of the 0,1 mol/dm3 HCl solution after titration with phenolphtalein indicator 
f= factor of the HCl solution 
V= volume of the water sample in cm3 used for the determination 
 

3. Add 2 drops of methyl orange indicator to the 100 cm3 sample which didn’t turn 
pink from phanolphtalein as well as to the sample which was not used for the P 
alkalinity.  

 

4. Titrate the sample using 0,1 mol/dm3 HCl as a titrant until the colour of methyl red 
turns into pale reddish pink. When it happens boil out the sample. If the transitional 
colour of the sample dissapears continue the titration until the transitional colour 
remains after the boiling. 

V
100fa)3(mval/dm alkalinitym ⋅⋅=−  

 

a= volume of the 0,1 mol/dm3 HCl solution after titration with methylred indicator 
f= factor of HCl solution 
V= volume of the water sample in cm3 used for the determination 
 
 
Determination of the factor of the HCl solution 
 
Use 0,1 mol/dm3 KHCO3 solution for the determination. Measure 10 cm3 reagent 
solution by pipette into a titration flask of 250 cm3. Dilute it with distilled water for 100 
cm3. Use methyl orange indicator for the titration and after noticing the endpoint boil 
out the water and let it cool. If the transitional colour of the sample dissapears 
continue the titration until the transitional colour remains during boiling. 
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HCl

KHCO

V

V
f 3=  

f = factor of AgNO3 solution 
VKHCO3 = volume of the KHCO3 solution in cm3 
VHCl= volume of the HCl solution after titration in cm3 

 

Calculation 
 
Calculate the carbonate and hydrogen-carbonate concentration of the water sample. 
 

According to the relation between M and P alkalinty the carbonate and hydrogen-
carbonate concentration can be calculated as follows: 

Table 2.  

Relation between M 
and P alkalinity 

Hydrogen-carbonate 
mval/dm3 

(a) 

Carbonate 
mval/dm3 

(b) 
p = 0 m 0 

2p < m m-2p 2p 
2p = m 0 2p 
2p > m 0 2(m-p) 
p = m 0 0 

HCO3
- mval/dm3 = a 

HCO3
- mg/dm3 = a.61 

CO3
2- mval/dm3 = b 

CO3
2- mg/dm3 = b.30 

a - hydrogen-carbonate ion in mg.eé/dm3 which is obtained from P and M alkalinity 
by Table 2.  

b - carbonate ion in mg.eé/dm3 which is obtained from P and M alkalinity by Table 2.  

 
 

Determination of the cation concentration of water samples by ICP-
OES 
 
Objectives 
 

Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) is a 
technique ideally suited to the analysis of naturally occuring materials, including 
water, sediments, soils, rocks, minerals and biological matter. The inductively 
coupled argon plasma is a spectroscopic source, which can be used for the 
determination of a wide range of major and trace elements in a single, short 
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integration period. Detection limits are low for most elements and multielement 
determinations can be achieved in a short time.  

An ICP works by injecting a nebulized mist from a liquid into the center of an 
argon plasma. A plasma is created from a flow of gas within a high energy filed which 
ionizes the gas and causes intense heating. Temperatures inside an ICP plasma 
reach 10000K – as hot as the surface of the Sun. When the mist of the sample enters 
the plasma, the intense heat causes the dissociation of most chemical compounds, 
and the energy that the component atoms absorb causes them to undergo excitation 
and ionization energy transitions. These transitions produce spectral emissions 
characteristic of the elements being excited. The spectra produced by the plasma is 
broken down into individual spectral lines by the ICP’s spectrometer, and the ICP’s 
computer translates the spectral lines into concentrations for a specified suite of 
elements. In contrast to flame emission spectroscopy, the plasma is not an oxidizing 
environment (like a flame) and there are fewer chemical reactions to confound the 
analysis. Also ICP has a large linear range – around 4-6 orders of magnitude for 
most elements. This means that fewer dilutions are required to accomodate samples 
with a wild range of concentrations.  

 

Sample preparation 
 
1. Water samples have to be filtered before the analysis. Then measure 50 cm3 of 
your samples into poly-ethylene vessels and add 1 cm3 65% (m/m) HNO3 to them. It 
is needed because with this the acid precipitation of metals can be avoided. 
 
2. For elemental analysis Spectroflame ICP-AES is used (Spectro GmBH, Germany). 
 
In Table 2 wavelengths of spectral lines used in the ICP-OES analysis and the 
wavelength range comprehended by the calibration curves can be found. 
 
       Table 3.  

Element Na K Ca Mg 
Wavelenght (nm) 589,592 766,490 317,933 279,806 
Concentration (mg/l) 1-50 0,1-5 0,1-200 0,1-50 

 The evaluation of analytical results take place in one step by a computer 
program called Smart Analizer. Results are given in unit mg/dm3 (ppm). 
 From the water sample Na-, K-, Ca- and Mg concentratons are determined 3 
times successively. Calculate mean, standard deviation (SD) and relative standard 
deviation (RSD%) of the paralell results!  

 

Construction of Maucha star diagram 
 
Objectives 
 

To demonstrate the proportions of the most characteristic cations (Na, K, Ca, 
and Mg), furthermore those of the anions (as CO3, HCO3, Cl, and SO4) a special star 
diagram can be used which was constructed by Rezső Maucha. He used 8 axes 
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intersecting each other at angles of 22,5 degrees. An octagon is formed by marking 
these axes at the same distances from the centre and binding these points together. 
The surface of the segments among the axes represents percentages of the main 
ions in question. Accordingly, the percentage of the present component in question, 
the mark points on the axes are at different distances from the centre. Therefore, a 
so-called star diagram is the result. The surface of the right half of the star represents 
the presence of the different anions, and those of the left side represents the cations 
of the water sample. Maucha even adapted his presentations to demonstrate the 
quantities of the components involved. This method makes it possible to visualy 
compare different water bodies according to their ionic composition both qualitatively 
as well as quantitatively by taking fresh water samples. 


