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Introduction 

Motivation to Area of Research  

Bottled water is popular in Sweden and it has been established that “Western Europeans are 

the world’s major bottled water consumers (85 litres/person/year)” and that “consumption 

grows by 7% each year” (Ferrier, 2001). Bottled water is considered to be clean, tasty and 

contain beneficial ions such as Mg
2+

, Ca
2+

 and Na
+
 (Azoulay, Garzon & Eisenberg, 2001). 

Nevertheless, as consumption increases, it is important to assess the content in the bottled 

water. A form of content analysis is by knowing the hardness of water. Hardness of water is 

defined as the total content of dissolved Ca
2+

 and Mg
2+

 ions in water, which is conventionally 

given in CaCO3 parts per million (ppm). High content of Ca
2+

 and Mg
2+ 

is considered hard 

and low content is considered soft. The range in hardness value usually stretches from 0ppm 

(soft) to 180ppm (very hard). A study has investigated potential health impacts of hard water. 

This study discussed that intake of these two ions could have both potentially preventative 

and degenerative impacts on various diseases including cardiovascular, Alzheimer’s, diabetes 

and even cancer (Sengupta, 2013). In either case, hardness of bottled water with an increasing 

consumption is an important aspect worth of research.  

There is no regulative rule for a certain hardness value in Sweden, and water by different 

manufacturers is extracted from different sources as well as the filtration method. Therefore 

bottled water by different manufacturers has different hardness. Thus knowing the hardness 

values would be personally very interesting to know as a frequent bottled water drinker and to 

others who enjoy drinking bottled water. This led to the research question: What is the Ca
2+

 

and Mg
2+

 content in five different commercial bottled water – Bonaqua, Premier, Imsdal, 

Loka and Ramlösa – determined by complexometric titration? 

Brief Explanation on the Mechanism of Complexometric Titration 

The titrant in this experiment will be an EDTA 0.01M solution. EDTA is a chelating agent 

which is a ligand that can form six bonds, a.k.a. hexadentate. The reason why EDTA is 

effective is because one EDTA molecule always forms a strong bond with one metal ion, 

making the ratio of EDTA:Metal ion 1:1. The indicator is also a chelating agent called 

Eriochrome Black T (EBT) represented as HIn
2-

. EBT forms weaker bonds with metal ions 

than EDTA, thus when solution is titrated with EDTA, it will replace the EBT indicator. This 

titration will be buffered between pH 10-11 using an ammonia buffer because it removes H
+
 

that is formed and therefore enables the titration to go to completion.  

The process of reaction to determine equivalence point, thus total hardness will be as follows:  

1. HIn
2-

 is blue while its complexed form is pink. Thus when EBT is added to water sample, 

the solution will turn pink.  

Mg
2+

 + HIn
2-

 → MgIn + H
+
 

Ca
2+ 

+ HIn
2-

 → CaIn + H
+
 

2. EDTA will react with Mg
2+

 and Ca
2+

 because it is more stable than EBT. This changes 

colour from pink to blue.   

MgIn + H
+
 + EDTA

4- 
→ MgEDTA

2-
 + HIn

2-
 

CaIn + H
+
 + EDTA

4- 
→ CaEDTA

2-
 + HIn

2- 
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Aim 

Some bottles have their mineral contents labelled, but some do not. For the bottles already 

labelled, the aim of this investigation is to compare the hardness values labelled with 

experimental data. For the bottles not labelled, the aim is to provide with a reliable hardness 

value. This will hopefully aid consumers to choose suitable bottled water according to that 

person’s mineral need. 

Samples that are going to be used are Ramlösa original (carbonated), Loka naturell 

(carbonated), Imsdal (noncarbonated), Premier naturell (carbonated) and Bonaqua 

(carbonated).  

Hypothesis 

Ramlösa, Imsdal and Premier have their calcium and magnesium values labelled while Loka 

and Bonaqua have not. The data for Loka and Bonaqua was obtained from an external source 

Testafakta
1
. 

Bottled water brand Ca
2+ 

(mg) Mg
2+

 (mg)  

Ramlösa 3.0 0.5 

Imsdal 9.9 0.4 

Premier 15.0 3.1 

Loka (obtained from Testafakta) 10.0 16.4 

Bonaqua (obtained from Testafakta) 53.0 6.1 

 

The ions were converted to CaCO3 ppm with the following formula:  

𝐻𝑎𝑟𝑑𝑛𝑒𝑠𝑠 𝑣𝑎𝑙𝑢𝑒 =  
(

𝐶𝑎2+(𝑚𝑔)
𝑀𝑟 𝑜𝑓 𝐶𝑎

+
𝑀𝑔2+(𝑚𝑔)
𝑀𝑟 𝑜𝑓 𝑀𝑔

) ∗ 𝑀𝑟  𝑜𝑓 𝐶𝑎𝐶𝑂3

1𝐿𝑖𝑡𝑒𝑟
 

Where,  

1 ppm = 1 mg/L.  

Mr of CaCO3 = 100.0869 g/mol.  

Mr of Ca = 40.078 g/mol.  

Mr of Mg = 24.305 g/mol    

Bottled water brand Total hardness (CaCO3 ppm) 

Ramlösa 9.55 

Imsdal 26.4 

Premier 50.2 

Loka (obtained from Testafakta) 92.5 

Bonaqua (obtained from Testafakta) 157 

 

Thus the order of hardness is predicted as follows, from hardest to lowest. 

Bonaqua > Loka > Premier > Imsdal > Ramlösa 

 

                                          
1 http://www.testfakta.se/tester/livsmedel/mineralvatten-inte-nyttigare-%C3%A4n-kranvatten  

http://www.testfakta.se/tester/livsmedel/mineralvatten-inte-nyttigare-%C3%A4n-kranvatten
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Methodology 

Materials and Apparatus 

Materials Apparatus 

 Disodium EDTA dihydrate 

(372.24gmol
-1

), 3.7224 g  

 Eriochrome Black T (EBT) 

(461.381gmol
-1

), 0.2000 g 

 Ammonium hydroxide solution 

(28%-30%), 165 ml 

 Ammonium chloride, NH4Cl  

(53.491gmol
-1

), 16.0000 g 

 Magnesium chloride hexahydrate, 

MgCl2∙6H2O  

(203.31gmol
-1

), ≈ 0.1 g 

 95% Ethanol, C2H5OH  

 (46.06844 gmol
-1

), 5 ml 

 Deionized water 

 Bonaqua, 250 ml  

 Imsdal, 250 ml 

 Premier, 250 ml 

 Loka, 250 ml 

 Ramlösa, 250 ml 

 Burette 50 ml (± 0.05ml) 

 Measuring cylinder 10 ml (± 0.5 ml) 

 Measuring cylinder 25 ml (± 0.5 ml) 

 Measuring cylinder 250 ml (± 1 ml)  

 Conical flasks 250 ml (± 25 ml) 

 Glass pipette 5 ml (± 0 ml) 

 Glass pipette 50 ml (± 0 ml) 

 Peleus ball 

 Volumetric flask 250 ml (± 0.11 ml) 

 Volumetric flask 1000 ml (± 0.19 ml) 

 Magnetic stirrer 

 Funnel   

 Stand with clamps  

Variables 

Independent variables are the five different bottled water – Bonaqua, Imsdal, Premier, Loka 

and Ramlösa.  

Dependent variable is the amount of calcium and magnesium content expressed in CaCO3 

ppm. 

Controlled variables are as follows:  

Variable Significance  How to 

control 

Controlled 

value  

EDTA 

titrant 

It is important to use a common titrant because 

the concentration of titrant is crucial for 

determining the mole of EDTA, thereby the 

mol of metal ions. Preparing EDTA titrants 

separately may vary in concentration that 

gives highly deviating results. 

Prepare a 

common 

EDTA 

solution 

1000 ml of 

0.01M  

pH Initial reaction produces H
+
 ions. EBT is a 

weak acid, therefore any changes in pH may 

result in shift in equilibrium thus make the 

endpoint (pKa value) less detectable.  

Add a 

buffer 

pH≈10.5 

(controlled with 

a universal 

indicator) 

Volume of 

solution  

Having different volume of the same water 

sample would provide with different volume 

of EDTA titrated. Therefore mean volume 

values would not be valid and hence the 

hardness value as well.   

Pipette 

same 

volume of 

sample 

50 ml 
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Volume of 

ammonia 

buffer 

Different volume of ammonia buffer affects 

the resistance to small changes in pH. It is 

important that circumstances are all identical 

for all trials.  

Adding 

same 

volume of 

buffer 

5 ml 

Rate of 

magnetic 

stir 

Stir may affect rate of reaction, so this is 

important when determining colour change.  

Speed was 

set and not 

altered 

Moderate rate, 

set at speed “3” 

out of “5” 

Drops of 

EBT 

EBT volume can affect the colour intensity of 

endpoint, thus indicator volume is important 

for colour consistency.  

Adding 

same 

volume of 

EBT 

3 drops 

 

Precautions 

Lab coats, safety goggles and enclosed shoes were worn. Concentrated ammonium hydroxide 

(NH4OH) solution is highly dangerous and may irritate the skin if touched. NH4OH has a very 

distinct smell and inhalations should be avoided. Vinyl gloves were worn when handling 

concentrated NH4OH solution. Always be in the hood when preparing the solutions. The 

titrated samples were safely disposed in the sink at the hood. The conical flasks were rinsed 

with deionized water.  

Design 

This picture is the set-up of the experiment. A stand with a clamp 

holds the burette, and the conical flask sits on a white paper and a 

magnetic stirrer.  

 

 

 

 

 

 

 

 

Method 

Methods from three different studies have been fused in order to make the experiment feasible 

and simpler, thus make it more time efficient.   

Preparation of 0.01M EDTA solution
1 
(prepare in the hood with vinyl gloves): 

1. Weigh 3.7224g of Disodium EDTA dihydrate. Add it to a dry 1000 ml volumetric flask.  

2. Add approximately 0.1g of MgCl2. This will sharpen the endpoint because it will form a 

sharper colour when bound with indicator.  
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3. Add deionized water until the meniscus has reached the 1000 ml line.  

4. Let it dissolve for at least 30 minutes.  

Preparation of concentrated ammonia buffer
2
 (prepare in the hood with vinyl gloves): 

1. Measure 150 ml of 28-30% NH4OH with a measuring cylinder. Pour it into a 250 ml 

volumetric flask using a funnel.  

2. Add 16.0000 g of NH4Cl into the flask.  

3. Slowly add 100 ml of deionized water so the meniscus reaches the 250 ml mark. Plug the 

lid and shake to dissolve.  

Preparation of approximately 0.02M EBT indicator
3
 (prepare in the hood with vinyl gloves): 

1. Weigh 0.2000g of EBT. Add it to a dry 50 ml conical flask.  

2. Add 15 ml of 28-30% NH4OH. 

3. Add 5 ml of 95% ethanol. This is to make EBT more soluble.  

4. Stir well and transfer it to an indicator dropping bottle.  

Determining total hardness: 

1. Add 50 ml of water sample to a conical flask using a volumetric glass pipette.  

Steps 2 – 3 must be done in the hood. Solutions contain concentrated ammonia.  

2. Add 5 ml of ammonia buffer using a volumetric glass pipette.  

3. Add 3 drops of Eriochrome Black T indicator. Colour should change to pink. 

4. Wash burette once with 0.01M EDTA to ensure no deionized water or other kind of droplets 

is in the burette. Fill the burette again with 0.01M EDTA and record initial value. 

5. Place white paper on a magnetic stirrer for better colour identification. Place the conical 

flask on top.    

6. Titrate with the EDTA solution by slowly opening up the burette. Make sure that the drops 

fall out slowly from the burette.    

7. Once the colour changes to clear blue without signs of purple, record final value of the 

meniscus.  

8. Repeat step 1-8 with all bottled waters, five trials each. Be sure to rinse off the conical flask 

with deionized water, and rinse the 50 ml volumetric glass pipette with the next water sample. 

 

 

 

                                          
2 http://www.chem.uky.edu/courses/che226/Labs/030-Zn_EDTA.pdf  
3 http://www.outreach.canterbury.ac.nz/chemistry/documents/magnesium_calcium.pdf  

http://www.chem.uky.edu/courses/che226/Labs/030-Zn_EDTA.pdf
http://www.outreach.canterbury.ac.nz/chemistry/documents/magnesium_calcium.pdf
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Analysis 

Quantitative raw data with titrated EDTA 

Table 1 shows the initial, final recordings on the burette and the titrated EDTA volume.  

Ramlösa 

Trial Initial reading (ml ± 0.05) Final reading (ml ± 0.05) Titrated EDTA (ml ± 0.1) 

1 0 0.7 0.7 

2 0.7 1.4 0.7 

3 1.4 2.1 0.7 

4 2.1 2.7 0.6 

5 2.7 3.3 0.6 

Bonaqua 

Trial Initial (ml ± 0.05) Final (ml ± 0.05) Titrated EDTA (ml ± 0.1) 

1 0 8.7 8.7 

2 8.7 17.7 9.0 

3 17.7 1.6 8.9* 

4 1.6 10.7 9.1 

5 10.7 20.0 9.3 

Imsdal 

Trial Initial (ml ± 0.05) Final (ml ± 0.05) Titrated EDTA (ml ± 0.1) 

1 0 1.6 1.6 

2 1.6 3.2 1.6 

3 3.2 4.7 1.5 

4 4.7 6.2 1.5 

5 6.2 7.7 1.5 

Loka 

Trial Initial (ml ± 0.05) Final (ml ± 0.05) Titrated EDTA (ml ± 0.1) 

1 0 5.2 5.2 

2 5.2 10.1 4.9 

3 10.1 15.0 4.9 

4 15.0 19.9 4.9 

5 19.9 24.9 5.0 

Premier 

Trial Initial (ml ± 0.05) Final (ml ± 0.05) Titrated EDTA (ml ± 0.1) 

1 0 2.6 2.6 

2 2.6 5.0 2.4 

3 5.0 7.6 2.6 

4 7.6 10.2 2.6 

5 10.2 12.9 2.7 

*The burette in this trial was refilled. Refilled burette has the uncertainty of ±0.2 ml, but will 

be treated as ±0.1 ml because it has minor difference in overall average uncertainty.  

Qualitative raw data 

The colour when indicator was added to all the samples instantly became pink. The change in 

colour during the titration was gradual. Nevertheless, there is a point when the solution 

changes to purple to light blue which indicates the end of titration.   
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Processed data 

Table 2 shows the mean titrated EDTA, standard deviation, uncertainty of burette and 95% CI. 

CI (confidence interval) tells with 95% certainty the interval in which the theoretical value 

lies. Conversely, there is 5% chance that the theoretical value lies outside the confidence 

interval.   

Ramlösa 

Mean titrated EDTA (ml ± 0.1) Standard dev. Uncertainty  95% CI 

0.66 0.0548 Abs. = ± 0.1 ml 

Pct. = ± 15.15% 

0.068 

 

Bonaqua 

Mean titrated EDTA (ml ± 0.1) Standard dev. Uncertainty 95% CI 

9.00 0.224 Abs. = ± 0.1 ml 

Pct. = ± 1.11% 

0.278 

Imsdal 

Mean titrated EDTA (ml ± 0.1) Standard dev. Uncertainty 95% CI 

1.54 0.0548 Abs. = ± 0.1 ml 

Pct. = ± 6.49% 

0.068 

Loka 

Mean titrated EDTA (ml ± 0.1) Standard dev. Uncertainty 95% CI 

4.98 0.130 Abs. = ± 0.1 ml 

Pct. = ± 2.00% 

0.162 

Premier 

Mean titrated EDTA (ml ± 0.1) Standard dev. Uncertainty 95% CI 

2.58 0.110 Abs. = ± 0.1 ml 

Pct. = ± 3.88% 

0.136 

 

These are the formulae used with one calculation example each.  

Formula Calculation example for Ramlösa 

95% 𝐶𝐼
= 𝑀𝑒𝑎𝑛 ± 2.776

∗
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

√𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑖𝑎𝑙𝑠
 

95% 𝐶𝐼 = 0.66 ± 2.776 ∗
0.05477

√5
 

95% 𝐶𝐼 = 0.66 ± 0.068 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

= √
∑(𝑀𝑒𝑎𝑛 − 𝑉𝑜𝑙𝑢𝑚𝑒𝑇𝑟𝑖𝑎𝑙)2

5 − 1
 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

= √
0.0016 + 0.0016 + 0.0016 + 0.0036 + 0.0036

4

=  0.05477 

𝐴𝑏𝑠. = 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 

 

No calculation needed 

𝑃𝑐𝑡. = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦

=
𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦

𝑀𝑒𝑎𝑛 𝑡𝑖𝑡𝑟𝑎𝑡𝑒𝑑
 

 

𝑃𝑐𝑡. =
0.1

0.66
= 0.1515 = 15.15% 
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Figure 1 shows the mean titrated EDTA with 95% CI as error bars.  

Table 3 shows the mol of EDTA, hardness value, qualitative scale, percentage uncertainty and 

absolute uncertainty.  

 Mol of EDTA 

= Mol of 

Mg
2+

 and 

Ca
2+

 

Hardness 

value (in 

CaCO3 ppm) 

Qualitative 

scale
4
 

Total % 

uncertainty 

Absolute 

uncertainty 

(CaCO3 ppm)  

Ramlösa 6.60*10
-6 

13.2 Soft 15.2% ± 2.01 

Bonaqua 9.00*10
-5 

180 Very hard 1.16% ± 2.88 

Imsdal 1.54*10
-5 

30.8 Moderately 

soft 

6.54% ± 2.02 

Loka 4.98*10
-5 

99.7 Hard 2.05% ± 2.04 

Premier 2.58*10
-5

 51.6 Moderately 

hard 

3.93% ± 2.03 

 

These are the formulae used with one calculation example each.  

Formula Calculation examples for Ramlösa 

𝑀𝑜𝑙 𝑜𝑓 𝐸𝐷𝑇𝐴 = 𝐶𝑜𝑛𝑐. 𝑜𝑓 𝐸𝐷𝑇𝐴
∗ 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐸𝐷𝑇𝐴 𝑡𝑖𝑡𝑟𝑎𝑡𝑒𝑑 

𝑀𝑜𝑙 𝑜𝑓 𝐸𝐷𝑇𝐴 =
0.01 𝑚𝑜𝑙

𝑑𝑚3

∗ 0.00066 𝑑𝑚3

=  0.0000066 𝑚𝑜𝑙
= 6.60 ∗ 10−6 𝑚𝑜𝑙 

 

                                          
4 https://www.wqa.org/Learn-About-Water/Perceptible-Issues/Scale-Deposits  
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water 

Experimental

Theoretical

𝐻𝑎𝑟𝑑𝑛𝑒𝑠𝑠 𝑣𝑎𝑙𝑢𝑒

=
𝑀𝑜𝑙 𝑜𝑓 𝐸𝐷𝑇𝐴 ∗ 𝑀𝑟  𝐶𝑎𝐶𝑂3

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑎𝑡𝑒𝑟
∗ 1000 

𝐻𝑎𝑟𝑑𝑛𝑒𝑠𝑠 𝑣𝑎𝑙𝑢𝑒

=  
𝑀𝑜𝑙 𝑜𝑓 𝐸𝐷𝑇𝐴 ∗ 𝑀𝑟 𝐶𝑎𝐶𝑂3

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑎𝑡𝑒𝑟
 ∗ 1000

=
6.60 ∗ 10−6 ∗ 100.0869

0.050
∗ 1000

= 13.21 

𝑇𝑜𝑡𝑎𝑙 % 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦
= % 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 𝑜𝑓 𝑏𝑢𝑟𝑒𝑡𝑡𝑒 
+ % 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 𝑜𝑓 𝑣𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝑓𝑙𝑎𝑠𝑘 1000𝑚𝑙
+ % 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 𝑜𝑓 𝑠𝑐𝑎𝑙𝑒 𝑓𝑜𝑟 𝑤𝑒𝑖𝑔ℎ𝑒𝑑 𝐸𝐷𝑇𝐴  

𝑇𝑜𝑡𝑎𝑙 % 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦
= 15.15% + 0.019%
+ 0.027% = 15.20% 

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦

=
%𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦

100
∗ ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠 𝑣𝑎𝑙𝑢𝑒 

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦

=
15.20

100
∗ 13.21 = 2.01 

 

Table 4 shows the obtained hardness value compared to literature value in terms of percentage 

error.  

 Experimental value (ppm) Theoretical value (ppm) Percentage error 

Ramlösa 13.2 9.55 -38.2% 

Bonaqua 180 157 -14.6% 

Imsdal 30.8 26.4  -16.7% 

Loka 99.7 92.5 -7.78% 

Premier 51.6 50.2 -2.79% 

  

This is the formulae used with one calculation example.  

Formula Calculation example for Ramlösa 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑒𝑟𝑟𝑜𝑟

=
𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 − 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙
 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑒𝑟𝑟𝑜𝑟 =
9.55 − 13.2

9.55
= −0.382 = −38.2% 

 

Figure 2 shows the hardness value with absolute uncertainty compared to literature value. 
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Conclusion  

It can be seen from the results that all bottled water had different hardness values and the 

hypothesis was correct on the relative hardness values, Bonaqua > Loka > Premier > Imsdal > 

Ramlösa.   

Figure 1 shows that five different samples differ distinctly in terms of EDTA titrated. 

Bonaqua had highest titration at 9.00 ml on average, Loka at 4.98 ml, Premier at 2.58 ml, 

Imsdal at 1.54 ml, the Ramlösa at 0.66 ml. By looking at the 95% CI values, Bonaqua have 

the highest confidence interval at ±0.278 ml. It also shows that 95% CI ranges for the five 

brands do not overlap with each other. Since none of the values overlap and the 95% CI range 

are fairly small in comparison to the titrated value, it can be concluded that collected titration 

data are precise.   

Table 3 shows the titration of EDTA converted to hardness values in CaCO3 ppm. It seems 

that the range of the hardness value is very wide, varying from soft to very hard. This further 

emphasizes the importance of knowing the hardness value of bottled water according to one’s 

dietary need. People with Mg
2+

/Ca
2+

 deficiency would suit Bonaqua with high hardness value 

while people with no need of these metal ions would suit Ramlösa with low hardness value. 

The uncertainty of all hardness values in CaCO3 ppm seems to be around ±2 ppm and once 

again, the hardness values do not seem to overlap within the uncertainty ranges. This suggests 

that uncertainties in measurements other than burette were low.     

One could therefore say that the experiment was precise but to check the accuracy, a 

comparison with literature value has been done. Table 4 shows that only Loka and Premier 

have percentage error less than 10% while Imsdal, Bonaqua and Ramlösa had over 10% with 

19.0%, 14.5% and 38.5% respectively. This suggests that either the methodology in 

determining the correct Ca
2+

 and Mg
2+

 ions has limitations or that the brands, in particular 

Ramlösa, give a false number. Nevertheless, Figure 2 shows that the trend of experimental 

data and theoretical data are very similar. Thus there is a larger chance that there is a flaw in 

methodology rather than in the brand’s label. In addition, all experimental data seems to be 

higher than theoretical data which is an indication of error in methodology. 

To relate this back to potential health issues, there are no studies that definitely show a certain 

maximum intake of calcium and magnesium needed to trigger diseases mentioned in the 

introduction – cardiovascular, Alzheimer’s, diabetes and cancer. Nevertheless, there are 

recommended level of intake. The recommended daily intake of calcium
5
 for 13 years old 

and above ranges from 1000 mg ~ 1300 mg and the recommended daily intake of magnesium
6
 

for 13 years old and above ranges from 240 mg ~ 420 mg. From the hardness value gathered 

from the experiment, none of the brands seem to pose the risk of surpassing the recommended 

daily intake. An average daily intake of water by human is said to be 2 litres and a person 

drinking solely mineral water would still only constitute less than 10% of calcium and 

magnesium of the recommended intake. Thus it would be safe to drink any brand without 

considering an adverse health impact. Nevertheless, a calcium/magnesium deficient person 

can still opt for a brand that can provide them with extra doses of the metal ion. Conversely, if 

a person consumes a calcium/magnesium heavy diet, drinking calcium/magnesium deficient 

bottled water should be considered.  

 

                                          
5 https://ods.od.nih.gov/factsheets/Calcium-HealthProfessional/  
6 https://ods.od.nih.gov/factsheets/Magnesium-HealthProfessional/  

https://ods.od.nih.gov/factsheets/Calcium-HealthProfessional/
https://ods.od.nih.gov/factsheets/Magnesium-HealthProfessional/
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In conclusion, the results from experiment seemed to agree with available literature value. 

Despite available literature, it is recommended for Loka and Bonaqua to have the calcium and 

magnesium contents clearly labelled. In addition, more studies on the limit of metal ion intake 

in relation to various diseases are encouraged to be done.  

Evaluation 

Since there was not much uncertainty given from the CI and absolute uncertainties, main 

limitation is likely to lie in the systematic errors rather than random errors.  

An error would be the pipetting of the water samples. Since all bottles except Imsdal were 

carbonated, it was difficult to pipette exactly 50 ml due to constant uprising of bubbles. Thus 

the actual volume added to the conical flask is likely to be less than 50 ml, hence less metal 

ions. It would also mean that the uncertainty in Table 3 should be higher. Nevertheless, if this 

was true the hardness value should be lower than the literature value since there are less metal 

ions per 50 ml, but the actual results show opposite. It suggests that it is not a significant error. 

This problem can be solved by boiling or leaving the samples open overnight so all carbon 

dioxide gas can escape.   

The value given in the bottle label may have been what is called permanent hardness. 

Permanent hardness is the metal ion content after boiling the sample. This is because in a 

water sample, there might have been Ca(HCO3)2/Mg(HCO3)2 that can be reacted to produce 

insoluble compounds CaCO3/MgCO3 (s) and this is achieved by boiling. Thus after boiling, 

the hardness would be lower before boiling, hence explains the higher experimental value 

than the literature value.     

There might have been a systematic error in colour change identification. Since obtained data 

is higher on all bottled water, it may suggest that too much EDTA was titrated. The colour 

change of this complexometric titration is gradual, hence hard to identify the exact endpoint. 

This may be improved by adding more drops of indicator for sharper colour, having a sample 

with initial colour next to the titrated sample for colour comparison, and titrating slower when 

colour starts to change.  

The EDTA titrant may not have been exactly 0.01M. Although the scale is accurate, the 

weighted EDTA salt was 0.0004g off the intended mass (weighed mass was 3.7220g). 

Additional grams may have been lost when pouring it in the volumetric flask and not all 

might have been dissolved. The molarity of titrant is crucial since this is used to calculate the 

mole of Ca
2+

 and Mg
2+

 ions. Nevertheless, this problem could be easily solved by 

standardizing. By standardizing, a solution with known Ca
2+

 ions is titrated using the EDTA 

titrant. This way one could affirm the molarity of EDTA titrant.   

There might have been residues in the conical flask. Only two conical flasks were used 

throughout the experiment. Although they were rinsed 2-3 times with distilled water, there 

might have been droplets of previous sample left which can have affected the next titration. 

More residues of metal ions would increase the EDTA titration needed, and therefore skew the 

mean EDTA titrated to a higher value.  

Lastly, although the source Testafakta is an official company specialized for research, the 

published paper did only show the results and not the procedure like a formal research paper. 

Therefore the source may be unreliable to some extent. Nevertheless, since the experimental 

values coincide closely with theoretical data, it implies that the methodology for both studies 

were rather valid.  
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