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What is scum?   
Soaps are the sodium or potassium salts of long chain carboxylic acids 
such as stearic acid, e.g. sodium stearate (C17H35COONa). When soap is 
added to hard water, the calcium or magnesium ions in the water react 
with the stearate ions to form a grey insoluble compound called calcium 
stearate (scum) which floats on the water. The soap will only form a lather 
when all the Ca2+ or Mg2+ ions have been precipitated.

What causes hardness in water?
There are two types of water hardness, temporary hardness that can be 
removed by boiling the water, and permanent hardness that cannot be 
removed by boiling the water. 

Temporary hardness is caused by the presence of calcium 
hydrogencarbonate (Ca(HCO3)2) and magnesium hydrogencarbonate  
(Mg(HCO3)2). Rainwater is slightly acidic because it dissolves carbon 
dioxide as it falls through the air forming weak carbonic acid (H2CO3). 
Limestone rock (calcium carbonate) is insoluble in water. However, rain 
water containing the weak carbonic acid reacts with the limestone in the 
soil forming calcium hydrogencarbonate.

Permanent hardness is caused by the presence of calcium and magnesium 
sulphates (CaSO4 and MgSO4) and dissolved calcium and magnesium 
chlorides (CaCl2 and MgCl2 ). When water flows over gypsum, the calcium 
sulphate present in the rock is dissolved in the water. 

Total hardness is the sum of the concentrations of all calcium and 
magnesium ions in the water. It is the sum of the temporary hardness and 
the permanent hardness present.

Can hardness be removed?
Temporary hardness can be removed by boiling. This will not remove any 
ions that cause permanent hardness. 
Heat decomposes calcium hydrogencarbonate into calcium carbonate 
(insoluble) and carbon dioxide gas is given off. The calcium carbonate 
may be filtered off.

There are a number of ways to remove permanent harness. Distillation 
involves boiling the water and then cooling the vapour. This method 
removes all dissolved substances and produces very pure water. However, 
it is very expensive due to high energy costs and so is not feasible for 
large-scale processes.

If washing soda (hydrated sodium carbonate (Na2CO3.10H2O)) is added to 
the water, it reacts with all the calcium compounds and precipitates them 
as carbonates. This method is generally used for domestic purposes.  
Bath salts are essentially coloured and scented crystals of washing soda.

Cation exchange resins usually contain a complex sodium compound, 
represented by Na2R. If hard water is passed through the column containing 
the resin, the calcium and magnesium ions in the water are replaced by 
sodium ions from the resin. Sodium ions do not cause hardness. In recent 
years ion exchange resins have been developed which remove organic 
material from water as well as ions but the cost of this process is high.

Deionisers, or modern day ion exchange resins, can remove all ions from 
water. The resin is a mixture of a cation exchanger which captures Ca2+ 
and Mg2+ and exchanges them for H+ and an anion exchanger which 
replaces negative ions like Cl- and SO4

2- ions with OH-. The H+ and OH- 
ions then react to form water.

Is there a difference between   
distilled and deionised water?
Distilled water is the purest form of water. All dissolved and suspended 
solids have been removed and all dissolved gases have been removed 
from the water.

Deionised water has all of its ions removed. However it still contains 
dissolved gases, it may still contain non-ionic (organic) material dissolved 
in the water.

Is hard water healthy?
The problems with hard water as outlined in this lesson generally affect 
our overall experience of using the water. Scum in baths is not pleasant. 
Limescale in kettles can lead to additional expense. However, hard water 
is safe for drinking, cooking, and washing and is not damaging to our 
health.

Water is an essential resource
Water is critical to the survival and health of the human race and 
other living organisms. There are many types of natural water 
found on the earth’s surface. These include rain water, river water 
and sea water. In fact approximately 80% of the surface of the 
earth is covered with water. Nevertheless, millions of people 
around the world don’t have access to enough water. Even in 
Ireland, where we normally have plentiful supplies, it is crucial to 
monitor the sources and quality of our water. In this lesson we 
look at a fundamental quality issue - water hardness.

What is hard water?
Water is an excellent solvent. All water supplies contain a wide range of 
dissolved substances and as a result it is difficult to get pure water. The 
dissolved substances may be present in solid, liquid or gas form. Water 
described as hard is high in dissolved minerals, particularly calcium (Ca2+) 
and magnesium (Mg2+). Hardness in water is a common water quality 
problem.  

How is hardness defined?
Hard water will not easily form a lather with soap, mainly due to the 
presence of Ca2+ or Mg2+ ions. It contains more than 150 p.p.m. CaCO3. 
Soft water readily forms a lather with soap and contains less than 50 p.p.m. 
CaCO3. Note that, for convenience, hardness is always quoted in parts per 
million (p.p.m) of CaCO3 (1 p.p.m = 1 mg/l).

How can hard water be identified?
Hard water can easily be identified. It leaves chalky deposits on the element 
of the kettle, soap scum on shower tiles, baths and basins. It can result in 
a build-up of film on hair and body, producing dull hair and dry skin. Also, 
the build-up of limescale in boilers and heat exchange equipment can 
result in increased water heating costs and shorter life of machines.

The Geological Survey of Ireland (GSI), founded 
in 1845, is the National Earth Science Agency. It 
is responsible for providing geological advice and 
information, and for the acquisition of data for this 
purpose. The GSI produces a range of products 
including maps, reports and databases and acts as a 
knowledge centre and project partner in all aspects 
of Irish geology. It functions as a line division of the 
Department of Communications, Marine & Natural 
Resources (DCMNR) with an annual budget in excess 
of €5 million, and employs up to 100 staff. 

Groundwater is a critical natural resource. On average 
between 20% and 25% of our drinking water comes from 
this source. In some rural areas groundwater is the only 
source of supply. There are at least 10,000 wells and 
springs in the country. Therefore, it is important that our 
groundwater supplies are protected. The GSI plays a 
major role in this task by caring out research, providing 
advice to government bodies and the public, preparing 
Groundwater Protection Schemes and maintaining 
detailed databases and maps. 

You can find out more about the GSI, the work they  
do and the services they provide at www.gsi.ie and  
at www.sciencetechnologyaction.com
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 Hard Water 

• Nice taste

•  Provides calcium for teeth and bones

• Wastes soap

•  Forms limescale on kettles and 
boilers resulting in blocked pipes 
and fuel wastage

•  Not suitable for “dyeing industry”.  
Spoils the finish of fabrics and can 
cause off-shades 

 Soft Water

•  Some people with skin 
conditions, such as eczema, 
have fewer problems if they 
use soft water for washing

•  Very soft water tends to 
dissolve lead from lead 
pipes. Although the amount 
of lead dissolved is small, 
lead is a cumulative poison 
and continual drinking may 
produce lead poisoning

Fig.5  Comparison of hard and soft water
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other living organisms. There are many types of natural water 
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earth is covered with water. Nevertheless, millions of people 
around the world don’t have access to enough water. Even in 
Ireland, where we normally have plentiful supplies, it is crucial to 
monitor the sources and quality of our water. In this lesson we 
look at a fundamental quality issue - water hardness.
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the build-up of limescale in boilers and heat exchange equipment can 
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is responsible for providing geological advice and 
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knowledge centre and project partner in all aspects 
of Irish geology. It functions as a line division of the 
Department of Communications, Marine & Natural 
Resources (DCMNR) with an annual budget in excess 
of €5 million, and employs up to 100 staff. 

Groundwater is a critical natural resource. On average 
between 20% and 25% of our drinking water comes from 
this source. In some rural areas groundwater is the only 
source of supply. There are at least 10,000 wells and 
springs in the country. Therefore, it is important that our 
groundwater supplies are protected. The GSI plays a 
major role in this task by caring out research, providing 
advice to government bodies and the public, preparing 
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described as hard is high in dissolved minerals, particularly calcium (Ca2+) 
and magnesium (Mg2+). Hardness in water is a common water quality 
problem.  

How is hardness defined?
Hard water will not easily form a lather with soap, mainly due to the 
presence of Ca2+ or Mg2+ ions. It contains more than 150 p.p.m. CaCO3. 
Soft water readily forms a lather with soap and contains less than 50 p.p.m. 
CaCO3. Note that, for convenience, hardness is always quoted in parts per 
million (p.p.m) of CaCO3 (1 p.p.m = 1 mg/l).

How can hard water be identified?
Hard water can easily be identified. It leaves chalky deposits on the element 
of the kettle, soap scum on shower tiles, baths and basins. It can result in 
a build-up of film on hair and body, producing dull hair and dry skin. Also, 
the build-up of limescale in boilers and heat exchange equipment can 
result in increased water heating costs and shorter life of machines.

The Geological Survey of Ireland (GSI), founded 
in 1845, is the National Earth Science Agency. It 
is responsible for providing geological advice and 
information, and for the acquisition of data for this 
purpose. The GSI produces a range of products 
including maps, reports and databases and acts as a 
knowledge centre and project partner in all aspects 
of Irish geology. It functions as a line division of the 
Department of Communications, Marine & Natural 
Resources (DCMNR) with an annual budget in excess 
of €5 million, and employs up to 100 staff. 

Groundwater is a critical natural resource. On average 
between 20% and 25% of our drinking water comes from 
this source. In some rural areas groundwater is the only 
source of supply. There are at least 10,000 wells and 
springs in the country. Therefore, it is important that our 
groundwater supplies are protected. The GSI plays a 
major role in this task by caring out research, providing 
advice to government bodies and the public, preparing 
Groundwater Protection Schemes and maintaining 
detailed databases and maps. 

You can find out more about the GSI, the work they  
do and the services they provide at www.gsi.ie and  
at www.sciencetechnologyaction.com
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 Hard Water 

• Nice taste

•  Provides calcium for teeth and bones

• Wastes soap

•  Forms limescale on kettles and 
boilers resulting in blocked pipes 
and fuel wastage

•  Not suitable for “dyeing industry”.  
Spoils the finish of fabrics and can 
cause off-shades 

 Soft Water

•  Some people with skin 
conditions, such as eczema, 
have fewer problems if they 
use soft water for washing

•  Very soft water tends to 
dissolve lead from lead 
pipes. Although the amount 
of lead dissolved is small, 
lead is a cumulative poison 
and continual drinking may 
produce lead poisoning
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What is scum?   
Soaps are the sodium or potassium salts of long chain carboxylic acids 
such as stearic acid, e.g. sodium stearate (C17H35COONa). When soap is 
added to hard water, the calcium or magnesium ions in the water react 
with the stearate ions to form a grey insoluble compound called calcium 
stearate (scum) which floats on the water. The soap will only form a lather 
when all the Ca2+ or Mg2+ ions have been precipitated.

What causes hardness in water?
There are two types of water hardness, temporary hardness that can be 
removed by boiling the water, and permanent hardness that cannot be 
removed by boiling the water. 

Temporary hardness is caused by the presence of calcium 
hydrogencarbonate (Ca(HCO3)2) and magnesium hydrogencarbonate  
(Mg(HCO3)2). Rainwater is slightly acidic because it dissolves carbon 
dioxide as it falls through the air forming weak carbonic acid (H2CO3). 
Limestone rock (calcium carbonate) is insoluble in water. However, rain 
water containing the weak carbonic acid reacts with the limestone in the 
soil forming calcium hydrogencarbonate.

Permanent hardness is caused by the presence of calcium and magnesium 
sulphates (CaSO4 and MgSO4) and dissolved calcium and magnesium 
chlorides (CaCl2 and MgCl2 ). When water flows over gypsum, the calcium 
sulphate present in the rock is dissolved in the water. 

Total hardness is the sum of the concentrations of all calcium and 
magnesium ions in the water. It is the sum of the temporary hardness and 
the permanent hardness present.

Can hardness be removed?
Temporary hardness can be removed by boiling. This will not remove any 
ions that cause permanent hardness. 
Heat decomposes calcium hydrogencarbonate into calcium carbonate 
(insoluble) and carbon dioxide gas is given off. The calcium carbonate 
may be filtered off.

There are a number of ways to remove permanent harness. Distillation 
involves boiling the water and then cooling the vapour. This method 
removes all dissolved substances and produces very pure water. However, 
it is very expensive due to high energy costs and so is not feasible for 
large-scale processes.

If washing soda (hydrated sodium carbonate (Na2CO3.10H2O)) is added to 
the water, it reacts with all the calcium compounds and precipitates them 
as carbonates. This method is generally used for domestic purposes.  
Bath salts are essentially coloured and scented crystals of washing soda.

Cation exchange resins usually contain a complex sodium compound, 
represented by Na2R. If hard water is passed through the column containing 
the resin, the calcium and magnesium ions in the water are replaced by 
sodium ions from the resin. Sodium ions do not cause hardness. In recent 
years ion exchange resins have been developed which remove organic 
material from water as well as ions but the cost of this process is high.

Deionisers, or modern day ion exchange resins, can remove all ions from 
water. The resin is a mixture of a cation exchanger which captures Ca2+ 
and Mg2+ and exchanges them for H+ and an anion exchanger which 
replaces negative ions like Cl- and SO4

2- ions with OH-. The H+ and OH- 
ions then react to form water.

Is there a difference between   
distilled and deionised water?
Distilled water is the purest form of water. All dissolved and suspended 
solids have been removed and all dissolved gases have been removed 
from the water.

Deionised water has all of its ions removed. However it still contains 
dissolved gases, it may still contain non-ionic (organic) material dissolved 
in the water.

Is hard water healthy?
The problems with hard water as outlined in this lesson generally affect 
our overall experience of using the water. Scum in baths is not pleasant. 
Limescale in kettles can lead to additional expense. However, hard water 
is safe for drinking, cooking, and washing and is not damaging to our 
health.

Water is an essential resource
Water is critical to the survival and health of the human race and 
other living organisms. There are many types of natural water 
found on the earth’s surface. These include rain water, river water 
and sea water. In fact approximately 80% of the surface of the 
earth is covered with water. Nevertheless, millions of people 
around the world don’t have access to enough water. Even in 
Ireland, where we normally have plentiful supplies, it is crucial to 
monitor the sources and quality of our water. In this lesson we 
look at a fundamental quality issue - water hardness.

What is hard water?
Water is an excellent solvent. All water supplies contain a wide range of 
dissolved substances and as a result it is difficult to get pure water. The 
dissolved substances may be present in solid, liquid or gas form. Water 
described as hard is high in dissolved minerals, particularly calcium (Ca2+) 
and magnesium (Mg2+). Hardness in water is a common water quality 
problem.  

How is hardness defined?
Hard water will not easily form a lather with soap, mainly due to the 
presence of Ca2+ or Mg2+ ions. It contains more than 150 p.p.m. CaCO3. 
Soft water readily forms a lather with soap and contains less than 50 p.p.m. 
CaCO3. Note that, for convenience, hardness is always quoted in parts per 
million (p.p.m) of CaCO3 (1 p.p.m = 1 mg/l).

How can hard water be identified?
Hard water can easily be identified. It leaves chalky deposits on the element 
of the kettle, soap scum on shower tiles, baths and basins. It can result in 
a build-up of film on hair and body, producing dull hair and dry skin. Also, 
the build-up of limescale in boilers and heat exchange equipment can 
result in increased water heating costs and shorter life of machines.

The Geological Survey of Ireland (GSI), founded 
in 1845, is the National Earth Science Agency. It 
is responsible for providing geological advice and 
information, and for the acquisition of data for this 
purpose. The GSI produces a range of products 
including maps, reports and databases and acts as a 
knowledge centre and project partner in all aspects 
of Irish geology. It functions as a line division of the 
Department of Communications, Marine & Natural 
Resources (DCMNR) with an annual budget in excess 
of €5 million, and employs up to 100 staff. 

Groundwater is a critical natural resource. On average 
between 20% and 25% of our drinking water comes from 
this source. In some rural areas groundwater is the only 
source of supply. There are at least 10,000 wells and 
springs in the country. Therefore, it is important that our 
groundwater supplies are protected. The GSI plays a 
major role in this task by caring out research, providing 
advice to government bodies and the public, preparing 
Groundwater Protection Schemes and maintaining 
detailed databases and maps. 

You can find out more about the GSI, the work they  
do and the services they provide at www.gsi.ie and  
at www.sciencetechnologyaction.com
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•  Forms limescale on kettles and 
boilers resulting in blocked pipes 
and fuel wastage

•  Not suitable for “dyeing industry”.  
Spoils the finish of fabrics and can 
cause off-shades 

 Soft Water

•  Some people with skin 
conditions, such as eczema, 
have fewer problems if they 
use soft water for washing

•  Very soft water tends to 
dissolve lead from lead 
pipes. Although the amount 
of lead dissolved is small, 
lead is a cumulative poison 
and continual drinking may 
produce lead poisoning
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Activities   
Practical Activity

Tests on scale deposits in a kettle

Repeat the experiment using methanoic acid, or vinegar, or water 
or commercial descaler instead of hydrochloric acid.

Record your observations in a table.

 

Write a conclusion.

Mandatory Experiment

Estimation of the total hardness of a water sample using edta

Syllabus Reference
Leaving Certificate Chemistry:  
Unit 9 Environmental Chemistry 
9.2 Hardness in water 
9.3 Water Treatment.

Junior Certificate Science:  
Section 2B3 Hardness and the treatment of water (Ref 0C33)

Learning Objectives

On completing this section, the student will be able to:

• Define hard and soft water

• List and compare characteristics of hard and soft water

• Understand chemical equations explaining hardness in water

• Calculate hardness of water in p.p.m

• Discuss methods for removing hardness in water

• Explain differences between distilled and de-ionised water

General Learning Points

• Water covers approximately 80% of the earths surface.

•  Dissolved CO2 present in rainwater produces carbonic acid which 
acts as a good solvent.

• Hardness of water is calculated in p.p.m (mg/L).

• Hard water contains more than 150 p.p.m calcium carbonate ions.

• Soft water contains less than 50 p.p.m calcium carbonate ions.

• Hardness in water is due to the presence of Ca2+ and Mg2+ ions.

• Boiling will only remove temporary hardness.

•  Distillation, addition of washing soda, ion exchange resins and  
de-ionisers all remove permanent hardness.

•  For calculation purposes in the Leaving Certificate water hardness is 
assumed to be CaCO3 with a MR of 100g/mol.

Did You Know?  

• Most people use up to 64,000 litres of water in their lifetime.

•  Earlier generations coined the phrase “hard water” because it made 
cleaning more difficult.

•  The United Nations General Assembly have declared the decade 2005 
– 2015 as the International Decade for Action ‘Water for life’.

•  The aim of this programme is to reduce the number of people without 
access to safe drinking water and to stop unsustainable exploitation of 
water resources by 2015. 

True or False
Indicate whether the following are true (T) or false (F) 
by drawing a circle around T or F.

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

• Collect samples of lime scale

•  Place a small quantity of the lime 
scale in a test tube

• Add 5cm3 of dilute hydrochloric acid 

•  Quickly connect this test tube to a 
second test tube that contains 2cm3 

limewater

•  Do you see bubbles? Does the 
limewater change colour?

Reagent            Effect on limewater Gas evolved

Hydrochloric acid  

Methanoic acid  

Vinegar  

Water  

Descaler 

(a) Approximately 60% of land surface is covered by water  

(b) Water on its own is not a good solvent    

(c) Hard water is damaging to your health   

(d) Limescale is an indicator of the presence of water hardness 

(e) Soap is chemically known as calcium stearate   

(f) Boiling removes all hardness   

(g) Distillation is an ideal process for large scale removal of hardness 

(h) Soft water is better for people with skin irritations 

(i)  Calcium Hydrogencarbonate is used when calculating  

water hardness 

(j) Deionised water is the purest form of water   

(k) Ion exchange resins contain iron ions   

Check your answers to these questions on  
www.sciencetechnologyaction.com

Examination Questions   
2004 Higher Level

In an experiment to determine the total hardness of a water sample 
containing calcium and magnesium ions, a solution of the reagent EDTA  
(ethylenediaminetetraacetic acid) in the form of its disodium salt (Na2H2Y) 
was titrated against a sample of the water using a suitable indicator. The 
reaction between the ions (M2+) in the hard water and the EDTA reagent 
may be represented as  

 M2+ + H2Y
2-          MY2 + 2H+

(a)  Name a suitable indicator for this titration. What colour change is 
observed at the end point of the titration using this indicator. (8)

(b)  Describe the correct procedure for rinsing the burette and filling it with 
EDTA agent. (15)

(c)  The addition of a small quantity of another solution to the water in 
the conical flask is essential before commencing the titration. What 
solution must be added and what is its purpose? (6)

(d)  In the experiment it was found that 100cm3 portions of the water 
requires an average titre of 8.10cm3 of 0.010 M EDTA solution. 
Calculate the total hardness in 

 (i) moles per litre

 (ii) grams per litre expressed in terms of CaCO3 and

 (iii) p.p.m. expressed in terms of CaCO3 (15)

(e)  A whitish deposit is often found on the insides of kettles in hard water 
districts. If some of this deposit is scraped into a test tube and dilute 
hydrochloric acid is added a reaction is observed. Write a balanced 
equation for this reaction. (6)

2004 Ordinary Level
What is meant by the term hard water? (5)

How may temporary hardness be removed from a water sample? (6)

Give the name and formula of a compound that causes permanent 
hardness in water.

For further examples of past paper exam questions check 
out www.sciencetechnologyaction.com
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Fig.7  Close up of limescale on the electrical 
heating element of a washing machine.  
The lime consists largely of calcium carbonate  
(CaCO3) precipitated out of water after heating.

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention.

Water hardness; solvent; calcium; magnesium; hard water; 150 p.p.m; 
soft water; 50 p.p.m; parts per million; scum; long chain carboxylic acids; 
sodium stearate; calcium stearate; temporary hardness; permanent 
hardness; calcium hydrogencarbonate; magnesium hydrogencarbonate;  
calcium and magnesium chlorides; sulphates; boiling; distillation; washing 
soda (hydrated sodium carbonate); cation exchange resins; ion exchange 
resins; deionisers; anion exchanger; distilled; deionised.

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com
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What is scum?   
Soaps are the sodium or potassium salts of long chain carboxylic acids 
such as stearic acid, e.g. sodium stearate (C17H35COONa). When soap is 
added to hard water, the calcium or magnesium ions in the water react 
with the stearate ions to form a grey insoluble compound called calcium 
stearate (scum) which floats on the water. The soap will only form a lather 
when all the Ca2+ or Mg2+ ions have been precipitated.

What causes hardness in water?
There are two types of water hardness, temporary hardness that can be 
removed by boiling the water, and permanent hardness that cannot be 
removed by boiling the water. 

Temporary hardness is caused by the presence of calcium 
hydrogencarbonate (Ca(HCO3)2) and magnesium hydrogencarbonate  
(Mg(HCO3)2). Rainwater is slightly acidic because it dissolves carbon 
dioxide as it falls through the air forming weak carbonic acid (H2CO3). 
Limestone rock (calcium carbonate) is insoluble in water. However, rain 
water containing the weak carbonic acid reacts with the limestone in the 
soil forming calcium hydrogencarbonate.

Permanent hardness is caused by the presence of calcium and magnesium 
sulphates (CaSO4 and MgSO4) and dissolved calcium and magnesium 
chlorides (CaCl2 and MgCl2 ). When water flows over gypsum, the calcium 
sulphate present in the rock is dissolved in the water. 

Total hardness is the sum of the concentrations of all calcium and 
magnesium ions in the water. It is the sum of the temporary hardness and 
the permanent hardness present.

Can hardness be removed?
Temporary hardness can be removed by boiling. This will not remove any 
ions that cause permanent hardness. 
Heat decomposes calcium hydrogencarbonate into calcium carbonate 
(insoluble) and carbon dioxide gas is given off. The calcium carbonate 
may be filtered off.

There are a number of ways to remove permanent harness. Distillation 
involves boiling the water and then cooling the vapour. This method 
removes all dissolved substances and produces very pure water. However, 
it is very expensive due to high energy costs and so is not feasible for 
large-scale processes.

If washing soda (hydrated sodium carbonate (Na2CO3.10H2O)) is added to 
the water, it reacts with all the calcium compounds and precipitates them 
as carbonates. This method is generally used for domestic purposes.  
Bath salts are essentially coloured and scented crystals of washing soda.

Cation exchange resins usually contain a complex sodium compound, 
represented by Na2R. If hard water is passed through the column containing 
the resin, the calcium and magnesium ions in the water are replaced by 
sodium ions from the resin. Sodium ions do not cause hardness. In recent 
years ion exchange resins have been developed which remove organic 
material from water as well as ions but the cost of this process is high.

Deionisers, or modern day ion exchange resins, can remove all ions from 
water. The resin is a mixture of a cation exchanger which captures Ca2+ 
and Mg2+ and exchanges them for H+ and an anion exchanger which 
replaces negative ions like Cl- and SO4

2- ions with OH-. The H+ and OH- 
ions then react to form water.

Is there a difference between   
distilled and deionised water?
Distilled water is the purest form of water. All dissolved and suspended 
solids have been removed and all dissolved gases have been removed 
from the water.

Deionised water has all of its ions removed. However it still contains 
dissolved gases, it may still contain non-ionic (organic) material dissolved 
in the water.

Is hard water healthy?
The problems with hard water as outlined in this lesson generally affect 
our overall experience of using the water. Scum in baths is not pleasant. 
Limescale in kettles can lead to additional expense. However, hard water 
is safe for drinking, cooking, and washing and is not damaging to our 
health.

Water is an essential resource
Water is critical to the survival and health of the human race and 
other living organisms. There are many types of natural water 
found on the earth’s surface. These include rain water, river water 
and sea water. In fact approximately 80% of the surface of the 
earth is covered with water. Nevertheless, millions of people 
around the world don’t have access to enough water. Even in 
Ireland, where we normally have plentiful supplies, it is crucial to 
monitor the sources and quality of our water. In this lesson we 
look at a fundamental quality issue - water hardness.

What is hard water?
Water is an excellent solvent. All water supplies contain a wide range of 
dissolved substances and as a result it is difficult to get pure water. The 
dissolved substances may be present in solid, liquid or gas form. Water 
described as hard is high in dissolved minerals, particularly calcium (Ca2+) 
and magnesium (Mg2+). Hardness in water is a common water quality 
problem.  

How is hardness defined?
Hard water will not easily form a lather with soap, mainly due to the 
presence of Ca2+ or Mg2+ ions. It contains more than 150 p.p.m. CaCO3. 
Soft water readily forms a lather with soap and contains less than 50 p.p.m. 
CaCO3. Note that, for convenience, hardness is always quoted in parts per 
million (p.p.m) of CaCO3 (1 p.p.m = 1 mg/l).

How can hard water be identified?
Hard water can easily be identified. It leaves chalky deposits on the element 
of the kettle, soap scum on shower tiles, baths and basins. It can result in 
a build-up of film on hair and body, producing dull hair and dry skin. Also, 
the build-up of limescale in boilers and heat exchange equipment can 
result in increased water heating costs and shorter life of machines.

The Geological Survey of Ireland (GSI), founded 
in 1845, is the National Earth Science Agency. It 
is responsible for providing geological advice and 
information, and for the acquisition of data for this 
purpose. The GSI produces a range of products 
including maps, reports and databases and acts as a 
knowledge centre and project partner in all aspects 
of Irish geology. It functions as a line division of the 
Department of Communications, Marine & Natural 
Resources (DCMNR) with an annual budget in excess 
of €5 million, and employs up to 100 staff. 

Groundwater is a critical natural resource. On average 
between 20% and 25% of our drinking water comes from 
this source. In some rural areas groundwater is the only 
source of supply. There are at least 10,000 wells and 
springs in the country. Therefore, it is important that our 
groundwater supplies are protected. The GSI plays a 
major role in this task by caring out research, providing 
advice to government bodies and the public, preparing 
Groundwater Protection Schemes and maintaining 
detailed databases and maps. 

You can find out more about the GSI, the work they  
do and the services they provide at www.gsi.ie and  
at www.sciencetechnologyaction.com
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• Nice taste

•  Provides calcium for teeth and bones

• Wastes soap

•  Forms limescale on kettles and 
boilers resulting in blocked pipes 
and fuel wastage

•  Not suitable for “dyeing industry”.  
Spoils the finish of fabrics and can 
cause off-shades 

 Soft Water

•  Some people with skin 
conditions, such as eczema, 
have fewer problems if they 
use soft water for washing

•  Very soft water tends to 
dissolve lead from lead 
pipes. Although the amount 
of lead dissolved is small, 
lead is a cumulative poison 
and continual drinking may 
produce lead poisoning
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Activities   
Practical Activity

Tests on scale deposits in a kettle

Repeat the experiment using methanoic acid, or vinegar, or water 
or commercial descaler instead of hydrochloric acid.

Record your observations in a table.

 

Write a conclusion.

Mandatory Experiment

Estimation of the total hardness of a water sample using edta

Syllabus Reference
Leaving Certificate Chemistry:  
Unit 9 Environmental Chemistry 
9.2 Hardness in water 
9.3 Water Treatment.

Junior Certificate Science:  
Section 2B3 Hardness and the treatment of water (Ref 0C33)

Learning Objectives

On completing this section, the student will be able to:

• Define hard and soft water

• List and compare characteristics of hard and soft water

• Understand chemical equations explaining hardness in water

• Calculate hardness of water in p.p.m

• Discuss methods for removing hardness in water

• Explain differences between distilled and de-ionised water

General Learning Points

• Water covers approximately 80% of the earths surface.

•  Dissolved CO2 present in rainwater produces carbonic acid which 
acts as a good solvent.

• Hardness of water is calculated in p.p.m (mg/L).

• Hard water contains more than 150 p.p.m calcium carbonate ions.

• Soft water contains less than 50 p.p.m calcium carbonate ions.

• Hardness in water is due to the presence of Ca2+ and Mg2+ ions.

• Boiling will only remove temporary hardness.

•  Distillation, addition of washing soda, ion exchange resins and  
de-ionisers all remove permanent hardness.

•  For calculation purposes in the Leaving Certificate water hardness is 
assumed to be CaCO3 with a MR of 100g/mol.

Did You Know?  

• Most people use up to 64,000 litres of water in their lifetime.

•  Earlier generations coined the phrase “hard water” because it made 
cleaning more difficult.

•  The United Nations General Assembly have declared the decade 2005 
– 2015 as the International Decade for Action ‘Water for life’.

•  The aim of this programme is to reduce the number of people without 
access to safe drinking water and to stop unsustainable exploitation of 
water resources by 2015. 

True or False
Indicate whether the following are true (T) or false (F) 
by drawing a circle around T or F.
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T F

T F

T F

T F

T F

T F

T F

T F

T F

T F

• Collect samples of lime scale

•  Place a small quantity of the lime 
scale in a test tube

• Add 5cm3 of dilute hydrochloric acid 

•  Quickly connect this test tube to a 
second test tube that contains 2cm3 

limewater

•  Do you see bubbles? Does the 
limewater change colour?

Reagent            Effect on limewater Gas evolved

Hydrochloric acid  

Methanoic acid  

Vinegar  

Water  

Descaler 

(a) Approximately 60% of land surface is covered by water  

(b) Water on its own is not a good solvent    

(c) Hard water is damaging to your health   

(d) Limescale is an indicator of the presence of water hardness 

(e) Soap is chemically known as calcium stearate   

(f) Boiling removes all hardness   

(g) Distillation is an ideal process for large scale removal of hardness 

(h) Soft water is better for people with skin irritations 

(i)  Calcium Hydrogencarbonate is used when calculating  

water hardness 

(j) Deionised water is the purest form of water   

(k) Ion exchange resins contain iron ions   

Check your answers to these questions on  
www.sciencetechnologyaction.com

Examination Questions   
2004 Higher Level

In an experiment to determine the total hardness of a water sample 
containing calcium and magnesium ions, a solution of the reagent EDTA  
(ethylenediaminetetraacetic acid) in the form of its disodium salt (Na2H2Y) 
was titrated against a sample of the water using a suitable indicator. The 
reaction between the ions (M2+) in the hard water and the EDTA reagent 
may be represented as  

 M2+ + H2Y
2-          MY2 + 2H+

(a)  Name a suitable indicator for this titration. What colour change is 
observed at the end point of the titration using this indicator. (8)

(b)  Describe the correct procedure for rinsing the burette and filling it with 
EDTA agent. (15)

(c)  The addition of a small quantity of another solution to the water in 
the conical flask is essential before commencing the titration. What 
solution must be added and what is its purpose? (6)

(d)  In the experiment it was found that 100cm3 portions of the water 
requires an average titre of 8.10cm3 of 0.010 M EDTA solution. 
Calculate the total hardness in 

 (i) moles per litre

 (ii) grams per litre expressed in terms of CaCO3 and

 (iii) p.p.m. expressed in terms of CaCO3 (15)

(e)  A whitish deposit is often found on the insides of kettles in hard water 
districts. If some of this deposit is scraped into a test tube and dilute 
hydrochloric acid is added a reaction is observed. Write a balanced 
equation for this reaction. (6)

2004 Ordinary Level
What is meant by the term hard water? (5)

How may temporary hardness be removed from a water sample? (6)

Give the name and formula of a compound that causes permanent 
hardness in water.

For further examples of past paper exam questions check 
out www.sciencetechnologyaction.com
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Fig.7  Close up of limescale on the electrical 
heating element of a washing machine.  
The lime consists largely of calcium carbonate  
(CaCO3) precipitated out of water after heating.

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention.

Water hardness; solvent; calcium; magnesium; hard water; 150 p.p.m; 
soft water; 50 p.p.m; parts per million; scum; long chain carboxylic acids; 
sodium stearate; calcium stearate; temporary hardness; permanent 
hardness; calcium hydrogencarbonate; magnesium hydrogencarbonate;  
calcium and magnesium chlorides; sulphates; boiling; distillation; washing 
soda (hydrated sodium carbonate); cation exchange resins; ion exchange 
resins; deionisers; anion exchanger; distilled; deionised.

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com
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