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Historical view 
Rural Ireland is very much a country of small family-run farms and it may be 
difficult to believe but, around the middle of the twentieth century most small 
farms did not have flushing toilets. These houses used a midden to dispose of 
domestic waste, excrement and animal waste. Water was obtained from a well 
on the property. There was relatively little waste then, as almost all packaging 
was reused or burned. These middens, which relied on natural biodegradation 
by microorganisms, posed a potential health hazard due to vermin, smell and 
possible contamination of ground water which could then be drawn from the 
well. With the advent of increased wealth the amount of packaging and waste 
increased exponentially and so did the health hazards. 

The problem of domestic waste was answered by refuse collection, while rural 
water schemes supplied clean, biologically safe drinking water. The problem 
of disposal of excrement and other liquid waste was addressed by the use of 
septic tanks. 

In towns sewage systems were developed but in many cases the sewage was 
poured straight into local rivers, lakes or the sea, causing serious pollution. 
The sewage contained pathogens and nutrients, such as nitrogen and 
phosphorus, and had a very high BOD (biochemical oxygen demand). 
The high level of nutrients led to eutrophication of surface waters. When all 
the dissolved oxygen in the water had been used up by aerobic bacteria, 
anaerobic bacteria took over producing toxic and foul smelling substances 
such as hydrogen sulfide (H2S). 

Breweries and households poured effluent directly into the Liffey which 
prompted the line in Bagatelle’s song, ‘Summer in Dublin’; “…and the Liffey as it 
stank like hell”. Those days are past now and there is no smell from the Liffey in 
summer as proper sewage treatment systems have been installed.

Sewage treatment process
The treatment of sewage can be divided into three levels of increasing 
purification.

1. Primary treatment involves the removal of solid material (or sludge) by 
screening and sedimentation, which can then be rendered biologically  
safe and stabilised by biodigestion (essentially composting). 

2. Secondary treatment involves biological oxidation by aerobic 
microorganisms. These break down the organic materials in the sewage 
into carbon dioxide and water. They also destroy most of the pathogenic 
organisms present allowing the resulting liquid to be discharged into water 
courses in accordance with licence limits. Since these are aerobic bacteria 
there is no unpleasant smell. Nutrients are not significantly reduced during 
the process.

3. Tertiary treatment is the removal of nitrates and phosphates (NO3
-, PO4

3-) 
by precipitation or ion exchange which prevents eutrophication. In the 
most modern plants this treatment can also involve exposure to ultra-violet 
radiation to ensure complete biological safety by killing the pathogens such 
as E coli which have survived secondary treatment. Wastewater sludge is 
a by-product of the sewage treatment process.In modern sludge treatment 
systems about half of this solid is converted to methane by anaerobic 
bacterial action while the rest is dried and pelleted before being spread on 
land. The methane can be collected and used as a fuel.

Due to the very spread-out nature of rural housing a centralised sewage 
treatment system is not a viable option, thus each house needs an individual 
sewage and waste water treatment system. The commonest system in use 
today is a septic tank. 

What is a septic tank?
It is an underground chamber, located some distance from the house, made of 
material that is watertight, such as concrete, fibreglass or plastic, and through 
which toilet water (blackwater) and water from sinks and domestic appliances 
(greywater) passes into before being infiltrated into the ground. Rainwater  
run-off should not go through the septic tank.

How does a septic tank work?
The tank consists of two parts separated by a wall called the baffle. The 
slow flow of water into the inlet chamber allows heavy particles to sink to the 
bottom forming sludge, and light parts float to the top forming scum. There is 
a limited amount of biodegradation in the sludge by anaerobic bacteria and in 
the scum by both anaerobic and aerobic microorganisms. The baffle prevents 
sludge entering the second chamber where it could block the outflow pipe.

The grey water flows through a gap in the baffle into the second chamber 
where further sedimentation occurs. 

The main function of a septic tank is to act as a primary settlement tank 
removing 15% to 30% of the BOD and approximately 50% of the suspended 
solids from the sewage; the removal of suspended solids significantly reduces 
the extent of clogging in the subsurface percolation area. The liquid waste 
from the septic tank then passes out through a vertical exit pipe whose 
opening is well below the surface to prevent scum that forms there entering 
the outflow where it could form a blockage. The partially treated liquid waste 
from the septic tank then flows into the large percolation area where most of 
the biodegradation takes place.

The size of this area depends on the soil type and natural drainage and the 
number of people for which the house is designed. In the percolation area are 
a number of perforated pipes surrounded by washed gravel buried about 0.5m 
into the ground. The water passes through these areas into the soil. This is 
where the vast majority of biodegradation by microorganisms takes place.

Normally the whole process is passive using gravity as the driving force. 
Since biodegradation in the septic tank is not complete, the tank needs to 
be desludged of accumulated faecal matter (sludge) and scum at regular 
intervals depending on the volume of sewage input. The tank should be 

emptied if scum is present in the second chamber or if the sludge comes up to 
about 400 mm from the bottom of the tank. Some sludge is left to ‘seed’ new 
material entering with microorganisms.

The liquid waste then passes out into the distribution system which channels 
the waste evenly throughout the percolation area where other microorganisms 
slowly complete the breakdown over a very large area. Filtration, 
microstraining and aerobic biological decomposition processes in the tank and 
in the percolation area remove more than 90% of BOD and suspended solids 
and 99% of pathogens. 

What are the possible problems? 
Septic tanks are so unobtrusive that they are easily forgotten and this can 
lead to major problems. 

If the tank becomes full of sludge and scum the outflow becomes blocked and 
toilets may to fail to empty. A blockage could also cause sewage to escape 
from the tank onto the surface, resulting in a foul smell and the spread of 
pathogenic organisms. Both of these problems are easy to detect. 

Less obvious is the escape of sludge into the percolation field which can block 
the perforations in the pipes and even clog the gravel bed. The first sign of 
this can be an increase of plant growth and a greening of the vegetation over 
the percolation area. In more extreme cases the percolation area becomes 
waterlogged and puddles form. In some cases the tank could be leaking and 
discharging untreated sewage directly to the groundwater.

These problems are easily avoided by regular maintenance of the tank. It is 
recommended that the tank should be inspected at regular intervals, three or 
four times a year. 

Oils or fats should never be poured down sinks as these quickly lead to 
blockages. It is also important not to use too much bleach, proprietary drain 
cleaners or biological washing powders as these may kill the microorganisms 
making the system far less efficient. 

If the domestic water supply comes from a well on the property, it is important 
that the septic tank and percolation area are placed sufficiently far from this  
to prevent contamination with pathogens such as E. coli or toxins derived from 
the sewage. This distance depends on the local soil condition and the slope  
of the land.

Under EU legislation and Irish law all septic tanks must be registered with 
the local authority and supervision of the inspection of the tanks by the local 
authority is the responsibility of the EPA (Environmental Protection Agency). 
Due to the enormous number of tanks it is not possible to inspect all tanks, so 
the inspections are prioritised based on risk factors including local conditions.

Find this and other lessons on www.sta.ie

The Environmental Protection Agency is at the front line  
of environmental protection and policing. We ensure that  
Ireland’s environment is protected, and we monitor changes in 
environmental trends to detect early warning signs of neglect  
or deterioration.

Protecting our environment is a huge responsibility, and we 
work with a number of organisations that carry out specific  
environmental functions. As of August 2014, we are also 
responsible for ensuring that the people of Ireland are protected 
from the harmful effects of radiation.

The EPA is an independent public body established under the 
Environmental Protection Agency Act, 1992. The other main 
instruments from which we derive our mandate are the Waste 
Management Act, 1996, and the Protection of the Environment 
Act, 2003 and Radiological Protection (Miscellaneous 
Provisions) Act 2014.

We have a wide range of functions to protect the environment, 
and our primary responsibilities include:

• Environmental licensing

• Enforcement of environmental law

• Environmental planning, education and guidance

• Monitoring, analysing and reporting on the environment

• Regulating Ireland’s greenhouse gas emissions

• Environmental research development

• Strategic environmental assessment

•  Waste management

• Radiological protection

For further information about the EPA visit www.epa.ie
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Syllabus References
The main syllabus references for the lesson are:

Leaving Certificate Agricultural Science
• Decomposition of organic matter; carbon and nitrogen cycles.

Leaving Certificate Biology
• Human Impact on an Ecosystem... Waste management – 

problems associated with waste disposal... Role of micro-organisms.

Leaving Certificate Chemistry
• Sewage treatment. Role of nutrients in the eutrophication of water.
• Organic chemical pollutants, e.g. sewage, industrial waste...

Leaving Certificate Geography
• Human processes, e.g. urban and rural development
Science and Technology in Action is also widely used by 
Transition Year classes. 

Student Activities

1. Listen to the bagatelle song ‘Summer in Dublin’ and ask your  
parents or grandparents to describe the smell.

2. Find out about sewage treatment facilities in your local area. 
You should look at things like: what level of treatment is carried, 
where the effluent is discharged, does it cause eutrophication 
and how much waste does it process annually?

3. If you can find a house that has a septic tank and have a look 
around it, noting things such as its location, the size of the drain 
field, the proximity of the well if there is one. Remember there 
are potentially pathogenic organisms present so be careful and 
wear gloves, safety glasses and a mask to cover your mouth.  
Do not touch effluent and wash carefully when finished.

4. Make a scale model of a septic tank system using dimensions  
available on the EPA website.

5. Investigate the ways that drain cleaners, bleaches and biological 
washing powders can affect septic tank systems.

6. Some parts of Ireland are affected by a microorganism called  
Cryptosporidium, from faecal contamination of water supplies. 
Find out more about this water-borne disease and the parts of 
the country affected.

7. Investigate the things that one should not do to a percolation 
area.

8. Why do you think that rainwater run-off should not be directed 
into a septic tank system? 

Did You Know?
• In ancient Rome going to the toilet was not something that was 

done in private. Only the richest romans had private toilets the 
others used communal toilets  
where they sat around 
having discussions. The 
toilets had streams of water 
diverted from the piped 
municipal water supply 
running under them and the 
waste material was washed 
away to community cess 
pits. They even worshiped 
toilet Gods.

• In the ancient Indus Valley civilization, which covered parts of 
modern India and Pakistan, sophisticated water and sanitation 
systems were in use about 3000 years ago. These included the 
oldest known flush toilets that were connected to a common 
sewerage pipe. 

Biographical Notes
 1836 - 1910

Thomas Crapper was born in Yorkshire, 
England. At the age of seventeen he began 
working as an apprentice to his brother who 
was a plumber. When he was 25 he set up his 
own business producing high quality bathroom 
and toilet fittings.

Although he did not invent the flush toilet he 
devised many improvements for which he held patents. However he 
did give his name to one of the colloquial names for the toilet or WC. 
This name was coined by American servicemen in England on their 
way to the First World War because his company did make flushing 
toilets and the company name was prominent on the cisterns.

Thomas Crapper’s company was bought by a rival in 1963 but went 
into liquidation a few years later. Around 1998 the company was 
revived and today continues to manufacture high quality bathroom 
fittings under the original company name, Thomas Crapper & Co.

Learning Outcomes
On completion of this lesson, students should be able to: 

• Explain why septic tanks are needed in isolated areas
• Describe the layout and basic processes involved in primary, 

secondary and tertiary sewage treatment, and the role  
of microorganisms

• Outline possible problems associated with septic tank systems
• Outline the role of the EPA in the registration and inspection of 

septic tank systems
• Explain the importance of regular maintenance of septic tanks.

• 

General Learning Points 

These are additional relevant points which are used to extend 
knowledge and facilitate discussion.

• Approximately 440,000 houses use a septic tank. 

• A few towns still discharge sewage directly into rivers or the sea.

• Eutrophication is a major problem directly downstream of the 
point where secondary treated sewage is discharged.

• Anaerobic digestion of the sediment from primary sewage treatment 
produces methane (CH4) which can be used as a fuel to help dry 
the solid waste and make it safe as a fertiliser or soil enricher. 

• In tertiary treatment phosphates (PO4
3–) are removed by 

precipitation and nitrates (NO3
–) are removed by ion exchange.

• UV radiation is sometimes used to kill pathogens in effluent.

• In Ireland all septic tanks must be registered with Local Government 
according to the Water Services (Amendment) Act 2012. The EPA  
is responsible for developing a National Inspection Plan.

True/False Questions

a) Anaerobic bacteria produce foul smells and poisons.  T F

b) Septic tanks are the most efficient way of disposing of sewage.  T F

c) A septic tank should be checked more than once a year. T F

d) Rainwater should pass through the septic tank. T F

e) Anaerobic bacteria break down sludge in the first chamber.  T F

f) It is safe to dispose of fats and oils using the kitchen sink. T F

g) Drain cleaner and bleach reduce the efficiency of septic tank. T F

h) Only new septic tanks must be registered and inspected. T F

i) Lush green grass on a percolation area indicates that the  
system is working efficiently. T F

j) Eutrophication is a serious problem in some areas.  T F

k) There are more than 400,000 septic tanks in use in Ireland.  T F

l) It is safe to place a well near a percolation area.  T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

aerobic bacteria, anaerobic bacteria, biodegradation, blackwater,  
BOD (biochemical oxygen demand), eutrophication, greywater, 
hydrogen sulfide (H2S), midden , pathogen, percolation area  
(drain field), precipitation, primary treatment, secondary treatment, 
septic tank, tertiary treatment. 
Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 

Leaving Certificate Chemistry (HL) 2005
What is meant by the biochemical oxygen demand (BOD) of a water 
sample? Describe clearly the processes involved in the primary and  
secondary stages of urban sewage treatment. 

What substances are removed by tertiary treatment of sewage?

Leaving Certificate Chemistry (HL) 2007 
Eutrophication in water may result from the addition of large quantities  
of nitrate fertilizers to it. Describe the processes occurring in the water 
leading to eutrophication.

Leaving Certificate Chemistry (HL) 2011
What is meant by the biochemical oxygen demand (BOD) of a water 
sample? 

The BOD of a raw sewage sample was 350 ppm and the BOD of the 
same sample after treatment was about 25 ppm.

(i)   Describe how the BOD was reduced by about 30% in primary 
sewage treatment. 

(ii)   Explain the processes by which the BOD was further reduced in 
secondary sewage treatment.

Leaving Certificate Chemistry (HL) 2009
Quoting from the EPA website: The main threat to surface water quality 
is eutrophication, which is the over-abundant growth of plants and 
algae arising from excess nutrients in the water.

(i)  What are the nutrients referred to above? At what stage of sewage 
treatment are their levels lowered so that eutrophication does not  
occur downstream from sewage works? 

(ii)  A sample of brewery effluent was diluted from 50 cm3 to 5.0 litres 
with well-aerated pure water. The dissolved oxygen concentration 
of half the sample was measured immediately; the other half 
was stored under suitable conditions and its dissolved oxygen 
concentration was measured later. Concentrations of dissolved 
oxygen of 9.8 ppm and 4.7 ppm, respectively, were recorded. 
 
What are the suitable conditions for, and the duration of, storage  
of the second sample?

Calculate the BOD of the brewery effluent.

Leaving Certificate Biology (HL) 2005 
What is meant when a bacterium is described as being pathogenic?
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True/False Questions

a) Anaerobic bacteria produce foul smells and poisons.  T F

b) Septic tanks are the most efficient way of disposing of sewage.  T F

c) A septic tank should be checked more than once a year. T F

d) Rainwater should pass through the septic tank. T F

e) Anaerobic bacteria break down sludge in the first chamber.  T F

f) It is safe to dispose of fats and oils using the kitchen sink. T F

g) Drain cleaner and bleach reduce the efficiency of septic tank. T F

h) Only new septic tanks must be registered and inspected. T F

i) Lush green grass on a percolation area indicates that the  
system is working efficiently. T F

j) Eutrophication is a serious problem in some areas.  T F

k) There are more than 400,000 septic tanks in use in Ireland.  T F

l) It is safe to place a well near a percolation area.  T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

aerobic bacteria, anaerobic bacteria, biodegradation, blackwater,  
BOD (biochemical oxygen demand), eutrophication, greywater, 
hydrogen sulfide (H2S), midden , pathogen, percolation area  
(drain field), precipitation, primary treatment, secondary treatment, 
septic tank, tertiary treatment. 
Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 

Leaving Certificate Chemistry (HL) 2005
What is meant by the biochemical oxygen demand (BOD) of a water 
sample? Describe clearly the processes involved in the primary and  
secondary stages of urban sewage treatment. 

What substances are removed by tertiary treatment of sewage?

Leaving Certificate Chemistry (HL) 2007 
Eutrophication in water may result from the addition of large quantities  
of nitrate fertilizers to it. Describe the processes occurring in the water 
leading to eutrophication.

Leaving Certificate Chemistry (HL) 2011
What is meant by the biochemical oxygen demand (BOD) of a water 
sample? 

The BOD of a raw sewage sample was 350 ppm and the BOD of the 
same sample after treatment was about 25 ppm.

(i)   Describe how the BOD was reduced by about 30% in primary 
sewage treatment. 

(ii)   Explain the processes by which the BOD was further reduced in 
secondary sewage treatment.

Leaving Certificate Chemistry (HL) 2009
Quoting from the EPA website: The main threat to surface water quality 
is eutrophication, which is the over-abundant growth of plants and 
algae arising from excess nutrients in the water.

(i)  What are the nutrients referred to above? At what stage of sewage 
treatment are their levels lowered so that eutrophication does not  
occur downstream from sewage works? 

(ii)  A sample of brewery effluent was diluted from 50 cm3 to 5.0 litres 
with well-aerated pure water. The dissolved oxygen concentration 
of half the sample was measured immediately; the other half 
was stored under suitable conditions and its dissolved oxygen 
concentration was measured later. Concentrations of dissolved 
oxygen of 9.8 ppm and 4.7 ppm, respectively, were recorded. 
 
What are the suitable conditions for, and the duration of, storage  
of the second sample?

Calculate the BOD of the brewery effluent.

Leaving Certificate Biology (HL) 2005 
What is meant when a bacterium is described as being pathogenic?
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Syllabus References
The main syllabus references for the lesson are:

Leaving Certificate Agricultural Science
• Decomposition of organic matter; carbon and nitrogen cycles.

Leaving Certificate Biology
• Human Impact on an Ecosystem... Waste management – 

problems associated with waste disposal... Role of micro-organisms.

Leaving Certificate Chemistry
• Sewage treatment. Role of nutrients in the eutrophication of water.
• Organic chemical pollutants, e.g. sewage, industrial waste...

Leaving Certificate Geography
• Human processes, e.g. urban and rural development
Science and Technology in Action is also widely used by 
Transition Year classes. 

Student Activities

1. Listen to the bagatelle song ‘Summer in Dublin’ and ask your  
parents or grandparents to describe the smell.

2. Find out about sewage treatment facilities in your local area. 
You should look at things like: what level of treatment is carried, 
where the effluent is discharged, does it cause eutrophication 
and how much waste does it process annually?

3. If you can find a house that has a septic tank and have a look 
around it, noting things such as its location, the size of the drain 
field, the proximity of the well if there is one. Remember there 
are potentially pathogenic organisms present so be careful and 
wear gloves, safety glasses and a mask to cover your mouth.  
Do not touch effluent and wash carefully when finished.

4. Make a scale model of a septic tank system using dimensions  
available on the EPA website.

5. Investigate the ways that drain cleaners, bleaches and biological 
washing powders can affect septic tank systems.

6. Some parts of Ireland are affected by a microorganism called  
Cryptosporidium, from faecal contamination of water supplies. 
Find out more about this water-borne disease and the parts of 
the country affected.

7. Investigate the things that one should not do to a percolation 
area.

8. Why do you think that rainwater run-off should not be directed 
into a septic tank system? 

Did You Know?
• In ancient Rome going to the toilet was not something that was 

done in private. Only the richest romans had private toilets the 
others used communal toilets  
where they sat around 
having discussions. The 
toilets had streams of water 
diverted from the piped 
municipal water supply 
running under them and the 
waste material was washed 
away to community cess 
pits. They even worshiped 
toilet Gods.

• In the ancient Indus Valley civilization, which covered parts of 
modern India and Pakistan, sophisticated water and sanitation 
systems were in use about 3000 years ago. These included the 
oldest known flush toilets that were connected to a common 
sewerage pipe. 

Biographical Notes
 1836 - 1910

Thomas Crapper was born in Yorkshire, 
England. At the age of seventeen he began 
working as an apprentice to his brother who 
was a plumber. When he was 25 he set up his 
own business producing high quality bathroom 
and toilet fittings.

Although he did not invent the flush toilet he 
devised many improvements for which he held patents. However he 
did give his name to one of the colloquial names for the toilet or WC. 
This name was coined by American servicemen in England on their 
way to the First World War because his company did make flushing 
toilets and the company name was prominent on the cisterns.

Thomas Crapper’s company was bought by a rival in 1963 but went 
into liquidation a few years later. Around 1998 the company was 
revived and today continues to manufacture high quality bathroom 
fittings under the original company name, Thomas Crapper & Co.

Learning Outcomes
On completion of this lesson, students should be able to: 

• Explain why septic tanks are needed in isolated areas
• Describe the layout and basic processes involved in primary, 

secondary and tertiary sewage treatment, and the role  
of microorganisms

• Outline possible problems associated with septic tank systems
• Outline the role of the EPA in the registration and inspection of 

septic tank systems
• Explain the importance of regular maintenance of septic tanks.

• 

General Learning Points 

These are additional relevant points which are used to extend 
knowledge and facilitate discussion.

• Approximately 440,000 houses use a septic tank. 

• A few towns still discharge sewage directly into rivers or the sea.

• Eutrophication is a major problem directly downstream of the 
point where secondary treated sewage is discharged.

• Anaerobic digestion of the sediment from primary sewage treatment 
produces methane (CH4) which can be used as a fuel to help dry 
the solid waste and make it safe as a fertiliser or soil enricher. 

• In tertiary treatment phosphates (PO4
3–) are removed by 

precipitation and nitrates (NO3
–) are removed by ion exchange.

• UV radiation is sometimes used to kill pathogens in effluent.

• In Ireland all septic tanks must be registered with Local Government 
according to the Water Services (Amendment) Act 2012. The EPA  
is responsible for developing a National Inspection Plan.
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j) Eutrophication is a serious problem in some areas.  T F
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sample? Describe clearly the processes involved in the primary and  
secondary stages of urban sewage treatment. 
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Eutrophication in water may result from the addition of large quantities  
of nitrate fertilizers to it. Describe the processes occurring in the water 
leading to eutrophication.
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What is meant by the biochemical oxygen demand (BOD) of a water 
sample? 

The BOD of a raw sewage sample was 350 ppm and the BOD of the 
same sample after treatment was about 25 ppm.

(i)   Describe how the BOD was reduced by about 30% in primary 
sewage treatment. 
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secondary sewage treatment.
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algae arising from excess nutrients in the water.
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treatment are their levels lowered so that eutrophication does not  
occur downstream from sewage works? 

(ii)  A sample of brewery effluent was diluted from 50 cm3 to 5.0 litres 
with well-aerated pure water. The dissolved oxygen concentration 
of half the sample was measured immediately; the other half 
was stored under suitable conditions and its dissolved oxygen 
concentration was measured later. Concentrations of dissolved 
oxygen of 9.8 ppm and 4.7 ppm, respectively, were recorded. 
 
What are the suitable conditions for, and the duration of, storage  
of the second sample?

Calculate the BOD of the brewery effluent.

Leaving Certificate Biology (HL) 2005 
What is meant when a bacterium is described as being pathogenic?
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