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Removal of pathogens
Before biosolids are applied to land, whether as fertiliser or as landfi ll, it 
is important to ensure that they present no signifi cant danger to people’s 
health either directly or indirectly by contamination of ground water and 
eventually of water supplies. Pathogens are microorganisms that cause 
disease – viruses, bacteria, protozoa or larger multi-celled animals such 
as parasitic worms. 

Different methods are used to pasteurise biosolids. One method used 
today is called Autothermal Thermophilic Aerobic Digestion; this makes 
use of heat-loving (thermophilic) bacteria that can thrive at 55˚C. 
Another method, which is more expensive, involves the addition of lime, 
CaO, which reacts with water to produce Ca(OH)2 and evolves heat in 
the process. 

Sustainability
The growing of food products removes micro-nutrients from the soil – 
nitrogen compounds, phosphate and other minerals. If food were not 
harvested then these nutrients would eventually return to the soil from 
which they came. From an environmental perspective it makes little 
sense to continuously remove nutrients from agricultural land and 
deposit them in lakes, rivers and seas – usually with adverse effects. 
Returning the nutrients to the land, in a form that is not easily leached 
out, restores the fertility of the soil in an environmentally sustainable 
way. Rather than objecting to the use of biosolids for the enrichment of 
the soil, people should be supporting its use and indeed advocating it as 
a rational long-term solution.

Confl icts of interest arise when the nature of biosolids is not properly 
understood. It is true that biosolids contains bacteria but so does the 
natural environment (soil, rivers etc.). Ecosystems could not survive 
without them. 

Removal of all bacteria from biosolids would be hugely expensive and 
rather pointless; once it is spread on the land the material is colonised 
by soil bacteria and other organisms that decompose it further making 
the nutrients available to plants. Reducing the bacteria count to a level 
comparable to that of soil is reasonable and economically viable.

If this is done at a higher temperature (up to 55˚C) the digestion is faster. 
This process greatly reduces the volume of solid material and releases 
nutrients into solution.

The digested sludge can be removed by means of screens and then 
pasteurised and dried for use in agriculture or as landfi ll.

The liquid fraction can be further treated to reduce the concentration of 
phosphorus and nitrogen compounds. 

Nitrogen may be present as organic nitrogen (protein fragments, amino 
compounds), ammonia (NH3), nitrite (NO2− ions) or nitrate (NO3− ions). 
Organic nitrogen is converted to ammonia by various microorganisms. 
Several species of ammonia-oxidising bacteria (or nitrosifying bacteria, 
such as Nitrosomonas) use the oxidation of ammonia as their energy 
source, converting it in the process to nitrite. Nitrifying bacteria (such as 
Nitrobacter) convert nitrite ions to nitrate ions (NO2− + ½O2  NO3−). 
Denitrifying bacteria (such as Thiobacillus denitrifi cans and Pseudomonas 
denitrifi cans) convert nitrates to nitrogen gas. This is the step that actually 
removes biologically available nitrogen from the water.

Phosphate is generally regarded as the main direct cause of 
eutrophication. Phosphate in water refers to the soluble salts of 
phosphoric acid (H3PO4), i.e. compounds containing H2PO4−, HPO4

2− or 
PO4

3−. Its concentration can be reduced chemically or biologically. 
Chemical reduction is generally achieved by precipitation, i.e. adding 
some substance that reacts with phosphate ions in the water to form an 
insoluble salt that can be fi ltered off – e.g. Ca(OH)2, FeCl3 and Al2(SO4)3. 
This process does not remove all the phosphate, it is expensive and of 
course it adds to the amount of solid material that has to be disposed of. 
(If this process were 100% effective then the precipitated phosphate 
would be too insoluble to be of any value as a fertiliser.)

Biological methods of phosphate removal are being developed at 
present. These make use of certain microorganisms that accumulate 
high concentrations of phosphate in their cells – up to 20% of their mass. 
They can be fi ltered off before the water is returned to watercourses; the 
solid material can be converted into biosolids for use as a fertiliser. 

The Higher Education Authority
The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to the 
furthering of development of higher education and research 
strategy, maintaining a continuous review of the demand and 
need for higher education, as well as assisting in the co-
ordination of state investment in higher education that will be 
accessible to all.

One of the key elements managed by the HEA is the Programme 
for Research in Third Level Institutions (PRTLI), which is currently 
building a world class research infrastructure within Ireland. 
The core aim of the programme is to provide support for 
institutional strategies, inter-institutional collaboration, large 
research programmes and infrastructure (buildings and 
equipment), ensuring that institutions have the capacity to 
formulate and implement successful research strategies, which 
will give them critical mass and world-level capacity in key 
research areas. To date, €605m has been allocated to third-level 
institutions under Cycles one through three within the 
competitive programme.

2007 marks the fourth cycle of PRTLI, as infl uenced by the 
government’s Strategy for Science Technology and Innovation 
(SSTI) as well as the National Development Plan (NDP), 
heralding a truly exciting time for research in the Irish higher 
education system on a national and international expansionary 
scale. Cycle 4 will continue this dedicated channel of funding 
until 2010.

One such programme that has been funded under PRTLI Cycle 
3 is the Biosolids Research Programme at Sligo Institute of 
Technology. The researchers here carry out interdisciplinary 
research that focus on environmental issues, such as the 
treatment of waste, the removal of pathogens and the issue of 
sustainability. Also core to its activities is the treatment and 
disposal of municipal wastewater sludge’s which represents a 
microcosm of the overall sustainability issue.

The term ‘biosolids’ refers to the products of sludge 
treatments that are pasteurised to a specifi ed standard so 
that they are suitable for use as fertilisers. Sludge, in this 
context, generally refers to sewage sludge although the term 
can also be applied to other semi-solid material of biological 
origin such as agricultural slurry, silage liquor, dairy waste 
and effl uent from the paper industry. 

Why is it important to treat waste water?
The release of nutrient-rich material into rivers, lakes and coastal waters 
leads to eutrophication – a rapid growth of microorganisms (e.g. 
fi lamentous algae) in surface water that limits the light available to plants 
in deeper water. The resulting decrease in dissolved oxygen has a 
detrimental effect on fi sh and other aquatic animals. The metabolic by-
products of such algal blooms are often toxic. The untreated sludge is 
also unsightly and smelly and can harbour pathogens.

It can take years for some ecosystems to recover from serious 
eutrophication and contaminated water courses may become unusable 
as sources of drinking water.

Treatment processes
About 50% of lakes in Europe and North America are eutrophic. This can 
sometimes happen naturally if rivers leach large amounts of nutrients 
from rock strata into relatively small bodies of water. However, the effect 
is more usually due to human mismanagement or carelessness.

The treatment process is designed to:

• remove solid material and convert it into useful products 
(e.g. fertilisers) that are safe to use, are easily handled and have no 
unpleasant side-effects.

• remove or greatly reduce the soluble nutrients from the water, 
especially phosphorus and nitrogen compounds, before it is returned 
to the natural environment.

• be environmentally sustainable. 

It is desirable to remove the solid material from the sludge before it 
begins to putrefy, i.e. before large scale anaerobic digestion begins. 
This is done by allowing it to settle and by means of sieves. The resulting 
more concentrated sludge is digested anaerobically in closed tanks. 

Fig. 3 Water samples before and after precipitation. 

Fig.2 Biosolid pelletsFig.1 Residual sludge from biological waste. 

Fig. 4 Water after treatment 
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can also be applied to other semi-solid material of biological 
origin such as agricultural slurry, silage liquor, dairy waste 
and effl uent from the paper industry. 

Why is it important to treat waste water?
The release of nutrient-rich material into rivers, lakes and coastal waters 
leads to eutrophication – a rapid growth of microorganisms (e.g. 
fi lamentous algae) in surface water that limits the light available to plants 
in deeper water. The resulting decrease in dissolved oxygen has a 
detrimental effect on fi sh and other aquatic animals. The metabolic by-
products of such algal blooms are often toxic. The untreated sludge is 
also unsightly and smelly and can harbour pathogens.

It can take years for some ecosystems to recover from serious 
eutrophication and contaminated water courses may become unusable 
as sources of drinking water.

Treatment processes
About 50% of lakes in Europe and North America are eutrophic. This can 
sometimes happen naturally if rivers leach large amounts of nutrients 
from rock strata into relatively small bodies of water. However, the effect 
is more usually due to human mismanagement or carelessness.

The treatment process is designed to:

• remove solid material and convert it into useful products 
(e.g. fertilisers) that are safe to use, are easily handled and have no 
unpleasant side-effects.

• remove or greatly reduce the soluble nutrients from the water, 
especially phosphorus and nitrogen compounds, before it is returned 
to the natural environment.

• be environmentally sustainable. 

It is desirable to remove the solid material from the sludge before it 
begins to putrefy, i.e. before large scale anaerobic digestion begins. 
This is done by allowing it to settle and by means of sieves. The resulting 
more concentrated sludge is digested anaerobically in closed tanks. 

Fig. 3 Water samples before and after precipitation. 

Fig.2 Biosolid pelletsFig.1 Residual sludge from biological waste. 

Fig. 4 Water after treatment 
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You can fi nd out more about the work of the 
Higher Education Authority (HEA) at www.hea.ie or 
www.sta.ie 

Removal of pathogens
Before biosolids are applied to land, whether as fertiliser or as landfi ll, it 
is important to ensure that they present no signifi cant danger to people’s 
health either directly or indirectly by contamination of ground water and 
eventually of water supplies. Pathogens are microorganisms that cause 
disease – viruses, bacteria, protozoa or larger multi-celled animals such 
as parasitic worms. 

Different methods are used to pasteurise biosolids. One method used 
today is called Autothermal Thermophilic Aerobic Digestion; this makes 
use of heat-loving (thermophilic) bacteria that can thrive at 55˚C. 
Another method, which is more expensive, involves the addition of lime, 
CaO, which reacts with water to produce Ca(OH)2 and evolves heat in 
the process. 

Sustainability
The growing of food products removes micro-nutrients from the soil – 
nitrogen compounds, phosphate and other minerals. If food were not 
harvested then these nutrients would eventually return to the soil from 
which they came. From an environmental perspective it makes little 
sense to continuously remove nutrients from agricultural land and 
deposit them in lakes, rivers and seas – usually with adverse effects. 
Returning the nutrients to the land, in a form that is not easily leached 
out, restores the fertility of the soil in an environmentally sustainable 
way. Rather than objecting to the use of biosolids for the enrichment of 
the soil, people should be supporting its use and indeed advocating it as 
a rational long-term solution.

Confl icts of interest arise when the nature of biosolids is not properly 
understood. It is true that biosolids contains bacteria but so does the 
natural environment (soil, rivers etc.). Ecosystems could not survive 
without them. 

Removal of all bacteria from biosolids would be hugely expensive and 
rather pointless; once it is spread on the land the material is colonised 
by soil bacteria and other organisms that decompose it further making 
the nutrients available to plants. Reducing the bacteria count to a level 
comparable to that of soil is reasonable and economically viable.

If this is done at a higher temperature (up to 55˚C) the digestion is faster. 
This process greatly reduces the volume of solid material and releases 
nutrients into solution.

The digested sludge can be removed by means of screens and then 
pasteurised and dried for use in agriculture or as landfi ll.

The liquid fraction can be further treated to reduce the concentration of 
phosphorus and nitrogen compounds. 

Nitrogen may be present as organic nitrogen (protein fragments, amino 
compounds), ammonia (NH3), nitrite (NO2− ions) or nitrate (NO3− ions). 
Organic nitrogen is converted to ammonia by various microorganisms. 
Several species of ammonia-oxidising bacteria (or nitrosifying bacteria, 
such as Nitrosomonas) use the oxidation of ammonia as their energy 
source, converting it in the process to nitrite. Nitrifying bacteria (such as 
Nitrobacter) convert nitrite ions to nitrate ions (NO2− + ½O2  NO3−). 
Denitrifying bacteria (such as Thiobacillus denitrifi cans and Pseudomonas 
denitrifi cans) convert nitrates to nitrogen gas. This is the step that actually 
removes biologically available nitrogen from the water.

Phosphate is generally regarded as the main direct cause of 
eutrophication. Phosphate in water refers to the soluble salts of 
phosphoric acid (H3PO4), i.e. compounds containing H2PO4−, HPO4

2− or 
PO4

3−. Its concentration can be reduced chemically or biologically. 
Chemical reduction is generally achieved by precipitation, i.e. adding 
some substance that reacts with phosphate ions in the water to form an 
insoluble salt that can be fi ltered off – e.g. Ca(OH)2, FeCl3 and Al2(SO4)3. 
This process does not remove all the phosphate, it is expensive and of 
course it adds to the amount of solid material that has to be disposed of. 
(If this process were 100% effective then the precipitated phosphate 
would be too insoluble to be of any value as a fertiliser.)

Biological methods of phosphate removal are being developed at 
present. These make use of certain microorganisms that accumulate 
high concentrations of phosphate in their cells – up to 20% of their mass. 
They can be fi ltered off before the water is returned to watercourses; the 
solid material can be converted into biosolids for use as a fertiliser. 

The Higher Education Authority
The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to the 
furthering of development of higher education and research 
strategy, maintaining a continuous review of the demand and 
need for higher education, as well as assisting in the co-
ordination of state investment in higher education that will be 
accessible to all.

One of the key elements managed by the HEA is the Programme 
for Research in Third Level Institutions (PRTLI), which is currently 
building a world class research infrastructure within Ireland. 
The core aim of the programme is to provide support for 
institutional strategies, inter-institutional collaboration, large 
research programmes and infrastructure (buildings and 
equipment), ensuring that institutions have the capacity to 
formulate and implement successful research strategies, which 
will give them critical mass and world-level capacity in key 
research areas. To date, €605m has been allocated to third-level 
institutions under Cycles one through three within the 
competitive programme.

2007 marks the fourth cycle of PRTLI, as infl uenced by the 
government’s Strategy for Science Technology and Innovation 
(SSTI) as well as the National Development Plan (NDP), 
heralding a truly exciting time for research in the Irish higher 
education system on a national and international expansionary 
scale. Cycle 4 will continue this dedicated channel of funding 
until 2010.

One such programme that has been funded under PRTLI Cycle 
3 is the Biosolids Research Programme at Sligo Institute of 
Technology. The researchers here carry out interdisciplinary 
research that focus on environmental issues, such as the 
treatment of waste, the removal of pathogens and the issue of 
sustainability. Also core to its activities is the treatment and 
disposal of municipal wastewater sludge’s which represents a 
microcosm of the overall sustainability issue.

The term ‘biosolids’ refers to the products of sludge 
treatments that are pasteurised to a specifi ed standard so 
that they are suitable for use as fertilisers. Sludge, in this 
context, generally refers to sewage sludge although the term 
can also be applied to other semi-solid material of biological 
origin such as agricultural slurry, silage liquor, dairy waste 
and effl uent from the paper industry. 

Why is it important to treat waste water?
The release of nutrient-rich material into rivers, lakes and coastal waters 
leads to eutrophication – a rapid growth of microorganisms (e.g. 
fi lamentous algae) in surface water that limits the light available to plants 
in deeper water. The resulting decrease in dissolved oxygen has a 
detrimental effect on fi sh and other aquatic animals. The metabolic by-
products of such algal blooms are often toxic. The untreated sludge is 
also unsightly and smelly and can harbour pathogens.

It can take years for some ecosystems to recover from serious 
eutrophication and contaminated water courses may become unusable 
as sources of drinking water.

Treatment processes
About 50% of lakes in Europe and North America are eutrophic. This can 
sometimes happen naturally if rivers leach large amounts of nutrients 
from rock strata into relatively small bodies of water. However, the effect 
is more usually due to human mismanagement or carelessness.

The treatment process is designed to:

• remove solid material and convert it into useful products 
(e.g. fertilisers) that are safe to use, are easily handled and have no 
unpleasant side-effects.

• remove or greatly reduce the soluble nutrients from the water, 
especially phosphorus and nitrogen compounds, before it is returned 
to the natural environment.

• be environmentally sustainable. 

It is desirable to remove the solid material from the sludge before it 
begins to putrefy, i.e. before large scale anaerobic digestion begins. 
This is done by allowing it to settle and by means of sieves. The resulting 
more concentrated sludge is digested anaerobically in closed tanks. 

Fig. 3 Water samples before and after precipitation. 

Fig.2 Biosolid pelletsFig.1 Residual sludge from biological waste. 

Fig. 4 Water after treatment 
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Syllabus Reference

Leaving Certifi cate Biology
Unit 1.4.9 – Human Impact on an Ecosystem

Leaving Certifi cate Chemistry
Option 1A – Additional Industrial Chemistry 

Cavitation 
The word ‘cavitation’ is used to describe the formation of bubbles of 
water vapour (cavities) when the pressure is reduced. As the pressure 
returns to normal the cavity collapses abruptly and can cause damage 
(pitting) of surfaces on which it occurs. Pitting due to cavitation has long 
been a challenge to designers of propellers for ships.

High-speed stirring of sludge breaks the material into fi ner particles. 
The cavitation that accompanies the process can destroy larger 
organisms (protozoa, roundworms etc.). Most of the energy used to 
drive the process raises the temperature of the sludge.

2005 Leaving Certifi cate Ordinary Level 
What is an ecosystem?

Name two ecosystems found in Ireland.

What is meant by pollution?

Describe a human activity that may result in pollution. Suggest a way in 
which his pollution could be prevented.

What do you understand by the term conservation?

Suggest three reasons for conserving wild animals and plants.

2005 Leaving Certifi cate Higher Level 
Distinguish between aerobic and anaerobic respiration.

Write a balanced equation to summarise aerobic respiration.

What does an ecologist mean by competition?

Competition is generally more intense between members of the same 
species than between members of different species. Comment on the 
validity of this statement. 

Give an account of how you carried out a quantitative survey of a named 
plant species in an ecosystem that you have studied. In your answer 
describe how you recorded the results of your survey.

As a result of a disease, a species of plant disappeared from an 
ecosystem. Suggest three possible effects of the disappearance of this 
plant on the populations of other plants and animals in the ecosystem.

2004 Leaving Certifi cate Higher Level 
What is meant by pollution? Give an example of a human activity that 
result in the pollution of air or water. Suggest a means of counteracting 
this pollution. 

Explain conservation in relation to wild plants and animals. Suggest two 
reasons for conserving wild species. State one conservation practice 
from agriculture or fi sheries or forestry.

For further examples of past paper examination questions 
check www.sta.ie

 P (phosphorus)   4 to10 ppm
 K (potassium)  75 to 150 ppm )

Compare the nutrient level of a fi eld before and after a crop is grown.

Learning Outcomes 

On completing this section, the student will be able to:
• distinguish between sewage, sludge, treated sludge and biosolids

• appreciate the importance and complexity of producing biosolids 

• understand that disposing of sewage (whether treated or not) in 
lakes, rivers and the sea is ecologically unsustainable

• appreciate that fertilising agricultural land with biosolids is practical, 
safe and sustainable

• develop an awareness of the application of biological knowledge to 
modern society in personal, social, economic, environmental, 
industrial, agricultural, medical, waste management and other 
technological contexts 

General Learning Points

• The word ‘Biosolids’ describes the dry solid products of the treatment 
of sewage slurry that has been pasteurised to a specifi ed standard 
or grade depending on the intended use. The grading system is 
based on the levels of various nutrients (phosphate, nitrate etc.) and 
pathogenic bacteria.

• The production of biosolids is a complex process (settlement, 
separation of liquid and solid fractions). The liquid fraction is treated 
to reduce the level of phosphates, nitrates and pathogens) before 
being returned to the environment. The solid fraction undergoes 
anaerobic digestion, pasteurisation and drying. 

• Disposing of sewage in lakes and rivers causes eutrophication; 
the ecological balance is disturbed and can take many years 
to recover. 

• For long-term sustainability, the products of sewage treatment 
should be returned to agricultural land, preferably as biosolids – a 
form that is safe, easily handled economically viable.

Student Activity

Devise a method of collecting a representative sample of soil from 
a fi eld. (One sample from one location would hardly be representative.) 

Test the soil for pH, N, P and K.
  (The desired pH and levels of N, P and K vary from crop to crop. 

The following levels are suitable for grassland:
 pH    6.0 to 6.8 (very slightly on the acid side of neutral)
 N (nitrogen) 4 % or more of organic matter in the soil

True/False Questions

(a) Pasteurisation is a process of heating materials in 
order to destroy microorganisms. T  F

(b) Using biosolids as agricultural fertiliser is ecologically 
unsustainable.  T  F

(c) Eutrophication helps the environment by providing 
nutrients such as nitrates and phosphates for plants.  T  F

(d) In anaerobic digestion organic matter is broken 
down into simpler substances by air or oxygen. T  F

(e) Nitrosifying bacteria use the oxidation of ammonia 
as their energy source. T  F

(f) Denitrifying bacteria convert nitrites to nitrates. T  F

(g) Nitrates and phosphates are essential for plant growth. T  F

(h) Soluble phosphates are salts of phosphoric acid. T  F

(i) Chemical and biological methods are used to 
reduce the concentration of phosphates in treated 
water before it is returned to the environment. T  F

(j) Thermophilic bacteria are removed from biosolids by 
pasteurisation. T  F

(k) Pathogens are either bacteria or viruses. T  F

(l) Returning the nutrients to the land, in a form that is not 
easily leached out, restores the fertility of the soil in an 
environmentally sustainable way. T  F

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

Examination Questions 

2006 Leaving Certifi cate Ordinary Level 
Answer the following in relation to waste management in Ireland.

Waste management is becoming an increasingly diffi cult matter. 
Suggest two reasons for this.

Describe one method of waste management by reference to agriculture, 
fi sheries or forestry.

Suggest some ways of minimizing waste. 

2006 Leaving Certifi cate Higher Level 
Explain what is meant by pollution.

Give an account of the effects of a named pollutant of domestic, 
agricultural or industrial origin.

Describe one way in which the pollution that you have indicated in (ii) 
might be controlled.

Outline the problems associated with the disposal of waste. Suggest two 
ways of minimising waste.

Biographical Notes

Ancient practices in sewage treatment
Although their use was not universal, toilets and sewers have been in 
use for over 4000 years. In ancient Rome (300 BC) toilets and sewers 
were fl ushed regularly with water. Throughout the Roman Empire sewers 
were closed or underground. During the middle ages the sewer system 
in most cities was little better than open drains, fl ushed only by the rain. 
Little care was taken to avoid contamination of sources of drinking water 
since the cause of diseases was not understood. Most waste, including 
food and animal remains, ended up in the rivers.

People have been using faeces as agricultural fertiliser for a few 
thousand years. In the 12th century the Cistercian monks in Milan 
introduced the practice of using the waste from the city sewers to enrich 
the land.

John Bennet Lawes
One of the oldest agricultural research institutions in the world is located 
at Harpenden in Hertfordshire, England. Rothamsted Research was 
founded in 1843 by John Bennet Lawes. He had previously set up a 
factory to make artifi cial fertiliser in 1842.

Since then experiments have been conducted to measure the effect of 
various amounts and types of fertilizer on the growth of plants. 

Lawes and his colleagues clarifi ed the principles of plant nutrition. 

Read more about other famous scientists on www.sta.ieDid You Know?

Grades of biosolids
There are different grades of biosolids; they are characterised by the 
maximum permitted levels of phosphate, nitrate and bacteria etc. 
depending on the intended use and on the location of the processing 
facility. The spreading of agricultural waste on land is sometimes 
accompanied by an unpleasant smell. The spreading of biosolids is 
regulated much more stringently, mainly to ensure that there is minimal 
risk of infection by human pathogens. 

Thermophilic archaea
There are many species of thermophilic (heat-loving) microorganisms. 
Most are archaea – a group that was formerly classed among the 
bacteria but are now considered to be a class apart (or to be more 
precise a ‘domain’ apart). The term is usually reserved for bacteria that 
live in temperatures above 45˚C. Some live in volcanic lakes at a 
scalding 80˚C. Their enzymes (which are proteins) can operate 
effi ciently at these high temperatures and some are fi nding applications 
in biotechnology (e.g. DNA amplifi cation).

Revise The Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful tool for recall and retention. 
algal bloom; anaerobic digestion; aquatic; bacteria; Biosolids; Ca(OH)2; 
chemical precipitation; dissolved oxygen; ecosystem; effl uent; 
eutrophication; fi lamentous algae; leach; lime; micro-organisms; 
organic; Autothermal Thermophilic Aerobic Digestion; parasitic worm; 
pasteurise; pathogens; phosphate; protozoa; putrefy; rock strata; 
sewage; sieve; silage liquor; sludge; slurry; sustainable; toxic; viruses.

Check the Glossary of Terms for this lesson at www.sta.ie
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Biosolids

You can fi nd out more about the work of the 
Higher Education Authority (HEA) at www.hea.ie or 
www.sta.ie 

Removal of pathogens
Before biosolids are applied to land, whether as fertiliser or as landfi ll, it 
is important to ensure that they present no signifi cant danger to people’s 
health either directly or indirectly by contamination of ground water and 
eventually of water supplies. Pathogens are microorganisms that cause 
disease – viruses, bacteria, protozoa or larger multi-celled animals such 
as parasitic worms. 

Different methods are used to pasteurise biosolids. One method used 
today is called Autothermal Thermophilic Aerobic Digestion; this makes 
use of heat-loving (thermophilic) bacteria that can thrive at 55˚C. 
Another method, which is more expensive, involves the addition of lime, 
CaO, which reacts with water to produce Ca(OH)2 and evolves heat in 
the process. 

Sustainability
The growing of food products removes micro-nutrients from the soil – 
nitrogen compounds, phosphate and other minerals. If food were not 
harvested then these nutrients would eventually return to the soil from 
which they came. From an environmental perspective it makes little 
sense to continuously remove nutrients from agricultural land and 
deposit them in lakes, rivers and seas – usually with adverse effects. 
Returning the nutrients to the land, in a form that is not easily leached 
out, restores the fertility of the soil in an environmentally sustainable 
way. Rather than objecting to the use of biosolids for the enrichment of 
the soil, people should be supporting its use and indeed advocating it as 
a rational long-term solution.

Confl icts of interest arise when the nature of biosolids is not properly 
understood. It is true that biosolids contains bacteria but so does the 
natural environment (soil, rivers etc.). Ecosystems could not survive 
without them. 

Removal of all bacteria from biosolids would be hugely expensive and 
rather pointless; once it is spread on the land the material is colonised 
by soil bacteria and other organisms that decompose it further making 
the nutrients available to plants. Reducing the bacteria count to a level 
comparable to that of soil is reasonable and economically viable.

If this is done at a higher temperature (up to 55˚C) the digestion is faster. 
This process greatly reduces the volume of solid material and releases 
nutrients into solution.

The digested sludge can be removed by means of screens and then 
pasteurised and dried for use in agriculture or as landfi ll.

The liquid fraction can be further treated to reduce the concentration of 
phosphorus and nitrogen compounds. 

Nitrogen may be present as organic nitrogen (protein fragments, amino 
compounds), ammonia (NH3), nitrite (NO2− ions) or nitrate (NO3− ions). 
Organic nitrogen is converted to ammonia by various microorganisms. 
Several species of ammonia-oxidising bacteria (or nitrosifying bacteria, 
such as Nitrosomonas) use the oxidation of ammonia as their energy 
source, converting it in the process to nitrite. Nitrifying bacteria (such as 
Nitrobacter) convert nitrite ions to nitrate ions (NO2− + ½O2  NO3−). 
Denitrifying bacteria (such as Thiobacillus denitrifi cans and Pseudomonas 
denitrifi cans) convert nitrates to nitrogen gas. This is the step that actually 
removes biologically available nitrogen from the water.

Phosphate is generally regarded as the main direct cause of 
eutrophication. Phosphate in water refers to the soluble salts of 
phosphoric acid (H3PO4), i.e. compounds containing H2PO4−, HPO4

2− or 
PO4

3−. Its concentration can be reduced chemically or biologically. 
Chemical reduction is generally achieved by precipitation, i.e. adding 
some substance that reacts with phosphate ions in the water to form an 
insoluble salt that can be fi ltered off – e.g. Ca(OH)2, FeCl3 and Al2(SO4)3. 
This process does not remove all the phosphate, it is expensive and of 
course it adds to the amount of solid material that has to be disposed of. 
(If this process were 100% effective then the precipitated phosphate 
would be too insoluble to be of any value as a fertiliser.)

Biological methods of phosphate removal are being developed at 
present. These make use of certain microorganisms that accumulate 
high concentrations of phosphate in their cells – up to 20% of their mass. 
They can be fi ltered off before the water is returned to watercourses; the 
solid material can be converted into biosolids for use as a fertiliser. 

The Higher Education Authority
The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to the 
furthering of development of higher education and research 
strategy, maintaining a continuous review of the demand and 
need for higher education, as well as assisting in the co-
ordination of state investment in higher education that will be 
accessible to all.

One of the key elements managed by the HEA is the Programme 
for Research in Third Level Institutions (PRTLI), which is currently 
building a world class research infrastructure within Ireland. 
The core aim of the programme is to provide support for 
institutional strategies, inter-institutional collaboration, large 
research programmes and infrastructure (buildings and 
equipment), ensuring that institutions have the capacity to 
formulate and implement successful research strategies, which 
will give them critical mass and world-level capacity in key 
research areas. To date, €605m has been allocated to third-level 
institutions under Cycles one through three within the 
competitive programme.

2007 marks the fourth cycle of PRTLI, as infl uenced by the 
government’s Strategy for Science Technology and Innovation 
(SSTI) as well as the National Development Plan (NDP), 
heralding a truly exciting time for research in the Irish higher 
education system on a national and international expansionary 
scale. Cycle 4 will continue this dedicated channel of funding 
until 2010.

One such programme that has been funded under PRTLI Cycle 
3 is the Biosolids Research Programme at Sligo Institute of 
Technology. The researchers here carry out interdisciplinary 
research that focus on environmental issues, such as the 
treatment of waste, the removal of pathogens and the issue of 
sustainability. Also core to its activities is the treatment and 
disposal of municipal wastewater sludge’s which represents a 
microcosm of the overall sustainability issue.

The term ‘biosolids’ refers to the products of sludge 
treatments that are pasteurised to a specifi ed standard so 
that they are suitable for use as fertilisers. Sludge, in this 
context, generally refers to sewage sludge although the term 
can also be applied to other semi-solid material of biological 
origin such as agricultural slurry, silage liquor, dairy waste 
and effl uent from the paper industry. 

Why is it important to treat waste water?
The release of nutrient-rich material into rivers, lakes and coastal waters 
leads to eutrophication – a rapid growth of microorganisms (e.g. 
fi lamentous algae) in surface water that limits the light available to plants 
in deeper water. The resulting decrease in dissolved oxygen has a 
detrimental effect on fi sh and other aquatic animals. The metabolic by-
products of such algal blooms are often toxic. The untreated sludge is 
also unsightly and smelly and can harbour pathogens.

It can take years for some ecosystems to recover from serious 
eutrophication and contaminated water courses may become unusable 
as sources of drinking water.

Treatment processes
About 50% of lakes in Europe and North America are eutrophic. This can 
sometimes happen naturally if rivers leach large amounts of nutrients 
from rock strata into relatively small bodies of water. However, the effect 
is more usually due to human mismanagement or carelessness.

The treatment process is designed to:

• remove solid material and convert it into useful products 
(e.g. fertilisers) that are safe to use, are easily handled and have no 
unpleasant side-effects.

• remove or greatly reduce the soluble nutrients from the water, 
especially phosphorus and nitrogen compounds, before it is returned 
to the natural environment.

• be environmentally sustainable. 

It is desirable to remove the solid material from the sludge before it 
begins to putrefy, i.e. before large scale anaerobic digestion begins. 
This is done by allowing it to settle and by means of sieves. The resulting 
more concentrated sludge is digested anaerobically in closed tanks. 

Fig. 3 Water samples before and after precipitation. 

Fig.2 Biosolid pelletsFig.1 Residual sludge from biological waste. 

Fig. 4 Water after treatment 
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Biosolids

Syllabus Reference

Leaving Certifi cate Biology
Unit 1.4.9 – Human Impact on an Ecosystem

Leaving Certifi cate Chemistry
Option 1A – Additional Industrial Chemistry 

Cavitation 
The word ‘cavitation’ is used to describe the formation of bubbles of 
water vapour (cavities) when the pressure is reduced. As the pressure 
returns to normal the cavity collapses abruptly and can cause damage 
(pitting) of surfaces on which it occurs. Pitting due to cavitation has long 
been a challenge to designers of propellers for ships.

High-speed stirring of sludge breaks the material into fi ner particles. 
The cavitation that accompanies the process can destroy larger 
organisms (protozoa, roundworms etc.). Most of the energy used to 
drive the process raises the temperature of the sludge.

2005 Leaving Certifi cate Ordinary Level 
What is an ecosystem?

Name two ecosystems found in Ireland.

What is meant by pollution?

Describe a human activity that may result in pollution. Suggest a way in 
which his pollution could be prevented.

What do you understand by the term conservation?

Suggest three reasons for conserving wild animals and plants.

2005 Leaving Certifi cate Higher Level 
Distinguish between aerobic and anaerobic respiration.

Write a balanced equation to summarise aerobic respiration.

What does an ecologist mean by competition?

Competition is generally more intense between members of the same 
species than between members of different species. Comment on the 
validity of this statement. 

Give an account of how you carried out a quantitative survey of a named 
plant species in an ecosystem that you have studied. In your answer 
describe how you recorded the results of your survey.

As a result of a disease, a species of plant disappeared from an 
ecosystem. Suggest three possible effects of the disappearance of this 
plant on the populations of other plants and animals in the ecosystem.

2004 Leaving Certifi cate Higher Level 
What is meant by pollution? Give an example of a human activity that 
result in the pollution of air or water. Suggest a means of counteracting 
this pollution. 

Explain conservation in relation to wild plants and animals. Suggest two 
reasons for conserving wild species. State one conservation practice 
from agriculture or fi sheries or forestry.

For further examples of past paper examination questions 
check www.sta.ie

 P (phosphorus)   4 to10 ppm
 K (potassium)  75 to 150 ppm )

Compare the nutrient level of a fi eld before and after a crop is grown.

Learning Outcomes 

On completing this section, the student will be able to:
• distinguish between sewage, sludge, treated sludge and biosolids

• appreciate the importance and complexity of producing biosolids 

• understand that disposing of sewage (whether treated or not) in 
lakes, rivers and the sea is ecologically unsustainable

• appreciate that fertilising agricultural land with biosolids is practical, 
safe and sustainable

• develop an awareness of the application of biological knowledge to 
modern society in personal, social, economic, environmental, 
industrial, agricultural, medical, waste management and other 
technological contexts 

General Learning Points

• The word ‘Biosolids’ describes the dry solid products of the treatment 
of sewage slurry that has been pasteurised to a specifi ed standard 
or grade depending on the intended use. The grading system is 
based on the levels of various nutrients (phosphate, nitrate etc.) and 
pathogenic bacteria.

• The production of biosolids is a complex process (settlement, 
separation of liquid and solid fractions). The liquid fraction is treated 
to reduce the level of phosphates, nitrates and pathogens) before 
being returned to the environment. The solid fraction undergoes 
anaerobic digestion, pasteurisation and drying. 

• Disposing of sewage in lakes and rivers causes eutrophication; 
the ecological balance is disturbed and can take many years 
to recover. 

• For long-term sustainability, the products of sewage treatment 
should be returned to agricultural land, preferably as biosolids – a 
form that is safe, easily handled economically viable.

Student Activity

Devise a method of collecting a representative sample of soil from 
a fi eld. (One sample from one location would hardly be representative.) 

Test the soil for pH, N, P and K.
  (The desired pH and levels of N, P and K vary from crop to crop. 

The following levels are suitable for grassland:
 pH    6.0 to 6.8 (very slightly on the acid side of neutral)
 N (nitrogen) 4 % or more of organic matter in the soil

True/False Questions

(a) Pasteurisation is a process of heating materials in 
order to destroy microorganisms. T  F

(b) Using biosolids as agricultural fertiliser is ecologically 
unsustainable.  T  F

(c) Eutrophication helps the environment by providing 
nutrients such as nitrates and phosphates for plants.  T  F

(d) In anaerobic digestion organic matter is broken 
down into simpler substances by air or oxygen. T  F

(e) Nitrosifying bacteria use the oxidation of ammonia 
as their energy source. T  F

(f) Denitrifying bacteria convert nitrites to nitrates. T  F

(g) Nitrates and phosphates are essential for plant growth. T  F

(h) Soluble phosphates are salts of phosphoric acid. T  F

(i) Chemical and biological methods are used to 
reduce the concentration of phosphates in treated 
water before it is returned to the environment. T  F

(j) Thermophilic bacteria are removed from biosolids by 
pasteurisation. T  F

(k) Pathogens are either bacteria or viruses. T  F

(l) Returning the nutrients to the land, in a form that is not 
easily leached out, restores the fertility of the soil in an 
environmentally sustainable way. T  F

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

Examination Questions 

2006 Leaving Certifi cate Ordinary Level 
Answer the following in relation to waste management in Ireland.

Waste management is becoming an increasingly diffi cult matter. 
Suggest two reasons for this.

Describe one method of waste management by reference to agriculture, 
fi sheries or forestry.

Suggest some ways of minimizing waste. 

2006 Leaving Certifi cate Higher Level 
Explain what is meant by pollution.

Give an account of the effects of a named pollutant of domestic, 
agricultural or industrial origin.

Describe one way in which the pollution that you have indicated in (ii) 
might be controlled.

Outline the problems associated with the disposal of waste. Suggest two 
ways of minimising waste.

Biographical Notes

Ancient practices in sewage treatment
Although their use was not universal, toilets and sewers have been in 
use for over 4000 years. In ancient Rome (300 BC) toilets and sewers 
were fl ushed regularly with water. Throughout the Roman Empire sewers 
were closed or underground. During the middle ages the sewer system 
in most cities was little better than open drains, fl ushed only by the rain. 
Little care was taken to avoid contamination of sources of drinking water 
since the cause of diseases was not understood. Most waste, including 
food and animal remains, ended up in the rivers.

People have been using faeces as agricultural fertiliser for a few 
thousand years. In the 12th century the Cistercian monks in Milan 
introduced the practice of using the waste from the city sewers to enrich 
the land.

John Bennet Lawes
One of the oldest agricultural research institutions in the world is located 
at Harpenden in Hertfordshire, England. Rothamsted Research was 
founded in 1843 by John Bennet Lawes. He had previously set up a 
factory to make artifi cial fertiliser in 1842.

Since then experiments have been conducted to measure the effect of 
various amounts and types of fertilizer on the growth of plants. 

Lawes and his colleagues clarifi ed the principles of plant nutrition. 

Read more about other famous scientists on www.sta.ieDid You Know?

Grades of biosolids
There are different grades of biosolids; they are characterised by the 
maximum permitted levels of phosphate, nitrate and bacteria etc. 
depending on the intended use and on the location of the processing 
facility. The spreading of agricultural waste on land is sometimes 
accompanied by an unpleasant smell. The spreading of biosolids is 
regulated much more stringently, mainly to ensure that there is minimal 
risk of infection by human pathogens. 

Thermophilic archaea
There are many species of thermophilic (heat-loving) microorganisms. 
Most are archaea – a group that was formerly classed among the 
bacteria but are now considered to be a class apart (or to be more 
precise a ‘domain’ apart). The term is usually reserved for bacteria that 
live in temperatures above 45˚C. Some live in volcanic lakes at a 
scalding 80˚C. Their enzymes (which are proteins) can operate 
effi ciently at these high temperatures and some are fi nding applications 
in biotechnology (e.g. DNA amplifi cation).

Revise The Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful tool for recall and retention. 
algal bloom; anaerobic digestion; aquatic; bacteria; Biosolids; Ca(OH)2; 
chemical precipitation; dissolved oxygen; ecosystem; effl uent; 
eutrophication; fi lamentous algae; leach; lime; micro-organisms; 
organic; Autothermal Thermophilic Aerobic Digestion; parasitic worm; 
pasteurise; pathogens; phosphate; protozoa; putrefy; rock strata; 
sewage; sieve; silage liquor; sludge; slurry; sustainable; toxic; viruses.

Check the Glossary of Terms for this lesson at www.sta.ie


