
 

 

 

The Department of Agriculture, Food and the Marine (DAFM)  
Protecting Water Quality – The Nitrates Directive 

Nitrogen is a major component of nucleic acids, 
proteins and vitamins and is essential for life as 
we know it. However, much of the world’s 
nitrogen is in the form of unreactive atmospheric 
nitrogen (N2) and remains largely inaccessible to 
living organisms. Nitrogen fixation involves the 
conversion of N2 to chemical forms that plants, 
and consequently animals via the food chain, can 
use. Nitrogen-fixing bacteria metabolise nitrogen 
gas to ammonia, which can be subsequently 
converted to nitrate. These bacteria are found in 
free-living form in saltwater, freshwater and soil. 
Some species live symbiotically in the roots of 
leguminous plants such as clover; the plant 
receives essential nitrate while the bacteria have 
access to essential compounds such as 
carbohydrates. Atmospheric nitrogen is re-
generated when denitrifying bacteria metabolise 
nitrogen compounds in the soil and in decaying 
organic matter. 

Nitrogen Fertilisers 
In the early 20th century the development of the 
Haber-Bosch process allowed the artificial fixation of 
nitrogen gas to ammonia, which was then oxidised to 
produce nitrate and eventually artificial nitrate 
fertilisers. Artificial fertilisers had larger and less 
variable amounts of available nitrogen than animal 
excreta or seaweed which farmers had traditionally 
used as organic fertilisers. The production of artificial 

fertilisers meant that people no longer had to rely on 
nature’s cycles to slowly replenish a field after 
grazing or crop production. Land formerly deemed 
unproductive was now helping sustain a growing 
world population. Improved mechanisation made 
fertilisers easier to apply. While artificial fertilisers 
remained inexpensive they were often applied in 
larger quantities than growing crops required and 
often at inappropriate times. Over time, higher 
fertiliser costs and a growing awareness of the 
problems associated with excessive fertiliser use 
have prompted action.  

Environmental Impacts of Nitrogen 
If organic or chemical nitrogen fertiliser is not taken up 
by plants it can be lost to the environment. It may be 
denitrified into nitrogen oxide compounds which can 
damage crops and contribute to the global 
greenhouse effect. Nitrogen dioxide is also involved in 
the formation of ozone in the troposphere. Run-off of 
nitrogen fertiliser due to heavy rain and leaching of 
nitrogen downwards through the soil can cause 
pollution of surface water and groundwater. Excess 
amounts of nitrate and phosphate can cause 
eutrophication of rivers and lakes, leading to fish kills 
and loss of biodiversity. Contamination of drinking 
water has led to cases of methemoglobinemia in 
infants. There are strong indications that nitrate may 
be implicated in adverse health conditions, including 
cancer. In livestock, excess nitrate in feed or water 
can result in poor growth, low milk yields and 
abortions. Livestock feeding on recently fertilised 

grass where nitrate fertiliser has had 
insufficient time to be assimilated into 
macromolecules, sometimes display scour 
symptoms. This affects their growth and 
represents a waste of fertiliser and grass. 

The EU Nitrates Directive 
The agricultural use of nitrates in organic 
and chemical fertilisers has been a major 
source of water pollution in Europe. The 
1991 European Nitrates Directive seeks to 
curb this problem by protecting waters 
against pollution by nitrates from 
agricultural sources.  

The Nitrates Directive requires EU Member 
States to identify surface freshwaters and 
groundwaters, which exceed or could 
exceed a concentration of 50 mg nitrate 
per litre, and also to identify surface 
waters, which are eutrophic or could 



 

become eutrophic. Member States must designate 
these areas as nitrate vulnerable zones and establish 
Action Programmes to address the protection of these 
waters from nitrates. Some Member States have so 
designated nitrate vulnerable zones. However, Ireland 
has designated the entire country and taken a whole 
territory approach which is also facilitated by the 
Directive. Member States monitor the trends in their 
water quality continuously. Across Europe there are 
thousands of freshwater and groundwater monitoring 
sites which provide a regular flow of data. Overall, the 
quality of freshwater in Europe has been improving as 
a result of the implementation of the Nitrates Directive.  

Ireland’s National Action Programme 
Ireland’s implementation of the Nitrates Directive is 
based on a National Action Programme that must be 
reviewed every four years in accordance with the 
Nitrates Directive.  

Under Ireland’s action programme, 
farmers may not apply fertilisers 
within stated buffer distances from 
water bodies. Fertiliser spreaders 
must be of a type that can deliver in 
an environmentally friendly manner. 
There are closed periods when 
fertiliser application is prohibited, 
i.e. winter months. During these 
times, there is little or no plant 
growth and consequently minimal 
nitrogen uptake; heavy rains are 
also more likely with increased risk 
of run-off. Fertiliser should not be 
applied at any time to flooded or 
waterlogged land or when heavy 
rain is expected. The closed season 
varies in duration in different 
parts/zones of Ireland. For 
example, well-drained land in the 
southern zone has a shorter closed 
period because it is less subject to 
adverse weather and has a longer 
growing period.  

According to the Directive the application of animal 
manure to land in a year, including excreta deposited 
directly by livestock, should not exceed 170 kg 
nitrogen per hectare. Derogations, permitting higher 
quantities of nitrogen application, are allowed only if it 
can be shown that nutrient losses to water bodies can 
be limited by the type of soil, longer growing seasons, 
growing of crops with high nitrogen uptake and high 
net precipitation. Ireland has approval to operate a 
nitrates derogation up to a maximum limit of 250 kg 
organic nitrogen per hectare per year. 

 

 

Secure facilities are required for animal waste 
storage, with a capacity to exceed the closed period. 
Some farming activities such as pig-rearing may have 
storage problems because of their large nutrient 
production. Farmers with relatively small holdings who 
buy and rear animals indoors over winter for re-sale 
have similar problems. Slurry is regularly sold to farms 
with spare capacity. It is a useful source of 
phosphorus (P) and potassium (K). When used in 
conjunction with calcium ammonium nitrate (CAN) 
fertiliser, it can partly meet a farm’s crop nutrient 
requirement. Overall fertiliser usage is controlled by 
limiting applications to what is required for any 
particular activity such as grazing, silage production or 
crops. Soil is tested to determine its nutrient levels. 
Records of previous land usage, outputs and crop 
rotation are analysed. From these data and 
knowledge of the soil types, a crop requirement can 
be determined. The total amounts of fertiliser to be 

applied, including animal manure, 
can then be calculated. 

Phosphorus (P) management is 
included in the Nitrates Directive 
because of its role in the 
eutrophication of freshwater. 
Farmers must account for the 
phosphorus content of organic 
fertilisers and concentrate 
feedstuffs when calculating 
fertiliser amounts to be applied. 
Irish farmers are limited to Soil P 
Index 3 when applying P, by the 
National Action Programme. 

Before the advent of artificial 
nitrate fertilisers, clover was 
planted to increase soil nitrogen. 
High nitrate levels inhibit clover 
growth. White clover is being 
planted and is expected to 
increase. However, there is 
sometimes high nitrate production 
at the end of growing seasons 

and this nitrate can leach into water bodies. The use 
of clover, therefore, is also monitored. No-till planting 
minimises soil disruption and nitrogen loss. Planting of 
winter cover crops also helps retain nutrients in the 
soil.  

Farmers in some countries have used anaerobic 
digesters to generate biogas from animal waste. Other 
processes such as biological treatment and 
incineration of separated solids may become more 
widely used. 

 

 

 

 



 

The Department of 
Agriculture, Food and the 

Marine (DAFM) 

The Department of Agriculture, Food and the 
Marine (DAFM) strives to lead the sustainable 
development of a competitive, innovative, consumer-
focussed agriculture, food, fishery and forestry sector 
in Ireland through its various activities. DAFM 
promotes the protection of the agricultural 
environment, particularly the quality of Irish 
watercourses, through the following activities:  

• Over €1.2bn is administered by the Department 
of Agriculture, Food and the Marine in annual 
payments to farmers under the Single Farm 
Payment. In order to receive payment farmers 
must maintain their land in good agricultural and 
environmental condition and comply with 
nineteen Statutory Management Requirements, 
one of which is the Nitrates Directive.  

• The Rural Environmental Protection Scheme 
(REPS) and the Agri-Environment Options 
Scheme (AEOS) promote sustainable agriculture 
and encourage the improvement of on-farm water 
management in various ways, such as: 
o Fencing to exclude livestock from 

watercourses and wells.  
o Non cultivated buffer strips adjacent 

watercourses.  
o The development of streamside vegetation 

(riparian zones). These strengthen channel 
banks and act as a buffer strips which stop 
the flow of nutrients into the water channel. 
Buffer zones around wells also contribute to 
the protection of water quality.  

o Provision of alternative piped drinking water 
sources. 

o Provision of soil sampling.  

 

 

 

 

 

 

 

 

 

 

These schemes also aim to promote broad 
environmental objectives to protect biodiversity and 
combat climate change. 

The Agricultural Catchments Programme is funded by 
DAFM and run by Teagasc. The aim of this 
programme is to monitor and evaluate how effective 
Ireland’s National Action Programme is at protecting 
waters against pollution by nitrates from agricultural 
sources.  

DAFM administers the Nitrates Derogation system 
under the Regulations, which provide intensive 
farmers with a higher limit for livestock manure 
application, subject to certain conditions. 

You can find this and other lessons on www.sta.ie. 

Further information on the Agricultural Catchments 
Programme can be found on www.teagasc.ie and 
details of the Nitrates Regulations are available on  

www.agriculture.gov.ie under the headings Rural 
Environment/Nitrates. 

 

 



 

Teaching Notes 
Syllabus References 

Leaving Certificate Biology 

• 1.4.9 Human impact on an ecosystem. 

Leaving Certificate Chemistry 

• Environmental chemistry: water, water treatment; 
the role of nutrients in the eutrophication of water. 

• Option - Atmospheric Chemistry: Nitrogen 
fixation, nitrogen cycle. 

Leaving Certificate Agricultural Science 

• The formation of soils. Physical properties of 
soils. 

• Chemical properties of soils. Major and minor 
elements.  

• Fertilisers and liming. Essential elements for 
normal growth. 

• Living organisms and their effects. Macro and 
micro organisms.  

• Interdependence of animals and plants. 
Decomposition of organic matter; carbon and 
nitrogen cycles. 

• Rotation. 

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

• That excess application of nitrate fertilisers to 
agricultural land has adverse environmental and 
health implications. 

• That the EU nitrates directive is a practical set of 
measures designed to protect freshwater 
supplies. 

• How the directive applies in practice. 

• That the directive does not compromise overall 
food production and is good for the environment. 

General Learning Points 
The following information can be used to revise the 
lesson’s main learning points and inform discussion. 

• Nitrogen is essential for life as we know it.  

• The use of artificial nitrogen (and other) fertilisers 
has made the world’s land more productive and 
enabled it to support a larger population. 

• Excessive use of nitrate fertilisers has had 
adverse environmental effects. Excess nitrate 
levels in drinking water cause health problems for 
humans and animals. 

• The EU Nitrates Directive is designed to protect 
water from nitrate pollution arising from 
agricultural sources. 

• The Directive controls the levels of manure and 
artificial nitrogen fertiliser which can be applied to 
land. Closed seasons apply. Phosphate is also 
regulated. These measures do not compromise 
overall food production. 

 

 



 

Student Exercises 

Student Activities 
• Obtain garden compost or farmyard manure. Mix 

it thoroughly with clay on a cleared patch of 
ground. Plant seeds of different vegetables 
(carrots, parsnips etc) but not in too close 
proximity. Assess the growth and quality of 
vegetables obtained from the nitrogen 
enrichment. 

• Use a soil test to measure the concentrations of 
different nutrients in garden soil. Apply compost 
or artificial fertiliser to the soil. Measure the 
concentration of nutrients in the soil at regular 
intervals. 

• Compare sand, clay and loam soil under the 
headings; drainage, aeration and mineral 
retention. Discuss the results you might expect 
when nitrates or phosphates are applied and the 
effects on water bodies. 

• Ireland has chosen to adopt measures to equally 
protect all its freshwater resources from nitrate 
pollution. Some other countries concentrate their 
efforts on protecting or restoring nitrate 
vulnerable areas. Discuss the relative merits and 
demerits of each approach. 

• Ireland’s counties have been categorised into 
different zones, A, B and C, where the closed 
seasons for fertiliser application vary. Make a list 
of the counties in each zone. Investigate the 
factors involved in deciding the length of the 
closed seasons. 

• Make a list of the different types of fertiliser 
spreaders. What features do they have that allow 
efficient fertiliser delivery while minimising 
pollution of water courses? 

True/False Questions 
(1) The Nitrates Directive includes controls on 

phosphate application to agricultural land.  

(2) Increased cultivation of crops for biofuels 
has been accompanied by increased nitrate 
levels in the Mississippi and the Gulf of 
Mexico.  

(3) It is not necessary to regularly review the 
designation of a site as a nitrate vulnerable 
zone.  

(4) It is more desirable to deliver a field’s 
projected fertiliser requirement in one large 
application rather than over several smaller 
applications.  

(5) Faster nitrate-driven growth in plants is 
always associated with higher quality food.  

(6) Nutrient run-off is more likely from sloping 
river banks.  

(7) Fertiliser is best applied in very dry weather.   

(8) Red clover is not as good for nitrogen 
fixation as white clover but it is a favoured 
flower of many species of  bumblebee.  

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

Examination Questions  

Leaving Cert. Agricultural Science (OL) 2010 Q 12 
(c)  

• List two ways of reducing the amount of fertilizer 
that runs off into waterways. 

Leaving Cert. Agricultural Science (OL) 2009 Q 6 

• Soil is analysed to determine whether or not 
fertiliser is required for growing crops. A number 
of activities are carried out when sampling and 
analysing soil. 

• Why are the samples taken in a W-shaped 
pattern? 

• List two parts of a field which should be excluded 
from sampling. 

• Name one mineral for which the soil samples are 
tested. 

• What is meant by the term soil pH? 

Leaving Cert. Agricultural Science (HL) 2010 Q 1 

Suggest two reasons why a farmer might use sulphate 
of ammonia rather than other forms of artificial 
nitrogenous fertilisers. 

Leaving Cert. Agricultural Science (HL) 2009 Q 1a 

To which plant family does clover belong? Give two 
agriculturally important characteristics of clover. 

Leaving Cert. Agricultural Science (HL) 2009 Q 5b  

• Explain the following terms as they apply to 
artificial fertilisers: Placement, Broadcasting, Top-
dressing. Suggest a crop situation in which one 
of these methods is used. 

Leaving Certificate Chemistry (HL) 2009 Q 7 

• 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. 

 



 

• 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?  

• 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. 

 

Did You Know? 
• Fertilisers may not be applied within fixed 

distances of any water course. A farmer with a lot 
of streams on his/her property may find that he/ 
she is restricted in the actual amount of fertiliser it 
is possible to apply. 

• An Irish dairy cow is classified as a producer of 
85 kg/hectare of organic nitrogen annually. The 
nitrates directive effectively means a limit of 2 
cows/hectare. Other animals are classified for 
lower quantities. 

• Sainfoin (‘holy hay’) is a leguminous plant that 
grows well in dry alkaline soil. It largely 
disappeared with the advent of artificial fertilisers. 
Moreover it competed poorly against weeds. It is 
very palatable to livestock and wildlife. Bees like 
its flowers. It contains tannins which prevent bloat 
(a problem with clover) and have anti-helminthic 
parasite properties. Sainfoin contains less non-
protein nitrogen than other plants and ruminant 
animals that feed on it display better nitrogen 
retention than those fed on clover or ryegrass; 
they also excrete less nitrogen compounds. Its 
revival as a serious agricultural plant is a strong 
possibility. 

 

Biographical Notes 

Rachel Carson (1907–1964) 

Born a Pennsylvania farm girl, she took up biology in 
college. She taught in university and worked at 
Wood’s Hole Marine Biology Laboratory. She wrote 
articles initially to make money but gradually became 
a serious writer. Her book “Silent Spring” highlighted 
the dangers of herbicides and pesticides to the 
environment. This did not endear her to the 
agricultural chemical industry. However she helped 
promote the growing environmental awareness which 
has led to measures like the modern EU Nitrates 
Directive. 
 

Fritz Haber (1868–1935) 

A patriotic Prussian, he worked as a 
teacher/researcher in physical chemistry. World 
nitrate supplies, essential for fertiliser and explosives 
manufacture, mainly came from Chile and were 
dwindling. He, with Carl Bosch, developed a process 
of combining nitrogen and hydrogen to form ammonia, 
using iron catalyst and a combination of high 
temperature and pressure. This earned him the Nobel 
Prize in 1918. During World War 1 he developed 
substitutes for chemicals denied to Germany by the 
Allied blockade. He made a lot of discoveries in 
electrochemical processes. His involvement with 
poison gas manufacture later caused him much 
genuine remorse. 

 

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

Ammonia, anaerobic digesters, biodiversity, biogas, 
CAN, cover crop, crop requirement, denitrifying 
bacteria, European Nitrates Directive, eutrophication, 
Haber-Bosch process, leaching, leguminous plants, 
macromolecules, manure, methemoglobinemia, 
nitrate vulnerable zones, nitrogen fixation, nitrogen 
oxides, nitrogen fixing bacteria, no-till crops, 
phosphate, slurry, symbiosis, urea. 

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

 

  

 




