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How Polluted?! Teacher’s Notes
About this Resource Pack
This pack was written by Dr Amy Rogers and Dr Lauren Gough (OPAL East Midlands, University of Nottingham).  It is free to use for teaching purposes and additional electronic copies can be downloaded from www.OPALexplorenature/org/heathlandresources.  This pack contains materials to support a field study in a heathland, one of our most endangered and fragile habitats.  It is primarily aimed at KS4 students studying Science or Geography.
This field study encourages students to act as environmental scientists to assess the ‘health’ of a heathland habitat. The pack contains three separate activities that students can complete, depending on the time available and suitability of your site.

	Activity A:
	Measuring nitrogen pollution in the soil using soil chemistry tests

	Activity B:
	Measuring nitrogen pollution in the air using lichens as bio-indicators

	Activity C:
	Investigating heathland vegetation using quadrats to compare the relative abundance of heather and grass species.


Contents of this Pack
PowerPoint introduces pupils to heathland, explains why they are important and discusses what nitrogen pollution is, where it comes from and how it threatens heathlands. 

Student workbook gives instructions, background and questions for pupils to work through.

Plant ID guide to help pupils identify common heathland plants.  The guide should be printed double-sided if possible with photographs on the front and key plant characteristics on the back. 

Example risk assessment gives ideas for formulating your own, site specific risk assessment.
Curriculum Links
KS4 Science: Ecology, Interdependence, Pollution, Bio indicators, Nitrogen Cycle, Soil Chemistry, Abiotic/Biotic Factors, Quadrats/Sampling, Human Impact on the Environment, How Science Works
KS4 Geography: Ecosystems, Human Use of the Environment, Sustainable Use of Environment 
Health and Safety
It’s important to carry out a pre-visit risk assessment. An example is included, but this should always be modified and tailored for each individual visit.
Background

What are lowland heathlands?

Lowland heathlands are open habitats, found less than 300m above sea level, and are usually dominated by heather and different grasses. Shrubs, such as gorse, are frequently present, in addition to scattered trees such as birch and oak. Bracken often becomes a pest species within heathlands. Lichens, fungi and mosses are common on the ground. 

[image: image1.png]Heathlands are typically associated with sandy, acidic, low nutrient soils. Heathland sites may be large open areas or small fragmented patches within a woodland habitat. Lowland heathlands are among the rarest habitats in the world. In fact they are rarer than rainforest, and we have 20% of the world’s heathlands in the UK. Many are classified as Sites of Special Scientific Interest (SSSI). This means particular care must be taken to avoid damaging sites and you must have land owner permission to carry out any activities. 
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Where did they come from and where are they going!

Historically, many heathlands are the result of humans clearing the landscape for agriculture and timber. If left unmanaged, they could gradually undergo succession to form a forest. Many heathlands are managed carefully to maintain them as a heathland. Common management techniques include grazing, mowing, rolling bracken and tree removal. The main aims of heathland management are to reduce cover of shrubs and trees, ensure soil nutrients remain at a low level, ensure plants are different ages to encourage structural diversity and meet specific requirements of priority species.  
What lives there?

Heathlands contain many species that are endangered or threatened. They are extremely important habitats for spiders and one of the only habitats in the UK that can contain all six of our native reptile species. Particular risks associated with heathlands in some areas include the possibility of encountering adders. A number of critically endangered birds only nest in heathlands, including the European nightjar.  Some heathland birds are ground nesting and it would be best to avoid carrying out field trips to a site if birds are nesting there. Disturbance could result in them abandoning their nest.

What’s threatening this rare habitat?

Heathlands have declined rapidly over the last century. For example, Nottinghamshire is thought to have lost over 96% of its heathland during the last 250 years (Clifton and Keymer, 2009).  Heathland is a priority habitat and many landowners are working actively to create more heathland habitats. Threats to heathlands include loss due to human activity (e.g. building housing estates), damage through inappropriate use (e.g. by dirt bike riders and rubbish tippers) and pollution increasing soil fertility, leading to invasion by grasses and trees, which grow better when soil nutrient levels are higher.
Nitrogen pollution

The main form of pollution threatening heathlands is nitrogen pollution. Nitrogen-pollutants include 

· Nitric Oxide (NO) and Nitrogen Dioxide (NO2) – collectively known as oxides of Nitrogen (NOx)  
· Ammonia (NH3) 
Nitrogen pollution is a consequence of human activity e.g. NOx from burning fossil fuels, and NH3 from agricultural practices. 
The amount of readily available nitrogen in the environment would naturally be a highly conserved cycle and nitrogen would often be a limiting factor. Over the last 300 years the amount of available nitrogen has shown huge increases due to an increase in fossil fuel burning and the development of the Haber-Bosch process to fix nitrogen in the air. The effect of nitrogen pollution on the environment is the subject of ongoing research. Nitrogen pollution is thought to have an effect on human health, reacting with haemoglobin in the blood, decreasing the function of the thyroid gland and causing Vitamin A deficiencies. Nitrous oxide is an important greenhouse gas and is thought to be contributing to climate change. The deposition of nitrogen into ecosystems can also affect the way that plants grow. To some plants it acts as a fertiliser and promotes growth. Other plants can become more sensitive to drought, frost and insect attack.  
In heathland habitats, an increase in nitrogen is thought to promote the growth of fast growing species such as grass, bracken and bramble which then out-compete heathland specialists such as heather. 
Good times to go.
This field trip can be carried out at any time of the year. In the summer months more plants will be flowering, making it a more colourful experience. However, nightjar could be nesting from May- August so these months should be avoided if nightjars are present at your site. 
Example Timings of the Day

	9.15 - 9.30am
	Arrival

	9.30 – 10:00am
	Introduction

	10:00am - 12pm
	Activity A: Set up soil tests

Activity B: Lichens as bio indicators

	12:00 - 12.45pm
	Lunch

	12.45 - 1.15pm
	Activity A: Analysis of soil chemistry tests

	1.15 - 2.30pm
	Activity C: Vegetation sampling

	2.45pm
	Depart


Equipment/Resource Checklist
	Student workbooks and clipboards
	

	Pencils
	

	Facilities/equipment to run PowerPoint on site
	

	Camera
	

	First Aid Kit
	

	Activity A: Soil Chemistry Tests 

	

	Soil testing kits 
	

	Trowels
	

	Test tubes and test tube holders (optional)
	

	Water bottles (300ml preferably)
	

	Soil pH meter (optional)
	

	Activity B: Lichens as Bio indicators

	

	Tape measures for tree girth
	

	Lichen field guide (freely downloadable from www.OPALexplorenature.org/sites/default/files/7/file/OPAL-Air-Chart-web.pdf)
	

	(OPAL Air  survey resource pack) 
	

	Activity C: Vegetation Surveys

	

	Quadrats (pupils in groups of 3)
	

	Random number tables
	

	Calculators (one per group)
	

	Two 50m tape measures
	

	Compasses (optional)
	

	The OPAL Guide to Heathlands in the East Midlands (download for free from www.OPALexplorenature.org/heathlandresources or request a hard copies from opaleastmidlands@nottingham.ac.uk).
	


Activity A: Soil Chemistry Tests
This activity uses a simple soil test kit to investigate chemical components of the heathland soil.  The resource has been developed using the mini soil test kits sold by Tenax (www.tenax.co.uk).  Other soil test kits are available, or, alternatively, testing can be performed after the field study in the school laboratory, provided you have permission to remove soil from the site.  If you choose to complete the soil analyses in the laboratory, emphasise that the field study will use bio indicators (i.e. plants and lichens) to investigate the pollution levels present.

The first test looks at soil pH.  Healthy heathland soil should be acidic. You could take a digital pH probe and use this instead of, or, as well as the soil kit and discuss the relative merits of each method. 

The second test looks at nitrogen levels in the soil. Heathland soils should be deficient in nitrogen. If the soil is unpolluted, the test should indicate that soil nitrogen levels are ‘deficient’.  If nitrogen pollution is present, the test will indicate ‘adequate’, ‘sufficient’ or ‘surplus’ soil nitrogen conditions depending upon the level of pollution. Heathland plants are adapted to low nitrogen conditions. Many of the plants have specific adaptations to such low nutrient conditions.  Nitrogen pollution can increase the levels of nitrogen in the soil, allowing faster growing species such as grasses, bracken, bramble and birch to invade the heathland.  Once established these species may out-compete the heathland specialists resulting in a change in the habitat and the ultimate loss of the heathland.  

The soil tests take some time for sediments to settle and colours to develop. You may want to set the soil test up first and then return to it later in the day to collect the results. If you are carrying out the soil test in the field it’s a good idea to take some test tube racks so the samples don’t get lost or disturbed whilst you are carrying out other activities.
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Activity B: Measuring Nitrogen Pollution in the Air using Lichens
This activity uses lichens to assess whether or not the air surrounding the heathland is affected by nitrogen pollution.  Lichens are a symbiotic relationship between two species - a fungi (approx 80%) and an alga. The fungi provide the main structure and support, protecting the algal cells inside from environmental stress such as extremes of temperature and UV radiation.  The algal cells produce sugars by photosynthesis to provide food for both the algal and fungal cells. This tight symbiosis allows lichens to colonise extremely diverse and challenging environments. They are one of the only species to be found on all seven continents. 

Lichens are excellent bio indicators of air quality because they don’t have a root system and obtain most of the nutrients they require from the air. They can give a very localised indication of how much nitrogen pollution is in the air around a site. Pollution in the air could enter the soil e.g. through rainfall. The indicator lichens used in this survey have been selected for their specific responses to nitrogen pollution: some are extremely nitrogen-sensitive and are unable to survive in areas with high levels of these pollutants. Others are nitrogen loving and thrive in increased levels of nitrogen pollution. Yet others are intermediates and found in both clean and polluted environments.
The lichens used in this activity are part of the national OPAL Air Survey. Please enter the results you collect on the OPAL website (www.OPALexplorenature.org/AirSurvey) to allow scientists to gather more information about air pollution nationally.  This will also allow you to more accurately compare your site with other areas around the country.
This activity asks students to select three deciduous trees (such as ash, oak and sycamore).  You need to check with a site visit that enough accessible trees are available around the heathland site. 
Students measure the girth of the tree at chest height and then record the abundance of each of the 9 indicator lichen species. Abundance is scored on a level of 0-3 as described in the student workbook. For more information go to www.OPALexplorenature.org/AirSurvey.
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Activity C: Vegetation Surveying

This activity investigates whether or not there is an indication of nitrogen pollution in the heathland vegetation. It uses biotic factors (vegetation present) to assess the likely level of pollution.  A healthy heathland should have an average percentage cover of heather of at least 25% and no more than 50% cover of grass.  Bracken, bramble and birch cover should be minimal.  

Quadrat sampling is explained in the accompanying PowerPoint presentation and re-capped in the workbook.  Please note that the species listed in the results table were chosen for a specific site.  It is advisable to conduct a pre-visit to ascertain which plants species are present.  If possible, you may also like to provide a simple identification guide, such as the Field Studies Council’s Key to Plants Common on Heathlands and Moorlands or the OPAL Guide to Heathlands in the East Midlands (please request a copy by visiting www.OPALexplorenature.org/heathlandresources). 
When conducting any sampling, the samples should ideally be randomly selected.  For this study we recommend generating random quadrat samples using the following approach:

· Lay out two 50m tape measures (or as long as you have) at right angles to one another – this could be a good exercise to teach students how to use compasses.

· For each quadrat, get the students to generate two random numbers between 0 and 50 using the random number generator on a calculator.  These numbers will correspond to the X-Y co-ordinates of the quadrat.

· Ideally each group of students will complete 10 quadrats, generating X,Y co-ordinates using a random number generator on calculator.
When comparing the results of the soil chemistry and the vegetation survey, it is important to note that the vegetation present on site will be affected by more than just the nitrogen pollution present.  Many heathland sites are managed to actively encourage heather and other heathland plants, and to discourage plants such as bracken and bramble.  If a site is well managed, it may have a relatively high soil nitrogen content, but still have a high heather to grass ratio.  
Summary and Evaluation

This section contains 5 short-answer questions designed to make students think about the potential limitations of the activities, as well as using the results of all three activities to conclude whether or not they think the heathland is being affected by nitrogen pollution


Possible Further Activities 
· Look on the OPAL website to find video clips and a blog about current research into the effects of Nitrogen pollution on heathlands (www.OPALexplorenature.org/taxonomy/term/23)
· Use the OPAL website to compare the results you obtained for the lichen study with results that people from around the country have obtained at different sites.
· Get pupils to make a PowerPoint presentation, short video documentary, website or scientific poster to show their findings.

· Pass your results on to the heathland land owners to help them to assess the impact of nitrogen and the success of their management practices.

More Information?
OPAL Air Survey - www.OPALexplorenature.org/AirSurvey
Guide to Heathlands and Moorlands - Field Studies Council Guide
OPAL Guide to Heathlands in the East Midlands – www.OPALexplorenature.org/heathlandresources
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Figure 1 – A typical lowland heathland








Sample Workbook Answers: Activity A


Students should conclude that the soil is ‘healthy’ (appropriate for heathlands) if it has a pH of 3-5 and ‘unhealthy’ (inappropriate for heathlands) if it has a pH below 3 or above 6.  


‘Adequate’, ‘sufficient’ or ‘surplus’ soil nitrogen levels would indicate there is nitrogen pollution at the site.


Examples of possible abiotic factors:


soil: soil temperature, soil phosphorous/potassium levels, soil texture, soil water 


general environment: air temperature, humidity, wind speed, precipitation, light levels








Sample Workbook Answers: Activity B


What do your lichen observations suggest about the levels of nitrogen pollution in the area?  


A High abundance of nitrogen loving lichens would indicate there is a high level of nitrogen pollution in the air around the heathland. 


A High abundance of nitrogen sensitive lichens would indicate there is a low level of nitrogen pollution in the air around the heathland.


No lichens may indicate there are high levels of other types of pollution e.g. sulphur dioxide, that may be stopping the lichens from growing at all.  





Sample Workbook Answers Summary and Evaluation:


1) Suggest two ways you could have made the data you collected in Activity A more accurate.  Suggestions could include:


Test the nitrogen content and pH of more than one sample of soil and calculate averages.


Make sure that soils are collected from randomly selected locations within the heathland.


Use a more accurate, laboratory procedure to measure the pH and nitrogen content (interpreting colours may be subjective).


Sieve the soil during the nitrogen test to ensure minimal roots and organic matter.


2) Try to name a potential source of error that could have affected the reliability of your results in Activity B.


Incorrect identification of lichen species.


Selection of trees that are not deciduous (coniferous trees do not support as many lichen).


Percentage cover is a subjective measure.  Data will be most reliable if the same team member collected the data from each tree.  


3) A good quality heathland will have at least 25% cover of heather and less than 50% cover of grass. Using the results you collected in Activity C, explain whether or not you think this is a good quality heathland.  


To answer the question, students should calculate the average percentage cover of heather and of grass across their 10 quadrats and compare these values to the figures given in the question.  








4) Why did you have to do at least 10 quadrats in Activity C?


Greater sample sizes provide more accurate results and are more likely to give a more precise representation of what’s happening in an area.  


5) Do you think nitrogen pollution is a problem in this heathland.  Use the results from Activities A – C in your answer.


Pupils should draw on their soil chemistry tests (pH and nitrogen levels); their lichen data (the relative abundance of nitrogen loving and nitrogen sensitive lichens) and the vegetation surveys (the % cover of heather vs grasses) to determine whether this heathland is likely to be suffering from the effects of nitrogen pollution.
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