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Introduction 
The newspapers and TV are full of stories of the harm being done to the environment by things such as oil pollution, the Rain forest being cut down, and Global Warming. 

What is not always reported is that there is also the problem of land being polluted by factories using metals such as zinc, lead, nickel, cadmium and copper, and the industrial dumping of waste from these metals. 

These ‘heavy metals’ and their waste can cause all sorts of health problems to people who are exposed to them even for relatively short periods of time.

Heavy metal poisoning is everywhere in the world today and is a pollution problem we all face.  Heavy metal pollution makes it is very difficult to obtain the levels of nutrients and energy from food that is needed to keep us healthy. 

Pesticides, nitrates in water, radiation, mercury from dental fillings, cadmium from cigarettes and second hand smoke, chemicals from the air, and lead and copper, are just a few of the toxins we are exposed to on a daily basis. Symptoms of lead poisoning in children mimic those of Attention Deficit Hyperactivity Disorder (ADHD). Lead poisoning also causes behavioural and learning problems, nervousness, headaches, and many other related symptoms.

Health problems caused by low-level chronic exposure to heavy metals may take years to appear. These heavy metals have been scientifically proven to be linked to conditions such as cardiovascular disease, high blood pressure, heart attacks, strokes and cancer. 

There are also many diseases that may not cause your death, but can affect your quality of life. Some of these are: Alzheimer's disease, arthritis, diabetes, fatigue and memory loss.

The government now wants 60% of all new housing to be constructed on brown field sites (a brown field site is one that has had factories or industrial dumps on it in the past). Many of these brown field sites have had waste copper metal and copper compounds dumped on them.
These accumulate over time and are detrimental to the environment, so cleaning up this waste is becoming increasingly important. Plants take up this copper as it is an essential part of their photosynthetic pathway;  
Phytoremediation is when plants remove toxic materials from the soil. 

Some plants take up and accumulate copper but other heavy metals such as zinc and lead, as well as TNT, petrochemicals and radioactive contamination such as that from Chernobyl, can also be taken up by plants.  The different contaminants are matched up to the appropriate species of plant. 
The Activities

1) Theoretical Activity

Pupils read up about remediation and pollution and look at a map of an area with varying levels of contamination. 

Their task is to decide which methods are suitable for which areas.
2) Practical Activity

Plant seedlings are grown in soils with differing amounts of copper.

After a pre-determined time (2 weeks or so) the plants are harvested and dried and the concentration of copper in their tissues is determined.

Pupils can be involved in the growth of the plants or, if that seems too time consuming, they could be grown for them by teacher or technician.

Curriculum Links
This activity does not fit neatly into many areas of the curriculum but, with greater or lesser amounts of imagination it could be used for:
I can differentiate between pure substances and mixtures in common use and can select appropriate physical methods for separating mixtures into their components.

SCN 3-16a
I have taken part in practical investigations into solubility using different solvents and can apply what I have learned to solve everyday practical problems. 

SCN 3-16b

I can participate in practical activities to extract useful substances from natural resources. 

SCN 3-17b 
I have helped to design and carry out practical activities to develop my understanding of chemical reactions involving the Earth’s materials. I can explain how we apply knowledge of these reactions in practical ways.

SCN 3-19b 
National 5 - Chemistry in Society

- Chemical Analysis

It can also fit into the Biology curriculum for National 4 and 5
National 4 -Life on Earth

  - Impact of population growth and natural hazards on biodiversity.

Natioal 5 - Life on Earth

  -Human impact on the environment

Heavy Metals and Guzzling plants - Answers
Read the following information and then use coloured pens to

Underline in red the scientists’ aims 

Underline in blue how the scientists did their experiments

Underline in green the scientists’ findings

Underline in purple what the scientists plan to do next 

Scientists from the Universities of Manchester and Oxford discovered how the plant Alyssum lesbiacum, absorbs nickel from soils.  Their aim was to use this knowledge to develop plants that draw metals out of contaminated soil more cheaply and cleanly than other methods. Soils on industrial land are sometimes contaminated with metals. Alyssum lesbiacum  transports nickel into its roots and then into its leaves. Most plants would die if they had high levels of metals in their tissues. Plants with the ability to absorb high levels of metals without dying are known as ‘hyperaccumulators’. 

The scientists from Manchester and Oxford discovered that Alyssum lesbiacum absorbs nickel using a section of a protein, called histidine. Working with scientists at the CCLRC Daresbury Laboratory, they used X-rays to confirm their results.   The scientists are now trying to identify the genes in Alyssum lesbiacum that make hyperaccumulation possible.  The problem is that these plants grow slowly.  If the researchers can find the genes, they will transfer them to fast growing plants, such as cabbages, cauliflowers and sprouts. The scientists hope to genetically engineer plants that can absorb several heavy metals at once, such as copper, zinc, lead and cobalt.   

Using plants to decontaminate soil could be cheaper and more environmentally friendly than other methods, such as removing the contaminated soil.

It may be a good idea to start a discussion on what does one do with the plants which have taken up the toxics.

If you discard the metal-concentrated crop at a landfill site, you're simply moving the pollutant from A to B.  It is far better to recycle the metal from the plant. This can be done in smelters, where the metal is pyrrolised out of the plant material. At this stage it's only cost-effective for precious metals such as nickel and gold, but it's nevertheless a useful method for dealing with metals such as lead, zinc, and cadmium that are known to be toxic and should ideally not be re-released into the environment. 

Discussion Activities

House building on brownfield  sites

A firm of local developers has heard of the work your school is doing about cleaning up toxic sites.

They have bought a local site that was heavily used by industry.

The developers want to know the best way to clean up the site. 

Task 1:    
Pupils Collect a Brown Site Map, Clean up Methods sheet, and a set of Option Cards.

Each set of option cards has information about one way of cleaning up land. 

In groups, pupils discuss these different methods of dealing with toxic waste and complete the columns on the sheet to show what they  think are the ‘Good’ and ‘Bad’ points of each method.

They assess the value of each method and then decide which to use in each area of the map.

They then shade the areas of the map to show the best remedy you have chosen it clean it up.  

Task 2:
In their groups, they prepare a presentation for the class outlining their proposals, and presenting a business case for each solution. 

They should be prepared to justify their reason for choosing each method.



Option Card 1

Phytoremediation:

This is the process where plants are used to clean toxic environments.  The name comes from the Greek word for plant ‘phyton’, and the Latin word for remedy ‘remediare’.

Method:

Plants and soil organisms work together to transform contaminating metals into substances that the plant can absorb.  These substances become stored in the plants. When the plants are harvested and removed from the site, so are the contaminants.

Which contaminants can be removed?

Heavy metals such as chromium, lead, cadmium, zinc and copper as well as petrochemicals, explosives such as TNT, preservatives, radioactive metals, acids and copper sulphate.

Problems:

· The roots can only remove substances from the top 2 m of the soil

· It takes five to ten years to clean the site fully.

Cost:

£2500 per acre

Action:

On the map, shade in green any of the areas of the site where you think phytoremediation may be suitable.


Option Card 2

Bioremediation:

This is the process of using bacteria and microbes to clean up toxic waste.

Method:

Useful bacteria are sprayed onto the affected site. They immediately start to break down the pollutants into less harmful forms.  They finish breaking down the pollutants within one year.

Which contaminants can be removed?

Heavy metals such as copper, lead and zinc, as well as pesticides, fungicides, insecticides, petrol, sulphates and acids.

Problems:

· The bacteria can only survive in the top 2 m of the soil.

· The bacteria change the pollutants into less toxic forms but they are not removed completely from the site.

Cost:

£7500 per acre

Action:

On the map, shade in blue any of the areas of the site where you think bioremediation may be suitable.

Option Card 3

Landfill:

Method:

The earth that contains the pollutants is dug up and taken from the site.  It is taken to another site and buried. The advantage of this method is that the toxic waste is removed from the site very quickly, usually within one month.  Another advantage is that materials can be taken from any depth.

Which contaminants can be removed?

Heavy metals such as chromium, lead, cadmium, zinc and copper as well as petrochemicals, explosives such as TNT, preservatives, radioactive metals, pesticides, fungicides, insecticides, petrol, sulphates and acids.
Problems:

· It is very expensive because the government wants to discourage people from using landfill and so charges a landfill tax.

· The pollutants are just shifted from one place to another.

· During transport, some of the dust from the waste can be blown into the air and fall on nearby good land.

· Some sites are too toxic to touch.

Cost: £50,000 per acre

Action: On the map, shade in red any of the areas of the land you plan to remove for landfill.
Option Card 4

Capping:

Method:

The toxic chemicals are left in the soil and a trench is dug around the site.  This trench is then filled with a special type of clay that does not let water through it.  The top surface of the site is also covered with this clay and then fresh soil is put on the top of it.  Capping is useful for very toxic sites and also for sites where it is not known what the pollutants are. The trench seals contaminants to a depth of 20 m. 

Which contaminants can be capped?

Heavy metals such as chromium, lead, cadmium, zinc and copper, sodium, calcium and arsenic, as well as petrochemicals, explosives such as TNT, preservatives, radioactive metals, pesticides, fungicides, insecticides, herbicides, petrol, sulphates, acids and alkalis.

Problems:

· The pollutants are never removed.

· The site must be regularly checked to make sure that the clay wall has not allowed pollutants through it.

Cost:

£15,000 per acre

Action:

On the map, shade in brown any of the areas of the site you want to cap.
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To make the brown sites fit for building houses on, you could clean up the sites as follows:
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Site 2:  Former farmland.


Pollutants – pesticides, fungicides, insecticides.


Area 10 acres.


Depth of pollution 1.0m


Must be ready for development in 2-3 years time at the latest





Site 1:  Former chemical works.


Pollutants – heavy metals, acids and alkalis, petrochemicals


Area 5 acres     Depth of pollution 2.5m


Must be ready for development 


in 2 years time at the latest








Site 6:  Radioactive storage area for former chemical works.


Pollutants – uranium, plutonium.                Area 2 acres  


Depth of pollution 0.5m	


Will not be developed until 15 years from now





Site 5: Former industrial estate.


Pollutants – fungicides, petrochemicals, cadmium, lead, sodium, arsenic 


Area 4 acres


Depth of pollution 0.1m


Must be ready for development 


in 1 years time











Site 4:  Former metal works.


Pollutants – zinc, copper, lead, acids


Area 2.5 acres


Depth of pollution 0.3m


Can be developed anytime up to  12 years from now





Site 3: Army test range.


Pollutants – TNT and petrol


Area 3 acres


Depth of pollution 1.5m


Must be ready for 


development within 6 months. 





Brownfield Site Map





Good or Bad?





The roots can only remove substances from the top 2 m of the soil.


It takes five to ten years to clean the site fully.


Contaminants are removed from the site with the plants.


The cost is £2500 per acre.








Which contaminants can be removed?





Heavy metals such as chromium, lead, cadmium, zinc and copper as well as petrochemicals, explosives such as TNT, preservatives, radioactive metals, acids and copper sulphate.








Phytoremediation


Plants are used to clean toxic environments.


Plants and soil organisms work together to transform contaminating metals into substances that the plant can absorb.  These substances become stored in the plants. 








Which contaminants can be removed?





Heavy metals such as copper, lead and zinc, as well as pesticides, fungicides, insecticides, petrochemicals, sulphates and acids.








Good or Bad?





They finish breaking down the pollutants within one year.


The bacteria can only survive in the top 2 m of the soil.


The bacteria change the pollutants into less toxic forms but they are not removed completely from the site.


The cost is £7500 per acre.








Bioremediation


Bacteria and microbes are used to clean up toxic waste.


Useful bacteria are sprayed onto the affected site. They immediately start to break down the pollutants into less harmful forms.








Good or Bad?





The toxic waste is removed from the site very quickly, usually within one month.  


It is very expensive because the government wants to discourage people from using landfill and so charges a landfill tax.


The pollutants are just shifted from one place to another.


During transport, some of the dust from the waste can be blown into the air and fall on nearby good land.


Some sites are too toxic to touch.


The cost is £50,000 per acre.


Materials can be taken from any depth.








Landfill





The earth that contains the pollutants is dug up and taken from the site.  It is taken to another site and buried.








Which contaminants can be removed?





Heavy metals such as chromium, lead, cadmium, zinc and copper as well as petrochemicals, explosives such as TNT, preservatives, radioactive metals, pesticides, fungicides, insecticides, petrol, sulphates and acids.








Good or Bad?





The pollutants are never removed.


The site must be regularly checked to make sure that the clay wall has not allowed pollutants through it.


The cost is £15,000 per acre.


Used for very toxic sites and also for sites where it is not known what the pollutants are. 


The trench seals contaminants to a depth of 20 m. 








Which contaminants can be capped?





Heavy metals such as chromium, lead, cadmium, zinc and copper, sodium, calcium and arsenic, as well as petrochemicals, explosives such as TNT, preservatives, radioactive metals, pesticides, fungicides, insecticides, herbicides, petrol, sulphates, acids and alkalis.








		Capping





The toxic chemicals are left in the soil and a trench is dug around the site.  This trench is then filled with a special type of clay that does not let water through it.  The top surface of the site is also covered with this clay and then fresh soil is put on the top of it.  











