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Phytoremediation
Technical & Teaching Notes

Introduction and Context
This practical activity investigates the use of hyperaccumulating plants to clean up copper contaminated soils. This demonstration uses Indian Mustard (Brassica Juncea) as the hyperaccumulator, as this can be grown in a short timeframe. 

The mustard is grown hydroponically, with elevated levels of copper. The copper levels are measured over the test period and the absorption by the mustard seeds calculated.
This activity aims to develop students’ plant based practical skills and awareness of applications of plant science in the real world. It also raises environmental awareness and how humans affect the environment.
This new protocol was written by science technician Helen Bailey, based on the techniques she has developed for her school, and funded by a SAPS Associates Award (www.saps.org.uk/awards). If you have any feedback or further suggestions on the protocol, please let us know at saps@hermes.cam.ac.uk.   

Safety Notes

· Copper Sulfate- See Hazcard 27C, Harmful and Dangerous to the environment.

· Follow good hygiene practices after handling chemicals.

· Beware - Plant Gro lighting system may get hot.

Apparatus

· Plant gro propagation lighting system

· Air stone & air line

· Aquarium bubbler
· Netting

· Tub - food storage tub with lid, able to hold approx 5 litres, opaque or covered in black polythene
· Seeds (Indian/Brown mustard Brassica Juncea)

· Tissue paper

· Large Petri dish

· Balance

· 24 hour plug timer

· 1000ppm Copper Sulfate as stock, working solution is 300ppm
· Copper test strips

Background Information

Phytoremediation is the use of green plants to decontaminate soils in situ. The primary objective of phytoremediation is to maximise the transfer of contaminant to the plant shoots so that the greatest total mass of contaminant is removed by each cropping. Soils can become contaminated from human activities such as mining & manufacturing.

Historically in the UK the most common form of remediation of contaminated land is to remove the soil and dispose of it at a landfill site, clean material is then brought in to replace it. This is not the most environmentally friendly way of dealing with the problem as the contaminants are just shifted from one location to another.

Various estimates exist as to the extent and number of sites that could be affected by contamination. However, there is no reliable estimate of the full extent of land affected. The Environment Agency has estimated that there may be as many as 100,000 sites affected by contamination in England and Wales (Environment Agency, 2000). Between five and 20 per cent of these may require action to ensure that unacceptable risks to human health and the environment are minimised. There is also increasing pressure to reuse land which is affected by contamination rather than develop greenfield sites such as parks or woodland.
An alternative to removal and disposal of the soil is to use a process based approach on site. There are many different techniques available such as thermal treatment and soil washing. This activity is going to look at one of these approaches, Phytoremediation.

Phytoremediation is the use of green plants to decontaminate soils in situ. A plant is chosen which is tolerant to the particular contaminant in question. The plants absorb the contaminants through the root system and store it in the plant biomass. When the plant is harvested it can be dried and processed so that the contaminant can be recovered. There are some plant species which take up contaminants in larger than normal amounts, these are called hyperaccumlators.

This practical activity investigates the use of hyperaccumulating plants to clean up copper contaminated soils. This demonstration uses Indian Mustard (Brassica Juncea) as the hyperaccumulator, as this can be grown in a short timeframe. 

The mustard is grown hydroponically (without soil), with elevated levels of copper. The copper levels are measured over the test period and the absorption by the mustard seeds calculated.

Copper is a reddish metal that occurs naturally in rock, soil, water, plants, sediment, and air. It is an essential element for all living organisms. The environment agency do not publish a level over which intervention should take place, however the Dutch standards intervention value is 190 mg/kg dry matter and the target value is 36 mg/kg dry matter.

Instructions

See Diagram 1 for equipment set up

· 10g of Indian mustard seeds are germinated on a piece of wet tissue paper in the dark for 3 to 4 days. 
· After the seeds have germinated they are transferred to the lid of the storage tub which has been cut out and had netting loosely attached across.
· The solution containing copper is made using either anhydrous copper(11) sulphate (molecular mass 159.68) or copper(11) sulphate 5-water (molecular mass 249.68). A stock solution of 1000ppm w/v is prepared either by dissolving 2.51g (anhydrous form) or 3.92g (5-water form) in 1dm3 of distilled water. As the molecular weight (MW) of copper is 63.546.
The stock solution can then be diluted to give a starting solution of 100ppm, by taking 100ml of stock solution and making it up to a final volume of 1dm3 with distilled water.
The copper solution is then poured into the bottom of the storage tub.
· An aquarium air bubbler is placed into the solution to aerate the plant roots.

· The tub is placed under the light bank with a 16 hour light, 8 hour dark ratio.

· Every day for 5 days the copper concentration is measured using the copper test strips and recorded.
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Diagram 1: Showing equipment set up
Sample Data

	Day
	Copper (ppm)

	1
	30

	3
	30

	5
	30

	7
	30

	9
	Between 10 & 30

	11
	10

	13
	10

	15
	10


Table 1: Showing expected data

· The amount of copper absorbed by the mustard can then be calculated by using the calculations below.

Amount of copper remaining after the test (?ppm() minus the initial copper concentration (300ppm) = Amount of copper absorbed by the seeds

Amount of copper absorbed by the seeds multiplied by the number of litres of copper solution (5 Litres) = the milligrams of copper that have been removed

The milligrams of copper that have been removed divided by the initial number of grams of seeds (10g) = The milligrams of copper removed per gram of germinating seeds
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Picture 1: Red Giant seeds after 5 days germination


Picture 2: Ensure the netting meets the solution
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       Picture 3: Day number 1

Further Investigations 

· Differences in uptake of copper between plant species
· Comparisons of growth when seedlings are grown with and without elevated copper- Index of tolerance calculations
· Partitioning of metals between roots and shoots
Questions

1. Explain the terms ‘phytoremediation’ & ‘hyperaccumulator’.
2. Which types of contaminants can phytoremediation be used to remedy?

3. What are the advantages and disadvantages of phytoremediation?

Answers

1. Phytoremediation means the treatment of contaminated land using plants. Hyperaccumulator means a plant that absorbs toxins such as heavy metals from the soil in larger than normal amounts.
2. Heavy metals, pesticides, solvents & crude oil

3. Advantages = Lower costs, ability to recover valuable metals

Disadvantages = Long term commitment, limited to depth roots can grow to

References 

1. The environment agency 'Dealing with Contaminated Land in England' http://www.environmentagency.gov.uk/static/documents/Leisure/dealing_with_contaminated_land_i.pdf
2. How Science works - Copper pollution from mines http://www.saps.org.uk/secondary/teaching-resources/135-how-science-works-copper-pollution-from-mines
3. Soil: a precious resource Our strategy for protecting, managing and restoring http://www.environment-agency.gov.uk/homeandleisure/wildlife/31372.aspx
4. Plants working to combat pollution | Science | Guardian Weekly
5. Biological Sciences Review | Volume 19 | 4 April 2007 Bioremediation: using bacteria to clean up our industrial backyard
6. http://www.clu-in.org/download/citizens/citphyto.pdf
7. Engineering plants for the phytoremediation of military training ranges http://www.york.ac.uk/org/cnap/phyto_01.html

Suppliers

Copper test strips (Quantofix copper test strips, pack of 100 tests ~£25) can be obtained from Fisher Scientific or their school science sub-department Griffin Education, but they can charge £20 for delivery of small orders. 
Camlab also may be able to supply you the Quantofix copper test strips, and have a £6.99 delivery fee.  
Other test kits available from swimming pool or aquarium suppliers are designed for testing for copper in pools or fish tanks. However, these only have a range of 0-4ppm (mg/L), whereas the Quantofix copper tests give a greater range of measurements from 0-300ppm (mg/L). (NB ppm and mg/l measures are approximately the same, and are often used interchangeably)

Quantofix (record a range from 0-300ppm/ mg/l):

http://www.fisher.co.uk/1/1/105269-test-stick-copper-semi-quantitative-graduations-mg-l-0-10-30-100-300.html

These cost £23.54 for 100 single use tests, but your school may also pay for delivery.

Camlab 

http://www.camlab.co.uk/quantofix-test-strips-p14537.aspx 

Brown mustard, Brassica juncea
Seeds can be obtained from Asian supermarkets/health food shops, sold in packets for use as ingredients in cooking.  These are a cheap source of seeds, and although sold for cooking will still germinate appropriately for use in investigations.  
e.g. http://www.healthysupplies.co.uk/brown-mustard-seeds-trs-100g.html?gclid=CK2t3M67jMQCFQTJtAodZWcAxQ 
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( The copper test strips suggested give readings as 10, 30, 100 & 300 mg/l- however mg/l is approximately equal to ppm
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