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SUPPORTING HOW SCIENCE WORKS



Pesticides and food
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Guidance for teachers

Pesticides: are you ‘bothered’?



Downloads 



· PowerPoint presentation

· slide 1 – starter stimulus 

· slide 2 – what is a pest?

· slide 3 – what is a pesticide?

· slide 4 – definitions of pest and pesticide

· slide 5 – definition of ADI

· slide 6 – definition of ARfD

· slide 8 – definition of NOAEL (optional) 

· slide 9 – finding the no observed harmful effect dose (NOAEL) (graph) 
note: this graph is a log graph, so the scale goes from 1 to 10 to 100

· slide 10 – finding a ‘safe’ daily intake (ADI and ARfD)

· Activity sheet A – What amount of pesticide is safe? 

· Activity sheet B – What amount of pesticide is safe? (simplified version) 

· Activity sheet – Pesticide opinions (optional)

Background information

Pesticide is a broad term, covering a range of products that are used to control pests. For a fuller description see the website of the Pesticides Safety Directorate (PSD): go to About pesticides then What are pesticides?  www.pesticides.gov.uk/about_pesticides.asp?id=219
Though often thought to refer only to insecticides, the term pesticide also applies to herbicides, fungicides, and various other substances used to control pests. The slug pellets, ant powder, weed killers, and rat and mouse baits that you may use in your everyday life are all pesticides. Often people think of pesticides as synthetic chemicals. Pesticides are all chemicals, of course, but some are natural (e.g. pyrethrums are obtained from chrysanthemums), while many are altered versions of natural chemicals and others are synthetic chemicals. 
The Pesticide Residues Committee is responsible for assessing the risk posed by the residues left on fruit and vegetables. To make this risk assessment they use data based on the ‘No Observed Adverse Effect Level’ (NOAEL). The NOAEL is determined by feeding different doses of the pesticide to laboratory animals over either two years (for rodents) or one year (for non-rodents) and assessing the highest dose at which no adverse effect is seen. This ‘No Observed Adverse Effect Level’ is then assumed to be the safe level for those animals. In order to extrapolate to humans and work out an Acceptable Daily Intake (ADI) the NOAEL is reduced by a factor of 10. Since not all humans are the same, and some (e.g. the very young, the sick or elderly) may be more vulnerable than others, another factor of 10 is introduced. No account is taken of the fact that the lifespan of humans is considerably more than the two years over which the pesticide is tested, nor that there may be a reaction in humans that is not observable in animals. Therefore for humans, the ADI is set at 1/100th of the NOAEL for the most sensitive laboratory species tested.

Another term used is the Acute Reference Dose (ARfD). This is an estimate (on the basis of all known facts at the time of the evaluation) of a chemical substance in food (or drinking water), expressed on a bodyweight basis, that can be ingested over a short period of time, usually during one meal or one day, without appreciable health risk to the consumer. The ARfD is worked out in a similar way to the ADI, but this time the NOAEL is determined over a short period of time – with a single dose for up to 90 days. Again, there is a factor of 100 to extrapolate to humans and to take account of the most vulnerable.

Running the activity



Students need to understand the terms ‘pest’ and ‘pesticide’ (PowerPoint presentation slides 2 and 3). Explaining the meaning of these terms could be set as homework prior to the lesson, or left until after the students have seen and discussed the PowerPoint presentation ‘stimulus’, slide 1. You could ask the students to brainstorm the names of as many animal and plant (weeds) pests as possible. 

Show students the PowerPoint presentation ‘stimulus’ slide 1. Ask them to indicate by a show of hands whether they would have any concerns at all about eating the apple. Are they ‘bothered’? Some students may raise the question of whether the fruit is organic* or not, whether it had been washed or if they were allowed to peel it. This will then enable you to explore with students that, if not organic, pesticides will have been used to protect the apple from being damaged by pests. Some of these pesticides may be left on the apple and are known as pesticide residues. Many people have concerns about the safety of these chemicals but they also don’t want to eat fruit and vegetables that have been damaged by pests and they expect a regular, cheap supply of quality fruit and vegetables in the supermarket. To meet these expectations non-organic farmers rely on the use of pesticides!

‘Activity sheet A – What amount of pesticide is safe?’ explains how scientists work out an Acceptable Daily Intake of a pesticide so that it poses a negligible risk to health. The sheet also provides questions to test comprehension.

In explaining the difference between the ADI and ARfD (Acute Reference Dose), it may help to compare the consumption of alcohol. There are guidelines about the number of units it is safe to drink on a regular basis every week. The weekly amount would not necessarily be safe or advisable to drink on one night out (i.e. binge drinking). It would be worth bearing this in mind throughout this activity as it is useful to get students to understand that many chemicals (e.g. alcohol) are dangerous in large amounts – it is not just a question of some chemicals (e.g. pesticides) being ‘nasty’. 

Definitions of these and other terms will be found on PowerPoint presentation slides 4 to 8.

*Note: 
Organic farming avoids the use of pesticides. Some 350 chemicals are routinely used in non-organic or conventional farming. Only four are permitted in organic farming. Thus, residues are often present in non-organically produced foods.

Answers for ‘Activity sheet A – What amount of pesticide is safe?’

2
a
i
5% of animals 
ii
To find the % of animals showing the same response without exposure to 
the chemicals.


b
6 mg/kg/day


c
i
In case humans are more ‘sensitive’ to the chemicals / or respond differently 

to the animals.



ii
6 / 100 = 0.06 mg/kg

3
a
The ARfD is the amount of a chemical that may be eaten at one meal or in one day without appreciable health risk, while the ADI is the amount that may be eaten every day for a lifetime without harmful effects. 


b
ARfD 


c
ADI

Answers for ‘Activity sheet B – What amount of pesticide is safe?’

The completed paragraph is:

Scientists find the highest dose of a pesticide that can be given to animals with no harmful effects. 

In this example, scientists could use the graph to work out that the animals suffered no harmful effects at a dose of 6 mg/kg/day. 

To find out the ADI (safe daily intake) for humans, this number is divided by 100 in case humans are more sensitive than animals and in case some people are more sensitive than others. 

The safe intake in this example is therefore 

      6

–––––––– = 0.06 mg/kg/day

    100  

Differentiation 



Suggestions for students who may appreciate additional challenge

Consider some different fruits and vegetables. Would students give the same answer for a banana or orange (which they peel)? What is their favourite fruit or vegetable? Are they more concerned about this because they eat a lot of it? Are young children more likely to be at risk from pesticide residues on sprouts or grapes (assuming children generally prefer grapes)? Students could do some research to find out which foods have been shown to have high pesticide residues. 

Reports can be downloaded from the PRC site at:

www.pesticides.gov.uk/prc.asp?id=974#2005_samples

Suggestions for students who would benefit from additional support

Provide students with ‘Activity sheet – Pesticide opinions’ giving the opinions of six mothers of young children. Ask pupils to complete this sheet by including their own opinions.

An alternative, simplified version of the activity is provided on ‘Activity sheet B – What amount of pesticide is safe? PowerPoint presentation slides 9 and 10 may be used to help explain the information.

Is spinach safe?



Downloads 



· Information sheet – Spinach data

· Activity sheet  – Is spinach safe? Risk assessment

· PowerPoint presentation

· slide 6 – definition of ARfD

· slide 7 – definition of MRL 

· slide 8 – definition of NOAEL 

· slide 11 – steps in risk assessment

· Activity sheet – Facing the media

 Background information

The Pesticide Residues Committee (PRC) surveys the results of tests for pesticide residues on food samples. The results are used to carry out risk assessments to make sure that the public’s health it not at risk. The data for the spinach activity comes from a 2005 survey. The method of collecting the samples for analysis is shown on p18–19 of the report which can be downloaded as a pdf file from:

www.pesticides.gov.uk/prc.asp?id=1673&link=%2Fuploadedfiles%2FWeb%5FAssets%2FPRC%2F2005%5FPRC%5FAnnual%5FReport%2Epdf 

The results are detailed in the pdf file for the 4th quarter – pages 123–124 see:

www.pesticides.gov.uk/prc.asp?id=1673&link=%2Fuploadedfiles%2FWeb%5FAssets%2FPRC%2FReport+q4+final+19+June%2Epdf

The first step in risk assessment involves identifying the amount of pesticide that does not cause any unwanted effects (NOAEL). This amount is then reduced to take into account the possibility that some people may be more vulnerable. These reduced values are called ‘reference doses’, e.g. ARfD or ADI (see background information for the activity Pesticides: are you bothered? for details). The next step is to estimate how much residue a person could eat (exposure). This is done using high levels of intakes of the food from surveys carried out by the Foods Standards Agency (see * below). The last part is to compare the exposure to the reference dose. If exposure to that pesticide residue is within the reference dose, it is acceptable. Risk assessment is only carried out when residues are found to be above the Maximum Residue Level (MRL). Residue levels above the MRL are not necessarily unsafe as the MRL level is set well below both of the safe intakes (Acceptable Daily Intake (ADI) or Acute Reference Dose (ARfD)).  People are therefore unlikely to suffer any adverse health effects from eating the product. 

Note: MRLs are NOT the actual safe limit; they refer to the largest amount of pesticide that is allowed to be left on food for human consumption. The instructions for the application of the pesticides should ensure that pesticide levels left on the crops are maintained at or below the MRL However, many foods are imported from outside the European Union and it is difficult to ensure that the United Kingdom and European Union guidelines are followed. 

*The PRC calculates the risk to 10 different groups of consumers. The worksheet only enables students to work out the risk for a typical adult (70.1 kg) and a 4–6 year-old. For further details see:

www.pesticides.gov.uk/prc.asp?id=986#Dietary_Intake_and_the_Risk_Assessment

	Consumer group
	High spinach consumption / g/day

	Adult
	192

	Infant
	  46

	4–6 year-old child
	116

	Vegetarian
	239


Running the activity 


Part 1 – Spinach risk assessment 

Reinforce that the term ‘residue’ refers to the very small amounts of pesticide that may be left on crops. In order to give students an idea of how small the quantities are that they will be considering, you may wish to point out that pesticide residues are measured in mg which is the third decimal place on a balance. You could show them that this isn’t even measurable on most standard school laboratory scales. You need the expensive ones usually used in A-level classes. Even then most food samples have residues of much less than 1 mg per kg (e.g. 0.1 mg/kg or even 0.05 mg/kg) left on them. In fact, the majority have none at all. You could also illustrate visually, with preweighed samples, the amount of spinach that an enthusiastic eater of spinach may consume (see table above). It may be necessary to also point out that spinach does shrink a lot when cooked! 

For this activity, students need to understand the terms NOAEL, MRL and ARfD – see slides 6 to 8 and / or Information sheet – Spinach data. Once students are able to explain these terms, they can be used in the discussion of the steps in a risk assessment as outlined on PowerPoint presentation slide 11.

Provide students with a copy of ‘Information sheet – Spinach data so they can work through the risk assessment of spinach on the ‘Activity sheet – Is spinach safe? Risk assessment’.
Answers for ‘Activity sheet  – Is spinach safe?’ Risk assessment

1
a
24

     b
2

2
a
The most pesticide that should be left on produce for human consumption. 


b
This may be above the safe level.

3


	
	Carbendazim
	Chlorothalonil
	Cypermethrin
	Deltamethrin
	Lambda-cyhalothrin
	Methomyl

	Highest level of pesticide residue     

/ mg/kg
	5.1
	0.06
	1.0
	0.6
	0.5
	0.2

	Is this above or below the MRL?
	Above
	Above
	Above
	Above
	Same
	Below


4 
a
To find the maximum safe limit/dose.

b
The NOAEL is the highest dose of a substance which has no observed harmful effects. It is determined by experiments on animals. It is 100 times higher than the ARfD, which is the safe daily intake for humans. 
(see activity ‘Pesticides: are you bothered?’ for details)

5
a
	Pesticide 


	NOAEL

/ mg/kg  bodyweight /day
	Exposure or estimated intake 

/ mg/kg bodyweight/day
	ARfD 

/ mg/kg 

bodyweight / day
	Is daily intake greater than the ARfD?

	
	
	Adult
	4-6 year old
	
	Adult
	4–6 year-old

	Carbendazium


	50.0
	0.064
	0.14
	0.5
	No
	No

	Chlorothalonil 


	 1.5
	0.00076
	0.0017
	0.015
	No
	No

	Cypermethrin


	20.0
	0.013
	0.028
	0.2
	No
	No

	Deltamethrin


	 1.0
	0.0076
	0.017
	0.01
	No
	Yes



b 
Deltamethrin

c 
All are below the NOAEL. 


d
The 0.017 mg/kg exposure for the 4–6 year-old is well below the NOAEL, so the risk assessment is that spinach is safe.

6
The vegetarian’s exposure is 0.011 mg/kg, which is higher than the ARfD of 0.01 mg/kg. However, this is still well below the NOAEL so the vegetarian is not at risk.

Part 2 – Facing the media

Give students a copy of ‘Activity sheet – Facing the media’ to work through. Make sure that students understand that by not reporting all the data available a report can become biased (favouring one point of view). Not all media reports will be like this but students should be made aware that they should read beyond the headlines to come to an informed and balanced view on the subject.

NB ‘Legal limits’ can be taken as being equivalent to Maximum Residue Levels.

You could ask students to produce a short ‘piece to camera’ about the spinach report. They should aim to make their report as unbiased as possible and understandable to the average viewer. 

Pesticides in the news



Downloads



· Activity sheet – Questions for analysing newspaper articles

· PowerPoint presentation 

· slide 12 – headlines from real newspaper articles

Running the activity



Show students PowerPoint presentation slide12 – headlines from real newspaper articles in response to PRC reports. Point out that the headlines are all fairly sensational and don’t necessarily reflect the content of the actual article. Often headlines are added at a later stage by the editor, and may not have been written by the journalist who wrote the article. It is interesting to note that the same comments have appeared regularly in the press over the last seven years!

Now give students a copy of a newspaper article and the ‘Activity sheet – Questions for analysing newspaper articles’. Each of the questions on the activity sheet is designed to draw out ideas about the reporting of scientific results. You could discuss student responses to one particular article as a class and then allocate different articles to groups of students. 

Students could search for their own articles on any newspaper websites but it may be preferable to provide links to articles you have checked or print out articles for students to use. A number of possible articles are listed below and there are others in the weblinks page. 

The Times: Pesticide limits breached, 12 June 2004 www.timesonline.co.uk/tol/news/uk/article444295.ece
Daily Mail: Pesticides found in foods, 3 March 2004
www.dailymail.co.uk/pages/live/articles/health/dietfitness.html?in_article_id=299389&in_page_id=1798
Daily Express: New alert over dangers in fruit, 20 April 2007
http://daily-express.co.uk/posts/view/4915/New-alert-over-dangers-in-fruit  
Possible discussion points 


Q1 This should draw attention to the way in which language can raise or lower the reader’s concerns about pesticide levels in food.

Q2 This encourages pupils to question the provenance of the actual scientific data.

It is worth noting that members of the PRC are not civil servants and all work for other institutions. They receive expenses and a basic fee. A paragraph explaining how they ensure the independence of this committee from the Government may be found on their website www.pesticides.gov.uk/prc.asp?id=823
Q3 Views of other interested groups are often given in these articles. This question asks pupils to think about whether these views are based on scientific evidence or not.

Q4 Here the motivation of the newspaper is brought into question and also questions the scientific understanding of the journalists. This may be a good opportunity to promote the taking up of science options further on in education as this demonstrates how useful they are even in a job not directly related to science!

If students have time to analyse several articles they may be interested in the differences in coverage and the different approaches taken by the journalists.


Q5 This question allows pupils to draw on the work they have done in earlier activities in this unit. Students who have done the activity “Is spinach safe?” should be aware of the ARfD (Acute reference dose) and know that this is the safety limit and not MRL (Maximum Residue Level) which is simply the maximum from the farming perspective. It should be emphasised how difficult it is to draw valid conclusions from a newspaper report without all the facts. Despite all of this, it is still legitimate for students to have concerns about the presence of pesticide residues on food and they should still be encouraged to express this viewpoint if they wish.

Q6 The source that could be considered is the actual PRC reports (see website). It is here that the public can check all the facts if they wish. More able students may wish to check these reports for themselves (see differentiation).

Differentiation 



Suggestions for students who may appreciate additional challenge

Students could look at the actual PRC reports. The reports are quite lengthy so you may wish to download them in advance and just print out any relevant pages.

PRC reports can be found at:

www.pesticides.gov.uk/prc.asp?id=974#2005_samples
Suggestions are below.

	Article
	PRC Report
	Pages

	The Times (12/6/04)
	2003 Quarter 4 


	p3/4 from the report (not the ‘entire report’) will allow students to discover that the fruits mentioned in the 3rd sentence also contained levels of pesticide above MRLs. 

Due to the levels exceeding the MRLs all these fruit and vegetables have had a risk assessment carried out. These are to be found on p42–49. Some are very complex but it does demonstrate that this information is in the public domain for anyone interested.

	Daily Mail (3/3/04)
	2003 Quarter 3 


	Pages refer to the report (and not the ‘entire report’)

p4/5 may be used to confirm that none of the pesticide levels were above the MRL.

p9/10 includes the action taken relating to the detection of dieldrin in milk. 

p21 gives details of the risk assessment (not above the ARfD so no concern)

	Daily Express (20/4/07)
	2006 Quarter 2 


	From ‘Report with Summary Tables’

p54 This table can be used by students to discover that none of the fruit mentioned as contaminated (apples, pears, bananas and soft citrus) had pesticides exceeding the MRL.

p118–119 This details the action taken following the identification of pesticides residues above MRL. It includes responses from the shops selling the fruit which may be of interest.


Suggestions for students who would benefit from additional support

Some students may need assistance with reading the articles. They could be helped to highlight relevant information before answering the questions or by being guided to the relevant part of the text. 
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