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1. Introduction 

 

1.1 The BGE pupils “Analysis of Soils in Scottish Schools” project 
The Analysis of Soils in Scottish Schools project was funded by an Outreach Grant from the Royal 

Society of Chemistry (RSC). Additional funding was provided by RSC Analytical Division, Scottish 

Region and RSC Glasgow and West of Scotland Local Section. A request for Expressions of Interest in 

the project was sent to all 397 secondary schools in Scotland in summer 2017. Ninety-nine schools 

responded positively. These schools were:  

 provided with teaching resources to help support a lesson about the chemistry of soil  

 invited to collect soil samples from their school grounds and send them to the University of 

Strathclyde for analysis, and 

 sent monthly newsletters (November 2017 to May 2018) with updates on the progress of 

the project, extra information about soils, and fun activities such as crosswords etc.  

In total 43 schools submitted soil samples. Of these, 42 were analysed successfully (one school 

unfortunately sent too little material for processing).  

 

1.2 Project aims 
1. To engage with schools and provide an opportunity for teachers and students to explore 

environmental chemistry within a local context  

2. To measure the levels of copper, lead and zinc present in soil samples from schools across 

Scotland, and begin to understand the factors that affect these levels. 

3. To stimulate interest in environmental issues, studying science, and careers in chemistry.   

 

1.3  Soil chemistry 
Soil consists of four main components: 

 Air 

 Water 

 Organic matter (i.e. materials that contain carbon, also sometimes called humus). 

 Inorganic matter (i.e. non-carbon components such as minerals and metal compounds). 

Metal compounds in soil can aid the growth of plants and are essential for the health of animals and 

humans. However, if concentrations are too high, they can become poisonous. High levels of metal 

compounds tend to come from anthropogenic (meaning man-made) sources. Examples of 

anthropogenic sources include road traffic, industry and historical mines. 

 

1.4  Metals of interest 
 

Copper 

 Atomic number 29 

 An essential trace element needed to make enzymes and produce oxygen  

 Recommended intake of copper is 0.8 mg per day for children aged 11-14 [1]. 

 An excess of copper can cause nausea and, in the long term, liver damage 
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Lead 

 Atomic number 82 

 Not essential for any living thing  

 Lead damages nerve tissues in humans; young children are particularly at risk. 

 Lead was banned from paints in the UK in 1992 and from petrol in 2000. 

 

Zinc 

 Atomic number 30 

 An essential trace element that helps make new cells and enzymes. 

 Recommended intake of zinc is 9 mg per day for children aged 11-14 [1]. 

 Low zinc levels can stunt growth; high levels can cause effects from nausea to cancer. 

 

Together these elements are sometimes called the urban metals [2]. Their concentrations are often 

found to be higher in towns and cities than in more rural areas because there are many more 

anthropogenic sources – cars, factories, dumpsites etc – in these locations [3]. Even if each source 

adds only a tiny amount of metal, they can all add up to make a difference.  

 

 

2. Experimental Methods 

 

2.1 Sampling 
Schools were asked to mark out a 2 m2 square area of grass 

(Figure 1) in their grounds as far away from roads, trees and 

waterlogged areas as reasonably possible. After any debris 

was cleared, five samples were taken – one from each 

corner and one from the middle of the square – by digging 

a hole roughly 10 cm deep. The samples were mixed 

together and then about 250 g of the mixture was placed in 

a labelled sample bag and sent to the university.  

 

Each sample received was allocated a sample number, 

removed from the bag, spread out on a clean plastic sheet  

and allowed to air dry for seven days. The soil was then passed through a 2 mm mesh sieve. Any 

clumps of soil that did not pass through were crushed with a mortar and pestle and sieved again. 

This process removes any non-soil material such as broken crockery and any larger stones. The 

prepared soil was then placed in a clean, labelled sample bag and stored for testing. 

 

2.2 Microwave-assisted digestion 
The next step in preparing the samples for analysis involved digesting the soil in aqua regia (a 

mixture of nitric acid and hydrochloric acid with a molar ratio of 3:1) to get the trace elements into 

solution. To decrease the amount of time needed for digestion, microwaves were used to superheat 

the solution (heat it to a temperature slightly above its boiling point but without it becoming a gas). 

Figure 1: Soil sampling pattern 
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2.3 Elemental mass spectrometry 
Mass spectrometry works by ionising the solution and then sorts the ions based on their mass-to-

charge ratio (the mass of the atom divided by the size of the positive charge it carries). In this 

project the ions were created using an inductively coupled plasma (plasma is the 4th state of  

matter besides solid, liquid and gas) and so the name of technique used was inductively coupled 

plasma mass spectrometry.    

 

 

3. Results and Discussion 

 

3.1 Schools taking part in the study 
Soil samples were received from all over Scotland, but the 

majority were from schools in the Central Belt (Figure 2). A list 

of the schools that collected samples is shown in Table A1 of 

the Appendix. So that trends in the data could be explored, the 

schools were divided into groups based on their distance from 

Glasgow City centre (Table 1). The Glasgow area was 

historically the industrial hub of Scotland with many heavy 

industries including steelmaking, shipbuilding etc. 

 Category A (less than 10 miles from Glasgow) – 16 schools  

 Category B (between 10 miles and 30 miles from Glasgow) – 11 schools 

 Category C (more than 30 miles from Glasgow) – 15 schools  

 

 

Category A (<10 miles) Category B (10-30 miles) Category C (>30 miles) 

School No. Distance 

(miles) 

School No. Distance 

(miles) 

School No. Distance 

(miles) 

1 7 6 21 3 52 

2 4 19 11 5 105 

4 4 20 30 7 38 

9 5 23 27 8 100 

10 7 27 11 13 47 

11 3 31 10 16 84 

12 3 33 23 18 33 

14 1 34 16 21 61 

15 1 36 17 22 32 

17 8 37 11 24 111 

26 3 39 25 25 71 

30 7   28 32 

38 4   29 42 

40 8   32 32 

41 3   42 32 

43 5     

Figure 2: School Locations 

Table 1: Schools grouped on the basis of distance from the centre of Glasgow 
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3.2 Metal concentrations in school soils 
The results obtained for individual schools, arranged by sample number, are show in the Figure A1 of 

the Appendix. Concentrations are expressed in mg kg-1 (milligrams of metal per kilogram of dry soil, 

or parts-per-million). Each school was sent a letter in June 2018 with their individual results. 

 

3.3 Copper  
The copper concentrations measured overall and in schools different distances from the centre of 

Glasgow are shown in Table 2 and Figure 3. 

 

 

 Category A  

(<10 miles) 

Category B  

(10-30 miles) 

Category C  

(>30 miles) 

All Samples 

Mean 90.6 55.6 46.8 65.8 

Median 60.8 51.5 43.4 52.8 

Range 30.8 - 220 15.6 - 112 21 – 85.3 15.6 - 220 

 

 Copper concentration was 

generally lower in soils further 

from Glasgow. 

 The highest values – 220 and 212 

mg kg-1 – were obtained in soils 

from schools in Category A.  

 The lowest values – 15.6, 21.0 

and 21.1 mg kg-1 – were obtained 

in soils from schools in Category C 

or close to the edge of Category B 

(almost 30 miles from Glasgow). 

 

3.4 Lead  
The lead concentrations measured overall and in schools different distances from the centre of 

Glasgow are shown in Table 3 and Figure 4. 

 

 

 Category A    

(<10 miles) 

Category B     

(10-30 miles) 

Category C      

(>30 miles) 

All Samples 

Mean 217 121 102 151 

Median 215 95.6 66.1 118 

Range 65.5 - 479 24.6 - 264 25.9 - 366 24.6 - 479 

Table 2: Copper concentrations in schools soil samples (mg kg-1 dry weight) 

Table 3: Lead concentrations in schools soil samples (mg kg-1 dry weight) 

Figure 3: Copper results 

arranged by distance 

from the centre of 

Glasgow 
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 Lead concentration was generally 

lower in soils further from Glasgow. 

 The highest value – 479 mg kg-1 – 

was obtained in soil from a school in 

Category A situated close to a major 

road.  

 The lowest values – 24.6 and 25.9 mg 

kg-1 – were obtained in soils from 

schools in Category C or close to the 

edge of Category B (almost 30 miles 

from Glasgow). 

 

3.5 Zinc 
The zinc concentrations measured overall and in schools different distances from the centre of 

Glasgow are shown in Table 4 and Figure 5. 
 

 

 Category A     

(<10 miles) 

Category B     

(10-30 miles) 

Category C     

(>30 miles) 

All Samples 

Mean 297 177 134 208 

Median 230 153 117 154 

Range 82.1 - 860 52.5 - 328 56.5 - 277 52.5 - 860 

 

 Zinc concentration was generally 

lower in soils further from Glasgow. 

 The highest values – 860 and 829 

mg kg-1 – were obtained in soils 

from schools in Category A.  

 The lowest values – 52.5, 56.5 and 

59.6 mg kg-1 – were obtained in soils 

from schools in Category C or close 

to the edge of Category B (almost 

30 miles from Glasgow). 

 

 

4. Conclusions 
 

Of the elements studied, copper generally had the lowest concentration in the school soil samples. 

For most schools, zinc was the element present in highest concentration, followed by lead, but some 

soils were richer in lead than in zinc. The results for the three metals all followed a similar spatial 

trend: concentrations in the group farthest away from the major urban area around Glasgow had 

the lowest concentrations. Very few samples had metal concentrations above soil guideline values 

and there is no indication of any risk to human health. 

Table 4: Zinc concentrations in schools soil samples (mg kg-1 dry weight) 

Figure 5: Zinc results 

arranged by distance 

from the centre of 

Glasgow 

Figure 4: Lead results arranged by distance from 

the centre of Glasgow 
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Appendix 
 

Abercorn Secondary  Govan High School St Aloysius' College 

Aboyne Academy  Graeme High School St Ambrose High School 

Alford Academy Grantown High School St Andrews RC Secondary 

Arran High School  Greenfaulds High School St Columba's High School 

Ayr Academy Jedburgh Grammar School St Joseph's College 

Bannerman High School Johnstone High School St Luke's High School 

Barrhead High School  King's Park Secondary  St Margaret Mary's Secondary School 

Bishopbriggs Academy Levenmouth Academy St Paul's High School  

Calderside Academy  Marr College Taylor High School  

Crieff High School Musselburgh Grammar School The High School of Glasgow 

Denny High School Our Lady's High School Vale of Leven Academy  

Dollar Academy Paisley Grammar School Viewforth High School 

Dunblane High School Queen Margaret Academy  Wellington School 

Dunfermline High School  Rothesay Academy   

Eyemouth High School  Shawlands Academy   

   

Table A1: Alphabetical list of schools submitting soil samples 
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 Figure A1: Results for individual schools taking part in the project 


