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Abstract 
England has lost 85% of its lowland heathland within the last 150 years and these environments 

cannot survive without external management (Wildlife Trust, 2025). This paper assesses the 

viability of a soil scrape as a form of heathland management at Troopers Hill, Bristol and examines 

impacts of industrial activity and evidence for succession processes. It finds that the median 

topsoil in the proposed scrape site has a 1.26 greater pH than the adjacent heathland habitat, 

whilst total oxidised nitrogen was found to be 7.95 µg/g greater in the topsoil, showing how 

succession processes have made conditions more tolerable for woodland vegetation and threaten 

heathland survival. However, heavy metal concentrations are below the polluting threshold and 

should not factor into management approaches, and an assessment of soil depth revealed areas 

of the site deemed too shallow for a soil scrape. These limitations reveal that alternative 

management strategies (acidification) are more suitable. 
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Introduction and Literature Review 
Lowland heathlands are characterised by nutrient-poor, highly acidic soils (within the pH range of 4-

5.5) and provide a habitat for dwarf shrubs, gorse and rare species like the marsh gentian (English 

Nature, 2006; Maddock, 2008). They are a unique habitat created by anthropological processes over 

thousands of years, therefore, they are not only biologically important, but also key cultural heritage 

(Hawley et al., 2008). However, they have been in significant decline over the last century and were 

identified as priority habitats in the UK Biodiversity Action Plan (2011). The UK contains 20% of the 

world’s lowland heathland and subsequently, their conservation and restoration are key focuses for 

UK environmental groups (English Nature, 2006).  

Troopers Hill is one such area of heathland that is of great regional importance as the only heath and 

acid grassland habitat in Bristol (Bristol City Council, n.d.). It is additionally a hub of biodiversity, 

acting as a habitat for 321 invertebrate species, including 84 species of bee (Friends of Troopers Hill, 

2025a). It is currently managed under a 10-year plan with Bristol City Council that is divided into 17 

compartments (Bristol City Council, 2019). This project focuses on Compartment 6, where 

management in 2006 cleared a large area of succeeding birch (Betula pendula) and bramble (Rubus 

fructicosus agg). There has been concern that failure to then remove the cut down vegetation 

allowed a layer of organic matter rich soil to develop on top of the old heathland, accelerating 

natural succession processes in the compartment.  

Succession processes occur where species establish on heathland soil, generating humus and 

forming a new organic layer on the topsoil, enriching it with nutrients like nitrogen and ammonium 

(Vuuren et al., 1992). This enables coloniser species like birch saplings to establish and acclimatise 

other woodland species to the area, developing a woodland ecosystem (England Nature, 2006). 

These soils are more fertile, with high nutrient content, better moisture retention, higher pH and a 

richer organic layer in contrast to the acidic and nutrient-poor heathland soils (Woodland Trust, 

2021). The enhanced nitrogen levels increase soil pH and hinder growth of traditional specialised 

heathland plants like gorse (Ulex europaeus) and ling heather (Calluna vulgaris) which are not 

adjusted to such conditions (Diggelen et al., 2021). This paper examines the evidence for the 

existence of these processes at a specific site on Troopers Hill and determines the viability and ethics 

of restoration management (namely a soil scrape) at Compartment 6 of Troopers Hill. 

A soil scrape involves removing a layer of the topsoil, aiming to reduce nutrients and expose seed 

banks for heathland vegetation species, ultimately stripping it back to its underlying heathland soil 

(Hawley et al., 2008). The efficacy of soil scrapes is supported by Tapadar et al (2002), who showed 

that seed banks could survive for 40 years under succeeded heathlands, which could enable 

regrowth if heathland conditions are restored in the subsoil. Previous implementations of soil 

scrapes have shown varied successes (Allison and Ausden, 2004: 2006, Britton et al., 2000). Initial 

studies by Gardiner and Vaughan (2008) found that topsoil removal facilitated the re-introduction of 

gorse and sheep’s sorrel in Epping Forest, suggesting that removing the top 2cm of soil can facilitate 

the reintroduction of heathland species in some sites. Allison and Ausden (2006) further determined 

that exposing the soil to sufficient sunlight can be enough to foster its germination where there is an 

established seed bank. However, they also conclude that whilst this seedbank can be exposed, and 

soil nitrogen levels decreased, this must be considered alongside the high cost of removing and 

disposing of the scraped soil (ibid). Additionally, Natural England have concerns about the potential 

for “deleterious impacts to the soil and the historic environment” where sub soil is damaged and 

historical artefacts and traces within the soil are removed during a soil scrape (Hawley et al., 2008, p. 
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2). Clearly, important questions about the suitability of Compartment 6 to a soil scrape must be 

answered before a decision can be made about this management option.  

Natural England describes the value of heathland soil as a “historical palimpsest” and this reading is a 

fitting way to describe Troopers Hill’s rich industrial history, with the site being home to two grade 2 

listed chimneys as relics from previous copper smelting, sandstone quarrying, and coal and fire clay 

mining at the site (Friends of Troopers Hill, 2025b; Hawley et al., 2008, p.3). These industrial activities 

are considered external influences in this report and have been found to release lead into soils (Wan 

et al., 2024). These heavy metals have been identified to decrease soil organic matter content, pH, 

and nutrient availability, reducing overall soil health (Oliveria et al., 2006). Previous studies at 

Troopers Hill support the importance of these influences, finding very high pH levels and evidence of 

copper, arsenic, and lead pollution in the soil (Beighton, 2013). A further consideration specific to the 

high slope angle at Troopers Hill is that downslope soil exhibits lower heavy metal concentrations as 

low pH causes increased soil solubility and metal leaching (Lindsay, 1972). There is additionally 

evidence of coal spoil at Compartment 6 as a legacy of coal mining. The highly acidic nature of coal 

spoil not only reduces phosphorus and nitrogen, but also increases zinc solubility, further amplifying 

these detrimental heavy metal effects in the soil (Tapadar et al., 2016). Coal spoil also reduces 

porosity and water availability within the soil structure, affecting the water retention of plants, and 

hindering nutrient cycling due to slowed microbial activity (Zhang et al., 2024, Criquet et al., 2023). 

Furthermore, the way these external influences are held as memories in the soil adds an ethical 

dimension to consideration of the suitability of a soil scrape at this site – can it be ensured that the 

only soil being removed is that of the added organic matter from woodland clearing, or is there a risk 

that artefact or biological matter could be removed and dumped? These questions will therefore be 

at the forefront of this report’s conclusions, in line with Natural England’s guidelines for heathland 

management (Hawley et al., 2008).  

However, previous implementations of soil scrapes discussed here have largely focussed on conifer 

plantation sites or sites that have not previously been classed as heathland (Allison and Ausden, 

2004; 2006., Gardiner and Vaughan, 2008) Whereas Compartment 6 at Trooper’s Hill was previously 

afforested heathland, where heathland restoration processes have been determined to be more 

successful (Walker et al., 2004). Unfortunately, it has also been the victim of natural succession 

processes, largely from birch trees (Betula), which can be the most difficult invading species to 

control (Mitchell et al., 1999). Hence, this report examines soil characteristics (pH, nutrient 

concentrations, heavy metals, soil moisture and organic matter concentrations) between sites, while 

assessing the industrial influences on the soil that may have resulted from Troopers Hill’s industrial 

history. This will ultimately allow the practicality and suitability of a soil scrape on a specific study site 

within Compartment 6 to be determined. 

 

Research Questions 

1. What evidence is there to support that natural succession is occurring on Troopers Hill and 

what processes are driving this? (RQ1) 

2. How have industrial influences affected the soil on Troopers Hill? (RQ2) 

3. Is a soil scrape a viable and ethical form of heathland management at the study site, and 

should alternative management options be considered? (RQ3) 
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Site Overview and Sampling Strategy 

Site Overview  

The study site (Site A) is a section of Compartment 6 experiencing early succession processes from 

woodland encroachment from Site C (Figure 1).  To investigate the viability of a soil scrape at Site A, 

adjacent sites were chosen representing varying stages of succession. As such, Site A was compared 

to a woodland (Site C) and heathland (Site B) habitat (Figure 1). Site A was split into topsoil and 

subsoil samples to investigate whether removing topsoil would reveal characteristically heathland 

subsoil. Their proximity to Site A limited the risk of variation in historical and current land use having 

an impact on soil characteristics. Furthermore, a similar gradient was ensured across the three sites 

as a further control for run off processes. 8 samples were taken for the Site A top and subsoil as this 

was the focus of our investigation, with a supplementary 7 samples being taken for sites B and C.  

   

Sampling Strategy 

Soil samples were collected on January 28th, 2025. To mitigate contamination from foot traffic and 

the alkaline limestone path, samples were taken one metre from pathways. At each sample point, a 

what3words and GPS coordinate were recorded using the Phyphox app to map the site. To minimise 

bias, random sampling was used at Site A (Steenkamp, 2021). Each square metre was labelled with 

its what3words location, and a random number generator used to select the locations at Site A, 

collecting sub and topsoil samples at each location. This process was replicated in Site B, but only 

Figure 1: An aerial map of the three study sites on Troopers Hill shown via satellite (Source: Modified Ordinance Survey Map 
- Digimap). 

  N 
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topsoil was collected. However, due to dense vegetation at Site C, opportunistic sampling was used, 

avoiding hazardous brambles and impenetrable roots (Neyens, 2018). 

Field Methodology 

Depth Probe 

There must be a sufficiently deep soil layer for soil scrape to be possible and for heathland vegetation 

(such as heather) to establish (Gimmingham, 1992). Therefore, a depth probe was used during a pilot 

on Site A to assess soil depth. This confirmed that Site A was deep enough for coring, addressing 

concerns about shallow areas. Measurements were taken systematically every 2 metres, and 

geolocated using QGIS.  

Coring 

A 50cm corer was used to collect the 30 samples. To reduce site disturbance, the top layer of grass 

was folded back before samples were taken and returned afterwards. Samples from Site A were split 

based on visual differences (see Figure 2) into topsoil and subsoil and all equipment was brushed 

between samples to prevent cross contamination. To ensure sufficient soil mass for lab analysis was 

collected, samples were measured using a scale on site (50g).  

 

Figure 2 2:  Soil cored from Site A with the visual difference between subsoil and topsoil shown. 

pH 

pH levels were collected in the field and involved shaking 10g of each sample and 20ml of deionised 

water into a 50ml centrifuge tube and then leaving it to settle for 10 minutes and using a calibrated 

pH meter to record results (Kalra, 1995). 

Soil Moisture 

Soil moisture was initially tested in the field using a theta probe. As with the corer, grass was lifted 

before probing to avoid results being skewed by hydraulic lift (Armes et al, 2012). Due to heavy rain, 

soil moisture data collection was halted midway through the sample day, as theta probes lose 
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accuracy above 70% moisture (Delta-T Devices Ltd., 2017). Subsequently, these results were omitted, 

and gravimetric soil moisture was measured in the lab.  

Lab Methodology  

Gravimetric 

The gravimetric method determines soil moisture content by measuring weight loss after oven drying 

(Reynolds, 1970). Labelled aluminium weighing boats were weighed and then filled with ~20g of soil, 

above the recommended 15g minimum (ibid). To ensure moisture removal without affecting the 

organic content, samples were placed in a drying oven at 105°C for 24 hours, (FAO, 2023) and, once 

cooled, were reweighed to calculate soil moisture (Equation 1), (ibid):  

 

 

𝑊 % = (
𝑊𝑐𝑚𝑠 −  𝑀𝑐𝑑𝑠

𝑀𝑐𝑑𝑠 − 𝑀𝑐
) × 100 

  

• W = water content (dry weight basis, expressed as %)  

• Mcms = mass of container and moist soil (g)  

• Mcds = mass of container and oven-dry soil (g)  

• Mc = mass of container (g)  

 

Equation 1: Calculating percentage soil moisture in soil. 

 

Loss On Ignition (LOI) 

LOI measures the weight loss from a dry soil sample after high temperature ignition (Schulte and 

Hopkins, 1996) and is used to determine soil organic matter (OM) (Salehi et al., 2011). Samples were 

dried using the gravimetric method and passed through a 2mm sieve to remove clods and rocks, 

ensuring homogeneity in organic matter estimation, and preventing incomplete combustion during 

ignition (Robertson, 2011). Crucibles were weighed and 10 g of the sieved soil sample was added and 

the total weight recorded (Hoogsteen et al., 2015). Samples were placed in a muffle furnace and 

heated to 550°C for 5 hours (Salehi et al., 2011). This ensured complete oxidation and combustion of 

OM while minimizing the loss of structural water and carbonate decomposition (Hoogsteen et al., 

2015).  Samples were then left to cool and reweighed to calculate OM as the percentage of weight 

lost (Equation 2), (Robertson, 2011):  
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% 𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝑚𝑎𝑡𝑡𝑒𝑟 =
𝑝𝑟𝑒 − 𝑖𝑔𝑛𝑖𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) − 𝑝𝑜𝑠𝑡 − 𝑖𝑔𝑛𝑖𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑝𝑟𝑒 − 𝑖𝑔𝑛𝑖𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
 × 100 

  

Equation 2: Calculating percentage organic content in soil. 

 

Potassium Chloride (KCl) Extraction 

Bioavailable soil nutrient extraction for nitrate, ammonium, and phosphate was carried out using the 

KCl method (Nelson, 1983) to ensure maximum nutrient extraction (Cobb, 2024). 5g samples were 

well shaken to ensure homogeneity before being filtered (0.45µm filter) to prevent instrument 

blockage (Cobb, 2024). Moisture factor was calculated from a dried subsample of the extraction 

sample (Maynard et al, 2008) (Equation 3). A Gallery Plus Auto-Analyser determined nutrient 

extracts of samples and the concentrations were calculated using equations 3 and 4 (ibid):  

 

 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 =  
𝑀𝑜𝑖𝑠𝑡 𝑠𝑜𝑖𝑙 (𝑔)

𝐷𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙 (𝑔)
 

 

𝑁𝑂3 − 𝑁 𝑑𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙 (𝜇𝑔−1) = 𝑁𝑂3 − 𝑁 𝑚𝑜𝑖𝑠𝑡 𝑠𝑜𝑖𝑙 (𝜇𝑔−1)  × 𝑚𝑓𝑎𝑐𝑡𝑜𝑟 

 

Equation 3: Moisture factor.  

 

 

𝑁𝑂3 − 𝑁 𝑖𝑛 𝑚𝑜𝑖𝑠𝑡 𝑠𝑜𝑖𝑙 (𝜇𝑔−1) =  
𝑁𝑂3 − 𝑁 𝑖𝑛 𝑒𝑥𝑡𝑟𝑎𝑐𝑡(𝜇𝑔−1)  × (𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑎𝑛𝑡 + 𝑠𝑜𝑖𝑙 𝑤𝑎𝑡𝑒𝑟)(𝑚𝑙) 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑜𝑖𝑠𝑡 𝑠𝑜𝑖𝑙 (𝑔)
 

 

𝑆𝑜𝑖𝑙 𝑤𝑎𝑡𝑒𝑟 = 𝑀𝑜𝑖𝑠𝑡 𝑠𝑜𝑖𝑙 (𝑔) − ( 
𝑀𝑜𝑖𝑠𝑡 𝑠𝑜𝑖𝑙 (𝑔)

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑓𝑎𝑐𝑡𝑜𝑟
 ) 

 

  

Equation 4 and 5: Converting lab nutrient results to concentrations in soil.  
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Heavy Metal extraction 

The bioavailable fraction of copper, zinc, lead, arsenic, aluminium, and magnesium were calculated 

using a weak acid extraction (Huangfu et al., 2019). 5g samples were well shaken to ensure 

homogeneity before being filtered (0.45µm filter), to prevent instrument blockage (Cobb, 2024).  A 

semi-quantitative sample was used to determine a baseline for detectable elements (0.4ml of each 

sample). Samples were analysed using Inductively Coupled Plasma Optical Emission Spectrometry 

(Tawfik et al., 2024).  

Data Handling and Statistical Methods  

Before analysis, data was blank-corrected, cleaned to remove errors from lab or fieldwork, and 

checked for outliers using boxplots and analysis of standard deviations, whilst the accuracy of 

nutrient analysis by the Gallery Plus Auto-Analyser was validated using known nutrient 

concentrations to ensure reliability (Aguinis et al., 2013). Outliers were then removed if necessary 

and a Shapiro-Wilk test implemented to assess normality of each variable. Non-normal variables (p < 

0.05) were transformed using log or square root transformations where appropriate. If normality was 

not achieved, non-parametric tests were used (Sainani, 2012). Additionally, all results were recorded 

to two decimal places (Bashour & Sayegh, 2007).  

To compare topsoil and subsoil at Site A, a Paired T-Test (parametric) or Wilcoxon Signed-Rank Test 

(non-parametric) was applied (Harris, 2013). Comparisons across Sites A, B, and C were conducted 

using a One-Way ANOVA (normal data) or Kruskal-Wallis test (non-normal data) (McCrum-Gardner, 

2008). Where significant differences were found, post-hoc tests (Tukey's HSD for normal data, Dunn’s 

test for non-normal data) identified specific site differences. Finally, linear regression models were 

used to assess relationships between key soil variables based on literature. 
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Results  
Paired statistical tests were initially conducted to assess differences in soil characteristics between 

the Site A topsoil and subsoil. The null hypothesis was rejected for most variables (p<0.05), indicating 

significant differences, except for aluminium and copper concentrations. Magnesium concentrations 

and pH levels showed highly significant differences (p<0.001) between soil layers. 

 

Table 1: Comparing soil characteristics between the topsoil and subsoil at Site A using a paired statistical test (Paired T-Test 
or Wilcoxon Signed-Rank Test) (Asterisks (*) denote the level of significance: p-value<0.001 (***), p-value<0.01 (**), and p-
value<0.05(*)) (8 samples for each site). 

Soil Characteristic  Statistical Test Used p-value Difference 
Found?       

pH Paired T-test <0.001*** YES 

Soil Moisture Paired T-test 0.0075** YES 

Soil Organic Content Paired T-test 0.0174* YES 

Phosphate Wilcoxon Signed-Rank Test 0.0078** YES 

Ammonium  Wilcoxon Signed-Rank Test 0.0156* YES 

Total Oxidised 
Nitrogen 

Wilcoxon Signed-Rank Test 0.0078** YES 

Magnesium  Wilcoxon Signed-Rank Test <0.001*** YES 

Aluminium  Wilcoxon Signed-Rank Test 0.7525 NO 

Copper Paired T-test 0.9837 NO 

Lead Wilcoxon Signed-Rank Test 0.0182* YES 

Zinc Paired T-test 0.0156* YES 

 

 

Soil Characteristic: pH 

An ANOVA and post-hoc Tukey test revealed that Site A Subsoil and Site B (Heathland) are 

significantly different (p<0.05) from the Site A Topsoil and Site C (Woodland). Additionally, pH levels 

of the Site A Subsoil and Site B Heathland fall within the average range of those found in a heathland 

(Maddock, 2008) (Figure 3).  
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Table 2: Median and Standard Deviation (SD) pH values for each site and results from 2024 (University of Bristol, 2024). 

 Site A 
Topsoil 

Site A 
Subsoil 

Site C 
(Woodland) 

Site B 
(Heathland) 

2024 Results 

Median 5.95 5.00 6.51 4.69 5.07 

SD 0.52 0.39 0.38 0.34 1.00 
 

 
Figure 33: A comparison of soil pH from the four sites on Troopers Hill with those from the 2024 Avon Project for Troopers 
Hill as a whole (University of Bristol, 2024). The red dashed line indicates the average pH range for acid grassland 
environments (Maddock, 2008) (Site A Topsoil: 8 samples, Site A Subsoil: 8 samples, Site B: 7 samples, Site C: 7 samples). 

As Site B represented a small section of Troopers Hill's heathland, pH data from the 2024 Troopers 

Hill Avon Project (University of Bristol, 2024) was used for comparison to better define the target pH 

range for Site A subsoil. The median of Site A Subsoil is very close to that of the overall 2024 

heathland median (Table 2). The use of a Tukey post-hoc test identified a significant difference 

between the Woodland Site B and the overall 2024 Troopers Hill heathland results (p<0.05). 

Soil Characteristic: Nutrients 

Site A Topsoil exhibits the highest median ammonium (NH₄-N) concentration (11.08µg/g) closely 

aligning with Site B (Heathland) (1.04µg/g) (Figure 4A), whilst the Site A Subsoil and Site C 

(Woodland) have lower concentrations (4.76µg/g and 5.25µg/g, respectively). However, Heathland 

Site A also has the largest range of results, indicating high variation in ammonium levels in the soil. A 

Kruskal-Wallis and Dunn’s post hoc test (both p< 0.05) identified a significant difference between Site 

A Subsoil and Site A Topsoil. 



   
 

                                                                                                        14 

 

Figure 44: Comparison of nutrient levels within the soil samples the four sites on Troopers Hill (A: NH4H – ammonium, B: 
PO4-P – phosphate, C: TON – Total Oxidised Nitrogen) (Site A Topsoil: 8 samples, Site A Subsoil: 8 samples, Site B:7 samples, 
Site C: 7 samples). 

The spread of phosphate (PO4-P) concentrations are similar between the Heathland Site B and 

Woodland Site C, with Site C exhibiting the highest median concentration (1.40µg/g) (Figure 4B). A 

Kruskal-Wallis and Dunn’s test (p<0.05) confirmed differences between Site A subsoil and both 

Woodland Site B and Heathland Site C. Additionally, ammonium and phosphate levels in Heathland 

Site B differ from those in Site A subsoil. 

Total Oxidised Nitrogen (TON) concentration is significantly higher in Site A Topsoil than in the other 

three sites and has the largest range (Figure 4C). A Kruskal-Wallis test and Dunn’s post-hoc test also 

found Site A Topsoil to be significantly different from all other sites (p<0.05). 

Soil Characteristic: Heavy metals  

There are low levels of copper and zinc across all tested sites on Troopers Hill, whilst magnesium has 

the highest concentrations. Arsenic concentrations were below the limits of detection for the ICP-

OES (As<0.01ppm) so was excluded from analysis as the limited sample size was insufficient for 

statistical evaluation. The Site A Subsoil sees decreased levels of all metals compared to the other 

sites, most notably in magnesium and lead concentrations (Figure 5). 
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Figure 55: Mean heavy metal concentrations in parts per million (ppm) across the four sites on Troopers Hill (Metals include: 
Aluminium (Al), Copper (Cu), Lead (Pb), Magnesium (Mg), Zinc (Zn) (Site A Topsoil: 8 samples, Site A Subsoil: 8 samples, Site 
B:7 samples, Site C: 7 samples). 

The spread of results for Site A Subsoil and Site B (Heathland) are similar for both magnesium and 

zinc (Figure 6). Additionally, zinc concentrations in the Site A Subsoil were significantly different from 

the Site A Topsoil and Woodland Site C (p<0.05) (Kruskal-Wallis).  

 

Figure 6: Comparison of bioavailable magnesium and zinc concentrations in parts per million (ppm) for each site on 
Troopers Hill (Site A Topsoil: 8 samples, Site A Subsoil: 8 samples, Site B:7 samples, Site C: 7 samples). 
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Comparison: pH and Heavy Metals  

A linear regression model returned a significant positive correlation between pH and magnesium 

(p<0.001), with an adjusted R2 value of 0.723, suggesting that pH accounts for 72.30% of the 

variation in magnesium (Figure 7). Similar regression analysis found a significant positive correlation 

between pH and zinc (p<0.01) and a significant negative correlation between pH and copper 

(p<0.05). However, no significant relationship was found between pH and aluminium or lead 

(p>0.05). All models were deemed homoscedastic based on the results of Breusch-Pagan tests 

(p<0.05), increasing the validity of this statistical inference. 

 

 

Figure 76: Relationship between pH and all tested metals in parts per million (ppm) for each sample with a linear regression 
model shown in red and p-value for the model indicated (A: magnesium, B: zinc, C: lead, D: copper, E: aluminium). 

Soil characteristic: Soil moisture 

Soil moisture was lowest in the Site A Subsoil compared to the other sites, with a mean of 9.76%, 

whilst the Woodland Site C has the highest moisture with a mean of 59.13%. The Heathland Site B 

showed the highest spread of values of soil moisture across the area as seen in Figure 8.  
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Figure 87: A comparison of the median and spread of soil moisture percentage at each sample site (Site A Topsoil: 8 
samples, Site A Subsoil: 8 samples, Site B:7 samples, Site C: 7 samples). 

A Tukey test shows that Site A Subsoil is statistically different to all other sites (p<0.05). With only the 

Site A Topsoil and Heathland Site B showing no statistical difference. 

Soil Characteristic: Organic Matter 

The trend in soil organic matter (OM) across the sites was similar to soil moisture, with the Site A 

subsoil having the lowest median OM (5.85%), whilst the Woodland Site C and Heathland Site B had 

the highest medians (19.97% and 21.13% respectively). The Heathland Site B exhibited the greatest 

variability in OM as seen in Figure 9. 
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Figure 98: A comparison of the median and spread of soil organic content percentage at each site. (Site A Topsoil: 8 samples, 
Site A Subsoil: 8 samples, Site B:7 samples, Site C: 7 samples). 

Results from a Tukey test indicated significant differences between the Site A Subsoil and both the 

Heathland Site B and Woodland Site C (p<0.05), whilst no statistically significant difference was 

observed between Sites B and C (p>0.99). 

Comparison: Soil Moisture and Organic Content 

Figure 10 shows a significant (p<0.05), positive correlation between soil moisture and organic 

content for the four sites. This relationship produced an R2 value of 0.691, which shows that 69.15% 

of the variation in soil moisture is determined by organic content.  
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Figure 109: Relationship between soil moisture (%) and organic content (%) across the sites. Each point is color-coded by sit, 
with a red line representing the linear regression model between the two variables. 

Figure 10 also shows that Site A Subsoil exhibits consistently lower values for both soil moisture and 

organic content, whereas Site C Woodland has a spread in the higher values of the two variables.  

 

Soil Characteristic: Soil Depth  

The point soil depth data was interpolated across the whole of Site A (Figure 11). This showed the 

soil was shallower across the southern side of the site (14.8-20cm), whilst some small patches, 

(particularly on the northern side of the site) exhibited comparatively deeper soil (50-59.1cm).  
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Figure 1110: Interpolated soil depth data on map of Site A using QGIS: 53 samples (dark blue being deeper soil, light blue 
shallower soil). 

Discussion 

RQ1: What evidence is there to support that natural succession is 

occurring on Troopers Hill and what processes are driving this? 

Heathland and acid grassland environments are characterized by nutrient-poor, highly acidic soils, 

which support the growth of vegetation specific to these habitats (Duddigan et al., 2020). Changes in 

soil chemistry are often the clearest indicators of natural succession processes on a site. Therefore, 

analysing the similarities and differences in the topsoil and subsoil at Site A and comparing the soil to 

neighbouring woodland and heathland sites is crucial for understanding why heathland vegetation 

isn't establishing at Site A and whether natural succession is the cause.   

Soil pH is a key indicator of succession, as high acidity is the defining characteristic of heathland soil 

(ibid). Table 1 shows a significant difference between the pH levels in the Site A Top and Subsoil 

(p<0.001) and significant similarity found between the topsoil and Site C. This similarity provides 

evidence for succession processes, as the pH increase in the topsoil is likely caused by nitrogen 

increases as woodland species colonise the site and increase organic matter (Diggelen et al., 2021). 

Furthermore, the median pH of Site A Subsoil is 5.0, which falls within the typical heathland range of 

4.0 to 5.5 and is aligned with that of Site B (4.8) and the rest of Troopers Hill (Figure 3) (BRIG, 2011; 

University of Bristol, 2024). This suggests that the Site A soil was initially characteristically heathland 

before it was altered, further supporting the theory that succession has occurred here to increase 

pH.   

Interestingly, despite a significant similarity existing between the Site A Topsoil and Site B, their 

medians are quite different (Topsoil = 5.95, Site C = 6.51), suggesting that the topsoil is still 

transitioning. Additionally, the pH of the Site A Topsoil is too alkaline to support heathland species 

(Land, 2020) but remains lower than that characteristic of woodland habitats (Woodland Trust, 
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2016). This discrepancy could be due to the regular vegetation stripping on Site A (Friends of 

Troopers Hill, 2024). Similar cutting practices have been shown to reduce below ground sugar flux by 

80%, accelerating soil acidification and leading to pH values below 5.0 (Widyati et al., 2022). 

Furthermore, felled organic matter is left in situ at Site A, which may contribute to this higher topsoil 

pH via the decomposition of organic acids (Hawley et al., 2008; Friends of Troopers Hill, 2024.) 

Removing this organic matter is therefore crucial for maintaining heathland conditions. 

Consequently, management practices are acting here to both halt the rate of succession and increase 

the pH of the Site A topsoil. Ultimately, the site is not transitioning toward either woodland or 

heathland, but rather remains in a transitional state, with sub-optimal conditions for the 

characteristic vegetation of both ecosystems (Lane, 2020).  

Increasing nutrient concentrations in the soil are crucial evidence and drivers for succession as 

establishing vegetation enriches the soil (Lawson, 2004). The highest median ammonium 

concentrations (11.04µg/g) are in the Site A Topsoil and are significantly different to the subsoil. Site 

A Topsoil additionally has significantly higher TON concentrations (p<0.05) than the subsoil. This 

supports the existence of succession processes in the topsoil, as conditions become more tolerable 

for woodland vegetation, allowing succession to accelerate (Soons and Hefting. 2017). Furthermore, 

phosphorus is the primary limiting element of birch trees (the main invasive species on Site A) (Hoyle 

and Bjorkbom, 1969) and Table 1 shows a significant difference in phosphate concentration between 

the Site A Topsoil (median 0.526µg/g) and subsoil (0.096µg/g). These higher levels in the subsoil 

reflect the history of birch tree encroachment and suggest potential for re-establishment, should 

repeated cutting cease. Interestingly, high levels of phosphate comparable to those at Site C were 

found at Site B (Figure 4), contradicting literature suggesting that phosphate levels are typically very 

low in heathland soils (Gimingham, 1972). This could be an early indicator that succession is also 

occurring on Site B, as succession advances upslope from Site C. The higher phosphate levels at Site B 

compared to Site A Topsoil might (like pH) also be an unintended consequence of vegetation 

stripping at Site A, as more vegetation exists on Site B to enable nutrient accumulation. Studies have 

equally highlighted how variable phosphorus absorption can be in different heathland sites 

(Chapman et al., 1989), which is supported by the very large range in phosphate values for site B. 

However, high ranges occur at each site, questioning the reliability of the data and limiting the ability 

to make accurate conclusions about phosphate. Additionally, Chapman et al (1989) found that it is 

the phosphate absorption capacity of the soil as opposed to the concentration that is the better 

indicator of succession processes, meaning that this data might not be appropriate to determine the 

existence of succession. Ultimately though, even excluding the phosphate data, the significant 

differences between ammonium and TON levels in the Site A Sub and Topsoil provide enough 

evidence to be confident that succession processes have enabled nutrient accumulation on Site A. 

Libohova et al (2018) outlined the existence of a positive relationship between soil organic matter 
(OM) and soil moisture percentage due to the high moisture retention capacity of OM. Subsequently, 
a significant (p<0.05) regression model (Figure 10) was developed which showed that OM accounts 
for 60% of the variation in moisture across the sites (Figures 8 and 9), showing a strong correlation 
between them and implying that the processes work together to drive and evidence succession. On 
Figure 9, a significant difference (p<0.05) between the Site A Top and Subsoil is visible. OM content is 
much higher in the topsoil (median 17.21%), which would be expected under succession conditions, 
as increased vegetation growth and cutback increases the humus layer (Podrázský, 2012). 
Accordingly, moisture content increases as a greater root system has smaller soil pores, which hold 
water rather than promoting further infiltration, allowing a more diverse range of vegetation to 
establish (University of Nebraska-Lincoln, 2020).  
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Contrary to Mitchell et al. (1999)’s findings, Site B was found to have the highest OM percentage 

(median 21.13%), a positively skewed soil moisture boxplot (Figure 8), and was significantly different 

to the Site A Subsoil. Whilst this could be an indication that succession is also occurring on Site B, the 

pH and nutrients data discussed suggest that this is unlikely. Rather there may be factors outside of 

succession and OM (the unexplained 40%) that explain moisture variation. This could be because 

samples at Site B were taken from the topsoil, where higher organic matter levels are found 

compared to the subsoil due to accumulation (Antony et al., 2020.). Furthermore, NASA’s Soil 

Moisture Active Passive dataset demonstrates a close alignment between moisture and slope angle 

(Dirt to Dinner, 2014). This may explain why soil moisture was highest in Site C, featuring a shallow 

slope, and lower in Site B with the steepest slope. These differences may shape succession, as drier 

conditions limit colonizer species that require constant moisture, and higher moisture promotes 

later-successional species (Wang et al., 2020). Finally, the wet conditions during sampling could have 

amplified the difference between Site A Subsoil and Site B, as the root structures present on Site B 

promoted infiltration into the sampled layer, whilst it did not have time to reach the subsoil at Site A. 

In conclusion, the significant difference in OM and soil moisture percentages between the Site A Top 

and Subsoil provides some evidence for successional processes in the topsoil, however outliers in 

Site B suggest that not all of this variation could be explained by succession and that it is likely that 

slope angle and antecedent conditions are other potential causes. 

 

RQ2: How have industrial influences affected the soil on Troopers 

Hill? 

Due to its extensive industrial history, industrial impacts are the most relevant external influences on 

the soil. These are investigated in this section through heavy metal analysis of each site, leading into 

the discussion of possible coal spoil and nitrogen deposition influences. 

Heavy metal influence is likely to have a minimal impact on the soil characteristics on Troopers Hill, 

as suggested by low metal concentrations obtained in this study. Heavy metal bioavailable 

concentrations across sites were generally very low when compared to expected soil levels for each 

element (DEFRA, 2011; Environment Agency, 2008; ALS, 2009). Zinc exceeded no more than 2.9ppm, 

and whilst mean magnesium concentration has a large range from 5.3ppm in the subsoil to 

24.33ppm in the woodland, both are deemed to have low contamination effect (DEFRA, 2011; 

Environment Agency, 2008). Despite extensive copper mining in the 18th century, copper 

concentrations remained under 1ppm for all sites (Friends of Troopers Hill, 2025b). Furthermore, 

aluminium and lead levels remained below 15 ppm, suggesting that heavy metal contamination is 

not a significant concern. A likely explanation for this is low pH across Site A, particularly in the 

subsoil, as high soil acidity increases the solubility of metals, causing leaching from the soil profile 

(Lindsay, 1972). Contrary to this report’s findings, Beighton (2013) found high concentrations of 

copper and lead in Troopers Hill soils (36.29ppm and 120.7ppm respectively), suggesting that past 

onsite smelting and industrial practices had significantly altered soil composition. However, these 

differences can be attributed to methodological variations concerning measurements of bioavailable 

metals in this study, which have lower concentrations than that of total metal concentrations (Wang 

et al., 2021). Furthermore, contrasting topographies between study sites could account for some 

observed fluctuations, as Site A has a steeper slope than Site B and is situated further from the listed 

chimney, which could reduce the impact of industrial practices on the soil as metals could reduce 

downslope away from the main industrial location on Troopers Hill. Despite this, this study found no 

significant correlation between slope, adjacence to industrial sites, and heavy metal concentration, 
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diverging from previous expectations of decreasing downslope (Zhang et al., 2020). Implying that 

there are further factors affecting distributions of heavy metals on Troopers Hill.  

Acidification of the soil over the past decade may be one factor explaining these conflicting results. 

As the soil acidified, metals previously retained in the upper soil horizons may have leached further 

down, thereby decreasing their concentrations at the surface (Dijkstra et al., 2004). Reduced pH 

observed in Site B and the Site A Subsoil correlates with reduced concentrations of magnesium and 

zinc, though this trend was not consistent for other metals which is likely because of solubility 

differences where copper, aluminium, and lead are less readily soluble in acidic conditions. 

Interestingly, aluminium and lead concentrations were highest in the Site B nearest to the main 

pathways (Figure 5), suggesting that human activities, especially those associated with footpaths like 

littering, may also influence metal concentrations in the soil. Furthermore, Markus et al. (1996) 

found that human activity often increases heavy metal concentrations, most notably lead, due to 

rubbish and other forms of waste. This demonstrates that pH and solubility account for the majority 

of variation in heavy metal concentration across our sites, but human littering is a likely external 

factor. The limited impact of heavy metals on the soil of Troopers Hill at Site A suggests that key 

properties such as microbial activity and organic matter levels are likely unaffected (Oliveira et al., 

2006).  

Historical coal mining on Troopers Hill and mineshaft subsidence 100m north-west of our study area 

in 2010 meant that coal spoil was a likely factor affecting soil character on our sites (Friends of 

Troopers Hill, 2025b). During our field methods, noticeably darker and black soil believed to have 

been coal spoil (Figure 2) was present in Site A and Site B.  Tendencies of coal spoil to reduce porosity 

and water availability are evident in Site A Subsoil, where soil moisture remains below 20%, the 

lowest of all sites (Criquet et al., 2023). There are similar patterns in degraded nutrient 

concentrations and OM, with 16% lower content in Site A Subsoil than Site B (Zhang et al., 2024). 

This difference between the Site A Subsoil and Site B suggests that coal spoil is hence a further 

industrial influence on Troopers Hill’s soil, as heathland characteristics are unexpectedly intensified in 

the subsoil. 

A final external factor influencing soil characteristics is increased atmospheric nitrogen deposition. 

This occurs primarily from industrial mining and combustion processes and has led to widespread 

ecosystem change throughout Europe (Hardtle et al., 2007). Ammonia (NH3) and nitrogen oxides 

(NOx) deposition onto Troopers Hill topsoil could have caused reduced species richness, potentially 

exacerbating the shift from native shrub communities to grass-dominated ecosystems through 

increased biomass production and accelerated nutrient cycles (Vogels et al., 2019; Heil and Bobbink 

1993). Atmospheric nitrogen deposition likely affects all study sites due to its large spatial coverage, 

which may explain why Site B and C experience similar high nutrient and organic matter levels 

(~11µg/g NH4-N and approximately 20% OM in both) despite their distinct vegetation types (ibid). 

Ultimately, while heavy metals have a negligible impact on Troopers Hill’s soil, coal spoil and 

atmospheric nitrogen deposition appear to play a more significant role in shaping the soil’s overall 

characteristics and relationships found in this study. 
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RQ3: Is a soil scrape a viable and ethical form of heathland 

management for Site A, and should alternative management options 

be considered? 

This report has already shown significant differences between the top and subsoil components of 

Site A and similarities between the Site A Subsoil and Heathland Site B, as well as providing evidence 

for the existence of natural succession and industrial processes in the soil. These factors are crucial 

when determining the viability of a soil scrape, as remaining soil should have conditions tolerable for 

heathland vegetation to kickstart regeneration (Gimmingham, 1992). This final section will develop 

this and discuss whether a soil scrape would be a suitable form of management for Site A.  

Elevated nutrient and pH levels have been identified as key obstacles to heathland restoration 

(Lawson et al, 2004), thus analysis of these is essential to assess the suitability of different 

approaches. Nitrogen availability has a major impact on plant species composition, as heathland 

requires low nitrogen to prevent competitor species emerging (Berendse, 1990). The TON of the Site 

A Topsoil was found to be 8.94µg/g, significantly higher (p<0.05) than both the subsoil and the 

heathland. The Site A Subsoil (median 1.78µm/g) was also not significantly different (p>0.05) to Site 

B (0.99µg/g), suggesting that exposing such soil to sunlight may trigger the germination the desired 

heathland seed bank, as the subsoil has the optimum nutrient levels for Troopers Hill heathland 

(Gimingham, 1992). Furthermore, pH levels in Site A Subsoil were similar to Site B (Figure 3). As 

highly acidic soil is essential for the establishment of heathland vegetation, this provides further 

evidence that removing the topsoil (which this study has shown to be undergoing succession 

processes) would expose characteristically heathland subsoil and promote the re-establishment of 

heathland vegetation (Fowler and Brown, 1991). This demonstrates that conditions in the subsoil do 

have the potential to support a heathland habitat and therefore that a soil scrape has the potential 

to be successful at Site A.   

However, due to the high cost and labour demands of soil scrapes, they are largely a last resort for 

heathland management (Gimingham, 1992). Hence, it is important to explore alternative 

management which could have similar results without such high costs. Soil acidification is a less 

intrusive form of management, which not only reduces soil pH but also soil nutrient availability 

(Lawson et al, 2004). This is ideal for Site A due to the previously identified large difference in TON 

and pH levels between the Site A Topsoil and Site B and the subsoil. Acidification therefore could 

reduce the TON and pH levels in the Site A Topsoil, bringing it in line with the subsoil and heathland 

and creating conditions tolerable to heathland vegetation without the need for invasive scraping. 

Furthermore, soil scrapes can force an ecosystem to shift towards phosphate limitation and cause 

poor heathland vegetation recovery (Vogels et al, 2020). The median phosphate level in the Site A 

Subsoil was already found to be low at 0.096µg/g, and exposing this soil would push the 

concentrations outside of those needed for heathland vegetation survival and make further 

supplementing of the soil with phosphates necessary. These factors suggest that soil acidification 

could be a better first step than a soil scrape, by reducing TON and pH levels to those satisfactory for 

a heathland environment without great cost and soil damage and need for further phosphate 

supplementation.  

Furthermore, soil scrapes have been linked to low recolonisation rates, as below ground 

communities (which are essential for the establishment of above ground biodiversity) are often 

removed (Vergeer et al, 2006). This is especially important at Troopers Hill, as it is home to the 
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endangered miner bee, along with 83 other bee species (Friends of Troopers Hill, 2025a). As soil 

scrapes should not be conducted in areas of soil which contain invertebrates (Gimmingham, 1992), a 

soil scrape at Site A could pose a significant threat to these species and undermine the sanctity of the 

site. A further ethical issue lies in the removal of potentially historically relevant soil. RQ2 highlighted 

the presence of heavy metals and coal spoil within the soil as legacies of Troopers Hill’s industrial 

past. Although these did not exist in high enough concentrations to be harmful/polluting in the soil, 

it could be argued that their presence alone is significant and removing them would erase the 

memories of the site’s history, as well as potentially previously unknown artefacts (Hawley et al., 

2008). However, this is a more abstract argument and there is no scientific level of significance for 

approval – instead this is a factor that should be considered and justified were a soil scrape to be 

agreed on.  

Finally, the depth of a soil scrape is vital for determining the type of species that can be supported 

afterwards (Gimmingham, 1992). When considering the interpolated soil depth of Site A (Figure 11), 

large variations across the site were clear. The shallowest values were less than 14.8 cm. Heather, the 

key heathland plant at Troopers Hill, has functional roots down to 15cm (Gimmingham, 1992), 

meaning that there is simply not enough depth of soil in some areas to remove in the first place. 

Additionally, the soil needs to be deep enough that scraping it would not remove the heathland seed 

bank in the subsoil, which cannot be guaranteed here (ibid). Indeed, a large limitation of this study is 

the inability to confirm the presence of this seedbank in the first place, as this was beyond the scope 

of the equipment used and knowledge available. This provides further evidence that a soil scrape is 

unlikely to be the most appropriate form of management for Site A, with depth data suggesting that 

any amount of soil removal would affect the ability of important heathland species to establish on 

the site. Ultimately however, no conclusive recommendations can be made without further research 

to ascertain the existence of a viable heathland seed bank in the Site A Subsoil, although the 

available soil characteristics data suggests that acidification would likely be a more successful option 

than a scrape. Additionally, supporting literature in this report focused on the successes of soil 

scrapes at establishing heathland in conifer plantations or land that was not previously heathland, 

whereas Troopers Hill is an example of heathland restoration (Allison and Ausden, 2004; 2006., 

Gardiner and Vaughan, 2008). This has allowed this study to provide new perspectives on soil scrapes 

in these environments, concluding that soil scrapes are unlikely to be the most suitable form of 

management for these contexts as the key characteristic altered by succession is pH, the reversion of 

which is beyond the scope of a soil scrape.  

 

Conclusions, Limitations and Future Study 
RQ1 shows that succession in the Site A Topsoil is evidenced by increased soil pH (1.26 greater than 

in Site B) and TON concentrations (7.95 µg/g greater than Site B). Equally, significant differences 

between the Site A Top and Subsoil were found for the three key succession indicators (pH, nutrients 

and OM). Whilst vegetation management slows woodland succession, conditions remain unsuitable 

for heathland recovery, keeping the site in a transitional state. High nutrient levels and a rich humus 

layer favour later-successional species however, making management an urgent priority before 

succession advances further. 
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In RQ2, heavy metal concentrations had little impact on soil characteristics, despite the industrial 

history of Troopers Hill. Bioavailable metal concentrations were lower than background UK values, as 

high soil acidity caused leaching, reducing concentrations, and preventing contamination. Coal spoil 

is also present, indicated by visibly darker soil (Figure 2), with Site A Subsoil having the lowest soil 

moisture and OM content. Significant differences between the ammonium and phosphate levels 

between Site A Subsoil and Site B support that the subsoil has unexpectedly extreme heathland 

conditions, in line with coal spoil influences. Nitrogen deposition was also plausible as similar levels 

in the topsoil of Site A and Site B (median NH4 ~11µg/g for both) where the heathland was expected 

to be significantly different demonstrates the accelerated nutrient cycles correlated with nitrogen 

deposition.  

RQ3 concluded that a soil scrape was not appropriate at Site A due to potential phosphate limitation 

and insufficient topsoil depth. Soil scrapes are additionally costly and intrusive and so should be a 

last resort for heathland management. Acidification was instead proposed to reduce the high 

nutrient content and pH of the Site A Topsoil and restore it to heathland conditions. Ultimately, the 

limited dataset prevented conclusive decisions on management, as a seedbank analysis is crucial and 

the viability of soil scrape is often dependent on the availability of the topsoil, whereas this study 

only measured total depth (Gimmingham, 1992). Although it was found that some areas were too 

shallow for a soil scrape, further topsoil analysis could confirm this. Lastly, the data suggests coal 

spoil exists at the site, further analysis of which would determine its soil impacts, and explore how 

management can account for this.   

Ultimately, a soil scrape would not be an appropriate form of management at Compartment 6 on 

Troopers Hill and this study instead proposes topsoil acidification and further research into coal spoil 

influences.  
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Appendix 
Total Organic Carbon (TOC) Methodology 

TOC quantifies total organic carbon present in organic compounds and involves using a non-

dispersive infrared (NDIR) detector (ELGA LabWater, 2024; ALS Environmental, 2023) 

2 mL of the filtered KCl sample was transferred into a 50 mL centrifuge tube, then passed through a 

0.45 µm membrane filter to prevent clogging the Shimadzu TOC-L machine (Cobb, 

2024). After filtration, the sample was diluted with 18 mL of deionised water. Three method blanks 

(1M KCL) were included for contamination control. A similar methodology was used for the KCl 

samples; however, they were diluted in a 1:10 ratio with deionised water to ensure a salinity within 

acceptable levels for the Shimadzu TOC-L instrument (Cobb, 2024). 

Samples were analysed using the Shimadzu TOC-L, following Jones and Willet’s (2006) procedure. 

This involves catalytic oxidation of the sample suspension at high temperature, converting organic 

carbon to CO2. This CO2 is measured with a Non-dispersive Infrared (NDIR) sensor (Nykamp et al., 

2024) and a calibration curve based on known standards used to calculate the concentration of 

organic carbon in the sample.  

pH and Heavy Metals for Each Site 

Site Sample pH Magnesium 
(ppm) 

Aluminium 
(ppm) 

Copper 
(ppm) 

Lead 
(ppm) 

Zinc 
(ppm) 

Arsenic 
(ppm) 

AS AS1 5.281 9 5 0.3716 2 0.97 <0.1 

AS AS2 5.078 6 6 0.7374 3.5 0.66 0.1216 

AS AS3 5.603 9 4 0.8332 5.3 1.74 <0.1 

AS AS4 5.045 NA NA NA NA NA NA 

AS AS5 4.945 4 10 1.1199 6 0.71 0.2012 

AS AS6 4.951 2 5 1.8182 12 0.16 0.3155 

AS AS7 4.86 2 5 0.7044 8.2 0.22 0.1797 

AS AS8 4.248 0.9 5 0.7108 6.9 0.17 0.2574 

AT AT1 6.225 17 4 0.3437 2.4 2.09 <0.1 

AT AT2 5.45 14 4 0.3865 3.6 1.73 <0.1 

AT AT3 6.384 26 4 0.5437 5.5 5.54 <0.1 

AT AT4 5.972 18 8 1.2132 12 3.23 0.1787 

AT AT5 5.935 18 7 0.8855 7.8 3.15 0.1949 

AT AT6 6.678 17 12 0.8542 16 3.08 0.3541 

AT AT7 5.594 11 9 1.0930 13 1.65 0.1935 

AT AT8 5.108 14 6 0.9372 7.5 0.96 0.3001 

B B1 4.623 10 9 0.6989 5 1.19 0.1236 

B B2 4.83 8 14 0.8936 8.5 1.07 0.1671 

B B3 4.606 7 15 0.7881 10 4.99 <0.1 

B B4 4.688 8 11 0.4350 5.6 0.9 <0.1 

B B5 5.395 11 14 0.5490 6 1.82 0.1781 

B B6 5.29 12 10 1.0415 17 2.11 0.3134 

B B7 4.562 5 14 0.8484 12 0.82 0.4082 

C C1 5.706 24 10 0.2787 1.6 1.35 <0.1 

C C2 6.296 32 7 0.1556 1.7 2.38 <0.1 
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C C3 6.505 26 12 0.1672 2 1.78 <0.1 

C C4 6.841 30 8 0.1470 1.6 2.06 <0.1 

C C5 6.726 29 6 0.3784 3.8 3.84 <0.1 

C C6 6.617 23 6 0.5293 6.1 1.62 <0.1 

C C7 6.298 12 13 0.2115 5.4 3.82 <0.1 

 

2024’s Avon Project results for pH across all of Troopers Hill (University of Bristol, 2024) 

Site Sample pH 

S1 S1R1 6.044 

S1 S1R2 6.808 

S1 S1R3 7.1 

S1 S1R4 6.758 

S1 S1R5 6.785 

S2 S2R1 5.245 

S2 S2R2 5.14 

S2 S2R3 5.28 

S2 S2R4 5.494 

S2 S2R5 4.346 

S3 S3R1 4.992 

S3 S3R2 3.875 

S3 S3R3 6.531 

S3 S3R4 5.623 

S3 S3R5 4.571 

S4 S4R1 4.463 

S4 S4R2 4.315 

S4 S4R3 4.279 

S4 S4R4 4.445 

S4 S4R5 4.281 

S5 S5R1 3.828 

S5 S5R2 3.94 

S5 S5R3 3.786 

S5 S5R4 3.936 

S5 S5R5 4.097 

S6 S6R1 4.747 

S6 S6R2 5.505 

S6 S6R3 5.185 

S6 S6R4 5.75 

S6 S6R5 5.696 

 

Soil Moisture Results for Each Site 

Site Sampl
e 

Boat 
weigh
t  

Moist 
weight 
and Boat 

Moist 
weight no 
boat 

Dry weight 
and Boat 

Dry 
weight no 
boat  

Soil 
Moistur
e (%) 

In field 
soil 
moistur
e (%) 
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AS AS1 1.751
2 

25.0628 23.3116 22.4912 20.74 12.3992 NA 

AS AS2 1.758
7 

25.0025 23.2438 22.6609 20.9022 11.2026 NA 

AS AS3 1.770
3 

25.0273 23.257 23.0395 21.2692 9.3459 NA 

AS AS4 1.770
7 

25.0813 23.3106 21.3516 19.5809 19.0476 NA 

AS AS5 1.778
3 

25.0101 23.2318 23.4693 21.691 7.1034 NA 

AS AS6 1.760
6 

24.9242 23.1636 23.1985 21.4379 8.0500 NA 

AS AS7 
(rock) 

1.753
2 

25.0328 23.2796 24.4983 22.7451 2.3500 NA 

AS AS8 1.758
5 

25.0794 23.3209 23.2427 21.4842 8.5491 NA 

AT AT1 1.777
5 

25.0246 23.2471 19.1728 17.3953 33.6401 NA 

AT AT2 1.753
4 

25.0078 23.2544 22.9793 21.2259 9.5567 NA 

AT AT3 1.76 25.0142 23.2542 20.9453 19.1853 21.2084 NA 

AT AT4 1.760
3 

24.991 23.2307 18.9422 17.1819 35.2045 NA 

AT AT5 1.753
3 

25.024 23.2707 16.815 15.0617 54.5025 NA 

AT AT6 1.768
6 

25.684 23.9154 22.1725 20.4039 17.2100 NA 

AT AT7 1.787
8 

24.9914 23.2036 17.7892 16.0014 45.0098 NA 

AT AT8 1.788
4 

25.0195 23.2311 17.9981 16.2097 43.3160 NA 

B B1 1.803
4 

25.0235 23.2201 21.1378 19.3344 20.0973 17.7 

B B2 1.804
6 

25.0445 23.2399 16.9511 15.1465 53.4341 47.8 

B B3 1.816
9 

25.0539 23.237 17.7133 15.8964 46.1778 41.0 

B B4 1.815
2 

24.9518 23.1366 21.4718 19.6566 17.7040 26.3 

B B5 1.786
5 

25.0035 23.217 14.4942 12.7077 82.7002 86.6 

B B6 1.768
5 

25.0155 23.247 20.6177 18.8492 23.3315 40.0 

B B7 1.803
5 

24.9869 23.1834 20.1506 18.3471 26.3600 51.2 

C C1 1.817
8 

25.0134 23.1956 18.7375 16.9197 37.0923 31.8 

C C2 1.802
6 

25.0995 23.2969 14.3675 12.5649 85.4125 NA 
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C C3 1.825
4 

25.0901 23.2647 15.6699 13.8445 68.0429 NA 

C C4 1.811
5 

25.0438 23.2323 17.1366 15.3251 51.5964 NA 

C C5 1.811
3 

24.9539 23.1426 16.456 14.6447 58.0271 NA 

C C6 1.790
3 

25.0445 23.2542 16.8867 15.0964 54.0380 NA 

C C7 1.795 25.0289 23.2339 16.3442 14.5492 59.6919 NA 

 

 

Soil Organic Matter Results for Each Site 

Site Sample Crucible 
weight 

Wet 
Weight 
(plus 
crucible) 

Wet 
Weight 
(no 
crucible) 

Dry 
weight 
(plus 
crucible) 

Dry 
Weight 
(no 
crucible) 

Organic 
Matter 
(g) 

Organic 
matter 
(%) 

AS AS1 29.0757 39.0471 9.9714 38.658 9.5823 0.389 3.90216 

AS AS2 29.3665 39.3952 10.0287 38.9613 9.5948 0.434 4.32658
3 

AS AS3 27.876 37.8689 9.9929 37.2845 9.4085 0.584 5.84815
2 

AS AS4 27.0574 37.062 10.0046 35.2436 8.1862 1.818 18.1756
4 

AS AS5 26.0165 36.1455 10.129 35.3408 9.3243 0.805 7.94451
6 

AS AS6 23.9612 33.929 9.9678 32.6924 8.7312 1.237 12.406 

AS AS7 26.1337 34.1218 7.9881 38.8313 12.6976 -4.710 -58.956 

AS AS8 27.8119 37.842 10.0301 37.4871 9.6752 0.355 3.538 

AT AT1 24.9435 34.9057 9.9622 33.9747 9.0312 0.931 9.345 

AT AT2 26.6686 36.1698 9.5012 35.4889 8.8203 0.681 7.167 

AT AT3 26.4528 36.4402 9.9874 35.221 8.7682 1.219 12.207 

AT AT4 27.4945 37.4178 9.9233 35.7086 8.2141 1.709 17.224 

AT AT5 25.5444 35.4599 9.9155 33.4385 7.8941 2.021 20.386 

AT AT6 26.6295 36.6539 10.0244 34.9305 8.301 1.723 17.192 

AT AT7 27.6281 37.6462 10.0181 35.2454 7.6173 2.401 23.965 

AT AT8 27.1439 37.2861 10.1422 35.5216 8.3777 1.765 17.398 

B B1 27.4292 37.4415 10.0123 36.3569 8.9277 1.085 10.833 

B B2 26.2492 36.3944 10.1452 33.6726 7.4234 2.722 26.828 

B B3 29.2353 39.2195 9.9842 37.057 7.8217 2.163 21.659 

B B4 28.875 38.8043 9.9293 37.8271 8.9521 0.977 9.842 

B B5 27.0377 37.0609 10.0232 33.5523 6.5146 3.509 35.005 

B B6 27.2456 37.351 10.1054 35.6075 8.3619 1.744 17.253 

B B7 24.3024 34.3103 10.0079 32.1954 7.893 2.115 21.132 

C C1 28.7365 38.7143 9.9778 37.141 8.4045 1.573 15.768 

C C2 26.3197 36.1112 9.7915 33.7518 7.4321 2.359 24.096 

C C3 29.2781 39.275 9.9969 36.8758 7.5977 2.399 23.999 
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C C4 32.4666 42.0645 9.5979 40.2872 7.8206 1.777 18.518 

C C5 26.2517 36.2655 10.0138 34.1784 7.9267 2.087 20.842 

C C6 27.4588 37.7118 10.253 36.1259 8.6671 1.586 15.468 

C C7 27.2636 37.3309 10.0673 35.3203 8.0567 2.011 19.972 

 

Raw and Final Nutrients Results for Each Site 

Site Sample Moisture 
Factor 

Soil 
Water 

Weight 
of Moist 
Soil (g) 

Lab TON 
Results 
(μg/l) 

TON Results 
(dilution and 
blank 
corrected)  
(mg/l) 

Final TON 
Results 
(μg/g of 
dry soil) 

AS AS1 1.1240 2.5716 23.3116 255.7452 2.4991 3.3222 

AS AS2 1.1120 2.3416 23.2438 75.58645 0.6975 0.9124 

AS AS3 1.0935 1.9878 23.257 171.197 1.6536 2.0982 

AS AS4 1.1905 3.7297 23.3106 193.0535 1.8722 2.7469 

AS AS5 1.0710 1.5408 23.2318 125.5373 1.1970 1.4646 

AS AS6 1.0805 1.7257 23.1636 105.6011 0.9976 1.2437 

AS AS7 1.0235 0.5345 23.2796 19.40877 0.1357 0.1524 

AS AS8 1.0855 1.8367 23.3209 280.7447 2.7491 3.4340 

AT AT1 1.3364 5.8518 23.2471 253.9621 2.4812 4.4007 

AT AT2 1.0956 2.0285 23.2544 724.4351 7.1860 9.1504 

AT AT3 1.2121 4.0689 23.2542 836.9677 8.3113 12.5930 

AT AT4 1.3520 6.0488 23.2307 387.4613 3.8162 6.8962 

AT AT5 1.5450 8.2090 23.2707 401.4342 3.9570 8.7224 

AT AT6 1.1721 3.5115 23.9154 798.0293 7.9219 11.0697 

AT AT7 1.4501 7.2022 23.2036 270.9703 2.6513 5.3357 

AT AT8 1.4332 7.0214 23.2311 486.1898 4.8035 9.4891 

B B1 1.2010 3.8857 23.2201 46.06194 0.4022 0.6010 

B B2 1.5343 8.0934 23.2399 46.3169 0.4048 0.8844 

B B3 1.4618 7.3406 23.237 60.10686 0.5427 1.1041 

B B4 1.1770 3.4800 23.1366 65.68249 0.5984 0.8671 

B B5 1.8270 10.5093 23.2170 163.0982 1.5726 4.3944 

B B6 1.2333 4.3978 23.2470 151.7539 1.4592 2.2758 

B B7 1.2636 4.8363 23.1834 66.89302 0.6106 0.9929 

C C1 1.3709 6.2759 23.1956 50.83909 0.4500 0.8318 

C C2 1.8541 10.732 23.2969 247.3263 2.4149 6.8674 

C C3 1.6804 9.4202 23.2647 62.21168 0.5637 1.4016 

C C4 1.5160 7.9072 23.2323 100.0126 0.9418 2.0222 

C C5 1.5803 8.4979 23.1426 69.96083 0.6412 1.4667 

C C6 1.5404 8.1578 23.2542 29.98558 0.2415 0.5304 

C C7 1.5970 8.6847 23.2339 47.9632 0.4213 0.9753 

BLANK BLANK1    6.2240   

BLANK BLANK2       

BLANK BLANK3    5.4511   
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Site Sample Lab TOC 
Results 
(mg/L) 

Final TOC 
(μg/g of dry 
soil) 

Lab NH4-N 
Results 
(μg/l) 

NH4-N Results 
(accounting 
for blanks and 
dilution) 
(mg/L) 

Final NH4-N 
Results (μg/g 
of dry soil) 

AS AS1 1.061 14.1049 473.1919 4.6244 6.1477 

AS AS2 1.641 21.4655 300.9340 2.9018 3.7958 

AS AS3 0.9443 11.9819 456.3909 4.4564 5.6546 

AS AS4 1.141 16.7411 362.3376 3.5159 5.1586 

AS AS5 1.276 15.6130 366.6601 3.5591 4.3549 

AS AS6 1.222 15.2341 545.5245 5.3477 6.6668 

AS AS7 1.075 12.0683 276.1407 2.6539 2.9794 

AS AS8 0.7132 8.9088 255.1287 2.4438 3.0526 

AT AT1 1.729 30.6650 740.9487 7.3020 12.951 

AT AT2 1.094 13.9307 527.2242 5.1647 6.5766 

AT AT3 1.345 20.3790 742.9518 7.3220 11.0941 

AT AT4 1.165 21.0523 673.6382 6.6289 11.9788 

AT AT5 0.9375 20.6706 508.8563 4.9811 10.9826 

AT AT6 1.178 16.4608 411.6717 4.0092 5.6023 

AT AT7 1.412 28.4160 1324.2374 13.1349 26.4334 

AT AT8 1.991 39.3311 570.6122 5.5986 11.0598 

B B1 2.34 34.9597 749.5026 7.3875 11.0370 

B B2 2.281 49.8373 607.7242 5.9697 13.0432 

B B3 3.147 64.0245 582.0222 5.7127 11.6223 

B B4 2.324 33.6719 144.3432 1.3359 1.9356 

B B5 2.194 61.3072 1121.6094 11.1086 31.0409 

B B6 2.302 35.9027 641.9579 6.3121 9.8445 

B B7 1.775 28.8653 270.7213 2.5997 4.2277 

C C1 1.239 22.9028 213.1899 2.0244 3.7421 

C C2 2.344 66.6586 1231.7850 12.210 34.7237 

C C3 1.018 25.3095 398.8581 3.8811 9.6491 

C C4 0.5169 11.0993 175.2927 1.6454 3.5332 

C C5 1.948 44.5580 243.9952 2.3324 5.3352 

C C6 1.621 35.6037 195.0863 1.8434 4.0488 

C C7 1.409 32.6215 237.5174 2.2677 5.2502 

BLANK BLANK1 1.504  7.32362   

BLANK BLANK2 1.392  NA   

BLANK BLANK3 0.6877  14.17681   

 

Site Sample Lab PO4-P 
Results 
(μg/l) 

PO4-P Results 
(accounting 
for blanks 
and dilution)  
(mg/g) 

Final PO4-P 
(μg/g of dry 
soil) 

AS AS1 13.82192 0.07984365 0.106143548 

AS AS2 11.21517 0.05377615 0.070343121 
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AS AS3 12.58671 0.06749155 0.085637845 

AS AS4 21.75652 0.15918965 0.233567961 

AS AS5 40.94049 0.35102935 0.429514535 

AS AS6 8.42459 0.02587035 0.032251443 

AS AS7 12.42123 0.06583675 0.073910798 

AS AS8 44.25391 0.38416355 0.479872741 

AT AT1 30.83639 0.24998835 0.443372093 

AT AT2 37.51708 0.31679525 0.403398698 

AT AT3 46.06206 0.40224505 0.609467724 

AT AT4 22.13572 0.16298165 0.294518339 

AT AT5 44.40115 0.38563595 0.85027482 

AT AT6 18.77046 0.12932905 0.180718647 

AT AT7 94.15692 0.88319365 1.777393138 

AT AT8 71.66423 0.65826675 1.300370945 

B B1 46.06194 0.40224385 0.600954526 

B B2 46.3169 0.40479345 0.884428189 

B B3 60.10686 0.54269305 1.104087646 

B B4 65.68249 0.59844935 0.867079632 

B B5 163.0982 1.57260645 4.394355723 

B B6 151.7539 1.45916345 2.27575681 

B B7 66.89302 0.61055465 0.992892158 

C C1 50.83909 0.45001535 0.831848974 

C C2 247.3263 2.41488745 6.867444895 

C C3 62.21168 0.56374125 1.401573663 

C C4 100.0126 0.94175045 2.022196945 

C C5 69.96083 0.64123275 1.466738857 

C C6 29.98558 0.24148025 0.530388293 

C C7 47.9632 0.42125645 0.975304288 

BLANK BLANK1 6.22397   

BLANK BLANK2 NA   

BLANK BLANK3 5.45114   

 

Location and Elevation of Samples for Each Site  

Site Sample Latitude Longitude Elevation 
(ft) 

AS AS1 51.455915 -2.535744 200 

AS AS2 51.455869 -2.535625 200 

AS AS3 51.455850 -2.535560 201 

AS AS4 51.455767 -2.535480 198 

AS AS5 51.455844 -2.535439 206 

AS AS6 51.455908 -2.535494 208 

AS AS7 51.455948 -2.535606 207 

AS AS8 51.455892 -2.535672 200 

AT AT1 51.455915 -2.535744 200 

AT AT2 51.455869 -2.535625 200 
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AT AT3 51.455850 -2.535560 201 

AT AT4 51.455767 -2.535480 198 

AT AT5 51.455844 -2.535439 206 

AT AT6 51.455908 -2.535494 208 

AT AT7 51.455948 -2.535606 207 

AT AT8 51.455892 -2.535672 200 

B B1 51.455994 -2.535524 213 

B B2 51.456030 -2.535464 218 

B B3 51.456001 -2.535396 220 

B B4 51.455985 -2.535331 221 

B B5 51.455875 -2.535373 212 

B B6 51.455913 -2.535417 212 

B B7 51.455947 -2.535388 216 

C C1 51.455834 -2.535677 196 

C C2 51.455836 -2.535730 194 

C C3 51.455840 -2.535783 193 

C C4 51.455852 -2.535877 191 

C C5 51.455680 -2.535883 173 

C C6 51.455915 -2.535789 198 

C C7 51.455793 -2.535620 188 

 

Soil Depth for 53 points across Site A 

Latitude Longitude Soil Depth(cm) 

51.455995 -2.535591 36.3 

51.455999 -2.535584 24.1 

51.455974 -2.535539 31.1 

51.455942 -2.535517 32.1 

51.455919 -2.535506 24.5 

51.455877 -2.535478 35 

51.455882 -2.535486 38.9 

51.455847 -2.535410 59.1 

51.455819 -2.535454 29 

51.455790 -2.535398 38.1 

51.455768 -2.535378 31.7 

51.455763 -2.535366 15.8 

51.455748 -2.535412 22 

51.455814 -2.535429 31.2 

51.455824 -2.535459 22.4 

51.455852 -2.535447 32.6 

51.455882 -2.535467 34.2 

51.455892 -2.535513 35.6 

51.455899 -2.535539 29 

51.455916 -2.535597 42 

51.455970 -2.535545 25.8 

51.455966 -2.535590 32.4 
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51.455969 -2.535597 18.4 

51.456004 -2.535615 29.8 

51.455975 -2.535644 33.4 

51.455948 -2.535648 35.5 

51.455955 -2.535626 31.1 

51.455930 -2.535602 24.1 

51.455892 -2.535566 30.8 

51.455914 -2.535557 54.6 

51.455861 -2.535480 54.8 

51.455825 -2.535490 26.6 

51.455833 -2.535511 35.4 

51.455801 -2.535455 34.2 

51.455773 -2.535517 22 

51.455790 -2.535547 22.8 

51.455799 -2.535541 25.8 

51.455826 -2.535566 32 

51.455787 -2.535616 33.4 

51.455864 -2.535609 41 

51.455908 -2.535588 28.6 

51.455913 -2.535667 22.2 

51.455893 -2.535690 26.6 

51.455905 -2.535719 20.4 

51.455885 -2.535674 25.4 

51.455848 -2.535598 18.4 

51.455824 -2.535578 35 

51.455792 -2.535528 26.2 

51.455788 -2.535536 24.2 

51.455779 -2.535450 22.2 

51.455842 -2.535734 18.2 

51.455831 -2.535676 16.9 

51.455843 -2.535640 14.8 

 

 


