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[bookmark: _Toc40390338]1.0 Introduction 

This report is going to present and discuss various software packages that were used for the analysis of the UWTSD soil sampling data collected in 2019 (Verteg Hill, Blaenavon) from the contaminated post-mining site. 
The land is subject to ongoing land reclamation scheme (started in 2005) which specifies planting of various tree species involving phytoremediation processes to extract heavy metals and reforestation actions. In 2019, the unexpected tree mortality was reported within the research plot, and ten soil samples were collected in order to determine whether suspected higher concentrations of heavy metals (hotspots) could be linked with the observed high tree mortality.
Data were collected from UWTSD research plot, a part of the larger land reclamation project (Cradle for Nature) in the way that soil samples were taken from high mortality and high vitality areas (five each) to compare them. Next, soil samples were analysed by NRW Lab in Swansea (each of total of 10 samples contained 15 heavy metal loadings), and results were tabulated in Microsoft Excel spreadsheet (Table 3.1). 
In order to determine the significance of the findings (the difference between the contamination levels of high mortality and high vitality) as well as to determine patters of spread including potential hotspots and synergistic/antagonistic effects some statistical (Microsoft Excel 2016 ToolPak) and GIS (Surfer 17.0 and MapInfo 16.0) software was utilised. 
The in-depth analysis has confirmed the existence of hotspots in soil (although not a significant number) and did not disprove the theory of potential heavy metals concentrations impacting trees vitality; however, only two results showed moderate or small correlation. 
Results were presented in forms of various graphs, charts and colour-coded maps and discussed within the Data Analysis chapter. Additionally, a scientific poster was produced to present the research findings for the wider audience visually.  






[bookmark: _Toc40390339]2.0 Methodology

To pinpoint and visualise the soil sample collection points (S1-S10 including C1, C2- Control), the geo-referenced site locations were shown using GIS MapInfo 16.0 software including OS topography maps of the Varteg Hill area. 
The obtained data set was then tabulated and analysed with the use of descriptive and mathematical statistics provided by Microsoft Excel ToolPak software. Data were graphed using cluster column charts and plotted on scatter graphs (including trend lines and R² values) to test correlation coefficient.
Additionally, the GIS Surfer 17.0 package was utilised to produce precise heavy-metal concentrations contour maps (for individual elements). The resultant maps were used to visualise the findings as well as for the initial analysis, including searching for patterns in spreads of the contamination. 
Surfer is a GIS (2D/3D) software that is utilised by many industries (including scientist and engineers) as simple mapping, modelling and analysis software that can provide accurately and edited to the finest detail contour maps  (Examples, Fig. 3.0.1.2) (Capterra, 2020).    [bookmark: _Toc40388435]Figure 2. 1 Surfer 17.0 Contour, Grid, and 3D Example Model Maps (Capterra, 2020).


Lastly, MapInfo 16.0 was used again for the more in-depth analysis of the obtained results, so querying of data, thematic, and heat mapping was utilised in order to compare and contrast the obtained results with the available academic literature and findings of other researchers involved in the Cradle for Nature project. 
Moreover, MapInfo heatmaps were used as an alternative to Surfer contour mapping in order to compare the functionality and usability of the GIS programmes. 

[bookmark: _Toc40390340]3.0 Data Analysis

Results of the heavy metals concentrations in the soil collected for the dissertation project (S1-S10) including (Varteg Hill, UWTSD Plot 2019) and analysed by the NRW (Swansea) Lab are presented in Table 3.1. 
The soil sampling results of heavy metal concentrations (UWTSD Plot, 2019) were tabulated in Microsoft Excel and presented below (Fig. 3.1).
[image: ][bookmark: _Toc40181419][bookmark: _Toc40388607]Table 3. 1 Heavy Metal Concentrations in Sampled Soil (S1-S10 and C1, C2) Obtained From NRW Soil Testing Lab (Swansea) (UWTSD Research Plot Results, 2019).

 
[bookmark: _Toc40390341]3.1 Data Visual Presentation

[bookmark: _Toc40390342]MapInfo Pro 16.0
When collecting the soil samples, the individual sample collection point was geo-referenced with the use of GPS[footnoteRef:1] equipment to assign the location (spatial reference points). When analysed, it was imported into MapInfo 16.0 (GIS) [footnoteRef:2] software along with the geo-referenced locations table (Table 3.1.1) to pinpoint exact sample location, including their actual spread within the UWTSD research plot.  [1:  Global Positioning System]  [2:  Geographic Information System] 

To visualise data collection points, an OS Vector Map of Varteg was uploaded into MapInfo software. Thanks to the GIS software presenting of a small data sample set in such a limited space (UWTSD Plot is only 22 by 24m in size) was possible in a transparent manner (Figure 3.1.1). Moreover, the uploaded map layer provided some more context thanks to some topographic elements )vector points) like research project boundaries and adjacent stream location (water was considered as one of the critical factors influencing heavy metals concentrations and reaction with the soil and trees) (Johnston et al., 2008; Reichman, 2014). Additionally, C1 and C2 (control samples were also allocated to the map and thanks to the MapInfo precise zooming option it was possible to fit all collected data on one screen maintain the scale and the right perspective. [bookmark: _Toc40388628]Table 3.1. 1UWTSD Sample Location Points Geo-Referenced and Imported Into MapInfo (Table Conversion).

[bookmark: _Toc40388460]Figure3.1. 1 UWTSD Site Sampling Points Locations (S1-S10) Including Control Sample Points (C1, C2) (Cradle for Nature Project) (OS Vector Map, Map Info Pro 16.0 Maps).
















Maps sourced: OS Vector Map [GML2 geospatial data], Scale 1:10000, Tiles: so20ne,so20nw, Updated: 1 October 2019, Ordnance Survey (GB), Using: EDINA Digimap Ordnance Survey Service, <https://digimap.edina.ac.uk>, Downloaded: 2020-03-12 11:36:59.42
The above OS Vector Map (topography map layer) was utilised across all presented MapInfo examples.  

[bookmark: _Toc40390343]Surfer 17.0 
Next, the obtained results were presented in the form of contour maps showing the spread of heavy metals concentrations within the tested plot. Contamination maps were produced with Surfer 17 (Golden Software), which was used in similar research that was undertaken seven years earlier within the same area (Desai, 2013). 
For the purpose of the analysis, each heavy metal was individually assessed. Results of the metal contents in soil were tabulated in an Excel spreadsheet including the spatial reference coordinates (example Table 3.1.2) then uploaded into the software. Contour maps were produced with the use of Map Wizard (opens the blank mapping page and selects the requested map type) and Contour Map option (describes the chosen analysis mode) (Fig.3.1.2).
[bookmark: _Toc40388629]Table 3.1. 2 Example of Iron (Fe) Concentrations Tabulated in Microsoft Excel for Importing to Surfer 17.0 Contour Mapping Software.
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[bookmark: _Toc40388461]Figure3.1. 2 Processing of the Aluminium (Al) Excel Data in Surface 17 (Contour Mapping) (UWTSD 2019 Data).

Figure 3.1.2 shows the processing of Aluminium (Al) data in Surfer 17.0. Content box the left of the working screen (e.g. Map Scale and Contour Scale allow for adjustment of the frequency, colour, and measure units) for designing of the contours.[bookmark: _Toc40388462]Figure3.1. 3 Example Contour Maps of Manganese (Mn), Cadmium (Cd), Zinc (Zn) and Nickel (Ni) (Surface 17.0) (UWTSD 2019 Data).

Contour maps (Fig.3.1.3) were found to be very useful when searching for spread patterns of potentially toxic elements in soil and visualising the areas of highest concentration in case they overlap (coloured contour scale, in this case, shows blue-low to red-high quantities of heavy metals). Individual elements can react with each other and affect the plants even more due to the synergistic/antagonistic effect.
Figure 3.1.3 shows four examples of contour maps obtained from Surface 17.0 ((Manganese (Mn), Cadmium (Cd), Zinc (Zn) and Nickle (Ni)). Through the analysis of contour maps, it was concluded that most tested inorganics tend to concentrate in the middle and upper sections of the investigated plot with highest concentrations observed in the middle (interestingly, the highest mortality of planted trees was also observed in the middle section). For example, Cd was found to be very toxic to plants (e.g.it can cause stress and chlorosis) (Saraswat and Rai, 2011).
Also, the observed trends were in line with a statement that heavy metals in reclaimed coal mine spoils could concentrate in hotspots, therefore, being more toxic (even detrimental) to certain tree species (Haigh and Kilmartin, 2015). 
Lastly, surface maps also showed that synergistic/antagonistic effects could occur within the UWTSD plot.  For example, Cd and Za were found to form synergistic effect in ex-mining soils when high concentrations of heavy metals overlap in places (like in Fig.3.1.3 increased Cd would result in higher Zn uptakes causing a toxic effect to plants) (Desai, 2013).
Overall, the Surface software has proven to be useful not just to present the obtained results but also for visual assessment of the obtained results thanks to the colour-coded contours.

[bookmark: _Toc40390344]3.2 Analysis of UWTSD data wit using multiple software applications

[bookmark: _Toc40390345]Microsoft Excel (ToolPak) 

Once UWTSD data was presented and visually assessed, it was imported to Microsoft Excel and analysed with ToolPak (statistical analysis) functions. In order to assess the difference between the high tree mortality and high vitality stratum, a correlation coefficient was tested between yearly tree mortality and other major influencing factors, including time, temperature, and rainfall. 
Figure 3.2.1 shows the example correlation of tree mortality concerning annual rainfall data (Met Office, no date) for the Varteg Hill region. The Microsoft ToolPak allows for plotting of data using scatter graphs with the inclusion of automatically calculated trend line and R² value. In the presented example the observed trend line showed a noticeable negative correlation (with the increasing annual rainfall the tree mortality rate was dropping) which was expected based ion the other research (Conrad et al., 2002).
[image: ][bookmark: _Toc40388370]Figure 3.2. 1 Correlation of Yearly Tree Mortality and Annual Rainfall at UWTSD Site.

Additionally, thanks to the R² value calculation, it was possible to assess the significance of the tested correlation. It was concluded that R²< than 0.2 is suggesting a minimal (almost negligible) correlation (Martin and Bateson, 1993).
The second example presents testing of the coefficient correlation between the Arsenic (As) concentration levels in soil, and tree mortality rates across all ten (S1-S10) tabulated samples. Similarly, a scatter graph, trend line, and R² statistics were also included (Fig. 3.2.2). [bookmark: _Toc40388371]Figure 3.2. 2 Correlation of As Content (S1-S10) and Tree Survival Rate at UWTSD Site (2019).


The analysis of the trend line and R ² value showed that As concentrations are negatively correlated with the tree mortality rates across the UWTSD plot (with the increasing As concentrations the tree survival rates were rapidly dropping. Nevertheless, the obtained R ² value (0.4< R ²<0.7) according to Martin and Bateson (1993) indicated borderline (low to moderate) correlation indicating a small to a substantial relationship between the tested factors. It falls in line with other academic research stating that As can be very toxic to plants, especially in post-mining soils (when concentrated in its inorganic form) (Shrivastava et al., 2015).
Lastly, the cluster column chart (Microsoft Excel) was used to both presents and visually assess the difference between two extreme sample points (S3-highest mortality and S10-highest vitality) (Fig.3.2.3). Data were tabulated and plotted on the graph before being tested with descriptive stats (SPPS Statistic Solutions 2019) including standard deviation, min/max values, skewness and kurtosis then Wilcoxon matched-pairs (not included in this report). [bookmark: _Toc40388372]Figure 3.2. 3 Difference in HM Concentrations Between S3 (Highest Mortality) and S10 (Highest Vitality) Samples (Proportions Diagram).


The column chart (Fig. 3.2.3) showing the comparison between samples S3 and S10 which reveals visible irregularity in heavy metal loadings of individual contrasting soil samples and when tested with descriptive stats it came up to be a not-normally distributed data set (hence Wilcoxon matched-pairs implementation).  
The hypothesis was that heavy metal concentrations in S3 would be significantly higher than S10 (possibly causing higher tree mortality. However, the Wilcoxon test resulted that the difference between S3 and S10 was not significant, and the hypothesis was rejected.
Based on the above examples, it can be stated that Microsoft Excel data analysis software, including a statistical ToolPak, offers several handy mathematical stats and visual graph modes. Those can be very useful when analysing small data sets (a very common situation for BSc dissertations) and the variety of plotting and graphing options (e.g. scatter graphs) can produce useful quantifiable results. 
[bookmark: _Toc40390346]MapInfo Pro 16.0

Apart from presenting data sampling points (s. 3.1, Fig. 3.1.1), MapInfo GIS package was also used for data querying to verify and validate the obtained results and to validate the further analyse and compare findings. 
First, SQL Select (data querying) was utilised to locate the critical As levels (or hotspots) that can be detrimental to trees (Desai, 2013).[bookmark: _Toc40388691]Table 3.2. 1 UWTSD Geocoding of Heavy Metal Contents to S1-S10 (UWTSD Sample Points). (MapInfo Browser table).


All tabulated heavy metal contents (obtained from NRW Lab) were geocoded to the S1-S10 (C1+C2) sampling points (Table 3.2.1) (MapInfo, Geocode function). Next, data query (SQL Select function) (Fig, 3.2.4) for the As concentrations above 10 mg/kg was performed. 
 [bookmark: _Toc40388373]Figure 3.2. 4 Example of Data Query (SQL Select) for Arsenic (As) Contents Above 10 mg/kg (MapInfo).

[bookmark: _Toc40388374]Figure 3.2. 5 Example of Data Querying Showing As>10 mg/kg in S3 and S4 (Middle UWTSD Sections) (MapInfo).

The analysis (Fig.3.2.5) showed that two highest As contents (As>10 mg/kg) were located in S3 and S4 (red circles) in the mid-section of the research plot which correlates with other results and confirms that increased tree mortality in central areas was possibly caused by the As hotspots.
Next, a thematic mapping (MapInfo) was used to analyse suspected synergies between heavy metals. Figure 3.2.6 shows the ‘Add Theme’ function applied to investigate if suspected groups of heavy metals like Cd, Al, Fe, Pb, Cr, Cu and V overlap each other in places (especially in higher concentrations).
[bookmark: _Toc40388375]Figure 3.2. 6 Example of Using Thematic Mapping to Find Potential Areas of Synergistic Effect of Heavy Metals (MapInfo).









A chosen thematic map (Bar Chart) (Fig. 3.2.7) shows that high heavy metal concentrations (e.g. V, Pb, Cu) concentrate within certain sampling zones (e.g. S3, 4, 5) therefore synergistic effects that can affect trees vitality are more likely to occur in those areas. This observation is in line with the research findings as well as with other related academic literature (Shrivastava et al., 2015; Medda and Mondal, 2017).[bookmark: _Toc40388376]Figure 3.2. 7 Example of Thematic Mapping Showing High Concentrations in 


The thematic mapping functions offered by the GIS software are beneficial when investigating soil contents in order to analyse spatial concentrations of multiple heavy metals loading. 
Lastly, heavy metal soil concentrations data (UWTSD 2019) were presented in the form of Heatmaps created in MapInfo by utilising off the thematic mapping (Grid Map) function (Fig. 3.2.8). [bookmark: _Toc40388377]Figure 3.2. 8 Example of Heat Map Creation in MapInfo Using Grid Mapping (Thematic Select) Options.

The geocoded soil contents data were presented in a spatial colour-coded heatmap form (concentration levels guide provided in maps legend). Figures 3.2.9 and 3.2.10 show the example heatmaps (As and Cd respectively). It can be observed that As hotspots are in the middle of the UWTSD research plot (in line with the research findings) while Cd being present within the entire WUTSD plot perimeter with highest concentrations in mid and upper sections (also corresponding with the research findings). [bookmark: _Toc40388378]Figure 3.2. 9 Heatmap Showing Highest Arsenic (As) Concentrations in Points S3 and S4 (Middle of the UWTSD Plot). 

[bookmark: _Toc40388379]Figure 3.2. 10 Heatmap Showing Higher Cadmium (Cd) Concentrations in the Mid and Upper Sections of the UWTSD Plot.

Heatmapping is an excellent alternative to the contour mapping presented in table 3.1.3. (s. 3.1). Researchers in various applications widely utilise both options. In the case of the discussed research (BSc Dissertation), the Surfer contour mapping turned to be very basic, however simple to apply when working with small research sites. On the other hand, MapInfo and its advanced heat mapping are looking to be more professional software which could be used when analysing of the soil sampling requires more complicated (in-depth) approach and when based on much larger datasets (e.g. MSc dissertations ). 


[bookmark: _Toc40390347]4.0 Conclusion 

The modelling of data using various software applications (including statistical and GIS) has been instrumental in obtaining key results and testing their significance which allowed for formulating sound conclusions when comparing with the academic literature and other research findings.  
Both the Surfer and MapInfo GIS software helped to visualise the obtained results. Mapping of spatial data, even in a small, confined research area, was also very beneficial for initial analysis. Thanks to the observed colour-coded contours, it was possible to determine patterns in the spread of the individual elements in the soil. 
The graphing of results, including descriptive and statistical analysis, allowed for testing of the significance of research findings and to prove/disprove some hypothesis regarding the heavy metal concentrations and their influence on trees vitality. It is very challenging to control and measure the chemical processes taking place in the contaminated soil. Therefore, data modelling software helps to deliver a more in-depth analysis. 
Overall, thanks to the GIS packages analysis of both small and larger datasets can be very effective. The GIS software, although not ideal for small confined datasets (like UWTSD), with its querying, contour and thematic mapping and layering of various maps and data points data allow for more precise, in-depth analysis that can also be presented to a wider audience in more visual, simplified way. The most common forms obtained through such an analysis are charts, graphs and maps attached to the scientific posters that were produced for this assignment.
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HM Aluminium Arsenic Barium Cadmium Chromium Copper Iron Lithium Mercury Manganese Nickel Lead Strontium Vanadium Zinc

Location Tree Status

Sample 

Id

Al (mg/kg)As (mg/kg)Ba (mg/kg)Cd (mg/kg)Cr (mg/kg)Cu (mg/kg) Fe (mg/kg) Li (mg/kg) Hg (mg/kg)Mn (mg/kg)Ni (mg/kg)Pb (mg/kg)Sr (mg/kg) V (mg/kg)Zn (mg/kg)

UWTSD Missing S1

11060 6.83 144 0.397 27.6 30.3 25090 11.57 0.034 689 29.3 34.2 116 44 55

UWTSD Missing S2

10840 8.27 151 0.412 20.5 32.7 24630 13.08 0.04 656 33.1 29.2 96.1 33.2 95.1

UWTSD Missing S3

15280 11.94 270 0.259 24.2 38.6 25520 23.56 0.12 218 24.2 27.9 118 34.4 80.6

UWTSD Missing S4

5877 10.44 248 0.465 19.1 26.9 27290 4.77 0.045 1760 48.3 28 87.4 25.4 127

UWTSD Missing S5

19190 8.78 157 0.415 32.8 44.3 21250 29.2 0.041 603 30.6 30.2 120 46 95.3

UWTSD Present S6

11210 7.15 158 0.379 19.6 33.6 19690 13.91 0.044 496 22.5 26.3 105 27.2 93.4

UWTSD Present S7

10320 6.82 127 0.346 22.7 28 20680 10.62 0.034 508 23.1 36.1 87.8 38.1 78.2

UWTSD Present S8

13690 7.54 175 0.367 27.1 31.6 27990 13.67 0.033 1001 31.3 27.3 109 36.6 97

UWTSD Present S9

12460 6.78 118 0.255 24.7 42.6 19310 15.67 0.041 224 21.5 25.3 95.1 28.9 72.7

UWTSD Present S10

16290 8.05 192 0.475 32.6 32.7 21050 24 0.057 1442 37 41.5 105 49.8 84.3

Control 

(MD07)

Present C1

11560 7.03 144 0.21 20.1 28.6 22870 13.87 0.031 525 22.7 29.7 77.1 29.7 63.1

Control 

(Cariad03)

Present C2

13770 7.12 160 0.351 23.9 34.3 22990 14.46 0.038 427 29.8 23.9 134 37 84.6

Sample Description
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