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Introduction 

Selenium (Se) is a metalloid element that is naturally occurring in the environment, 

although anthropogenic sources (metal processing industries; burning of fossil fuels; 

etc.) are also evident. The element is in the same chemical group as sulphur and 

their chemistries are linked, with selenium sometimes replacing sulphur within 

minerals. This can result in sulphide minerals, such as galena (PbS), having 

elevated concentrations of selenium. The concentration of selenium within soils is 

generally controlled by the geology of the area (Fordyce 2005). 

Selenium is an essential element in the diet of both humans and animals with a 

requirement of around 40 µg day-1. The element is used within enzymes and 

proteins, often in conjunction with vitamin E. For example, Se forms a vital 

constituent of the biologically important enzyme glutathione peroxidase (GSH-Px) 

which acts as an antioxidant preventing oxidative cell degeneration (Fordyce, op 

cit.). When there is less glutathione peroxidase, due to selenium deficiency, white 

muscle disease (WMD) can occur; with muscles being bleached and damaged by a 

build-up of peroxide molecules. 

Selenium however can also be toxic to animals and humans if dietary intake is above 

c. 400 µg day-1. Soil concentrations can be elevated due to underlying parent 

materials such as phosphatic and organic-rich rocks; however anthropogenic 

sources such as phosphate fertilisers and sulphide ore smelters can also raise the 

selenium concentration of the soil.  

A deficiency in soil selenium is often caused by the geological parent material being 

depleted in the chemical element, and low soil concentrations can be associated with 

clinical signs of disease (such as WMD), although more often Se deficiency in 

members of the animal kingdom is typically not clinically evident (so-called sub-

clinical deficiency). Selenium deficiency in animals can also be associated with soils 

that have higher concentrations of soil-Se, but where the selenium is not readily 

soluble (and hence not bioavailable for absorption by plants and animals) because of 

factors such as soil pH, drainage status and binding to organic matter. These soil 

conditions can cause the selenium to be present in non-bioavailable forms such as 

the selenite (Se4+) species rather than selenate (Se 6+; a more soluble and 

bioavailable species). 
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With many of the world’s soils being unable to meet the nutritional Se demands of 

livestock, many farmers supplement the diet of their animals with specialist feeds 

and salt licks. Such supplements improve production to the economic benefit of the 

farmer. For example, selenium deficiency has been shown to impair wool production 

of sheep in New South Wales (Langlands et al. 1991). 

Study Aim and Objectives 

The main aim of the studentship was to build an effective model that (a) predicts the 

Se status of sheep grazing pastures in Wales, and (b) identifies field sites for future 

research where the soil-plant-animal and soil-animal pathways of Se can be 

investigated. To achieve this aim, the following objectives were identified: 

 The need for an acquisition of appropriate data including geochemical and 

other information relating to the soils and stream sediments of Wales (e.g., 

soil Se concentrations, soil pH), and biochemical data (i.e., GSH-Px activity) 

derived from the blood of Welsh sheep. 

 The need to integrate this information into Arcmap software to map the spatial 

distribution of the variables. To produce maps showing, for example, the 

selenium status of sheep in Wales, there is a need to investigate and identify 

the most reliable method of data interpolation. 

 The use of step-wise multiple regression (and other multivariate statistical 

procedures) to find an optimum equation that best predicts the selenium 

status of sheep in Wales. 

Data Acquisition and Processing 

For this project secondary data was used: stream sediment information from the 

British Geological Society (BGS), soil data purchased from the National Soil 

Resources Institute (NSRI, Cranfield University), GSH-Px activity information relating 

to Welsh sheep provided by the UK Animal Health and Veterinary Laboratories 

Agency (AHVLA), and open source data (including parish boundaries) from the 

Ordnance Survey.  

The stream sediment and soil data were provided with XY coordinates. Therefore 

they could be plotted in map form using the British National Grid Projection. The soil 

properties obtained from the NSRI included information about organic carbon 

content, pH, extractable phosphorus, total iron, manganese, Se, and sulphur 

concentrations, and proportions of sand, silt and clay. These factors may influence 

the Se status of sheep and were therefore all used in the study. 

The AHVLA provided GSH-Px activity measurements of sheep, which is often used 

as an indicator of selenium status, where an activity of <50 units per millilitre of red 

blood cells (U ml-1 RBCs) is indicative of hyposelenaemic sheep. The sheep were 

classified by the veterinary scientists as hyposelenaemic or not, and presenting 

signs of deficiency such as muscle wasting was also reported. Each sheep data 
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point came with a partial post code and/or partial county parish holding which could 

be used for locating the area in which the farm is situated; more accurate locational 

data could not be obtained for confidentially reasons. Ultimately in this study he 

partial county parish holdings were used for location of the farms as these areas 

were smaller than those observed from the partial post codes.  

Interpolation Methods 

Three methods of data interpolation were investigated for use with the selenium 

concentrations in both stream sediments and soils as well as for the other soil 

properties. These were natural neighbour, inverse distance weighting and kriging.  

For stream sediments it was considered that catchment areas of the area upstream 

from the data collection point would be represented by the sample. However the 

samples were generally collected on first and second order streams and therefore 

only represented a small catchment area. This meant that taking catchment into 

consideration wasn’t necessary so the data could be treated as points.  

Within the literature kriging and Inverse distance weighting are generally discussed 

as the main two methods for interpolation. However opinions and evidence for which 

provides the best interpolation vary greatly. Zimmerman et al. (1999) observed that 

both universal and ordinary kriging outperformed Inverse distance weighting 

methods; however this contradicts results found by Weber and Englund (1992) who 

concluded that Inverse distance weighting and Inverse Distance Squared are better 

spatial interpolators than kriging. The BGS, when producing regional geochemical 

maps of Wales (BGS, 2000), used inverse distance weighting for their interpolation 

of stream sediment data. It was decided that in order to be able to recreate the maps 

produced by the BGS, inverse distance weighting would be used in the current 

study, with a sample site distance within 1500 m and weighting proportional to r2 (the 

same as those used by the BGS). 

Integration of Data with Arcmap 

Arcmap was used to spatially display the data. The medians of the GSH-Px activity 

were plotted for each county parish holding to allow comparison of areas. Stream 

sediment and soil Se concentrations and the other soil properties such as pH were 

plotted using the coordinates provided by the AHVLA and BGS. These data were 

then interpolated using the inverse distance weighting procedure which produced 

maps covering the whole of Wales: an example of this is shown in Figure 1. From 

these maps an average could then be calculated for each parish area. This then 

allowed these data to be compared with the GSH-Px activity of the sheep to try and 

observe any significant correlations, and to build a predictive model for estimating 

GSH-Px concentration in sheep.  
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Statistical Analysis 

The data extracted from these maps was statistically appraised using SPSS 

software. Appropriate descriptive statistics were calculated (mean, median, 

measures of skewness, etc.) and some data normalised by transformation allowing 

methods such as linear regression to be used. Comparison of the data obtained from 

areas associated with hyposelenaemic sheep was also compared to the locations of 

sheep that were not deficient in selenium according to their GSH-Px activity. Using 

the non-parametric Mann-Whitney U test and the parametric t- test it was assessed if 

there is a significant difference between any of the stream sediment selenium or soil 

factors. Using Sigma plot, data referring to clay, silt and sand proportions within the 

soils were used to create a ternary diagram. This was used to assess if particular 

particle fractions can be seen to be impacting the selenium concentration of the soil 

or the GSH-Px activity of the sheep.  

A step-wise multiple regression equation for predicting GSH-Px activity was 

produced in SPSS using the soil and stream sediment predictor variables considered 

in this study. It is the intention that this work detailing the maps, descriptive statistics 

Figure 1: The selenium 

concentrations of stream sediments 

in Wales (mg/kg), interpolated using 

inverse distance weighting. 
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and the predictive model will ultimately be written up for publication in an appropriate 

high-impact academic journal. 

Conclusions 

Relevant soil, stream sediment and biochemical data were acquired from various 

sources. These data were integrated within a database, and imported into ESRI 

Arcmap software. Various interpolation methods were investigated, and inverse 

distance weighting was chosen for use in this investigation. Maps illustrating the 

spatial distribution of the measured variables were produced, including one that 

displayed the GSH-Px activity of sheep so providing a visual representation of the 

selenium status of the livestock in Wales. The zone statistics function in Arcmap 

allowed variable means of the County Parish Holding areas to be calculated for 

comparison with the GSH-Px activity, and a predictive model was established.  
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