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Awareness of arsenic as a contaminant, especially in mining, has increased. Some gold, copper, lead 

and zinc ores are associated with arsenopyrite and could be released into the environment during 

mining. Understanding baseline soil arsenic concentrations are helpful during the evaluation of risk 

associated with arsenic. The aim of this paper is to explore a dataset of arsenic soil concentrations 

compiled from a few different studies conducted in the Mpumalanga Province of South Africa and 

provide a background threshold. The distribution and correlation of typical concentrations of total 

and extractable arsenic are explored. The data is compared with the SSVs set in GNR 331 - Norms 

and Standards for the Remediation of Contaminated Land and Soil Quality. The correlation of arsenic 

with other element and soil properties is discussed. The implication of the data for the evaluation 

and interpretation of arsenic risk is explored.  

Introduction 

Contaminated land in South Africa is regulated through the National Environmental Management 

Waste Act, 2008 (Act 59 of 2008) (NEMWA) and the National Norms and Standards for the 

remediation of contaminated land and soil quality (NSCLA) (GN R.331 of 2014). This regulation 

promulgates a risk-based approach in setting screening values for total contaminant concentrations 

in soil. Soil screening values (SSVs) are used to assess whether constituents present in the soils occur 

at concentrations high enough to pose a potential risk to the receiving environment. The Soil 

Screening Value 1 (SSV1) are conservative concentrations that are based on the lowest of three 

potential source-pathway-receptor model calculations. 

The lowest concentration provided by the three pathway-receptor models was selected and 

indicated as Soil Screening Value 1 (SSV1) and presented in look-up Tables. SSV1 thus represents a 

multi-functional soil quality criterion that is conservative under a large number of potential exposure 

scenarios.  

In the Norms and Standards, the concept of background concentrations (normally present) of 

substances that could affect the environment adversely is used to define contaminated land, by 

implication, also the risk to the environment. A reference value is thus required in order to 

determine if a metal concentration found is in fact due to contamination or not.  

Awareness of arsenic as a contaminant, especially in mining, has increased. Some gold, copper, lead 

and zinc ores are associated with arsenopyrite and could be released into the environment during 

mining. Understanding baseline soil arsenic concentrations are helpful during the evaluation of risk 

associated with arsenic. The aim of this paper is to explore a dataset of arsenic soil concentrations 

compiled from two different studies conducted in the Mpumalanga Province of South Africa and 

provide a background threshold.  
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Material and methods 

Samples were obtained from two sets of samples, namely: topsoil samples (0-300 mm) form 

cultivated and irrigated lands taken every 10 km along roads in areas identified from the South 

African Landcover Database (Land Type Survey Staff 1972-2001; Nell et al., 2000) and topsoil 

samples (A horizon) of rangelands taken every 10 km along roads (Wessels et al., 2001). 

The land uses were divided into four groups, namely rangeland (natural grazing; 514 samples), 

irrigation (intensive agriculture including sugarcane, citrus and other commercial crop production; 

24 samples), dryland (commercial crop production, mainly maize; 111 samples), and resource-poor 

(farmlands where agricultural inputs have been limited; 36 samples).  

Two extraction methods were used, a 0.02 mol L-1 (NH4)2EDTA extract (The Non-Affiliated Soil 

Analysis Work Committee, 1990) and the Environmental Protection Agency method 3050 acid 

digestion (concentrated HNO3/H2O2 digestion) (United States Environmental Protection Agency, 

1986). All samples were analysed using the EPA method. The (NH4)2EDTA method was used for all 

the irrigated, dryland and resource-poor samples, but only 213 randomly selected rangeland 

samples. The EPA 3050 method is a strong acid digestion but does not give total digestion for all 

trace elements. However, the method recovers more than just the potentially bio-available fraction, 

including firmly bound elements that will not become bio-available very easily. The (NH4)2EDTA 

extraction method predicts the potential bio-available fraction of trace elements, or in other words 

the quantity of trace elements available for exchange to the soil solution. It can, therefore, be used 

to indicate the potential risk of trace elements that can enter the food chain in a relatively short 

time. 

The extracted solutions were analysed using an inductively coupled plasma mass spectrometry (ICP-

MS) (VGPlasmaQuad PQ 2+) and all samples with concentrations above that of the standard range 

for the ICP-MS were analysed using atomic absorption spectrophotometry (AAS) (Varian – Spectr AA 

40.). 

As part of the study by Nell et al. (2000) and Wessels et al. (2001) other soil properties were 

analysed according to The Non-Affiliated Soil Analysis Work Committee (1990) standard methods. 

The baseline concentration range was calculated using the quotient (lower baseline) and product 

(upper baseline) of the geometric mean and the square of the geometric standard deviation (Chen et 

al., 2001). Data below the instrument detection limit was given as half the detection limit. The 

baseline concentrations give a better estimate of the actual range compared to the observed data as 

it is calculated using the geometric mean and standard deviation which is less constrained by the 

distorting effect of outlier values. The upper baseline limit was set at the 97.5th percentile in order 

to minimize the effect of any potential contamination. This will provide an upper limit that more 

closely reflects the natural concentrations. 

Results 

The summary statistics for the Total and (NH4)2EDTA  extractable arsenic is presented in Table 1. Due 

to the log-normal distribution of results the geometric mean is the lowest of the central tendency 

statistics. The upper baseline limit is calculated to be 12.2mg/kg for total arsenic and 0.63mg/kg for 



 

(NH4)2EDTA extractable arsenic. The maximum total arsenic concentration was 36.78mg/kg and 

maximum (NH4)2EDTA extractable arsenic was 2.926mg/kg. 

To visualise the distribution of the data, cumulative distribution function (CDF) plots are given in 

Figure 1. Figure 1 indicates that 96% of total arsenic is below the SSV1 value of 5.8mg/kg. The 

correlation between total and (NH4)2EDTA arsenic (Figure 2) is poor. This could indicate that the 

baseline total arsenic is associated with the matrix structure of the soil and a small fraction occurs on 

exchangeable sites. When arsenic is added to the soil as a contaminant a better correlation often 

occurs and could be used as an indication of contamination.  

Table 1: Summary statistics for Total and NH4EDTA extractable arsenic 

Parameter Total Arsenic (mg/kg) (NH4)2EDTA  Arsenic (mg/kg) 

Number of Samples  687 765  
Mean  1.381  0.1157  
Median  0.588  0.09    

Geometric Mean  0.4029 0.07457 
Min  0.05   0.005   

Max  36.78   2.926   
1st Quartile  0.05   0.052   
3rd Quartile  1.696  0.148   

Standard Deviation  2.816  0.1438  
Geometric Standard Deviation  5.5  2.909  

Upper Baseline limit 12.2 0.63 
 

 

Figure 1: Cumulative distribution function plot for Total and (NH4)2EDTA extractable arsenic 

concentrations 



 

 

 

Figure 2: Correlation of (NH4)2EDTA with total arsenic 

 

The correlation of total arsenic with other soil properties is also poor (Figure 3). However, arsenic 

concentration above the 12.2mg/kg threshold is associated with high total iron content. Total iron 

content seems to determine the maximum potential arsenic concentrations that can be achieved in 

baseline soils. The soil properties are correlated with each other to some extent, with iron and clay 

content showing the strongest correlation of 55%. However, the properties other than iron are not 

as distinct in identifying the total arsenic concentrations above 12.2mg/kg. In spite of this we find 

that total arsenic values above 12.2 only occur in samples with carbon above 1% and clay content 

above 20%.  

If the data is divided into the land uses being practised at the sampling site (Figure 4) we find that 

the irrigation fields have a higher median concentration than the other land uses. This could be due 

to the use of arsenic-containing pesticides and herbicides. However, the total iron concentrations in 

the irrigation fields are also higher and could be the reason for the high arsenic concentrations.  

 



 

 

Figure 3: Correlation of total arsenic with soil constituents (red line indicates the baseline threshold 
of 12.2mg/kg) 

 



 

 

Figure 4: Boxplot of total arsenic and iron concentrations per land use 

 

Conclusion 

Samples from two studies were used to evaluate the distribution of total and (NH4)2EDTA extractable 

arsenic concentrations. An upper baseline threshold was calculated to be 12.2mg/kg for Total 

arsenic and 0.63mg/kg for (NH4)2EDTA extractable arsenic.  Concentrations below these thresholds 

can be considered to be below baseline concentrations as a first-order estimate.  The maximum total 

arsenic concentration was 36.78mg/kg and maximum (NH4)2EDTA extractable arsenic was 

2.926mg/kg. These thresholds provide reference values when assessing the potential for 

contamination of arsenic. 

The correlation of total arsenic with (NH4)2EDTA extractable arsenic and soil properties is poor. 

However, an arsenic concentration above the 12.2mg/kg threshold is associated with high total iron 

content, carbon above 1% and clay content above 20%. When assessing arsenic contamination these 

association should be considered when evaluating baseline conditions.  

Irrigation fields tend to have a higher concentration than the other land uses. This should be 

considered but it is noted that this could be due to the associated high total iron concentrations.  

 

 

 

 



 

References 

Chen, M., Ma, L.Q. and Harris, W.G. (1999) “Baseline concentrations of 15 trace elements in Florida 

Surface soils.” Journal of Environmental Quality, 28, 1173-1181. 

Herselman, J.E., 2007. Trace metals in South African soils. A thesis submitted in partial fulfilment of 

the requirements of University of Stellenbosh for the Degree of Doctor of Philosophy. 

Land Type Survey Staff, (1972-2001) Land type database for South Africa, ARC-Institute for Soil, 

Climate and Water, Pretoria. 

Nell, J.P., Steenekamp, P.I., Potgieter, L.J.C., Booyens, H.B. & Matlawa , S.M. (2000) “Development of 

land quality indicators for monitoring the sustainability of land use in Mpumalanga Province” Report 

on contract for National Department of Agriculture by the Institute for Soil, Climate and Water of the 

Agricultural Research Council. ISCW Report Nr. GW/A/2000/33. 

The Non-Affiliated Soil Analysis Work Committee  (1990)  Handbook of standard soil testing methods 

for advisory purposes, Soil Science Society of South Africa, Pretoria.  

United States Environmental Protection Agency, (1986) Test methods for evaluating solid wastes, 

3rd ed., Washington, DC. 

Wessels, K.J., Van Den Berg, H.M., Van Der Merwe, J.P.A., Smith, H.J., Van Zyl, A.J. and Twyman, L., 

(2001) Mapping and monitoring the conservation status of the natural resources of Mpumulanga 

Province by means of remote sensing and GIS technology, Report on contract for the National 

Department of Agriculture by the Institute for Soil, Climate and Water of the Agricultural Research 

Council. ISCW Report nr GW/A/2001/9. 

 


