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INTRODUCTION 

 
     Stellenbosch district is known as one of the best wine-producing regions in South Africa and lies 45 
km east of Cape Town.  It has a large number of estates, of which one of them was earmarked for vineyard 
development and is of much importance to this study.  Soil plays an important role in the development of 
the vine and ultimately the grapes harvested from the vine. It is therefore important to characterise 
vineyard soils (quantitatively and qualitatively) and to study the impact of soil properties on the vine.  
These properties include among others and of importance to this study, the soil pH, concentrations of trace 
elements, clay content and natural radioactivity concentrations (1).  In this study correlations between 
radiometric data and traditional chemical data in vineyard soils used to infer growth potential were 
studied.  Discussed below are experimental techniques used in the determination of activity concentration 
of natural radionuclide (40K, 232Th and 238U) in soil, data analysis, results and conclusions.  
 

EXPERIMENTAL METHODOLOGY 
 

     In-situ measurements were conducted on December 2003 during which two vineyard blocks were 
surveyed with a mobile γ –ray detector system interfaced with a GPS device.  The system is called 
MEDUSA, which is an acronym for Multi-Element Detector for Underwater Sediment Activity.  It is a 
scintillator-based detector and uses a Cesium Iodide (CsI) crystal.  The detector system was mounted on a 
4x4 vehicle shown in Figure 1, which was used to traverse the two vineyard blocks investigated in a grid 
like pattern at a speed of about 2ms-1.  During the survey spatial data and gamma-ray spectra (0 - 3 MeV) 
were recorded onto a laptop computer every 1s and 2s respectively.  In this way a whole vineyard block 
can be mapped in about 4 hours or more depending on the size of the block. A 30-minute calibration 
measurement was made at two locations (one for each vineyard block) and after which a soil sample was 
taken directly beneath the detector to be analysed in the laboratory with a High Purity Germanium 
detector (HPGe).  This was done in order to normalise the maps from the in-situ survey.  
 
     Ex-situ measurements were done with a HPGe detector (45% relative efficiency at 1.33 MeV of 60Co, 
2.1 keV FWHM energy resolution at 1.33 MeV) at iThemba LABS facility Cape Town.  Ten soil samples 
were taken from two vineyard blocks (Nuweland and Pomphuis) for analysis with the HPGe detector.  The 
soil samples were sieved through a mesh (2-mm diameter holes) in order to remove the organic materials, 
stones and lumps.  The samples were then oven dried overnight at 105oC and the homogenous dried soil 
grains were placed into 1 litre Marinelli holders. The holders were hermitically sealed in order to achieve 
secular equilibrium in the 238U decay series.  The samples were then counted in a close geometry using a 
HPGe detector (45 % relative efficiency at 1.33 MeV) for a nominal live-time of ~10 hrs. The Department 
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of Agriculture Western Cape performed traditional soil analyses (about 80 soil samples were collected 
from both blocks) and their reports were made available for this study.  
 

 
 
 
Figure 1: Photograph showing how the MEDUSA detector was mounted on the 4x4 vehicle used  for 

the in-situ gamma-ray mapping. 
 

DATA ANALYSIS AND RESULTS 
 

     Activity concentrations of 40K, 232Th and 238U from field measurements were determined by using a 
program called MEDUSA Post Analysis (MPA) which performs a Full Spectrum Analysis (FSA) in which 
three standard spectra and a background spectrum are fitted to the measured spectrum by means of chi-
square minimisation procedure (2). The average normalised activity concentrations of 40K, 232Th and 
238U for the entire surveyed Nuweland block were found to be 112, 27 and 28 in Bq/kg respectively.  For 
uranium and thorium these values are close to the world average value of 25 Bq/kg found for soil and for 
potassium, the value was found to be close to a quarter of the world average value of 370 Bq/kg (3).  The 
average normalised activity concentration of 40K, 232Th and 238U for the entire surveyed Pomphuis 
block were found to be 86, 34 and 30 in Bq/kg.   
 
      For uranium and thorium these values are close to the world average value of 25 Bq/kg found for soil 
and for potassium, the value was found to be closer to a quarter of the world averagevalue of 370 Bq/kg 
(3). In all the samples the activity concentration of 40K was found to be more than of 232Th and 238U 
and 223Th appeared to be more than 238U.  Correlations were searched and studied using correlation 
coefficient (r) at the statistical significance level of 5% and in accordance with the agricultural industry 
(4).  The correlations revealed that, as the depth of the soil increases, the correlations between chemical 
parameters decreases.  Correlations between activity concentration of natural radionuclides (40K, 232Th 
and 238U) and chemical parameters were also searched.  
 
      From these correlations it was revealed that, as the activity concentration increases, the relationship 
between chemical parameters decreases. Radiometric maps were used in conjunction with the South 
African soil classification scheme (5) to identify the dominant and sub-dominant soil forms and families 
present on the plot (6) see Figure 2.  There is a clear correlation between total counts and thorium activity 
concentration.  This means most of the total counts are due to thorium.  Potassium shows more variation 
in activity concentration than uranium, meaning more counts are due to potassium than uranium 



The Second All African IRPA Regional Radiation Protection Congress 22-26 April 2007 Ismailia Egypt 
 

 59

 

 
 

Figure 2:  Maps of detector total count rate (a) and , 40K (b), 232Th (c) and 238U (d)  activity 
concentrations for the 5.7ha plot surveyed. 

 
     The circles denote the holes made for the purpose of traditional sampling (6), the filled circles denote 
our sampling points. The location where a 30 minute calibration measurement was made  and a sample 
taken is denoted by “+”. The dominant soil forms present in various regions of the plot are indicated, with 
“Tu” denoting Tukulu  and “Pn” denoting Pinedene. A medium to medium-high, medium-high to high and 
medium vine-growth potential is assigned to regions Tu1, Tu2 and Pn, respectively with irrigation 
assumed (6).   
 

CONCLUSION 
 

     The maps of total detector count rate displayed significant variations due to mainly the 232Th activity 
concentration in the soil for both plots.  These variations showed some similarity with variations in 
different dominant soil forms shown in traditional maps.  Different soil forms in the vineyard block are 
associated with different degrees of vine-growth potential and since radiometry relates with these 
differences, suggests that there is a scope for using radiometry to predict vine-growth potential.  
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