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Developments at the Soil and Water 
Management and Crop Nutrition Laboratory 

Evaluation of the uncertainty around the 
mean level of 137Cs fallout at undisturbed 
reference site: A simple statistical 
approach 
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One of the major issues related to the use of 137Cs as a soil 
erosion/sedimentation tracer is the selection of the 
reference site which is used to estimate the initial 137Cs 
fallout input (also termed reference inventory). The initial 
137Cs fallout input is a key component of the conversion 
models used to estimate erosion and sedimentation rates 
from the 137Cs data set. The selection and evaluation of 
the validity of reference sites have been explained in 
detail in the recent IAEA TECDOC 1741 ‘‘Guidelines for 
using Fallout radionuclides to assess erosion and 
effectiveness of soil conservation strategies’’. 

An investigation was carried out at the experimental 
research station of the Austrian Agency for Health and 
Food Safety (AGES), in Austria, Grabenegg (48°07'40"N, 
15°13'16"E). Located at an altitude of 260 m a.s.l, with an 
annual average temperature of 8.4 °C and annual 
precipitation of 686 mm, the soil of this area has been 
classified as Gleyic Cambisol with a silt-loamy texture. 

In a flat undisturbed permanent pasture (i.e. a stable 
reference site), 9 soil cores were collected using a 
motorized soil column cylinder auger to evaluate the 
initial 137Cs fallout (Figure 1). One of the soil cores was 
divided into 5 cm increments to a depth of 40 cm. Taking 
into account the precise depth distribution of 137Cs 
provided by this incremental profile, the maximum 
sampling depth for the other cores was set at 30 cm and 
were collected as bulk cores (i.e. 0-30 cm). 

The soil samples were analysed for 137Cs mass activity 
using a gamma spectrometry available at the SWMCN 
Laboratory. Around 65% of the 137Cs areal activity was 

found in the 0-10 cm soil layer, and the 137Cs content 
decreased exponentially with soil depth as expected in a 
typical undisturbed reference site. 

Using the information provided by the 9 samples, the 
initial 137Cs fallout was evaluated at 7890 ± 1510 Bq m-2 
(mean ± SD) with a coefficient of variation (CV) of 19.2 
%. In addition to these descriptive statistics, which 
already provide useful information about the limited 
spatial variability of the initial fallout within the selected 
area (i.e. CV < 30%), a simple statistical test can be 
performed to establish the minimum number of soil cores 
required to provide a reliable mean estimate of the 
reference inventory within a specified level of confidence 
(see IAEA TECDOC 1741). This statistical function can 
be used as well to allow assessing the allowable error 
(AE) at 90% confidence level for the number of samples 
already collected as following:  

where: 

AE = the allowable error (decimal fraction)  
t = the t value of the Student’s t-test at 90% confidence (α 
= 0.1) 
n = the number of soil samples collected 
CV = the coefficient of variation (decimal fraction) 

Under the experimental conditions (i.e. n=9; CV=19.2%), 
the evaluated 137Cs mean baseline inventory of 7890 Bq 
m-2 was established with an allowable error (AE) of
11.8% at 90% confidence level.

This simple statistical test could be applied for any other 
fallout radionuclides (FRN) investigation (e.g. 7Be, 
210Pbex, 

239+240Pu) and can provide clear information about 
the accuracy of the mean value of FRN estimated at any 
selected reference sites.  

In case of fallout release related with nuclear 
emergencies, this could provide the associated uncertainty 
of the mean deposition of radionuclides prior to any 
effective remediation action. 
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Figure 1. SWMCN Laboratory team collecting soil samples at the ‘‘reference site’’ in Grabenegg, Austria 

FAO/IAEA training course on “Water management and use of AquaCrop simulation 
model” 26 May to 12 June 2015, Seibersdorf, Austria  

Technical Officers: Ammar Wahbi, Georg Weltin, Gerd Dercon, Lee Heng, Christian Resch, Norbert Jagoditsch, Peter 
Strauss, Dirk Raes, Andrew Bugg  

The FAO/IAEA training course on “Water management and use of AquaCrop simulation model” was held at the Soil 
and Water Management & Crop Nutrition Laboratory (SWMCNL) from 26 May to 12 June 2015 at Seibersdorf, 
Austria. This training activity was organised by staff from the SWMCN Laboratory and Section. Fifteen professional 
and technical personnel specialised in irrigation and water management from seven Member States (Bangladesh, Italy, 
Iraq, Kuwait, Namibia, Palestine and Sri Lanka) participated in the training. The main focus of the training course was 
on: (i) water management in rainfed and irrigated agriculture, (ii) techniques for measuring soil water, (iii) assessing 
soil water balance and crop-water relationships, and (iv) AquaCrop simulation model and its use for improving soil 
water management and irrigation scheduling. The training was funded by the IAEA Technical Cooperation Department 
through national TC projects. The Technical Cooperation Department also facilitated the participation of an expert 
from KU Leuven (Belgium) for training in the use of AquaCrop simulation model for crop water use assessment and 
irrigation scheduling. Besides lectures, laboratory and field work, a guided tour to the Austrian Agency for Health and 
Food Safety (AGES) in Grabenegg and the BAW research station Petzenkirchen was organized to highlight ongoing 
research activities in agricultural water management. An end of training test was given to participants to assess the 
effectiveness of the training course at an individual level. Feedback from the participants showed that practical and 
field based training using equipment and simulation modelling was highly useful in their home country (Figure 1). 

Figure 1. Participants at the group training course 


