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Abstract. The measurements of the radioactive surface contamination are common used to demonstrate the 
compliance with safety regulations at national level. It is mandatory that those measurements are traceable to 
national standards through the suitable calibration of the monitors used for survey. In Cuba, there is not a 
harmonised methodology for evaluation of contamination from direct measurements and no standardized 
calibration service for portable monitors is routinely provided to users. The Secondary Standard Dosimetry 
Laboratory of Cuba has recently established the calibration service of contamination monitors in terms of 
instrument efficiency using the reference sources of known emission rate per unit area in accordance with 
international normative ISO 8769. In the present paper, is proposed a traceable scheme of direct measurements 
of contamination that involve the calibration at the laboratory level using multi-source method  and the 
evaluation of contaminations at user level in terms of activity per unit area. Some improvements from the 
previous single–source method of calibration are explained in order to support the advantages that offer the new 
chain for those measurements in the country.  
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1. Introduction 

 
The national and international safety regulation refer that all employers that by occupation work with 
the ionising radiation must ensure that the level of radiation are adequate for its work and the 
monitoring is done with suitable measuring instrumentation. This measurement instrumentation must 
be tested and calibrated at appropriate intervals to ensure that are suitable for use. The testing method 
of the instrumentation should be done using the measuring systems traceable to national standards. In 
Cuba, there is a large experience in the field of the photon radiation dosimetry but not in the field of 
direct measurement of radioactive contamination.  

 
Until the past year, the calibration of the contamination monitors was generally provided as a 
calibration factor from the measurements in plane sources calibrated in term of activity per unit of 
area. This factor was related only to the almost ideally source where the backing material and 
thickness are constructed in the way to minimize source self-absorption and the contribution from 
backscattered radiation. In the surface normally met at operation this situation can not be generally 
assumed and for this reason it is internationally recommended the calibration of contamination 
meters in terms of instrument efficiency on the basis of surface emission rate of the source. However, 
the response of those contamination meters is strongly dependent on geometrical conditions of 
measurements and then the calibration conditions should be adapted to the must typical conditions of 
measurements. There are 3 cases possible for geometry of calibration in relation with the size of 
source and sensitive detector window area. Those cases are separated on when either the source is 
smaller, equal and larger than sensitive detector window area. 
 
On the other hand, the single – source calibration method was applied before because of no 
availability of a set of sources to calibrate the meters in a wide range of energies. In the case of use of 
contamination meter for measurements of different radionuclides with complex emission 
characteristics, the factor resulted from single – source calibration method was not always useful.    
 
All those situations explained before lead to very confusing evaluation of radioactive surface 
contamination on the basis of direct measurements in many Cuban institutions that use unsealed 



sources. This situation became worst because no standardized calibration service for portable 
monitors is routinely provided to users.  The Secondary Standard Dosimetry Laboratory (SSDL) of 
Cuba has recently established the calibration service of contamination monitors that try to solve the 
problems to the users and regulatory authorities. In this sense, it is proposed on the paper the 
traceability chain for direct measurements of radioactive contamination in Cuba. 
 
2. Methods and description 
 
2.1 Calibration method 
 
In order to implement the new  traceability scheme in Cuba for contamination monitors the authors 
revise all standards related with the evaluation of surface contamination. In the year 2006 the SSDL 
acquired β ,γ and α plane sources calibrated in terms of surface emission rate under technical 
cooperation project with International Atomic Energy Agency (IAEA). The alfa and beta sources are  
traceable to primary standards of German National Metrology Institute PTB (Physicalish-Technishe-
Bundesanstalt), through DKD accredited calibration laboratory (Deutscher  Kalibrierdienst).  The 
gamma sources were calibrated by Dosimetry and Radiological  Metrology Service (DMRS) 
recognised by United Kingdom Accreditation Service (UKAS) traceable to NPL (National Physical 
Laboratory). All reference sources were manufactured with the effective area of 10 x 10 cm2 and also 
in accordance with the requirements of the ISO 8769-1 [1] and ISO 8769-2. [2]. The table 1 show the 
characteristics of those calibration sources and its traceability to primary standards. 
 
 

β and α 
sources 

Calibration data traceable to 
PTB 

Calibration data traceable to NPL 

 Emission 
rate, s-1 

Maximum 
energy, keV 

  γ  Sources 

Emission rate*, s-1 Mean energy, 
keV 

3H 1530 ± 92 19 238Pu 2426 ± 291 16 
14C 1420 ± 42 156 129I 8035 ± 723 32 
36Cl 1350 ± 40 710 241Am 4564 ± 319 60 
90Sr+90Y 3930 ± 118 2274 57Co 39667 ± 2777 124 
241Am 1260 ± 38 5 544 137Cs 4286 ± 514 600 

     *Emission rate of the source ± uncertainty (K=2) 
 
Table 1. Specific characteristics of the reference sources used for calibration. The emission rate value 
includes the uncertainty for 95% confidence level reported by calibration laboratories in the year 
2006.  
 
 
It was found that very different window sizes of the detectors are in use in the country and not 
requirements of averaging of the readings over a given area (100 cm2 or 300 cm2) are specified in 
Cuban Safety Regulations. Then it was convenient to refer the calibration to the window size 
dimensions of the detectors and assure that those detectors have the same geometry conditions of 
calibration. In this way, was adopted the method of measuring the instrument efficiency 
recommended in IEC 60325 [3], where the source area is always equal or larger than sensitive 
detector window area. In the case of smaller source, is necessary to simulate a larger source placing it 
in contiguous portions in such way that each part of the detector is covered. This procedure of 
calibration is more detailed explained by others authors [4]. The instrument efficiency is then 
determined from the measurements at 3 mm from the source as: 
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εi,j = instrument efficiency for a given radionuclide or energy range with radiation type j  

n = measured total count rate from the reference source [s-1] 
nB = background count rate [s-1] 
q2π,j = surface emission rate for radiation type j of the calibration source [s-1]. 
WS  = effective area of the calibration source [cm2] 
Wi = sensitive window detector area [cm2] 
 
The calibration of the instrument in terms of efficiency can be introduced by two procedures. One of 
them is performed by using a reference source made from the radionuclide corresponding to the 
contamination to be measured.  This method of calibration is named single-source procedures. Very 
often is not possible to find a reference source corresponding to contamination to be measured. Then 
it can be applied a procedure for which the calibration can be performed by using a set of sources in 
the energy region intervals near to the emissions of the contamination to be measured. This calibration 
method is named multi-source procedure. 
 
The estimation of  uncertainty of the efficiency follow the ISO guide [5] and the relative combined 
standard uncertainty of the efficiency is calculated as the following:  
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These components of the uncertainty consider the uncertainties of the dimensions and homogeneity of 
the source, the source-detector separation, detector uniformity and uncertainties reported for the 
reference emission rate of the source and the instruments readings. Most of the calibrations done in 
the last time are showing the expanded uncertainties in the region of 8 to 15 % at 95% confidence 
level. 
 
2.2 Evaluation of surface contamination at user’s levels. 
 
The calibration methods presented before are not directly related to activity on surface. Then it is very 
necessary the knowledge of the methodology for evaluation of surface contamination by user in terms 
of activity per unit of area.  An international harmonized method for evaluation is recommended in 
the normative ISO 7503 (part 1[6], part 2[7] and part 3[8]). It is advisable that all users assume the 
ISO methodology in order to have a robust and consistent evaluation of contaminations at national 
level. In this way the SSDL assist the user on interpretation of those ISO standards. This assistance 
play a major role if we consider that those normative are being reviewed at the present time and any 
misunderstanding can be discussed with the support of the SSDL. The activity per unit of area ( As ) 
of a given radionuclide contamination is calculated as: 
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Where, 
 
εi,j = instrument efficiency for a given radionuclide or energy range with radiation type j  

m = measured total count rate from the surface [s-1] 
mB = background count rate [s-1] 
Wi = sensitive window detector area [cm2] 
εd,j = emission probability of a given radionuclide for the radiation type j  
εs,j = efficiency of the contamination source for the radiation type j. 
 



 
 
 
In the absence of more accurate information of εs,j we assume from [7-9] the following values: 
εs = 0.5 for beta-emitters (Eβmax ≥ 0.4 MeV resp. Eβmean ≥ 0.14 MeV) and isomeric transition emitters 
εs = 0.25 for beta-emitters (0.15 MeV < Eβmax < 0.4 MeV resp. 0.04 MeV < Eβmean < 0.14 MeV) and 
electron capture emitters and alpha-emitters. 
 
The uncertainties of the evaluation of surface contamination vary from instrument to instrument and 
from one surface to another. The lack of accurate information of the efficiency of the source on the 
contaminated surface can lead to a large uncertainty. 
 
3. Results and discussion 
 
The calibration method for contamination monitors has been implemented on the basis of most 
advanced development in this area of work. The calibration are performed in terms of surface 
emission rate and, in the case of instruments with large detector window, it is simulated a large source 
by positioning the 10 x10 cm2 references plane sources  in contiguous portions.  The reference sources 
are traceable to national standards of Germany and United Kingdom through accredited calibration 
services of those countries. The reference sources acquired cover a large energy region of photon, 
beta and alpha radiation. This situation makes possible the use of multi-source procedure for 
calibration of instrument. The level of implementation of the new methods including the multi-source 
procedure was validated at Cuban laboratory by comparison exercise run with the Brazilian laboratory 
[9] in the year 2006. By now, the user has the possibility to evaluate the contamination of 
radionuclide with complex emission characteristics.  Those more complex evaluation were impossible 
in the past because it was performed a single-source procedure for calibration in terms of activity per 
unit of area. The limitation of this old methodology is explained on the impossibility to have access to 
each reference sources of short live needed to calibrate the instruments for it use. On the other hand, 
the calibrations in terms of activity per unit area make valid the certificates in conditions that are not 
met in the common practice. 
 
  
The method for calibration followed by evaluation of contamination explained in the previous 
paragraph is the new proposal of traceability chain of direct measurements for radioactive 
contamination in Cuba. Graphically we can represent the scheme of traceability of measurement as it 
shown in the figure 1. Only one level of national calibration chain is needed before the contamination 
meter is used for evaluation in the workplace.   
 
 
4. Conclusions 
  
The new proposal for traceability leads to more robust and accurate evaluation of surface 
contamination at user levels. The affirmation can be supported on the fact that the instrument 
calibration by multi-source procedure can be applied to evaluation of contamination from any 
radionuclide either with simple or complex emission characteristics. The instrument efficiency is 
related to any size of detector because of use or simulation of large source that cover the sensitive 
window of those detectors calibrated. On the other hand, it was implemented the calibration in terms 
of instrument efficiency on the basis of surface emission rate of the source indeed activity per unit of 
area in order to adopt the international recommendation. By now the users over the Cuban institutions 
can compare the results of its direct measurements using the information from calibration certificates 
and the ISO standards for evaluation of the contamination. 
 
 
 
 



Figure 1: Hierarchy scheme proposed for traceability of direct measurements  of radioactive 
contamination in Cuba. 
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emission rate using windowless or windowed proportional  
counters,  the efficiency of which has been measured with  

Class 1 sources  
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Uncertainty = 8 – 15 % (k=2) 
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