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1 ABSTRACT 
After implementation of Council Directive 96/29/Euratom in the new Dutch 
legislation (BS) the total activity concentration criterion (100 Bq/g) and total 
activity criterion for exemption from authorization will be replaced by nuclide 
specific exemption/clearance levels. In addition the Dutch Authorities intend to 
introduce exemption/clearance levels specifically for surface contaminated 
objects. These will replace the current practice to estimate the presence of 
material falling under authorization inside or on objects using a criterion of 3x 
the background count rate measured with a portable surface contamination 
monitor. The exemption levels for alpha emitters are likely to be set at a factor 
of ten more restrictive than for beta-emitters and will be applied to long-lived 
alpha emitters only. Since many NORM radionuclides are alpha emitters the 
lower clearance level will be applicable to NORM contaminated objects. 
Portable contamination monitors which in practice can measure NORM alpha 
contamination reliably do not exist. However, all long-lived alpha emitters 
relevant to NORM contain beta emitters in their decay chain. The ratio of beta- 
emitters to long-lived alpha emitters varies from 1:1 for Pb-210 containing 
deposits to 3:1 for old Ra-228 deposits. By assuming a ratio of 1:1 a 
conservative estimate of the long-lived alpha emitters in the contamination can 
be obtained for all types of NORM deposits from beta measurements.  
To determine the activity per unit area the contamination monitors need to be 
calibrated. Ideally this should be done with calibration sources containing the 
same radionuclides as anticipated in the field. Almost all NORM deposits 
however emit beta particles with widely ranging Eβmax. By selecting a 
moderately low-energy calibration source like Co-60 a conservative value for 
the surface contamination will be obtained. 

2 INTRODUCTION 
Council Directive 96/29/EURATOM [1] establishes basic safety standards for 
the protection of the health of workers and the general public against the 
dangers arising from ionizing radiation. The provision in the Directive will be 
implemented in Dutch legislation by the enforcement of the "Besluit 
Stralingsbescherming [BS]" [2]. In the Council Directive special attention is 
given to exposure to natural radiation sources. The provisions given in the 
Directive are in principle not only applicable to "practices" but also to �work 
activities�. Work activities are defined as activities, which involve the presence 
of natural radiation sources and lead to a significant increase in the exposure of 
workers or members of the public which cannot be disregarded from the 



radiation protection point of view. According to Title VII of the Directive 
Members States of EU have the obligation to investigate which work activities 
should be brought under some form of radiological control, using some or all of 
the stipulations of Titles III, IV, V, VI and VIII. 

3 IMPLEMENTATION OF THE COUNCIL DIRECTIVE 
A survey of relevant work activities in The Netherlands identified a large number 
of non-nuclear industries which may be of concern in the context of Title VII and 
to which provisions of BS may be applicable [3]. Of particular interest to these 
industries are the exemption/clearance levels for radioactive substances below 
which no reporting or prior authorization is required and which also determine if 
waste material has to be treated as radioactive waste. Instead of one value for 
the total activity concentration as was the case in the Council Directive 80/836, 
Table A of the Council Directive 96/29 specifies nuclide specific exemption 
values (Bq/g). These exemption values have been derived derived using 
exposure scenario's applicable to "practices" and thus involve small or 
moderate quantities of material. They are therefore not a priori suitable as 
exemption value for NORM material. Under contract with the Dutch authorities a 
number of studies have therefore been performed to define exemption (and 
clearance) levels for large quantities of residual materials from non-nuclear 
industries [4], [5], [6]. By taking into account the results of these studies the 
Dutch authorities established exemption levels that are applicable to "practices" 
as well as "work activities�. They differ for a number of relevant NORM 
radionuclides from those specified in the Council Directive.  
Registration is required when materials are possessed with concentrations and 
total amounts exceeding the exemption/clearance levels. Prior authorization is 
required if the exemption/clearance levels are exceeded by more than a factor 
of 10. 

4 EXEMPTION/CLEARANCE OF NORM CONTAMINATED 
OBJECTS 

In addition to solid materials like for example sand, slag and sludges the non-
nuclear industry also generates disused or re-usable components which are 
themselves not radioactive but which have radioactive material (in the case of 
NORM often encountered as scale) attached to their surfaces. In past practice it 
had shown to be impractical and often impossible to reliably quantify the activity 
concentration and total activity in the surface contamination for decisions on 
exemption. Therefore it was investigated if separate exemption levels for 
surface contamination could be derived for NORM contaminated objects. 
Council Directive 96/29 does not specify exemption levels for these so-called 
surface contaminated objects (SCO). Article V of the Council Directive however 
gives National authorities the possibility to establish clearance levels for 
materials containing radioactive substances if they follow the basic criteria used 
in Annex I and take into account any other technical guidance provided by the 
Community. Exemption values for SCO will probably be specified in a 
Ministerial Guideline to which is referred in Article 25.7 of BS ("other methods 
can be appointed to identify damage in those cases that exemption criteria for 



activity concentrations per unit of mass do not give a proper indication of the 
damage that handling of these radioactive materials will cause. The 
characteristics of NORM containing surface contamination and portable 
measuring equipment which are relevant to the establishment of surface 
contamination in relation to criteria for NORM material are further discussed 
below. 

5 NORM SCALE CHARACTERISTICS 
The radiological aspects of NORM are mainly caused by the long-lived 
primordial natural radionuclides U-238 and Th-232 and the nuclides from their 
decay chains. Both U-238 and Th-232 give rise to a series of daughter 
radionuclides with short, intermediate or long half-lives that emit alpha- or beta 
particles and gamma photons (Fig.1 and Fig.2). In raw materials U-238 and Th-
232 are usually in equilibrium with all their daughter products. In some 
production processes however specific radionuclides in the decay chain are 
selectively mobilised. Of particular importance to the formation of radioactive 
scales is the leaching of the element radium into water streams and subsequent 
co-precipitation with insoluble sulphates and carbonates and the volatilisation of 
the elements Pb-210 and Po-210 in high temperature processes followed by 
precipitation as e.g. galena (PbS) or lead oxide. Radium and lead containing 
scales can therefore be considered to be the most prominent types of surface 
contamination encountered in the non-nuclear industry. These scales are 
usually formed inside installation during use for numbers of years and often very 
difficult to remove. Objects contaminated with NORM therefore contain primarily 
fixed surface contamination of which only a small percentage is removable. 
 
The radiological aspects of NORM and in particular radioactive scales are due 
to the presence of the long-lived radionuclides. In the case of NORM these 
radionuclides are always mother nuclides that are in equilibrium with their short-
lived daughters. The daughter nuclides however often determine to a large 
extent the radiological consequences of the presence of the mother. Exposure 
to external radiation for example by the presence of radium scale is primarily 
caused by the gamma photons emitted by the daughter radionuclides Bi-214 
and Pb-214 (Ra-226) or Ac-228 (Ra-228). These characteristics of NORM are 
exploited when analysing NORM material by gamma spectrometry. Ac-228 for 
example is measured to determine the activity concentration of Ra-228 and Tl-
208 to determine the concentration Th-228. A comparable approach can be 
used for the determination of surface contamination with NORM radionuclides. 
Table 1 shows that independent of the radionuclides present in NORM the 
decay chains always emits as many or more beta particles than alpha particles 
from the long-lived nuclides. The ratio measurable beta particles (as rule of 
thumb Eβmax >150 keV) emitted to long-lived alpha emitters present varies from 
1:1 for pure Pb-210 containing deposits to 3:1 for "old" Ra-228 scales. By 
assuming a conservative relation between measurable beta particles and long-
lived alpha emitters of 1:1 a conservative estimate of the long-lived alpha 
emitters present can be made.  
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(Th-230)

γ   186 (3%) Radium-226 100% α
1600 a

(Ra-226)

Radon-222 100% α
3,8235 d
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Fig 1     Decay chain of U-238 including Eβ max and Eγ (keV) of the most important 
beta particles and gamma photons emitted and emission probabilities (%).
The long-lived radionuclides are marked gray. 
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     β 's     74  (6%);  75 (19% );  152 (73%) 

      β 's     621 (48%);  681 (42%)

            100% β−

2052 (8%);  3810 (18%)
     γ 's     609 (46%);  1120 (15%)



6 CURRENT PRACTICE 
At present the Dutch legislation only specifies criteria for specific activity 
concentration. It is however impractical and often impossible to take 
(representative) scale samples from inner side of contaminated objects. The 
current practice is to measure possibly contaminated objects with portable 
surface contamination monitors measuring beta particles. If the measured count 
rate exceeds 3x the background value this is considered an indication of the 
presence of "radioactive" material. As a result the equipment has to be treated 
as radioactive waste and the installation from which it is derived is considered a 
NORM contaminated installation, unless it can be proven by means of sampling 
and analysis that the activity concentration in the scale is lower than 100 Bq/g. 

Thorium-232
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 γ 's   727 (12%); 1621 (3%) Polonium-212
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Fig 2 Decay chain of Th-232 including E β max and E γ (keV) of the most important
beta particles and gamma photons emitted and emission probabilities (%).
The long-lived radionuclides are marked gray.
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A large number of different portable surface contamination monitors is used in 
the field. An overview (not comprehensive) is given in Table 2. They vary with 
respect to measuring principle, sensitivity and background count rates [8]. The 
beta sensitivity of a detector is determined by the size of the sensitive window of 
the detector, while the background count rate is more dependent on the volume 
of the detector. 
The use of a surface contamination criterion based on a number of times the 
background value has a number of disadvantages. Due to the differences in 
size of the sensitive window and sensitivity of various detectors, a measured 
count rate of 3x the background corresponds for each detector with a different 
value of surface contamination present. As shown in Table 3 a count rate of 3x 
the background value measured with a AD17 probe corresponds with a surface 
contamination of 0.25 Bq/cm2, while the same count rate measured with a 
DP2R probe corresponds with a surface contamination of 4.7 Bq/cm2. In 
addition the actual surface contamination present when counts rates of 3x the 
background are measured will vary dependent on the background value. At sea, 
where the background is lower than on land, values of 3x the background count 
rate correspond with surface contamination values that are approximately 3x 
lower compared to those on land. Another disadvantage of the current situation 
is that the surface area over which the contamination can be averaged is not 
officially specified. In practice the counts measured by a particular detector are 
averaged over the size of the sensitive window. A spot contamination of 20 Bq 
with beta particles with an Eβmax of 318 keV on 1 cm2 measured with a PCM5-
DP2R (size sensitive window: 50 cm2) will give a count rate of 1.2x the 
background value, while the same spot measured with an Automess 6150AD3-
6150AD17 (size sensitive window: 7 cm2) will give a count rate of 24.0x the 
background value (Table 4).  

7 SURFACE CONTAMINATION CRITERIA FOR NORM  
Introduction of a surface contamination criterion makes it possible to correct for 
differences in sensitivity between detectors and background values and to 
specify the surface area over which the surface contamination can be averaged. 
Guidelines for the evaluation of surface contamination are given in the 
international standard ISO 7503-1 [9].  
Surface contamination can be evaluated by direct and indirect methods of 
measurements. As already mentioned in chapter 3 the characteristic of most 
NORM scale deposits make them less suitable for indirect evaluation of surface 
contamination by smear test as the majority of the deposits will consist of fixed 
surface contamination.  
Most surface contamination monitors are designed for the assessment of beta 
particles. They generally have low intrinsic detection efficiencies for photons. 
Thin window instruments may be sensitive to alpha radiation in addition to beta 
radiation. A total mass of about 7 mg.cm-2 of a low atomic number material will 
preclude the response to alpha particles of less than about 6.5 MeV [10], which 
includes the alpha particles emitted by most NORM radionuclides. The source 
efficiency for alpha-emitters for practical contamination sources, like scales, 
therefore can easily be very near to zero. Direct measurement of alpha emitters 
in NORM scales is therefore not feasible.  



To determine the activity per unit area the instruments should be calibrated 
using reference sources of known emission rate per unit area. ISO 7503-1 
specifies how the instrument efficiency must be determined and which sources 
are appropriate for reference sources. As shown in Table 2 the sensitivity of the 
various detectors (Bq/cm2/cps) depends on the energy of the beta particles. 
Ideally, calibration should be conducted with sources of the same radionuclides 
as anticipated in the field. In cases where this is not possible or impractical 
radionuclides should be selected with maximum beta energies close to those 
expected. In figure 1 and 2 the Eβmax of the relevant NORM radionuclides are 
given. From this figure it is clear that a large number of different beta particles 
all with a different Eβmax are emitted by any type of NORM derived surface 
contamination, except pure lead deposits. If the detector sensitivity is 
determined with Co-60 as calibration source a conservative value for the 
surface contamination will be obtained for thin layers of scale where source 
efficiency losses by absorption are considered negligible. If Sr-90/Y-90 is used 
as a reference source to determine the detector sensitivity the surface 
contamination will be underestimated. The value for surface contamination in 
Bq/cm2 is obtained by multiplying the net counts measured by the sensitivity of 
the detector in Bq/cm2/cps.  For NORM deposits this value can be used as a 
measure for the long-lived alpha radionuclides present. 

8 CONCLUSIONS AND RECOMMENDATIONS 
For surface contamination measurements a large number of different portable 
surface contamination monitors can be used. Introduction of a surface 
contamination criterion as opposed to the current practice based on a criterion 
of 3x the background value makes it possible to correct for differences in 
sensitivity and background values of the various detectors. This will resolve 
some of the problems surface contamination measurements have given in the 
past.  
Portable contamination monitors currently in use measure beta particles. In 
addition to beta-emitters NORM material also contains long-lived alpha 
emitters.The number of measurable beta particles (Eβmax > 150 keV) emitted by 
NORM deposits is always higher than the number of long-lived alpha emitters 
present in these deposits. By assuming a conservative ratio of 1:1 beta particle 
measurements can be used to estimated the contamination with long-lived 
alpha emitters.  
The calibrations performed with reference sources usually are carried out under 
ideal circumstances e.g.: optimal geometry, short distance between source and 
detector, optimal source efficiency and long counting times. In the field 
measuring conditions will always be less optimal. Guidelines will have to be 
given to determine how to deal with these variables. 
. 
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