
 

The use of radioactive substances in the Netherlands

Citation for published version (APA):
Hemelaar, J. T., & Huyskens, C. J. (1990). The use of radioactive substances in the Netherlands. (Technische
Universiteit Eindhoven. Stralingsbeschermingsdienst rapport; Vol. 7127). Technische Universiteit Eindhoven.

Document status and date:
Published: 01/01/1990

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 21. Oct. 2021

https://research.tue.nl/en/publications/bac8d204-8356-492b-b664-9d4eaceb0556


SBD 7127 - I -

THE USE OF RADIOACTIVE SUBSTANCES IN THE NETHERLANDS 

Jos Th. Hemelaar. Chris J. Huyskens 
Eindhoven University of Technology. Health Physics Division 

P.O. Box 513, 5600 MB Eindhoven, the Netherlands 

INTRODUCTION 

Within the framework to study the possibilities to reduce the amount of low 
and intermediate level radioactive waste, detailed information was collected 
about the use of sealed and unsealed radioactive sources in the Netherlands 
[He84; He87]. 
Information was collected by inquiry amongst licencees (unsealed sources) and by 
studying the outstanding licences (sealed sources). 
Quantities of radioactive materials will be expressed in terms of activity (GBq) 
and in terms of (radio)toxicity (ALI-units). The number of ALI-units is the 
quotient of activity and most restrictive value of Annual Limit on Intake for 
ingestion with respect to the stochastic effects [IC78] . 

Relative distributions are given according to type of practice, to radio
toxicity group and corresponding to the halflife of the respective nuclides. The 
classification of nuclides in four radiotoxicity groups is according to direc
tives of the European Community [EU84]; classification of nuclides according to 
their halflives has been done in five groups; as follows: 
Group A: very high toxicity T½ ~ 10 days 
Group B: high toxicity 10 days< T½ ~ 100 days 
Group C: moderate toxicity 100 days< T½ ~ 1000 days 
Group D: low toxicity T½ > 1000 days; 8/y-emiters 

T½ > 1000 days; «-emiters 

SEALED SOURCES 

Sealed sources are used at approximately 1200 different locations in the 
Netherlands. There are two installations for irradiation purposes with a cobalt 
source of 1.5 10 7 and 1.5 108 GBq respectively. These are excluded in further 
evaluations. 
Around 15,000 sources comprise a total activity of approximately 6 106 GBq. 
Differentiation per nuclide learns that this activity corresponds to 1 109 times 
the respective ALI values. 
For about 2% of the number of sources the source activity is more than 1-TBq; 
the accumulated activity for these sources is 97% of the total activity. This 
corresponds to 70% of the total toxicity. The 75th percentile value in the 
frequency distribution of the number of sources corresponds to a source activity 
of 1 GBq. This group represents very low percentage of accumulated activity 
(0.03%) and toxicity (0.1%) (see fig.1). 
For sealed sources the following types of practice are distinguished: 
- measuring and control techniques (me & co) 
- medical (medi) 
- non-medical radiation sources, ga.mmagraphy and neutron generators ( rs, gg, ng) 
- education and instruction (edu) 
- electric components, deionisation and luminescence (ec , di,lu) 
- manufacture of consumer goods (cons) 
- a complexity of various types of practi~es (comp ) 
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Fig.1 
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Fig.2 shows that most of the number of sealed sources are used for measuring 
and control techniques (almost 40%) and that they are distributed over 900 out 
of 1200 locations (75%). In terms of activity this type of practice contributes 
less than 5% to the total but in terms of toxicity it represents approximately 
35%. Other high contributions in terms of toxicity are related to irradiation 
sources for medical and non-medical use, respectively 45% and 15%. In terms of 
activity these irradiation sources together contains approximately 80% of the 
total activity. 

Distribution according to radiotoxicity in four groups is given in fig.3. It 
shows for example for group Ba number of sources of about 3000 (20%) sEread 
over 420 locations (35%) with an accumulated activity of approximately 5 10 GBq 
(80%) corresponding to a toxicity of 6 108 ALI units (nearly 60%). 

In fig.4 distribution is given according to halflives. It can be seen that 
nuclides with a halflife greater than 1000 days are dominant in all ways. 

The inventory per nuclide learns that the activity is determined for nearly 
100% by Co-60 (80%), Cs-137 (10%) and Ir-192 (10%). 
The important contributions to total toxicity is from Co-60 (60% ) , Am-241 (30%) 
and Cs-137(10%). 
With respect to the number of sealed sources the contribution of seven nuclides 
is essential: H-3 and Cs-137 (23% each), Co-60 (15%), Ra-226 (8%), Am-241, Ni-63 
and Sr-90 (5% each). 
Application of computer database techniques resulted in information which is now 
used to improve the effectiveness of the system of licencing and notification as 
well as the efficiency of inspection by competent authorities. 
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Fig.2 Relative distribution of locations, sources, 
activity and toxicity sorted by type of practice,: 
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UNSEALED SOURCES 

Unsealed sources are in use at circa 250 different locations. The accumu
lated activity on a yearly base is over 6 104 GBq. Differentiation per radio
nuclide learns that this activity corresponds to app. 4 105 times the respective 
ALI values. 

Table 1 shows the relative dis
tribution of activity and toxicity 
sorted by type of practice. About 
85% of total activity is used for 
medical in vivo diagnostics with a 
corresponding radiotoxicity · in 
terms of ALI units of 4 104 (10%). 
In therapy over 1 103 GBq (2%) is 
used on yearly base which corres
ponds to ' 80% of the total toxi
city. Medical applications all to
gether cover about 90% of both 
activity and toxicity. 

TABLE 1 

Type of 
application 

Medical in-vivo 
Medical therapy 
Medical in-vitro 
Research 
Industrial 
Animal experiments 

Activity Toxicity 
(%) (%) 

85 10 
2 80 
0 .1 2 
6 6 
6 0.4 
0.3 1 

Distribution according to radiotoxicity is shown in table 2. The major 
contribution (95%) to total activity is from nuclides of group D, but in terms 
of toxicity group B nuclides are dominant (about 90%). 
From table 3 one can see that unsealed radioactive substances with a halflife 
less than 10 days correspond with approximately 90% of both total activity and 
toxicity. 

TABLE 2 TABLE 3 

Toxicity Activity Toxicity Half-life Activity Toxicity 
group (%) (%) (days) (%) (%) 

A < 0.5 T½SlO 90 92 
B 3 92 lO<T½~lOO 0.7 7 
C 2 3 lOO<T½~lOOO 0 .1 < 
D 95 5 ~/y T½>lOOO 8 0.5 

« T½>lOOO < 0.5 

'<' means less than 0.05% 

With respect to activity the radionuclides of great dominance are Tc-99m 
(77%), H-3 (8%) and Kr-81m (7%). Toxicity is mainly determined by the radio
nuclides I-131 (86%), I-125 (6%) and Tc-99m (4%). 
Collected information about the use of unsealed sources provided tangible points 
of application to reduce low level waste in the Netherlands. 

REFERENCES 
[He84] Hemelaar J. and Huyskens Chr.J. "Inventory of laboratory waste as a 

result of the application of unsealed radioactive sources in the Nether
lands" (in Dutch); Eindhoven Univ.of Techn.(1984). Report SBD 4424 

[He87] Hemelaar J. and Huyskens Chr.J. "Inventory of sealed sources in the 
Netherlands" (in Dutch); Eindhoven Univ.of Techn. (1987). Report SBD 6639 

[IC78] International Commission on Radiological Protection. "Limits for Intakes 
of Radionuclides by Workers", ICRP-Publication 30, Pergamon Press Oxford 
(1978) 

[EU84] Official Journal of the European Communicities, Volume 27, No. L265, 
84/467/Euratom (ISSN 0378-6978) (1984) 


