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Summary 
In Germany devices with inserted radioactive sources can get a type approval 
if they comply with specific requirements. Whoever operates a device whose 
type has been approved in accordance with the German Radiation Protection 
Ordinance does not need an individual authorisation. Such type approvals for 
free use are granted by the Federal Office for Radiation Protection (BfS) on 
the basis of type testing performed by the Physikalisch-Technische Bundesan-
stalt (PTB), the national metrology institute, and the Bundesanstalt für Mate-
rialforschung und –prüfung (BAM), the Federal Institute for Materials Research 
and Testing. Main aspects of the assessment are the activity of the radioac-
tive sources, the dose equivalent rate near the devices, the tamper-proofness 
and leak-tightness of the sources and the safety of  the construction of the 
devices. With the new Radiation Protection Ordinance in 2001, more stringent 
requirements for a type approval were established. Experiences with the new 
regulations and the relevant assessment criteria applied by PTB and BAM will 
be presented. 
 
Introduction 
According to para 25 of the German Radiation Protection Ordinance /1/ de-
vices with inserted radioactive sources can get a type approval for a licence 
free use by the Federal Office of Radiation Protection (BfS) on the basis of 
type testing done by the Physikalisch-Technische Bundesanstalt (PTB), primar-
ily with respect to radiation protection, and the  Bundesanstalt für Material-
forschung und -prüfung (Institute of Materials Research and Testing) (BAM), 
primarily with respect to technical safety. 
Preconditions for this approval are, that the activity of the inserted source 
must not exceed a specified limit, and users and environment have to be pro-
tected sufficiently against detrimental effects of radiation during use. 
 
General requirements 
There are in general mainly four preconditions for getting a type approval for 
a device:  

1. Inserted radioactive material (non-fissile material) has to be a tamper-
proof sealed capsule. 

2. Dose rate at 0.1m from the accessible surface must not exceed 1µSv/h. 
3. Additional or periodical leak tests at the source should not be neces-

sary. 
4. The activity of the inserted radioactive material may not exceed ten 

times of the specified exemption limit. 
BfS as the competent authority issues an approval certificate on the basis of  
type testing done by PTB and BAM. 
 
Evaluation and tests by BAM 



According to para 25 of the German Protection Ordinance /1/, BAM is responsi-
ble for the assessment of the following aspects of type testing: 
- leak tightness of the capsule or enclosure, 
- material and design qualification, 
- quality assurance. 
 
 
Applicants declaration 
At first applicants have to specify the range of application for their product. 
It is important for BAM's assessment to know answers to following questions: 
- What are the environmental conditions of use? 
- What are the permissible limits for operational demands, for mechanical, 
   thermal and corrosive loads? 
- Is it a portable or mounted stationary device and in which fields of applica-
tion is it used? 
- What modes of transport are allowed? 
- Is the device protected by a packaging during transport? 
Applicants can find an orientation for specifying the environmental conditions 
of use in European Standard EN 60721”Environmental condition classes”/2/ 
 
Assessment of the source 
At first BAM has to examine if the source design is qualified for the field of 
application. BAM requires the presentation of an ISO-classification for the 
source according to the European Standard ISO 2919:1999 /3/ if applicable. 
This standard provides a set of tests by which the manufacturer of sealed ra-
dioactive sources can evaluate the safety of his product in use. The tests fall 
in several groups, including, for example exposure to high and low tempera-
tures, and a variety of mechanical tests. Each test can be applied in several 
degrees of severity, depending required application (typical usage). The crite-
rion of pass or fail depends on leak tightness of the capsule. 
BAM assesses these ISO-test results. 
 
Assessment of the device 
BAM has to assess the resistance of the device against impacts from normal 
conditions of use  The sealed radioactive source in the device must not become 
untight or detached from the housing due to strains. 
Test requirements depend on the conditions of use specified by the applicant. 
Usually BAM performs at least a free fall test onto an unyielding target ac-
cording to European Standard EN 60068-2-32: 1995-03 /4/ and a temperature 
test, considering the lowest and the highest temperature in use. 
Free fall is an easy mechanical test to demonstrate the qualification of the 
design for shielding the radioactive source sufficiently in case of rough han-
dling. This can simulate an incident during handling, e.g. a fall from a work 
bench. A drop from a height of 1m is chosen for small devices with a weight 
less than 2 kg. 
Figure 1 gives a test example: 
Figure 1a shows a contraband detector with an inserted Ba-133; Figure 1b 
shows the test item in test position. Before, it was cooled down to a tempera-
ture of -40 C, because the device is intended to use in exposed areas. After 
drop test there was no deformation of the housing. BAM dismounted the detec-



tor and inspected the safe embedding of the radioactive source. There was no 
damage as the result of this test (see figure 1c). 
For devices with a mass of more than 2kg BAM uses a reduced drop height of 
only 0.5m or less according to the recommendations in the standard /4/ . 
BAM can accept test results of similar tests done by other qualified and inde-
pendent institutes. In this case the applicant has to provide detailed test re-
ports.  
It is important for safety that the design ensures the tamper-proofness of the 
inserted source, what has to be evaluated by BAM. The design has to make 
sure that any contact from fingers or other bodily parts with the surface of 
the radioactive source is impossible. Opening of the protecting housing should 
be only possible for authorised people, that means, special screws should be 
used, which are removable only with a special tool. 
Furthermore BAM has to examine whether the radioactive source is suffi-
ciently protected against chemical and physical influences during lifetime of 
the device. As one example BAM has to assess the corrosion resistance of all 
components, which are relevant for radiation protection. That can be the cap-
sule material as well as fittings, gaskets or the enclosure. Sometimes BAM 
proposes to require an alternative material which is more suitable for use in 
particular atmospheres. 
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Figure 1: Contraband detector, free fall from 1m height 

a) before test 
b) in test position 
c) after drop test (opened for inspection of inserted capsule) 

 
Quality assurance 



It is essential to ensure the required safety level for every source and its pro-
tecting casing at any time of the working life of the device. For that purpose a 
quality assurance programme is required for design, manufacture, testing, 
documentation, use and maintenance of source and of the relevant parts of 
the device. 
BAM assesses the general arrangements usually contained in the manufac-
turer's quality management handbooks, e.g.: 
-qualification of manufacturers and component suppliers, 
-structure of quality organisation and responsibilities, 
-arrangements for documentation. 
A quality management system certified according to the relevant ISO-Standard 
/5/ is a good basis for the assessment. 
Important is the product specific quality assurance in production, e.g.  
-certification and inspection of safety relevant materials, 
-working and test instructions for all important steps of production, 
-supervision of equipment, 
-qualification of staff.  
Quality assurance in operation must be based on the instructions for users. 
Users must be informed about the conditions of use which are allowed. They 
must know the limits for mechanical, thermal and corrosive loading. Further-
more users must receive detailed instructions about necessary periodical in-
spections. BAM expects the specification of the life span of the device. 
The principles of quality assurance in manufacture and operation of special 
form radioactive materials, as presented in /6/, are also applicable in major 
parts for the sealed sources in devices. 
 
Tests performed by PTB 
Type tests according to the radiation protection ordinance carried out by PTB 
can comprise the following measurements: 
- Dose rate measurements, 
- Activity measurements and 
- Activity release test. 
 
Dose rate measurements 
PTB proves that the ambient dose equivalent rate at a distance of 0.1 m from 
the accessible surface does not exceed 1 µSv/h. On a thus defined virtual sur-
face around the device many single dose rate measurements are made to as-
sure that this requirement is fulfilled at any point. The PTB uses calibrated 
dose rate meters, whose results are traceable to the national primary stan-
dard and whose dependence on the energy and on the dose rate is known very 
well and sufficiently small for the measuring task. 
 
Activity measurements 
The sources are removed from the devices to check their activity. As an exam-
ple, Figure 2 shows a dismounted ionisation smoke detector. The activity of 
the source must not exceed ten times the exemption limit defined by the Ra-
diation Protection Ordinance. It is quantified by using a calibrated germanium 
spectrometer or - when the uncertainty of the measurement plays a minor role 
- by measuring the dose equivalent rate in a defined distance from the source 
and by applying the dose rate conversion coefficients. 
 



 
 

  
 

Figure 2: Smoke Detector with removed cover (left) and removed shielding of 
the radioactive source (right). 

 
 
Activity release test 
For some fields of application ISO standard tests as requested by BAM are not 
applicable to assure that no additional or periodical leak test is necessary 
during the lifetime of the source (the lifetime can be 15 years at maximum). 
Such special cases  are e. g. Ni-63 sources (beta radiation emitters) in ion mo-
bility spectrometers. These Ni-63 sources are covered by an extremely thin 
inactive layer. Therefore, PTB checks the required tightness of these sources 
by long term measurements of activity in a closed gas circuit which encloses a 
source and a filter for radioactive particles (see Figure 3). Such a measure-
ment lasts for some months, to make sure that under normal conditions of use 
there is no release of radioactivity from the sources. Activity measurements 
carried out on the mentioned filter using a germanium spectrometer are the 
basis for the judgement whether activity was released from the source. 
 

 
 
Figure 3: Closed gas circuit for a long-term measurement of activity release 
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Test reports and approval 
A test report with the results of BAM's assessment is sent to the PTB.  
Test results of PTB and BAM are summarised in a test certificate or report 
compiled by the PTB. The test certificate can recommend special restrictive 
conditions of use as presuppositions for an approval. 
On the basis of this test certificate BfS as the competent authority finally de-
cides on the type approval. 
 
Experiences 
Since 2001 the number of type tests of devices with inserted radioactive ma-
terial has decreased due to the restricted activity limit required by the new 
German Radiation Protection Ordinance /1/ (from 106 to 10 times the exemp-
tion limit). Another reason for regression is the limitation of the dose rate. 
Most of devices assessed by BAM and PTB passed the type test successfully. 
Typical tested devices are smoke detectors and ion mobility spectrometers 
with alpha or beta sources, which can be shielded easily and keep the dose 
rate limit. 
There is a tendency to replace ionisation smoke detectors by optical smoke 
detectors to avoid the effort for the licence for installation and maintenance. 
Photon radiators, as typically used at schools, cannot get a type approval 
anymore, because the dose rate equivalent in 0.1m distance from the surface 
is in most cases higher than 1µSv/h. 
 
Conclusion 
For a licence-free use of devices with inserted radioactive material, there 
must not be any danger for the health of users who work with, or other people 
who can come into contact with it. To guarantee that, permitted activity is 
limited and responsible authorities do a comprehensive assessment of the 
technical and radiation protection design safety.  
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