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Abstract. During years 2006-2008 have been carried out to the dismantling of several linear 
accelerators of medical use in Spain. The two first were in the Hospital of “La Princesa” in Madrid 
and in the Hospital “Santa Creu y Sant Pau” in Barcelona. The disassembling of such was made by 
technicians of the providing company and of the own hospital, with the advising of experts of the 
Radiological Protection and Radiophysics Service of such. Technicians of the Radiological 
Protection Technical Unit (RPU) of ENRESA collaborated in these dismantlings with the objective 
to determine that pieces could be evacuated conventionally as metallic scraps and which had to be 
managed as radioactive waste. In the following dismantling the classification of the pieces were 
carried out by the technicians of the providing company. After that the technicians of the RPU of 
ENRESA verified this classification and characterized, in detail, the pieces classified as radioactive 
wasted before their removal. In this paper the activities carried out to classify the pieces and the 
legal bases in which it leans on, as well as the measures made for the characterization of the 
materials considered as radioactive waste are described. 
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1. Introduction 
 
Linear accelerators have been widely used for many years in the radiotherapy services of Spanish 
hospitals. These systems have gradually replaced cobalt therapy units due to the many advantages 
that they offer from the point of view of safety and of the treatment itself, as well as of the fact that 
at the end of their service lifetime their management does not pose any problem as regards 
radiological protection. At present the early linear accelerators are being replaced with more 
modern equipment offering better levels of performance. 
The problem that arises during the dismantling of such equipment is determining to what extent the 
components of the accelerator, and especially the head, can be managed conventionally, since the 
components may be activated. 
This paper presents the experiences of the Radiological Protection Technical Unit (RPTU) of the 
Spanish radioactive waste management company “Empresa Nacional de Residuos Radiactivos” 
(ENRESA) in the characterisation of the activated parts of several linear accelerators and in 
defining the management route to be taken. The first one, manufactured by CGR, located in the 
“Princesa” University Hospital in Madrid, and the second one, manufactures by Varian, located in 
the “Sant Pau y Santa Creu” Hospital in Barcelona, were dismantled in 2006. The pieces 
dismantled of the other three linear accelerators, brand SIEMENS, were characterised in 2007 and 
2008. 
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1. Theoretical basis 
 
Initially a visit was made to the “Princesa” Hospital in December 2005, during a maintenance 
outage, to take radiological measurements serving as a basis for subsequent dismantling. During 
the visit various measurements were taken and spectra were made for certain key parts: the target, 
the collimator and the centring coils. The visit served to define a recommendable waiting time 
before initiating the dismantling, about some 15 days, and to verify the absence of neutron 
radiation with the equipment shut down. With the data obtained a bibliographic search was 
performed to help in interpreting the results and predict those that might be obtained during 
dismantling. 
 
Unfortunately, most of the documents consulted were oriented towards estimation of neutron 
production and the doses received, both by the patients and the personnel of the facilities, during 
operation. Furthermore, information on the activation of the materials making up the head was 
quite scarce and was based more on accelerators for industrial use or research. For this reason, the 
search was focussed on basic bibliography containing information on the radionuclides that might 
arise as a result of the interaction of electrons and photons with the materials. 
From the information consulted it may be deduced that the most important interaction is photon-
neutron, giving rise to an element with the same atomic number and a unit less of atomic mass, 
although there may also be neutron-gamma and gamma-2 neutrons interactions. It was also seen 
that most of the radionuclides generated are short lived, although some long-lived radionuclides 
may also appear. Table 1 indicates these radionuclides, along with the activated element and the 
half-life of the element generated. 
 
 

TABLE 1. ELEMENTS GENERATED 
Radionuclide Half-life Element 
Ni-57  35.6 h Nickel 
Ni-65  2.517 h Nickel 
Fe-55  2.7 y Iron 
Co-57  271.79 d Nickel / Cobalt 
Co-58  70.82 d Nickel / Cobalt 
Co-60  5.27 y Cobalt 
Cr-51  27.7 d Chrome 
W-185  75.1 d Tungsten 
W-181  121.2 d Tungsten 
W-187  23.9 h Tungsten 
Ta-182  115.1 d Tungsten 
Cu-61  3.33 h Copper 
Cu-62  9.74 min Copper 
Cu-64  12.701 h Copper 
Mn-54  312.1 d Iron 
Au-196 6.18 d Gold 
Sb-124 60.2 d Antimony 
Zn-65  244.3 d Zinc 

 
It should be pointed out that the Co-57 may appear as a result of a gamma-neutron or of a gamma-2 
neutrons reaction, but at the same time is a daughter of Ni-57, for which reason if this isotope is 
generated, Co-57 will appear with its same activity in about 15 days after the shut down. Also, as 
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long as the material contains tungsten, W-181 and W-185 will be produced, with a greater 
probability than W-187.  The generation of Ta-182 is also probable, although with a lower 
probability due to its being from a gamma-proton reaction on W-183, which has a lower 
abundance. When the material contains nickel Ni-57 is produced also. The same occurs with  
Co-58, which is produced with a higher probability, due to the greater abundance of Ni-58 and to 
its being a gamma-neutron, than Co-60, which is produced during the neutron-gamma reaction on 
the less abundant Ni-61.  Co-58 and Co-60 may also be generated as a result of the activation of 
cobalt impurities contained in the steel.  Finally, it should be pointed out that other radionuclides 
may appear, such as Sb-124 in the lead, if it contains antimony or Au-196 if the part contains gold.  
All these radionuclides have been identified in the different parts analysed. 
 
2. Clearance Levels 
 
One of the documents analysed [1] indicates that parts other than the target should not pose any 
problems as regards conventional disposal, although this is not quite true if the exemption and 
clearance values established are taken into account.  Table 2 shows the exemption and clearance 
values for metallic scrap established in Spain [2, 3], along with the values for unconditional 
clearance recommended by the European Union [4]. 
 

TABLE 2. REFERENCE VALUES (Bq/g) 

Radionuclide Exemption 
level 

Clearance 
level for 

scrap 

Unconditional 
clearance 

level 
Co-58 10 1 0.1 
W-181 1000 100 10 
Co-57 100 10 1 
Ta-182 10 1 0.1 
Sb-124 10 1 0.1 
Mn-54 10 1 0.1 
Cr-51 1000 - 10 
Au-196 10 - 10 
Co-60 10 1 0.1 

 
It may be appreciated in this table that the most restrictive values are those corresponding to 
unconditional clearance, which implies any use for the material released. The values corresponding 
to scrap are more restrictive than the exemption values; this is due to the fact that the scenarios 
considered refer to a quantity of scrap of around 2,000 ton, which is a much higher value than that 
generated during the dismantling of a linear accelerator.  However, given that these are the values 
established in Spain, scrap with higher values cannot be incorporated in the process, regardless of 
quantity. For this reason, only clearance levels for scraps were considered, because this is the 
logical final destination for the metallic materials generated during the dismantling of a linear 
accelerator. 
 
In addition it should be pointed out that the dose rate values measured on the dismounted parts, 
higher than 1 or 2 microSv/h, may generate an alarm at the radiation surveillance gate monitors 
located at the entrance of the Spanish recovery facilities and iron and steel industry. 
 
 



3. Measuring methodology 
 
In the case of the linear accelerator at the “Princesa” Hospital, technicians of the RPTU were 
present at its disassembly, which was carried out by the technicians of Varian, the parts that might 
potentially be classified as radioactive wastes being segregated. At the “Sant Pau y Santa Creu” 
Hospital, the Varian technicians carried out the disassembly and pre-classified the material under 
the radiological supervision of experts from the Radiological Protection Service prior to the visit by 
the ENRESA RPTU. As a general criterion, all the parts with dose rate values in excess of 1 or 2 
microSv/h were analysed, the parts with lower values being classified as conventional scrap.  In 
both cases subsequent visits were made to gather more information and define which materials 
should finally be classified as radioactive wastes. Various measurements were made on the initially 
classified parts for their radiological characterisation, as described below. 
 
− Determination of background levels, in dose rate, cps and spectra. 
 
− Measurement of radiation level in contact with all the parts. 
 
− Acquisition of a spectrum for identification of the isotope when the radiation level values 

obtained are different from the background.  In the case of similar parts, the spectrum was 
obtained in only one. 

 
− Determination of weight of part. 
 
− Measurement of dose intensity at different distances for determination of the activity of the 

part, when the value was sufficiently high. 
 
− Determination of total activity of each part and specific activity on the basis of the 

measurements performed and adequate calculation models.  In general the programme 
MicroShield (Version 5) by “Grove Engineering” (USA) was used to estimate activity from the 
dose rate at different distances. 

 
The equipment used for these measurements was as follows: 
 
− Portable spectra analyser: EXPLORANIUM GR130 and GR135, equipped with a INa(Tl) 

scintillation detector (Figure 1). 
 
− Low range radiometers: FAG FH40F2 
 

 
 

Figure 1 EXPLORANIUM equipment 

4 



 
Figure 2 shows a typical spectrum in which Co-58 and Co-60 are identified. In figure 3 W-181, Co-
57, Co-58 and Co-60 are identified. 
 

 
 

Figure 2 
 

 
 

Figure 3 
 
At the “Princesa” Hospital, 24 pieces were analysed in detail and 34 spectra were obtained, 2 for 
the background and 3 for calibration, and dose rate measurements were performed at various 
distances on the following parts: 
 
− Target. 
 
− 25 MV photon flattering filter. 
 
− Four-pole sweep coil. 
 
− Collimator jaws. 
 
− Final part of the acceleration tube. 
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Also, ten contact measurements were performed on 9 parts and two series of background 
measurements. Measurements were also carried out using the EXPLORANIUM equipment in 
survey mode on those parts that presented dose rates of the order of the background, in order to 
determine whether they had areas with higher values ruling out their clearance.  In one case a small 
part was disassembled and the rest of the part was declassified. The cooling circuit was also 
revised; the maximum values being similar to the background, as a result of which it was 
declassified.  In total, most of the header parts were considered apt for management as scrap, and 
specifically the electron cannon, the cone-holder, two of the four collimator jaws, a part of the 
structure and all the fuses were declassified. 
 
At the Sant Pau Hospital 41 parts were analysed in detail and 38 spectra were obtained, 3 for 
background and one for calibration, 3 spectra being repeated.  On all the parts reviewed contact 
dose rate measurements were performed along with measurements at various distances on the 
following parts: 
 
− Target. 
 
− Part close to deviation chamber. 
 
− 6MV diffuser filter. 
 
− 18 MV flattering filter. 
 
− Other parts. 
 
A further ten contact measurements were performed on 7 of the 13 parts close to the deviation 
chamber and three series of background measurements. In addition the 4MV filter and a small part 
of lead were removed for analysis in the laboratory, due to their presenting peaks that were not easy 
to identify “in-situ”. 
 
In the other linear accelerators the dismantling was carry out by the supplier who segregated the 
pieces that might potentially classifies as radioactive waste. After that the technicians of the RPTU 
characterised these pieces using the same methodology. In these cases 56 pieces were analysed, 50 
spectrums were taken, 3 of them of the background, and 34 series of dose rate measures were carry 
out.  
 
4. Results obtained 
 
From the results obtained it may be deduced that the different isotopes of cobalt are those with the 
greatest presence and are also those that require parts to be managed as radioactive waste. 
Table 3 shows the ranges of values obtained and the waiting time for the clearance of certain of the 
radionuclides identified. As may be observed, only in the case of Sb-124 and Ta-182 is it possible 
to retain parts pending decay, when no longer-lived radionuclides are found. For this reason, it has 
been possible to clearan the pieces of lead from the “Sant Pau y Santa Creu” Hospital, which 
contained only Sb-124, with a waiting time of around 1 year. 
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Table 3 SUMMARY OF RADIOLOGICAL DATA 

ISOTOPE Bq/g (MAX) Bq/g (MIN)MAX TIME (years)MIN TIME (years) 

Au-196 143 - 0.01 - 
Cr-51 1854 5.8 0.3 0.1 
Co-60 49.7 0.15 29.7 3.1 
Co-57 6196 2.63 6.9 0.2 
Co-58 77.7 0.07 1.2 0.02 
Mn-54 1450 0.36 7.5 0.8 
Zn-65 3.2 - 1.1 - 
Sb-124 60.9 0.06 0.2 - 
Ta-182 10.2 - - - 
W-181 5837 2.03 1.5 0.1- 

 
The radioactive wastes finally generated were: 
 
- Nine ENRESA bags with non-compactable metallic parts, with an estimated volume of 25 

litres each and a total activity about 100 MBq. The activity of tree more bags, generated in the 
last hospital, are being evaluated now. 

- A series of loose non-compactable metallic parts (13 in total) with a total weight of about 300 
kg and a total activity near 20 MBq. 

 
5. Conclusions 
 
− The activation of various components of the linear accelerators was detected, the radionuclides 

indicated in the bibliography have been identified. 
 
− Most of the isotopes were short-lived and were not detectable 15 days after the equipment was 

shut down. 
 
− The only relevant isotope requiring the materials to be managed as radioactive waste was  

Co-60, which was present with activities above the clearance levels and with a decay time to 
much long to be storage in the installations. Likewise, other isotopes, such as W-181, needed to 
be managed as radioactive waste due to the high concentration present in certain parts. 

 
− Parts activated with Sb-124 may be disposed conventionally after approximately a year and a 

half from the shutdown of the equipment. 
 
− Parts initially classified with dose rate values lower than approximately 1 microSv/h should not 

pose problems as regards conventional disposal. 
 
− Although the number of activated parts that cannot be managed conventionally is small, care 

should be taken in these dismantling activities since the immediate release of certain parts 



8 

might generate alarms from the radiological surveillance system for metallic materials in place 
in the metal industry in Spain. 
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