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1 Context and objectives 
The optimization of active personal dosemeters (APDs) in interventional radiology and cardiology is 
performed by work package 3 (WP3) of the ORAMED project, which is a Collaborative Project 
supported by the European Atomic Energy Community’s 7th Framework Programme. 
 
APDs are used for the monitoring of occupational doses in many applications of ionising radiation. In 
interventional radiology/cardiology (IR/IC), the possibility to assess the dose in real time is 
particularly interesting since operators can receive relatively high doses while standing close to the 
primary radiation field and being exposed to radiation scattered by the patient. They could also 
give an alarm when exposure to the primary beam takes accidentally place. A lack of appropriate 
equipment is identified in the field of APDs for typical fields in interventional radiology. Few 
devices can detect low energy fields (10-100 keV), and none of them are really designed for working 
in pulsed radiation fields. This problem was clearly highlighted during two international 
intercomparisons: one performed in the framework of the CONRAD project, a coordination action 
supported by the European Commission within its 6th Framework Program [1,2] and a previous one 
organised by EURADOS and IAEA [3].  
 
 
The general objectives of WP3 of ORAMED are: 

1. To study the real radiation field characteristics encountered in interventional radiology in 
terms of energy, angular distribution, dose rate and pulse characteristics, 

2. To make a selection of APDs deemed suitable for application in interventional radiology 
according to the previous results of the CONRAD and IAEA-EURADOS groups, 

3. To define, by measurements under laboratory reference conditions, the dose, the dose rate, 
the energy and the angular response of commercial APDs, 

4. To study the effect of the frequency and width of pulses on the APD response by testing 
dosemeters in real conditions on site in different hospitals and under laboratory reference 
conditions,  

5. To prepare guidelines related to the use of APDs in interventional radiology/cardiology, to 
define corrections that would eventually be applied, 

6. To propose technical solutions to improve the response of APDs in collaboration with the 
manufacturer MGPi, 

7. To test the different technical solutions (with continuous feedback) developed by the 
manufacturer MGPi under laboratory conditions and on site in hospitals.  

 
 
This deliverable deals with objectives 1, 2, 3 and 4. 
 
The typical fields and parameters encountered in IR/IC were gathered through questionnaires sent 
to hospitals, literature and quality control outputs. Calculations of dose rate at specific points of 
interest and typical scattered spectra were performed. 
Then, an evaluation of the behaviour of 7 commercial APD models deemed suitable for application 
in IR/IC was performed through tests in laboratory conditions with continuous and pulsed X-ray 
beams. In addition, tests in different hospitals were done to evaluate the response of APDs in real 
conditions compared with passive dosemeters. 
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2 Determination of typical fields characteristics encountered in interventional 
radiology/cardiology and selection of APDs 

2.1 Typical fields in interventional radiology/cardiology 

2.1.1 Compilation of data from questionnaires, literature and quality controls output 

A questionnaire was spread in several European countries to find out the main types of 
interventional operations performed and the technical conditions applied (type of devices used, 
kilo-Voltage, filtration of the tube, number of frames, etc.). This information was compared and 
completed by analyzing the output of several quality control studies performed on X-ray systems 
used in IR/IC departments. During these quality controls, the X-ray systems were tested at both 
typical and extreme situations in fluoroscopy and acquisition mode, in order to obtain the range of 
dose rate values possibly encountered. 
Moreover, the Monte Carlo code MCNPX [4] was used to calculate the dose rate in the scattered 
beam at the level of the operator for tube positions of 0° and 90°. 
 
The compilation of the data (Table 1) gathered from the questionnaires and from the quality control 
measurements gave an overview of typical radiation fields encountered in IR/IC whatever the 
considered procedure. The dose rate obtained by measurements in the direct field at the level of 
the table ranges from 2 to 360 Gy.h-1. The dose rate in the scattered beam at the level of the 
operator for tube positions of 0° and 90° was found to range from 5.10-3 to around 10 Gy.h-1. 
 

Table 1. Typical radiation field characteristics in interventional radiology and cardiology 

Parameter Range 

High voltage 60-120 kVp 

Intensity 5-1000 mA 

Inherent filtration 4.5 mmAleq [3 – 6 mm Aleq] 

Additional filtration 0.2 – 0.9 mmCu 

Pulse duration 1 - 20 ms (typically 10-20 ms) 

Pulse frequency 1 – 30 pps (typically 15 pps) 

Dose rate in the direct beam (table) 2 to 360 Gy.h-1

Dose rate in the scattered beam (operator) 5.10-3 to 10 Gy.h-1

*pps = pulse per second 

 

2.1.2 Calculation of scattered spectra 

The scattered spectra at the operator position were calculated using the Monte Carlo codes MCNPX 
[4] and Penelope [5] for tube high voltages equal to 50, 70, 90, 120 kV and for different filtrations: 
4.5 mmAl with different additional Cu filtration [0.1 - 0.3 - 0.6 - 0.9 mmCu]. The scattered spectra 
calculated with the Monte Carlo codes and the incident beam spectra calculated with the software 
XCOMP5 [6] are presented in figures 1 to 4 for different tube high voltages.  
These figures highlight that the calculated scattered spectra do not have photons of energies lower 
than 20 keV. 
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Figure 1. Scattered spectra calculated with MCNPX and Penelope and incident beam spectra calculated with 

XCOMP5 for a tube high voltage equal to 50 kV 
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Figure 2. Scattered spectra calculated with MCNPX and Penelope and incident beam spectra calculated with 

XCOMP5 for a tube high voltage equal to 70 kV
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Figure 3. Scattered spectra calculated with MCNPX and Penelope and incident beam spectra calculated with 

XCOMP5 for a tube high voltage equal to 90 kV
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Figure 4. Scattered spectra calculated with MCNPX and Penelope and incident beam spectra calculated with 

XCOMP5 for a tube high voltage equal to 120 kV
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2.2 Selection of APDs 

The selection of APD models was based on the results from two international intercomparisons: one 
performed in the framework of the CONRAD project, a coordination action supported by the 
European Commission within its 6th Framework Program [1,2] and a previous one organized by 
EURADOS and IAEA [3] and, on the available usage data from different European countries. 
A pre-requisite for consideration was that each unit should measure photon energies down to 20 keV 
since it should correspond to the lowest photon energy of scattered spectrum at the level of the 
operator, as this was demonstrated in the previous paragraph. Another criterion is that we selected 
only APDs that can be sold in the EC.  
 
Seven APDs were selected for the study (Figure 5): DMC 2000XB (MGPI), EPD Mk2.3 (Siemens - 
Thermo), EDMIII (Panasonic - Dosilab), PM1621A (Polimaster), DIS-100 (Rados - Mirion), EDD30 
(Unfors) and AT3509C (Atomtex). It is important to indicate that these dosemeters are commercial 
devices bought especially for the study without informing the manufacturer of these tests.  
The dosemeter EDD30 is presented by the manufacturer Unfors as an “educational direct 
dosemeter” dedicated to fluoroscopy applications. Even if this dosemeter cannot be considered as 
an APD strictly speaking, it was interesting to test the behaviour of this device since it is the only 
personal dosemeter specifically designed for IR/IC field. 
Table 2 gives the main characteristics of these APDs as given by the manufacturers in the technical 
note available on a website or provided with the devices. 
 

 
Figure 5. Active personal dosemeters tested in this study 

 

Table 2. Main characteristics of tested APDs as provided by the manufacturers in the technical note (annex) 

APD Energy range Dose rate range Dose range Detector type 
 Min Max Min Max Min Max  

DMC 2000XB 
MGPi 

20 keV 6 MeV 0.1 µSv.h-1 10 Sv.h-1 1 µSv 10 Sv Silicon diode 

EPD Mk2.3 
Siemens 

17 keV 6 MeV 1 µSv.h-1 4 Sv.h-1 1 µSv 16 Sv Silicon diode  

EDM III 
Dosilab 

20 keV 6 MeV 0.5 µSv.h-1 1 Sv.h-1 1 µSv 1 Sv Silicon diode 

PM1621A 
Polimaster 

10 keV 20 MeV 0.01 µSv.h-1 2 Sv.h-1 0.01 µSv 9.99 Sv Geiger Muller 
tube 

DIS-100 
Rados 

15 keV 9 MeV 1 µSv.h-1 40 Sv.h-1 1 µSv 50 mSv Specific detector  

EDD 30** 
Unfors 

* * 0.03 mSv.h-1 2 Sv.h-1 1 nSv 9999 Sv Silicon diode 

AT3509C 
Atomtex 

15 keV 10 MeV 0.1 µSv.h-1 5 Sv.h-1 1 µSv 10 Sv Silicon diode 

*not indicated in the technical note 
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3 Tests of APDs in laboratory conditions 

3.1 Tests of APDs in continuous mode 

3.1.1 Material and methods 

The tests in continuous mode were made in the calibration laboratories of the Institute of 
Radiological Protection and Nuclear Safety (IRSN) in Fontenay-aux-Roses (France) and of the Belgian 
Nuclear Research Center (SCK•CEN) in Mol (Belgium). 

3.1.1.1 Description of the facilities 
IRSN 
Some of the tests were performed at the secondary standard metrology laboratory of IRSN. The 
laboratory is accredited according to the ISO 17025 standard [7].  
Several beam qualities indicated in the ISO 4037-3 standard [8] were applied: N-15, N-20, N-25, 
N-30, N-40, N-60, N-80, N-100, N-120, S-Cs and S-Co. 
Four types of installations were used at IRSN: 

- X-ray generator 320 kV for N-60, N-80, N-100 and N-120 (Figure 6) 
- X-ray generator 100 kV for N-15, N-20, N-25, N-30 and N-40 (Figure 7) 
- gamma irradiator containing several sources of 137Cs and 60Co (Figure 8) 
- gamma irradiator containing one source of 60Co of high activity (148 TBq on February 2002) 
(Figure 9) 

 

   
 
Figure 6. X-ray generator 320 kV  
used for N-60, N-80, N-100, N-120 (IRSN) 
 

  
 
Figure 8. Multi-sources gamma irradiator 
(IRSN) 
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20, N-25, N-30, N-40 (IRSN) 
 

Figure 9. Gamma irradiator containing one 
source of 60Co (IRSN) 
8/58



 
SCK•CEN 
Some of the tests were performed at the secondary standard metrology laboratory of SCK•CEN. The 
laboratory is accredited according to the ISO 17025 standard [7]. 
Several beam qualities indicated in the ISO 4037-3 standard [8] were applied: N-40, N-60 and S-Co. 
Two types of installations were used at SCK•CEN: 

- X-ray generator Pantak HF420 (Figure 10) 
- gamma irradiator 60Co (Figure 11) :  

 

   
        
Figure 10. X-ray generator Pantak HF420    Figure 11. Gamma irradiator 60Co 
 

3.1.1.2 Tests performed 
The following tests were performed on APDs. 

• Dose response : 60Co 
• Dose rate response from 0 to 10 Gy.h-1: 60Co for all APDs, H-100 for EDD30 
• Energy response: N-15, N-20, N-25, N-30, N-40, N-60, N-80, N-100, N-120, S-Cs 
• Angular response at +/- 60°: N-25, N-30, N-40 and N-60 

 
The dose rate response was tested at low energy (H-100, mean energy 57 keV) for EDD30 since this 
dosemeter is calibrated in this energy range. 
Three measurements per APD were made. Two dosemeters of each type were tested, except for the 
EDD30 of which we had only one unit. Dosemeters were placed on an ISO slab phantom. 
 
The results were analysed considering the requirements of the IEC 61526 standard “Radiation 
protection instrumentation. Measurement of personal dose equivalent Hp(10) and Hp(0.07) for x, 
gamma, neutron and beta radiation: Direct reading personal dose equivalent and/or dose equivalent 
rate dosemeters” [9]. 
 
 

3.1.2 Results 

3.1.2.1 Dose response - linearity check 
The dose response (Figure 12) of the tested APDs is linear in the dose range of interest in radiation 
protection, i.e. up to 500 mSv. 
 

3.1.2.2 Dose rate response 
The dose rate response of APDs is presented in figure 13. For all types, the average between the 
two devices is plotted, except for the PM1621A.  
Most APDs can stand high dose rates until 10 Sv.h-1, except EDD30 and PM1621A: 

- EDD30: for the H-100 beam, the response is equal to 0.5 up to a dose rate registered by the 
APD lower than 2.4 Sv.h-1 (4.4 Sv.h-1 really applied); for higher dose rates up to 10 Sv.h-1,the 
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dosemeter saturates, that is it indicates always the same value (2.4 Sv.h-1) and it indicates 
“Hi.Si”. This is consistent with the technical note that indicates “If the dose rate exceeds a 
maximum limit of about 2 Sv.h-1 the measured dose and dose rate start to be inaccurate. 
When the dose rate exceeds the maximum limit, momentarily “Hi.Si” (= High Signal) is 
displayed and 5 beeps are activated”. 

- PM1621A: a problem was observed for the two PM1621A dosemeters for which the response 
is diverging rapidly from 1 Sv.h-1; moreover, the two PM1621A models tested behave 
completely different on dose rate response. 

It is interesting to notice that most APDs can stand dose rates higher than those indicated in their 
technical note (Table 2). 
 

3.1.2.3 Energy response 
The response due to photon radiation energy for the tested APDs is presented in figure 14. The 
energy response is within the interval [0.71 – 1.67] as required in the IEC 61526 standard [9] from 
137Cs energy down to N-30 for all APDs except EDD30. For EDD30, these results are consistent with 
the fact that this APD is calibrated at low energy, and not at 137Cs. For energies of N-25 and/or 
lower, energy responses lower than 0.5 are observed for DMC2000XB, EPDMk2.3 and EDMIII. 
However, as it was already stated, no energies lower than 20 keV were observed in the scattered 
radiation fields for IR/IC applications.  
 
 

3.1.2.4 Angular response 
The angular response (Figures 15 to 21) is within the interval [0.71 – 1.67] [9] for energies down to 
N-30 for all APDs except: 

- AT 3509C, for which the angular response is inside the interval at 60° only from N-80, the 
angular response is correct for 30° from N-40, 

- DIS-100, for which some points are slightly outside the interval at N-30. 
 
 

0.001

0.01

0.1

1

10

100

1000

10000

0.001 0.01 0.1 1 10 100 1000 10000

Delivered dose (mSv)

Re
sp

on
se

 (
m

Sv
)

DMC2000XB (MGPi) n°1
DMC2000XB (MGPi) n°2
EPD Mk2.3 (Thermo) n°1
EPD Mk2.3 (Thermo) n°2
EDM III (Dosilab) n°1
EDM III (Dosilab) n°2
PM1621A (Polimaster) n°1
PM1621A (Polimaster) n°2
EDD 30 (Unfors) 
AT3509C (Atomtex) n°1
AT3509C (Atomtex) n°2
DIS-100 (Rados) n°1
DIS-100 (Rados) n°2

 
Figure 12. Dose response of APDs 
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Figure 13. Dose rate response of APDs 
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Figure 14. Energy response of APDs (relative to average energy of the N-series) 
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Figure 15. Response of APDs at different photon radiation energies and angles of incidence – DMC 2000XB 
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Figure 16. Response of APDs at different photon radiation energies and angles of incidence – EPD Mk2.3 
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Figure 17. Response of APDs at different photon radiation energies and angles of incidence – EDM III 
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Figure 18. Response of APDs at different photon radiation energies and angles of incidence – PM 1621A 
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Figure 19. Response of APDs at different photon radiation energies and angles of incidence – DIS-100 

EDD 30 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

 -60°  0°  +60°

Angle of incidence (°)

H
p(

10
, 

al
ph

a)
 m

 /
 H

p(
10

, 
al

ph
a)

 r
ef

N-25 - vertical

N-30 - vertical

N-25 - horizontal

N-30 - horizontal

0.71

1.67

 
Figure 20. Response of APDs at different photon radiation energies and angles of incidence –EDD 30 
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Figure 21. Response of APDs at different photon radiation energies and angles of incidence –AT 3509C 

 
 

3.1.3 Conclusions on tests in continuous mode - response of each APD 

 
 
DMC2000XB 

- Dose response: linear response with the dose up to 500 mSv 
- Dose rate response: response varies between 1.3 and 0.7 up to 10 Sv.h-1 
- Energy response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

from 137Cs energy down to N-30 
- Angular response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

down to N-30 
 

 
EPD Mk 2.3 

- Dose response: linear response with the dose up to 500 mSv 
- Dose rate response: response decreases from 0.9 to 0.5 from 1 to 10 Sv.h-1 
- Energy response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

from 137Cs energy down to N-20 
- Angular response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

down to N-30 
 
 
EDM III 

- Dose response: linear response with the dose up to 500 mSv 
- Dose rate response: response decreases from 1 to 0.5 from 1 to 10 Sv.h-1 
- Energy response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

from 137Cs energy down to N-30 
- Angular response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

down to N-30 
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PM1621A: 

- Dose response: linear response with the dose up to 500 mSv 
- Dose rate response: the response is diverging rapidly from 1 Sv.h-1. Moreover, the two 

PM1621A models tested behave completely different on dose rate response. 
- Energy response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

from 137Cs energy down to N-15 
- Angular response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

down to N-30 
 
 
DIS-100: 

- Dose response: linear response with the dose up to 500 mSv 
- Dose rate response: response very close to 1 from 1 to 10 Sv.h-1 
- Energy response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

from 137Cs energy down to N-20 
- Angular response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

down to N-40, some points are slightly outside the interval at N-30. 
 

 
EDD30: 

- Dose response: linear response with the dose up to 500 mSv 
- Dose rate response: saturates for dose rates higher than 2 Sv.h-1 
- Energy response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

from N-80 down to N-20 (these results are consistent with the fact that this APD is 
calibrated at low energy, and not at 137Cs) 

- Angular response: response within the interval [1.67 – 0.71] required in IEC standard [9] 
down to N-30 

 
 
AT3509C: 

- Dose response: linear response with the dose up to 500 mSv 
- Dose rate response: response varies between 0.9 and 1.2 up to 10 Sv.h-1 
- Energy response: response within the interval [1.67 – 0.71] required in IEC standard [9] 

from 137Cs energy down to N-15 
- Angular response: response is inside the interval at 60° only from N-80, the angular 

response is correct for 30° from N-40 
 
 
All APDs have a linear response with the dose and most of them have a satisfactory response at low 
energies from N-30, which is sufficient for IR/IC. Most APDs can stand high dose rates up to 10 Sv.h-

1, except PM1621A for which the response is diverging rapidly from 1 Sv.h-1 and EDD30 which 
saturates for dose rates above 2 Sv.h-1. However, as indicated in table 1, the dose rates in the 
direct beam can be much higher than those tested here. So these tests in continuous fields do not 
mean that the APDs will correctly handle these very high dose rates in the direct beam. In addition, 
a problem of angular response at low energies was observed with AT3509C. 
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3.2 Tests of APDs in pulsed mode 

3.2.1 Material and methods [11] 

The tests in pulsed mode were made at the French standard laboratory for ionizing radiation 
(Laboratoire National Henri Becquerel –LNHB) belonging to the CEA LIST in Saclay (France). 
 

3.2.1.1  Description of the facilities 

The beam quality used for the tests in pulsed mode is defined as follows: 
1. X-ray generator: GEHC PHASIX 80 in graphy mode and multi-pulsed mode,  
2. High Voltage: 70 kV, 
3. Total filtration: 4.5 mm Al + 0.2 mm Cu, 
4. Half Value Layer: 5.17 mm Al. 

Distance between X-rays source and reference point: 1 m  
Beam dimensions in reference plane: 30 cm x 30 cm  
 
A typical HV waveform in multi-pulsed mode is presented in Figure 22. 
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Figure 22. Typical HV waveform in multi-pulse mode (70 kV, 10 pps) 

 
 

3.2.1.2  Tests performed  
 
The APD response was studied in function of the variation of the dose rate, the pulse frequency and 
the pulsed width. 
 
APD response with dose rate variation: 
Multi-pulsed mode: 

- Pulse duration: 20 ms,  
- Pulse frequency: 10 pps, 
- Dose rate variation: from 1 to 50 Sv.h-1 

 
APD response with pulse frequency variation: 
Multi-pulsed mode: 

- Dose rate: 1.8 Sv.h-1, 
- Pulse duration: 20 ms,  
- Pulse frequency variation: 1 pps, 10 pps and 20 pps 

 
APD response with pulse width variation: 
Single-pulsed mode: 

- Dose rate: 1.8 Sv.h-1 and 6.8 Sv.h-1, 
- Pulse duration variation: 20, 50, 100 and 1000 ms. 

ORAMED – WP3 - Deliverable 3.1 – October 2009 17/58



 
3.2.1.3 Determination of reference air-kerma 

For determination of the reference air-kerma values, the free air chamber MD03 LNHB primary 
standard was used. 
The results are expressed in terms of:  
- “mean air-kerma per pulse” = total air-kerma measured during the irradiation time divided by the 
number of pulses; 
-  mean “air-kerma rate per pulse” = mean air-kerma per pulse duration (i.e. 20 ms). 
 
The beam was monitored with a parallel flat chamber (PTW 233612) placed behind the collimator in 
a shielding lead box in order to reduce the influence of the scattered component from the phantom 
(Figure 23). 
 

 

ISO Slab 
Phantom 

Monitor 

X-rays 
PHASIX 80  

APD 

Collimator 

Figure 23. Experimental set up for tests in pulsed mode 
 

The monitor was calibrated against the primary standard (free-air chamber MD3).  
Then the calibration coefficient NKair (in Gy/C) was used to measure air-kerma during APDs 
irradiations. 
The dose equivalent Hp(10) was calculated with conversion coefficient HP(10)/Kair = 1.65 Sv/Gy 
calculated from the following equation: 

∑
∑

⋅

⋅⋅
=

dEE

dEEEhHK

)(

)()(
(10)/KH airP φ

φ

 
where hHK(E) is the conversion coefficient at energy E, tabulated in ICRU report 57 [10] and )(Eφ  
the fluence spectra of the incident beam calculated with the XCOMP5 software program [6]. The 
mean personal dose equivalent rates are given in table 3. 
The relative standard uncertainty on air-kerma is 2.2% 
The relative standard uncertainty on the conversion coefficient is 3.0 %.  
Therefore the combined relative standard uncertainty on the dose equivalent is 3.7%. 

 

Table 3. Air-kerma rate and personal dose equivalent rate in multi-pulsed mode 

pps current in X-ray tube (mA) airK&  (Gy.h-1) )10(pH&  (Sv.h-1) 

32 1.1 1.82 1 
100 4.1 6.77 
20 0.75 1.24 
32 1.1 1.82 
100 4.1 6.77 
400 16 26.4 

10 

800 33 54.5 
32 1.1 1.82 20 
100 4.1 6.77 
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3.2.2 Results [11] 

The combined relative standard uncertainties on the response of the APDs are given in table 4. The 
table 5 sums up the percentage of variation on the response at constant dose rate for each APD and 
table 6 indicates the threshold in term of dose equivalent rate for achieving a response higher than 
a certain percentage of the maximum response for each APD. The detailed results of the responses 
of each type of ADP in multi-pulsed and single-pulsed modes are presented in figures 24 to 40. 
 

Table 4. Relative uncertainties on APDs responses 

APD DMC 2000XB EPD MK2.3 EDM III PM 1621A DIS 100 AT3509C EDD30 
u(R)/R (%) 6 5 7 no signal 9 20 6 

 
 
All tested APDs give a signal in pulsed mode, except PM1621A which does not respond at all. The 
capability to register a signal due to a pulsed radiation is linked to the time response of the 
detector itself (linked to the mobility of the charge carriers) and the time response of the 
electronic. Taking that in mind it is not surprising that the response PM1621A is zero for all 
configurations of pulsed X-ray beam, since this dosemeter is based on a Geiger-Muller detector 
which has a rather long time response. 
 
General remarks on results: 

- Past comparisons (AIEA EURADOS and CONRAD works [1-3]) have showed that when pulse 
width is larger than 1 s the response in pulsed and in continuous radiation field are similar. 
The results of this test confirm this tendency. 

- For most APDs the response decreases when the dose rate increases. For personal dose 
equivalent rates lower than 2 Sv.h-1 the responses are, in general, close to the unity and fall 
down for higher dose rate. Looking at the curves where the response is plotted versus the 
means dose rate per pulse, it can be seen that, for the dose rate higher than 2 Sv.h-1, the 
response of APDs decreases, except for DIS-100.. This suggests some problems with the dead 
time correction. 

- For pulse width lower than 20 ms there is no response from APDs except EDMIII. 
 
 

Table 5. Effect of the frequency of the pulses (1 to 20 pps), percentage of variation on the response at 
constant dose rate 

APD DMC 2000XB EPD MK2.3 EDM III PM1621A DIS -100 EDD30 AT3509C 

Variation % 25-30 
~40(1.8 Sv.h-1) 

~25(6.8 Sv.h-1) 
<10 no signal ~30 

~10(1.8 Sv.h-1) 

saturation from 2 

Sv.h-1

30 (from 10 to 20 

pps ; no signal at 

1pps) 

 

Table 6. Threshold in term of dose equivalent rate (Sv.h-1) for achieving a response higher than XX% of the 
maximum response 

APD DMC 2000XB EPD MK2.3 EDM III PM1621A DIS -100 EDD30 AT3509C 

30% ~3 ~3.5 ~10 no signal no threshold up 
to 55 (30%) ~6 ~1.8 

40% ~4 ~4 ~15 no signal  ~7 ~2.5 
50% ~5 ~7 ~20 no signal  ~10 ~3.5 
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Figure 24. Response of DMC 2000XB in multi-pulsed mode 

 
 

DMC 2000XB

0.000

0.200

0.400

0.600

0.800

1.000

1.200

0 5 10 15 20 25

pps

R

1.82 Sv/h
6.77 Sv/h

 
Figure 25. Response of DMC 2000XB in multi-pulsed mode vs pps 
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Figure 26. Response of DMC 2000XB in single pulsed mode 
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Figure 27. Response of EPD Mk2.3 in multi-pulsed mode 
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Figure 28. Response of EPD Mk2.3 in multi-pulsed mode vs pps 
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Figure 29. Response of EPD Mk2.3 in single pulsed mode 

 

ORAMED – WP3 - Deliverable 3.1 – October 2009 22/58



 

PANASONIC EDM III

0.000

0.200

0.400

0.600

0.800

1.000

1.200

1.400

1.600

1.800

2.000

1 10 100

mean dose rate per pulse (Sv/h)

R

10 pps
20 pps
1 pps
graphie 20 ms

 
Figure 30. Response of EDM III in multi-pulsed mode 
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Figure 31. Response of EDM III in multi-pulsed mode vs pps 

 

ORAMED – WP3 - Deliverable 3.1 – October 2009 23/58



 

PANASONIC EDM III

0.000

0.500

1.000

1.500

2.000

2.500

1 10 100 1000

pulse time duration (ms)

R

Graphie 32 mA
graphie 100 mA

 
Figure 32. Response of EDM III in single pulsed mode 
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DIS-100 

Figure 33. Response of DIS-100 in multi-pulsed mode 
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Figure 34. Response of DIS-100 in multi-pulsed mode vs pps 
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Figure 35. Response of DIS-100 in single pulsed mode 
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e 36. Response of EDD 30 in multi-pulsed mode 
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Figure 38. Response of EDD 30 in single pulsed mode 
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Figure 39. Response of AT 3509C in multi-pulsed mode  
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Figure 40. Response of AT 3509C in multi-pulsed mode vs pps 
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Figure 41. Response of AT 3509C in multi-pulsed mode 
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3.2.3 Conclusion on tests in pulsed mode - response of each APD 

 
DMC2000XB 

Effect of pulse frequency 
- Variation of response : 25 to 30% 
- Response better for 20 pps (close to 1) because conditions close to continuous field 
- At 1 pps, the pulse frequency is low enough to give the same response in single pulsed 

mode 
- 20% difference between 1 and 20 pps at 1.8 Sv.h-1 

 
Effect of dose rate 

- Response within +/- 30% up to 1.8 Sv.h-1  
- Response decreasing with dose rate 
- Response 0.5 at 5 Sv.h-1 (extrapolated value) with respect to response in continuous 

mode 
- Response 0.4 at 6 Sv.h-1 
- Response lower than 0.1 for dose rate higher than 20 Sv.h-1 

 
Effect of pulse width 

- Response 0.7 for 20 ms to 100 ms and 1.2 for 1000 ms 
- For 1000 ms: response consistent with continuous mode 
- Increasing of 40% between 100 and 1000 ms 

 
 
EPD Mk 2.3 

Effect of pulse frequency 
- Variation of response : 40% at 1.8 Sv.h-1 and 25% at 6 Sv.h-1 
- 40% difference between 1 and 20 pps at 1.8 Sv.h-1 

 
Effect of dose rate 

- Response within +/- 30% up to 1.8 Sv.h-1  
- Response decreasing with dose rate 
- Response 0.4 at 6 Sv.h-1 
- Response 0.5 at 5 Sv.h-1 (extrapolated value) with respect to response in continuous 

mode 
- Response lower than 0.1 for dose rate higher than 50 Sv.h-1 

 
Effect of pulse width 

- Response 0.6 for 20 ms to 100 ms and 0.75 for 1000 ms 
- For 1000 ms: consistent with continuous mode 
- Increasing of 20% between 100 and 1000 ms 

 
 
EDM III 

Effect of pulse frequency 
- Variation of response : <10% 
- Less than 10% difference between 1 and 20 pps at 1.8 Sv.h-1 

 
Effect of dose rate 

- Response within +/- 30% at 1.2 Sv.h-1 
- Over-response from 1.8 Sv.h-1 to around 10 Sv.h-1 
- Response decreasing with dose rate from 1.6 to 0.1 from 1.8 to 50 Sv.h-1 
- Response 0.5 around 26 Sv.h-1 with respect to response in continuous mode 
- Response lower than 0.1 for dose rates higher than 50 Sv.h-1 

 
Effect of pulse width 

- For 1.8 Sv.h-1: response within +/- 30% 
- For 1000 ms: consistent with continuous mode 
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PM1621A: 
No signal in pulsed mode 
 
 
DIS-100: 

Effect of pulse frequency 
- Variation of response : 30% 
- 15% difference between 1 and 20 pps at 1.8 Sv.h-1 
 

Effect of dose rate 
- Response within +/- 30% for all dose rates up to 55 Sv.h-1,  
 

Effect of pulse width 
- A large dispersion of the results is observed. It is probably due to the resolution of the 

reading (10 µSv). Indeed, the total dose equivalent received by the detector during the 
measurements was of about 80 mSv and as the annealing procedure of the detectors 
cannot be used between measurements, therefore one does not know which detector 
(among the three detectors which composed the DIS dosemeter) is used for 
measurements. 

 
 
EDD30: 

Effect of pulse frequency 
- Variation of response : 10% at 1.8 Sv.h-1 and 40% at 6 Sv.h-1 

 
Effect of dose rate 

- Response within +/- 30% up to 6 Sv.h-1 for 20 pps 
- Response decreasing with dose rate: the effect of saturation observed in continuous 

mode for dose rates higher than 2 Sv.h-1 is confirmed 
- Response 1 at 6 Sv.h-1 for 20 pps,  

 
Effect of pulse width 

- Response between 1 and 1.4 between 20 and 1000 ms 
- Increasing of 10% between 100 and 1000 ms 

 
 
AT3509C: 

Effect of pulse frequency 
- Variation of response : 30% for 10 to 20 pps 
- No response at 1 pps 

 
Effect of dose rate 

- Response decreasing with dose rate 
- Response 0.3 at 1.2 Sv.h-1 
- Response 0.5 at 1 Sv.h-1 (extrapolated value)  
- Response lower than 0.1 for dose rates higher than 6 Sv.h-1 

 
Effect of pulse width 

- Decreasing from 0.3 to 0 from 100 ms to 20 ms 
- Response at 1000 ms: consistent with continuous mode 

 
PM1621A, equipped with a Geiger-Muller tube, does not give any signal in pulsed mode. 
The other APDs provide a response in pulsed mode, this means that they could be used in routine 
dosimetry with correction factors.  
DMC 2000XB, EPD Mk2.3, EDMIII, EDD30 and AT3509C contain all a silicon detector, the differences 
of their response is probably due to the time response of the electronics. 
The DIS has a “hybrid” technology between silicon and ionisation chamber which presents correct 
results, on the other hand the procedure for annealing the detector is a constraint. 
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4 Tests of APDs in hospitals 

4.1 Introduction 

Two different series of tests of APDs in real conditions in hospitals were done. 

The first type of tests consisted in using a real IR facility and phantoms to simulate the operator and 
the patient, considering different realistic set-ups. Hp(10) reference value was measured with 
thermoluminescent dosemeters. The objective was to study the behaviour of APDs in realistic 
conditions with an accurate knowledge of field parameters. These tests were not intended as type 
tests since the real reference dose was not known. The intention was just to identify some trends in 
the behaviour of the APDs, and to compare the values with a typical passive dosemeter used in 
practice. 
 
The second series of tests was made in different European hospitals in routine practice. The 
interventional radiologists and cardiologists were asked to wear an APD and an additional passive 
dosemeter above their lead apron during daily practice. The dosemeters were worn several days to 
integrate doses of at least 300 µSv for several types of IR or IC procedures. The main objective of 
these tests was to have an overview of differences between active and passive dosimetry in routine 
practice in hospitals, where all kinds of procedures and parameter settings are used and without an 
accurate knowledge of the field parameters.  
 

4.2 Tests of APDs on phantoms 

4.2.1 Material and methods 

4.2.1.1 Introduction 
The first series of tests of APDs in real conditions was made positioning the APDs on an ISO slab 
phantom representing the operator and using an anthropomorphic Rando-Alderson phantom 
representing the patient. The dosemeters were irradiated with a facility able to reproduce some 
main conditions of procedure fields. The tests were performed in the EHSAL University School for 
teaching in Medical Imaging, Brussels, Belgium.  
The following APDs were tested: DMC 2000XB, EPD Mk2.3, EDMIII, PM1621A, DIS-100 and EDD30. The 
AT3509C was not tested because it was not available at the period of the measurements. 
 
 

4.2.1.2 Facility description 
The X-ray tube is a PHILIPS BZR79 Optimus tube (Figure 42). The tube voltage ranges from 40 to 
150 kVp and the tube load from 0.5 to 850 mAs. The total inherent filtration of the tube 
corresponds to 3.5 mm aluminium equivalent. Extra aluminium and copper filters can be added. 
Only one filtration was chosen, together with 3 kVp settings.  
 
 

 
Figure 42. The Philips X-ray tube at the EHSAL University School: front view 
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4.2.1.3 Tests performed 

The operator was represented by an ISO slab phantom and the patient by a Rando-Alderson phantom 
(Figure 43). 
APDs were located on the ISO slab phantom together with a TLD as “reference”. 
 

  
Figure 43. General set-up (left) and positioning of APDs and TLD reference on ISO slab phantom (right) 

 
 
Four realistic set-ups were used to test the APDs (Figure 44):  

1. Set-up AP direct: antero-posterior direct, tube head at 0°, slab at the level of the thorax of 
the Rando phantom 

2. Set-up L direct: lateral direct, tube head at 90°, slab at the level of the thorax of the 
thorax of the Rando phantom 

3. Set-up L indirect: lateral indirect, tube head at 90°, slab shifted towards the pelvis of the 
RA-phantom  

4. Set-up AP indirect: antero-posterior indirect, tube head at 0°, slab shifted towards the 
pelvis of the RA-phantom 

 
For all set-ups: 

o The field size was 13.5 cm * 13.5 cm and was centred at the level of the thorax of the 
Rando phantom 

o The additional filtration applied during the tests was 0.2 mm Cu + 1 mm Al. 
 
The passive dosemeter used in the tests was the routine thermoluminescent dosemeter of the 
Belgian Nuclear Research Centre. This dosimetry service is approved by the Belgian Federal Agency 
of Nuclear Control, and accredited according to ISO 17025 standard [7]. The dosemeter uses TLD100 
detectors (LiF:Mg,Ti) behind appropriate filters to estimate Hp(10) in most practical encountered 
spectra. The overall uncertainty, not including energy and angular dependence was of the order of 
10% for these tests. For these tests specific energy calibrations were performed with respectively N-
100, N-80 and N-60 radiation qualities (ISO 4037-3 standard [8]). These calibration factors were used 
for the different kVp's used in the test. With these specific calibration factors, an additional 20% 
uncertainty can be expected on the final TL results.  
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Figure 44. Set-ups used for tests of APDs on phantoms in realistic conditions  

 
The effect of the variation of several parameters was studied: 

- the dose rate,  
- the kilo-Voltage, 
- the duration of the pulse width. 

 
The uniformity of the delivered dose on the surface of the ISO slab phantom was checked; it was 
found to be lower than 20%. 
 

4.2.2 Results 

4.2.2.1 Influence of dose rate 
Figure 45 presents the effect of the dose rate, at 80 kV, on the APD response. For this figure all 
irradiations (so different set-ups, different mAs) were put together. So next to dose rate, other 
effects might come into play. However, it can clearly be seen that the APD response is globally 
within the interval +/- 50%, except: 

- PM1621A which does not respond at all. This result is consistent with tests in laboratory 
conditions in pulsed mode, 

- EDMIII which in general over-estimates the personal dose equivalent, this is consistent with 
tests in laboratory conditions. 
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Figure 45. Influence of dose rate on APD response at 80 kV at set up AP direct.  
 
 
 

4.2.2.2 Effect of kilo-Voltage compared to TLD 
The figures 46 to 50 present the effect of the applied kilo-Voltage. The beam intensity and pulsed 
width were kept fixed: 625 mA and 20 ms. 

DMC 2000XB, 625 mA, 20 ms
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Figure 46. Influence of kV on APD response (625 mA, 20 ms) for DMC 2000XB 
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Figure 47. Influence of kV on APD response (625 mA, 20 ms) for EPD Mk2.3 

 
 

EDM III, 625 mA, 20 ms
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Figure 48. Influence of kV on APD response (625 mA, 20 ms) for EDM III 

 
 
 
 

ORAMED – WP3 - Deliverable 3.1 – October 2009 35/58



 

 

DIS-100, 625 mA, 20 ms

0.00

0.50

1.00

1.50

2.00

2.50

60 kV 80 kV 100 kV

kV

A
PD

 d
os

e/
T

L
 D

os
e

AP direct

L direct

L indirect

AP indirect

 
Figure 49. Influence of kV on APD response (625 mA, 20 ms) for DIS-100 

 
 

EDD 30, 625 mA, 20 ms
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Figure 50. Influence of kV on APD response (625 mA, 20 ms) for EDD 30 
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4.2.2.3 Effect of pulse width 

The figures 51 to 55 present the effect of pulsed width. 
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Figure 51. Influence of pulse width on APD response (625 mA, 20 ms) for DMC 2000XB 
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Figure 52. Influence of pulse width on APD response (625 mA, 20 ms) for EPD Mk2.3 
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Figure 53. Influence of pulse width on APD response (625 mA, 20 ms) for EDM III 
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Figure 54. Influence of pulse width on APD response (625 mA, 20 ms) for DIS-100 
 
 

ORAMED – WP3 - Deliverable 3.1 – October 2009 38/58



 

EDD 30

0.00

0.50

1.00

1.50

2.00

2.50

2000ms,5mA 20ms,625mA 20ms,320 mA 10ms,100 mA 5ms,625 mA

ms

A
PD

 d
os

e/
T

L
 D

os
e

AP direct

L direct

L indirect

AP indirect

 
 

Figure 55. Influence of pulse width on APD response (625 mA, 20 ms) for EDD 30 
 
 
 

4.2.3 Conclusion 

For several realistic set-ups with different kVp and pulse width settings, the response of all APDs is 
roughly within the interval +/- 30% considering the passive dosemeter as the reference. In general 
this agreement is very satisfactory. The DMC 2000XB and EDD30 slightly overestimate compared to 
the TLD whereas the EPD Mk2.3 and the DIS-100 slightly underestimate. The EDM III gives higher 
responses, within 50%. For none of the APD's no important influence of the kVp nor pulse width was 
seen. This means that, for these realistic exposures, the problems encountered in the pulsed mode 
tests do not occur, probably because the dose rate was lower than 1 Sv.h-1. The PM1621A did not 
respond in any pulsed field test, as was also observed in laboratory tests. It must be noted that 
these tests have only tested the APDs in scattered fields, not the direct beam.  
 
 

4.3 Tests of APDs on operators 

4.3.1 Material and methods 

Operators had to wear, side by side, one additional APD and additional passive dosemeter above the 
lead apron. The dose provided by the passive dosemeter was given according to the routine 
measurement protocol (background removed). 
At least 300 µSv were integrated by the passive dosemeter for each measurement which covered 
different IR/IC procedures. 
The tests were conducted in parallel in different hospitals in different European countries. 
 
Four dosemeters were tested: DMC 2000XB, EPD Mk2.3, EDMIII and DIS-100. 
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4.3.2 Results 

The results are presented in Figure 56 as the distribution of APD response compared to the response 
of the passive dosemeter. 
Globally, with respect to passive dosemeters: 

- DMC 2000XB (mean 0.95), EPD Mk2.3 (mean 0.69) and DIS-100 (mean 0.87) have a slight 
under-response, 

- EDMIII seems to have a different behaviour, but since only a few data were collected, 
statistics are not reliable enough to make some final conclusions yet. 
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Figure 56. Distribution of APD response compared with passive dosemeter response in realistic conditions 

 
 

4.3.3 Conclusion 

Four dosemeters were tested in fully realistic conditions: DMC 2000XB, EPD Mk2.3, EDMIII and DIS-
100. Three dosemeters have a slight under-response with respect to passive dosemeters 
(DMC 2000XB, EPD Mk2.3 and DIS-100), of course with a large spread in results. In general these 
results agree with the laboratory and static hospital tests. Statistics are not reliable enough to 
identify a tendency for EDMIII.  
 
 

5 General conclusions  
This work determined first the real radiation field characteristics encountered in IR/IC and 
identified seven APDs deemed suitable for application in this field. 
The tests performed with reference continuous X-ray beams allowed to define the dose, the dose 
rate, the energy and the angular response of these dosemeters. All APDs have a linear response with 
the dose and most of them have a satisfactory response at low energies from 24 keV, which is 
sufficient for IR/IC. Most APDs can stand high dose rates up to 10 Sv.h-1, except PM1621A for which 
the response is diverging rapidly from 1 Sv.h-1 and EDD30 which saturates for dose rates above 
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2 Sv.h-1. However, as indicated in table 1, the dose rates in the direct beam can be much higher 
than those tested here. So these tests in continuous fields do not mean that the APDs will correctly 
handle these very high dose rates in the direct beam. In addition, a problem of angular response at 
low energies was observed with PM1621A. 
 
The influence of the frequency and duration of pulses on the APD responses was studied with 
reference pulsed X-rays beams.  
PM1621A, equipped with a Geiger-Muller tube, does not give any signal in pulsed mode. The other 
APDs provide a response in pulsed mode, this means that they could be used in routine dosimetry, if 
some correction factors are applied. This aspect will be treated in the guidelines (objective n°5 of 
this WP). These results show that it is important to add tests in pulsed mode in Type-Test on APDs in 
IEC 61526 standard [9]. 
 
The behaviour of APDs was confirmed with tests in real conditions in hospitals. Four dosemeters 
were tested in fully realistic conditions: DMC 2000XB, EPD Mk2.3, EDMIII and DIS-100. Three APDs 
have a slight under-response with respect to passive dosemeters (DMC 2000XB, EPD Mk2.3 and DIS-
100). Statistics are not reliable enough to identify a tendency for EDMIII.  
 
All the tests show roughly the same trends and indicate that most of tested APDs could be used in 
routine dosimetry (possibly with correction factors), if no exposure to the direct beam takes place. 
This aspect will be treated in the guidelines that are the objective n°5 of this WP.  
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DMC2000XB (MGPi) (part 1/2) 
http://www.mirion.com/en/products/datasheets/hp/144271EN-B_DMC2000XB.pdf 
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http://www.mirion.com/en/products/datasheets/hp/144271EN-B_DMC2000XB.pdf 
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EPD Mk2.3 (Siemens) (part 1/2) 
http://www.thermo.com/eThermo/CMA/ 
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EPD Mk2.3 (Siemens) (part 2/2) 
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EDM III (Panasonic - Dosilab) (part 1/2) 
http://www.dosilab.fr 
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EDM III (Panasonic - Dosilab) (part 2/2) 
http://www.dosilab.fr 
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PM1621A (Polimaster) (part 1/2) 
http://www.polimaster.com/products/electronic_dosimeters/personal/pm1621/ 
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DIS-100 (Rados) (part 1/2) 
Technical note provided with the device 
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DIS-100 (Rados) (part 2/2) 
Technical note provided with the device 
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EDD30 (Unfors) (part 1/2) 
http://www.unfors.com/products.php?prodkey=55&catid=9 
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EDD30 (Unfors) (part 2/2) 
http://www.unfors.com/products.php?prodkey=55&catid=9 
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AT3509C (Atomtex) (part 1/2) 
http://www.atomtex.com/producte.phtml?r=23&id=20
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