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Abstract – Purpose/Objective: The 192IR Sources are the most commonly used in radiotherapy treatments 

HDRworldwide. According to international recommendations on quality assurance in HDR-

brachytherapy, an acceptance test based on the determination of the source strength of any new source 

shall be carried out before first application to verify the manufacturer’s calibration data. The present 

paper gives the experimental determination of the source strength for our brachytherapy sources used 

until now in brachytherapy treatments.  

Materials/Methods: At Mother Teresa University Hospital we have a cost-effective gynecological 

brachytherapy unit from Eckert & Ziegler BEBIG named GyneSource® that is a five channel HDR 

afterloader equipped with an 
192

Ir source. The software used is HDRplus™ 2.5 that delivers an optimized 

treatment plan and makes the process especially fast and we use intracavitary BEbig applicators. From 

April 2009 up to December 2012, we have imported nine HDR 
192

Ir  Sources. The exchange of the source 

and acceptance test is done by the physicist of the clinic once the source is imported. The measurements 

are done with a Well-type ionization chamber HDR1000 Plus and the electrometer used is MAX4000. 

Only seven sources are compared as we miss the dosimetry data of the first source, and the forth source 

was not measured and not used because the machine was not working in that time.  

Results/Conclusions: Eight sources were accepted for clinically use as the measurement were within the 

tolerance. The source number four with e deviation of -1.92% has been double checked  compared with a 

free in-air measurement with farmer type chamber that gave a deviation to source certificate of 4% that is 

still inside the tolerance to accept a source for clinical use. The deviations of measured Air Kerma rate to 

the value of the sources certificates of all our used 192IR sources are less than 2%, which are within the 

tolerance. The checked value of updated source strength in planning system and afterloading units for all 

sources was done and was correctly calculated. A verification with other chambers has been done and also 

has given very good results. An IAEA external audit has acknowledged the good experience.  

Keywords – Air Kerma Rate, 
192

Ir 
 
Source, Brachytherapy, Source verification

1. INTRODUCTION 

The HDR sources of 
192

Ir has a wide range of use in 

brachytherapy applications through the applicators or 

needles that permits to place the source near to the 

tumor in different anatomical locations: cervix, 

prostate esophagus ect. The dosimetric characteristics 

of this sources  is fundamental for the treatment 

planning process in brachytherapy. According to 

international recommendations on quality assurance 

in HDR-brachytherapy, an acceptance test based on 

the determination of the source strength of any new 

source shall be carried out before first application to 

verify the manufacturer’s calibration data.  

At Mother Teresa University Hospital we have a cost-

effective gynecological brachytherapy unit from 

Eckert & Ziegler BEBIG named GyneSource® that is 

a five channel HDR afterloader equipped with an Ir-

192 source. The software used is HDRplus™ 2.5 that 

delivers an optimized treatment plan and makes the 

process especially fast and we use intracavitary 

BEbig applicators. From April 2009 up to December 

2012, we have imported nine HDR 
192

Ir Sources. The 

number of patients treated during this period was 188. 

The machine has been working during this four years 

only 58% of the time, due to different reasons like 

technical problems and lack of maintenance 

contracts, lack of qualified personnel the first year of 

use and now lack of sources due to economical 

reasons. The unit was bought through IAEA projects. 
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1.1 Air- Kerma Strength kS  

Air-kerma strength is a measure of brachytherapy 

source strength, which is specified in terms of air-

kerma rate at a point along the transverse axis of the 

source in free space. It is defined as the product of 

air-kerma rate at a calibration distance, d, in free 

space, 

)(
.

dairK ,  

measured along the transverse bisector of the source, 

and the square of the distance, d:  

[ ]122
.

)( -
*= hGymddairKSk m               (1) 

The calibration distance must be large enough that the 

source may be treated as a mathematical point. In 

practice, the air-kerma rate standardization 

measurements are performed in air and corrections 

for air attenuation are applied if needed. Since the 

measurements for source-strength calibration may be 

performed at any large distance, d, the air-kerma rate 

is normally specified in terms of a reference 

calibration distance, d0, which is usually chosen to be 

1 m.  

 
1211 -

= hGymU m       (2) 

The unit of kS  is denoted by the symbol U and the 

protocol TG-43 recommends to fix the distance d at 

1m in the direction perpendicular to the source axis, θ 

= π/2, when the linear sources Air Kerma Strength is 

determined. 

For clinical dosimetry, brachytherapy sources are 

characterized by their relative dose rate distribution in 

an unbound water phantom. Absolute values will be 

achieved by multiplying the relative data with the 

reference absorbed dose rate, i.e. the absorbed dose 

rate to water at the source reference point which is 

defined at 1cm distance vertical to the source axis. 

The reason for using the physical quantity air-kerma 

rate to specify source strength instead of absorbed 

dose rate to water is the present absence of an 

appropriate primary standard for this application. 

1.2 
192

Ir source Bebig model and desing 

The 
192

Ir source design type produced by Eckert & 

Ziegler that we use is Ir2.A85-2. The radioactive 

material is inclosed by a cylindrical high qulity steel 

capsule which is closed in a seal tight condition by 

means of laser welded cover. The metallic iridium is 

presented in the form of 3.5 mm long wire (diameter 

0.6mm).The capsule is welded in the bottom side 

with a flexible cable on whose cylindrical end piece 

the source designation is located. 

 

Fig. 1 – Source design and material Ir-192 HDR 

Bebig 

2. MATERIALS AND METHODS 

The calibration is done before first medical use, 

following a source change or any major repair, etc. 

Since the source is Ir-192 with a half-life of 

approximately 74 days, usualy we have replaced the 

iridium source three times per year. Although it is 

recommendet to change it four times to maintain 

reasonable dose rates and treatment times we have 

not done it for economical reasons. The exchange of 

the source and acceptance test is done by the 

physicist of the clinic once the source is imported. 

The measurements are done with a Well-type 

ionization chamber HDR1000 Plus and the 

electrometer used is MAX4000.The  Co-60 holder is 

used as the Dwell times for different positions are 

calculated with the universal applicator that suits to 

this holder. A previous comparison between Ir 192 

holder is done using the esophagus applicator and no 

significant differences are seen.  

The experimental quantity )(
.

dairK is the product of 

the measurement M, represented  by the current of the 

electrometer corrected to the reference conditions, 

and the corresponding calibration factor Nk 

determined by the secondary standard dosimetry 

laboratory (SSDL) for a given source type. 

The current M represents the maximum value of the 

response curve measured by stepping the source 

along the central chamber axis. The sensitivity of the 

chamber versus the source position along the guide 

tube has been checked by varying the position of the 

source along the length of the guide tube inside the 

measuring volume. The maximum reading was given 

in almost all the measurements at the middle of the 

chamber evaluated with different steps of dwell 

positions. That has guaranteed the same position 

characteristics of the well-type chamber which is 5 

cm from the bottom of the chamber insert second to 

the certificate. The recombination and voltage 

correction factors were not applied to the 

measurement calculations. 

The form we employ for the full calibration is on an 

Excel spreadsheet (Fig.2) which allows convenient 

calculations of source activity and positioning. The 

source is programmed to go to a series of positions 

within the well chamber and the maximum current 

reading is used to calculate the activity in air kerma 

units. Also the temperature and presure are taking 

into account. The well-type chamber is placed into 
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the treatment room generally 24 hours before 

measurement in order to have the same temperature 

as the room. This value is then compared to the 

manufacturer’s stated activity decayed to the day of 

measurement. Agreement is typically within 2%. The  

equipment calibrations traceable to a national 

standard are not available, but dosimetry system 

constancy checks can be performed using  our 
60

Co 

teleterapy units. This aplication was however only 

done two times. The accurate position and the 

physical dimensions of the source are done by visual 

test using a special ruler supplied by the 

manufacturer. 

 

Fig. 2 – calibration spreadsheet  
192

IR 

3. RESULTS 

As shown in Fig.3 the Air Kerrma Rate measured 

with the Well-type ionization chamber HDR1000 

Plus was within an agreement of 2% with the Air 

Kerma rate delivered by the source vendor.   

 

Fig. 3 – deviation of Air Kerma Rate measured vs 

provided  

Only seven sources were compared as we miss the 

dosimetry data of the source no1. The source no3 was 

not measured and not used at all because the machine 

was not working in that time. Eight sources were 

accepted for clinical use as the measurements were 

within the tolerance. One source of nine imported 

(source no3, not included in the chart) was not 

measured and not used as the machine was not 

working. The source no1 was within the tolerance but 

we are missing the measured values to compare with 

the others, so it is not included in the chart. The 

source no4 with a deviation of -1.92% has been 

measured with another electrometer due to which we 

think we have this difference compared to other 

sources measurements. We also compared the well 

chamber result in this case with a free in-air farmer 

type chamber measurement that gave us a deviation 

to source certificate of 4% that was still inside the 

tolerance to accept a source for clinical use. The 

deviations of measured Air Kerma rate to the value of 

the sources certificates of all our used 
192

IR sources 

are less than 2%, which are within the tolerance 

(Fig.4). 

 

Fig 4. RAKR measured vs provided corrected for time 

decay. 

4. CONCLUSION 

The deviations of measured Air Kerma rate to the 

value of the sources certificates of all our used 192IR 

sources are less than 2%, which are within the 

tolerance. The checked value of updated source 

strength in planning system and afterloading units for 

all sources was done and was correctly calculated. A 

verification with other chambers has been done and 

also has given very good results. An IAEA external 

audit has acknowledged the good experience.  
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