
Radiol Oncol 2012; 46(2): 170-178. doi:10.2478/v10019-012-0005-3

170

research article

Dosimetric characterizations of GZP6 60Co 
high dose rate brachytherapy sources: 
application of superimposition method

Mohammad Taghi Bahreyni Toossi1, Mahdi Ghorbani2, Ali Asghar Mowlavi3 and 
Ali Soleimani Meigooni4

1  Medical Physics Research Center, Medical Physics Department, Faculty of Medicine, 
Mashhad University of Medical Sciences, Mashhad, Iran

2 North Khorasan University of Medical Sciences, Bojnurd, Iran
3 Physics Department, School of Sciences, Hakim Sabzevari University, Sabzevar, Iran
4 Comprehensive Cancer Center of Nevada, 3730 S. Eastern Avenue, Las Vegas, Nevada, USA

Radiol Oncol 2012; 46(2): 170-178.

Received 2 October 2011
Accepted 21 November 2011

Correspondence to: Mahdi Ghorbani, Vice Chancellery of Research and Technology, North Khorasan University of Medical Sciences, 
South Shariati No. 7, Bojnurd, North Khorasan, Iran. Phone: +98 584 2247124; Fax: +98 584 2247124; E-mail: mhdghorbani@gmail.com

Disclosure: No potential conflicts of interest were disclosed. 

Background. Dosimetric characteristics of a high dose rate (HDR) GZP6 Co-60 brachytherapy source have been 
evaluated following American Association of Physicists in MedicineTask Group 43U1 (AAPM TG-43U1) recommenda-
tions for their clinical applications. 
Materials and methods. MCNP-4C and MCNPX Monte Carlo codes were utilized to calculate dose rate constant, 
two dimensional (2D) dose distribution, radial dose function and 2D anisotropy function of the source. These param-
eters of this source are compared with the available data for Ralstron 60Co and microSelectron192Ir sources. Besides, a 
superimposition method was developed to extend the obtained results for the GZP6 source No. 3 to other GZP6 sources. 
Results. The simulated value for dose rate constant for GZP6 source was 1.1040.03 cGyh-1U-1. The graphical and 
tabulated radial dose function and 2D anisotropy function of this source are presented here. The results of these inves-
tigations show that the dosimetric parameters of GZP6 source are comparable to those for the Ralstron source. While 
dose rate constant for the two 60Co sources are similar to that for the microSelectron192Ir source, there are differences 
between radial dose function and anisotropy functions. Radial dose function of the 192Ir source is less steep than both 
60Co source models. In addition, the 60Co sources are showing more isotropic dose distribution than the 192Ir source. 
Conclusions. The superimposition method is applicable to produce dose distributions for other source arrange-
ments from the dose distribution of a single source. The calculated dosimetric quantities of this new source can be 
introduced as input data to the GZP6 treatment planning system (TPS) and to validate the performance of the TPS.
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Introduction

Recently, the GZP6 high dose rate (HDR) 60Co 
brachytherapy unit, manufactured byNuclear 
Power Institute of China (Chengdu, China), has 
been introduced for brachytherapy procedures.1 
Although not as common as 192Ir source, 60Co has 
been used in past as a brachytherapy source in the 
treatment of various malignancies2-4, and a brachy-

therapy technique remains a frequent treatment 
in clinical praxis.5 There are also potential logisti-
cal advantages for 60Co sources for HDR systems 
over 192Ir6, including less frequency of source ex-
change which provides longer duration of clini-
cal use and reduced operating costs. Different 
geometric designs of 60Co radionuclide have been 
used in radiotherapy clinics in the past with lim-
ited traditional dosimetric information.7,8 Dose cal-
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culations around these implants were performed 
using the traditional dose calculation technique. 
However, presently, the Task Group 43 (TG-43) 
report of American Association of Physicists in 
Medicine(AAPM) has recommended determina-
tion of dosimetric parameters, such as radial dose 
function, anisotropy function (ANF), etc., of any 
brachytherapy sourcebefore its clinical use.9 Also 
according to the AAPM TG-56 such parameters are 
required as input data and for verification of the 
treatment planning system.10

The newly designed GZP6 HDR 60Co brachy-
therapy unit has been recently employed for the 
clinical practice in Iran. Unlike the HDR 192Ir sys-
tems, which contain one source, the GZP6 unit 
includes six different sources (Figure 1). Each 
source is designated to a separate channel in the 
HDR unit. Five of these six sources are stationary, 
and the 6th source (i.e. source number 6) has step-
ping (dwelling) capability that could be used for 

treatment of patients with longer active length. As 
shown in Figure 1, each source is composed of a 
source-braid or packing, consist of 1, 2, 3 or 4 ra-
dioactive source pellets as well as a number of non 
active steel pellets. In order to make these source 

FIGURE 1. Schematic diagram illustrating six GZP6 source braids, containing active and nonactive pellets. Each source is allocated to one separate 
channel. The sources 1-5 are stationary while the source No. 6 is stepper.

FIGURE 2. A schematic view of the GZP6 source braid number 3 illustrating the di-
mensions of active cylindrical 60Co and non-active steel pellets as well as TG43U1 
coordinate systems. This diagram is schematic and is not to scale.
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geometries reproducible, at the same time flexible 
as it moves within the transfer tube and applicator, 
the active and non-active pellets are fitted within a 
steel spring cover. Dimensions and components of 
the active and non-active pellets of these sources 
are provided in the schematic diagram of source 
number 3 (Figure 2). In their first publication on 
this system, Mesbahi et al. measured the air kerma 
strengthsof source numbers 1, 2 and 5.11 In a sepa-
rate investigation, Mesbahi has also calculated ra-
dial dose function for these three sources.12 Naseri 
et al. have examined the accuracy of the dose dis-
tributions calculated by the GZP6 treatment plan-
ning system by Monte Carlo simulation of these 
sources.13 Monte Carlo simulation is widely used 
in radiophysics14, however, to our knowledge the 
GZP6 unit has not been studied before, based on 
a comprehensive determination of TG-43U1 dosi-
metric parameters.15 Since the GZP6 unit has six 
sources with different fixed configurations, each 
source has been individually evaluated for their 
clinical applications. 

The goal of this project is to investigate the dosi-
metric parameters (i.e. dose rate constant, radial 
dose function and anisotropy function) of source 
number 3, which has not been studied before, fol-
lowing the TG-43U1 recommendation through 
Monte Carlo simulations. The results of these 
investigations will be compared with the corre-
sponding data available for Ralstron (type 2) 60Co 
and microSelectron 192Ir sources.4,16 The dose distri-
bution for the source No. 3 is used to produce dose 
distributions for the other GZP6 sources using a 
superimposition method developed in this study.

Materials and methods
Radioactive source structure

The GZP6 high dose rate afterloading unit compris-
es of different six 60Co sources affixed to six differ-
ent channels in the system. In this study dosimetric 
characteristic of the source number 3 of the unit, 
which is a non-stepping source and includes one 
active cylindrical 60Co pellet, is being evaluated. 
As illustrated schematically in Figure 2, this source 
braid consists of an active nickel-plated cobalt pel-
let and a number of inactive spherical pellets which 
are made of steel. The active 60Co cylinder has a ra-
dius of 0.5 mm and length of 2 mm (including the 
nickel-plating), in which the 60Co radionuclide was 
distributed uniformly throughout the core. The 
nickel plating has a thickness of 0.05 mm, which 
has not been illustrated in the Figure 2. The active 

cobalt pellet is additionally encapsulated in a tita-
nium capsule, with 0.25 mm in thickness and con-
sisting of two hemispheres with 0.75 mm in radius 
at the two ends, sealed by Argon arc welding. The 
whole pellets are accommodated in a steel spring 
cover with an external diameter of 2.7 mm. 60Co is 
emitting two gamma photons with 1.17 and 1.33 
MeV energies and β- particles with Emax=0.318 MeV. 
It has a half-life of 5.271 years. The latter particle 
is attenuated effectively with the titanium capsule. 

TG 43 formalism

The formalism of TG-43U1 was followed to com-
pute the dosimetric parameters of the source.15 
According to this formalism the dose rate at the 
point P(r, θ) from the source center is defined by 
the following equation (as illustrated in Figure 2):

 [1]
Where r is the radial distance (in cm) from the 

source center and θ is the polar angle. r0is the ref-
erence radial distance of 1 cm and θ0 is the refer-
ence polar angle of 90º. Sk is air kerma strength of 
the source (in U, where 1 U=1 μGym2h-1), Λ is dose 
rate constant, G(r,θ) is geometry function, g(r,θ) is 
radial dose function and F(r,θ) is two-dimensional 
(2D) anisotropy function.

The dose rate constant is the ratio of dose rate at 
the reference point (r0,θ0) and air kerma strength:

 [2]
Dose rate constant has a unit of cGyh-1U-1. 
In this study the line-source approximation was 

used for calculation of geometry function. By using 
this approximation, for  the geometry function can 
be obtained from the following equation: 

 [3]

If  the geometry function is obtained from 
equation [4]:

 [4]

As denoted by Awan et al.17, considering the 
source active length L, the radial distance r and the 
angles θ and ß as showed in the Figure 2, equation 
[5] can be resulted from the above equation:

 [5]

Thus if , the geometry function can be calcu-
lated directly in terms of r and θ from equation [5].
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The radial dose function, g(r), and anisotropy 
function, F(r, θ) are defined as:

 [6]

 [7]

In which  denotes the dose rate at the point 
P(r, θ) from the source.

Monte Carlo calculations

The MCNP-4C Monte Carlo code was employed 
to estimate absorbed dose towards obtaining TG-
43U1 parameters.18 Since it has the option of de-
fining the mesh grids, the MCNPX version 2.4.0 
Monte Carlo code was also utilized to obtain 2D 

dose distribution for the source.19 When this option 
is used it would be easier to score tally values in a 
large number of scoring volumes. Table 1 lists the 
mass density and chemical composition of the ma-
terials used in our Monte Carlo calculations. 

In calculations of dose rate constant and 2D dose 
distributions, the value of air kerma strength was 
taken from our previous work.20

The source braid was centered in a cylindrical wa-
ter of dimensions R=25 cm and L=50 cm in the simu-
lations. A cutoff energy of 10 keV was used for both 
photons and electrons. To speed up the Monte Carlo 
calculations, the absorbed dose was approximated 
as kerma to estimate dose at points where the elec-
tronic equilibrium exists. For a 60Co source, the dose 
build up region affects only points in close vicinity 
from the 60Co pellet. The f6 tally was used to score 
collision kerma (in MeV/g/photon). At the points 
in the vicinity of the source, in which the electronic 
equilibrium may not exist, dose was scored using *f8 

TABLE 1. Mass density and compostion of the materials used in the Monte Carlo simulations

Material: description Mass density (g/cm3) Composition (element/weight fraction)

Cobalt: source core 8.85 Co/1

Nickel: source plating 8.902 Ni/1

Titanium: source capsule 4.54 Ti/1

Steel pellets: spacers in the source 
braid 7.9

Fe/0.71994, C/0.0005, Si/0.0072, Mn/0.0137, S/0.00011, 
P/0.00025, Cr/0.17, Ni/0.0822, Mo/0.0013, V/0.0006, 
Ti/0.0042

Steel: spring cover 6.999 Fe/0.7416, Ni/0.069, S/0.0001, Cr/0.167, C/0.0006, 
Mn/0.0062, Cu/0.0026, Al/0.0062, Mo/0.0015, Si/0.0052

Air 0.001205 C/0.000124, N/0.7555267, O/0.231781, Ar/0.012827

Water: phantom material 1 H/0.111894, O/0.888106

TABLE 2. Two dimensional geometry function () for GZP6 source number 3

θ (°)

r(cm) 0° 10° 20° 30° 40° 50° 60° 70° 80° 90°

0.5 1.037 1.036 1.031 1.024 1.016 1.008 1.000 0.994 0.990 0.988

0.75 1.016 1.016 1.014 1.011 1.007 1.003 1.000 0.997 0.995 0.995

1 1.009 1.009 1.008 1.006 1.004 1.002 1.000 0.998 0.997 0.997

1.5 1.004 1.004 1.003 1.003 1.002 1.001 1.000 0.999 0.999 0.999

2 1.002 1.002 1.002 1.002 1.001 1.000 1.000 1.000 0.999 0.999

2.5 1.001 1.001 1.001 1.001 1.001 1.000 1.000 1.000 1.000 1.000

3 1.001 1.001 1.001 1.001 1.000 1.000 1.000 1.000 1.000 1.000

3.5 1.001 1.001 1.001 1.000 1.000 1.000 1.000 1.000 1.000 1.000

4 1.001 1.001 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

4.5 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

5 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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tally (in MeV/photon). Toroid tally cells of 0.05 cm 
in thickness were used to score the tally values. The 
numbers of photon histories simulated were 1.6×107, 
1.6×107 and 1.45×108 respectively to obtain dose rate 
constant, radial dose function, and 2D anisotropy 
function. The corresponding statistical errors were 
respectively equal to 1.58, 0.5 and 0.88 percent for 
the Monte Carlo calculations in the used tally cells. 
Dose values at different radial distances and angles 
from the source (required for calculation of radial 
dose function and anisotropy function) were ob-
tained through Monte Carlo simulations for a water 
phantom. The data for radial dose function and ani-
sotropy function then were calculated respectively 
using equations [6] and [7]. Dose rate constant, radi-
al dose function and 2D anisotropy function values 
for GZP6 source number 3 were compared with cor-
responding data for Ralstron (type 2) 60Co source, 
reported by Papagiannis et al.4, and microSelectron 
192Ir source, reported by Karaiskos et al..16

To obtain 2D dose rate table, a cylindrical grid 
of 14 cm14 cm in y-z plane, with resolution of 
0.05 cm in both longitudinal and radial directions 
was overlaid on the geometry. The thin grid was 
used to reduce the Monte Carlo computation time. 
3.5108 photon histories were followed, result-
ing an average error of 0.44% over the mesh cells. 
MCNPX tally type 1 with the option of depth for 
photons was used to determine energy deposition 
per volume per photon in terms of  per photon. The 
tally value then was converted to the dose rate per 
U by introducing the activity, air kerma strength 
of the source and appropriate conversion factors in 
the calculations.

Superimposition method

A superimposition algorithm was developed to 
produce the dose distributions of the GZP6 sources 
No. 1, 2 and 5 from the dose distribution data of 
the source No. 3. The algorithm was consisted of 
four steps: 

(a) The dose distribution data for each pellet in 
the sources 1, 2 and 5 was obtained from the dose 
distribution matrix of source 3 through application 
of matrix shift method.21 The shifting distance was 
equal to the inter-pellets distance (6.5 mm).

(b) The dose distribution data for each pellet 
was multiplied by normalized activity of that pel-
let to the activity of source No. 3. 

(c) A summation was then performed over the 
matrixes of all pellets in each source of 1, 2 ad 5. 

(d) Dose contours were plotted from the dose 
distribution matrix of sources 1, 2 and 5.

The results of the mentioned algorithm were 
verified to examine its accuracy. For this purpose 
the sources 1, 2 and 5 were simulated separately 
and the obtained dose distributions were com-
pared by the dose distributions resulted from the 
above algorithm. 

Results and discussion
TG-43 dosimetric parameters 

The calculated values of geometry function for 0.5-5 
cm radial distance and 0°-90° angles are presented 
in the Table 2. The calculated values for geometry 
function were equal to unity at 6-10 cm distance. To 
summarize the results, these values were not pre-
sented in the Table 2. The geometry function is sym-
metrical with reference to the angle of 90°. On the 
other hand the angular values of the  on the either 
side of the 90° angle, for the angles 100°-180°, are 
mirror images of the values for 80°-0° angles.22 So as 
showed in Table 2, the two dimensional geometry 
function is presented only for angles 0°-90°.

Monte Carlo calculated value of air kerma 
strength is Sk=17240.01 cGyh-1U-1 as worked out ear-
lier for the GZP6 source number three.20 The value 
was used for the calculation of dose rate constant 
in the present study. Monte Carlo calculated dose 
rate constants for GZP6 and Ralstron (type 2) and 
microSelectron sources are presented in Table 3. 

The dose rate results, in terms of cGyh-1U-1, in 
Cartesian away (y) and along (z) coordinates are 
presented in the Table 4. It should be noted that the 
source center is assumed to be in the origin of the 
Cartesian coordinates. 

Radial dose function (RDF) computed values for 
GZP6 source number 3 are presented in Table 5. 
The tabulated g(r) data presented in the Table 5 
were fitted to a fifth order polynomialin form of: 

   [8]

TABLE 3. Dose rate constant (Λ) values for GZP6 60Co (number 3), Ralstron (type 2) 60Co (Ref. 4) and microSelectron 192Ir (Ref. 16) 
sources

Source Type GZP6
(This Study)

Ralstron (type 2)
(Papagiannis et al.4)

microSelectron 
(Karaiskos et al. 16)

Λ (cGyh-1U-1) 1.1040.03 1.1010.005 1.1160.006
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pared with the corresponding data for the Ralstron 
(type 2) 60Co source reported by Papagiannis et 
al.4 and microSelectron 192Ir source reported by 
Karaiskos et al..16

Table 6 presents the anisotropy function data for 
GZP6 60Co source number 3. F(r, θ) values of the 
GZP6, Ralstron and microSelectron sources for dis-
tances of 2, 5 and 10 cm are presented in Figure 4 A-C.

FIGURE 3. Radial dose function versus radial distance from the 
source for GZP6 60Co (number 3), Ralstron (type 2) 60Co (by 
Papagiannis et al.4) and microSelectron 192Ir (by Karaiskos et 
al.16) sources.

FIGURE 4. Anisotropy functions of GZP6 60Co (number 3), 
Ralstron (type 2) 60Co (by Papagiannis et al.4) and microSelec-
tron 192Ir (by Karaiskos et al.16) sources: (A) for r=2 cm; (B) for 
r=5 cm; (C) for r=10 cm.

The parameters of the fitted polynomial are as 
follows:

a5=1.00010-6, a4=-5.00010-5, a3=0.0007, a2=-0.0039, 
a1=-0.01, a0=1.0087.

A graphical representation of g(r) values for the 
GZP6 source is presented in Figure 3 and com-

TABLE 5. Monte Carlo calculated radial dose functions of GZP6 
source number 3

Radial distance r (cm) gL (r)

1 1.000

1.5 0.983

2 0.976

2.5 0.968

3 0.959

3.5 0.950

4 0.943

4.5 0.932

5 0.921

6 0.909

7 0.890

8 0.876

9 0.851

10 0.831

12 0.785

13 0.767

15 0.679

20 0.539

B

C

A
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FIGURE 5. Dose distributions (Gy) obtained by MC simulations (blue lines) and superimposition method (red lines) for GZP6 sources: (a) source No. 1; 
(b) source No. 2 and (c) source No. 5. Isodoses of 1-20 Gy are contoured in the figure and since the contours by the two methods are overlapped in 
many points, are almost not distinguishable. 

B CA

Our results are indicating that the dose rate con-
stant, radial dose function and anisotropy function 
for GZP6 and Ralstron (type 2) 60Co sources are 
comparable. While the value of dose rate constant 
for the GZP6 and Ralstron (type 2) 60Co sources 
are close to that for the microSelectron 192Ir source 
(Table 3), radial dose function fall off for the 192Ir 
source is less steep compared to the cobalt sourc-

es especially for lower radial distances from the 
source ( in Figure 3). It can be also noticed from the 
Figure 4 that the two cobalt sources have more iso-
tropic anisotropy functions than the iridium source.

The dosimetric data presented in this study for 
GZP6 source (number 3) can be utilized in clinical 
practice of the source and towards the improve-
ment of its treatment planning system.

TABLE 6. 2D anisotropy functions for GZP6 60Co source (number 3) calculated by Monte Carlo code

 (degrees)
r (cm)

1 2 3 4 5 10

0 0.858 0.849 0.863 0.904 0.927 0.913

10 … 0.893 0.898 0.901 0.893 0.870

20 0.990 0.956 0.957 0.957 0.959 0.963

30 … 0.973 0.974 0.970 0.970 0.998

40 0.992 0.990 0.988 0.989 0.991 0.994

50 … 0.989 0.986 0.990 0.999 1.002

60 1.011 0.990 0.985 0.982 0.995 1.001

70 … 0.995 1.000 1.002 1.010 1.005

80 1.025 0.994 0.995 0.992 1.001 1.007

90 1.000 1.000 1.000 1.000 1.000 1.000

100 0.995 1.000 1.004 1.004 1.007 1.006

110 … 0.998 1.001 0.999 1.001 1.010

120 0.978 0.993 0.995 0.993 1.001 1.015

130 … 0.995 0.998 0.998 1.004 1.000

140 1.019 0.992 0.992 0.990 0.998 0.993

150 … 0.977 0.979 0.978 0.984 0.995

160 … 0.958 0.958 0.956 0.963 0.954

170 … … 0.881 0.876 0.884 0.883
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Dose distributions from the 
superimposition method

The dose distributions for the GZP6 source No. 1, 
2 and 5 which was obtained by MC simulations of 
the sources and the superimposition method de-
scribed are presented in the Figure 5. The dose con-
tours of 1, 2, 5, 10, 15 and 20 Gy were plotted. As 
it can be observed the dose distributions obtained 
by the two methods for the sources 1, 2 and 5 are 
equal.

The superimposition algorithm developed in 
this study is able to produce dose distributions for 
the GZP6 sources No. 1, 2 and 5 from the dose dis-
tribution of the source No. 3. The algorithm is also 
applicable for other bracytherapy units in which 
an arrangement of sources is used in the treatment 
process. These results may provide comprehen-
sive dosimetric information that could be clinically 
more applicable for dose calculations around dif-
ferent implants by superimposition method. 
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