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Abstract: Design objectives for brachytherapy treatment facilities require sufficient shielding to reduce primary
and scatter radiation to design limit in order to limit exposure to patients, staff and the general public. The
primary aim of this study is to verify whether shielding of the brachytherapy unit at the Korle Bu teaching
Hospital in Ghana provides adequate protection in order to assess any radiological health and safety impact and
also test the suitability of other available sources. The study evaluates the effectiveness of the biological
shielding design of a Cs-137 brachytherapy unit at the Korle-Bu Teaching Hospital in Ghana using MCNP5.
The facility was modeled based on the design specifications for LDR Cs-137, MDR Cs-137, HDR Co-60 and
HDR Ir-192 treatment modalities. The estimated dose rate ranged from (0.01-0.15) :Sv/h and (0.37-3.05) :Sv/h
for the existing initial and decayed activities of LDR Cs-137 for the public and controlled areas respectively,
(0.03-0.57) :Sv/h and (1.53-8.06) :Sv/h for MDR Cs-137, (7.47-59.46) :Sv/h and (144.87-178.74) :Sv/h for
HDR Co- 60, (0.13-6.95) :Sv/h and (19.47-242.98) :Sv/h for HDR Ir-192 for the public and controlled areas
respectively. The results were verified by dose rates measurement for the current LDR setup at the
Brachytherapy unit and agreed quiet well. It was also compared with the reference values of 0.5 :Sv/h for
public areas and 7.5 :Sv/h for controlled areas respectively. It can be concluded that the shielding is adequate
for the existing source.
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INTRODUCTION

The Monte Carlo method is one of the most powerful
modeling techniques currently available for calculations
involving realistic simulations of modeled physical
systems. Monte Carlo is used in many areas of physics
and chemistry but is of particular importance in the
modeling of radiation transport calculation. At its most
basic level, the concept is simple even though the
software codes used to run the calculations are very
complex (Review of Monte Carlo Modeling Codes, 2007).
Monte Carlo simulations have been applied to
radiotherapy treatment planning and are capable of
accurately predicting various dosimetric parameters as
well as doses in regions where electronic equilibrium is
lacking. The necessity of more accurate dose calculation
using algorithms such as Monte Carlo is now recognized
by the medical physics community (Ma, 2000).
Brachytherapy is radiation treatment with sealed
radioactive sources that may be placed within body

cavities, within the tissues or very close to the surface to
be  treated  (Akine  et  al.,  1990;  Dale  Kubo, 2003;
IAEA, 2006a). The duration of the treatment may range
from a few minutes for HDR brachytherapy up to several
days for LDR interstitial therapy. Many different nuclides
are available for clinical use. They may be of low energy
requiring minimal shielding or high energy requiring the
use of specially designed rooms (IAEA, 2006a, b).
Specially designed rooms should have sufficient shielding
to limit the radiation exposure dose received by other
patients, nursing staff and members of the public in the
surrounding areas (IAEA, 1996; NCRP, 2004). The
brachytherapy design depends on treatment techniques,
work load, activity of the source, nuclides and energy of
source. In brachytherapy, room and wall shielding designs
must be sufficient to reduce the primary and scattered
radiation to the design limit in all directions since the
sources are unshielded in all directions. Brachytherapy
treatment rooms should comply with both national and
international    regulations    that    deal    with   shielding



Res. J. Appl. Sci. Eng. Technol., 3(5): 426-433, 2011

427

Fig. 1: Layout of the treatment rooms showing locations for the study

requirement to render an installation safe from radiation
protection view point. The design should also take into
consideration the structural building codes (Institute of
Physics and Engineering in Medicine, 1997). 

The specific objectives of this study were therefore
to: evaluate the shielding adequacy by using MCNP5
code; test the suitability of other available brachytherapy
sources; compare the experimental with MCNP5 in
occupied areas and verify whether the shielding provides
adequate protection for the staff and the public in its
current operational state and make appropriate
recommendations to address any radiological health and
safety hazards identified.

MATERIALS AND METHODS

The study was carried out at the Regulatory Control
Department of the Radiation Protection institute, Ghana
Atomic Energy Commission and Radiotherapy Centre at
Korle-Bu Teaching Hospital from January, 2010 to
February, 2011.

Description of the brachytherapy facility: The National
Radiotherapy Centre at the Korle - Bu Teaching hospital
has  two  brachytherapy  treatment  rooms,  a diagnostic
C-arm X-ray equipment and administrative setup. The
brachytherapy treatment rooms shown in Fig. 1 have a
concrete shield of thickness 0.535 m. The Cesium
(AMRA) Fletcher facility at the centre has a control
panel, monitor located at the nurses’ office for monitoring
the movements of the patient and communication system
(Arwui et al., 2010).

Figure 1 show the locations around the Cs-137
sources used for the study. Location J is the control area
where the medical physicists stand to position and align
the patients with the help of the C-arm X-ray equipment.

Location A with a wooden door separates the entrance to
the maze. Locations B, C, D, E, F, G, H, I, are designated
as the public areas and locations J and K are controlled
areas (IAEA, 1996; Arwui et al., 2010). 

Monte carlo simulation: The brachytherapy treatment
room of the National Radiotherapy Centre was modeled
using the visual editor of the MCNP5 code to the design
specification of the facility. The ANSI standard for
ordinary concrete with a density of 2.3 g/cm3 was used
with material composition of H 0.022100, C 0.002484, O
0.574930,  Na  0.015208,  Mg  0.001266,  Al 0.019953,
Si   0.304627,   K   0.010045   and  Ca  0.042951
(Williams et al., 2006). The entrance door of the facility
is modeled as a wooden door with a density of 0.705
g/cm3. Each of the brachytherapy sources; Cs-137, Co- 60
and Ir- 192 were modeled as isotropic point sources with
corrected activity of 7GBq which subsequently gave (5.4,
5.5, 5.6, 5.7 and 5.8) GBq for the number of years it has
been in existence till date using the decay equation:

A = A0 eG8t (1)

where A is the present activity, A0 is the initial activity at
a known time, 8 is the decay constant and t is the time to
the date of exposure. The Cs-137 LDR with activities
(5.4, 5.5, 5.6, 5.7, 5.8 and 7) GBq, Cs-137 MDR with
activity 22.2 GBq, Co-60 HDR with activity   185 GBq
and Ir-192 HDR with activity 370 GBq were used for the
modeling respectively. 

Variance reduction technique of importance was used
to increase the photon populations toward regions of
importance and to reduce unimportant regions for
optimization. The average flux at the respective dose
points were calculated according to the relation:
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*M = (W/4B2) e-µ(E)r (2)

For a particle of energy E and weight W from an
isotropic source is released at Distance, r from the
detector point, ray theory as used in the point-kernel
method, shows that the contribution *M to the fluence at
the detector point is given as in Eq. (2), 

where :(E) is the linear interaction coefficient for the
particle of energy E. Here E is the energy of the particle
after the collision and W is its weight. If :(E, 2s) is the
linear interaction coefficient per steradian for scattering at
angle 2s, then :(E, 2s)/:(E) is the probability per
steradian for scattering at angle 2s. Geometric attenuation
remains as 1/r2, and the contribution *M to the fluence at
the  detector  point  is  given  by  Eq.  (3) (Shultis and
Faw, 2006):
 

F5 = *M = {Wµ(E, 2s)/µ(E)r2} e-µ(E)r (3)

where F5 is the point detector tally

The resulting flux was normalized by the activity of
the source using FMn card and then converted to a dose
rate  using  the  ICRP  74  dose  conversion  factors
(ICRP, 1997) for both the occupationally exposed workers
and the public by using the relation:

(4)( ) ( )D r E R r E dEr
E

( ) , ,= ∫ Φ γ

where R(r, E) is the fluence to dose conversion factor or
the detector response (Shultis and Faw, 2005). The
resulting dose rate is then normalised by the activity of
the source.

Experimental: Locations whose dose rate had been
estimated using the MCNP5 were first identified and the
corresponding distances from the source measured. Dose
rate monitoring was carried out for the selected locations
A,  B,  C,  D,  E, F, G, H, I,  J,  K  with  the  help  of  the

Table 1: Technical specifications of the Cs-137 facility under the
brachytherapy unit

Type Cesium AMARA fletcher
Manufacturer CIS bio international
Model number CA 97-12
Radionuclide Cs-137
Half life 30 years
Number of channels 5 channels
Initial activity 7 Gbq

RDS-120 survey meter. The RDS survey meter has a
sensitivity of ±10 % for Cs-137 and capable of measuring
doses in the range of 0.05 :Sv/h - 10 Sv/h.

RESULTS AND DISCUSSION

Table 1 presents the technical specifications of the
Cs-137 brachytherapy source/facility.

The results in Table 2 shows the positions where dose
rate measurements around the facility at selected locations
A-K were taken compared with reference dose rates at
public and controlled areas (IAEA, 2006a, b). It was
observed  that  the  measured  values  in  Table  3  are all
below the recommended or reference dose rates of 0.5
:Sv/h for public areas and 7.5 :Sv/h for controlled areas
(IAEA, 2006a, b; Arwui et al., 2010). 

Table 3 shows the measured dose rates for the Cs-137
LDR source with initial activity of 7GBq and the Monte
Carlo simulation for the decayed activities of the Cs-137
LDR source for the years 2008, 2009 and 2010. Table 3
also shows the Monte Carlo simulation for the decayed
activities of the Cs-137 LDR source for the years 2006
and 2007. 

Table 4 shows that, the results from the Monte Carlo
simulation for the LDR Cs-137 source were higher than
the experimental (measured dose rates). This could be
attributed to the assumption that the self-attenuation of the
source is negligible. However, for radiation protection
purposes the maximum line of sight was used. The F5
tallies were placed perpendicular to the source in most
cases. The results also revealed that MCNP5 was able to
give exact low dose rate reading since the survey meter
was not very sensitive enough to measure dose rates less

Table 2: Dose rate measurement points with their respective distances, reference dose rates, measured dose rates and area classification
Distance from Reference dose

Classification category Location source (m) Measured dose rate rate (:Sv/h)
Supervised area A 2.86 0.12 0.5
Supervised area B 1.985 0.10 0.5
Supervised area C 3.015 0.10 0.5
Supervised area D 3.90 0.10 0.5
Supervised area E 4.195 0.10 0.5
Supervised area F 2.90 0.10 0.5
Supervised area G 4.395 0.10 0.5
Supervised area H 3.60 0.11 0.5
Supervised area I 2.10 0.10 0.5
Controlled area J 1.00 0.50 7.5
Controlled area K 1.53 2.10 7.5
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Table 3: Measured and simulated dose rates for initial and decayed low dose rate (LDR) Cs-137 brachytherapy sources
Dose Rate Hp(10) (:Sv/h)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Measured Cs-137 DA as STD Cs-137 DA as STD Cs-137 DA as STD Cs-137 DA as STD Cs-137 DA as STD Cs-137 IA STD

Location dose rate at 2010 (5.4GBq) (%) at 2009 (5.5GBq) (%) at 2008 (5.6GBq) (%) at 2007 (5.7GBq) (%) at 2006 (5.8GBq) (%)  (7GBq) (%)
A 0.12 0.06 0.26 0.06 0.27 0.07 0.29 0.07 0.27 0.07 0.26 0.10 0.24
B 0.10 0.14 1.83 0.14 1.66 0.14 1.77 0.14 1.66 0.15 1.95 0.03 12.03
C 0.10 0.06 0.72 0.06 0.63 0.06 0.69 0.06 0.63 0.06 0.78 0.08 0.70
D 0.10 0.01 6.85 0.01 10.78 0.01 11.05 0.01 10.78 0.01 7.24 0.02 1.10
E 0.10 0.03 1.88 0.03 2.48 0.03 2.25 0.03 2.48 0.03 1.95 0.04 2.25
F 0.10 0.03 4.07 0.03 2.57 0.02 2.70 0.03 2.57 0.03 4.14 0.04 2.63
G 0.10 0.02 2.35 0.02 2.47 0.02 2.52 0.02 2.47 0.02 2.24 0.03 2.83
H 0.11 0.05 0.89 0.05 0.89 0.05 0.97 0.05 0.89 0.06 0.97 0.08 1.14
I 0.10 0.01 1.54 0.01 1.40 0.01 1.47 0.01 1.40 0.01 1.64 0.10 0.17
J 0.50 0.37 0.10 0.38 0.10 0.38 0.11 0.38 0.10 0.40 0.11 0.58 0.10
K 2.10 1.95 0.05 1.98 0.06 2.02 0.06 2.01 0.06 2.09 0.06 3.05 0.06

Table 4: comparison of the measured and simulated dose rates for low, medium and high dose rate brachytherapy sources
Location Dose Rate Hp(10) (:Sv/h)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cs-137 LDR STD Cs-137 MDR STD Co-60 HDR STD Ir-192 HDR STD
source (7GBq) (%) source (22.2GBq) (%) source (185GBq) (%)  source (370GBq) (%)

A 0.10 0.24 0.27 0.72 11.93 1.77 6.95 1.14
B 0.03 12.03 0.57 0.44 101.92 1.14 1.77 4.52
C 0.08 0.70 0.25 1.72 45.20 0.47 0.83 1.91
D 0.02 1.10 0.05 2.76 10.40 4.96 0.13 20.16
E 0.04 2.25 0.12 5.62 23.65 1.98 0.28 4.23
F 0.04 2.63 0.10 0.68 20.88 2.17 0.28 7.75
G 0.03 2.83 0.10 0.63 20.19 1.76 0.27 6.18
H 0.08 1.14 0.22 2.42 59.46 6.13 0.66 2.50
I 0.10 0.17 0.03 3.69 7.47 8.32 0.13 20.92
J 0.58 0.10 1.53 0.28 178.74 0.08 19.47 0.25
K 3.05 0.06 8.06 0.15 144.89 0.03 242.98 2.04
DA: Decayed activity; IA: Initial activity; STD: Standard deviation

Fig. 2:  comparison of measured, decayed and simulated dose rates for low dose rate Cesium brachytherapy sources

than 0.1 :Sv/h  even   though  its  sensitivity for Cs-137
is ±10% and capable of measuring doses in the range of
0.05 :Sv/h to 10 Sv/h.

Comparing the simulation of the Cs-137 MDR source
in Table 4 with the measured dose rates in Table 3, it was
observed that the simulated dose rates were all higher than
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Fig. 3: comparison of simulated, measured and reference dose rates for the current Cesium source

Fig. 4: Comparison of simulated and reference dose rates for a typical Medium dose rate  Cesium source
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Fig. 5: Comparison of simulated and reference dose rates for a typical high  dose rate cobalt source

Fig. 6: Comparison of simulated and reference dose rates for a typical high dose rate Iridium source
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the measured but lower than the reference dose rates with
the exception of points B and K. Point B is 0.57 :Sv/h
instead of a maximum of 0.50 :Sv/h for public areas and
point K is 8.06 :Sv/h instead of a maximum of 7.5 :Sv/h,
probably due to well shielded and collimated source.

Comparing the simulation of Co-60 HDR and Ir-192
HDR in Table 4 with the reference dose rates, it was
observed that all the dose rate values simulated Co-60
HDR are far higher than the reference values. With the Ir-
192 HDR it was observed that the simulated dose rates for
five points namely D, E, F, G and I are lower than the
reference values. Six of the points namely A, B, C, H, J
and K are all higher than the reference dose rates.

Figure 2 presents measured dose rates, decayed
activities dose rates and dose rates for the initial activity
of the existing Low Dose Rate (LDR) Cs-137 source. It
was observed that all dose rates for the points A, B, C, D,
E, F, G, H and I are all below the reference dose rate
value. Points J and K are controlled areas and their dose
rates are also below the reference dose rate value.

Figure 3 presents reference dose rates, simulated dose
rates and measured dose rates of the initial activity source
of Cs-137. All points within the public areas were again
below the reference dose rate, same applies to the points
within the controlled areas.

Figure 4 presents dose rates of a simulated medium
dose rate (MDR) Cs-137 source compared with reference
dose rates levels. It was observed that points B and K
have dose rates higher than the reference dose rates, the
rest are all lower.

Figure 5 presents simulated dose rates for a high dose
rate (HDR) Co-60 source compared with the reference
dose rates with the same existing wall thickness of the
existing unit. It was observed that all the dose rates at all
points are higher than the reference dose rates.

Figure 6 presents the dose rates of higher dose rate Ir-
192 compared with reference dose rate levels. It was also
observed that five (5) points are higher than the reference
and six (6) points are lower than the reference dose rates.

CONCLUSION

The measured dose rates at the selected locations
representing supervised areas are all below the
recommended values for public areas of 0.5 :Sv/h, whilst
the controlled areas are also below the value
recommended for controlled areas of 7.5 :Sv/h.

This implies that the biological shielding design of
the facility is adequate to attenuate the gamma radiations
from the brachytherapy sources used for treatment and
hence the general public and staff are adequately
protected for the existing LDR Cs-137.

It was also observed that the Cs-137 MDR
brachytherapy source of activity 22.2 GBq can be used
with the existing biological shielding but with restrictions

to points B and K which are slightly higher than the
reference dose rates.

For the Co-60 HDR and the Ir-192 HDR, it can be
concluded that the Co-60 HDR cannot be used with the
existing biological shielding since the dose rates are all
higher than the reference dose rates. Ir-192 HDR can also
not be used since dose rates at six points are extremely
higher than the reference dose rates. Use of these sources
at the brachytherapy unit will need additional shielding
requirements. 
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