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Abstract 

Lead equivalent thickness measurement of a shielding material in diagnostic radiology is very important to ensure 
that requirements for the purpose of radiation protection of patients, employees and the public are met. The 
Malaysian Ministry of Health (MOH) has established that the irradiation room must have sufficient shielding 
thickness, for example for general radiography it must be at least equal to 2.0 mm of Pb, for panoramic dental 
radiography at least equal to 1.5 mm of Pb and for mammography should be a minimum of 1.0 mm of Pb. This paper 
presents a technique using americium-241 source to test and verify the integrity of the shielding thickness in term of 
lead equivalent for irradiation room at Institute Kanser Negara (IKN) and General Melaka Hospital. Results of 
measurement of 10 irradiation rooms conducted in 2012 were analyzed for this presentation. Technical comparison of 
the attenuation of gamma rays from Am-241 source through the walls of the irradiation room and pieces of lead were 
used to assess the lead equivalent thickness of the walls. Results showed that almost all the irradiation rooms tested 
meet the requirements of the Ministry of Health and is suitable for the installation of the intended diagnostic X-ray 
apparatus. Some specific positions such as door knobs and locks, electrical plug sockets were identified with potential 
to not met the required lead equivalent thickness hence may contribute to higher radiation exposure to workers and 
the public. 
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Abstrak 
Pengukuran ketebalan kesetaraan plumbum bagi bahan perisai dalam bidang radiologi diagnostik adalah sangat 
penting untuk memastikan ia memenuhi keperluannya untuk tujuan perlindungan sinaran kepada pesakit, pekerja dan 
orang awam. Kementerian Kesihatan Malaysia (KKM) telah menetapkan bahawa ketebalan perisai bagi bilik 
penyinaran mestilah mencukupi dan ianya adalah bergantung kepada kegunaan bilik tersebut, misalnya untuk bilik 
radiografi am sekurang-kurangnya setara dengan 2.0 mm.Pb, pergigian jenis panoramik 1.5 mm.Pb dan mammografi 
1.0 mm.Pb.  Kertas kerja ini membentangkan teknik penggunaan punca Americium-241 untuk menguji integriti perisai 
dan pengesahan ketebalan kesetaraan plumbum bagi bilik-bilik sinar-X yang akan digunakan di Institut Kanser 
Negara (IKN) dan Hospital Besar Melaka.  Keputusan pengukuran terhadap 10 bilik penyinaran yang dilaksanakan 
pada 2013 telah dianalisa untuk pembentangan ini. Teknik perbandingan keupayaan penembusan sinaran gama dari 
punca Am-241 menembusi dinding bilik penyinaran dan kepingan plumbum telah digunakan untuk menilai ketebalan 
kesetaraan plumbum. Keputusan pengukuran menunjukkan keseluruhan bilik-bilik penyinaran yang diuji menepati 
kehendak Kementerian Kesihatan Malaysia dan sesuai untuk pemasangan radas penyinaran berkaitan. Beberapa 
posisi-posisi tertentu antaranya pada tombol kunci, soket plug dikenalpasti mempunyai potensi untuk menyumbang 
dedahan sinaran yang lebih tinggi kepada pekerja dan orang awam. 
Katakunci: Ketebalan kesetaraan, radiology diagnostik dan penembusan. 
 
 
 
 
 
 
 
 
 



INTRODUCTION 
 
X-ray is a potentially hazardous type of ionizing radiation used in hospitals to produce images of the body’s internal 
organs for diagnostic purposes. The dedicated walls x-ray rooms within a hospital or imaging facility shall be of 
sufficient thickness to make sure that radiation doses outside the room do not exceed the limits for radiation workers 
or members of the public. Shielding requirements for protective barriers are usually specified according to the 
calculation concept of the National Council on Radiation Protection and Measurements (NCRP) Report No 147. The 
Malaysian Ministry of Health (MOH) has established that the irradiation room must have sufficient thickness of 
shielding. Table 1 shows the Guideline for the shielding at the door and wall of x-ray room in order to obtain class C 
licence under the atomic energy licensing act (act 304) from the MOH. In this guideline, it is stated that the thickness 
equivalent for general radiography, Computed Tomography room shall be at least equal to 2.0 mm Pb, for x-ray dental 
panoramic (OPG) of at least 1.5 mm Pb, while for mammography of at least 1.0 mm Pb. 
 
Failure in shielding has led to cases of unnecessary radiation exposure to publics, staffs and patients. Therefore, the 
construction of x-ray room at the hospital or radiology centre should be verified to ensure sufficient protection to the 
public, staff and patient. Lead equivalence thickness testing is important as part of radiation protection to ensure the 
protective equipment in hospital, clinics and radiation areas comply with MOH regulations. This paper presents a 
technique using Americium-241 source as to test and verify the integrity of the shielding thickness in term of lead 
equivalent for general radiography, Computer Tomography, Gama Camera and operation theatre (OT) rooms at 
National Cancer Institute and Hospital Melaka. 
 
Table 1. The Guideline of the shielding at the door and wall for x-ray room to obtain class C licence under the atomic 
energy licensing act (act 304) from the Ministry of Health Malaysia (MOH). 
 
Type of Irradiating apparatus Thickness of Shielding at the door and wall 
General X-ray 2.0 mm Pb eq 
Dental X-ray 1.0 mm Pb eq 
X-ray OPG 1.5 mm Pb eq 
Fluoroscopy 2.0 mm Pb eq 
Mammography 1.0 mm Pb eq 
Angiography 2.0 mm Pb eq 
C. T. Scanner 2.0 mm Pb eq 
 

 

MATERIALS AND METHODS 

Lead is a metal which has the property of attenuating x-ray radiation due to its high density. Hence lead sheets or 
equivalent shielding materials are used in radiology for x-ray protection.   Lead is not the only choice for x-ray room 
shielding, but it is the most commonly used because of its effectiveness as X-ray barrier. 
 
Lead equivalent thickness is defined as the thickness of lead required to achieve the same shielding effect against 
radiation, under specified conditions, as that provided by a given material.  It must be emphasized that the lead 
equivalent thickness of a material is very much dependent on the energy of the photons.  One of the most common 
approaches to minimize radiation exposure from medical x-ray machine is to apply appropriate shielding. Shielding is 
one of the important parameter used for radiation protection in most practical applications. 
 
The effectiveness of shielding to reduce exposure depends on the nature of the shielding material and its thickness.  
Transmission of X-ray beam in a shielding material is illustrated in Figure 1. 
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Fig. 1 : X-ray beam before and after incident 
 
The fundamental relationship between incident radiation intensity of a narrow beam (Io), radiation intensity after 
shield (I), shielding material linear attenuation coefficient (μ) and its thickness (t) is given by equation 1. 
 

I = Io . e-μt             or       ln (I/Io) = - μ . t     (1) 
 
A plot of (I/Io) on log scale versus t should produce a linear graph with a negative gradient equal to (μ).  This 
fundamental theory is applicable to any shielding material under the narrow beam condition.  Normalized dose rate 
ratios (I/Io) for lead sheet of thickness 1, 2, 3, 4 and 5 mm are measured to produce a calibration curve for measuring 
lead equivalent thickness for any other shielding materials. This is achieved by comparing normalized doserate for a 
shielding material with the calibration curve to obtain the lead equivalent thickness for that radiation room shielding. 
Figure 2 shows the calibration curve that is used in this study to interpolated the absolute lead equivalent thickness.  
 

 

Fig 2: the calibration curve 

In this study, the measurement of lead equivalent thickness of radiation barriers was done for ten irradiations rooms at 
National Cancer Institute and Hospital Besar Melaka. The irradiation rooms were constructed for general radiography 
works (2), computed tomography (3), angiography (1), gamma camera (1) and operation theatre (3).  The study was 
conducted by the Medical Physics Group in 2012. Measurements were performed so as to ensure the rooms have 
sufficient thickness of shielding in accordance with the requirements of the MOH.  

Test procedure used in this study was based on comparison of the penetration of radiation from Am-241 (7.4 GBq) 
radioactive sources on the protective barriers under test (wall, door, etc) with that as on piece of pure lead sheets. The 
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lead equivalent measurements for the X-ray rooms were carried out at positions such as walls, doors, lead glass and 
weak point locations such as doorknobs, electrical sockets and switches, lead glass frame, pipelines and the door slits.  
The sealed sources of Am-241 emits gamma rays of 59 keV energy.  This energy is suitable for testing a general 
radiography room which is designed typically for kilovoltages of up to 150 kV X-rays, but it is too penetrative for 
dental or mammography rooms which are meant for kV ranges of up to 90 and 35 respectively.  However, this 
technique is approved by the national authority for verification of the shielding thickness for licensing purposes.  

Victoreen survey meter model 451P-RYR was used to measure the doserate.  This is a highly pressurized ionization 
chamber type designed with a minimum detectable doserate in 5 seconds response time (0 to 5 µSv/hr).   The scale 
linearity of the survey meter is within 10%  for the whole useful range.   The survey meter was calibrated at the 
national SSDL and maintained a valid calibration certificate throughout the study. The testing for lead equivalent 
thickness setup is shown in figure 3.  The ratio of doserate at a specific distance measured with and without shielding 
materials ware used to determine the lead equivalent thickness based on a pre-determined calibration curve.  

 

 

 

 

 

 

Fig. 3. The testing for lead equivalent thickness setup 

 

RESULT AND DISCUSSION 

Ten irradiation rooms were tested in order to verify their shielding integrity.  Seven at IKN and three at Hospital Besar 
Melaka. In IKN these irradiation rooms are generally used for four kinds of apparatus, namely general x-ray (2), 
computed tomography (3), angiography (1) and gamma camera (1). While in the three rooms at Hospital Melaka that 
have been tested is the operation theater (OT) where irradiating type C-arm will be placed in it.. Result showed that all 
of the Irradiation rooms meet the requirements of the MOH. All positions are tested to meet manufacturer 
specifications and minimum specifications by the MOH of 2 mm Pb. However, this measurement is valid for positions 
that have been measured only. 

Table 2 and 3 shows the minimum thickness for all positions that were measured for each irradiation room for IKN 
and Hospital Melaka. Table 2 shows that almost all of the positions in each irradiation measured in NCI gave readings 
equivalent thickness greater than 2 mm Pb except on the door knob position in the CT room. Table 3 also shows the 
chart of all the measured positions of the three OT room at Malacca Hospital gave readings equivalent thickness 
greater than 2 mm Pb meanwhile identified position on the door knob to give readings of less than 2 mm Pb. 
Similarly, the position of electric plug sockets. These positions usually identified as the weak point in the irradiation 
rooms. The measurements which were performed at weak point positions (doorknobs, electrical/switch sockets, lead 
glass frame) for all irradiation rooms indicated they may contribute to higher radiation exposure to workers and the 
public. Weak point is where the term equivalent thickness of Pb is less because of weak or compromised structures. 
By taking into account that the primary beam is not directed towards the wall with the weak points, then the results are 
thus acceptable. 
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Table 2. The minimum Lead Equivalent thickness for irradiation rooms according to the position at National Cancer 
Institute 
 

Minimum lead eq. (mm) 

Positions Wall Door Lead Glass Door Knob 
Lead Glass 

Frame 
Electrical 

Socket 
Computed  
Tomography rooms 2.4 >2.5 >2.5 1.9 2.3 2.3 
General X-ray rooms >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 
Angiography rooms >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 
Gamma camera room >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 

 
 
Table 3. The minimum Lead Equivalent thickness for Operation Theatre (OT) rooms according to the position at 
Hospital Melaca 
 

Minimum lead eq. (mm) 

Positions Wall Door Door Knob Lead Glass Frame 
Electrical 

Socket 
OT Rooms 2.1 2.4 1.2 >2.5 1.5 

 
Lead is the most common material used for x-ray shielding because of its high density (11340kg/m3). Besides density 
of the shielding materials, there are many other factors that require serious consideration before choising of a shielding 
material. These factors include space availability (size of room), weight of the shielding material, cost of the material 
and its installation and availability of the material in local market. In this study the material used to construct the x-ray 
room walls are a mixture of concrete and barium plaster. Barium plaster is a specially mill-mixed gypsum plaster 
containing barium salts. Taking weight and ease of installation as consideration, a mixture of concrete and barium 
plaster are suitable and practical to be used for shielding purposes for most x-ray modalities in diagnostic radiology. 
For door, the lead is usually “sandwiched” on both sides by wood and it is usually difficult to tell if a door is shielded 
just by looking at it unless one observe it along the door edges to see if the door contains a sheet of lead. 

In consideration for the confirmation of the thickness of the room it should be taken into account the energy of the 
photons produced by the radioactive sources used. Radioactive source used in this study is Am-241 emitting gamma 
rays of 59 keV energy which is roughly equivalent to 100 kV x-rays.. If x-ray machine produce lover kV x-rays for 
example dental and mammography with kV ranges of up to 90 and 35 respectively, their lead equivalent thickness is 
expected to be more as compared to the values obtained using am-241 as used in this work. 

 

CONCLUSION 

Results for measurement of lead equivalent thickness of irradiation room indicated that all of the Irradiation rooms 
meet the requirements of the MOH. All positions are tested to meet manufacturer specifications and minimum 
specifications by the MOH of 2 mm Pb. However, this measurement is valid for positions that have been measured 
only. As a final conclusion, certain tests such as that had been done in this study is very important in ensuring that the 
rooms are built to meet the needs of the MOH to ensure safety of all concern. 
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