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ABSTRACT

The national regulatory body in the state regulates the source of ionizing radiation, to optimize exposure
for occupational radiation workers and public. The Bangladesh Atomic Energy Regulatory Authority covers
all radiological regulatory aspects of ionizing radiation, such as diagnostic X-ray facilities for all practices
and intervention requirements. The study presents an assessment and analyses the degree of technical
radiation protection requirements and the status of improvement in the national requlatory standards for 230
different facilities in the four particular districts in Bangladesh. The main objective is to ensure all the
regulatory requirements are being fulfilled by analyzing data on radiation protection matters. In the cases
of public and radiation workers, approzimately 77% and 56% of dose rates in the ezamined facilities,
respectively, were following the radiological protection technical regulation. However, significant progress

has been observed in the facilities in the last few years since the authority initiated the regulatory program.

ABSTRAK

Badan kawal selia kebangsaan di negeri ini mengawal sumber sinaran mengion, untuk mengoptimumkan
pendedahan untuk pekerja sinaran pekerjaan dan orang ramai. Pihak Berkuasa Pengawalseliaan Tenaga
Atom Bangladesh meliputi semua aspek pengawalseliaan radiologi sinaran mengion, seperti kemudahan X-
ray diagnostik untuk semua amalan dan keperluan intervensi. Kajian ini membentangkan penilaian dan
menganalisis tahap keperluan perlindungan sinaran teknikal dan status penambahbaikan dalam piawaian
kawal selia kebangsaan untuk 230 kemudahan berbeza di empat daerah tertentu di Bangladesh. Objektif
utama adalah untuk memastikan semua keperluan pengawalseliaan dipenuhi dengan menganalisis data
mengenai perkara perlindungan sinaran. Dalam kes pekerja awam dan sinaran, kira-kira 77% dan 56%
daripada kadar dos di kemudahan yang diperiksa, masing-masing, mengikut peraturan teknikal perlindungan
radiologi. Walau bagaimanapun, kemajuan ketara telah diperhatikan dalam kemudahan dalam beberapa

tahun kebelakangan ini sejak pihak berkuasa memulakan program pengawalseliaan.

Keywords: Ionizing Radiation, X-ray Facility, Regulatory Authority, Radiation Protection,
Occupational Worker.
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INTRODUCTION

Radiation may have a significant impact on health and disease, possibly with proper use and prevention of misuse or
overuse. It has many beneficial applications, but, as in every single activity of human life, when risks are associated
with its use, specific actions need to be put in place to protect the people and environment. Although ionizing
radiation has many benefits, it can also be detrimental (1). It can come from various sources, including cosmic rays
and natural radionuclides in air, food, and water (2). The rationale for using radiation for diagnosis and treatment is
developing, and hence the need that this practice be promoted and perfected (3). Protection from radiation risks

needs to be improved (4). Therefore, appropriate justification is needed before using radiation.

The Basic Safety Standard (BSS 115) of International Atomic Energy Agency (IAEA) has outlined basic steps for
creating a legislative and regulatory framework to guarantee a secure and safe working environment in radiation
installations (5). First of all, BSS 115 categorizes the radiation exposure into the three categories such as occupational,
medical and public exposures. Occupational exposure is defined as the exposure that is incurred while at work and
mostly as a result of work. The public exposures include all other exposures, while the medical exposures, which are
mostly exposures of patients, are obtained during diagnosis or treatment.

Moreover, this medical exposure is the largest man-made source of radiation exposure, accounting for more than 95%
of total radiation exposure (6). According to IAEA and national standard, the requirements of fundamental radiation
protection principle are desired to be followed during working with any sort of radioactive materials or radiation
generating equipment (such as X-ray machines, CT scanners, Dental, Mammography, C-arms etc.) (7).

In order to reduce radiation destructive impacts, the International Committee on Radiological Protection (ICRP)
developed dose limits for usage in the workplace and by the general public in 1960. Nevertheless, there is still no
exposure limit for patients; instead, advisory levels are offered for them (8). Therefore, it is very important to know
about radiation mechanisms, the dose from regularly used radiation generating equipment, the magnitude or limit,
and type of risks (9,10). Generally, society accepts radiation risk on the conditional basis as benefit to be gained from
the use of radiation generating equipment or radioactive sources. However, the risks should be limited and complied
against the application of radiation safety standards developed by national and international organizations (11).

In Bangladesh, radiological diagnostic facilities having radiation generating X-ray units are consistently increasing
day by day from city to rural areas, for establishing the public health demand. It has been determined that in order
to ensure effective, efficient, and uniform regulatory control in medical X-ray equipment and installations, the
radiation protection infrastructure of every X-ray unit in the nation needs to be specifically analyzed. In Bangladesh
the radiation safety and radiological protection issue was taken up into account in the end of the 90s. Regulatory body
in the country overseeing a program to evaluate the infrastructure for radiation safety and protection by conducting
regulatory inspections and radiation surveys of all radiation-generating machinery in the nation. The situation
gradually started improving and regulatory inspections were performed from time to time in order to update the
inventory and make the concerned people alert towards the radiation safety, which has been reflected in the post
regulated scenarios of the radiation protection infrastructure of the facilities. In this report some inspections were
carried out to collect and investigate the regulatory data on such radiation generating equipment in four different
districts in Bangladesh (Feni, Jhalokati, Rajshahi, and Cox's Bazar) as a part of the regulatory program. The present
study could help those districts as well as whole country for strengthening their radiation safety and protection

infrastructure in the future.

STATUS OF RADIATION SAFETY AND PROTECTION
INFRASTRUCTURE DEVELOPMENT

1.1 Legislative framework and international legal instruments
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People have the fundamental right to get health treatment, and the government shall regard the improvement of
public health as among its primary duties, as stated in the constitution of Bangladesh. In the 1990s, the Bangladesh
Atomic Energy Commission (BAEC) took the initiative to develop a legal framework for controlling radiation-related
activities. On the basis of this effort Bangladesh government promulgated Nuclear Safety and Radiation Control
(NSRC) act in 1993 and the corresponding NSRC rules in 1997 where the basic radiation safety requirements of BSS
115 have been incorporated (12,13). For betterment of peaceful atomic activity and to ensure nuclear and radiation
safety in a superior way as well as to establish an independent regulatory authority, named as Bangladesh Atomic
Energy Regulatory Authority (BAERA) (11). The nuclear and radiation safety legislation and regulation are shown in
Figure. 1 in a hierarchical order. BAER Act-2012M) is the comprehensive legal framework for the regulation and
monitoring of peaceful applications of atomic energy and radiation, which covers the issues of safety and radiation
protection, environmental protection, control of the operation, emergency preparedness, and response, transport of
nuclear and radioactive material etc. It can be mentioned here that the ‘NSRC Act-1993’ is repealed now, as BAER
Act-2012 is promulgated. Bangladesh does not have a distinct legislation pertaining to radiation safety aside from
these Acts.

Constitution
(Bangladesh, 1972)

BAER Act-2012

NSRC rules - 1997

Regulatory Guides,
‘. Standards, Codes etc.

Figure 1. Hierarchy of legislative framework for radiation safety

Regulatory framework

The regulatory framework is based on the BAER Act-2012 and the subordinate legislation i.e. bylaw-the NSRC rules-
1997, which is still enforced (13). As shown in Figure. 1, radiation safety regulations, safety guides, standards, and
codes for design, construction, inspections, licensing reviews, and enforcement activities are yet to be developed.
Establishment of the regulatory authority, office premises, constitution, tenure of chairman and members, and
responsibilities and functions of the authority is stated in Section 4, 5, 6, 7, and 11 of the BAER Act-20120%. The
prime responsibility of the regulatory authority is to regulate the radiation safety through authorization, inspection,
and enforcement under the provision of Section 11 of the BAER Act- 2012 and the nuclear safety and radiation control
(NSRC) rules-1997. Within the existing structure of the government, as shown in Figure. 2, BAERA operates as an
autonomous body under the MoST. BAERA has five divisions. Among them, the nuclear safety, security & safeguard
division is responsible for safety of nuclear activities while the radiation, transport & waste safety division is overseeing
the safety of nuclear and radiological activities. The decision-making body of the regulatory authority consists of four
members and a chairman. The chairman is the chief executive who works under the secretary and minister of the

Ministry of Science and Technology (MoST). To create any regulatory documents such as regulations, rules,
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standards, guides, codes, etc., the regulatory authority has to take the proper initiative following the BAER Act-2012
and BAERA’s administrative MoST is the responsible organization to approve them.

Parliament

Legislative & Parliamentary Affairs Ministry Inter Ministerial Communications

ek

Figure 2. Structure of national framework of regulatory for radiation safety

If a new Act/law is to be developed or the amendment of BAER Act-2012 or NSRC rules-1997 is required, it will go
to the concerned law ministry, cabinet, and then to the parliament for final approval. To acquire a license, the

licensee should apply to the regulatory authority in filling out all prescribed forms by the regulatory requirements.

Regulatory body inspection and responsibilities

The inspection checklist is one of the most crucial inspection tools for the regulatory body to properly conduct the
inspection procedure. The prime activity of the regulatory body is the so- called planned inspections. The inspection
may take place either announced or unannounced. Unannounced inspections force the regulatory agency to investigate
the facility's actual condition. This makes this kind of inspection the preferable one over the others. The other type
of inspection is the announced inspection, which enables the inspectors to actively interview users or RCOs (Radiation
Control Officers) and cover a wide range of topics with them. For computed tomography (CT), interventional
radiology (IR), fluoroscopy, and mammography X-ray facilities, the recommended minimum range of inspection
frequencies is 3 years, but the corresponding number for conventional X-ray is 5 years (14,15). The ability to
regularly apply for the quality control program, as outlined in the international guideline; the positioning of the X-
ray machine and the layout of the X-ray room with regard to occupancy and neighboring room. The inspector should
choose radiation measurement instruments at random, such as portable survey equipment or stationary monitoring

equipment, and assess them to ensure their effectiveness (15).

The following items will be examined by the regulator: (i) The managing organization's users are equipped with a
system to guarantee that medical exposures are covered by an approved method and handled by occupational
radiation workers in accordance with the ALARA concept (as low as reasonably achievable). (ii) The duty of
protecting patients was delegated in a way that is appropriate for a trained medical expert, such as a radiologist.
(iii) The calibration of the user equipment, such as clinical dosimetry, imaging tools, and quality control, was created
for a skilled specialist, like a medical physicist. (iv) All radiation workers possess valid credentials and enough training
in radiation protection and legal requirements. (v) The absorbed dose provided to the patient must be optimized,
and a program for quality control test procedures for X-ray machines, including dose measurements, must be
frequently carried out at the facility (15, 16).
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METHODOLOGY

A comprehensive inspection/re-inspection was carried out and a detail radiation safety assessment has been performed
in the 230 private and government diagnostic facilities containing with X-ray units, which are located in at four
different districts in Bangladesh. For this current investigation, we choose Feni (South-eastern), Jhalokati
(Southern), Rajshahi (Mid-western), and Cox's Bazar (South-eastern) district in Bangladesh.

@ Feni District

O Jhalokati District

@ Rajshahi District

@ Cox’s Bazar District

75 igakm

The above map shows the locations of the medical or diagnostic facilities in Bangladesh where the inspections and re-
inspections were ethically performed.

Inspection parameters and instruments

This study used a quantitative, non-experimental, descriptive method to gather data on radiation protection and
safety measures. At first, a full fledge regulatory inspection checklist/questionnaire was prepared including various
regulatory information from the construction design and layout of the X-ray facility for the field survey. The checklist
consisted of a combination of 17 closed and open-ended regulatory requirements. The dimensions of the room,
including its length and width, wall thickness, door and control panel shielding condition, and thickness, were used
to design the layout of the radiation-generating X-ray machine room. The layout also included the locations of the
X-ray machine, chest stand, control panel, dark room, computed radiography room, and surrounding areas.

In this inspection the radiation exposure levels were measured using two portable Geiger Muller (GM) and
scintillation micro-Roentgen survey meter (LUDLUM, Model: 3 and 26) and pressurized ion-chamber (LUDLUM,
Model: 9DP) type of radiation dose rate meters. For GM or scintillation based micro-Roentgen survey meter, the
reading in  PRwere converted to B¢/ towsingion factor (from the definition of Roentgen). The dose rate
was then assessed at various points within the X-ray room, including the control panel (CP), entrance door (ED),
dark room (DR), computed radiography (CR) room, as well as any extra doors. Year of putting in of the X-ray
machine, type of the X-ray machine, including model, serial number, manufacturer, maximum tube potential (kV),
maximum tube current (mA), light beam diaphragm, and total tube filtration, as well as the number of radiation
workers involved, including the technologist and technician, were also noted during the inspection. The investigation
found that personal monitoring data are kept and retained, adequate personal protective equipment is available, and
occupational worker wear personal dosimetry devices on the proper part of their bodies. It was determined whether
or not the persons around and the general public were exposed to radiation by observing the areas around the X-ray
room. Also, it is evaluated to determine whether facility staff members are abiding by the rules and effectively carrying
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out their normal duties. The existence of a radiation sign and a warning signal at the X-ray room's appearance point
was also evaluated.

An inspection report was created after compiling a variety of regulatory data, and it contained recommendations for
enhancing the radiation safety status. Subsequently, a re-inspection was carried out to determine whether any changes
had been made to the facilities with regard to the radiation protection issue. In this study, findings also include an
analysis of the current regulatory data in comparison to previous inspection data which have been presented in the
different tables.

Statistical Analysis

The regulatory data where cumulatively collected and analyzed using tables, charts, and graphs to determine the
safety culture that deal with radiation in the above X-ray facilities where the equipment and the checklist was used.
All the results are reported as an arithmetic mean value and the spread of the data is given by standard error. Data
were processed and visualized using Microsoft Excel (Microsoft Office 2019, Ver. 16.0.10730.20102) and OriginPro
2019b (OriginLab Corporation, Ver. 9.6.5.169).

RESULTS

The investigation was done for X-ray units and their corresponding radiation workers in the field of medical or
diagnostic radiography. A total of 230 facilities out of 350 were analyzed in four different districts in several region of
Bangladesh, where almost 281 radiation generating machines were carefully inspected. Among all the machines, the
most fixed type X-ray machines were found.

In Table 1, the number of monitored medical or diagnostic facilities in the corresponding year is depicted, and an
increasing tendency is observed in the number of facilities as well as X-ray units, whether they are authorized or not.
Table 1 illustrates the facility authorization features before and after the commencement of the regulatory functions
by the competent authority. Less than half of all radiological facilities for each district were found in the areas where
re-inspection was performed. After statistically normalizing the data, the majority of the column in Table 1 shows
the value of the count and percentage. During the midterm period of both inspections, more than 73% to 86% of the
registered (data from the previous inspection done in 2017-2018) radiological facilities in four distinct districts in
Bangladesh were authorized by the competent regulatory authority. On the other hand, we discovered that, 6-10
months after the last surveys, which were conducted in 2022, almost 36% to 61% of facilities had already received their
authorizations. Actually, the total number of X-ray facilities is increasing from 100 to 230, which is more than double
the number reported in both inspections. Numerous radiological facilities have attempted to obtain licenses following
the inspections in 2017-2018 and 2022; in this instance, we calculated that 17% to 37% and 16% to 36% of new
facilities, respectively, had applied for authorization. However, we also discovered that there are a few radiological
facilities that have not submitted licensing applications yet; the number is about 14% to 27% of the assessed facilities.

Table 2 demonstrates the facilities (count and percentage) in accordance with their radiation- monitoring findings.
Regarding the dosage levels, we separated the public dose (maximum value) for radiation at the X-ray room's entrance
door or other external areas and the dose (maximum value) for occupational workers who are in close proximity to
radiation-generating equipment, which is a major concern from the regulatory point of view. We also distinguished
the radiation dose level as normal (less than equal 5 pSv/hr for public) and unsatisfactory because the dose rate
exceeded the regulatory limit (greater than 5 pSv/hr for occupational worker) and the shielding in the entrance door
and control panel was inadequate. We found that the average normal dose rate for public is about (73 £ 7) %
facilities of the four districts while (27 £ 7) % facilities hold the average unsatisfactory dose rate. Where, the Feni
and Jhalokati district are engendered the maximum average dose rate for public with normal and unsatisfactory
cases, respectively. Furthermore, we discovered that the average normal dose rate for occupational workers in the
four districts is approximately (56 + 10) %, while the average unsatisfactory dose rate is (44 &+ 10) %. Thus, the Feni
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and Rajshahi districts have the highest average daily dose rates for occupational workers with normal and

unsatisfactory cases, respectively.

We measured and analyzed the dose rate at different location and recorded the instant highest radiation exposure
dose rate in the medical or diagnostic facility. The histograms of maximum values of effective dose rate for both,
public and occupational workers with corresponding number of facilities are presented in Figure. 3. The peak of the
histogram shifted in the right direction with dose rate (Figure. 3 (A-D)), which can be clearly shown by comparing
Figure. 3(A) and Figure. 3(B). The histograms were fitted by the well-known lognormal distribution (17,18). The

probability density function for dose rate is as follows:

{In(Dr) - pj?
[——1 Eq. 1

(D) = form=exp

where, Dy is the value of the dose rate for each facility, W is mean and G is standard deviation. The values of W and
G were obtained from the fitted curve. The lognormal distribution of the given equation is a skew distribution in
which the mean is usually larger than the mode. It is typically used in the description of the distribution along with

other phenomena having large data range.
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TABLE 1. COMPARISON OF RADIOLOGICAL INFRASTRUCTURE BEFORE AND AFTER
COMMENCEMENT OF REGULATORY INSPECTIONS

. Authorized X-ray Facility,
o o Total Facility, N N (% Duration of Both | Facility Not | New Issue (After
District s Location in (%) . . . Before 2023 Not
N Baneladesh Bet. Bet. Inspection (New | Licenced (At |Last Inspection), L 4N (%
ame anglaces COTE At 2022 elore At 2022 | Licenced), N (%) | 2018), N (%) N (%) icenced, N (%)
2018 2018
) South-

Feni eastern 43 7 35 (81%) 47 (61%) 12 (29%) 08 (19%) 06 (20%) 24 (80%)
Jhalokati Southern 13 27 11 (85%) 16 (59%) 05 (31%) 02 (15%) 04 (36%) 07 (64%)
Rajshahi Mid-western 14 58 12 (86%) 21 (36%) 08 (17%) 02 (14%) 06 (16%) 32 (84%)

Cox’s South-
Bavar eastern 30 68 22 (73%) 39 (57%) 17 (37%) 08 (27%) 07 (24%) 22 (76%)
Table 2. Estimated radiological infrastructure along with the facilities' radiation exposure dose levels
X-ray Facility Considering Dose Level for Public X-ray Facility Considering Dose Level for Worker
District s FT(?fil MTO?I Normal Dose Rate Unsatisfactory Dose Rate Normal Dose Rate Unsatisfactory Dose Rate

Name acjlvl Vs a;:vln, ( <5 USv/h (>5 nSv/h) ( <5 USv/ (>5 nSv/h)

N (%) Mean + SE N (%) Mean + SE N (%) Mean + SE N (%) Mean + SE

Feni 7 93 68 (88%) 9 (12%) 56 (73%) 21 (27%)

Jhalokati 27 30 16 (59%) 11 (41%) 16 (59%) 11 (41%)
Rajshahi 58 69 (%) | BED% | g7 009 | CTEN% | 1g@1%) | G6E10)% | 4o g9%) |(44£10) %

Cox’s

Bavar 68 89 50 (74%) 18 (26%) 42 (62%) 26 (38%)

*N is the number of counts, ‘%’ is the percentage, and ‘SE’ is the standard error.
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Figure 3. Dose rate distribution histograms for public (22) and occupational workers (- ) of all the
inspected facilities in the four districts. (A) Feni (B) Jhalokati (C) Rajshahi, and (D) Cox's
Bazar. N indicates the number of measured dose rate of all the facilities in the four
distinguished districts. The best fitting theoretical curves (blue and red lines) corresponding
to Eq. 1.

From the fitted curves (blue and red solid lines), we got the values of WL and O . Using these values, it was calculated
the mean values of dose rate for normal and unsatisfactory radiation exposure of the distribution. As we mentioned
above, the mean values with standard error of radiation exposure from the X-ray generating equipment for district
wise medical or diagnostic facilities are shown in Figure. 4. For both, public and occupation worker's mean dose date
is illustrated in Figure. 4(A) and Figure. 4(B), respectively. We investigated that the normal dose rate for both public
and occupational workers of all districts are very much similar to each other. The mean radiation dose rate for public
at Cox's Bazar is higher than other three districts. Again, we measured that the mean radiation dose rate for
occupational worker at Rajshahi district more than others. With regards to the dose levels, the patient entrance door
and waiting place areas are major sources of concern from the regulatory perspective. All the values of mean dose
rate with standard error for both public and radiation workers of all facilities in each district are provided in SM1.
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Figure 4. Mean dose rate for normal (0O) and unsatisfactory () radiation exposure from all the
corresponding inspected facilities in the four districts. (A) Public dose record (B) Occupational
worker s dose record. FD, JD, RD, and CD indicate the district of Feni, Jhalokati, Rajshahi, and

Cox"s Bazar, respectively.

Figure. 5 shows the assessment of radiation safety equipment available in all the observed facilities of the four districts.
According to the figure, some progress has been made in respect to the availability of accessories especially lead
apron, lead thyroid collar, and lead equivalent eye goggles in case of radiation protective equipment, lead hand gloves
are not available in any of the facilities. As per national act or regulations and international safety standards these

tools are obligatory for the medical and diagnostic practices.

Figure 5. Assessment of radiation protective equipment in the four districts (FD, JD, RD, and
CD indicate the district of Feni, Jhalokati, Rajshahi, and Cox"s Bazar, respectively). LA,
LTC, and LEEG indicate Lead Apron, Lead Thyroid Collar, and Lead Equivalent Eye
Goggles, respectively.

We calculated that almost 96% of facilities, excluding Jhalokati district, have the lead apron, whether they use it or
not. However, the findings in the case of lead thyroid collar and lead equivalent eye goggles availability are

diametrically opposed. All the data that belongs to radiation safety equipment are provided in SM2.

10
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Now, Figure. 6 illustrates the assessment of radiation shielding availability in all the observed facilities of the four
districts. Among the shielding systems for radiation protection, the availability of entrance door shielding, control
panel: lead equivalent barriers/mobile lead shields, window shielding, etc. are carefully evaluated. So far, we found
that most of the facilities in the four districts have a good percentage of entrance door shielding availability, with
Feni showing the highest recognition. However, the medical or diagnostic facilities in the Jhalokati district have a

very low number of the entrance door shielding for radiation protection.

Figure 6. Radiation shielding assessment in the four districts (FD, JD, RD, and CD indicate
the district of Feni, Jhalokati, Rajshahi, and Cox's Bazar, respectively). EDS, CP:
LEB/MILS, and WS indicate Entrance Door Shielding, Control Panel: Lead Equivalent
Barrier/Mobile Lead Shield, and Window Shielding, respectively.

We also observed that the shielding scheme for the control panel and window of the X-ray units for radiation safety,
the facilities in Feni districts carried higher numbers than others. All the data related to the shielding system for

radiation protection are provided in SM2.

In the present study, the availability of some essential radiation safety parameters, such as X-ray room size, warning
signal, and wall condition, is inspected. Figure. 7 demonstrates the assessment of the radiation safety parameters. Most
of the facilities in all the targeted districts contained a very low number of standard-sized rooms (225 ft?).
Approximately, 75% facilities are below standard, indicating that a significant improvement is required to meet
regulatory demands (19). Almost 90% of all X-ray rooms feature a 10-inch brick wall that achieves regulatory
requirements and effectually protects against radiation. In Figure. 7, a significant advance is observed in area
classification by putting up radiation warning signs, which was not convincing at all before the start of the regulatory
process. All the data related to the radiation safety parameters are provided in SM3.

11



JOURNAL of NUCLEAR and Related TECHNOLOGIES, Vol. 22, No.1, January-June 2025

Figure 7. Indispensable parameters for radiation safety in the four districts (FD, JD, RD, and CD indicate
the district of Feni, Jhalokati, Rajshahi, and Cox's Bazar, respectively).

The status of the radiation monitoring dosimeter and individuals with knowledge of radiation control activities are
shown in Figure. 8. TLD badge is a radiation dose measuring device, that enables us to know whether we are working
within the safe dose limits prescribed in NSRC rules- 19973%. We found that about 52 facilities had the TLD badge
out of 77 in the Feni district, which was the maximum percentage (33%) of availability of all the other three districts,

where Rajshahi exhibits a very low quantity, as shown in Figure. (A).

Figure 8. Status of radiation monitoring equipment and personnel in the four districts (FD, JD,
RD, and CD indicate the district of Feni, Jhalokati, Rajshahi, and Cox's Bazar,
respectively). (A) Availability of thermoluminescent dosimeter badge (TLD) or any
personal radiation dosimeter (B) Availability of radiation controlling personnel.

12
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We also calculated the availability of the radiation control officer (RCO), who is the central point of reference for
radiation protection matters within a medical or diagnostic facility (20), as shown in Figure. (B). Feni and Cox's
Bazar districts accounted for 70% and 65% of the availability of such experienced radiation control personnel,
respectively. All the data related to the radiation dose storing equipment (TLD) and experienced executive personnel
are provided in SM3.

DISCUSSIONS

More than 73% of the list of the examined facilities in the four districts were authorized by state's regulatory authority
and accepted based on the national regulations and matched with the standards regulations. The operator of each
facility should be familiar with the guidance and documents related to the radiation protection program. The shielding
design for the walls and the areas around the entrance to the X-ray room were found to be around 80%, except for
Jhalokati district's facilities. The shielding requirements for the operator console to prevent unnecessary radiation
exposure were not sufficient for all facilities. In addition, other protective tool at each facility such as lead glass for
window shielding are almost available. The lead apron holder was present in the majority of the facilities that were
inspected, but it wasn't always used. Each facility's mobile X- ray machine storage and security were verified to be
in good working order. It's critical to note that none of the facilities we inspected had gonad shields or leaded screens
as protective barriers. Overall, the examined facilities show moderately good and sufficient shielding conditions based
on radiation the NSRC rules-1997 and safety standards (13, 14, 21). In the present report indicated that about 55% of
the inspected facilities except Rajshahi district do not have any personal radiation dosimeter such as a
thermoluminescent dosimeter (TLD) and most of those facilities do not keep a record for the personal dosimeter
reading at their facilities. Only 17-30% of the inspected facilities in the four districts have the standard sized room
for radiological operations. For the purpose of performing radiation safety and maintenance at those facilities,
approximately 55% of the facilities under inspection have radiation control personnel on hand. The majority of
technologists are trained through their professional work. For some of them, basic radiation protection training has
been offered by the Bangladesh Atomic Energy Regulatory Authority (BAERA). Finally, more than 50% of the
facilities examined do not have any warning sign or alarm warning light at their entrance to the room. Despite being
present at certain sites, radiation- warning signs were not used by the bulk of the facilities. Following the previous
inspections, the radiation technicians or operators in all X-ray facilities generally shown a good awareness of the
fundamental guidelines and safety directives in the medical and diagnostic area. According to the data analysis, about
one-third of the facilities meet the required radiological safety standards.

CONCERNS ON RADIATION PROTECTION AND RECOMMENDATIONS

The primary duty and responsibility of the regulatory body is to conduct inspections for nuclear and radiation-related
activities, including the radiological facility in the state (15). According to the United Nations Scientific Committee
on the Effects of Atomic Radiation (UNSCEAR), 4.2 billion diagnostic radiographs are produced annually by the X-
ray machines that are inspected globally, which makes the radiological survey essential for the inspection of diagnostic
radiology equipment (22).

The majority (more than 95%) of the radiation dosage that humans are exposed to comes from medical exposures.
Radiation protection is a crucial element of good medical practice. The three radiation protection principles of
justification, optimization and dose limitation are enshrined in the IAEA Fundamental Safety Principles (SF-1) and
apply to all medical and radiological facilities and activities that give rise to radiation risks (14, 23, 24). The
foundations of radiation safety practice are an understanding of external radiation protection measures as well as
technical aspects of operating the X-ray system. The three fundamentals of radiation safety to an operator include i.
time, ii. distance, and iii. shielding and dosimeter monitoring (21, 25). Radiation exposure can be accumulated over
the time of exposure. The physician must improve his interventional skills, and the radiographer must verify the X-

13



JOURNAL of NUCLEAR and Related TECHNOLOGIES, Vol. 22, No.1, January-June 2025

ray at the proper site and time without smudged images in order to reduce the usage time. Operators must maximize
their distance from the X-ray source as radiation intensity follows the inverse square law: if an operator maintains a
distance twice as far from the source as necessary, they can minimize their radiation exposure not to half but to one-
fourth (21, 26). Shielding can be applied externally, personally, or both. The degree of lead equivalence in each form
determines how much radiation protection it provides. A lead apron with or without shoulder coverings for breast
shielding, lead glasses, thyroid protectors, radiation- reducing gloves, and caps are all examples of personal shielding.
Attenuating 95-96% of the scatter radiation, the lead apron should be at least 0.35 mm thick (21, 27). The key
principles of protection systems and fundamentals radiation safety for human exposure are summarized in the

illustration, as shown in Figure. 9.

Protection Systems | RADIATION Q| Safety Fundamentals

Figure 9. Illustration of the systems of radiological protection and fundamental rules of radiation

safety.

To maintain optimal diagnostic image quality with the least number of risks and discomfort to patients, every
diagnostic X-ray facility is required to have a basic quality assurance (QA) program in place. The executive authority
should regularly review this program to evaluate the outcomes of each QA action. Also, it is advisable to identify and
include in the quality control (QC) manual all of the various significant components of the monitoring and
maintenance tasks.

The medical and diagnostic facilities, with assistance from the Ministry of Health or Directorate General of Health
Services (DGHS), Bangladesh, should work with BAERA to ensure complete compliance. Following the complete
implementation of the regulations governing radiation protection, a follow-up study should be conducted to evaluate
regulatory compliance and the different stakeholders' (administrators, clinicians and other healthcare staff, and the
public) awareness of radiation protection and safety. A study that will evaluate room design and the installation of
equipment to meet required radiation safety standards is recommended. The provision of additional training
opportunities for radiologists or technicians through RCO training and workshops run by BAERA should also be taken
into account, so they can adequately comprehend the regulations.

LIMITATIONS
Out of a possible 350 facilities in the inspected districts, only 230 were visited by the BAERA regulators, making it
impossible to confirm the veracity of all respondents' claims regarding the availability of tools and resources. The

technologists or technicians could have been biased when reflecting on radiation safety and placing blame on
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management of the facility. More thorough investigation of the management of the facilities and the maintenance of
X-ray generating equipment could be beneficial for future guidelines on the implementation of radiation safety in the
radiological facilities.

Table 3 shows what major actions are required based on gap identification in sections 4 and 5, and as an independent
and competent regulatory authority, BAERA should take appropriate measures on 5 key infrastructure development

issues to strengthen radiological safety and radiation protection.

TABLE 3. MAJOR ACTIONS ARE REQUIRED FOR THE
SOLIDIFICATION OF THE RADIATION SAFETY
INFRASTRUCTURE AT BAERA

Sl. No.| Infrastructure issues | Major actions required

e Development of regulations, technical guides, standards,

1 Legislative and and codes with the assistance of other experienced
Regulatory framework (International) regulators
e Enhancement of radiation measuring equipment
o ) e Fstablishment of radiation protection monitoring or
2 Radiation protection
dosimetry laboratory
Human resources )
3 e Staff recruitment and development
development
e Human factors like trust, attitude, behavior, leadership,
4 Safety culture management, and cognitive redefinition are to be

established as an institutional framework for safety culture

) e Invite various advisory missions (RISS) on regulatory
IAEA advisory
) ) o infrastructure for radiation safety, such as, IRRS mission,
services and missions

emergency preparedness review (EPRev) missions etc.
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CONCLUSION

Tonizing radiation, such as X-ray has many beneficial applications in medicine, diagnosis, research, etc. With the
increased use of ionizing radiation, safe use policies and practices are required. The lower percentage of leakage
radiation dose rate in the examined facilities in the current study indicates comprehension of the concept of
justification. A solid understanding of the ALARA principle is indicated by the higher percentage of personnel
who maintain the advised safe distance from the radiation generating machine to them. Together with the routine
control and inspection carried out by the executive regulatory authority, radiation protection in this context
should also be strengthened by ongoing training, educational procedures, and pertinent information. Most medical
and diagnostic facilities are currently authorized by BAERA, however despite repeated reminders from the
regulatory body to the stakeholders, compliance levels fall short of the standards for license renewal. The radiation
safety conditions of the facilities were found to be below the level demanded by national and international standards
at the beginning of regulatory functions. If the BAER Act-2012 and the NSRC rules-1997 are correctly put into
practice, it will be able to enhance the radiation protection infrastructure in X-ray facilities in the future. These
studies could be used as a source of information or as a guide to improve the state's radiation safety regulations.
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Supplementary Materials (SM)

Table SM1. Maximum radiation dose rate (mean value) at a point with standard error for

both public and radiation workers of all facilities in each district

District"s Total No. Radiation dose rate (Public) Radiation dose rate (worker)
Name Facility, N Normal ( <] Unsatisfactory Normal (  <:5| Unsatisfactory
nSv/h) (>5 pSv/h) nSv/h) (>5 pSv/h)
Feni 7 0.89 £ 0.5 14.44 £ 6.7 1.21 £ 0.6 13.0 £ 5.9
Jhalokati 27 1.5+0.38 18.2 £ 8.1 1.9+0.38 20.7 £ 6.6
Rajshahi 58 0.9+0.5 16.7 £ 6.5 1.3 £0.7 278 £ 154
Cox’s
68 0.92 £ 0.5 18.2 £ 12.2 1.0£05 17.4 £ 10.3
Bazar

Table SM2. Radiation safety equipment and shielding system of different location for radiation

protection
District's | Total No. |Lead Apron, Lead Lead Entrance Door|Control Panel: Lead| Window
Name Facility, N (%) Thyroid |Equivalent Eye| Shielding, N Equivalent Shielding,
N Collar, N |Goggles, N (%) (%) Barrier/Mobile Lead| N (%)
(%) Shield, N (%)

Feni 77 74 (96%) | 7 (9%) 3 (3%) 67 (87%) A7 (61%) 56 (73%)
Jhalokati 27 21 (78%) 2 (7%) 1 (4%) 12 (44%) 12 (44%) 16 (59%)
Rajshahi 58 55 (95%) | 4 (7%) 2 (3%) A7 (81%) 24 (41%) 33 (57%)

Cox's

. 68 65 (96%) | 6 (9%) 3 (4%) 53 (78%) 36 (53%) 48 (71%)

Table SM3. Radiation safety equipment and shielding system of different location for radiation

protection
District*s | Total No. | Standard Sized | Standard Wall's |  Warning TLD Badge / RCO /
Name Facility, N | Room, N (%) Depth, N (%) |Signal, N (%) Personal Experienced
Dosimeter, N | Personnel, N
(%) (%)
Feni 7 19 (25%) 73 (95%) 40 (52%) 52 (68%) 54 (70%)
Jhalokati 27 8 (30%) 22 (81%) 10 (37%) 14 (52%) 14 (52%)
Rajshahi 58 10 (17%) 51 (88%) 24 (41%) 17 (29%) 27 (47%)
Cox"s
5 68 18 (26%) 62 (91%) 35 (51%) 37 (54%) 44 (65%)
azar
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