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Banaras Hindu University and Bharathiar University conducted a study to assess occupa-
tional radiation doses among non-medical workers in X-ray diffraction analysis work envi-
ronments at science departments. A total of five non-medical radiation workers were moni-
tored to determine their average annual effective dose. Thermoluminescent dosimeters were
issued to five X-ray diffraction analysis technologist to record their dose for a month. Dose
rate measurements were recorded using survey meters. The average monthly dose for workers
was 0.35 mSv. Average ambient dose rate values were 0.45 uSvh-! for Bharathiar University,
and 5.08 puSvh-! for Banaras Hindu University. Conclusions dose levels are below the limits
recommended by the International Commission on Radiological Protection. The study
found the yearly average effective doses for five technologist workers to be 3197.4 uSv,
2847.0 pSv, 2978.4 nuSv, 3328.8 uSv, and 3547.8 uSv. Importantly, these measured doses

were significantly below the international recommended dose limit of 50 mSv.
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INTRODUCTION

In Banaras Hindu University and Bharathiar Uni-
versity, X-ray diffraction (XRD) analysis work envi-
ronments in the science department stands as the pri-
mary field utilizing ionizing radiation. Despite joining
the International Atomic Energy Agency (IAEA) in
2006 and enacting the Atomic Energy Act and Regula-
tions in 2011 and 2012, respectively, the regulatory
body responsible for ensuring compliance with radia-
tion safety laws has not been established yet. The intro-
duction to a discussion on occupational radiation dose
evaluation in XRD laboratory work environments pro-
vides a contextual overview of the topic, setting the
stage for further exploration. The XRD techniques play
a pivotal role in various scientific and industrial appli-
cations, ranging from material characterization to phar-
maceutical research [1, 2]. The ability to analyze the
structure of crystalline materials using X-rays has revo-
lutionized many fields, facilitating advancements in
materials science, chemistry, biology, and beyond.
However, the use of ionizing radiation in XRD experi-
ments necessitates a comprehensive understanding and
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management of potential health risks, particularly for
laboratory personnel [3-7].

Occupational exposure to ionizing radiation is a
primary concern in XRD laboratory environments,
where technologists and researchers routinely interact
with X-ray equipment and samples. While XRD pro-
cedures offer invaluable insights into the properties of
materials, they also entail inherent radiation hazards
that must be carefully assessed and mitigated to ensure
the safety and well-being of personnel. This discus-
sion aims to delve into the evaluation of occupational
radiation doses in XRD laboratory work environ-
ments, highlighting the importance of monitoring and
managing radiation exposure levels. By examining
current practices, regulatory guidelines, and emerging
trends in radiation safety, we seek to enhance aware-
ness and promote effective strategies for safeguarding
the health of laboratory personnel [7-9]. Throughout
this discussion, we will explore various aspects of oc-
cupational radiation dose evaluation, including mea-
surement techniques, exposure limits, risk assessment
methodologies, and best practices for radiation protec-
tion. By fostering a deeper understanding of these is-
sues, we endeavor to empower XRD laboratory stake-
holders to proactively address radiation safety
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challenges and cultivate a culture of safety and respon-
sibility in their work environment.

This study aims to gauge the radiation doses re-
ceived by occupationally exposed workers in radiol-
ogy departments and compare them against the Inter-
national Commission on Radiological Protection
(ICRP) recommended limits. Exposure to ionizing ra-
diation leads to two main effects on humans: determin-
istic and stochastic. Deterministic effects, such as
acute radiation syndrome, skin burns, sterility, and cat-
aracts, result from high doses over a short period. Con-
versely, stochastic effects, including radiation-in-
duced cancer and hereditary effects, occur without a
threshold dose and are proportional to dose levels over
prolonged exposure periods. Optimization, central to
radiation protection, involves minimizing the number
of individuals exposed, the likelihood of exposure,
and the magnitude of exposure, keeping them as low
asreasonably achievable (ALARA) [10]. Dose assess-
ment plays a crucial role in adhering to the dose limita-
tion principle of radiation protection. Monitoring the
doses received by exposed individuals ensures they re-
main within recommended limits [11-15]. This study
evaluates ALARA practices and adherence to dose
limitation principles in select universities across India.

MATERIALS AND METHODS

The study utilized thermoluminescent dosimeters
(TLD) comprised of cards housing Harshaw detector
crystals of LiF: Ti, Mg (TLD-100) to measure both skin
and deep doses. Workers wore these badges appropri-
ately during their tasks, with emphasis on placement over
the upper-left side of the chest, as this area typically ex-
periences the highest radiation exposure. Calibration and
quality control were conducted using a *°St/*°Y internal
irradiator 18.5 MBq. The calibration process was fully
automated in the reader to streamline efficiency and re-
duce costs [1-3]. Subsequently, the dosimeters were re-
turned to the dosimeter company for evaluation using a
Model 6600 TLD Reader with accompanying computer

software [16, 17]. The dosimeter readings for the period
0f 2023 to 2024 were obtained from the dosimeter com-
pany database, focusing on whole-body dose (effective
dose) Hp (10) and skin dose Hp (0.07). The International
Commission on Radiation Units and Measurements'
1993 report guided the reporting of whole-body doses in
terms of personal dose equivalent, Hp (10), which pro-
vides a conservative estimate of effective dose for inci-
dents involving radiation exposure to the front of the
body.

The TLD assigned to personnel were collected
quarterly for the assessment of personnel dose equiva-
lents, with background radiation doses measured us-
ing five non-irradiated TLD of the same type. The
measured background radiation dose was subtracted
from the measured dose values. Each TLD card fea-
tured a bar-coded number, wearer name, and institu-
tion. Calibration of the TLD took place at both dosim-
eter companies. Recommendations included the use of
a single TLD badge for workers wearing lead aprons,
except for nuclear medicine workers who were ad-
vised to use multiple badges. Pregnant workers were
issued a supplementary badge to be worn inside the
apron at waist level to monitor fetal dose.

RESULTS AND DISCUSSION
The XRD room layout and room survey

We can survey the radiation level of the XRD
laboratory at different places like windows, doors, and
working areas, fig. 1. In this measurement, we are us-
ing an ion chamber-based survey meter. From window
1 and window 2, the door, and working area radiation
levels are 0.53 uSv, 0.61 puSv, 0. 41 uSv, and 0.81 uSv.
The careful consideration of XRD room layout and
regular room surveys are essential for ensuring the
safety, efficiency, and regulatory compliance of labo-
ratory environments. By implementing appropriate
design principles, conducting thorough surveys, and
fostering a culture of continuous improvement and
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Table 1. Occupational workers' effective dose measurement using thermoluminescence

Occupational workers Effective dose at 12 h [uSv] Effective dose per week [uSv] Effective dose per year [uSv]
Worker 1 0.73 5.11 3197.4
Worker 2 0.65 4.55 2847.0
Worker 3 0.68 4.76 2978.4
Worker 4 0.76 5.32 3328.8
Worker 5 0.81 5.67 3547.8

training, XRD facilities can effectively mitigate radia-
tion exposure risks and create a safer working environ-
ment for all personnel involved in X-ray diffraction re-
search and analysis.

Occupational doses at the
XRD lab technologist

The unit of measurement for X-ray intensity in IS
is the Sievert corresponding to the absorption of one
joule in one kilogram of biological matter, taking into ac-
count the quality factor and other modifying factors. The
radiation monitors measure the radiation in terms of rate
— uSvh~!. The normal background radiation level in our
XRD lab is on the order 0f 0.65-0.81 uSvh™!. At this rate,
one would expect to receive a maximum of 0.81 puSv of
exposure per day or 0.81 x 12 x 365=3.55 mSv per year
shown in tab. 1.

Standard limits of effective dose are 20 mSv per
year for occupational and 1 mSv per year for the gen-
eral public. Although the standard prescribes limits on
an annual basis, it is useful to ensure that doses re-
ceived do not exceed 1 mSv per week. It should be
noted that natural background radiation to which ev-
erybody is exposed from the environment is in an or-
der of 2 mSv per year.

The XRD techniques involve the use of ionizing
radiation, which can pose health hazards if proper pre-
cautions are not taken. Technologists working in XRD
labs are exposed to radiation primarily through the op-
eration of X-ray equipment and the handling of sam-
ples. The measurement of radiation intensity in mi-
cro-sieverts per hour helps quantify their exposure
levels. Normal background radiation levels in XRD
labs typically range from 0.65 to 0.81 pSvh™!, resulting
in annual exposure levels of approximately 3.55 mSv
mentioned in fig. 2(a)-2(c).

However, it's essential to consider that occupa-
tional exposure limits are set to ensure the safety of
workers. The standard effective dose limits, such as 20
mSv per year for occupational exposure, guide accept-
able levels of radiation exposure. Additionally, the limit
of 1 mSv per year for the general public serves as a
benchmark for protecting individuals who may have in-
cidental exposure to radiation from XRD activities. To
manage occupational doses effectively, XRD lab tech-
nologists should undergo proper training on radiation
safety protocols, including the use of personal protec-

tive equipment and adherence to exposure monitoring
procedures. Regular monitoring of radiation doses and
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implementing dose optimization strategies are essential
to minimize the risk of adverse health effects.

Collaboration between radiation safety officers,
health physicists, and XRD lab personnel is crucial for
developing and implementing effective radiation pro-
tection programs. This collaboration can involve con-
ducting regular risk assessments, implementing engi-
neering controls to minimize exposure, and providing
ongoing education and training on radiation safety
practices. By actively addressing occupational doses
in XRD lab environments, technologists can work
confidently and safely while minimizing their risk of
radiation-related health issues.

CONCLUSION

Normal background radiation levels in XRD labs
typically range from 0.65 uSvh' t0 0.81 uSvh ', result-
ing in a maximum expected daily exposure of 0.81 uSv
and an annual exposure of 3.55 mSv. While these levels
are generally within acceptable limits, it's essential to
adhere to standard effective dose guidelines. The stan-
dard effective dose limits set at 20 mSv per year for oc-
cupational exposure and 1 mSv per year for the general
public serve as important benchmarks. Additionally,
monitoring weekly doses to ensure they do not exceed 1
mSv is prudent. It is worth noting that natural back-
ground radiation, which averages around 2 mSv per
year, contributes to overall exposure levels. By actively
monitoring radiation doses and adhering to safety pro-
tocols, XRD laboratory workers can minimize their risk
of radiation-related health issues and ensure a safe
working environment.
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IMnyaukany BEHKATPAMAH, 1. C. CYPEKA,
Janutr Moxan ATAPBA/IL, Cynun YOYIJAPU

INPOLEHA JO3E NPOPECUOHAJTHOI 3PAYEILA Y PATHOM OKPYXKEIRLY
JABOPATOPUIE 3A TMOPAKIINIY PEHAI'EHCKHUX 3PAKA

Banapac XuHfy yHuBep3uTeT n bapaTuap yHUBEP3UTET CIPOBENH Cy CTYAU]y 3a IPOLECHY
npodeCHOHATHUX 103a 3payema Meby HEMEeJUIIMHCKIM paJHUALMMA y PAJlHUM OKPYXKEHHUMa 3a aHAJIU3y
peHAreHcKe fudpakiiyje Ha HayYHIM ofie/belbuMa. [IpaheHo je yKyImHO eT HeMe JUIMHCKUX pajiijalliOHuX
pajHuKa fa Ou ce yTBpAWJIA HHUXOBAa IpOCeYHA TOAMINMA e(EeKTHUBHA A03a. TepMOIYMHHUCHEHTHH
MO3MMETPU M3JaTH Cy METOPHUIU TEXHOJIOra PeHAreHcKe Audpakiyjcke aHanu3e fa Ou ce 3abesexuiie
BUXOBE 03¢ TOKOM Mecell laHa. Mepewa jaunHa 10332 perUCTPOBAHO je KopHulThembeM aHKETHUX Mepaya.
IMpoceuna meceuHa fo3a 3a pagHuke 6mia je 0.35 mSv. I[Ipoceune BpeiHOCTH jaunHe aMOUjeHTAIHE 03€
6use cy 0.45 mSvh™! 3a Bapatuap yausepsuret u5.08 mSvh~! 3a Banapac Xunny yuusepsurer. Husou o3a
Cy WCHOJ] TpaHUWIa Koje mpemnopydyje MebyHapogna kommcuja 3a paguonomky 3amtuty. Cryauja je
ToKasala jja cy TOguIllhe MpocevHe e(peKTUBHE I03€ 3a NMeT pagHnka texnonora 3197.4 uSv, 2847.0 uSv,
2978.4 uSv, 3328.8 uSv, 1 3547.8 uSv. BaxHo je na cy oBe u3MepeHe fo3e Oune 3HauajHo ucrnof Mebynaponse
npenopydeHe rpasure pose of 50 mSv.

Kmwyune peuu: epexiiusna 0o3a, Mebynapoona komucuja 3a paouoasowKy 3auiiiiuiiy




