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Introduction: Radiation gives tremendous benefit to mankind but unneces-
sary radiation may pose harm to worker and public. The purpose of the study
is to continuous indoor radiation monitoring of Atomic Energy Centre Dha-
ka (AECD) campus to minimize the radiological risk on worker and public
health in and around the campus.

Materials and methods: Continuous indoor radiation monitoring was con-
ducted in the AECD campus from November 2018-April 2019 using the
Thermoluminescent dosimeters. The excess life-time cancer risk on worker
and public health were estimated based on the continuous indoor radiation
monitoring data.

Results: The annual effective doses to the worker and public from indoor ra-
diation were ranged from 0.28+0.11 mSv to 0.67+£0.25 mSv and the mean was
found to be 0.43+0.10 mSv. The excess life-time cancer risk (ELCR) on the
radiation worker & public health were estimated based on the annual effec-
tive dose and ranged from 1.13 X 10-3 to 2.65 X 10-3 with an average of 1.72
X 10-3.The average annual effective dose and ELCR on worker and public
health were lower than those of the worldwide average values.

Conclusion: The radiological hazard on worker and public health in and
around the AECD campus is not significant because those values are lower
than the recommended values of the international commission on radiological
protection. Monitoring of these indoor places would help in keeping a record
of safe working practices during the handling of the radioactive substances
and radiation generating equipments in a radiological facility.

Introduction

versity and Dhaka Medical College Hospital) of

Atomic Energy Centre Dhaka (AECD) is a radio-
logical facility which has one radioactive wastes
storage room and different types of radioactive
material and radiation generating equipments are
being used for service, training and research and
development (R&D) purposes. Two largest hos-
pitals (Bangabandhu Sheikh Mujib Medical Uni-

Bangladesh are situated around the AECD cam-
pus, where various kinds of radioactive material
and radiation generating equipments are being
used for diagnostic and therapeutic purposes to
patients. Human being is exposing natural and
man-made radioactive sources. Human being is
getting radiation exposure from man-made sourc-
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es, such as nuclear and radiological facilities.
Continuous radiation monitoring at the indoor
and outdoor environments of the radiological fa-
cility like AECD is very important for the detec-
tion of unnecessary radiation exposure to worker
and public arise from the man-made radioactive
substances as well as radiation generating equip-
ments. Through the radiation monitoring, the
effective radiation dose to the radiation worker
and public in and around of the radiological fa-
cility can be minimized which ensure the safety
of radiation worker and public as well as the en-
vironment. Gamma radiation has enough energy
to ionize the atoms of a material because it is the
most energetic radiation in the electromagnetic
spectrum that is 10,000 times higher than that of
visible light [1, 2]. Gamma radiation contributes
to the most of the public exposure that emitting
from the naturally occurring radioisotopes. The
main naturally occurring radioisotopes are the
primordial radionuclides, namely U and 2*’Th
and their decay products and “’K which exists at
trace level in all earth formation. The greater part
of public exposure to ionizing radiation contrib-
utes from the naturally occurring radioisotopes,
including cosmic rays and terrestrial radiation
[3]. Public exposure from the terrestrial gamma
radiation depends mainly on geological features
of the location, e.g., altitude, latitude and plane-
tary movement [4, 5]. Normally, public radiation
exposure at indoor places is higher than those of
the outdoor radiation exposure because of the
construction materials of the buildings. In fact,
building materials namely concrete, brick, sand,
aggregate, marble, granite, limestone, gypsum,
rod, etc., contain mostly naturally occurring pri-
mordial radioisotopes including **U and *’Th
and their decay products and the *°K. The under-
standing of the natural radionuclides of the build-
ing materials is essential in order to estimate the
public exposure to radiation because the majority
of the people spend approximately 80% of their
time at indoor place and the remaining 20% of
their time at outdoor place [5-8]. Gamma radia-
tion contributes to the greater part of the external
public radiation exposures from all the ionizing

radiation sources because of its greater penetra-
tion capability [9]. Gamma radiation exists ev-
erywhere. High differences have been observed
for radiation dose rates in the environment and
a number of international studies have been re-
ported the gamma dose rates at the outdoor and
the indoor environments [10-18].

The existence of the naturally occurring radioiso-
topes in the environment may contribute an ex-
ternal and internal radiation effective dose to the
public exposing directly or indirectly (through
the ingestion and inhalation pathways). Evalua-
tion of the annual effective dose from the indoor
gamma radiation of a radiological facility is need-
ed, because it is related to the probability of get-
ting cancer of radiation worker and public from
the low-level ionizing radiation. The estimation
of the radiological hazard on worker and public
health resulting from the radiation released by the
natural and man-made radionuclides is crucial
because those contribute to the collective dose
of the public [19]. AECD usage different type of
radioactive substances and radiation generating
equipments for the peaceful applications includ-
ing high activity industrial radiography source
(Ir-192) for non-destructive testing, Co-60, Cs-
137 etc. for research, education and training and
service purposes, Ra-226, Co-60, Cs-137, etc. in
the radioactive waste storage rooms. The objec-
tive of the study is to estimate the radiological
hazard on worker and public health based on the
radiation monitoring data from the radiological
facility.

Materials and methods

Thermoluminescent dosimeter (TLD)

The material of the thermoluminescent dosimeter
(TLD) is LiF:Mg,Ti (TLD-100) which has the ef-
fective atomic number of 8.2, almost equivalent
to that of the soft tissue of a human body. TLD
chip 3 mm (1/8 inch) square put between two
sheets of Teflon 0.003 inch (10 mg/cm?) thick
and supported on an aluminum substrate. TLD
card (two chips) put in a holder that protects the
TLD card in the environment for long time.

http://japh.tums.ac.ir
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TLD reader and read out of TLD card

The Harshaw manual TLD Reader (Model 4500)
is very popular for measurement of the TLD card.
The Harshaw manual TLD reader is widely used
for several thermolumincence (TL) materials in
different compositions and dimensions [20]. The
reader has two photomultiplier tube (PMT) in a
sliding position for manual read out of the TLD
card and TL chip for whole-body, extremity and
environmental radiation monitoring. Two PMTs
and connecting electronics facilitate it for reading
out card in two positions at the same time. PMT
forms of photocathode which has the capacity to
change the incident light into amplified current
which is proportional to the number of produced
photons and consequently proportional to the ab-
sorbed dose. The TLD card is read out through
the nitrogen gas heating system by Harshaw TLD
reader (Model 4500). The nitrogen gas heat-
ing system provides a flow of hot nitrogen gas
at accurately controlled, linearly increased tem-
perature up to 300°C. The nitrogen gas heating to
the TLD chip under close loop feedback and the
advanced electronic system gives steady and re-
peatable glow curves. The Harshaw TLD reader
is connected with a personal computer and is op-
erated by WinREMS. The effective dose to pub-
lic and radiation worker is evaluated through the
WinREMS.

Calibration of TLD card

The TLD card was calibrated using the stan-
dard radiation sources at the Secondary Standard
Dosimetry Laboratory (SSDL) of Bangladesh
Atomic Energy Commission (BAEC). Different
types of standard source, namely *’Cs, ©°Co, etc.
and X-ray Unit available at SSDL, BAEC. The
SSDL, BAEC has been available since 1991 and
it is traceable to the Primary Standard Dosimetry
Laboratory (PSDL) of National Physical Labo-
ratory (NPL), UK. The SSDL, BAEC has X-ray
Unit (30 kV-225 kV) for radiation generating
equipments and TLD card calibration. The accu-
racy of SSDL, BAEC is retained as per require-
ments of the International Atomic Energy Agency
(TIAEA)/World Health Organization (WHO) net-
work of SSDLs. Hence, the estimated effective

dose is traceable to the international radiation
monitoring system. Moreover, the TLD laborato-
ry on a regular basis takes part at inter-laboratory
radiation monitoring comparison program orga-
nized by the IAEA. In previous inter-comparison,
satisfactory performance was acquired as per the
standards trumpet curve criteria [21, 22].
The TLD card output after reading out by Har-
shaw TLD reader is the charges generated by
electrons because of the annealing process.
The following equation is applied to change the
output reading of TLD card from charge (nC) to
absorbed dose (Gy):

equivalent dose

absorbed dose = (1)
quality factor

The time between irradiation and readout need
to be the same to maintain the equal fading from
one set of TLD cards calibration to those of an-

other set. The calibration factor (f_. . )is given
calibration
below:
__ ionization chamber(mGy)
f‘calibratt‘nn - TLD (2)

reading (nC)
Absorbed dose due to irradiation is found af-
ter subtracting background using the following
equation:
Dy,=D,, -BG 3)
After that absorbed dose is calculated for each
TLD card using the equation below:

mG
Dy, (mGy) = £ (n—(f) XTLD, e (1C)  (4)

Estimation of excess life-time cancer risk (ELCR)
Effective dose is the mostly used parameter for
the estimation of the radiation worker and public
exposure and the probable biological effects re-
lated with public exposure, which is calculated as
the equation below:

x OF

AED:(D out+DinX0F;n)xT (5)

out

Where, AED is the annual effective dose, D, and
D, are the average absorbed dose rates in air at
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indoor and outdoor places respectively, T is the
time in hour, OF, and OF _  is the indoor and out-
door occupancy factor which is the fraction of
time spent of an individual. The values OF,_ and
OF , are 0.8 and 0.2 , respectively.

The excess life-time cancer risk (ELCR) is esti-
mated using the following equation:

ELCR = AED x DL X RF (6)

Where AED is the annual effective dose to radia-
tion worker and public, DL is the duration of life
of Bangladeshi people [23] and RF is risk factor
(Sv"), it is a fatal cancer risk per Sievert. For sto-
chastic effects from low dose radiation, ICRP 103
suggested the value of 0.057 per Sievert for the
public exposure [24].

Results and discussion

Annual effective dose

Taking into account the international reports [5,
25-29], considering that public in Bangladesh
spends about 20% of their time outdoor and the
remaining 80% of their time indoor, the annual
effective dose to radiation worker and public in
AECD campus was calculated. Table 1 shows
the annual effective dose received by worker and
public during the period of November 2018-April
2019. The annual effective dose to the worker
and public from indoor radiation in AECD cam-
pus was ranged from 0.280.11+£ mSv to 0.670.25+
mSv and the mean was found to be 0.430.10+
mSv. The mean annual effective dose of the ra-
diation worker and public due to indoor radia-
tion in AECD campus is comparable to those of
the worldwide average value of 0.48 mSv [24].
The mean annual effective doses were found to
be higher at the indoor locations that are nearer
to the radioactive waste storage rooms and high
activity industrial radiography source room and
ranged from 0.470.17+ mSv to 0.670.25+ mSv
with an average of 0.540.07+ mSv. Although the
mean annual effective doses to worker and public
at indoor locations nearer to the radioactive waste
storage rooms and industrial radiography source

room were found to be slightly higher than those
of the worldwide average value of 0.48 mSv, but
those values are below the acceptable limit of 1
mSv for public [24]. Furthermore, the accept-
able limit for public (1 mSv/y) is to be consid-
ered from planned exposure situation and is not
considered from the existing exposure situation.
The lowest annual effective dose to radiation
worker and public was observed at indoor loca-
tion far from the radioactive waste storage rooms
and industrial radiography source room which is
0.280.11+ mSv.

Fig. 1 shows the indoor mean annual effective
dose values normalized to the minimum annual
effective dose value for each location. It is ob-
served from Fig. 1 that mean annual effective
dose for two locations (location number 3 and 6)
are relatively higher than those of the other loca-
tions. The reason is that location number 3 and
6 are the nearest to the radioactive waste storage
rooms and industrial radiography source room.
Fig. 2 shows the background dose rate (uSv/
month) at indoor locations of AECD campus
contributes mainly from the construction ma-
terials of the building, natural radionuclides
containing in soil and possible small amount of
man-made sources (if any). The variation of the
monthly background dose rate at indoor locations
in AECD campus was found due to the weather
conditions. From Fig. 2, it is observed that the in-
door background dose rate (uSv/month) in winter
was higher than those in spring (March-April). It
is found in the international literature [30], that
the outdoor background gamma absorbed dose
rate in spring and autumn are higher than those
of other seasons. From Fig. 2, it can be seen that
the late autumn (November-December) indoor
absorbed dose rate is the highest which is consis-
tent with the outdoor gamma absorbed dose rate
[30], but inconsistent in case of indoor gamma
absorbed dose rate for spring (March-April). Ad-
dition to radon gas near ground level at outdoor
during the winter and spring seasons contribute
to more gamma absorbed dose rate during the
winter and spring seasons. On the other hand, in
rainy season, the radon exhalation rate from soil
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Table 1. Continuous indoor radiation monitoring at AECD campus in Dhaka city from
November 2018-April 2019

Gamma dose rate (uSv/month)

Annual effective dose due to

S1.No. Dosimeter ID gamma radiation
Range Mean SD (mSv)+SD
1. 16215 175.90-406.60 297.74 87.62 0.51+0.15
16209 163.20-460.00 299.64 123.62 0.51+0.21
3. 16210 152.70-555.00 392.84 148.70 0.67+0.25
4. 16220 166.80-442.50 310.50 128.82 0.53+0.22
5. 16214 185.00-438.00 306.66 119.23 0.524+0.20
6. 16203 176.50-528.90 357.86 148.58 0.61+0.25
7. 16202 164.90-391.60 293.82 94.43 0.50+0.16
8. 16208 152.00-382.00 274.66 98.02 0.47+0.17
9. 16205 146.80-332.70 243.78 67.52 0.41+0.11
10. 16207 136.00-307.40 240.02 79.05 0.41+0.13
11. 16206 146.00-317.50 238.98 69.51 0.40+0.12
12. 16213 137.80-353.90 249.76 84.59 0.42+0.14
13. 16216 134.80-512.90 268.30 159.85 0.39+0.27
14. 16204 164.80-532.90 317.20 144.12 0.38+0.24
15. 16217 147.10-486.10 282.48 134.29 0.36+0.23
16. 16218 171.30-443.70 325.66 115.03 0.35+0.19
17. 16211 153.40-331.30 246.92 76.63 0.33+0.13
18. 16219 182.40-529.80 313.34 133.72 0.32+0.23
19. 16212 152.80-584.00 347.46 192.63 0.30+0.33
20. 16201 164.70-505.40 329.84 154.51 0.28+0.11
2/5
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Fig. 1. Indoor mean annual effective dose values normalized to the minimum annual effective dose

for each location
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surface is decreased due to the filling up of pore ~ lower atmosphere [31, 32].

spaces in the soil. In addition to that, in rainy sea-  The frequency distribution of the indoor gamma
son radon and its daughter products will berinsed ~ absorbed dose rates at AECD campus is shown
directing to reduce of its concentration in the  in Fig. 2.

700
600
s
é 500
= == Dec
% 400
; == ]an
=
g 300 == [Feb
i
< 200 == Mar
3
/M 100 =@=April

0

12345678 91011121314151617181920
S1 No. of location

Fig. 2. Background radiation level (uSv/month) at indoor locations in AECD campus
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Fig. 3. Frequency distribution of the absorbed dose rates (uSv/month) at AECD campus in
Shahbag Thana under Dhaka city

http://japh.tums.ac.ir



Journal of Air Pollution and Health (Autumn 2020); 5(4): 223-232

229

Excess life-time cancer risk (ELCR)

The radiological risk on worker and public health
which may occur from the natural as well as man-
made sources should be assessed for estimation
of hazard. It was observed that the calculation of
the annual effective dose and the corresponding
ELCR at indoor places of a radiological facility is
very few comparing to those found in the outdoor
places. It is depicted in Table 2 that the estimat-
ed ELCR on worker and public health at indoor
places of AECD campus is comparable to that of
the worldwide average value. It is observed from
Table 2 that the mean ELCR value in some areas
of Iran, Malaysia, Nigeria, India and Pakistan are
significantly higher than that of the AECD cam-
pus. However, the mean ELCR value in some
areas of Iran, Iraq, India, Pakistan and Morocco
are comparable to that of the AECD campus. The
higher ELCR value at indoor places in some re-

gion of a country are mainly due to the usage of
rocks and construction materials of the building
that contains higher level of natural radionuclides
,namely 2Ra, **Th, and “K. In addition, the
higher ELCR value at indoor places of a building
exist because of the laboratory equipments, soil
and other decorative stones for the construction
of walls and floors and due to the poor ventila-
tion situation in the rooms of the buildings that
increase the radon concentration.

The estimated mean annual effective dose of
0.43 mSv is not predicted to contribute consider-
able more hazards on radiation worker & public
health from the radiological risk observation. The
reason is that the annual dose limit for the public
as per ICRP 103 [24] is | mSv and the limit is
applicable to the planned exposure situations and
is not applicable to doses contributing from the
existing exposure situations.

0/003

0/0025 x
0/002 -4-/

0/0015

ELCR

0/001

0/0005

0 T T T T T T T T

1 23 45 6 7 89

10 11 12 13 14 15 16 17 18 19 20

SI. No. of location

Fig. 4. Excess life-time cancer risk (ELCR) on radiation worker and public health at AECD campus in
Shahbag Thana under Dhaka city
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Table 2. Indoor annual effective dose and ELCR values of selected countries are compared with this study

Country Annual effective dose range (mean) in mSv ELCR Reference
Iran 1.68 10.7 X107 [25]
Malaysia 0.782 3.22 X103 [28]
Nigeria 0.54-0.949 (1.06) 3.71 X103 [33]
Nigeria 0.645 2.26 X103 [34]
India 7.56 20.56 X107 [29]
Iran 0.49 1.715 X107 [27]
Pakistan 0.92 3.21 X103 [35]
Iraq 0.56 1.64 X107 [36]
Pakistan 0.49 1.629 X107 [37]
India 0.522 1.83 X107 [38]
Nigeria 0.14-0.19 (0.16) 0.56 X103 [39]
Pakistan 1.0 3.4X10° [40]
Morocco 0.05-0.56 0.19-1.96 X107 [41]
World 0.3-0.6 (0.48) 1.16 X107 [5, 38, 25]
Bangladesh 0.28-0.67 (0.43) 1.72 X103 This study
Conclusion Financial supports

Continuous indoor radiation monitoring of a radio-
logical facility like AECD is much needed in order
to record the dose level of the radiation worker
during their daily work while handling radioactive
substances and radiation generating equipments.
The radiation monitoring of a radiological facility
1s also important to estimate the radiological risk to
the radiation worker and public health. The mean
annual effective dose and the mean ELCR value
on radiation worker and public health are compa-
rable to those of the worldwide average values.
This kind of study should be carried out regularly
in a radiological facility to reduce the effective
dose of the worker as well as public that ensure
the safety of the radiation worker and public. The
estimated mean annual effective dose of 0.43 mSv
is not predicted to contribute considerable more
hazards on radiation worker & public health from
the radiological risk observation. However, radia-
tion worker should be handled the radioactive sub-
stances and the radiation generating equipments
as per national regulations as well as international
recommendations in order to minimize the radio-
logical hazard on worker and public health.
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