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ABSTRACT

Every type of radiation is harmful for the occupational workers, patients and also for the
environment. Among of these, ionizing radiation is more mischievous. So it is essential to monitor
the radiation level to ensure the health and safety of the occupational workers, general public and
also to protect the environment from the harmful effect of ionizing radiation. In medical sector,
ionizing radiation is used for diagnosing and treating various diseases. For this purpose, a radiation
survey has been performed during a period of eight months with a view to establishing the ambient
radiation level in the area of Institute of Nuclear Medicine & Allied sciences (INMAS) at Khulna
Medical College Hospital, Khulna. Survey meter is used for monitoring the radiation level at
different location in INMAS, Khulna. We have obtained the result 0.8 mSv in many locations and 8
mSv in one location not crossing 20 mSv which is within the acceptable limit. It is concluded that
there is no (or less) possibility of radiation hazard in the INMAS, Khulna.
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1. INTRODUCTION

We live with radiation and it has become a part of
our life. From the creation of human beings,
animals and plants are exposed by the natural
radiation. Many radiation isotopes contained
when the earth formed about billion years ago.
Though it is harmful for some instance, radiation
is useful in some purposes. It can induce cancer
and also cure from many serious diseases. The
effect of radiation on tissues first came to light
after discovery of X-rays by Wilhelm Conrad
Rontgen in 1895 [1-4]. For this reason, the
ionizing radiation is used in medical departments.
But all the technological procedures have
associated with risks. When the use of
radioactive materials or the mechanics producing
ionizing radiation is uncontrolled, it may cause
harm to the occupational workers, patients,
general public and also environment. Every
country has many INMAS centers where ionizing
radiation is used for diagnosing and treating
various diseases. Since ionizing radiations are
injurious for health, it is essential to take proper
steps to control the radiation level. There is no
alternative of monitoring radiation level to protect
technicians and public who are involved in
radiation works. But all the instruments are used
in testing the radiation level should not exceed
the period of fourteen months [5]. For this
purpose an investigation has been performed to
monitor the radiation at different location in
INMAS, Khulna.

On the other hand, it may produce the internal
exposure during the handling of damaged sealed
or opened sources of radioactive materials. To
ensure the safety of the workers, general public
and the environment, we performed monitoring at
Institute of Nuclear Medicine & Allied Sciences
(INMAS). The International Commission on
Radiation units and Measurements (ICRU) and
the International Commission on Radiological
Protection (ICRP) are the key organizations in
this field since 1991 [6]. The concept for radiation
protection quantities and the operational
quantities introduced by ICRU for monitoring of
external expose described in 2003 [7]. Various
kinds of radiation monitoring instruments such as
survey meters, pocket dosimeter, TLD, area
monitors and environmental monitors are used in
radiation facilities to measure or to observe
radiation level and personal exposure. In this
work, we only used the survey meters for the
area monitoring. To understand the radiational

condition of the examine place is the main
objective of the present work. The area is
classified in (a) Uncontrolled area (dose rate
<2.5 uSv per hours) (b) Supervised area (dose
rate <7.5 uSv per hours) (c) Controlled area
(dose rate 27.5 uSv per hours) and (d) Restricted
area (dose rate =25 uSv per hours) [8]. Finally
we will discuss our result in the chapter result
and discussion and also ensure the health of the
occupational workers.

2. MATERIALS AND METHODS

The continuous radiation survey data and the
estimation of radiation doses were done during
the period of eight months. The survey meter
technique has been used in the estimation of
radiation doses. We monitored the radiation dose
in three times per day. Firstly we took the data
before working period 8 am, secondly the data
during working time and finally the data after
working time 2.30 pm. The random radiation
doses were received by the survey meters in the
time of processing the radioisotopes, dispensing
of radioisotopes and scanning the patients. The
Health Physics Division, Bangladesh Atomic
Energy Commission (BAEC) was sent the survey
meter in every year to monitor the radiation
doses in every INMAS center. lonization
chamber is an instrument to detect the ionizing
radiation by using the ionizing properties of
radiation. It consists of one central electrode, i.e.
anode, one cathode outside the anode and
buildup cap. The cavity of the chamber filled with
air/gas. The shape, size, volume of chambers,
materials of electrodes and buildup cap etc. are
well recognized. lon chambers, in principle are
the simplest of all gas-filled detectors. Its normal
operations are based on collection of all charges
created by direct ionization within the gas
through the application of an electric field. As
with other detectors, ions chambers can be
operated in current or pulse mode. In most
common applications, ion chambers are used in
current mode as dc devices. The term ionization
chamber has conventionally come to be used
exclusively for the type of detector in which ion
pairs are collected from gases.

One of the most important applications of ion
chambers is in the measurement of gamma ray
exposure. An air filled ion chamber is particularly
well suited for this application because
exposure is defined in terms of the amount of
ionization charge created in air. Under the proper



Fig. 1. Cylindrical ionization chamber used in Dosi

conditions, the determination of the ionization
charge in an air filled ionization chamber can
give an accurate measure of the exposure and a
measurement of the ionization current will
indicate the exposure rate.

The ionization chamber NE 2575 has been
designed to achieve a high degree of stability,
combined with uniform X-ray energy dependence
characteristics over wide range of energies. The
basic features are:

e The energy response characteristic is
effectively flat i.e., within + 1%.

* lon collection efficiency is better than
99.99%.

e Thimble is made by high purity,
density extruded graphite.

high

We used the survey meter (Model 2# 069-702,
serial no 851887, New York, USA & Model: Mini-
rad series 1000, serial no 1781, British) for
continuous radiation surveys with the units
pSv/h.  Some places like hot laboratory,
dispensing room, gamma camera room (where
the patients were scan) and other places (patient
waiting room, corridor) were routinely monitored
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metry

the radiation dose level by the help of survey
meters. Ambient dose equivalent is therefore an
isotopic measure [9]. In INMAS, generally the
radio-pharmaceuticals  I'**,  Tc*™ (for the
diagnostic and therapeutic studies), sources of
the radiation doses have been used. The
equivalent doses due to the different type of
incidences in the body or emitted by the
radionuclide within the body are monitored [10].

3. RESULTS AND DISCUSSION

To calculate the doses, radionuclides are
deposited to the patient from internally is much
more difficult because the activity will be
distributed and cleared from the various organs
in the body [11]. The gamma camera detects
photons escaping from the organs and then the
radio-pharmaceutical is monitored. In the case of
Gamma camera, the photons create a defined
image of tissues by distributing radionuclides
[12]. The residual doses which are administered
to patients with radio-pharmaceuticals for
diagnostic and therapeutic studies with the view
of assessing, a survey was carried out by using
of I'*!, Tc¥™ radioisotopes. A brief description of
some of the case studies is given below:

Table 1. Radiation level in hot laboratory

Dose rates (uSv/h) for several days

Time Location
< < < < < < < < < < < <
— — — — — — — — — — — —
¥ Yy Y ¥ ¥ % ~ N -
N < Lo [{e] N~ [e0] ™ < Lo ™ < Lo
N N N N N N N N N N N N
8 AM Fume hood 1.4 2.0 1.8 14 18 20 1.4 2.0 1.2 1.5 1.6 2.0
Background 0.8 07 04 07 04 05 0.6 07 04 08 05 07
10 AM Fume hood 4 4 6 5 6 6 4 3 4 5 4 4
Background 1 1 0.5 0.7 06 05 0.6 0.7 04 0.8 05 0.7
2.30 PM  Fume hood 35 4 4 4 4 5 4 3 4 2 4 4
Background 0.8 0.8 0.3 04 04 05 0.4 07 04 0.8 05 07
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Dose Rates (uSv/h)

A4 24414 2504714 260414 2TA414 2B/4014 2377014 2407714 257014 2508014 2408014 2578014

Dates

Fig. 2. Radiation dose level in hot laboratory at 8  am

Dose Rates (uSv/h)

ZArarla 2403014 E5/4/148 ZR/4S1S 2PAAA1A 1B/ IHTILA 40T 18 254714 E5/B/14 148/l ISEf14
Dates

Fig. 3. Radiation level in hot laboratory at 10 am

When radioisotopes are used for diagnosis, the
result of higher radiation level around the
patients may cause harm to the technicians,
practitioners, and some extents to the family
members of the patient [13]. The continuous
radiation survey data over a period of eight
months is shown in the above Tables 1 to 4 and
the radiation dose level are shown in the graph 1
to 9. From above table and graph it is seen that

the radiation level in some places is different
from others. We have seen that radiation level in
corridor which is generally used as patient
waiting room after pushing the dose for
diagnosing disease is higher than all other
places. In this place, maximum radiation level is
15 uSv/h, which is far below the maximum
permissible level 25 uSv/h. In other places such
as hot laboratory, dispensing room, SPECT



(gamma camera) room and outside the INMAS
center the radiation level are far below the
maximum permissible level 25 pSv/h. Among
these places maximum radiation level is found in
top of the bench in dispensing room and fume
hood in hot laboratory. In hot laboratory, the
radiation level is high at 10 am and 2 pm
because radiation source such as radionuclide
generator is present there but at 8 am radiation
level is very low due to the absence of radiation
source. In dispensing room, radiation level is
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high all time at basin and top of the bench due to
presence of instrument but low at floor. Minimum
radiation is found in SPECT room and outside
the SPECT room. In corridor, the radiation level
is higher because after receiving the dose the
patient waits here for some time and radiate y
ray. Most of the cases we get background
radiation which is far below the maximum
permissible level 25 pSv/h and it are not the
significant radiation hazard.
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Fig. 4. Radiation level in hot laboratory at 12.30  pm
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Fig. 5. Radiation level in dispensing room at 8 am
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M

22/4/14 2404714 25/4/14 2674704 2T/4/14 28/4/04 23/7/14 2447714 2577714 23/8/14  24/8/14 25/8/14

Dates
Fig. 6. Radiation level in dispensing room at 10 am

22/4/14  24/4/14 25/47/14 26/4/14 27/4/14  28/4/14 23/7/14  24/7714 25/7/14  23/8/14 24/8/14 25/8/14
Dates

Fig. 7. Radiation level in dispensing room at 12.30  pm
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Fig. 8. Radiation level in gamma cameraroomat8a m
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Fig. 9. Radiation level in gamma camera room at 10 am

Dose Rates (uSv/h)

2274714 2474714 2574714 2674004 2774714 2874714 237704 2477714 2577714 2378714 24/8/14 25/8/14

Dates
Fig. 10. Radiation level in gamma camera room at 12 .30 pm

Table 2. Radiation level in dispensing room

Time Location Dose rates (uSv/h) for several dates
S 3 S 3 3 3 3 S 3 3 33
N bl ¥ Y N b ~ ~ ~ ® @ Q@
8 « & & & & I & & J& &«
Basin 20 3.0 30 20 30 20 20 30 30 30 30 20
8 AM Top of the 34 35 26 30 40 30 34 40 36 25 30 30
bench
Floor 1.0 1.0 05 10 02 04 05 06 03 06 05 0.7
Basin 40 3.0 22 17 40 6.0 10 20 20 30 40 20
10 AM Top of the 8.0 4.0 30 50 70 6.0 30 40 36 50 30 30
bench
Floor 20 1.0 08 05 10 22 04 05 06 03 06 07
Basin 3.0 3.0 25 18 30 20 20 30 30 20 20 20
2.30 PM Top of the 40 35 40 30 40 30 35 40 36 25 30 30
bench
Floor 06 0.5 06 08 04 05 04 06 03 06 07 10




Table 3. Radiation level in SPECT (gamma camera) ro
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Time Location Dose rates (uSv/h) for several days
< < < < < < < < < < < <
— - — — — — — — — — — —
< < < < < < ~ ~ ~ o o o
N < T © N~ el < < o I < T
N N N N N N N N N N N N
1 meter 04 04 04 04 03 03 03 03 03 03 04 04
from patient
8 AM Behindlead 05 0.4 05 04 04 03 04 04 04 04 03 03
shield
Processing 05 04 03 03 04 04 0.2 04 0.3 0.3 04 03
place
1 meter 40 3.0 20 40 40 3.0 30 40 40 40 30 30
from patient
10 AM Behindlead 04 0.4 04 04 03 03 03 03 04 03 03 03
shield
Processing 04 03 02 03 03 0.2 04 03 04 03 04 03
place
1 meter 05 04 04 04 03 04 04 04 03 03 04 03
from patient
230PM Behindlead 0.3 0.3 02 03 03 03 04 04 03 03 03 04
shield
Processing 02 03 04 03 04 03 04 02 03 03 04 03
place
Table 4. Radiation level in other place
Location Dose rates uSv/h for several days
< < < < < < < < < < < <
— — — — - — — — - — - —
< < < < < < ~ ~ < 0 o o
N < o) © N o) ) < o) ) < O
N N N N N N N N N N N N
Outside the 0.5 05 04 04 0.4 0.4 04 04 03 04 04 03
SPECT
Under the stair 0.7 05 05 04 0.4 0.4 04 04 04 04 04 04
Corridor (patient 15 10 14 13 12 14 15 13 15 12 12 10
waiting room)
4, CONCLUSIONS exposure arising from practicing nuclear

The radiation level in the hot laboratory was
never found exceeding maximum of the
permissible limit, it was significantly below
25 puSv/h and maximum value was found in the
corridor is 15 pSv/h, hot laboratory is 6 uSv/h
and dispensing room is 8 uSv/h. From the above
results, it can be said that hot laboratory area
and dispensing room are supervised area. But
the corridor is called controlled area. All other
places are uncontrolled area. Due to the case of
preparation of different types of activity of isotope
in the dispensing room, higher fluctuation
background radiation are shown but it is also
below the permissible limit. The ambient
radiation level was never found exceeding
the maximum permissible limit 25 pSv/h in
the scanning rooms including the adjacent
supervised areas. To eliminate of public

medicine is possible by good security and overall
by controlling access to the areas where such
radioactive materials used. So according to the
results INMAS, Khulna center is safe and
radiation hazardless. It should be borne in mind
that surveys are only supplementary forms of
radiation control in nuclear medicine. But to
follow the code of practice and insists other to
comply with the rules and standards is the basic
method of control.
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