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‘ABSTRACT

The indoor-outdoor radiation dose levels, and radicactivity levels of natural radionuclides in soil
and water samples of 56 locations of Bangladesh were measured. The radiation dosc Ievels at the sca-
beaches of Bangladesh and the concentrations of naturally éccurring radionuclides in the sand samples of
'Cox’s Bazar sea-beach and Kuakata sea-beach were also measurcd. The radiation dose levels were
measured “byr a calibrated portable radiation dose rate survey-melc;r PDR 1Sv. The assessment of
radioactivity levels in soil, sand, and water samples were performed by a high- rcsolutioni low backgrouud .
HPGe detector. Radiation dose due to radioactivity in-soil samples and intake of water samplcs were also’
asscssed.

The average indoor dose levels at kutcha-houses, new-buildings, and old-buildings were found to
be 0.23 + 0.04 puSv.hir™, 0.25 + 0:04 pSvhr', and 027 + 0.04 pSv.hr' respectively. The weighted -
avcrage indoor dose levels in all kinds of houscs was found to be 0.24 + 0.04 nSv.hr', The average
outdoor dose level was found to be 0.20 + 0.07 pSv.hr™. The ratio of average indoor dose level to
avcrage outdoor dose fevel was. found to be 1.2. The total average effective dos¢ cquivalent due to
external natural radiation was estimated to be ~2 mSv.y™'. The average conceritrations of >’Th, **U,
“K, and '¥'Cs in soil samples were found to be 83.56 + 17.96 Bqkg™', 44.35 + 12.65 Bqkg ™, 630.89 +
173.85 Bgkg™”, and 537 + 4.87 Bqkg™ respectively. The average activities of the mentioned

_radionuclides in water samples were found to be 249.59 + 51.67 mBq.L™', 156.77 + 30.46 inBq. L7, 908
+336BqL"',and 1.17 * 1.80 Bq.L. ' respectively. The average annual cfl"cctlvc dose equwa]cnl duc to
ingestion of watcr was found to be 74.01 + 21.41 pSv ranging between 24.20 +5.57 pSv: and 134.04 +
16.10 puSv. The avcrage annual effective dose equivalent due to terrestrial radiation was found to be 1.26
+ 0.27 mSv with a rangefrom 0.56 + 0.08 to 1.88 % 0.09 mSv. The average dose level in the shining-
brown coloured saridy areas in Cox’s Baza'r sea-beach was found to be 8.94 + 3.15 mSv.y”’ ranging
between 6.39 + 2.28 m'Sv.y'r and 1191 + 429 mSv.y™" while the average dose level in shining-brown

‘coloured sandy areas of Kuakata sea-beach was found to be 4.20 + 0.88 mSv.y~' ranging from 2.98 +
0.70 mSv.y™' to 5.87 +0.18 mSv. y'. The averagé radiation dose levels in public areas of Cox’s Bazar
sea- beach Potenga sea-beach, and Kuakata sca-beach were found to be 1.49 +0.18 mSv. vy, 1.58+£0.26

mSv.y and 1.58 +0.35 mSv.y~ respectwe[y

By plotting the cumulative fre'qucncy plots for the average concentrations of radionuclides and
averagg radiation dose levels, the geometric mean and gcomciric staridard deviation for each type of data
werc estimated and compared with the corresponding arithmetic mean and standard deviation. Except the
Cs concentration in water qamples' all data were found to be distributed normally. A good correlation
between the corresponding concentrations of radionuclides in soil and water sammples of the same place
was found.-

The 5verage fatal 'Car'ncer-risk was found to be 101 per 10° people with a range from 78 to 144
' cases per million people, based on the measured average dose levcl. L
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CHAPTER 1 Z m’;"fz

INTRODUCTION

1.1 Gcnerall

Man is always exposed to natural background radiation as well as artificial radiation |
sources. The sources of natural background radiation are the naturally occurring radionuclides in
the ground (*?Th and **U and their decay products; *°K etc.), gaseous radioactive elements in
the atmosphere (radon, thoron), cosmic radiation, and the radioactivity in the body ("'C, K,
Th, etc.). In addition to this, man is also exposed to artiﬁcial sources of rachation such as [rom
diagnostic radiology, radiotherapy; uses of radioisotopes in medicine, in agricultlure, and in
industry; nuclear fallout, radioactive waste disposal, reactor accident etc. The average annual

effective dose to adults from natural sources of jonizing radiation is 2.4 mSv!"

There afe éértain amounts of ionizing radiations around us and everything in the
environment are continuously exposed to those ionizing radiations. High external radiation levels
have been found in Austria, Brazil, China, France, India, Italy, and other countries®’. Brazil has
areas with abnormally high natural radiation. Among primordial radionuclides, "2Th, 28U, and
“K mainly contribute to the total dose from natural background. Natural radiation is the main
source of exposure to humans and the major contribution to the average annual dose received bj*
mankind still comes from the natural sources. Also the distinctive features of natural radiation
are that it involves the whole population of the world and that it has been radiated since the
creation of the earth. Until 1945, Man was exposed to natural radiation only. Since 1945, man
has been exposed to other artificial sources of radiation exposure like radioactive fallout from
nuclear tests, radioactive waste disposal, and reactor operation and accident,  uses of
radioisotopes and ionizing radiation in industry, in agriculture, and in medicine. Moreover,

enhanced radioactivity due to natural oil and gas production was observed in a North German

oil field™

Sources of natural radiation are the terrestrial and extraterrestrial radionuclides which are
the members of well known three natural radioactive series namely: Thorium, Uranium and
Actinium series associated with their progeny. In addition, there is another series called

Neptunium (*'Np, Ty 2.2 x 10° years) series with 15 daughters arising from the artificial
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radionuclide 2''Pu (T, 13.2 years) as the parent. The long lived radionuclides Th, having a
half life of 1.39 x 10" yéars represents as parent of 11 members Thorium decay series, 2*U
having half life 4.5 x 10’ years is the parent of uranium series witirl daughters and Actinium
decay series on thé other hand starts from **U (T, 8.25 x 10° years) having 11 members. The
total number of radionuclides in the above mentioned four decay series may be about fifty and
shown in Figures 1.1-1.3. In addition, there are certain other non-series natural radionuclides,
*Rb, “K, "C, and *H; the last two arises from cosmic ray interactions in the atmosphere. The -
natural radioactivity generaies from three distinct sources viz.: (i) cosmic, (ii) terrestrial, and,
(i) radioactivity in the body. Terrestrial radiations are emitted mostly {from natural radionuclides
present in varying amounts in all types of sands, soil, rocks, air, water, and grass in the forin of
o, B, v, even neutron or X-ray. About 460 uSv.y™ originate from the upper few feet of | the
crust, and a dose of 230 pSv.y™' results from natural body radioactivity. The average radiation
dose received by thé population from these three distinct sources is given in Table 1.1 The
average indoor absorbed dose rate in air from terrestrial source of radioactivity is estimated to

be 70 nGy. i1,

Table 1.1: Auninal ElTecfive Doses to Adults from Natural Sources'',

Source of Exposure Annual Effective Dose (mSv)
- Typical Elevated*
Cosmic rays 0.39 : 2.0
Terrestrial gamma-rays | : 0.46 n 43
Radionuclides in the body (except radon) 0.23 0.6
Radon and its decay products : 1.30 10
Total (rounded) . 2.40 -

* The elevated values are representative of large regions. Even higher values occur locally.

Galactic (cosmic) radiation consists of a low flux (~4 particles.cm™.sec”') of energetic
(10%-10" MeV) bare nuclei which appear to {ill our galaxy isotopically. The primary cosmic- |
rays are high energy pan'icles like protons (~87%), a-particles (~11%), and a trace of heaviour
nuclei (~1%) from 10 MeV to 10" MeV and higher that fill the space. Most of the cosmic rays
originate from remote interstellar space far beyoﬁd our galaxy, from initial explosion of the
expanding universe and from within the solar system itself. The geomagnetic effects on cosmic
rays and the meson formation in the upper atmosphere confirm that the cosmic-rays originéting

3



from outer space is mainly proton. The earth’s atmosphere acts as a filter and absorbs much of
the energy of the cosmic rays. That is why the intensity of the cosmic rayé varies with,altitude
and the ion-ization decreases with the decrease of altitude. The dose contribution from cosntic
rays depends greatly on altitude. Itis about 26 nGy.h™' at sea level in Taiwan and becomes twice
that at 2000 m altitude®™. When interacting with earth’s atmosphere, they produce “air showers”
of energetic secondaries (nucleons, mesons, photons, electrons, and so on), many of which
produce secondaries of their own, which in turn prépa pate. A total number of twenty
radionuclides produced by cosmic rays in the earth atmosphere or in the earth itself ('C, "Be, |
*H, Na, '%I) have so far been detected. The production rate of the cosmogenic radionuclides
increases with both latitude and altitude due to flux variations. Average annual exposures to

cosmic rays in some of the high altitude cities in the world are given in Table 1.2.

Table 1.2: Average Annual Exposures to Cosmic Rays'",

Location . rAltitudc (m) “Annual Effective Dose (uSv)
High Altitude Cities - ‘
La Paz, Bolivia 3900 . 2020
Leas, China - , 3600 1710
‘Quito, Ecuador 2840 ' 1130
Mexico City, Mexico 2240 | " 820
Nairobi, Kenya 1660 : 580
Denver, United States 1610 | 570
Tehran, Iran ‘I 1180 . . - 440
Sea Level ‘ _ - ' 270
World Average ' — 380

-

- The terrestrial radiations are emitted due to the presence of four radioactive decay series
namely: uranium, thorium, actinium, and neptunium series and some other non-series single
radioisotopes, such as: ¥Rb, *K, "C, ’H, in nature. Of these, the'major contributions are from
#2Th, P80, and, *K. Soil, sand, and rock; and consequently, the ground water contain a small
quantity of these elements. They are producing over 50 radionuclides emitting o, B, and -
radiations of varying intensities and energies. The radiation exposure to man due to terrestrial

a3

radiation in different countries of the world are listed in Table 1.3.



Table 1.3: National Estimates of the AVEI age Annual Effective Dosc from "Ierrestrml

| y-Rays™" ;. _
Country Effective Dose (I;ISV)
Bulgaria - - 0.45 J
Canada : 023
China o 0.55
g Denmark ' 0.36
- Finland : 0.49
Gerﬁmny S 0.41
Japan = 0.32
Norway ‘ ' 0.48
Spain ' 0.40
Sweden . ' 0.65
United Kingdom 0.35
United States : - 028
USSR 0.32
Population—weighfed world average . - 045

Before the invention and application of the fissioning of radionuclides, radioactivity was
‘a natural phenomenon. In 1945, when man succeeded in fissioning of uranium and other
nuclldes uranium fission product and other radioactive isotopes emerged on the earth as the
source of man-made environmental radioactivity. This mari-made radioactivity quickly exceeded
that of natural radioactivity, contaminating the greater part of this planét. Now, there is not a
single area in the lithosphere or biosphere, where man-made radioactivity is not present.
- Therefore environmental radioactivity is not only a natural phenomenon, but it is also an
artificial phenomenon at present. The living beings of the earth are getting vulnerable to the
increased radioactivity level and consequently in many cases suffering adversely at the hand of
this evil sfate. The sources-of artificial radicactivity to the environment are nuclear explosion
tests, 're-pric;cessing of nuclear fuels, uses of radioisotopes in medicine, sea bed disposal (Kara

sea, Russian lake, Estonia etc.), accidents in nuclear facilities (Windscale 1957, Kystym 1957,



Three Mile Istand 1979, Chernobyl 1986 etc.), radioactive laboratories, and test of nuclear

weapons.

Manufactured (artificial) radioactive isotopes of - caesium i introduced into the
environment, will 'evenlually reach humans via the food .chain. Thus, aﬂil' cial radioactive
isotopes of caesium may contribute to the radiation dose that human receive from all sources.
Nuclear weapons testing has been the most significant source of radiocaesium i in the global
environment. Above-ground nuclear testing has introduced about 1.3 x 10° GBq of *’Cs into
the atmosphere, much of which has been deposited on the earth as fallout both on a regional |
and global scale!® The Chernobyl accident in the former USSR released about 3.7 x 107 GBq of
"*'Cs to the environment'. Over the 35 years operating history of Savannah River Site (SRS),
about 2.2 x 10* GBq of "Cs and 22 GBq of "*Cs has been reported as releases to the
atmosphere and streams!”). Caesium-137 in air is associated with suspended particles. Sources of -
®'Cs in the air include the following: (i) direct fallout from nuclear weapons testing which
occurred from 1945 until the end of atmospheric testing in 1980, (i) "'Cs releases from other
nuclear facilities, (iii) resuspension of *’Cs particles deposited in the soil from past weapon {ests,
and, (iv) SRS "'Cs releases. It is often assumed that the concentrations of naturally occurring
radionuclides in soil are roughly constant with depth, whereas surface induced materials, such as

fallout ¥Cs, decrease rapidly with depth®®. The latter is cenamly true for “Cs in undisturbed,

clay containing soils.

1

The nature of envrronmental contamination is changing from the highly-concentrated,
locally restricted, and acute effect type to the lowly-concentrated widely dispersed, and
chronic effect type. This evolution causes many difficulties in determmmg the environmental fale
of trace concentrations of hazardous material, validation of mathematical models, and
determrnatton of exposure conditions®. However, if’ we use radloactwe fallout as mdreator

contammants these difficulties could easily be solved A portion of the arttﬁctal radionuclides

~ released from atmospheric nuclear tests is transported to the troposphere dnd the stratosphere

with the ascending current caused by the nuclear detonation and globally dispersed with the

general circulation of the atmosphere.

The total amount of radioactive material released into the environment since the advent

of the atomic era originated mainly from a great number of atmospheric nuclear weapon tests
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during 1945~1962 and continued individual tests occurrmg between 1964 1980"" 1n 1963,
_after signing of the Moscow Treaty Banmng Nuclear Tests in the atmosphere, on the ground,
underground, in sea water; the contribution from nuclear weapons tests had. decreased
dramatically, but this act failed to stab off the nuclear danger. Because, firstly not all the nuclear
empowered countries (such as France and China) signed the treaty and as such individual
nuclear weapon tests occurrmg between 1964 and 1980 also made contribution'"”. Besides this,
many countrics are becoming nuclear power day by day. The nuclear weapons contains. enriched
uranium and plutonium and when exploded produced over 200 different fission products and
“isotopes having drfferent energy and half-lives contaminating the planet. Between 1945 and 1980
many (423} nuclear explosions tests were conducted in the atmosphere, of which 53 (12.5%)
tests were made in the southern hemisphere and 370 (87.5%) in the northern hemisphere!™®
Secondly, the inputs from other powerful sources of environmental contamination (nuclear fuel
processing industry, nuclear reactors, nuclear power stations etc.) dramatically increased as
atomic energy is increasingly utilized throughout the world for various purposes. By the year
1987, 433 nuclear reactors for geuerating electric power are either in operation or under
construction in 30 countries and all of them depend on the energy derived from the fission of
uranium®". The whole process generates éxcess heat and needs a coolant which may be light or
heavy water, CO,, or molten sodium. These used coolants get enriched with radioactivity
derived from the whole process and ultimately contammate the environment. There are many |

reports on the nuclear power plant accident in developed- countries such as a lotal failure of the

coolmg system as occurred at the Three Mile Island, near Pittsburgh, USA in 1979; in the UK

at Windscale in 1957. It was estimated that 20 kCl of "'I and about 0.7 kCi of caesium and
strontium were released from Windscale accident. But the Chernobyl accident on 26 April 1986
became an unprecedented source of radlonuchdes input to the environment. The amount of
radioactive materials released into the atmosphere by the damaged reactor during the first few
hours following the accident was the largest in the: entire nuclear history of the world. The

amount of discharged radionuclides was ~3. 6 EBq (100 MCi)". Aerosol particles and gases

. that escaped the active zone contained more than 30 varieties of hazardous radionuclides and

subsequently contaminated our home planet by wind. Dumping of radioactive solid wastes inio
the sea has been regular practice since 1946, The 1972 London dumping convention, now

ratified by 91 states regulates all dumping at sea and this agreement prohibits all dumping of

high level radioactive wastes. But intermediate and low level radioactive wastes continued to be



dumped at sea until 1982, High level waste was defined as that containing per ton of material;

37 TBq of Sr and "*"Cs or 0.037 TBq a- -emitters, 38,000 TBq B-/y-emitters and 15,000 TBq
Tritium, respectively"!. For disposal, it is packed i in concrete-lined steel drums to ensure that
the container reaches the sea bed intact without imploding under the great pressures. But
unfortunately in the course of time the container will erode and leach their contents out into the
surrounding water. Since the oceans cover 71% of the earth surface, it would be expected that
about 71% of the world-wide fallout would fall into the oceans. Because of the global pattern of
atmospheric circulation, most of the fallout has occurred between latitudes 45°N. and 45°S!"",

w1th higher levels in the northern hemisphere of which 61% is covered with oceans. Be81des

some of the fallout on land is leached from land and carrled by rivers to the oceans along with

the wastes from nuclear installations.

The natural radiation levels varies fiom place to place due to different geograplical

~ condition; different condition of soil and environment. The environmental radlatlon levels further
- depends on the use of radloactlvny and i 1omzmg radiation, nuclear waste disposal, and nuclear
fallout. The background radiation levels have registered a significant rise afier the Chernobyl
nuclear accident in 19861 This natural radioactive background of the earth varies from place
to place, subject to human alteration and their interference with the natural environment such as
mining, milling, nuclear fuel fabrication, and various industrial set ups. Obviously, at the time of
planet’s genesis the variety of its radioactive elements was con51derably larger. In the course of

' »time short-lived radionuclides have virtually vanished owing to radioactive decay. Now the earth
is mamly assocnated with natural radionuclides whose half life equaIs millions or tens of millions

of years.

~ The radlatlon dose may be imparted to body both mternally (when the source is inside
the body) and externally (when the radicactive source is outside the body). Radlonuchdes enter
the human body mainly through mgesuon of contammated food and drmks and inhalation of
contaminated air. Principal transfer routes for radionuclides through which these may enter into
the body are shown in the Figure 1.4. Different radionuclides present different health hazards
depending on (i) the nature of radionuclides, (ii) the nature of emitted radiation, (iii) it’s half life,
(iv) it’s decay scheme, (v) the chemical form in which the radionuclide is encountered, (vi) the
fraction that is assimilated, (vii) the organ in which it may accumulate, and, (viii) the
concentration that may be reached. The internal dose from world-wide fallout is due to fission

1
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products which enter the human body through plants and other food stuffs. Plants absorb fission
products depos1ted in the surface soils through their roots, depending upon the metabolism of
the particular isotopes. The fission products can also enter the plant by direct deposition on the
leaves, i.e., by foliar uptake. The fission products enter the human system through vegetables,

milk, meat, etc. and accumulate in specific organs. The two lmportant ﬁssron products from the
point of view of internal dose due to world-wide fallout are *Sr and *’Cs. As both have long
half-lives and are produced in abundant quantmes in the fission of 2""SU and *°Pu, they form a
large percentage of world-wide failout 7Cs which has chemical properties similar to potassium

distributes itself within the living cells i in the same way as potassium and is found mostly in the
muscle. Bemg a y-emitter, it delivers a dose to the whole body mcludmg the gonads and is

mamly significant as genetic hazard"'¥.

\ Uranium an element with the lnghest atomic number of the naturally occurring element,
is found in the earth’s crust, It’s concentration in a few ores is in the range from 40% to 60%.
About 100 mineral species contain 1% or more and the Aaverage concentration of uranium in the -
earth’s crust is 4 x IO“’% It is found in granites, metamorphic rocks, lignite, monazite sands

and phosphate deposits as well as minerals such as uraninite, caroninite, and pitchblende. Natural

* uranium is commonty found in the uranylion (UO;) All natural compouds of uranium contam. |

oxygen The best known use of uranium is as a fuel in nuclear power reactors and nuclear
weapons. Uranjum (U) atomic number 92, occurs only in radioactive forni. Natural urantum is a
mixture of 2*U (99. 27%), 2*U (0. 72%), and **U (0. 006%); and for this combination, 1 mg of
uranium has an actrvrty of 0.67 pCi. Uranium-238 is the head of the uraniunvradium series and
Y starts the actintum series. Uranium isotopes are also found in other series of transuranic

elements. The radioactive decay of Z*U as shown in Fi ure 1.1 is complex and passes through
y g p 8

,14 —steps, each with characterlstic drsmtegratlon and daughter products before it rearhes the

: ﬁnal stable end product “5pp..

Thonum~232 is the prlncrpal lsotope oF natural thorium and has a complex decay process -
before reaching the stable end **p as shown in the Fi igure 1.2, ‘Thorium is very widespread i in
the earth’s crust, The mean content of **Th in the uppermost layers of the earth’s crust is about
1.2 x 107%%, The thorium content in the earth’s crust is approximately three times that of

uranium. Uraniutn and thorlum are abundant in acidic than in basac rock. Thonum 232

constitutes upto 10% of monazite, which is particularly abundant in certain areas of the ocearic

1
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coastal belt like Brazrl Kerala state in India, and, Cox’s Bazar and ofF- shore islands in

Bangladesh

Potassium has a very simple form of decay scheme. 89% of *°K decays into “Ca + f~,
and, only 11% of “K decays into “’Ar + v (electron capture). Both »Ca and " Ar are stable
elements. Only one oK of the natural isotopes of YK is radioactive. It’s natural abundance is'
only 0.012%!. No significant fractionation of the potassium isotopes takes place in nature and
so the radloactlvrty of “K is constant under all conditions, Because of the srmple decay scheme,
it is characterlzed by a single v- energy 1460, 75 keV. The potassium has a specrf' ic actlvrty of 3.3

© y-emission per sec per gm'"]

Caes:um is an alkaline metal, a congener of potassium whlch Is very abundant in earth’s

crust, 2.59%. Because of its exchange capablhty it can substltute from potassmm where thcrc s
a lack or deﬁcrency of the latter. So, 'Cs presence in plants may be caused by its uptake
through soil as well as potassium uptake. Caesium and potassium have similar chemical and
biochemical behaviour including distribution and metabolism in the body!"®. Caesium-137
(‘7 Cs)has twe\nty one radioactlve rsotopes The two 1sotopes of Cs wrth the longest physical
half-lives, ~30 years for '*'Cs, and ~2.1 years for *Cs, are most likely to present contamination
problems. Caesium-137 decay_s into ‘37Ba (5.4%; stable) and "“[7Ba (94.6%: metastable) by
emitting 3~ particles. The '*2"Ba (T 2.55 min, ) reaches to ground state by emlttmg ¥- photon
" Caesium-137 decay scheme emlttmg y-photon of energy 661.66 keV is more likely to be
| encountered because it is an 1mportant ﬁssron fragment produced durmg fissioning of either Z*U
254

or “’U. It has been subject to many radlobrologrcal and metabolic efTects studies, because it is

one of the long-lived fission products assocrated with atmospheric weapon test.

'

Radon-222 is the only gaseous decay product of the 8U senes Although it is soluble in
*adipose tissue; radon, as a noble gas, is chemically inert and does not easily form compounds. .
Therefore, the major part of the inhaled radon i is exhaled again. The decay products of radon are
short lived radioactive isotopes, a proportion of which are attached to the aerosol atmospheric
particles. A small percentage of radon decay products lnhaled are deposited on the respiratory
tract, where the emitted a- partrcles may cause lung cancer'!”’, The major health rlsk n relatlon
with restdential radon exposure is thought to be lung cancer'®. Well-water can be a srgmf‘ icant

source of *Ra in room air. Ground water carries radon from its Ra precursor in sorl and rock
10



into the home, where radon gas escapes inlo the air, espectally when the water is heated,
sprayed, or agitated. Exammatlon of exposure pathways, lndlcates that the radlatlon dose to the
lungs due to inhaling *Rn that escaped from the water used in a home generally is much higher
than the dose to the gastro-intestinal (GI) tract due to drinking the radon- -containing water!'”,
Lung exposure to radon and its decay products contribute approximately half of the average
total effective dose of 2.4 mSv.y” received by the general population from naturally oceurring
radionuclides'!, Most of these radon decay product exposures occur lndoors and the time-
averaged exposure to these decay products varies. This varlablhty 1s mainly caused by variation
in the indoor radon concentration, which, in turn, depends on the dlf‘ferences in the rate at which
radon enters the indoor atmosphere. The *ZRa concentrations are lower in summer than in
winter time''”. The annual equivalent dose for the general publlc due to the inhalation of **Rp is

equal to 0.81 mSy!'"!

All ionizing radiation however small it is, carries a probability to induce radlatlon injury
to man and living beings!® The probability of radiation i mjury increases with the increase in
radiation dose'™". The maximum permissible effective dose (whole body) to man is 1

mSy.y 124

1.2. Biological Eﬂeéts of Radiation

Ionizing radiation normally causes ionization in a matter through which it passes and can
cause extensnve damage to the molecular structure of the substance either as a result of the
dlrect transfer of energy to its atoms or molecules or as a result of the secondary electrons
released by ionization. In biological tissue, the effect of i ionizing radiation can be very serious,
usually as a consequence of the ejection of an electron from a water molecule and the oxidizing
or. reducing effects of the highly reactive species. As a result, ionizing radiation can cause

harmful somatic and genetic effects on living beings.

We live in an environment of low level. ionizing radiation. Ionizing radiation has been
present in the earth since the beginning of its formation and the animate (also inanimate) beings
are continuously being exposed to such radiation. Iomzmg radiation may be of nuclear and
extra-nuclear origin. There are dlrectly ionizing radiation e.g., o, B, 'H (P), ’H1 (D), etc. and

indirectly ionizing radiation e.g., X-ray, y-ray, neutron, etc. The range of a-particle is very short

- though its ability to do biological harm is twenty times that of P or y-ray. The range of f-
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particles is longer than that of o-particles but much more shorter than that of y-rays. Since y-
photons have no charge, it does not suffer any inﬂuengg of electric and magnetic field generally.
Further, y-rays does not suffer any common obstruction as it has no rest mass. Consequently, -
rays have longer range and it ma} cause ionization in any point of huian body. In the present

study, the radiation dose to the people of Bangladesh, due to the y-emitting radionuclides in the

environment is mainly considered.

The interaction of ionizing radiation with matter is mainly described by three processes
viz.: (i) photo-electric effect, (ii) Compton effect, and, ('iii) ﬁair production. The photo electric
effect is predominant for photons in the low energy range, below 115 keV. An approximate

relation for the photo electric absorption coefficient L(E) is!®T:

# (E) =10 NZPE o
where N is the atom density of the interacting atom, Z is the atomic number, and E is the energy
of the y-ray in MeV. The Compton process is predominant for photons with energies between

150 keV and 2.5 MeV. The Compton absorption coefficient [1o(E) is approximately given by

NZ
1]
E-log,(2a +05)

o (E) ~(125x107%)

where o = (hv is the energy of the incident photon in MeV), and the other terms are as

hy
0511
~ said just before. The pair production process is predominant for photons of energy equal to or
greater than the threshold value 1.022 MeV. The depéndence of pair production absorption
coefficient (E) on energy is approximately linear near the threshold™] ie,
' | p# (LY < NZY(E - 1.02) cm™
where E is in MeV units; and logarithmic at higher energies'™ i.e

4, (E) o NZ7% log, E cn?.

*3

The transfer of energy of the incident photon (y-ray) into the interacting medium occurs typically
in a series of these interactions in which the energy is transferred to electrons, and, usually
secondary photons of progressively less energy. The product of each interaction are secondary
photons and high energy electrons. The high energy electrons ultimately are responsible for the
deposition of energy in matter. Since |, is nearly independent of Z while p, and |y are
proportlonal to.Z, we find that the lower the atomic number (Z) of the interacting medium, the

wider the energy range over which the Compton effect is dominant. In practice, the most
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commonly encountered y-rays are between 100 keV and a few MeV, and consequently,

Compton effect is dominant in common practlce

When a beam of photons passes through an absorbing medium such as body tissue, some
of the energy carried by the beam is transferred to (he medium where it may produce biological
damage[ Y The energy deposued per unit mass of the medium is known as the absorbed dose.
The events that result in this absorbed dose and subsequent biological damage are qu1te

comphcated These are 1llustrated in a simplified way in Figure 1.5.

Biological effects of radiation are the manifestations of the interaction between radiation
and biological cells; which are the results of a chain of reactions lmtlated by their interactions
with the atoms of low atomic number (C, H, O, N) which constitute organic matter'?”, All living
creatures and organisms consists of tiny structures known as cells. Cell is the basic unit of life. It
is estimated that adult human body consists of about 10" celis. Biological tissues comprise of
70% ‘water, the remaining composition being special macromolecules and other elements. The
baSlC components of a cell are the nucleus, a surrounding liquid known as the cytoplasm, and a
membrane which forms the cell membrane. A typical cell is a sac of fluid, or cytoplasm enclosed
by a membrane which embeds a nucleus containing chromosomes which includes the more
essential compound of life deoxyribonucleic acid or DNA; that carry life sustaining

informations!®1

The chromosomes hold the ‘genes, a segment of DNA that. codes the
mformatrons and allows the tlansmlsmon from a cell to its descendants Since the role of DNA

in life is dominant, thus the action of radiation on DNA is particularly important.

Molecules in the biological tissue are most oﬁeh held by"covalent bond. When an
ionizing radiation passes through biological molecules, the covalent bonds, specially those of
water are split to form free ions , free radicals, and finally H,0, and consequently, biochemical
changes occur in the body; which may later show up in' the form of clinical symptoms'®!.
Interactions of radiation with cell material may occur at random at any moment during the
dynamic process of reproduction of stem celis’!. At low radiation doses (e.g., 1 mSv per
annum}, there may be a great deal of incident radiation per cell but the frequency of interactions

(2s1.

is extremely low'™": about one interaction per cell in a year.
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1.2.1. Role of Free Radicals in Rﬁdiation Damage .

Free radicals are chemical species that have a single unpaired electron in an outer orbital,
In such a state, the radical is extremely reactive and unstable and enters inlo reactions with
iorganic or organic chemicals- pfoteins, lipids, carbohydrates; particularly with key molecules
in membranes and nucleic acids®®”, Moreover, free radicals initiate autocatalyt:c reactions
thereby converting the molecules with which they react into free radicals and thus propagate the
chain of damage. The main effects of the reactive species are on membrane, lipid, sulfhydryl
bonds of proteins and nucleotides, In the presence of oxygen, they may cause preoxidation of
lipids within cellular and organellar membranes and cause damage to endoplasmic reticulum,
mitochondria, and other microsomal components. Cross linking of proteins by the formation of
disulphide bonds may also occur and raise havoc through the cell, in particular tnactivating |
enzynies, especially with sulfhydryl 'en.zymes. The interaction of free radicals depends on'™'- (j)
the nature of radiation (on 'LET), and, (ii) presence of dissolved oxygen in the water, The

process of the development of radiation injury is illustrated in Figure 1.6.

1.2.2. DNA Damage by Ionizing Radiation . .

The gene component, DNA, is a pair of linear long chain-like m.olecules called
polynucleotides wrapped around one another as a spiral ladder-shaped double-helix complex
moigcule composed of two strands, wound around each otler. The DNA is found in the
eukaryotic cells and in mitochondria. This complex molecule comprises numerous individual
uitits or nucleotides. E.ﬁch nucleotide is composed of a nitrogenous base, a sugar molecule
(deoxyribose), and a phosphate molecule. The nitrogenous bases in DNA are: adenine (A),
guanine (G), thymine (T), and cytosme (C). The sequences of the bases express the genetlc
code'”! The A and G are called purine, and the T and C are called pyrimidine bases. A purine in
one chain always pairs with a pyrimidine on the other chain by foIIowing the specific base
pairing. The chains are bound together by disﬁlphide bonding between the bases, with adenine
bonding td thymine and guanine to cytosine. At nuclear division, the two strands of the DNA
molecule separate and as a result of specific base pairing, each chain then builds its complement.
~In this. way, when a cell divides, genetic information is conserved and transmitted to each
daughter cells. An indication of thé ccﬁnplexily of the DNA molecule is the fact that the DNA in
the human haploid genome is made up of 3 x 10° base pairs”®. DNA is the component of the

chromosomes that carries the “genetic message”, the blueprint for all the heritable characteristics
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of the cell and its descendants. Each chromosome contains a segment of the DNA double helix.
The genetic message is encoded by the sequence of purine and pyrlmldme bases in the nucleoude
" chains. The text of the message is the order in which the amino acids are lined up in the proteins
manufactured by the cell. The message is transferred to the sites of protein synthesis in the
cytoplasm by RNA. The proteins formed include all the enzymes, and these in turn control the
metabolism of the cell. A gene has been defined as the amount of mformatlon necessary to
spemfy a smgle peptlde molecule However, this protein may be the precursor of several
different physiologically active proteins. Genes also contain promoters, DNA sequences that
facilitate the formation of RNA. Mutations occur when the base sequence in the DNA is altered -
by i lomzmg radiation or other mutagenic agents. There are estimated to be 50,000 - 100,000
genes in the 3 billion base palrs that make up the human genome'?* By the action of chemical
radicals, ionizing radiation can directly or indirectly induce changes in the sequences of the bases
and therefore alter the genetic code. This brocess is kuown as mutation or DNA damage, which
if not repaired, induce cellular derangements as well as inhibition of DNA replication and can
alter the information that passes from a cell to its progeny””. DNA mutation is subject to
efficient repair mechanisms, but the repair is not error free. Most of the damage is repaired, but
some damage remains or is badly repaired, and this has consequences for the cell and its
progeny. Both chains of the molecule can be broken and this may lead to chromosomal breaks.
If only one helix (strand) of the double helix is broken, the lesion can be repaired by a process
called unscheduled DNA synthesis™. A defect in this repair mechanism occurs in

xe}odermapigmentosum and is related to the development of cancer.

1.2.3. Effects of lonizing Radiation on Human Body
The effects of ionizing radiation on human body are the result of damage to the
individual cells, These effects hlay be conveniently divided into two classes, namely somatic and

B9 These effects may arise by acute or/and chronic exposures. However, the effects of

genetic

- radiation on blologlcal matter are dependent on'®!! (1) the energy and the type of radiation, (i}
the dose rate, (iii} the volume 1rrad1ated and, (iv) the sensitivity of the tissue.

Somatic Effects: The somatlc effects arise from damage to the ordmary cells of the

“body and affect only the radio- exposed individual®. The somatic effects are dependent on

whether the irradiation is acute or chronic. These eflects are also dependent on'?!:’ (i) the degree

of oxygenation, and hence temperature of the exposed part of the body, (ii) the metabolic state,
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and hence the diet, (jii) the irradiated person’s sex; and, (iv) the body colour. The somatic

effects are (a) inhibition of mitosis, (b) chromosome aberration and breakage, and, (c) death of

cell.

Genetic Effects: The genetic or hereditary effects are due to the damage or mutation or
alteration in the chromosome structure and sperm or ovum i.e., ~germ’ cells of irradiated
individual and affect his/her descendants. These may be passed through generation to
generation™!, A genetic mutation may result by natural, radiation. Any unrepaired DNA
mutations in germinal cells that are non-lethal for the cell could in principle be transmitted to
subsequent generations and becomes manifest as hereditary dlsorders in the descendants of the
radio exposed individual®!, Tonizing radiations can act directly on genetic materials. The effect
is proportional to the dose and the dose rate; the relationship is generally linear. Thus, there is
no threshold and a radio-exposed individual has a definite probability of producing a mutagenic
effect™ . However, the natural background radiation is fesponsible for from 4 to 10% of all
naturally occurring genetic mutations!**! . .

Immediate or Short Term Effects: These effects are‘ldue to an acute exposure (above 1
Gy delivered between a few minutes to a few hours) and manifest within a few weeks of

I These are somatic effects and inevitable. The immediate effects manifest as:

exposure
chromosome aberration, blood changes, nausea, vomiting, diarrhoea (NVD) loss of appetite,
: fatlgue, epilation, skin erythema, sterility, etc. and death®. There is no well defined threshold
dose below which there is no risk of death due to acute doses and no well defined point above
which death is certain, but the chances of surviving an acute dose of about 8 Gy would be very
lowm'.
| Delayed Effects: These effects are due to acute or/aod chronic radio-exposure and
generally manifest after a few years of exposure. These effects are: various types of cancer,
leukaemia, cataract, hereditary effects etc. There exist no threshold doses below which no
probablhty of cancer induction and heredltary effects occur; but for cataract formation, the
threshold dose i i1s 15 Sv over the whole workmg life time®™, Depending on the threshold dose
and the probablhty of effects upon dose, the effects of radiation on human body are ClaSSIﬁed
into two types, viz.: (i) stochastic effects, and, (u) non- stochastlc effects.

Stochasti¢ El’l‘ects. For the manifestation of certain biological effects, no threshold dose
“can be defined. These effects are called stochastic effects. These effects may occur at any dose,
the probeblhty of manifestation increases with absorbed dose[“]. On the basis of data obtained
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on occupational exposure, radio- therapy experience, elc., the foiiowmg probability values (nsk
factors) are accepted {or these stochastlc effects™™!):
All canc_ers - 1 to 1.5% per Sv
Hereditary effects - 0.4% per Sv
Non-Stochastic Efl'ects The effects of ionizing rad!atlon on human body for which a
threshold dose for occurrence can be deﬁned are called non-stochastic effects®". ] he severity of
the elfect increases with dose. All early effects of radiation (say, Nausea, Vomiting, and,

Diarrhoea) and cataract formation are the examples of non- stochastic effects.

1.2.4 Effects of Ienizin.g Radiation on Embryo |
Effects of ionizing radiation in utero are generally referred to as effects on the embryo.
Radio- exposure has a harmful effect on the development of embryo lis sevcnly is explained by
the fact that the cells of foetal tissues are immature, undlﬂ‘erenttated and rapidly dlwdmg, and
consequently are extremely sensitive (o radiation, so that the death or mutation of only a few of
these cg.n bring about irreparable damage™!. The effects can occur at all stages of embryonic
development, from zygote to foetus, and may include ‘lethal eﬂ’ecte, malformation, mental
retardation and cancer induction and malignancies™). The first three may be the possible
outcome- of deterministic effects during embryonic developmernit, particularly at the period of
formation of organs (from second to twelfth Weeks of gestation). The birth defects commonly
observed in the children who have been radio-exposed (0.1 to 0.2 Gy) during the uterine life are

given in Table 1.4.

Table 1.4: Principal Birth Defects Due to Radiation Exposure in Uterine Life"

Organ _ Kind of birth defect
Brain . Anencephaly, Hydrocephaly, Cerebral Atrophy, Mental Retardation
'Eye A Anophthalmla Microphthalinia, Retinoblastoma

* Skeleton Dwarfism, Cramostenosns Spina Bifida, Malformations of the Extremltles

1.2.5 Health Effects of Low Level Radiation Exposure
Since there is no threshold dose for the induction of various types of cancer, ieukaemia,
life shortemng and hereditary effects; there exists a certain probability for the occurrence of

these effects by a low level radiation exposure, Thus an individual have some risk although the
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probability is very low. waever, the radiobiological estimates for low (chronic) radiation doses
around 1 mSv per year are ciled below!*! : |
(i) Probability of an excess malignancy: 10™* per year.
(i) Lifetime probability: 0.5%.
(iii) Proportion of fatal cancers in the population that may be attributed
to radiation: approximately 1 in 40. _
The lifetime mortalities in a population of all ages from specific fatal cancers after

exposure to low doses are given in Table 1.5.

Table 1.5: Lifetime Mortality in a Population of All Ages from Specific Fatal Cancer After

Exposure to Low Doses?, ‘
Organ Fatal Probability CoefTicient
5 , (107 Sv"
Bladder : 30
Bone Marrow 50
Bone Surface : 5
Breast . 20
Colon \ - 85
Liver =~ 7 15
Lung ’ : . 85
Qesophagus 30
Ovary ' 10
Skin 2
Stomach : 110
‘ Thyroid | 8
Remainder ' - 50
Total . , 500*

* General public only. The total fatal cancer risk for a working population is taken to be 400 x 107 Sv™'.

;
1.3 Objectives of the Research
Although Bangladesh is not a nuclear powered country, nevertheless, it triay be
vulnerable to atmospheric faliout of technogenic radionuclides and waéte disposal to the Indian -
ocean by neighbouring countries or by other developed countries, sipcé no surveillance activjty
_in this regard exists here. Beside this, Bangladesh is subjected to natural radioactivity through
the draLining of heavy silt-laden water by the Ganges-Jamuna—Brahrpaputra-Meghna river system.
The assessmlent' of the radiation doses in human from natural sources is of special importance
because natural radiation is by far the larges( contribution to the colleciive dose received by the

population, and any amount of radiation exposure bears a probabilily to cause harm to men and

~
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environment. Even low doses of radiation may cause genetic effects and may be important in

somatic consideration. Hence, general public should not be expeSed to any radiation unless

unavoidable.

In Bangladesh, the external background radiation levels lie between 1.0 and 3.9 mSv.y™'
with an average value of 2 mSv vy excluding Cox’s Bazar sea beach sand areas where an
average value of 13 mSv.y~ " with a range of 2.6-44.0 mSv, y ' -was observed[ 4 The average of '
the total radiation exposure (both external and internal) all over the world is 2.4 mSv.y‘“”. of
this dose, about two third is dde to internal radiation and one third results from external |
exposure giving a ratio of about 2:1 for internal to external exposures. }f the same ratio of
internal to external exposdres is maintained in the dose pattern of public in Bangladesh, the total
public dose equivalent would be around of 6 mSv.y”' from both internal and external sources of
background radiation. This is a noteworthy very high dose from background sources (in
Bangladesh). Therefore, the population of Bangladesh.should not be exposed to any additional

dose from artificial radioactivity if not ineluctable.

The most probable radioactive materials present in the samples of soil and natural water
are trltlum carbon, iodine, potassium, strontium, radium, uranium, thorium, etc., which emit
nuclear radiations. Living beings are exposed to these radiations through env1ronmemal
exposure, ingestion of food and drinking water. Although in general, radlatlon is hazardous to
living beings, there is a certain level of radiation dose which a living being can withstand called
the “tolerance level”. If the radiation dose exceeds this tolerance limit, it may cause harm to
living beings, and may cause sﬁort-ten‘n or/and long-term effect. Since the internal radiation
doses received by a living being through foodstuff and drinking liquids are more dangerous than
external ones and since water is a drinking liquid and we live in an environment of low-level
radioactivity, the knowledge of the level of natural radioactivity in soil and water samples, and

the dose contribution due to these is of prime importance.

In the env@rodment, the contents of radioactive elements increases due to continuous
generation of radioactive isotopes by: (i) the reaction of cosmic radiation with the atoms of the
- atmospheric elements, (ii) the operations of ndclear reactors and their fuel processing plants, (iii)
nuclear test’s fallout, and, (iv) the other world-wide nuclear actlvztles In addition to the

developed countries, some- developed countries in Asia have started nuclear programmes to
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achieve nuclear power recently. By this time, some successful nuclear explosions have already
been carried out by our neighbouring countries- India, Pakistan, and China. Also South Korea is
reported to be on the way to become a nuclear power, Therefore, the probability of

contaminating the environment of Bangladesh may further be increased.

‘As an aftermath of Chernobyl accident, the radioactivity and background radiation levels
have been measured in different countries of the world™. In Bangladesh, no systematic data are
available on radioactivity and radiation level to estimate the radiation exposure to population at
large. In 1990, ICRP had recommended 1o reduce the existing MPD from 50 mSv.y”' to 20
mSv.y™ for occupational personnel and from 5 mSv.y™" to 1 mSv.y"* for general public. It is

therefore necessary to know the present level of population exposure in Bangladesh.

Different projects all over the world on the natural radioactivity level measurement had
been undertaken by different countries for drawing up map of natural radiation levels of the
respective countries. But no such systematic work have been reported regarding the assessment
of natural radioactivity level and population dose due to environmental radioactivity, in our
country, after the Chernobyl accident of 1986. To avoid radiation hazards, radiation levels due
to natural sources as well as man made sources should be evaluated so that. prdpér guideline
could be developed to keep radiation exposure as low as reasonably achievable (ALARA). In
this context, it was proposed to undertake a programme to measure the radioactivity and
radiation levels in different locations in Bangladesh in order to estimdte the exposure to
population at large. The data obtained will be utilized for evaluation of collective dose
equivalent to the population at large in Ban.g'ladesh in order to formulate the radiation protection
gutdelines. Therefore a research programme for the lneasuremeﬁf‘of radioactivity level in soil
and' water, and measurement of radiation dose level all over Bangladesh was taken in order to -
- fulfill the above mentioned goal. Under this research programme, the following studies were
carried out: (i) measurement of indoor and outdoor radiation lével, (ii) measu.rement of
radioactivity in soil, (iii) measurement of radioactivity in drinking water, (iv) evaluation of
radiation level by mathematical model (RESRAD & GENI) based on the measured radioactivity
in soil samnples, (v) determination of the correlation coefficients between the activities of
radionuclides found in soil and water samples, (vi) evaluation of whole body dose equivalent due

to drinking water by an established formula, (vii) estimatid_n of cosmic-ray contribution,



(viti) estimation of effective dose equivalent of the population of Bangladesh, (ix) estimation of

collective dose equivalent, and, (x) estination of population risk factor.

This work would help (o create a public awareness about the environmental radiation -
level. Also the result of the present study will help to develop a reference data on this important

issue to show the condition of Bangladesh environment and shall stand as a bench mark for

further changes in this regard. | -
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Figure 1.4: Major Pathways of Radionuclides to Man in the Event of an Uncontrolled Release
of Radioactivity™".
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Figure 1.5: Schematic Diagram Illustrating the Absorption of Energy from Radiation

Resulting in Biological Damage?! -
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CHAPTER 2

REVIEW

2.1 Introduction /

Radioactivity is present in the environment since the formation of the earth. The level of
this radioactivity is now increasing day by day due to the proper and improper use of
radioisotopes and nuclear energy. As the deleterious effects of radiation became known,
scientists all over the world measured the radioactivity level iﬁ different environmental samples.
As there was no sensor to measure and detect radiation nafurally, these measurements were
done by different methods using different instruments. Methods and results of some of the recent

works which are most relevant to the present work, are described below in brief.

2.2 Review of Previous Works

During the period of 1975 to 1979, Bangladesh Atomic Energy Commission had carried
* out a countrywide environmental radioactivity monitoring programme™?. It was found that the
external background radiation levels lie between 1.0 and 3.9 mSv.y” With an average value of 2
mSv.y"! excluding Cox’s Bazar sea.beach sand areas where an average value of 13 mSv.y” with

a range of 2.6 - 44.0 mSv.y"! was observed.

M. A. Rab Molla and A. F. M. Salahuddin Chowdhlurym] studied the environmental
radioactivity of *’Cs in some soil samples of Bangladesh in 1975 by y-spectrometry. They found
that the range of the conéentration of *"Cs in the studied soil samples varied from 0.02 pCi. g’ (
1.32 mCi.km™) to 2.03 pCi.g” (134.06 mCi.km™). The lowest concentration of *’Cs was found
in the séil sample of Rangamati collected from a depth of 117-13" and the highest conc;entration
was found in the sample collected from Cox’s Bazar at a depth of 0”-2". In most of the analyzed

samples, they found that there was a random variation of **’Cs activity with depth of the soil

from where the samples were collected.

- M. A. Rab Molla et al.**) made a study on the activity of “’Cs in soil samples collected
from different depths of 29 different sampling stations at Cox’s Bazar, Chuandi, and Rangamiati.

They found that the activity level ranged from 5.17 to 479.93 mCi.km?. In most of the analyzed
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samples, they found a definite indication of decreasing B¥Cs activity with increasing soil depth,

having higher activity in the surface soil.

In Finland, M. Asikainen and H. Kahlos”® measured the natural radioactivity in drinking
water with the help of scintillation detectors. They analyzed the water samples for “’Rn, “Ra,
gross - and gross f- activity. They found that the mean concentrations were 670 pCi.L™ for
22pn and 0.1 pCi.L" for Ra in the drinking water distributed by water supply plants, and
17,000 pCi.L™" for *’Rn and 2.9 pCiL"! for Ra in the water samples of drilled wells. They
found the radioactivity to be very high in the wﬁter samples of drilléd wells. Some of the drilled
wells also had abnormally high concentrations of uranium, up to 2100 pg.L" and even higher in

some wells in the Helsinki region.

David E. McCurdy and Russel A. Mellor®”! measured the concentrations of “Ra and
22Ra in domestic and imported bottled water samples in the US in 1979. They found the ranges
of the activities of *Ra in imported and domestic bottled water as from -0.02 % 0.02 (origin-
France) to 13.5 + 0.8 pCi kg (origin- France) and from -0.04 * 0.03 (origin- Massachusetts) to
2.2 + 0.3 pCikg’ (origin- New York) fespectively; and the rénges of the activities of **Ra in
imported and domestic bottled water samples as from -0.4 £ 0.2 (origin- Italy) to 12.8 £ 0.8
pCi.kg" (origin- France) and from -0.08 * 0.06 (origin- New Hampshire and Maine) to 0.6 £ 0.2
pCikg! (origin- New York). -

S. Abe et al®® made an extensive field survey of natural radiation in Japan. They
estimated the exposure rate due to natural radiation composed of terrestrial radiation, cosmic
ray, as well as a slight contribution from nuclear tests at 1,115 sites by an ionization chamber
and Nal scintillation survey-meters. The distribution of the exposure rates along with the
population-weighted ‘annual collective dose in each area were obtained. The mean exposure rate
over entire Japan was calculated to be 9.0 pR.h’. The population-weighted mean dose for an
individual person was 0.69 mGy.y". There was a general trend that.south~west Japan had higher
level than north-east Japan. It was also revealed that the population size was a more important
factor than the radiation level in determining the distribution of the population-weighted mean

dose in Japan.
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K Fujitaka et al';w' found a correlation between distribution of natural radiation and
geologic propeities, in Japan. An ionization chamber and three kinds of NaI scintillation survey-
meters were used for this purpose. The measurements were done aimost uniformly ail over
Japan where most cities were included. With a hope to find a relation between the distribution of
geology and the natural radiation, Japan was divided into 376 piéces of 30 km meshes and a
mean exposure rate of each mesh was obtained by averaging all values in it. Results were
arranged on the basis of adminiétrative section. Every analysis was brought about a consistency
in that the higher radiation level area (south-west Japan) corresponds to the old weathered
region‘of granite. rocks. On the other hand, the lower radiation level area (north-east Japan)

would correspond to Cenozoic volcanic belts.

Using garﬁma spectrometry technique, C. S. Chong and G. U. Ahmad™” measured the -
gamma activity ‘of “K, 226Ra and **Th in building materials in Penang, Malaysia. In sand
samples, they found the average activities of 4°K *¥Ra, and mTh to be 11.5 pCi. g' 1.9 pCig”,
and 0.9 pCi. g respectlvely

Louis B. Kriege and Rolf M, A. Hahne!""! measured th(; 22.ﬁRa and **Ra in lowa drinking
water samples. Over a period of ~20 years (sampling preparation from 13-03-’63 to 06-01-"81),
they used the “university hygienic laboratory” facilities of The University of Iowa, lowa city, and

found that the activity of *Ra ranged between.0.1 and 61.0 pCi.L",

William Cline et al"*” explored the radium and uranium level in Georgia community
water system. and found that a significant number of water samples exceeded the maximum
contamination level (MCL), [ MCL is 5 pCi.L™ for radium). They followed the analysis pattern

as- initial screening for gross a-particle activity, followed by measuring 2%

Ra if the gross o-
particle activity was above 5 pCiL", and then measuring **Ra if the **Ra concentration was

above 3 pCi. LY ; and uranium-analysis if the gross a—pamcle activity exceed 15 pCiL™.

" C. Richard Cothern and William L. Lappenbusch analyzed the occurrence of uranium
in drinking water in the US. Of the 59,812 community water supplies in the US, it was estimated
~ that between 25 and 650 exceed 20 pCi.L”, 10 - 2,000 exceed 10 pCi.L", and 2500 - 5000

exceed a uranium concentration of 5 pCi.L™",
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T. E Mynck et al™ made a study to determme the concentrations of selected
radionuclides viz. 26Ra, 22Th, and ®*U in surface soil in the US. The sampling programme
provided background information at 356 locations in 33 states. The nationwide average
concentrations of **Ra, ®*Th, and **U in surface soil were found to be 1.1 + 0.48 pCig’
(range- 0.23 - 42pC1g b, 098+146pC1g (range- 0,10 - 3.4 pCi.g"), and 1.0 £ 0.83 pCig’
(range 0.12 - 3.8 pCi.g™") respectlvely

Malcolm E. Cox and Barry L. Fankhauser'* determined the concentration of PCs in
| soils and surface-deposited volcanic sublimates from various climatic locations on the islands of
Hawaii, Oahu and Maui 'by‘ gamma spectrometry. Samples of undisturbed sbil were taken from
appr'oximately 5(+0.5) em in depth and from locations where vegetation did not form an
overilanging'callopy. 'Gamnia—ray detection was performed with a 7.6 x 7.6 cm Bicron well -
type Nal(Tl) crystal detector, In the soil samples, the range' of the concentrations .of *’Cs
measured varied from 0.04 - 1.93 pCi. g''; with an average for wmdward samples of 0.87 pCi.g™

and 0.17 pCi.g” for leeward samples

C. Richard Cothern and William L. Lappenbusch*®! measured the radium and £ross o-
particle activity in 50,000 water samples in the Us. By-using radiochemical method, they found
that 500 samples exceeded the Maximum Contamination Level (MCL) of 5 pCi.L™, Almost all

the violations occurred for ground water supplies.

Philippe Martin'“”! collected potable water samples in Saudi Arabia during August 1982
for assessment of gamma activity. The y-ray spectra were ob’tsined using a Ge(Li) detector

226

coupled to a MCA. He found that the

‘raw water had the highest one. Most of the **Ra concentrations were above quanlitétive

- 26
L]. 2

determination level, and varied between 4.7 and 7.1 pCi. Ra and.**®Ra concentration -

ratios, which were usually close to one, did vary, as had been found in similar studies by other

scientists.

C. Papastelanou et al.**! estimated the exposure from radioactivity in building materials.
They found the average gamma—ray exposure rate in brick bulldmgs concrete buildings, and old
bu1ldmgs (built earlier than 1920) were 10.0 uR.b’, 6.5 pR.h7, and 4.3 pR.h™! respectively. In -

" open air, they found the average dose rate level as 3.8 pR.h’ 1._
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W. A. Kolb and M. Wojick™ made a research on enhanced radioactivity due to natural
"~ oil and gas production and related radiologicailproblems_ They detected increased gamma
radiation incidentalfy in a north German oil field traceable to radioactive scale. Dose equivalents
rate of upto 50 uSv;h" was measured at the external surface of storage tanks for briﬁes, but
73% of 160 sites investigated did not show an increase abové the natural background. Brines
from gas fields contained *Ra of upto 286 Bq.L™" and scale of upto 1 Bq.g”. In brines and’
scales from oil fields ***Ra was usually the predominant radionuclide. Some sampleé contained
- “unsupported” '%b and even *'Ac, too, but practically no uranium or thorium. The 2Rn
concentrations in natural gas samples varied between 0.004 and 4 Bq.L™" with a mean value of
0.6 Bq.L™". It was shown that the radiation exposure due to natural gas consumption was

negligible but some other problems of radiological relevance were recognized.

Concentration levels of natural radionuclides in mineral waters in several European
countries were studied by I. Gans™. In that research, the Ihéaith risk from drinking mineral
water for adults was found to‘be coﬁiparable to the risk from terrestrial radiation. The rangés of
the concentrations of 2*Ra and 23.8U in analyzed bottled minera! water samples were found te be

<1 - 1800 mBq.L" (264 samples) and <1 - 140 mBq.L"! (21 samples) respectively.

1. G. Ackers et al ™" analyzed about 140 samples of building materials in the Netherlands
in the period 1982 - 1984 by gamma spectrometry for their 2*Ra, 232Th, and “K concentrations.
They also :measured the radon exhalation rate from concrete slabs of different composition
incluAding fly ash components. They found that the mean activities of **Ra, ?*Th, and K in

sand samples respectively as- 8.1 Bq.kg', 10.6 Bq.kg", and 200 Bq.kg™.

G. Keller and H. Muth”" estimated the radiation exposure in German dwellings. Théy,
found that in indoors, the median *Rn concentration was approximately four times higher than
that of outdoors. A correlation analysis of the data obtained showed that in indoqrs the
equilibrium factor F is almost indepéndent of ventilation, *Rn concentratiqﬁ, and other
parameters. The mean effective dose equivalent by residence in dwelling amounted to 0.2 - 0.8

mSv.y" for *’Rn daughters, and approximately 0.1 mSv.y™ for *’Rn daughters.

H. Schirhier.and A. WickeP carried out a large scale radon survey in the then Federal
Republic of Germany. As a result of measurements in almost 600 homes, the mean value of
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* 22Rn concentration was found to be 49 Bq.m™ and the mean value of annual contribution to the

effective dose equivalent was found to be 1.2 mSv.

1. R. McAulay and 1. P. McLaughlin®® made a study on indoor radiation levels in~

Ireland. During the period ]983 - 1984, measurements were made over 250 houses. Most
measurements were done using pas'sive devices: TLD’s for 'penetrating radiation and CR-39
alpha track. plastic detectors for radon measurements. _THe median value of the ﬁenetrating
radiation doses was 0.78 mGy.y" where a maximum vahie of 1.47 mGy.y"! was detected. The
radon concentrations .;‘howed_a large degree of varihbility with a median value.of 43 Bq.m™.
About 10% of the houses had radon air concentrations in excess of 100 Bq.m” with a maximum

value of 700 Bq.m”,

A pilot study was carried out by A. Serensen et al®¥ to establish techniques and

procedures for the measurement of indoor radiation in Denmark. A passive cup dosemeter was -

designed containing CR-39 track detectors and TLD’s to measure radon and external radiation

respectively'. A total of 82 dwellings was selected covering most regions of the country. The

dwellings were monitored in two three-months periods, one in winter.and the other in summer.
The average dose rate in air due to external radiation.was 0.09 pGy.h. In the winter the
average radon concentrations were 88 Bq.m™ and 24 Bq.m™ for single-family houses and flats,

respectively; and in the summer the corresponding values were 52 Bq.m™ and 19 Bq.m™.

x]

A. Battaglia et al”®"! used CISE low level y-ray spectrometry equipment with high

resolution Gé(Li) detectors for analysis of 110 various building material samples, and TLD data
in order to assess the indoor dose level in Milano, Italy. They found that the new buildings (built

in 1980’s) expose lower dose rate (13.2 pR.h"' maximum) than that of the older (built in 1960 -

1971, dose rate 17.0 pR.h" maximum). They also found that the maximum dose rate -is higher

for multi-floor buildings (17.0 uR.h™"), while the maximum dose rate is lower for cottages (14.6

uR.h"). The sho\;ved that the average dose rate is the,highest for buildings formed in 1900 -
Yy g , [

1919 (12.27 pR.h™) and the lowest for buildings made in 1880°s (10.82 pR.h™). The average
specific activities of :'OK, U, and Th in sand samples was found as 539 +48,175%45, and 24 2
+ 6.3 respectively; and in concrete samples, the corresponding values were 457 + 68, 19.0 £ 3.1,

and 24.2 + 3.4 respectively.
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R. Van Dongen and J. R. D. Stoutcm measured the outdoor natural background
radiation with the help of an ioniiation detector at more than 1000 locations evenly distributed
throughout the bountry (Netherlands). They showed that the gamma radiation originating from
the soil in the Netherlands varies between 1.1 and 1.2 pR.h™". They also found that, ‘high’ values
of exposure rates correspond to areas with silty deposits and the ‘low’ exposure rates
borrespond to areas with sandy deposits. Gamma spectrometric analysis of the radiation at some

_ location showed that the terrestrial radiation is mainly caused by natural radionuclides.

H. W. Julius and R. Van Dongen”” made an estimation of gamma doses to the

popﬁlation in the Netherlands, caused by natural radiation sources encountered in the .
| environment. 'l‘"he‘ datas were derived from two indepehdent types of measurement- (i)
exposure/dosé rate measurements in living environment (private houses as well as work places),
using a high pressure ionization chamber and thermeluminescent dosimeters (TLD) respectively,
and (ii) individual monitoring, using TLD. They found that the average levels of indoor gxposdre
rate was, 9.5 uR.h™" and a dose rate of 95 nGy.h™ for 'individuals; both with a étandard deviation
of 15 - 20%. |

A representative sample of over 2000 UK dwellings was monitored for a year using
therr/noluminescent and etchable plastic dosemeters to measure gamma-réy dose rates and radon
~ concentrations by B. M. R. Green et alP® The mean gamma-ray dose rates were 0.062 and
0:057 pGy.h" in air for living areas and bedrooms respectively. They also conducted more
detailed surveys in areas where the local geology indicated that elevated exposure to natural
radiati'on'f might occur. They visited over 800 dwellings and made measurements of several
parameters. The mean garhma-ray dose rates varied from 0.05 to 0.10 pGy.h' in air. The
gammé-ray dose rates and radon gas concentrations were measured in over 2000 dwellings with
Lif TLD-100 and diethylene glycbl bis(allyl carbonate) polymer (CR-39) etched-track

dosemeters respectively.

! 'A. Rannou et al® conducted a survey of natural radiation in France since 1981 with the
- assessment of the componénté resulting from external sources (ground and building materials)
using thermoluminescent dosimeters. Moreover, the internal exposure to 2Rn and the potential
alpha energy due‘to radon daughters were estimated by passive track detectors in the first 6ase

and the active dosemeters in the second case. In order to estimate the terrestrial component and
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the one due to building materials, each chosen location had two detectors: an indoor TLD and
an outdoor TLD, the second one being used only in case of natural soil. The arithmetic mean
values obtained after -subtraction. of thé 'cémponent due to cosmic rays (assumed to be 0.032
nGy.h') were as follows- Indoors (5798 measurements): 0.075 nGy.h' and Outdoors (5142
measurements): 0.068 nGy.h™'.

C. Richard Cothern et al " measured the cdncenfl'ation of naturally occurring
radionuclides in drinking water samples in the US and estimatéd the contribution to annual
effective dose eqmvalent They found that the resulting contrlbutlon from drinking water sources
to the annual effective dose equwalent in the range of 0.002 to 0.05 mSv.y"' ( 0.2 to 5 mrem.y’ "
for those using community drinklpg water supplies. The contribution to the annual effective dose
equivalent from “’Rn dissolved in water was in the range of 0.8 — 30puSv.y" (0.08 - 3 mrem.y”) _

based on the inhalation pathway following the release of “?Rn from drinking water.

- C. Papastefanou et al.[m measured the radiation level in Petraloné cave (Chalkidiki,
Northém Greece) using 3" x 3"‘ Nal(T1) detector and TLD- 200 (CaF,-Dy), and found that the
dose level varied from 27.8 mrady”' (measured by Nal(Tl) detector ) to 95.3 mrad.y’
(measured by TLD - 200). '

A. S. Mollah et al.'"” measured the natural radioactivity level of some building materials
in Bangladesh. All samples were ground to powder and then oven-dried at 110°C for 24h. 1 kg
of each sample was piaced in a Marinelli beaker (1-L capacity) which was sealed and stored for
4 week before counting to allow time for 2-33U and Z2Th to reach equ:nlibrium with their
respective daughters. For activity measurements, they used semiconductor detector technique.

In 5011 samples they found the average activity concentrations of 28y, *’Th, and-*K

- respectlvely as 88.1 + 4.8 BqKg", 68 2 4+ 52 BqKg’, and 256.4 + 16.3 Bq.Kg'. For sand

samples the corresporiding values were 2482+ 178 BqKg", 219.0+ 19.2 BqXKg", and 389.2

+2238 Bq.Kg' respectively.

Thirty-seven soil samples repré'senting the major soil types were collected from various
sites around the Louisiana state, for estimation of radionuclide concentrations, by R. D. Delaune
et al ™! For this purpose, they used a Ge(Li) detector which was connected to a multi-channel

analyzer, The averages of the mean concentrations of Z*Ac(**Th), **Pb(*"U), 7Cs, and *'K in
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the analyzed samples were found respectrvely as- 36 + 4 Bq kg, 14 +2Bqkg?, 23+ 1 Bq ke,
and 472 + 13 Bqkg'.

By using radiochemical separation technique and scintillation detector, James E. Watson,
Jr.,, and Barry F. Mitsch'®”! measured the concentrations of 2°Ra and Rn in 123 ground water
samples collected from North Carolina Phosphate Lands. Tlrey found the ranges of 226Ra and
*’Rn as 0.12 - 2.99 pCi.L"! (average 0.43 pCi.L") and 6 - 5733 pCi.L? respectively (average |

198 pCi.L ") in the assessed water samples,

K. S. V Nambi and 8. D Soman{“] analyzed the available data of environmental
radiation in Ind1a and concluded that the cancer risk is reduced with increase of external natural
radiation doses to the population, which is consistent with the hormesis hypothesis. The
reduction occurs at the rate of 0.3 per pSv. y" in the Indian population from a cancer incidence
level of 79 per 100,000 populatron corresponding to a hypothetrcal zero environmental

radratton level.

Yu i Ming Lin et al*®! studied Taiwan’s natural background radiation for a period of 3
years (1981 - 1983) which included the ambient exposure rate and radionuclides in soil and rock
. samples. They also compared the observed exposure rate and the exposure rate calculated from
the concentrations of radioactive elements mainly ***U, *?Th, and "’K in soil and rock samples
'and found a good correlation exists. For this purpose, they used a survey meter equipped with a
2:5 cm drameter by 2.5 cm long cylindrical Nal(T1) detector, and a ‘Ge(Li) detector of 23.5%
relative efficiency for measuring the activities of soil and rocksamp]es. They found that the

exposure rate ranged from 2 x 10® to 9 x 107 Gy.h'l with an average of 5.4 x 10* Gy.hl
Taking into account the cosmic-ray contribution of 2.8 x 10™* Gy.h™', the average absorbed dose
. rate in Taiwan due to terrestrial Y-rays and cosmic-rays was 8.2 x 10* Gy.h", The K content
. ranged from 265 - 607 Bq kg, Th content ranged from 30-71 Bq l':g'1 and U content ranged _

from 22 - 45 Bq. kg, The average specrﬁc activities of K, Th, and U were 431 Bq kg, 44
Bq. kg and 30 Bq. kg

P. Corvisiero et al'"” measured the radicactivity in food and environment in Italy
- immediately after the Chernobyl reactor accident of 1986. They used a 3" x 3" Nal detector for

this purpose. They also estimated the internal dose from inhalation (assuming an average
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inhalation rate of about 20 m.d") external irradiation and ingestion as follows:- (t) Inhalation-
dose equivalents in the target organs thyroid, lungs, and gonads were 120 1Sv, 2.5 uSvand 2.2
USv respectively; (ii). External irradiation- estlmaled total body dose equivalent was 8.8 nSv;
(iti). Ingestion- dose equivalent in the target organs thyroid, lungs and gonads were 1000 uSv,

20 nSv and 20 nSv respectively.

Isabel M Flsenne et al." estimated the daily intake of long- lived o- emitting members of
the U, Th, and Ac series by New York city residents from measurements of diet, water, and air
samples. The total intakes from inhalation, food, and water consumption in mBq were 18(*'U),
0.7(**U), 16(**U), 6(**Th), 4>>Th), and 52(**Ra). From this data, they inferred that the total
daily intakes of **Th and mRa were 4 and 35 mBq, respectively. They also found the activities
of ¥ BU P2Th, and **Ra in New York City tap water samples respectively as 0.87 i‘O. 18 mBq.L
', 0.050+0.023 mBq.L", and 0.41  0.09 mBq L,

C. Papastefanou et al. " measured the *'Cs and K centent in soil samples immediately
after the Chernobyl explosion, in Thessaloniki, North Greece. They used high resolution (1.9 -
2.0 keV at 1.33 MeV of ®Co) and high efficiency (42%) spectrometers consisting of a Ge-Li

~and a high purity Ge detector for "'Cs and K measurements (total 56 samples). The
concentration of "Cs in soils ranged between 290 Bq.kg” and 7670 Bq.kg’, while the “°K
specific activity ranged between 226 Bq.kg ' and 1604 Bq.kg™. The *'Cs concentrations was

*inversely proportional with “°K concentration of K content of soils.

Tiech - Chi Chu et al'™ worked on the changes in per capita and collective dose
equivalent in Taiwan in three decades (1950-1983) based on the measured terrestrial and cosmic
radiation levels and the population distribution as well. The population had increased 2.5 fimes
in that 33 years and reached to 1.9 x 10’ person, yet the migration of population had been from
the rural areas where the natural radiation was usually high to the urban areas where the natural
radiation was usually low. The resulting collective dose equivalent had been increasing, yet the
per capita dose equivalent, on the contrary, had been decreasing. In 1983, over 50% of the
population in Taiwan was living in a radiation level interval of 50 - 60 nGy.h™". Another 30%
was living in the interval of 60 - 70 nGy.h'". The rest was living either above or Lelow the
radiation intervals mentioned above, The populatiori fraction in the radiation intervals of 50 - 60
nGy.h"! was 51.7 % in 1950 and increased to 58.7% in 1980. On the contrary, the population
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fraction in the radiation interval of 60 - 70 nGy.h" was 31.1% in 1950 and decreased to 28.8%
in 1980. Similarly, the population fraction in the radiation interval of 70 - 80 nGy.h"' was 0.45%
in 1960 and decreased to 0.37% in 1980. The female per capita dose equivalent had’been about
0.15% higher than that for males. This might account for the females who stay in the

countryside while the males were working in the urban areas.

Chien Chung"” measured the concentrations of flssion'products immediately after the
Chernobyl accident (beginning 12 day after the accident and lasting for the next 7 weeks) in the
environmental samples and calculated its dose commitment to human in Taiwan. The individual
effective dose equivalent committed by the first year of exposure and intake following the
accident was evaluated. Average individual dose for the population in TaiwanWas estimated to
be 0.9 pSv due to global fallout from Chernobyl accident. That value was lower than those
reported in neighbouring countries in the Far-East and poses no increased health impact to the
population in Taiwan, The individual effective dose equivalents committed fromn the first year of
exposure and intake following the accident was 0.8 uSv for adults, 1.2 uSv for children, and 2.1
uSv for infants in Taiwan. The collective dose for citizens in Taiwan was 18 man-Sv, less than

0.05% of annual background collective doses caused by natural radiation.

Olafur Arnalds et al.™ measured the fallout of *’Cs levels in soil samples of 11 diverse
sites throughout Montana, US. Soil samples were collected from 11 undisturbed native
vegetation sites in the state. The sampling were perforined during the summer of 1982. Most of
the samples were taken in 10 cm depth increments, although sampling-depth increments differed
at somé éites‘ For the radioactivity measurements, they used Li- drifted Ge or intrinsic Ge y-ray
detectors coupled to a nuclear data 6620 analyzer system. Concentrations of VCs in ncar-
surface samples ranged from 20--200 mBq.g™' (0.51-5.41 pCig™). Most of the Cs was found
in the top 10 ¢m of soil. Deeper occurrences were attributed to disturbances by animals and to’
interstitial flow of small sediment particles within saturated soils. The areal concentrations

ranged from 130-748 .mBq.cm” (3.6-20.2 pCi.cm?) and was bighly correlated with annual

precipitation.

T. Yesin and N, Cakir'”! used gamma-ray scintillation spectrometry in order to measure
the *’Cs and *'Cs levels and depth distributions in soil of a tea plantation in the eastern black

sea region in Turkey. Soil samples were collected in November 1987, The depth distribution was
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found to be exponential with o = 0.16 cm™ and the exposure rate arising therefrom was

calculated as 17.46 pR.h™" over the ground surface.

S. E. Simopoulos™ collected a total of 1242 soil samples, over Greece, during the
period May-Nov., 1986 for *’Cs analysis of the Chernobyl fallout in Greece. These samples were
analyzed for 'Cs and the counting was perfdrmed using a Nal detector on-line to a
microcomputer, morebver, 252 of the samples were also analyzed by using Ge detectors, for
irlter;compal'ison and also for the assessment of other long-lived isotopes in the fallout. The
results showed that "*’Cs fallout from Chernobyl present a remarkable geographical variability.

The evaluated ground activity due to *’Cs depositions ranged between 0.01 and 137 kBq.m?,

R. J. de Méijer et al.™ measured the concentrations of radionuclides originating from
the Chernobyl reactor accident as a function of time in air, rainwater, grass, cow’s milk,
vegetables, and dust by means of high-resolution y-fay spectroscopy and found the high level of
concentrations ‘of fission product elements. They also found the concentrations of *’Cs in

rainwater samples (collected total 31 samples of different stations and mixed samples, from May

03 to July 01, 1986), ranged between 0.8 Bq.L™" and 210 Bq.L".

Narayani P. Singh et al." estimated the U intake in Utah pobulation by taking U
measurements in urine and faeces of 12 human subjects of Utah, Salt Lake City, USA. They
found that the daily U intake inf the salt-lake city population, which comprises hal_f the population

' in Utah, 'was 4.4 £ 0.6 ug (higher value than other). In the salt lake city’s drinking water samples
the average activity of **U was found to be 17.8 £ 3.33 mBq.L". Drinking water in Utah might
contribute significantly higher amounts of U intake compared to others. They found that the

dietary U intake in the Utah population was higher in comparison with other relevant Teports.

H. Florou and P. Kritidis!"”! analyzed the environmental samples viz. soil, sediment, ores,
and marine organisms collected from Milos island (36°42'N, 24°27’E) located in the Volcanic
arc of the Cyclades Archipelago in the south-eastern Acgean sea, Greece for estimating the
natural radioactivity levels in the island. They used an HPGe detector and a car-borne
scintillometry for this purpose. The results of radtometry indicated that the existence ol some

areas in Milos where the exposure rate exceeds 20 pR.h™, which corresponded to dose rate of
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123 nSv. h'. In soil samples, the average concentrations of *’Ra, ®*Th, and *"K were found to

be 50 + 21 Bq kg, 572 21 Bq.kg”, and 877 + 332 Bq.kg* respectlvely

In 1990-91, Man-Yin W. Tso and Chung-Chuen Lil™ measured the terrestrial gamima -
radiation dose rates in the 18 areas of Hong Kong. They used an energy-compensated GM
dosimeter (MC-71) for the extensive terrestrial gamma dose rates measurements. A total of 194
indoor measurements and 76 outdoor measurements were made over 1,067 km’, covering the
18 areas in Hong Kong island, Kowloon Penmsola, and the new Territories. They found the
overall mean outdoor ahd indoor dose rates to be 0.163 pGy.h™ and 0.1 36 pGy.h'', respectively;
while the corresponding population - weighted mean dose rates were 0.161 nGy. ' and 0. 189
pGy.h'. The mean annual dose equwalent from terrestrial gammma radiation for Hong Kong

p0pulatlon was 1.11 mSv, and the collective dose equivalent was 5,919 man - Sv.

V. Bansal et al"™ analyzed the uranium concentrations in drinking water samples in
India by using the dry fission-track registration method. They collected the drinking water
samples from various sources in some cities of India. They found the range of the concentrations

of uranium to be 0.67 - 20.26 1ig L™"; depending on the type and site of the water source. -

~The exposure rates due to external gamma radiation in 11 Iraq1 governerates were
measured by B. A. Marouf et al® in 1990 - *9i. They performed the measurements with a_
- “Reuter Stokes Envir’onmentaI‘ Monitoring System (RSS;lll)”, Which was a high-pressure
ionization chamber with an electronheter specially designed for environmental measurements; in
open air tm above the ground. The average absorbed dose rate for the entire area studied was
6.3 x 10'2 nGy.h™. The lowest absorbed dose rate was 4.3 x 107 pGy.h' and the highest
absorbed dose rate was i 3 X 10 nGy. h The effective collective dose for all the

governerates studied was 3570 person -Sievert.

M. Brai et al."®" estimated the population exposure to those living on the island of
Pantelleria, Italy, by measuring the natural gamma background. They analyzed the gamma
spectra of .natural rooks and measurements of absorbed dose in air. They used a HPGe detector
for gamma spectrometric measdremen_ts and thermoluminescent dosimeters LiF(Mg, Cu, ) for
measurements of absorbed dose due to natural gamma terrestrial radiation. They found a

correlation between the gamma exposure rate and the mean values of natural radionuclide
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concentrations in the mvestrgated rocks. They found the ranges of specific activities of *Th,
28U, and “K in dlfferent rock samples respectively as 11.6 to 165.5 Bq.kg™, 12.1 to 168.5
Bq.kg", and 27.7 o 1295 Bg kg, The minimum activity had been found for Basalts and the
minimum for Pumice (Rhyohtlc rocks). They further estimated the population absorbed dose to
be 1.4 mGy. y

L. Zikovsky and G Kennedy[ % tneasured the concentrations of 232Th 226Ra and “K in
47 samples of seven different building materials available in Canada in 1990-'91, by
semiconductor detector Ge(Li). Their estimation of the annual gonadal doses due to those

building materials had been varied from 0.01 - 1.4 mSv.

T. Ren et al.®! measured the population doses from terrestrial gamma exposure in China
by using High Pressure Ionization Chamber (HPIC) and TLD. The average dose levels for that
country were found to be 81.5 nGy.h™ and 69.0 nGy.h™! fespectively for HPIC and TLD.

* investigated the natural radiation in houses built with black

Ching - Jiang Chen et al.
schist slabs ldcated at an altitude of 1 km in the mountainous southein part of Taiwan by
studying the-naturally occurring radionuclides present in the black schist. In the mountainous
area of southern Taiwan, houses owned by aborigines, such as the Luka1 tribe, are commonly
built w1t11 locally produced black schist slabs. Gamma- -ray spectroscopy was performed using an
" HPGe detector coupled to a multichannel analyzer. In-situ measurements were carned out using
a'survey meter coupled to a sodium iodide detector. Cellulose nitrate films, ZnS(Ag) scintillation
cells, and alpha spectroscopy were used to study radon and radon-daughters. They furthermore
calculated the radiation doees due to all natural sources. In the black schist, .concrete and soil
samples, they found the ranges of “K, Z°Th, and B8 are 432 - 91 ' Bqkg’, 33.2 - 59.2 Bq kg
and 26.8 - 570 Bqkg™. P'Cs nvas found only in soil samples and it’s level was 0.48 Bq kg™,
The total natural radiation doses received by the Lukai tribe- was 1.50 mlSv.y"; while the

corresponding value for average Taiwanese was 1.47 mSv.y”.

P. Schuller et al."™ collected soil, prairie plants, and milk samples from 39 dairy farms in
southern Chile (38°44’ - 41°08’ S) dunng the green-feed perlods (September to March) between
1982 and 1990. They analyzed the ~samples with the help of a Ge(Li) detector and an HPGe

-~ detector for "*'Cs assay. In soil samples, the concentration of ¥’Cs was found to range from 3.8
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£0.210.17.1 £0.7 Bq.kg". The reason for the increment of "*’Cs in soil samples was explained
as due to higher average rainfall, latitudinal positions (which corresponds to the maximal
radionuclide deposit bands of the southern hemisphere, according to UNSCEAR-1982!"); and .
the long term influence of radioactive fallout caused by the French and British atmospheric

nuclear weapons testing had been undertaken within the southern hemisphere.

Using a hyperfine germanium spectrometer, N. M. Ibrahiem et al*® measured the
concentrations of radionuclides *’K, *’Cs, #2Th, and 2*U in surface soil across the Nile‘Delta,
the north coast of Egypf. They collected the samples by either the templaté or core method. In
the template method, a 25-cm x 25-¢m ar_éa éample was cut out using a template for gﬁidance to
a depth of 10 cm. In the core method, core of either 10.5 cm or 7.35 cm diameter and 7 ¢cm of
25 cm in depth was used to take soil samples. They found the activities of K, 2*UJ series, “Th

: 1
series, and "

Cs ranged from 29 + 1.3 to 653 + 12.9 Bq kg™, 5.2 + 2.1 to 63.7 + 6.2 Bq kg,
1.1+ 0.3 to 95.6 + 26 Bq.kg", and below detectable limit to 2644 Bq.m” respectively for dry
weight of 162 soil sarﬁples. They also dalculated the absorbed dose rate for a height of 1m above
the ground surface for each location from the wet weight conéentrations of natural radionuclides
measured; by using the standard conversion factors. The average value of the total dose rate at 1

238

m above the ground - due to “K, the Z*U series, and the *>Th series in soil - was 31.5 nGy.h!

137

(excluding cosmic radiation and **’Cs Contribution); the range of which was 7.6 t0 93.2 nGy.h".

. In 1991, Alberto Malanca et al.®"! collected a total of 51 undisturbed soil samples each
of ~2kg; to a depth of 30 ¢m in the central and eastern region of the Brazilian state Rio Grande
do Norte Concentrations of background radionuclides in soil samples were determined by
gamma ray spectrometry with an HPGe detector. The average concentrations of “Ra, 232Th
and *K in the surveyed soils were 29.0 + 19.4 Bq kg™ (range- 10.3-137.6 Bq, kg™h), 46.6 +36.2
‘Bq.kg (range- 12.0-191.0 Bq.kg™), and 677.8 + 434.9 Bq kg’ (range- 56.4-1972.0 Bq. kg ),
| respectively for dry weight of sod samples. The bedrock of Santana do Matos (Rio Grande do
Norte) showed fairly high radloactmty (90 Bq kg of ?Ra, 285.6 Bq.kg! of ®*Th, and 1414
Bq.kg' of 40K).'Radiol‘ogical measurements carried .out in Santana do Matos with a hand held
scintillometer revealed exterr}al gamma radiation ranging from 200 - 330 nGy.h in the down
town afea; the kerma rates inl' éi_r due to the radionuclides found in soil samples was also
estimated. The_ value of air kerma (corrected for moisture content) was found to be ranged

between 18 - 205 nGy.h" with an average value of 81 + 43 nGy.h™. |
o 43



1

A. P. Radhakrishna et al ®® inade a systematic study on the background radiation and the
distribution of radionuclides in the  environment of coastal Karnataka, South India; an
‘industrialized area endowed with nuclear- and thermal power plants in addition to others. They
measured the ambient gamma radiation dose in the environment by using a 5 cm x 5 cm Nal(T1l)
scintillometer and by using TLD (CaF); and measured the concentrations of radionucludes in
soil and sand samples by employmg an HPGe detector coupled with MCA. Mangalore, a major
industrial city of coastal Karnataka, revealed significantly high gamma dose in air. The measured
gamma dose in air in high background area was in the range 44-2102 nGy.h™'. The average
activities of 2?Th, mU, a{ld “K in soil samples (collected from the Bhagawathi temple area of
Ulial beach; the area of highest radiation dose level) were found to be 2,971 Bq kg™, 546
Bq.kg™, and 268 Bq kg™, respectively.

During the period of 1989-1992, L. S. Quindés et al.® collected soil samples
nationwide from 952 sampling sites for assessment of natural radioactivity in the 17 autonomous
regions of Spain. They lhade gamma spectrometry measurements of **Ra, 2Th, and “K
activities in eoil samples by using a high-purity germanium co-axial detector with an efficiency of
20%, a resolution of 1.86 keV, and surrounded with shielding material to reduce the background
counting rate. The detector was calibrated using standard solutions of Ra, ’Th, and “K in
the same geometry as the measured soil samples. The ranges of concentrations of radionuclides
?{Ra, ¥Th, and “K were found over the 952 samples as 8 - 310 Bq kg (average 39 Bq.kg"),
5-258 Bq kg™ (average 41 Bq.kg™), and 31-2040 Bq.kg" (average 578 Bq kg™ respectively
for dry weight of samples. For the whole Spam an overall populallon -weighted mean outdoor
terrestrial gamma dose rate of 53.3 nGy.h"' was also calculated from the measurements of the
Ra, 23:’Th,-.ant:i “K concentrations in soil. This value was comparable with that of 47.1 nGy.h’
derived from absorbed dose rates in air measured experimentally outdoors throﬁghout the
country (correlation co- efﬁCIent r =0.979) and was also similar to the world average value of 55

nGy.h" reported in UNSCEAR- 1988[‘”

To estimate the level and distribution of fallout attributable to the Chernobyl nuclear
power station accident (Apnl 26, 1986) in the Ukraine which was estimated to released

radloactlwty of ~3.6 EBq (100 MCi) five years after the accident (in 1991); Masaharu Hoshi et

(12"

al™™ sampled several kinds of substaices at Korosten, Zhitomir, and at Katyuzhanka,
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Vishgorod, Kiev in the Ukraine. The substances they investigated were soil, dry milk, wheat,
rye, drinking water, and mushrooms; and measured the radioactivity levels of '3 ’Cs, P'Cs, *'sr,
1, 2%pu, Py and the density of "I (stable). Measurements of *”''Cs was performed
wjth a germa:ﬁum detector. In soil samples, which were air dried for ~2 months at room
temperature, the concentration of "7Cs and **Cs was found to ranged from 960 + 70 to 1210 +
90 Bq.kg' and 150 + 11 to 177 + 12 Bq.kg". The concentrations of both "*’Cs and Cs in

water samples were found to below 0.8 Bq‘k_g".

W.I Carlton et al.l” estimated the impact of *’Cs released into the environment from
the Savannah River Sit-e Nuclear Installations of the US, on man. During the period 1955 -
1989, 130 GBq of "“'Cs was released into the atmosphere and 2.2 x 10* GBq of *'Cs was’
released into the side streams.aﬁd ponds. Approximately 65% of the laiter remained on the site.
The maximum individual efective dose equivalent at the site boundary was estimated to be 3.3
HSv from atmospheric releases and 600 uSv from liquid releases. The 80-km populaliqh dose

“was estimated to be 1.6 person-Sv.

* Man-yin W. Tso ‘et al.”! measured the concentrations of radionuclides of Ra, **Th,
and “’K in building materials in Hong Kong. They also estimated the indoor *’Ra level released
from the bu11d1ng materials simultaneously. They further calculated the emanation coefficients
and 222Rnldlﬁﬁ,!snon coefficients. The effect of surface coating on 2?Rn exhalation rate was also
studied. The radionuclides contents of typical building materials used locally in Hong Kong was
"cietennined by v- spectrometry method using an HPGe detector with MCA, and the results
indicated that the average contents of **Ra, ¥*Th, and *K in Hong Kong concrete were the
highest known in the world. The average concentration of the mentiotied radionuclides was the
highest for granité chip. The average activities of **Ra, %*Th, and “K in granite chips were 180
+31 Bqkg', 122 + 5 Bq kg™ and 1248 + 15 Bq.kg' respectively; having Radium Equivaléht
{Ra- eq) of 451 Bq.kg". The sca sand, river sand, aggregate, and concrete blocks had average

Ra- eq as 38 Bq kg™, 162 Bq.kg", 395, and 293 Bq kg™ respectively.

‘External y-ray dose rates in air were measured by Y. Narayana et al.”y; by using a
sensitive plastic scintillometer in the environment of coastal Karnataka, on the south-west coast
of India, where intensive industrial activities including a nuclear power plant, a super thermal

power station, and a petrochemical complex were envisaged. The gamma dose rates in air were
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found to be ranged from 26 to 174 nGy.Ir’! with a geometric mean of 74 nGy.h™' and a geometric
standard deviation of 1.4. The activity of primordial radionuclides in soil samples of the region
were measured by using an HPGe gamma-ray spectrometer and the resulting doses in air were
calculated. The mean absorbed dose rate due to primordial radlonuchdes was 41.4 nGy.h™" with
a geometric standard dev1at{on of 1.4. A correlation was found between doses measured using
scintillometer and doses estimated from the rpéasured activity of primordial radionuclides when
the cosmic-ray component was taken into account. The concentration of primordial -
radionuclides in soil and sand showed considerable variation in their vertical depth distribution in

the high background area of the region.

A. S. Mollah et al.™ studied the radioactivity in soil samples at AERE, Savar, Dhaka;
.using an HPGe detector of volume 53 cc and of resolution 2.1 keV at 1332 keV line of *Co
.source. The samples were collected from a c1rcular area having a radius of 10 km with the
research reactor TRIGA- MARK-II of AERE as the centre; from two different depths, namely -
2.5-5.0 cm, and 15-18 cm, at each samplmg spot. They analyzed the samples for assessment of
- the concentrations of 2*TI, 2Bi, “K_ and '“'Cs. In the superficial (2.5-5.0 cm) soil samples,
they found the ranges of the concentratlons of the mentioned radionuclides as- 21.55 - 25.98
Bq.kg', 32.43 - 48.73 Bq. kg 322.10 - 526.51 Bq.kg", and from below detectable limit to 3.17
Bq.kg"' respectively.

. K. E. Holbert et al.® radiochemically analyzed 667 water samples ‘of Arizona in US,
collected over 5-y period 1989 to 1993. They found the average activities of “*Ra, and **U as
762 £ 2.06 mBqL" and 346.0 + 934 mBq.L" respectively. The ranges of these two
radtonuchdes were found to be 15.5 £ 0.04 to 1170 +31.5 mBq. L' and 5.9+ 0.16 to 2500 + 67
mBq.L~’ respectwely

John R. Meriwether et al.®" developed a new protocol-‘for soil sampiing named
“Pedologically Based Sampling Technique” and applied successfully in determining the
concentration of radionuclides in Louisiana, US. For determining the concentrations of naturally
occurring radionuclides in Louisiana’s soil samples, they used an HPGe detector associated with
necessary electronics and a computer based MCA: The ranges of the concentrations of
Ra(*Bi), and BATh(*** Ac) was found to be from 14.4 +1.44 10 53.6 + 5.36 Bq.kg" and from -
10.8 £ 1.08 to 61.6 + 6.16 Bq.kg™ respectively. They also showed that the concentration levels
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of primordial radionuclides are dependent on the depth from where the samples had becn
collected; the activity levels differs significantly with the variation of the depth of soil samples of

same place,

‘2220 levels in dwellings and soil gas was investigated by H. J. Albering et al."™ in the
- Eijsden-Visé region, located at the Dutch - Belgian border, in order to analyze the relationship
between domestic radon levels and soil gas radon levels. During February 1992, charcoal
detectors were exposed for 24h in 116 dwellings in the township of Visé, a radon prone area in
Belgium and found an average indoor air radon level of 116 Bq.m”. In the nearby township of
Eijsden, the Netherlands, :an area with a lower radiation level, similar measurements by means of
charcoal detectors in 42 dwellings; during March 1993, was resulted in'an averaged indoor *?Rn
concentration of 46 Bq.um”. " Furthermore, in the same region time-integrated radon
measurements were performed in 15 dwellings on difTerent ﬂoofs. Those results indicated that a
gradient in indoor air radon concentration exists from basement to upper floor level. In addition,
a significant positive correlation was foupd between radon gas levels: of soils surrounding 26
houses and indoor air radon levels. Soil gas **Rn levels was measured using a soil gas extraction

method as described by T. K. Ball et al.™ in 1991,

Ilya Likhtariov et al.® developed a model for the external exposure of the Ukrainian
population after the Chernobyl accident. It was based on extensive measurements of external
gamma exposure rates in air and measurement of external effective doses to members of five
population groups (children younger than seven years, the age group from eight to seventeen
years, employees, agricultural workers, and pensioners). In order to eétimate the population
dose for the six ygafs pefiod- May 1986 to April 1991, they used the Occupancy time &
Behaviour factor of people, TLD technique, Y-spectrometry in determining ¥7Cs concentration,
and questionnaire data. During the six year period after the Chernobyl accidént they found that
the agricultural workers had received the highest radiation dose 44 pSv per kBgqg. m ? and the

children below 7 years bad received the lowest radiation dose 17 uSv per kBq.m? due to

external radiation.

Y. Shimada et al 1"} developed a numerical model for the analysis and evaluation of global
"'Cs fallout by analyzing the available data of the fallout of *’Cs from atmospheric nuclear

detonation tests that had been monitored worldwide since the late 1950’s. Some of the
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conclusions of their research are:- the deposition pattern of *’Cs depends on the latitude but not
on the longitude; the amount of "'Cs deposition depends largely on the latitude where the
nuclear detonation tests were made; the '*’Cs is accumulated much more in the surface and deep

" ocean waters of the North Pacific and the North Atlantic oceans than those of other oceans; and

137

the peaks of '*’Cs accumulation in the surface ocean water occur earlier than those in the deep -

ocean water.

J. Manuel Pérez et al.!"" carried out a survey of the Rn concentrations in 106 homes in
the four main towns of the central Austria’s region, over four years. A total of 1014
measurements were obtained using passive radonr charcoal canisters. The “’Rn concentration
was fitied a lognormal distribution law, with a geometrlc mean of 23 Bq.m™, There was a
marked difference between the 22Rn concentration for the ground inhabitant floors. For the
other floors, the *’Rn concentrations remained practlcally constant. The annual equivalent dose

for general public due to thé inhalation of *Rn was equal to 0.81 mSv.

Masayoshi Yamamoto et al.[*” made a survey on the residual radioactivity in the soil at
the “Semipalatinsk Nuclear Test Slte (SNTS)” and at off-site areas in Kazakhstan. The soil was
sampled in October 1994 from four locations in SNTSLand the cities of Kurchatov and Almaty.
The concentrations of different fission product radionuclides were assessed by using non-
destructive y- spectrometric analysis on ordinary Ge detector. During soil sampling, they also
measured the radlatlon dose level above Im from the ground surface by potable type survey
meters PDR-101 & PDR-102. The radiation dose level was found to be ranged between 0.1
pSv.h! (headquarters and research centre for SNTS) to 30 pSv.h"' (near hypocentre where the :

first Soviet nuclear explosion was tested on 29 August, 1949). .

'Kiyoshi Shizuma et al ¥ berformed low background gamma-ray measurement to
determine the *’Cs coxitent in soil samples collected in a very early survey of Hiroshima afomic
bomb. Those soil samples had been collected just 3 day after the explosion within 5 km from the
hypocentre and had not been exposed to the global fallout from nuclear weapon tests. In their
research work, soil samples were repackaged in plastic containers instead of glass vials to

elininate the *K gamma-ray backgfound from the vial itself. Out of 22 samples, '137\Cs was
detected in 11 samples, and their activities found to be ranged from 0.16 to 10.6 mBq.g" at the

time of the measurement (1994-1995). Cumulative exposure by the fallout was estimated to be
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0.1240.02 R (0.031 + 0.004 mCi kg’ ) in Hiroshima city except for the heavy fallout area and
at most 40+ 04R (1 03 £0.11 mCikg™) in the heavy fallout area.

Shu-Ying Lai et al.”™ measured the fallout of *’Cs activities in soils and trees from
samples taken in mountainous areas and along three-cross island highways in Taiwan. 'lyplcal
concentratron in near surface samples was about 5 Bq.kg™ depending on soil densrty No
correlatlon was found between the concentrations of "'Cs and stable elements in soils.
Mechamcal disturbance and soil density were ldentlfied as major causes for redistribution of

'Cs in both forest soils and trees. The transfer coefficient of *'Cs from soil to Bastard baman
estimated as 0.23. Each sample"was counted by a Ge(Li) detector of 23.5% relatrve efﬁcrency
- which was housed with a heavy shield to reduce background activity. The detector had a
resolutlon of 1.86 keV full width at half maxrmum (FWHM) 1.33 MeV, MCA 4096, PCA

coupled.

Z. Pietrzak-Flis et 'al " neasured the intake of Ra, 2'°Pb, and ?°Po with food and
water in Poland. They found that the average activity of **Ra in water was 4.46 + 0.20 mBq.kg

and the annual effective dose to man due to the intake of *%Ra was 4 uSv.y!,
L Y

By means of in-situ gamma-spectrometry with semiconductor detectors, J. Uyttenhove et
al" measured the residual radiocaesmm concentration, nearly 10 years after the Chernoby]
accident at different sites on the Belgran terntory They also investigated a possible link between -
| ‘the rainfall at the beginning of May 1986 and the actual cesium concentration. The concentration
of "¥Cs in Belgian surface soil samples was found to be ranged between 400 and 5600 Bq.m
~ The measured radiocaesium activity was the sum of the Chernobyl! accident contrlbutlon and the

residual activity from previous contamination. The radiological impact of that contamination,

“even in the most affected regions in the Ardennes, was very small (5.6 uSv.y’ )

S. Bellia et al.'™ performed gamma-ray spectromelric measurements on rocks and soils -
of the island of Ustica (Southern Italy) to quantrfy the concentrat:ons of the natural
radionuclides. The ranges of the concentrations of * *U, #2Th, and “K were found to be 15~ 164
Bq.kg’, 16-174 Bq.kg”, and 201-1350 Bq kg respectively. They also measured mdoor and
outdoor environmental air kerma using TLD. The outdoor values were generally found very low

(less than 700 uGy.y™") while the indoor values of air kerma, measured in different dwellings

49



were found to be ranged between 1.9 and 4.0 nGy.d' and were, generally, -higher than the world
population-weighted éverage‘(1.92 uGy.d') reported in UNSCEAR-"93™ byt lower than the

_indoor values measured on the island of Vulcano (4.4 - 6.6 pGy.d™).

G. Manijon et al."*™ separated the radium isotopes from water samples by precipitation
method (Ra 1s coprecipitated with Ba as sulphate) and measured the activities with a low
_background scintillation counting systemn. Tn the drinking water samples, they found the activity

of *Ra ranged from <0.7 to 267 + 3 mBq.L"! and the activity of **Ra ranged from <0. 5 toll+
2 mBq.LL".

E. Gomez et al."* studied the radioactive concentrations of the man-made radionuclides
BCs, #Sr, and *Sr; in Calcareous soils of the island of Majorca (Spain), by analyzing the top 5
cm of the surface layer. The activity of “'Cs was determined by y-ray spectrometry and found to

be ranged between 10 to 60 Bq.kg'.

Yen-Chuan Kuo et al"® measured the concentrations of ?%Ra in drinking water
samples in Taiwan by liquid scintillation counter. They found the **Ra content in ground-water

" was 12.0 mBq.L"! and dose contribution to man was 1.8 uSv.y”.

By using gamma-spectrometry technique with an HPGe, F. K. Miah et al." measured
the concentrations of natural radionuclides of the uramum and thorium series, and “K and a
fission product " "Cs in soil samples collected from Dhaka city and its neighbouring environs. _
Activities of the radionuclides present in the soil samples were -greatly influenced by the
geomorphologic conditions in the area from where sampies were collected. In their study, the
average concenirations of the radibnuclides.ZZ(’Rd mRa(mAc) zsth(zosTl)' “K, and *'Cs were
~ found to be 33 + 7Bq kg™ (range- 21 + 6 to 43 + 7Bqkg™), 55 + 14 Bq.kg” (range- 34 + 12 to
81+ 15 Bq.kg™, 16 + 4qug (range- 9 + 2 to 22 + 2 Bg,. kg ", 574 £ 111 Bq.kg” (range-
402178 t0 750 + 82 Bq.kg"), and 7 + 2 Bq.kg” (range- 3+ 1t0 10+ 1 Bq.kg™) respectively.

John Jagger'"™™ found a negative correlation of Natural Background Radiation (NBR)
- with overall cancer death. He made calculations and analyses based on data from the NCRP aind
from the American Cancer Society. Data from the NCRP reports showed that the average level

of NBR in Rocky Mountain states was 3.2 times that in Gulf Coast states. On the other hand,
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data from the American Cancer Society showed that the age-adjusted overall cancer death in -
Gulf Coast states was actually 1.26 times higher than that in Rocky Mountain states. The
difference from propor tionality was a factor of 4.0. This is a clear negative correlation of NBR
with overall cancer' death. It was also shown that, comparmg 3 Rocky Mountain states and 3
Gulf Coast states, there was a strong negatlve correlatlon of estimated lung cancer mortality

with natural radon levels (factors of 5.7to 7. S)

N N. Jibiri and L P. Farail!™® determmed the average annual effective dose equivalent
and the collective effective dose equrvalent from measurements of the concentrations of “K,
280, and ®2Th in the top soil in and around the city of Lagos using in-situ y-spectrometry. The
average outdoor absorbed dose rate was 0.041 + 0.012 pGy.h ~ resulting in an annual average
effective dose equivalent of 50 uSvy' The _collective -effective dose equrvalent to the

popu]atrons in the city was 2. 84 x 10 man- Sv y'.

B. Baggoura et al["’g’ carried out a national env1ronmental sampling programme during

1993 to determine natural and artificial radionuclide content in the (0-15 cm) upper layer of the
soil, in Algeria. Soil samples were analyzed with the help of direct counting by gamma-ray

| spectrometry (an HPGe detector associated with necessary accessories). In addition, terrestrial
gamma-ray dose rates in air had been measured out of doors throughout Algeria at the time of
sample collection, at each of the sampling locatlons by means of a pressurized argon ionization -
chamber type R§S-112, at 1m above the top soil. In each of the 48 admlmstratrve divisions of
the country, selected sites were chosen to col]ect soil samples and to measure gamma-ray dose
rates simultaneously. Radioactivity concentrations in Bq.kg" dry mass in soil samples of *Ra,
2Mpb, 2Bi, 2pb, 2Ac, K. and 'V'Cs were found to be range between (5-176), (2-107), (3-
65), (2-97), (3- 144) (36-1405), and (0.3-0.41) respectively. The dose rates in air measured over

the whole country were found to be range between 20 and 133 nGy.h™'.

R. H. Higgy and M. Pimpl"'" measured the specific radioactivities of U-ser ies, 27 Th,
“7Cs, and *K in soil samples around the Inshass reactor in Cairo (Egypt) using a y-ray
spectrometer with an HPGe detector. The specific activities of B8y, 22p, "OK and “'Cs
obtained from direct y-spectrometric measurements for soil samples were found to be range
-between 5.3 and 7.7 (average 6. 3), 10.7 and 17.0 (average 13. 3) 152 and 202 (average 163),

and from 1.6 to 19.1 (average 5. 5) respectively in Bq. kg dry welght
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Using an HPGe y-ray detector, M. M. Rahman!''"! analyzed soil (sand) samples collected
from the sea—beaches of Cox’s Bazar Potenga, Fauzdarhat (Chittagong), and Harinbaria
(Borguna); and rock samples collected from Fultala (Sylhet) for determmmg the concentrat:ons

of °*F1, 2Bi, **Ac, *K, and 1375 He collected the sand samples at a depth of 20-25 cm from

each of the beaches. The average concentrations of the mentioned radlonuclldes in sand samples

were respectively found to be 31.31 + 12,98 Bq.kg, 29.55 £ 11.43 Bqkg', 39.95 + 13.26

Ba.kg", 454.08 +96.59 Bq kg, and 2.28 £ 0.59 Bq kg™,

Muhammad Anwar Uddin'"'" measured - the concentrations of primordial and

- anthropogenic radionuclides in drinking water samples coll_ected from Chittagong City. He used

. an HPGe detector for this purpose. [n his research, he analyzed the samples for finding out the

activities of 222.Rn, 2y, JmRa, 2 2Th, K, and "Cs. He found the ranges of the concentrations
of the mentioned radionuclides'ae between 1.23 + 0.002 BqL" and 20.42 £ 0.048 Bq.L'1
(average— 7.90 £ 0.018 Bq. L™, 11.72 + 0.045 mBq. L7 and 120.00 £ 0. 463 mBq.L" (average-
45.67 £0.176 mBq.L’ ) 11.16 + 0.076 mBq.L" and 139 52+ 0 096 mBq. L (average— 52.62 &
0.36 mBq.L"), 24.55 i 0.094 mBq.L"! and 289.65 + 1.12 mBq L! (average- 170.96 £ 0.661
mBq.L™"), and 2.04 £ 0.009 Bq. L' and 12.41 % 0.052, Bq.L' (average- 4.54 + 0.02 Bq.L’ h
respectively. No IE“'Cs was detected at any of the samples in the whole study area. By
‘considering a person drinks 1.2 lltre of water per day, he further calculated the populatlon dose

from all of these source due 1o consumption of drinking water, and it was 0. 06 mSv.y".

"The outdoor environmental background radiation were measured by thermoluminescence -

- . dosimietry, gamma spectrometry of soil samples, and ionization chamber (B-y survey meter); by

Tutul Kanti Saha''"®!. The study was carried out for 2’and 4 months periods in the region of
Chittagong City prefecture of Bangladesh. The average environmental dose rate during the
monitoring period was found to be 1321.93 +223.20 uSv.y" with TL dosimeters and 1847.35 +
171.33 uSv.y” with a B—‘y survey meter. The average environmental radiation dose rate due to
natural 2%U, 22Th, and “K radionuclides in surface soil of Chittagong obtained by the
measurement with an HPGe detector was 559.34 4 115.04 pSv.y’l. The variation in these three -
dose levels was explained as the B-y survey meter measured the B & y radiation of all energies,

the TL dosimeters measured only y-radiation (the perspex holder of TL-chips absorbed f-
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radiation), and the .last one was only due to **U series, **Th series, and °K radionuclides

without considering the impact of other (cosmic and natural) sources of radiation.
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CHAPTER 3
EXPERIMENTAL

3.1 Introduction

Human sensors are unable to measure or even detect the presence of ionizing radiation.
Hence, to detect and measure the ionizing radiation, we need some instruments based on the
principle of interaction of radiation with matter. There are different types of radiation detectors
characterized by nature of the interaction of radiations with the detecting materials. The
common types of interaction of ionizing radiation with matter are: (i) photo electric effect
(consequence of which may be Bremsstrahlung and/or Auger effect), (i) Compton scattering,
(iii) pair production (triplet production may also occur), (iv) photo-nuclear reaction (photo-
disintegration), (v) Thomson scattering, and (vi) Rayleigh scattering. Among these, first three
are most important as they play significant roles in interaction of ionizing radiations of low to
moderate energies with either biological or inanimate matter'"'*. There are mainly two types of
radiation detecting devices, viz.- (i) devices to detect and measure the level of radioactivity, and,

(ii) devices to measure the radiation dose rate or accumulated dose.

Several types of instruments have been developed for measurement of radioactivity and
radiation dose. Different types of operation are involved by virtue of ionization which is
produced in detectors by radiation. For measuring radioactivity, there are: (i) gas filled radiation
detectors [which include ionization chamber, proportional counter, and Geiger-Miiller counter
etc.], (ii) scintillation detectors [solid and liquid; Nal(T1), CsI(T1), KI(TD), LiI(T1), ZnS(Ag), p-
terphenyl, 2-phenyl-5-(4-biphenylyl)-oxazole (PBO), 2-phenyl-5-(4-biphenyl)-1,3,4-oxadiazole
(PBD) etc.], (iii) semiconductor radiation detectors [Si-Li, Ge-Li, Cd-Te, Cd-S, HPGe etc.],
and, (iv) Cerenkov detector [high density glasses whose refractive index is 1.6 to 1.7 for sodium
D-lines, and some liquids of high refractive index'*"]. For measuring radiation dose rate or
accumulated dose over a certain time period, there are: (i) gas filled chamber [which include GM
tube based survey meters, pocket dosimeter, thimble chamber, electret ionization chamber
(BIC)"! ion current chamber'™! etc.], (ii) measurement of absorbed dose by measuring

{”6], alanine or a mixture of alanine

chemical change in certain radiation-sensitive matter [FeSO,
and paraffin''”"], (iii) measurement of absorbed dose by calorimeters®®, (iv) measurement of
absorbed dose by photographic techniques [film badge], (v) measurement of absorbed dose by
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autoradiographic techniques [transparent detectors®™], (vi) radioluminescent detectors [glass
doped by silver phosphate”™], and, (vii) thermoluminescent dosimeter(TLD) [LiF, Li,B4O7:Mn,
Li;Bs07:Cu, LiF(Mg,Cu,P), BeO:Li; BeO'Na, NaCl:Ba(T), CaF,, CaF;Dy, CaSO4sMn,
CaS0,:Dy, CaS0,:Tm, etc.].

Gamma-ray spectrometry is one of the most important non-destructive techniques to
determine the presence and amount of radionuclides in the environment'®. In the past,
scintillation detectors were used for gamma spectrometry but nowadays, these are quite obsolete
in complex gamma-ray spectrometry where high resolution and precision are required. Gamma-
ray spectromet@ allows both qualitative identification and quantitative determination of the

radionuclide in the sample.

Principle, operation, and merit & demerit of some commonly employed radiation

detectors are described below in brief.

3.1.1 Gas Filled Detectors _

The gas filled radiation detectors are operated on the principle of ionization of gases
during passage of ionizing radiation through it. These consists of a tube filled with a mixture of
an inert gas and an quenching organic gas at a reduced pressure with a central electrode well
insulated from the chamber walls. Radiation passing through the gas filled closed chamber
produces ion-pairs which flow towards respective electrodes where the central wire is
maintained at a high positive potential with respect to the walls of the chamber. Details about

the gas filled radiation detectors are described latter.

3.1.2 Solid-State Detectors

There exist certain classes of crystalline substances which exhibit measurable effects
when exposed to ionizing radiation. In such substances, electrons exist in definite energy bands
separated by forbidden bands. The highest energy band in which electrons normally exist is the
valence band. When ionizing radiation passes through such substances, the kinetic energy of the
radiant particles is transferred into the valence electrons which cause them to rise into exciton or
conduction band®”! through the forbidden band or may be trapped within the forbidden band.
The vacancy left by the electron is known as hole. These effects is measured individually in
different types of detectors, viz., (i) semiconductor detectors, (ii) scintillation detectors, and, (iii)

thermoluminescence detectors.
56 o
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3.1.2.1 Semiconductor Detectors: Semiconductors are those substances whose electrical
conductivity or resistivity (10 to 0.5 Qm!''® lies in between conductors and insulators. In such
substances, the valence band is almost filled and the conduction band is almost empty. The
energy gap between the valence band and the conduction band is <1 eV. Semiconductors exhibit
negative temperature coefficient of resistance and in those substances, the atoms are bound to
one another by covalent bond. Examples of semiconductors are: Ge, Si, Se, C etc. When
jonizing radiation passes through a semiconductor, a large number of electron-hole pairs are
produced. The electrons are generally lifted to the conduction band; the electrons and holes are
independently mobile and in the presence of an electric potential, are attracted oppositely.
Consequently, contributing to electrical conduction in the crystal. In a semiconductor detector,
the charges are collected by applying a high voltage across the sensitive region of the detector.
The resultant collected charge is integrated by a charge sensitive preamplifier and converted into
a voltage pulse with an amplitude proportional to photon energy. Semiconductor detectors can
be used for complex gamma spectrometry. Scintillation NaI(Tl) spectrometers were exclusively
used in the past for the estimation of gamma-activities in different environmental samples.
However, their poor energy resolution has made them unsuitable for the purpose. The high
resolution counting systems such as Si(Li), Ge(Li), and HPGe detectors are now widely used for
the analysis of environmental and biological samples. The gamma-ray peaks obtained with
Nal(TI) detectors are very broad, for which two adjacent gamma-ray peaks cannot be resolved.
The Si(Li) detector cannot detect and measure the high energy gamma-rays. Though the Ge(L1)
detector has high resolving power, it has several drawbacks. For example, to make accurate
measurement, it must always be kept at liquid nitrogen température 77 °K. To overcome this
disadvantage and limitation, HPGe detectors are presently used. The HPGe detectors have good
efficiency and excellent energy resolution. The chief advantage of HPGe detector is its ability to
measure gamma-emitters in the sample directly without the need of chemical separation. The

detail about HPGe is discussed latter.

3.1.2.2 Scintillation Detector: In certain crystalline materials, the ionizing radiation causes the
- valence band’s electrons to raise into exciton band. In this case, the electron is still bound to the
hole by electrical forces and so they cannot contribute to conduction. The excited electrons,
during return to their ground state, emit light photon or scintillation. This light is picked up by
photomultiplier (PM) tube and is analyzed to determine the naturerof radioactivity or radiation
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dose. Detectors operating in this mode are called scintillation detectors. The absorption of a 1
MeV gamma photon in 4 scintillation deteetor results in about 10,000 excitations and the same
number of photons of light™. Certain liquids (which may later be a polymer or a thin film) also
exhibit scintillation property and can be used for radiation monitoring e.g., PBO, PBD etc. The
scintillator detectors have excellent efficiency but poor resolution. Hence, now-a-days, the

scintillator detector is rarely used in complex gamma-ray spectrometry.

©3.1.2.3 Thiermoluminescence Dosimeters: The third process which can occur in certain
. crystals due to passage of i\onizingNradiation through them is electron trapping. Traps are
imperfections or impurity atoms in the crystal structure which cause electrons to be caught in the
forbidden band and may exist there at room temperature for a longer period. If the irradiated
crystal is subsequently heatled at ~200 °C, the trapped electrons firstly rise into exciton band and
then return into the valence band with the emission of light photon. This process is called

U1~ and the detector/dosimeter operated in this mode is called

thermoluminescence'
thermoluminescence dosimeter (TLD). TLD is the best for personnel - nlonltormg and
envrronmental accumulated dose measurement because of its wide dose range, linearity in dose
response, approximately no angular dependence negligible fadmg, smaller in size etc. But TLD

cannot measure instantaneous dose rate

3.1.3 Film Badge Dosimeter .

Another popular personnel dosimeter is the filin badge. A film badge dosimeter consists

of a packet of two or three pieces of dental-sized photographic-film wrapped in light-tight paper

~mounted within a suitable plastic or metallic ﬁlm holder called badge which clips to the wearer’s
clothing. The holder acts as a filter for low enerby Y or X- radiation and for - radratron A

photographic film consists of an emulsion of crystals (grains) of silver halide (generally bromide)

on a transparent cellulose acetate base. When ionizing radlatlon is exposed to the ﬁlm a small
cluster of metallic silver is formed Thrs cluster is known as latent lmage[m] After completlon of

the development procedure of the filin, the unconverted silver broniide grains are removed from

the base and a dark image (of Ag) is obtained. The. degree of darkening (optical density) of the

film can be precisely measured by a photoelectnc densitometer whose reading is expressed as

the logarlthm of the intensity of the radtation transmltted through the filn. The optlcal density of

the exposed film i Is quantitatively related to the amount' of exposure and - consequently the

radiation dose exposure of an individual who wore the badge in a radiation field can be found.
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Personnel dosimeter film badge suffers a number of demerits in the opposrte of a number of

merits. Its use is only hmlted to occupational personnel dosimetry.

In the present study, gas filled radiation dosemeter (survey meter PDR ISv) and the
- semiconductor radiation detector (HPGe) ‘were employed. A brief descrlpt10n of gas ﬁlled

chamber and HPGe detector are grven below.

3.2 (las Filled Radiatio'n Detectors _

Thei'onizing radiation causes jonization in gaseous medium while passing through it. If
the ionizing radiations are allowed to pass through a gaseous medium (kept at low pressure)
~ between two electrodes (one is kept constant at positive potential and the other at negative
potential) within a closed chamber, then at moderate electrode potential the electrons move
towards the +ve electrode and the +vely charged atoms towards the —ve electrode.
Consequently, electric conducting property arises within the gas and current flows. Then by the
help of RC-circuit, this current ‘can be converted into voitage pulses which can be recorded by
an external pulse recordtng circuit. On the basrs of operatlng condmons the gas filled radiation
detectors are classnﬁed into three categorres viz.. (i) 1ontzatlon chamber, (ii) proportional

colnter, and (111) Geiger- Muller counter.

In a gas ﬁlled radiation detector as shown in the Figure 3.2, A voltage V is applied
between the wall and central electrode through a resistor R shunted by a capacitor C. When
radlatlon passes through the detector N number of ion pair is produced. The negative and
positive ions move towards the anode and cathode respectively. Under this condmon the time
constant RC is much greater than the time required for the collection of charge the charge Q.
appearmg on the capacrtor C per particular i interaction as a function of V is shown n the Figure
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4 . | 1I 111 IV Continuous Discharge Region

Number of Counts

A%

Figure 3.1: The Curve Showmg the Relation Between the Apphed Voltage and the Nunlber of
Counts in a Gas-Filled Radiation Detector. :

LN

This curve can be divided into four regions"*'". In region-1I, there is acompetition
between the loss of ion pairs by recombination and the removal of the charges by collection on
anode: With the increase in voltage ie., electric- field intensity, the drift velecity of the ions
increases. So the time for recombination decreases and the fraction of charge collection on
-anode becomes larger. In region-I1, the recombination loss is negiigible and the charge collection
*on two electrodes is Q = Ne (where, ‘e’ is.the charge of an electron). The change in voltage

across C is:

AV ==
C

This region is known as saturation region or ionization chamber region. In region-111, the.

Ne - .- (

collected charge is increased by a factor of ‘M’ through the phenomenon of gas-multiplication,
the electrons which are released by primery ionization are accelerated sufficiently to produce |
additional ionization and thus add to the collected charge. The collected charge is increased with
the _applied Qoltage (directly proportional). At the onset of region 111, the multiplication M for a
gi.veH applied voltage is independent of tllle initial tonization, thus preserving. the proportionality
- of pulse sizes. This strict proportionality breaks down with increase in applied voltage until, at
the upper limit of region 111, the pulse size is independent of the initial 1omzat|on This reglon in
which gas multiplication is employed while at the same time a dependence of the collected
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charge of the initial ionization remains, is called proportional region. The detector operated in
this region is called proportional counter/chamber. With the help of proportional chamber one
- can differentiate the nature of detected radiation i.e.,) a, B3, or y'. In region-IV, the charge
collection is independent of the ionization initiating it. Consequently, in this region one cannot
differentiate the nature of rediation whether it is a, B, or y. Rather, the gas-multiplication
increases the charge to a value that is limited by the characteristics of the tube or chamber and
extema_l circuit!"*"!, This region is called Geiger-Miiller region, The deteetor operated.in this
region is called Geiger—Mijller (GM) detector/counter. GM detectors can be used to measure all
types of nuclear and extra-nuclear radiant particles which will produce ionization within the

tube, no matter how small the amount of ionization.

3.2.1 Geiger Miiller (GM) Counter .

A GM counter is a gas-filled detector designed for maximum gas multiplication effect.
The GM tube cc_)nsistsl of a metallic (having good conducting property) cylinder with a thin axial
wire of tengsten (generally) enclosed in a glass envelope in which usually a mixture of 90%
argon and 10% quenching gas such as organic vapour (ethyi alcohol gas) or halogen gases
(chlorine) is filled at a pressure of 2 to 10 ¢m of Hg. A potential difference of about 800 to 2000
Volts is applied to make-the tube negative with respect to the central wire"® ! Iy the
complete counter assembly, an RC circuit, a discriminator, and a counter is employed Since the -
output pulse of the GM tube is generally large enough for evaluation, no preamphﬁer or
amplifier is normally required. In the Figure 3.2, an ‘end-window’ type GM tube and necessary
electronics for countmg/detectlon is shown. The series resistance R between the high voltage
supply and the anode of the tube is the load resistance across which the signal voltage is
'devel_oped. The parallel combination of R with the capacitance of the tube and associated wiring
C determines the time constant of the charge collection circuit. This time constant is normally
_choseri to be a few microseconds so that only the faet-rising components of the pulse are

preserved!'®]

When a beam of radiations enters into the chamber through the thin window of mica of
the tube chamber, it produces a large number of ion pairs in the enclosed gas along its path. The
GM tube is widely used for counting electrons, beta particles, y-rays and x-rays. The gas-filled
radiation detectors specially GM tubes are used for measuring both the radioactivity level and

the dose rate (in survey meters) & accumulated dose (pocket dosimeter).
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Figure 3.2: A Geiger-Miiller Counter.

‘Because the pulse sizes in GM tubes are independent of the primary ionization, this
instrument cannot be used as a measure of part_iclé energy, nor it is possible to discriminate
between dilferent types of particles by means of the sen.siti'vily of the electronic circuil, All
pulses from a GM tube are of the same amplitude regardless of the number of original ion pairs .
that initiated the process' -, A GM tube can therefore function only as a simple counter of
radiation-induced events, and cannot be applied in direct radiation spectroscopy because all
information on the amount of energy deposited by the incident radiation is lost. Since GM tubes
.hav'e }:omparatively large dead-time, these detectors are therefore limited to relatively low

counting rates.

The GM counter tube has been a widely used detector of nuclear radiation for many
years. The great utility of the GM tube is a result of several of its characteristics. Some of the
more important of these are: high sensitivity, versatility for use with different types of radiation,
wide variety of shapes and windows, large size of the output signal, ease of operation and
reasonable cost. The large sensitivity of theseldevi‘ces arises from the characteristic that the
nuclear radiation serves only to trigger a discharge. Any particle that produces ionization in thé

tube will produce a discharge, even though the ionization may consist of only one ion pair. Thus

any types of particles which can release charge within GM tubes can be counted by them!'?!,

This includes X and y-rays, which produce ionization by secondary processes, as well as all

types of charged radiant particles.

Therefore, a Geiger-Miiller counter or a GM tube based survey meter is often the best
choice when a simple and economical low level counting system is needed; for example, in case

of measuring the environmental radiation level.
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GM tubes may be of different size and shape. Tubes have been built and operated
successfully with diameters from around 2 mm to several centimetres and with lengths from
about 1 cm to several feet. Further, there is no apparent limitation at either extreme. Few of the
several shapes & forms in which GM tubes are available are: (i) cylindrical type, (i) bell type,
(iif) needle counter, (iv) jackeled counter, and, (v) flow-type detector. The most common design

of GM tubes is the ‘end-window’ type as shown in the Figure 3.2.

3.3 High Purity Germanium (HPGe) Detectors _
- HPGe detector is a solid analogue of a gaseous ionization chamber where high-purity
germanrum is used instead of usual gas. It is a high quality precrslon instrument and is used in
gamma-ray spectrometry above about 100 keV for 1ts high efficiency and good résolution. The
- basic component of an HPGe detector is a single crystal of germanium with p-n diode structure
as'shown in Figure 3. 3 If the impurity concentration in germanium can be reduced to about 10"
atoms/cm’ (i.e., 1 impurity atom per 107 atoms), a depletion depth of about 10 mm can be
-obtained. These large-volume germanium diode detectors are usually called ‘intrinsic’ or “high
purity”- germanium detectors. The reliability of the detector depends on its depletion depth. The
w depIetron depth at a gwen voltage increases in proportion to the square-root of the material
KP resrstivrty and inversely proportional to the net impurity. concentration in the detector
\\\materlalmol The bulk of the high purity material is generally p-type,. due either to residual
acceptor impurities (such as aluminum) or to acceptor centres associated wtth lattice defects
within the lgermanium itself. The conﬁguration is sometimes referred as to n'-p-p* diode
structure. The n' is ueually forrned by lithium evaporation onto a lapped surface of the
germanium followed by a short period of diffusion at elevated temperature. The detector
depletion region is formed by reverse biasing this n'-p junction. The p" contact at the opposite
face is a typically diffused gold surface barrier junction. The outer n-type diffused Li contact is
about 300 nm thick. The inner surface barrier contact is about 40 mg/cm” of evaporated gold.
The intrinsic region is* sensitive to electromagnetic ionizing radiation. Under reverse bias, an

electric field extends across the intrinsic or depleted region.

In an HPGe detector, gamma-rays are detected by their (radiation) ionizing properties
i.e, by the creation of primary and secondary electron-hole pair(s) when they enter into the
detector. When photon interact with the material within the depleted volume of a detector, ion-

pairs (electron-hole pairs) are produced and are swept by the electric field to the p and n
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': electrodes All the electron hole pairs thus produced when are collected under the influence of :
an applied electric field, result in a voltage pulse height proportlonal to the gamma-ray energy
absorbed"*”), by an integral charge sensitive preamplifier. The ionization is produced when.
gamma-rays are interacted in the detécting material (crystal) generally by any one of the
fotlowing three processes, viz.- (i) photo-electric effect, (ii) Compton scattering, and, (iii) pair
production. At low energies, the predominant mode of absorption are photo-electric effect and ‘

, Compton scattering!®

*1 But at energies 2 1.022 MeV, ‘pair production is dominant. A
spectrum of mono-energetic gamma-rays consists . of a‘full absorption peak, a Compton
continuum, and for energies > 1,022 MeV, pair production peaks. The relative intensity with
Whlch each of them contributes to the resulting spectrum depends on the energy of the primary

gamma-ray, the material of the detector, and the size of the detector''>*!

Few important. physical- characteristics of intrinsic germanium are summarized in the

Table 3.1.

Table 3.1: Propertics of Intrinsic Germanium'"",

Atomic number
Atomic weight
Density

Atomic density
Dielectric constant

Forbidden energy gap

Intrinsic carrier density
* Intrinsic resistivity

Electron drift mobility
Hole drift mobility

Energy per hole-electron pair

Fano-factor

32
72.60
5.33 gm/cm® (300 °K)

4.41 x 10* atoms / cm®

16

0.665 eV (300 °K)
0.746 eV (0 °K)

2.4 x 10°/ cm® (300 °K)

47 Qem (300 °K)

3900 cm?/ V-5 (300 °K)

3.6 x 10* cm® / V-5 (77 °K)
1900 cm?®/ V-5 (300 °K)
4.2 x 10" ecm?/ V-5 (77 °K)
2.96 eV / (77 °K)

from 0.057 to 0.129 (77 °K)
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Y

P p n — Sign‘al

Figure 3.3: The Configuration of an Intrinsic Ge Detector. The p-type Central Region is Made
of Germanium of the Highest Available Purity, and the n'-p Junction is Reverse Biased.

The HPGe detectors are available in two relatively simple geometry: the planer detector,
in which the electric field is fairly uniform; and the coaxial configuration, in which the electric
field varies inversely with the radial distance from the detector axis. The gamma-ray detection
efficiency and corresponding function of an HPGe detector are identical to those in a Ge(Li)

detector of same size and shape.

Since germanium has relatively low band gap and high temperature sensitivity, these
- detectors must be cooled i m order to reduce the thermal generation of charge carriers (thus
reduce leakage current) to acceptable level. Otherwise, leakage current induced noise destroys
the energy resolution of the detector. Liquid Nitrogen; which has a temperature of 77°K is the
common cooling medium for such detector. The defector is mounted in a vacuum chamber
which is attached to or inserted into a liquid nitrogen dewar. The sensitive detector surfaces are

thus protected from moisture and condensable contaminants.

The performances of an HPGe are. usually specified in terms of energy resolution,
relative efficiency, lower limit of detection (L1.D), and peak-to-Compton ratio etc. The detector’
manufacturer commonly specify the 'energy resolutions of their germanium detectors in terms of
full width at half maximum (FWHM) at the 1332 keV “Co peak. The coaxial HPGe detector

can be used in detecting the photon of energies between 50 keV and 10 MeV or more.
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Advantages: The worldwide popularity of gerﬁanium as a semiconductor radiation
detector is attributable to the excellent charge transport proper:[ies, which allows the use of large
crystals without excessive carrier losses due to trapping or recombination. The greater
efficiency, larger photofraction, aﬁd_lower cost of sodium todide may well tip the balance in its
favour when only a few gamma-ray energies are involved. Germanium detectors are clearly
preferred for the analysis of complex gamma-ray spectra involving many energies and peaks. It
also aids in detection of week sources of discrete energies when superimposed on a broad
continuum. Germanium must al\}vays be operated ~at low temperatdres (77°K) to reduce
thermally generated leakage current. The reason behind the attractiveness of the semicondu;:tor
detectors lies in the improved energy resolution compared to Scinlillation detectors (Nal, Csl,
ZnS, etc.) and in the increased stopping power of a solid material instead of a gas. In case of
germanium, about 3 eV energy is needed for the production of one electron-hole pair, whereas
100 eV in a solid state scintillation detector and 34 eV in a gaseous ionization detector are
needed to form an ion-paif. So the number of carriers produced for a giv;en energy absorption is
large in the case of semiconductor, and the statistical fluctuations in that number are small when

expressed as a percentage of the total number!"?"),

3.4 Equipinent Setup

The present research was carried out by employing a survey meter- PDR 1SV (supplied
by NE Technology_ Limited, lEngland) for extensive field survey and an HPGe detector- Intrinsic’
Germanium p-Type Coaxial (supplied by SILENA Detektor Systeme GmbH, Germany) for
measuring the radioactivity levels in soil and water samples collected from different locations in

Bangtadesh.

3.4.1 Portable Survey Meter PDR 1Sy

The Portable Dose Ratemeter type PDR 1Sv is a low gamma field survey meter with an
internal Geiger. The PDR 18y displays dose equivalent in uSv/h on the basis that 1 pSv/h =100
pR/h over the range"0.0S puSv/h to IOO-I.I.SV/}I. The PDR 1Sv survey meter have a safety
construction, easily carriable, and a little bit malleable. It has no remarkable sensitivity on
temperature upto 45°C. It has an ability of meaéuring a dose range which is wide enough in
respect to environmental world wide dose level. So, it is most suitable for extensive field survey'

in Bangladesh. The photograph and the block circuit diagram of PDR 1Sv survey meter is
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shown in Figure 3.6 and Tlgure 34 respectlvely Detail specification of the survey meter is given

in Table 3.2 in the next page.

Table 3.2: Specification of PDR 1Sv Survey Meter' ™

Range 1005 uSv/h to 100 nSv/h, 3% decades on a 70 mm scale
'Doserate Accuracy (662 keV)  : - 20% at 20 °C
. , : + 20% between —10 °C and +45 °C -
Overload Protection . : Indicates > full-scate deflection upto at least 10 Sv/h
Detector ' . Inteérnal compensated GM tube |
Energy response C o 415% from 40 keV to 6 MeV
Beta response - Indicates < 1% of doserate due to *°St/™Y (measured as
- absorbed doserate to air in air)
- Neutron response ‘ ~ . Indicates < 2% of neutron dose equivalent rate
. Meter Response Time (time to.reach 90% of a factor of 10 charige in doserate)
0.1.uSv/hto-1 pSv/h 1 30s
1 pSv/h to 10 uSv/h - 10s-
10 pSv/h to 100 pSv/h . 5s
100 pSv/h to 10 uSv/h 1 65
10 uSv/h to 1 uSv/h o 12s
1 uSv/hto 0.1 puSv/h . 40s
Baiteries ' :
Type © . TwolEC R20
Life - : > 100 h (4 h continuous use every 24 h)
Control | : . A three position rotary switch

- OFF - BATT . CHECK -~ ON

Construction ' . The tough ABS white case and black moulded handle
‘ provide a light weight construction which is resistant to
abrasion and easy to decontaminate and clean.

Temnperature Range ¢ —10°Cto+45 °C

Dimensions © Length 241 mm ¢
' Width 120 mm
Height 146 mm (inciuding handle)

Weight : 1.6kg
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> — 8V
Power Supply 5 -3V
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| signali )
GM Tube > Discriminator Log Ratemeter
¥ tube current
Overload Circuit Meter Drive

Figure 3.4: Block Diagram of Circuit Layout PDR 1Sv.

3.4.2 The High purity Germanium Detector ‘Silena’
The high purity germanium “closed-end-coaxial p-type djpstick” radiation detector
“Silena’ was employed in the present research for measurement of y-activity in soil and water
. samples collected from different locations in Bangladesh. The high resolution of the detector and
its refiability alongwith a charge sensitive preamplifier, an amplifier, and .":1 pulse height analyzer
made it possible to use exclusively in the aheilysis of complex gamma-ray spectra. The main
electric components associated with the counting system and HPGe detector coupled with the
‘personal édmputer analyzer (PCA) consist of the following units: (i) liquid nitrogen dewar with
cryostat, (ii) prea{mpliﬁer, (iit) spectroscopy amplifier, (iv) high voltage detector power supply (5
kV), (v) PC based multichannel analyzer (MCA), and, (vi) shielding' arrangement of the detector.
A photographic profile of the HPGe detector and associated electronics is shown in the Figure
3.7, and a block diagram of the detection system is shown in the Figure 3.5. The detector was
mounted in a common vacuum chamber attached to a liqﬁid nitrogen dewar to protect the
sensitive detector« surface from moisture and condensable contaminants. The prevailing
characteristics of the used ‘Silena’ HPGe detector are high atomic number, low impurity

concentration i.e., large depletion depth, higher conductivity, compact in size, fast time
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response, high resolution, and relative simplicity in operation at room temperature. A brief

description of the equipment is given in the following sections.

power

Pream@'_ signal Multi-Channel
'l Analyzer (MCA)
HPGe .
Detector
Printer o
: Computer .
Data Store |¢ - :

Bias Supply

Figure 3.5: A Block Diagram of HPGe Detector System.
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GAMMA SPECTROMETRY SYSTEM

Figure 3.7: Photograph of Gamma Spectrometry System.
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HPGe detector ‘Silena’ specification: The basic configuration of HPGe detector ‘Silena’ are

given in the Table 3.3: below.

‘Table 3.3: Silena HPGe detector specification?,

Detector

Characteristics

Crystal-
Diameter
Length
. Volume
Detector - window distance
Face dead-layer thickness
Core
Liquid nitrogen dewar volume
Preamplifier
Operating ranges-
Operating bias
Polarity
Shaping time
Leakage current
Testpoint
Cooldown time

" Resolution FWHM for 6"C6
Relative efficiency

Peak to Compton ratio

High Purity Germanium (HPGe)

intrinsic p-type coaxial Ge crystal geometry

549 ¢cm
4,33 ¢m
98 cm’

0.5¢cm

0.05cm

0.9 c¢m

30 litre, Silena

Resistive feédback RFP 11 -

+ 2300 Volts DC

Positive

6 usec.

<350 pA

— 0.70 Volts at operating bias
6 hours

1.70

© 18.8%

491

Liquid Nitrogen Dewar with Cryostat: In order to reduce the thernially generateh
charge carriers to an acceptable level, the detector must be cooled sufficiently. Otherwise, the
noise due (o leakage current would destroy the energy resolution of the detector. The liquid
nitrogeﬁ which has a temperature 77°K, is the comrﬁon cooling medium for the detector. The
liquid nitrogen dewar serves as a reservoir of liquid nitrogen, while the cryostat provides a path

via the copper stem for heat transfer from the detector to liquid nitrogen reservoir.

_ N -
High Voltage Power Supply: Nuclens Model- ORTEC 495!"%"): Most radiation
detectors produce electrical signals which must be processed to get meaningful information

about the radiation being detected. For proper operation and optimum performance of most
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~ radiation detectors, an external high voltage. power supply is required. This voltage is called
“detector bias” and high voltage power supply used for this purpose are ofien called detector
bias supplies. This high voltage output is regulated and filtered and can be varied from OV to
5000V by the front panel controls. This bias produces the maximum (and minimum) voftage
level and its polarity. The maximum current available against long term drifis due to change in
temperature or power line ;.foltage and the degree of filtering provided to eliminate ripple at
power line frequency or other low frequéncy noise. The high voltage polarity is manufacturer
preset to be positive by switching the power switch polarity card which is located inside the
_instrument. The bias appliéd to the used HPGe detector in the present research was +2300
Volts. An LED on the front panel of the power supply unit serves as a monitor of the polarity

that is being furnished.

Detector Preamplifier: Model- RFP 11"*!; The preamplifier associated with radiation
detectors performs three essential functions, viz.: (i) conversion of electric charges into voltage

pulses, (i1) signal amplification, and, (iii) Pulse shaping.

Only two bési(_: types of preamplifiers are used in HPGe detectors, viz.: (i) resistive
feedback, and (ii) pulsed-optical feedback. In the present study, ‘RFP 11’ preamplifier which is
charge sensitive that employed dynamic charge restoratioﬁ (resistive feedback) for discharging
the integrator. Absorption of photons by detector produce ionization within :the detector and
produces a current pulse at the preamplifier input. These pulses are too small to measure
without amplification into a measurable electrical signal. Therefore, the first element in a signal
processing chain is é preamplifier which provides an interference between the detector and pulse
processing & analyzing electronics. It is directly coupled to the ‘output of the detector. The

preamplifier produces a voltage pulse V(t) by passing the electrical charge q(t) from the detector

to the capacitor C, i.e.,

V()= q—g)-

The basic function of this amplification stage is to provide a voltage pulse whose height
must be proportional to the total charge collected. The rise time.of this pulse must be equal to
the charge collection time. The preamplifier was located as close -as posstble to the detector to
minimize the signal from noise ratio and capacitative loading. It also serves as an impedance

matcher, presenting a high impedance to detector to minimize loading, while providing a low
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imhedance 6utput to drive succeeding components. It changes the shape of the detector signal to

allow the circuits in the amplifier to operate properly and amplifies the detector signal to make |
the signal to cable noise ratio as high as possible when entering into the amplifier. It is designed'
primarily for high resolution gamma-spectroscopy using cooled Ge(Li) detectors. Now-a-days it

is widely used within the HPGe detector assembly.

Spectroscopy Amplifier: Nucleus Model- ORTEC 570"*": The spectroscopy
amplifier is a key unit in the gamma-ray spectrometer. The function of the amplifier is to further
amplify the sngnal from the preamplifier and change its shape and size. The purpose of this
additional amplification and shaping is two-fold: First, further amplification improves the signal-
to-cable noise ratio, Second, funher shaping acts to prevent pulse pile up. Since pulses from the
- radiation detector occur landomly, one pulse [rom the detector may begin before the preceding
detector pulse has terminated. A good amplifier should have low input noise and high
amplification or gain factor. For the present work, “ORTEC 5707 spectroscopy amplifier was

used which has all the characteristics necessary to make itself useful in present HPGe detector.

The ORTEC 570 spectroscopy amplifier is a single width NIM module that features a
versatile combination of switch-selectable pulse shaping characteristics. The amplifier has
extremely low noise, a wide gain range, and excellent overload fespcnse for universal
application in high resolution spectroscopy. The 570 has an input impedanc:e of approximately'

. 1000 € and accepts either positive or negative input pulses with rise times < 650 ns and fall
‘times > 40 ps. The output is unipolar and is used for spectroscopy systems where DC ‘coupling
can be maintained from the 570 to the analyzer The 570 can be used for constant fractlcn timing
when operated in conjunction with-an OTREC 551,. 552, or 553 Ti iming  Single-Channel
Analyzer. The 570 has complete provisions, including power distribution for operating any

ORTEC solid state preamplifier.

Multichannel  Analyzer (MCA): EMCAPLUS EMULSION Software'™; A
computerized multichannel pulse héight analyzer is used to measure rapidly the spectrum. of
pulse heights emerging from the spectroscopy -amplifier. It is capable of ‘analyzing pulses

: simultaneously" within many different intervals or channels. In fact, MCAs are the heart of most

modern gamma- spectrometry arrangements. Tt performs the essential functions of collecting the
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. data providing a visual monitor and prdducing output either.in the form of final results or as row
data for further analysis. - | '

The MCA consists of an analog—to ~digital converter (ADC), MCA buffer, and a display.
The main component of the MCA is an ADC W}hlch converts the incoming analog amplifier
signal to a group of standard-shaped pulses. The pulses are digitized by a ‘Wilkinson’ type ADC
and the output: is stored in a memory like a computer. The channel number is the rnemory _
address and is proportlonal to the input signal voltage. Therefore pulses of constant amplitude
is always stored in a single channel. Each pulse is dlgmzed and the count is added to the
~ appropriate memory location. So the ADC is the key element in ‘determining the performance
characteristics of the analyzer. Alt MCA buffers include a m‘icroprocessorrand a memory. The
MCA buffer microprocessor norrually supports data acquisition and inpul-outpurt (1/0) functions
including display controlled via the host computer, The standard software includes the MCA
eruulsion programme enabling control of MCA and traditional operations like display, 1/0,
overlap, smooth, strip, transfer, energy calibration, ROI, and peak information like centroid,
FWHM, gross and net area with ROI, optionally available are peak search, nuclide identification,

cte.

A printer was coupled with the PC based MCA. The necessary print out of data and

graphics could be taken from it.

3.4.2.1 Shielding Arrangement of the Detector: Shreldmg of the detector from the
environmental radiations is the utmost requirement in low level radloaclmty measurement but 1t
is also advantageous and recommended for other measurements. The shielding not only reduces .
the background resulting from cosmic radiation and from natural radionuclides in the building
materials or in the surface of the earth, but also from nearby nuclear facilities and other radiation

sources like the ambient air, which presumably contains trace of radioactive gases, radon *?Rn
i

and thoron mTlr etc.
Because of high density (11.4 gm/cm®) and large atomic number (Z=82)' and

omparatlvely low cost, lead is the most widely used material for construction of shields. I ligh

energetic gamma-rays from external sources such as 1.46 MeV from “K can be absorbed
efficiently by lead. Moreover, it is reasonably effective for removing many of the cosmic ray
cornponents of the background radiation, X-ray photons, generated by interaction(s) of costnic
and natural gamma radiation with the shielding assembly are reiatively energetic and penetrate a -
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significant thickness of intervenihg materials are shielded by covering the lead shielding by steel
sheet and copper sheet -whic_:h. has much lowér atomic numbers compared to that of lead..
Further for avoiding the eﬁ'qct (_)f scattered radiation, the distance between the distadce between
the detector and shielding arrangement was made sufficiently Jarge. In the present éxperiment,
the shielding arrangement was made -by using lead, copper, and steel materials.

For a gdod geometry cdndition, the shielding effectiveness of a material is expressed as:

' | I=1,e"
Where, 1 is the beam intensity after penetrating a thickness ‘t’ of the materiad, u is the linear
attenuation coeﬁicidnt of absorbing material (depends on the atomic number of the material).
Alternatively, p can be replaced by wp and t by t.p where wp is called the mass attenuation
~ coefficient and t.p is the mass per unit area. Thus the reduction of initial gamma flux can be .
[130].

calculated as

ﬁ_—;(ﬁ:m— x 100
v .
This equation was used for the veriﬁdation of eff‘edtiveness of shield. Theoretically, the shielding
arrangemént found 'to attenuate 95% — 99.99% of unwanted gamma flux of energy rahging from
303 keV to 1332 keV. The shielding effectiveness in réducing the interfering background
radiation was experimentally venﬁed where most of the gamma lines from background radiation
(thorium, uranium and actinium series) were found to decrease by 74% — 96%.
., The summary of the experimental HPGe detector set up and equipment 1s glven in the’

Table 3.4 in the next page
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Table 3.4: Summary of the Experimental HPGe Detector Set-up and Equipmcnt.

. Detector - HPGe : Closed and coaxial p-type
Bias _ .+ 2300 Volts
FWHM : 1.70 keV (at 1332 keV *Co y-ray)
Crystal type . Vertical dipstick .
_ Polarity : : Positive
High voltage supply ‘ o : Nucleus model — 495
: Typical efficiency : : 70%
- Noise and ripple - :Less than 15 mV peak—to—peak
i 20 MHz bandwidth
Operating temperature :0to 60 °C (32 to 140 °F)
_ range
Preamplifier DC coupled, resistive - - : Model RFP 11, charge sensitive
. feedback type g
Amplifier ‘Spectroscopy amplifier : Nucleus model — 570
" Noise : <8 pV referred to the input using 2 ps
shaping and gain > 100.
Temperature stability : Gain, < 0.0075 %/ °C, 0 to 50 °C.
o | Level <450 pV /°C, 0 to 50 °C.
Low- background Lead, Copper and Steel ~ : Cylindrical shape :
shielding ' ' :

Multichannel Analyzer Emcaplus MCA emulsion : 4096 channels.
: : software K

3.5 Experimental Details ,

| In order to assess the environmental radioactivity level and radiation dose level in
B'angladesh, 56 dose measuring and sample collecting spot as shown in Figure 3.8, was selected
all over Bangladesh by considering the population density, area, and . the communication
system(s). These 56 locations‘covere.d the entire geographical area of Bangladesh. In each of the
spot, indoor-outdoor radiation dose level was measured by a portable survey meter PDR 1Sv.
Further, from each of the survey stations, undisturbed soil and communiiy-based drinking water
samples were collected for radioactive assessment. In addition to 56 stations, radiation dose
levels were measured at few other places. The radiation dose level at sea-beaches of Bangladesh -
were also measured and the sand samples from Cox’s Bazar sea beach and Kuakata sea beach
were also collected for radioactive evaluation. All of the field works were performed during the

- period January 1998 - June 1998,

-
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Figure 3.8: Map of Bangladesh Showing the Locations of Dose Measurement and Sample

Collection
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3.5.1 Measurement of Dose Levels
Radiation dose levels in 56 stations covering entire area of Bangladesh were measured by

a low level portable radiation dose rate survey meter ‘PDR ISv Details of this survey meter is
described earlier. In each of the dose measuring stations, indoor-outdoor radiation dose level
was monitored. The radiation dose levels within the kutcha-houses, pucca(building)-houses, and
old-buildings (where available) were measured. The dose level at outdoor viz.- front & back
yard of homes frdm the houses of which dose leuel was monitored, free space, play ground, road
(kutcha & pucca), bus stand, and market place; was also measured many times at each of the.
dose measuring stations. In each time of dose measurement, survey meter was checked up and
placed on the ground by a piece of paper (to save the survey meter from dirty ground surface) at
ﬁrst The survey meter switch was then made ‘ON’. One minute was allowed to reach the survey
' meter voltage in plateau region of the internal Gelger tube (of the survey meter). Then, the dose
 level for at least two minutes was observed in the display-scale of the PDR 1Sv. For each of the
measurement within the mentioned time span, the minfmum dose level, the maximum dose level,
and the trend (average) dose level were noted down. After recording these information, the dose
- level at one metre above the ground (gonad level) was measured by the sam.e method and for
about the same time span. In each of the spot, several pairs of readings were taken ffom eacl:
variety of dose measuring surrounding-place i.e., kutcha-house, pucca-house, old-building, and
free-space by considering the “time Jccupancy factor™® and “behaviour factor™® n
UNSCEAR-1988" report, the time occupancy factor is 20% outdoors and 80% indoors for
daily activities. Since most of the people of Bangladesh are peasants, day-labourers, and work at
outdoors, this time occupancy factor was changed for the present study to 33. 31% outdoors and
, 66.67% mdoms In eacli of the 56 samphng stations, radlat:on dose level was measured Inat -
least 6 kutcha houses 5 new buildings (buildings which were bunlt alter 1975), and 3 old
bunldmgs (the buildings which were built before 1947) (if available), by random samplmg method
with the cooperation of local pubhc (1t is somewhat difficult to measure mdoor dose level in
Bangladeshi dwel]mgs due to religious-social reality). Since most of the peoples of Bangladesh
live in kutcha-houses and houses like that in slum, emphasize was, given in taking readings from
kutcha-houses and from free space in each of the dose meas‘ufing location. In addition to the 56
spot*from where soil and water ssmples ‘were further collected for radioassay, 'severJaI sets of
- readings were also taken from different places where the congenial atmosphere was found for

dose measurement during the research trip, e.g., at launch ghat, ferry ghat, bus terminal, bus
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stoppes, and at different places of staying stations. The average + 1o (standard deviation) of
minimum, maximum, and trend value of each category of data were calculated and noted
separately. The PDR 1Sv survey meter used in this research, was calibrated routinely at the
Secondary Standard Désimetry Laboratory (SSDL) of Radiation Control and Waste
IManagement Division (RCWMD), Institute of Nﬁclear Science and Technology (INST), Atomic
Energy Research Establishment (AERE), Bangladesh Atomic Energy Commission (BAEC),

Ganakbari, Saver, Dhaka.

3.5.2 Sample Collection
* From each of the pre-selected 56lsampling stations, soil and drinking water samples were
collected. In each of the spot, ~1% kg of soil sample from an aréa of 20 cm x 20 ¢cm and upto a
depth-of ~3 cm from the surface, of undisturbed land (the land which is kept naturally i.e., the
laﬁd which was not ploughed, cultivated, digged, fer‘tilized, or filled-up during the last 20 years
period, ignoring the natural flow/drainage of rain water and normal land erosion; so that the land
may be considered as the representative land of the .sampling station). The soil samples were
packaged in polythene bags tightly in such a way that no fraction of the collected soil can.
normally escape the polythene bag. Individual identification marks were given on each. of the soil
sample packets by marker pens. Drinking water samples were also collected from each of the
sampli'ng stations. In each of the spot, a community-tubewell or any other community based
. water supply system like municipality water supply, was selected from where most of the people
faces the need for drinking water. In thé spot Jaflong (Sylhet) where many of the people uses the
Jaflong-river water, two sarﬁples were collected; one from a tubewell and the other from
Jaflong-river. In Rangamati town and in the residential areas nearlﬁy and upward the Kaptai lake,
| most. of the people use lake-water as drinking water, Consequently, the water from the Kaptai
lake nearby Rangamati town was collected as it represents the drinking water of Rangamati’s
peopié. In all cases, 1.02 litre of water was collected and packed within plastic bottles-air-tightly
to avoid any leakage and spillage. An individual idgntiﬁcation mark. was given on each of the
water safnple bottle by non-erasable markers. In addition to 56 sampling spot, sand samples
were also collected from Cox’s Bazar sea beach aﬁd Kuakata sea beach points where the dose

levels were exactly highest for individual beaches as measured instantaneously on specific point
by PDR 1Sv. | |
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3.3.3 Sample Preparation

The soil samples were crushed to powder individually and then sieved by a 1.0 mm sieve.
All of the samples were in dry condition as these were collected during the dry season. Then 1
- kg of pure soil from each of the crushed and sieved sample were measured individually by a
sensitive balance. The powdered 1 kg samples were then poured iﬁto marinelii beakers carefully
and sealed air-tightlpy. Water sampleswere measured by measuring flask and 1 litre of water
from each of the collected sample'were poured into the marinelli beakers and sealed air-tightly.
The sealed soil and water samples were all_owed‘ to attain the radioactive secular equilibriu'm
between the gaseous (***Rn and *Rn) and non-gaseous radioactive decay prdducts (of the
natural radioactive serieses) with their respective parents and déughters by presetving them in
an ai.r-tight condition individually for 28 days. All sample preparation was done and HPGe
detector reading out was taken in the Health Physics laboratory of RCWMD, lNS’f’, AERE,
BAEC, Ganakbari, Savar, Dhaka. '

3.5.4 Sample Readout
After estabhshment of the secu]ar equ111br1um and after completion of necessary quality
assurance of the HPGe detector ‘Silena’, the samples were read out. The experimental

procedure followed to perform measurements on each of the samples is as follows.

The liquid mtrogen dewar of the HPGe detector was filled with liquid mtrogen at least 6
hours before the measurements were started. This allowed the sufﬁmenl time for cooling of the
detector. Before the first measurement of each day, the detector systern was turned ON a;ld a
15 minute warm-up period was allowed. The high voltage bias supply to.the detectof was
gradually raised to the operating voltage (+2300 Volt.), the amplifier coarse gain, [ine gain, and
peak shaping time was also adjusted to the desired values. The countling time in the MCA was -
adjusted to 10,000 second to obtain a reasonable counting feliability After all these settings had
done, a penod of about half an hour was allowed for the stablllzatlon of the system. Then the
energy calibration of the detector was checked by placmg successxvely a ’Cs point source and a

“Co point source at the détector axis with a somce—to-detector distance of ~10 cm for a few
minutes and was found that 661.66 keV peak, 1332 keV peak, and 1170 keV peak appeared in
the appropfiete channels. Then a -background spectrum was obtained by placing an empty
marinelli beaker at the top of the well-shielded detector head for 10,000 sec. After completion of

taking background reading, each of the sample-filled marinelli beakers were placed on the top of
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the.detect‘or head and then the sample entrance door of shieldlng arrangerﬁel1t was closed. The
samples were read out for 10,000 sec and the.spectrum were preeewed in floppy and hard disk
of interfaced computers When the samples read out time was elapsed, an analysis of the
| spectrum was printed by the printer interfaced with the computer. The analysis contained the
energy and corresponding counts per second of em‘itt_ed'gamma photons including the statistical
error, FWHM, etc. In the present study, the counts per second corresponding to the energies of
the emitted photons 238.63 keV, 583.19 KeV, and, 911.07 keV of the radlonuclides 22pp
© (44.60%), *T1 (85.’_/7%), and, Ac (27.70%) respectively within the decay chain of *?Th; the
counts per second corresponding to the energies of the emitted photons 351.92 keV, 609.31
keV, and, 1120.29 keV of the radionuclides 2"'Pb (38.90%), 2*Bi (43.30%), and 2"Bi (15.70%)
respectively within the decay chain of >**U; counts per second corresponlling to the energy of
1460.75 keV emitted frem YK (10.70%); and counts per second cbrreéponding to the energy
661.66 keV emitted from *’Cs (85.21%) were considered. Then by different calculations, the
activity of the radionuclides *?Pb, 2T}, 2 Ac, 2Mpp, 21p;, K, and, "¥’Cs; and ultimately, the |
activities of ***I'h, **U, “K, and "Cs in each of the soil and..water sample were evaluated. The
P2Th activity was found by 'averaging the activity of ?'?Pb, 3 x acti.vit.y of ‘mTl, and, the activity
of **Ac. The activity of **U in each sample was found out by averaging the activity of 2*Pb,
the activity of *“Bi calculated from 609.31 keV, and the activity of *"Bi calculated from.
1120.29 keV. The activities of “’K and "*’Cs were obtained by direct measurement from single
‘ channel energy counts. The specific activities of the individual samples for speelﬁc radionuclide

were then calculated by employing the equation given in section 3.5.5.

Before and after a set of readout of samples, baekg'round reading of the detector was
taken by placing an empty marinelli beaker'"*") on the detector head as described earlier for the
same time period as that for soil and water samples. The mean background reading from a set of

measurement was subtracted from each of the sample reading,

Before and within the read out procedure, a number of operations of HPGe detector had
to be done. These are: (i) energy calibration, (ji) energy resolutlon (iii) efficiency calibration,
and, (iv) finding of lower limit of detection for each of the detectmg radionuclides. During the

readout period, the dewar was filled by liquid nitrogen weekly.
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" Energy Calibration af HPGe Detector: An essential requirement for the measurement
of gamma-rays is the exact identification of photopeaks present in a spectrum produced by the
detector system for a sample. In gamma-ray spectrometry, the spectrum accumulated on the
MCA provide data on both count rate and the location of each peak depending on gamma
energy. For identifying the radlonuclldes and their actlwty in the samples, it is necessary to
_calibrate the observed gamma energy spectrum against the channel number of MCA. The
displayed spectrum from an HPGe detector is usually a series of photopeaks superimposed on a
more or less varying background. The peak location indicate gamma-ray energy. The value of
the base line, i.e., channel number has no real significance until it is calibrated proportionally to
read in terms of energy. In case of an HPGe detector, the relation betwéen gamma-ray energy
and output pulse height is approximately linear. Therefore, two or more peaks of sufficiently
different energy will sefve to establish the energy calibration. If E; and E, are the known
enérgies of two peaks then S, and S, are the respective peak locations, as measured in the pulse 3

height spectrum. Thus, energy for any channel number S can be calculated by:

E=cS+b
: Esz1
7 Sz_Sl
b=El—cSl
Thus S— L
¢

'where, b & ¢ are constants, ‘The cahbratlon of MCA should be done by employing good
geometry point sources of known radionuclides with well-defined energies within the energy

range of interest, usually 60 keV to 2 MeVP*!,

In the present study, calibration of the MCA was carried out by using good geometry
point sources placed close to the detector inside the shield. The gamma spectra obtained on the'
PCA monitor after the equipment set up of live time, high voltage power supply, amplification
gain, lower level discriminator, adjustment of spectroscopy amplifier such as course gain, fine
gain, and, shaping timne. The energies of gamma photons emitted from these point sources are
~known and the position of full eﬁer_gy peaks (FEP) on.the baseline of the spectrum' in the MCA
" were adjusted to suitable channel numbers by entering the energies of the calibration sources in

keV into the MCA to convert all 4096 channels to respective energies.
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Eue-rgy Resolution of HPGe detector: 'fhe resolving power of a detector is called the
energy resolution of the detector to separete two adjacent peaks in a gamma-ray spectrum. In
general, the resolution is a measure of the detector’s ability to distinguish between two closely
spaced gamma energy peaks in a gamma-ray spectrum. The resolution of a coaxial detector is
given for 1.33 MeV *“Co line and is defined as the Full Width at H.alf Maximum (FWHM) of the
full energy peak and expressed in keV. The factors that influence the resolving power of the

detector are!!®!:

(1) statistics of charge creation process, (i) properties particular to the
individual detector, (iii) completeness of charge collection process, and, (iv) electronic noise.
The width of the differential pulse heighf distribution of a detectof with poor resolution is much
larger than that of a detector with good resolution. Resolutlon is calculated as:

L, -E

Resolutron = ﬁ x AS

where (Ez — E)) is the energy dlﬂ'erence between 1332 keV and 1173 keV lines, (S; — Sl) is the
channel dlﬂ'erence of the two pquto peaks, and, AS is the number of channel under FWHM in

the 1332 peak, of **Co source.

In the present study, the energy resolution of the detector was obtained for different
radlonuclrdes The detector resolution (FWHM) obtained in this research to be 1.82 keV for the
1332 keV of ®Co source,

. Efficiency Calibration ‘of HPGe Detector: The most irnportant parameters that
characterizing a radiation - detector are: efficiency and energy resolution. ;["he efficiency
~ calibration should be performed with greet care because the accuracy of experimental resuits
depends on it Efficiency changes with ;;hysical changes of counting system and the environment
. srrrrounding to it. For low level activity of environmental Sarhples, it is desirable to increase the

efficiency as much as possible.to increase the minimum level of detection.

The efficiency of a detector is a measure of the number of gamma-rays detected out of a
total number of gamma-rays that are actually emitted by the source. The full energy peak (IEP)
efﬁcrency is defined as: '

_N(E):
e(k)= R(E)
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where, N(E) = Count rate (total number of counts in the pealr divided by the measuring time) in
the peak corresponding to the energy E and R(E) = Rate at which photon of energy E are

emitted from the source (i.e. , activity).

. This efficiency is related to a specific source-detector geometryr and particular peak
analysis procedure. It vari'es with the detector size and types of counting geometry, height and
weight of the standard sample and the environment surrounding the detector system!'”. The
counting efﬁcrencres are measured with standard or reference samples in which the activities of
radionuclides are exactly known. Sometimes it may not be possible to obtain all the desired
samples. In such a situation, the best way is to plot an efficiency calibration curve from the

available standard sources and extrapolate the curve.

There are three types of efficiencies, viz.,- (i) intrinsic photopeak efficiency, (i) absolute
eﬁicrency, and, (iii) relative efficiency. The mtrmsrc photopeak efficiency is defined as the
‘ fraction of morno- -energetic gamma-rays which on striking the detector will produce counts in the
j.'correspondmg photopeak. This efficiency can be obtained by using the following expression:
| ' g,=l-¢e" |
where, g;'is the photopeak efficiency, 1 is the linear attenuation coefficient of the detector
material at energy of interest, and t is the thickness of the detector. The absolute (or total)
eﬂiciency €t of a-counting system is the probability that a gamrna-ray emitted from a point
source at a particular source-to-detector distance will produce a count in‘the cdrresponding'
photopeak.

photopeak count rate

gamma ray emission rate
The absolute efficiency is the product of the probability that a gamma-ray w1ll strike the detector
and the probability that it will interact and will produce an event in the photopeak. In general, it
depends on the source to detector distance. The above equation can therefore be restated as:
£,=6,8,
where, g, is the probability of gamma-ray striking the detector of area A positioned at a distance
r ffom a point gamma source i.e., geometric efficiency. The absolute efficiency can be re-

expressed as:




In general, the absolute efficiency or simply the e‘fﬁciency is expressed as follows:

CPs
DPSx1I,

Efﬁciendy E(E) =
where, I, is the y-ray intensity of the source at a:lspeciﬁc'energy, CPS is the observed counts per
second at the pamcular energy of interest, and, DPS is the dlsmtegrauon per second (activity)} of
the radionuclide. A generally accepted and simple expression for efficiency determination is as
follows®!:

Ing =g, + a Ink A
where, In is the natural logarlthm € is the absolute full energy peak (FEP) efficiency, a, & a; are
fit parameters, and E is the energy (keV) of corresponding gamma line. This expression is .
adequate for determining efficiency of gamma energles from 100 keV to 2 MeV. The relative
efﬁclency of a detector is the ratio of the absolute efficiency of the that detector for countmg the
1332 keV gamma-rays from the **Co source at 25 ¢cm distance to the absolute efficiency of a
standard 3" x 3" Nal(T1) crystal for the same source at the same source to detector distance.

‘ ' R
The Relative Efficiency of an HPGe Detector = R—' x 100%

2

where R, is the count rate in Bq in the 1.33 MeV photopeak for HPGe, and, R; is the product of

gamma activity of the source in Bq and eﬂiciehcy of the standard Nal detector (i€, 1.2x 107,

Measurements of environmental radioactivity usually involves a Iargé volume of sample.
When a large volume of sample is used for the radioactivity measurement, self absorption and
counting geometry are of niajor importance in data processing. So it is necessary to choose a
detector-to sample geometry to maximize the counting ef‘ﬁcnency and to minimize the self
absorption for that specific geometry. Hence, for a large volume of sample (sonl or water)
analysis, the marinelli beaker is preferred. Th1s desrgn should be nearly optimum in terms of
placing the sample materials as close as possible to the detector active volume. In the present

study, the efficiencies of the detector for evaluating soil and water sample for marinelli beaker

geometry were oblained.

In the present study, the absolute and relative efficiency of the used HPGe detector were
found out. Using *’Co standard point source, the relative efficiency of the detector was found to
be 18%. In determining the efficiencies for measuring soil samples, 1 kg fresh soil in a marinelli

beaker was read-out for 10,000 sec by the HPGe detector (background plus soil reading). Then
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400 Bq of **Ra liquid source was well-amalgamated with the soil (1 kg) just measured and then
read-out for 10,000 sec in the same geometry and other operating conditions. The ;‘background

“?*Ra plus soil plus background readings”, and the

plus soil readings” were subtracted from the
net counts were noted. The efficiencies at different energies were then calculated By using
formula described earlier. A graph (Figure 4.1) was then plotted with energy (keV) as abscissa
and corresponding efficiency (%) as ordinate. A smooth trend line of the plotted points was
drawn using “Excel-97” computer software and the efficiencies at energies of interest were
found out and recorded which are shown in Table 4.1. The efficiencies for assessment of water
samples were made by the same procedure that for soil samples except the activity of solute
(226[{&) which was 100 Bq. A graph (Flgure 4.2) was also drawn by the same method and aid

and the efficiencies at energles of interest were found out and recorded whlch are shown in
Table 4.1.

Lower Limit of Detection of Radionuclides: The detection limit, as it is known as the
minimum detectable emission. rate or lower limit of detection (LLD), is a term used to express
the detection ability of a measurement system under certain conditions. The limit depends®®* on
the sample geometry, the energy of radiatioﬁ, the source-to-detector diétance, the detector
efliciency, the Backgromd, the available time for measurements, and the quantity of samples
(mass and volume). In order to obtain lower detection limits, the efficiency of the detector
should be high, the sample should be as large as practicable, the counting time should be as long

as practicable and the background should be as low as attainable. Pasternack!™ et al defined

LLD as: ‘
LD =1645-(242) - §

where, S, is the standard deviation of background count. A generally accepted expression for

the estimation of LLD can be expressed as™);

466 S,
&1,
where, Sg, is the estimated standard error of the net count rate, ¢ is the counting efficiency at the

LLD =

desired energy of the nuclides, and I, is the absolute transition probability by y-decay through the
selected energy as for €. When a sample is mlroduced into the gamma measurement(s), the term
usually associated with detection limits is the minimum detectable concentration (MDC) which is

expressed by:
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where, W is the mass of the sample (kg).

3.5.5 Radioactivity Calculation

" After completion 6f nec'essarj' pre-measurements of HPGe detector, the radioactive
evaluation of processed and sampled soil and water samples were done. At first, an empty
marinelli beaker was placed on the top of the detector head and counted for 10,000 seconds to
obtain background counts. Then the sealed | kg soil samples and 1 litre water samples were
counted for the same period one by one. The background count was subtracted from the Bross
spectrum obtained with the sample. In each day of measurement, background reading was taken,
and the other parameters of the detector such as energy calibration and efficiency were checked

occasionally.

\

~ The most gamma energy peakf» at 238.63 keV, 351.92 keV, 583.19,‘keV, 609.31 keV,
911.07l keV, 1120.29 keV, and 1460.75 keV were clearly identified for soil and water samples.
-For most of the soil samples and few of the water samples, a gamma energy peak at 661.66 keV
were also identified. These energy peaks were used for the estimation of the corresponding
radionuclides. After determination‘of the integral counts under the gamma energy peaks of

interest, the gamma activity was calculated according to the equations®**-

A ¢ for measuring soil samples
, me—— u m
SR e(LyxI, xW 'g samp
‘ C o
and, A=——————— . _for measuring water samples

e(Lyx1 xV
where, A is the activity of the sample in Bq.kg™! (for soail samples) or Bq.I™' (for water samples), |
C is the peak area counts in CPS, g(E) is the efficiency of the detector at energy E (keV), L, is

the photon emission probability at energy E'(keV), W is the mass of the solid (soil) samples in"

kg, and V is the volume of liquid (water) samples in litre.

3.5.6 Radiation Dose Due to Radioactivity in Soil and Cosmic Radmuon )

The radiation dose due to radioactivity in soil i.e., terrestrial radiation dose in different
locations of Bangladesh were estimated by usmg computer software * RESRAD & GENII”.
_Some parameters such as the individual activities of the radionuclides, the area of sample
collection etc for .each’ sample were entered into the computer in the definite way and the
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corresponding resulting radiation dose was found from the computer. The cosmic radiation dose
at each location was estimated by subtracting the terrestrial radiation dose from the average

outdoor dose level at that location.

3.5.7 Radiation Dose Due to Intake of Water ‘
The effective dose equivalents due to intake of radionuclides through water for each of
the samplmg location were calculated by using ‘the conversion factors given in Table 3.5. The

detalled of the results are shown in Table 4.7 and in Table 4 8.

Table 3.5: Dose ConverSion Factors for Iilgestion of Radionuclides'™,

SL. No. ~ Radionuclide Conversion Factor (Sv/Bq)
1 - 44x10°
2 | T 92x 107
3 - K | 62x10°
4 (o 13 x 10"

3.5.8 Determinatiop of Annual Collective Dose Equivalent

Annual coflective dosé equivalent for an area is the product of annual effective dose
equivalent (in Sv) and the total population of that area. It shows the total amount of radiation
dose received by a population and consequently it is a measure of burden of that population
group. Its unit is person-Sievert. In the present study, the annual collective dose equivalents for
different locations of Bangladesh were determined which are shown in Table 4.12. The areas (in
sq. km) covering the correspondma, locations and population in 1998 in individual areas
estimated from “Statistical Pocket Book of Bangladesh 19971'*! are also shown in Table 4.12
alongwnth the annual effectlve dose equivalent and annual collectlve dose equ1valent '
3.6 Statistical Errors in Counting

The disintegration of radionuclide is a statistical phenomenon. Nuclei undergoing
radioactive transformation i in a sample is a random event. Radioactive decay is random in time
and so the number of particles or photons counted in a given time by a detector will fluctuate
about an average value. The standard deviation ‘c’ is a measure of the scatter of a set of
observatlons about thejr average value. The most common method of analyzing gamma- ray
spectrum of radioactive samples contammg a mixture of nuclides is to use the full energy peak

counts of various isotopes for estimating their activities because the full energy peak is a



characteristic of the 1sotopes and it is in this energy region, a better sample to background
counts ‘is obtamed Sometimes the constituent nuclides emit gamma-rays of closely spaced
energies, from which a small portion of the full energy peak of each of them are selected. This
reduces the region of mutual overlap of adjacent peaks, thereby i improving source counts to
background counts ratio for each of the radionuclides. If a radioisotope emits more than one
gamma-ray, the most abu'_ndant gamma energy should be taken for analysis in order to minimize
the statistical error. If there are several gamma energies with comparable abundance, the highest
energy that is likely to have least Compton contribution from other nuclides shotrld be selected.
In gamma-ray spectrometry, counting error can be reduced by increasing the number of counts
'by mcreasmg- () counting efﬁcrency, (ii) volume of tlie. sample to be evaluated and, (iii}.
counting time. Addltronally, reductton in background counts of the detector by employing -
appropriate shielding, will also increase the sample counting accuracy. _

| ~In gamrna-ray spectrometry, the quantities of interest like the activity of a source or the
ene_rgglf of a gamma-ray are derivedﬁfrom other measured quantities by_a mathematical
relationship. In the present research, used “EMCAPLUS EMULSION” software of the MCA

provides information about the counting error in percent. Since percent of error is defined as:
Percent of Error = —

where, o is the standard deviation, and A is the observed activity (CPS), the standard deviation
of any count rate was obtained by multiplying the percent of error and the observed CPS. In the
’cther'hand, since the corresponding background CPS including standard deviation should be
subtracted ‘from the sample’s CPS including tlre_‘standard error/deviation, and other arithmetic
operations involving the standard deviation had to be done, special mathematical formulae were
used for this purpose.

Ifx, y, z, <o are directly measured counts or related variables for which we know T,
Oy, O, =0 are corresponding standard deviatiorrs, then the standard deviation for any quantity u

derived from these counts can be calculated from!'?"):

SCRNC R P
ST (8T

where u = u(x, y, z, - represents the derived quantity. The above equation is generally
known as the error propagation formula and is applicable to almost all situations in nuclear

measurements. The variables x, y, z, - however, must be chosen so that they are tiuly
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' mdependent in order to avoid the effects of correlation. By using the above equatron we get the

followmg fomlulae

Cou=x-y,

If H=x+ _ I 2,
Yo g, = q.\:+ojv

0, =\Jo! + o}

2

| ' [ox] [ayT
u=x-y, o, =il —~| +|—=
= . ¥

L
Y “ x V.

In the present study, +o of all the measurements were considered as |t cover 68.27% of most

probable values

3.7 Cmrlulative Frequency Plot:

The cumulative frequency plot or simply the probability plot of a series ‘of entries in a
data is the tool for determining its geometric mean (GM) and geemetric standard de\{iation
(GSD). For a series of entries or datas, the GM is the cerresponding value of 50% cumulative
percent, and the GSD is the ratio of the correspondmg values of 84.1% and 50% Cumulative A
Percents!™**] These measures the deviation of a data from normal distribution. For severely
skewed data or data having either higher-positive or higher-negative skewness, the arithmelic

~ mean (AM) and standard deviation (SD) can not represent the actual data. In that case, The GM
and GSD wluch are measured by consndermg, the geometric distribution of data; can represent
the actual situation. Moreover, GM and GSD are also a measure of the degree of variation of
entries in a data. With the help of cumulatiye frequency plot, the average activity for a specific
radionuclide in an amount of samples; for most of which the activity- is below the detectable
range at a certain deteclor can be determined™!, To draw the cumulative frequency plot
(probability plot) for a data contammg a number of entries, the entries were ranked at first by
arranging them in ascendmg order and then the cumulative percents were calculated by usmg the
formuta'™*: |

100(f — 0.5)

n

Cumulative Percent =

where, ‘I’ is the serial position and ‘n’ is the total number of entries. In the present study,

. . . . . 238
cumulative frequency plots were drawn for average concentrations of radionuclides 2 *Th, #*U

*K, and, '¥'Cs both in soil and water samples; average radiation dose levels in kutcha-houses,
' 90



new-buildings, old-buildings, and in free-spaces; radiation dose due to terrestrial radioactivity;
and radiation dose due to intake of water; at different locations of Bangladesh. These are shown
in Figures 4.3-4.17 in chapter 4. From each of the plot, corresponding GM and GSD were

determined and noted; and finally compared with their respective AM and SD."

3.8 Calculation of Population Risk Factor

The risk of the population at different locations of Bangladesh in radiation .induced
cancer incidence and death were calculated by using the fatal cancer risk given in ICRP—60%2
For general people which is: 500 x 10™ Sv'! i.e., 50 cases per miilion populafion per milli- -
Sieverft annual effective dose eqﬁivalent (50 x 10°* mSv™"). The detailed results are shown in

Table 4,22,
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Introduction o
| In the present work, the radioactivity levels in soil and water samples collected from 56
different locations throughout Bangladesh were measured Indoor and outdoor radiation dose
levels in these 56 locations and few other locations were also measured. Moreover the radiation
dose levels at the sea-beaches of Bangladesh were ‘measured and the concenirations of
radionuclides in the Cox’s Bazar and Kuakata sea beach’s sand sampies were also investigated.
‘Before the inception of sample measurement procedure, a number of quality assurance of HPGe
detector viz., energy calibration, energy resolution, efficiency calibration, determination of LED
(and consequently MDC), were made. These are described briefly in the'following sections

(4.1.1-4.13),

4.1.1 Energy Calibration and Resolution
The energy calibration of HPGe detector was made by using standard point sources
Na, *'Co, ®Co, "'Cs, and *'Am. The detector resolution at full width at half maximum

(F WHM) obtained in this measurement was found to be 1.82 keV for 1332 keV of “Co source.

4.1.2 Efficiency Calibration

The most important characteristic of a detector is its efficiency and as such, it is
mdxspensable to measure efficiency of a detector before starting the sample measurement, In the
present study, the efficiency calibration of the HPGe detector for Marinelli-beaker geometry for
assessment of soil and water samples were done individually by employing standard **Ra
sources. The results of the efficiency calibration for assessment of the radionuclides in soil and
- water samples obtained from the correspondin;g graphs (Figure44.1 and Figure 4.2 respectively)

are shown in Table 4.1,

4.1.3 Lower Limit of Detectionr(LI';D)

The lower limit of detection at a certain energy of a radioactivity measurmg system is its
ability to measure the lowest level of radioactivity at that energy with 95% confidence level at
specified measurement time, measuring geometry, source to detector distance, and background

shielding arrangement. In the present study, LLD for the HPGe detector was measured byalL
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water sample for Marinelli-beaker geometry for 10,000 sec and the results are shown in Table
~ 4.2. The lowest LLD was found to be 35.74 x 10> Bq for **Ti (583.19 keV) and the “highest
LLD was found to be 1.95 Bq for “K (1460.75 keV) Since the LLD of a specific radionuclide
at a specific energy is greatly influenced by the efliciency of the detector at that energy, the LLD

for “’K was found higher. ‘

4.2 Radiation Dose Level Throughout Bangladesh
The indoor and outdoor raoiation dose levels throughout Bangladesh were measured by
a sensitive portablé survey-meter PDR ISv. The dose levels at the points of soil sample
| collection were also recorded. The radlattou dose levels at the Cox’s Bazar sea-beach, Kuakata
sea-beach, and Potenga sea-beach were also measured in the present study. The detailed result

of this radiation survey is given in Table 43.

4.3 Radioactivity Levels in Soil samples
The specific activities of the radionuclides *Th, #*U, *K, and ™Cs in soil samples were
determined by following the standard procedure as described in Chapter 3. The detailed results

are given in the Table 44,

4.3.1 Radlatmn Dose Due to Radioactivity i in Soil

The effective dose equivalent due to presence of radionuclides in soil samples were
calculated by employing the computer sofiware “RESRAD & GENII”. The results of the
calculation alongwith the average dose level (of the area) and the average dose rate at each point

of soil sample collection are given in Table 4.5

4.4 Radioactivity Levels in Water Samples
The radioactivity in water samples were found out by the same methodology that for soil
samples The detailed results of the specific activities of the radionuclides Z21h, 2y, YK, and

*Cs in water samples are given in the Table 4.6.

4.4.1 Radiation Dose Due to Intake of Water
The effective dose equivalents due to intake of radionuclides through water for each of
the sampling location were calculated by using the conversion factors given in Table 3.5 (in

chapter 3). The results are shown in Tables 4.7 and 4 8.
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4.5 Radiation Dose Dug to Cosmic Radiation

The radiation doses due to cosmic radiation in each of the 56 locations were eslimated
by"srjbtracti_ng the correspondin_g terrestrial radiation dose calculated from the soil radioactivities
(by REARAD & GENII coniputer software) from tlie average dose level in that particular

location measured by PDR 1Sv. The results of cosmic radiation are shown in Table 4.5.

4,6 Discussion

The findings of the present work are discussed in the followihg paragraphs.

4.6.1 Indoor Dose Level _

The in'doror radiation dose levels were measﬁred in kutcha—hquse’s, new buildings, and old
buildings. More than half of the people of Bangladesh are peasallt"and destitute,‘ they live in
kutcha-houses and houses in slum. On the whole, about 75% people live in kutcha houses, and
the rest 25% in pucca-houses (buildihgs); about 0.01% of the total houses are old buildings.
Most of the old buildings were found in district and division level towns. In the greater districts
of Mymensingh and Kushtia, in entire north-bengal except Gaibandha and Sirajgonj, and in
districts of Gazipur, Norsingdi, Tangail, Habigonj, Brahminbaria, Comilla, Chittagqng, -
Rangamati, Khagrachheri, Je;ssore, Jhenidah, Satkhira, and Faridpur; kutcha houses owned by
- well-to-do people; are gene‘:rally'built with walls made of proeessed soil havihg 12"-18"
thickness. These houses have pbor ventilation system. On the otherxhand, most of the kutcha
houses of Bangladesh are made of soil, bamboc_), cane, reed and another aquatic plant, dried
straw, thatched roof, wood, corrugated iron sheet (CI sheet) and plane shect, and brick tilcs
(very limited cases in north-bengal); whicl.l have well ventilation comparéd to those for buildings
and kutcha-houses with shrrounding thick walls of clay and mud. Therefore, more emphasize
‘was given in determining the indoor dose level of kutcha-houses. In each of the locations, at
least 6 set of readings (ground level and gonad level) were takén from different kutcha houses, 5
set of readings were taken from different new-buildings, and 3 set of readings (whercver
 available) were taken from different old buildings by random sampling method. No remarkabie
variation was seen in the dose levels of ground and gonad levels and therefore average of these
two levels in each set of readings was noted. Moreover, no significant variation in dose level
was observed in each location at the same variety of houses. In each case of meésureme’nt,
minimum dose level, maximum dose level, and the trend dose level was noted. In kutcha houses,

the average of the dverage dose (trend) rate was found to be 0 23 +0.04 puSv.hr', and the rangé

95



was from (.17 + 0.01 to 0.38 + 0.02 uSv.hr'!, In new-buildings, the average of the trend
(average) dose rates was found to be 0.25 +0.04 puSv hr' the range of which was from 0.18 +
0.02 to 0.33 £ 0.02 uSv.hr. In old-buildings, the average dose level was found to be 0.27 &
0.04 nSv.hr! having the range fr-om 0.19£0.01 to 0.36 iJO.OZ uSv.hr!: In old-buildings and in
kutcha house_s having thicker wall of mud and clay, the dose levels were found to be higher than .
those in other hdﬁsés and in‘ free spaces. This may be explained as due to the dense environs and
build-up of gaseous decay products (*?Rn and *'Rn) on account of poor ventilation. The
-‘;-detailed analysis of the results are shown in Table 4.9. Weighted-average of the indoor dose rate
. ‘of all kinds of houlses was found to be 0.24 + 0.04 Sy ! by assuming that 75% people spend
ltheir timq in kutcha houses, 24% people spend their time in new-buildings, and 1% people spend
their time in old-buildings. In individual measurements, the ldwest and highest dose rates for -
kutcha-houses was found to be 0.05 uSv.hr in a kutcha house of Srimangal and 0.70 1Sy hr™!
in a kutcha house (having thicker wall of processed soil) of Badalgachhi respectively. The lowest
and highest dose rates-in new buildings in individual measurements were found to be 0.10
uSv.hr! (in ohe_new-buildihgs each of Sylhet, Maulavibazaf, Srimangal, and Comilla) and 0.56
pSv.hr! (in a new building of Madhabpasha, Barisal) respédtively. The individual measurements
of the indoor dose levels in old-buildings revealed the lowest dose rate 0 13 pSv.hr' in an old
building of Chittagong and thé highest dose rate 0.65 uSv.hr! in an old-buiiding of Barisal
town. However, fhe trend dose rate in these points of measurement are very di'f.’f'er'ent from the
said values. These variation may be explained as due to the statistical fluctuation of natural and

cosmic radioactivity.

4.6.2 Outdoor Dose Level | |

By following the same procedure as that for indoors, the outdoor dose ﬁleasurements
were done in yards of houses, kutcha and pucca-roads, play grounds, market places, and
- relatively free spaces thrlc)ughout Bangladesh. There was no noteworthy variation in outdoor
dose levels in each of the location. The average of the trend (average) outdoor (free space) dose
rates was found to be 0,20 + 0.07 pSv.hr', the minimum being 0.16 + 0.02 uSv.hr 'in Sylhet, .
Srimangal, and Sitakundo; while the maxirnum lljeing 0.28 +0.04 pSv.hr™! in Nachole. The delai»ll

analysis of thie outdoor dose rates are given in Table 4.9,
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By considering the time occupancy factor of 66.67% indoors and 33.33% outdoors for
Bangladeshi people, we get the average environmental dose rate is ~2.0 mSv. y™'. This dose level
is somewhat hrgher than that of the other countnes but comparable wrth lhe results obtained
during 1075 1979 in Bangladesh as shown in Table 4 11. The ratio of average mdoor dose rate
to the average outdoor dose was found to be 1.2, which i 15 comparable to the world average
indoor outdoor dose ratlo 1.27 reported elsewherem and the average rndoor-outdoor dose ranos

1.15 and 1.12 for Hongkong and Shenzhen respectlvely[m

All of the outdoor and indoor dose levels were further mvestlgated by cumulative
frequency plot - ([;robabllrty plot) to fi nd out’ the geometric means and geometnc standard
deviations, These plots are shown i in Figures 4.3-4.6 and the geometrlcl means and geometric
.. standard deviations calculated from these graphs are shown in Table 4. 10. 1t was found that
there was no varlatlon in the arithmetic and geometric mean values for all types of measurement,

which mdlcates that the data ‘were normally distributed -

4.6.3 Average Annual Effective Dose Equivalent and Annual Collective Bose Equivalent
Average annual effective dose equivalent in different locations of Bangladesh were
calculated by assummg that: (i) 75%. people in each of the locations of Bangiadesh live in
kutcha-houses 24% people live in new-bulldmgs and 1% people live in old- -buildings; (ii) in the
locations where old-buildings are not available, 25% people live in new-buildings; (iii} on, an
average, people spend 66.67% of their time in mdoors and the rest 33 33% in outdoors. In
calculating the annual collective dose equivalent, data for populatron and area of Bangladesh
were used from “Statistical Pocketbook Bangladesh 97"1"*, Estimations of population in the
year 1998 from the data for population in the years 1997 and 1996; were made by assuming the
population growth rate 1.7%", The detailed results of annual effective dose equivalent and
.- collective dose equrvalent are given in Table 4.12. Since both the radiation dose level and
'populatron density in Bangladesh are higher, the annual collective dose equivalents for dlfferent |

-

locations were found to be higher than those of reported values of different countries.

4.6.4 Radiation Dose Levels in Sea-Beaclles of Bangladesh
Bangladesh has two world renowned sea-beaches, one is the longest beach in the world :
named Cox’s Bazar sea beach and the other- the Kuakata sea-beach is endowed with the

opportunity to observe both the sunrise and sunset. Both the beaches have shining-brown
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coloured sandy ereas exhibiting high radiation dose level. In Cox’s Bazar sea-beach, the.a\terage
dose level in shining-brown coloured sandy areas (off shore) was found to be 8.94 + 3.15
mSvy ranging from 6.39 + 2.28 to 11. 91 £+ 4.29 mSv.y™". The average dose level is htgher
than that of htghest dose level found in Brazil and Ullal sea-beach, Karnataka, India; though
individual effective dose equrvalent upto 20.02 mSv. y' in Ullal sea beach was reported
However, this dose level is somewhat lower than the dose level measured in 1975-1979 in _
Cox’s Bazar sea beach. Then average value of dose level was ~13 mSv.y~! with a range between
2.6 and 44 mSv.y"'. In the public movement areas of Cox’s Bazar sea-beach, the average dose
level was found to be 1.49 + 0.18 mSv.y™" (range 0.96 + 0.18 to 2.01 + 0.35 mSv.y™), which is
lower than the average outdoor radiation dose level throughout Bangladesh. In Kuakata sea
beach, the higher dose levels were found in shining- brown coloured sandy areas, the average
value of which was 4.20 + 0.88 mSv. Y rangmg between 2.98 £ 0.70 and .5.87 + 0.18 mSv. y
The average value is again higher than the maximum values found in Brazil and Ullal sea- beach
However, in public movement areas of Kuakata sea-beach, the average dose level was found to
be 1.58 £0.35 mSv.y " having range 1.05+ 0.26 t0 2.19'+ 0.44 nSv.y™", which i is slightly higher
than that of Cox’s Bazar sea-beach. The detail analysrs of sea beach dose levels are shown in’
Table 4.13. In Potenga sea-beach, Chtttagong, the average dose level was found to be 1. 58 +
0.26 mSv.y havmg the range from 1.14 + 0 26t02.10 + 0.53 mSv y! "lhls level is similar to

the average outdoor dose level of Bangladesh.
465 Radioactivity in ‘Soil samples

* Thorium-232 in soil samples: The average concentration of 22Th in soil samples was
found to be 83.56 + 17.96 Bq. kg™’ ranging from 39.27 + 7.74 to 128.21 + 7.83 Bq.kg™'. The
lowest activily was found in the soil sample collected from Nabtgonj (in Habigonj district) and .‘
the highest activity was found in the soil sample of Nachole (Table 4.14). This level is
comparable to the levels of 22Th found in Italy, Egypt, China, and Brazil, but higher than other
‘countriesr and locations as shown in Table 4.16. The cumulative frequency plot for the Tt
concentrations in soil samples is shown in Figure 4.7. From this graph, it was found that the
geometrtc mean of **Th in soil samples is 53.50 Bq.kg"' which is approximately ec]ual to the

arithmetic mean value; indicating the normal distribution. The geometric means and geometric
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standard deviations of the concentrations of radionuclides 22Th, 28y, YK and ®'Cs in soil and

water samples alongwith the arithmetic means and standard deviations are shown in Table 4.15.

Uranium-238 in Soil Samples: Average specific activity of 2*U in soil samples was
found to be 44.35 + 12.65 Bq.kg™ with a range 17.84 + 6.21 to 76.06 + 7.58 Bq.kg™'. The
lowest concentration of ?*U was found in the soil sample of Nablgonj while the highest
concentration was found in the soil. sample collected from Nachole. ‘The average level of **U in
- soil samples i is comparable to the levels found in the soil of US, China, Greece, Brazil, Spain; but
higher than those levels of Egypt, Lou151ana and Dhaka, and lower than the levels found in Italy
The detailed analysis of the results are shown in Table 4 16, The geometric mean and geometric |
standard deviation of ®*U in soil samples were found from the cumulative frequency plot shown
in F igure 4.8. The geometric mean was found to be 44.30 Bq.kg™ and the geometric standard
deviation was 1.32. The close proximity of arithmetic mean and geometric mean indicates the

dlstrlbutton of 2% in soil samples is normal.

Potassium-40 in Soil Samples: The average concentration of radioactive potassium

(“K) in the soil samples collected from different locations of Bangladesh was found to be
630. 89 + 173.85 Bq.kg™" rangmg between 276.78 + 61.47 and 923. 79+ 69.02 Bq.kg™. The
highest and lowest act1v1t1es of “K found in the soil samples collected from Khulna and
Nabigonj respectively. The geometric mean and geometric standard deviation of *K
concentration in soil samples were found to be 632.0 Bq.kg™ and 1.32 respectively from the
correspondmg cumulattve frequency plot shown in Figure 4.9. The close proxmnty of average
K concentratlon in soil samples in arithmetic and geometric view indicates that the distribution
is normal. The concentration tevel of “K in soil samples of Bangladesh is slmllar to those of
China, Italy, Brazil, Spaln and Dhaka; is higher than those of US Tatwan Egypt and Algeria;

and is lower than that of Greece; as shown in Table 4.16.

‘Caesium-137 in Soil Samples: The average specific activity of 137Cs in soil samples of
Bangladesh was found to be 5. 37 £4.87 Bq.kg™ with a range from 2.76 + 1.51 t0 26.79 + 2.23
Bq.kg™. The highest activity 26.79 + 2.23 Bq.kg ' was found in the soil sample of Jaflong while

the Iowest activity 2.76 + 1.51 Bq.kg™ was found i in_the soil samples of Natore. Out of 56 soil
| samples collected from 56 different locations of Bangladesh, no (s activity was detected in 14

samples (25%), e.g. Srimangal, Chandpur, Gopalgonj, etc. The geometric mean and standard
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deviation of “'Cs concentration in soil samples were found to be 5.30 Bq.kg" and 1.96
respectively from the corresponding cumulative frequency plot of "*’Cs in soil samplés shown in
Figure 4.10. The approximately equal arithmetic and geometric average concentration values of
*'Cs in soil samples reveals the normal distribution. The concentration level of *'Cs in soil
samples of Bangladesh is comparable to those of Taiwan, Chile, and Dhaka; high'er than that of
Algeria; and lower than those of Bangladesh (as measured in 19761, Hawaii, US, and Spain.
The details of the ""Cs concentration in soil samples in some of the. countries of the Wogld are

shown in Table 4.16.

4.6.6 Radioactivity in Beach Sand Samples
The concentrations of 22T h, .mU, 'mK, and "“’Cs in beach sand samples of Cox’s Bazar
sea beach and Kuakata sea beach of Bangladesh in compared to " the corresponding

concentrations in the beach sand samples of Mangalore sea beach, Karnataka, India are given in

, Table 4.17. 1t was found that the average concentrations of **Th was higher in sand samples of

Mangalore sea beach (1842 + 6.6 Bq.kg™) while the average concentration of 2°U was found
higher in the sand sample of Cox’s Bazar (455.99 + 16.35 Bq.kg™); which strongly suggests the
existence of monazite in Cox’s Bazar sea beach. The highesf “K concentration was found in
sand sampleé of Kuakata sea-beach (266.00 + 24.80 Bq.kg™") while the lowest in Cox’é Bazar
sea beach. Though sand samples of Kuakata sea beach have lower activities of 22Th and ®*U'in

comparison to those of Cox’s Bazar sea beach; these activities are far higher than those of soil

" samples of Bangladesh and the colour of sand samples in some area of Kuakata sea beach is

shining-brown as that in Cox’s Bazar sea beaclt; which indicate the probability of existing of
monazite in Kuakata sea beach sand. The radiation dose level in the shining-brown coloured
sandy areas of Kuakata sea beach which is somewhat comparable to the dose levels of monazite- -

beaches of the world as described earlier, further enhances the probability of existence of

. monazite. No "*’Cs was detected in any of the sand samples of two sea-beaches of Bangladesh.

The detail analysis of the radionuclide concentration in beach sand samples is shown in Table
417,

4.6.7‘Radi’oactivily in Water Samples

Thorium-232 in Water Samples: The avera e concentration of 2**Th in water samples
P g p

collected from 56 different locations was found to be 249.59 + 51 67 mBq.L"™ ranging between
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109.06 + 29.92.and 365.36 + 45.31 mBq.L™". The lowest and highest concentrétions were found
in water samples of Nabigonj and Kurigram respectively és shown in Table 4.14. This le\}el is
‘higher than the level found in New York and comparable to that of Chittagong. The Table 4.18
shows in detail the concentration of different radionuclides in some of the countries of the
world. The gedmetric mean and geomgtric standard deviation were found to be 250.0 mBq.L™!
and 1.23 respectively; from the corresponding:cﬁmuiative frequency’ plot shown in Figure 4.11.

The very close similarity of the arithmetic and geometric average specific activities of 22T}, i

water samples indicates statistical normal distribution,

~ Uranium-238 in Water Samples: The range of the ‘concentration of U in water
samplles was found to be 82.91 *27.54 to ,'229.65 3316 mBq.L".“1 with an average 156.77 +
30.46 mBq.L™, The highest and lowest concentrations of Zf in wrater samples Were found in
the water samples of Dinajpur and Jhenaigéti respectively. This level is comparable to the
cdrresponding level found in the water sample of India; higher than those of Finland and
European countries, US, North Carolina, and Taiwan; and lower than those of Towa and Saudi
Arabia; as shown in ﬁ“able 4.18. The geometric mean and geometric standard deviation of the-
ml'l in water samples were found to be 157.0 mBqL™ and 1.14 respectively from the
correspénding cumulative frequency plot as silown ‘ir'l lFigure'4.I_2. The close proximity of the
| arithmetic and geometric mean concentration (shown in Table 4 15) values indicate the normai

distribution of Z*U in water samples.

Potassium-40 ﬁl ‘Water Samples: The average specific concentration of the single
radioisotope of potassium “°K in water samples was found to be 9.08 + 3 36 Bq.L™". This
average concentration was ranged between 3.12 + 1.13 and 16,57 + 1.22 Bq.L™. The highest -
concentration of “K was fourid in the water sample of Khulna and the lowest cotnicentration of
' the same radionuclide was found in the w'atelr sample of Nabigonj. The geometric mean and the
geometric standard deviation of the concentrations of the mentioned radionuclide in the assessed
water samples were found to be 9.10 Bq.L™" and 1.42 respectively from the corresponding
" cumulative frequency plot as shown in Figure 4.13. The apprqximately equal arithmetic and
geometric mean values of *K strongly suggeéts the normal distribution of the mentioned

radionuclide,
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Caesiuilt;137 in Water Samples: Out of the 57 water samples collected from 56
different locations of Bangladesh, the "’Cs radionuclide was detected only in 18 samples (32%).
The range of the act"ivity of the mentioned radionuclide in the said number of samples was found
to be from 221 +1.4] t05.47+ 1.55 Bq.L™". The lowest and the highest activities of '"¥'Cs were
found in the water samples of Rangamati and Jaﬂong. respectively. BY considering ‘the zero
concentration of *’Cs in 39 samples, the average concentration was found to be 1.17 £ 1.80
Bq.L ™' The 'geor'netric) mean anrd the geonietric standard deviation of the radionuclide i water
samples were found to be 0.61 BqL™ and 6.07 respectivel'y as shown in Table 4.15 found from
the corresponding cumulative frequency plot of "¥'Cs in water samples shown in Figure 4.14.
This marked difference between the arithmetic inean and geometric mean, and the larger vahe
of geometric standard deviation indicates that the distribution is not normal, Since *’Cs is an

artificial nuclide, it is quite natural to find its distribution in drinking water is “not normal”,

4.6.8 Correlation Between the Activities of Radionuclides Found in Soi] and Water
Samples o = L : : . |
The correlation coefficients between the concentrations of radionuclides B2Th, 28y, K

d ®’Cs found in soil and water samples were calculated by computer software “Excel-97”,

an
The correlatibn coefficients bétWeén the activities of same radionuclide in soil and water samples
rarranged in same order were also ca.lculated by the same aid. The detail of the results are shown
in Téble 4. 19, In soil samples, the highést. corréllation coefficient (r = 0.88) was found for 2 *Th
and “*U concentration levels: and the lowest (r = 0.13) was found for K and "'Cs. A good
cofrelaﬁoﬂ between 22Th and ? *U in soil Samples and a very poor correlation between *K and
"ICs were observed. The higlﬁy significant correlation occurred between 2,3\2Th and 2%y s
consistent with the geochemical'behlaviour of their complexes, namely, the tendency -of uranium
and ﬂ1orium to concentrate in the fluid phase ‘during magmatic differentiation™ In water
sampleé, a good correlation was also found between **’Th and #*y (; = 0.83) concentration
levels and very poor Icorr_elation between all other combinations having the poorest correlation (r
= 0.01) between *2Th and " 7.Cs concentration levels. Good correlations between' the
corresponding concentration leyels of the same radionuclides (found in soil and Water samples)
| were also found, The highest r=0.94 was found for Z*Th concentratious (of the soil and water
samples of the same place), and the lowest (but not deast) r = 0.61 was found between the ' Cs
concentration levels in soil and water samples. These good correlation coeficients indicate good

mixing and precipitation of radionuclide from surface soil to ground water,
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4.6.9 Radiation Dose Due to Terrestrial Radiation

The terrestrial radiation dose in different locations of Bangladesh were estimated from
the concentration levels of **Th, 2*U, *K, and " 'Cs in the soil samples of the corresponding
locations by using computer soflware “RESRAD & GENl_l’.’. These are shown in Table 4.5.. The
average terrestrial radiation dose was found to be 1.26 + 0.27 mSv.y~' having a range from 0.56
+0.08 mSv.y™! to 1.88 + 0.09 mS. y!. The highest dose was found for the soil sample of
Rangpur and the lowest for that of Nablgonj The terrestrial radiation dose level in Bangladesh is
comparable to that of Hongkong (1.11 mSv.y™') but higher than the reported values of different
countries. These are shown in Table 4.11. The geometric mean and the geometric standard
deviation of the terrestrial radiation dose value were estimated to be 1.26 mSv.y™" and 1.24
respectively ffom the -correSponding cumulative frequency plot as shown in Figure 4.15. The
similar arithmetic and 'ge(l)metrie mean values of terrestrial radiation dose levels indicate the

normal distribution of terrestrial radiation throughout Bangladesh.

4.6.10 Radiation Dose Due to Cosmic Radiation

. The radiation dose levels due to cosmic radiation in different locations of Bangladesh
were estimated from the average outdoor dose level and terrestrial radiation dose level. The
- cosmic radiation in dlﬂ‘erent locations of Bangladesh are shown in Table 4.5 alongwnh average
outdoor dose levels. The average cosmic radiation dose level was found to be 0.63 mSvy
ranging between 0.04 and 1.30 mSv.y™". The world average level of cosmic radiation dosc is

0.39 mSv.y ',

4.6.11 Radiation Dose Due to Intake of Water l
Radiation doses received due to the intak_e of water throughout Bangladesh were
calculated by employing the conversion coefficients given in ICRP-68"2% (Table 3.5 in this
manuscript). The average value of the annual radiation dose received by an adult in Bangladesh
through water intake wes found to be 74.01 + 21.41 1Sv by considering an adult intake of 730
L water per year; the range of which was from 24.20 + 5.57 to 134.04 + 16.10 uSv.y ' (shown
in Table 4.20). The lowest dose was found for the people of N'abigonj (covering the district
Habigonj) while the highest dose was found for the people of Sunamgonj. This dose level is _

comparable to the dose level estimated in Chittagong (Table 4. 18) but higher than the dose level

estimated in US (range 2 — 50 puSv.y"Y*! The geometric mean and the geometric standard
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deviation values of the radiation dose received due to intake of drinking water by the peoi)le
throughout Bangladesh, as shown in Table 4.21, were found to be 74.00 uSv.y™ and 1.32
respectively. These were es_ti'mated from the corresponding cumulative frequency plots as shown
in Figures 4.16 and 4.17. The proximity of the arithmetic and geomgtric mean dose levels
indicates the normal distribution of dose levels and the distribution of }adionuclides. in a broad

Sensc.

4.6.12 Total Radiation Dose Received By FPeople Living in'Bémgladesh
" The average value of environmental exposure dose (terrestrial plus cosmic) was found to

be ~2 mSv.y“l. Since about one third of the total effective dose equivalent is received from

terrestrial and cosmic radiation, (except radon and its decay products which contributes more

than half of the total radiation received)": it may be estimated that the total radiation dose

received by an adult of Bangladesh on an average is ~6 mSv.y‘l. This level is exactly 2% times.

of the world average dose level (2.4 mSv.y ') reported in UNSCEAR-93 r.eport['”. Though this .

level of radiation in Bangladesh is much highér, this level is far. lower than the more elevated

. radiation dose level 16.9 mSv.y ' in the world reported in elsewhere!".

4.6.13 Risk of Bangladeshi People in Radiation Induced Cancer

The risk to the population of the different locations of Bangladesh in inducing fatal
cancer i.e., total fatal probability coefficients; were estimated V;/hicll are shown in Table 4.22.
These estimations were made onl'y by considering the annual effective dose equivalent due to
external exposure from natural background radiation (measured in the present work). The total

risk will be somewhat higher. However, the average total fatal probability coefficient was found

o be 101 cases per million people, the range of which was from 78 to 144 per million people. _

The lowest risk was found for the people of Srimangal (Maulavibazar) and Sandweep; while the
risk was highest for' the people of Nachole (Chapai Nawabgonj) and Badalgachhi (Naogaon), the
two locations in Borendra. tegion. The risk factors were found to be around average level for the
people of Dhaka, Chittagong, and Rajshahi. Smce a very significant portion of people of
Bangladesh live in these areas, the calculated average risk factor become more meaningful.

Moreover, since both the average effective dose equivalent and the population density in

Bangladesh is higher than those of the countries given in Table 4.11; we are in more risk than .

those countries. -
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It was an established fact that the probability of radiation injury (and consequently the
stochastic effects) increases with the increase: in radiation dose. However few recent
pubhcatrons show that, the risk of cancer incidence is reduced with the increase of external
radiation dose, which is called hormesrs . A complete issue of the Journal of Health Physics
[Health Physics; Vol. 52, No 5, May-1987] was published as the proceedings of an international
symposium on radlatlon hormesrs in 1987. A more recent publication, in the October-1998 j 1sSue-
of the Journal “Health Physrcs”[m]l showed a negative correlation between the Natural
Background Radiation and Overall Cancer Death. So it is still a matter of research to define the
rhaximurn permissible dose below which there is no probability of cancer incidence and how the
elevated hatural radio-exposure reduces the probability of cancer incidence and mortality. It is
also a matter of research to redeﬁne the existing fatal cancer risk factor. On the other hand,
there is no available data on the cancer incidence of the people of the different locations of
Bangladesh and consequently, it was not possible to compare the rate of cancer mcrdence and
the radiation dose level of the locations; and no comment could be made on the horme51s effect
in Bangladesh Moreover, the exact reason behind the cancer incidence is stil a matter of further
research and no acceptable unique solution had been made Radiation injury of living cell is one
of the causes of cancer incidence. Other causes of cancer incidence were claimed to be genetic,
viral, and metabolic disorders (due to various causes) and pre-cancerous conditions. Further, It

 is very difficult to trace the exact reason behind the cancer incidence in a patient. So it is not

prudent to make comment on the cancer incidence only by justifying the radiation dose level.

»

Hormesrs may be explamed as the survival of the fittest of cells since the formation of the
i earth Radionuclides are present in the earth since Just after the big bang and the living cells were
.exposed to this radiation since their formation, Some of the cells survrved from this radiation
exposure without any damage, some of the cells survived with few damage some of the cells
survived with mutation, and some of the cells died. The present beautiful universe is the -
consequence of many serieses of genetic mutation of cells and the renowned erfolution theory of
Charle’s Darwin may also be explained as the manifestation of genetic mutation of primates. So
there is a probability to kifl the ill cells of living beings by elevated level of chronic expostire -
(i«e., environmental radiation) thereby saving the healthy cells from any unwanted mutation of
reproductive genes; (as in the principle of radiotherapy to a great- exient) the consequence of
which is the reduction of the probability of cancer incidence. If we accept the hormesis effect in -

the context of Bangladesh, then we may make comment that the people of Bangladesh are in .
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lower risk of radiation induced diseases like cancer incidence and death (as in India® and in

USA™) than the other countries having lower background radiation than that of us.

In the present work, the radiation dose received through inhalation and ingestion, and the
' ,radlatlon dose due to radioactivity in the body were not measured directly; which constitute
approxlmately two-third of the total effectlve dose equivalent. On the other hand, the data about
the cancer incidence in different locations of Bangladesh is not available, Consequently, the risk
factors calculated here are only partial estimations indicating the probability of cancer incidence -
due to external natural radiation exposure. The actuai probablllty of cancer risk of the peop[e of
Bangladesh could only be estimated when the total effective dose equivalents due to all sources
and through all routes are measured accurately and the data relating the cancer incidence and
mortality in different locations of Bangladesh are known. However, this study would provide

baseline dose for the estimation of risk to the population at large in Bangladesh.

4.7 Conclrlsion

No signiﬁcant difference in average radiation dose levels in the years 1975-1979 and in
1998 in Bangladesh was observed, So there is no radiation impact of Chernobyl accident on the
environment of Bangladesh. It may be mentioned here that the work carried out between 1975 —
1979 was random in nature involving only few locatlons of Bangladesh But the present study
was carried out in a much more detailed and reliable way covering the entire geographical area
of Bangladesh. .

The concentration levels of radionuclides in sod and water samples are somewhat higher
, than that of most reported values of the developed countries. This is due to the geological
characterrstlcs of the earth. No significant amount of *’Cs in the soil and water samples were = -
detected: So there is no obvious influence of nuclear explosrons and accidents on the
env1ror1ment of Bangladesh. |

Since the radiation dose received through iugestion of daily-foodstuffs is quite smaller.
than that through inhalation and external exposure, the dose level estimated in the present work
may be considered as the total effective dose equivalent excluding that due to inhalation and
radioactivity in bodyl; and wouldlhelp to formulate the radiation protection guideline for the

people of Bangladesh.
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-4.8 Scope of Future Studies ‘

From the present study, the average effective dose equivalent was found to be ~2
mSv.y™'. However, the estimated annual effective dose equivalent (due to external and mternal _
exposure) was found to be ~6 mSy. In order to confirm this value, further studies are needed
For this reason, the research programme may be extended to find out the radiation dose received
due to radioactivity in body, ‘mhalatlon of gaseous radlonuclldes and intake of radionuclides
througll daily foodstuffs of dlﬁ‘erent locations in Bangladesh. ThlS would help to estimate the
average radiation dose received by the people of Bangladesh from all sources through all
possible routes and consequently the total radiation dose received by the general public of
Bangladesh may be known. The total radiation dose level of the different locations of
Bangladesh would help' to ‘investigate the hormesis in Bangladesh by knowing the data about the
cancer incidence and death in different iocations (of Bangladesh). So the fatal cancer risk factors
with higher accuracy could be found out and the radtatlon protection guideline for the people of

our country could be establlshed properly
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- Table 4.1: Efficiency of HPGe Detector for Marinelli Beaker Geometry,

Energy (keV) | Efficiency (%) for 1-L Marinelli Beaker Geometry with ,
. ' Soil Samples Water Samples

238.63 0.92 ‘ 1.04

583.19 | 0.49 0.49

911,07 0.36 ' 033

351.92 0.70 ‘ 0.75

609.31 0.48 0.47

112029 031 0.28

1460.75 - 0.26 0.23

661.66 0.45 0.44

Table 4.2: Lower Limit of Detection of the HPGe Detector (Counting Time 10,000 sec). :

Radionuclide‘ Energy (keV) |. LLD (Bq) ‘

Tpp 23863 ] - 7856x10°

22Th Series 2| 583.19 35.74 x 107

Ac 911.07 89.64 x 107

b 351.92 61.58 x 107

P80 Series | "B 609.31 7328 x 107

| Tig; 112020 81,99 x 107
e TR 1460.75 1.95

- o P 661.66 72.43 x 1073
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. Table 4.3: Dose Levels at Different Locations of Bangladesh.

- Location Surrounding Dose Rate (1Sv/hr) Date of
Minimum Maximum | Trend value | Measurement |
a. Free space 0.12£0.02 [ 0212004 | 0.17+0.03 _
Akhaura b. Kutcha house { 0.17 +0.02 029+0.02 | 0214002 27/01/98
( Brahminbardia ) ' '
¢. New building | 0.1340.02 | 024 +004 | 0.19+0.02
d. Old building 0.15+001 | 0271004 | 0.19%0.0]
a. Free space- 0.11£002 | 0222003 0.17+0.02
Maulavibazar b. Kutcha house | 0.14+001 [ 022+002] 017 +0.0] 28/01/98
¢. New building | 0.12+0.03 | 023 +0.03 0.18 £0.02
| d. OMd building | 0.18£0.03 [ 039+005 | 027£0.03
a. Free space 012+£002 [ 020003 | 0.16+0.02
Srimangal b. Kutcha house | 0.10£003 {024+002 | 019+ 0.02 28/01/98
( Maulavibazar ) ‘
¢. New building | 0.14+0.02 | 022 +0.04 -0.18+0.02
d. Old building . | 0.16£0.04 | 026005 | 022+0.04
a. Free space 0.13£0.02 1022004 | 0.174+0.03"
Sunapur b. Kutcha house | 0.16 + 002 ]026£0.02  02]1+0.02 29/01/98
{ Sunamgonj )
) ¢. New building | 0.16:£001 [ 0294002 [ 023+002
d. Old building 0.18+002 [ 038006 0.26+0.04
: a, Free space 0124£0.02 [ 0.19£0.03 |. 0.16+0.02 _
Sylhet b. Kutchahouse | 0.14+0.01 | 026002 | 0.19+001 30/01/98
¢. New building | 0.14£0.04 {025+006 | 019+ 0.04
-d. Old building 0.17+£0.02 10312006 | 024+0.02
a. Free space 0.14+0.02 {023+£003| 0.18+0.02
Jaflong b. Kutcha house | 0.14 £0.02 | 0294003 | 021+ 0.03 31/01/98
A Sylhet )
¢. New building 0.15£001 {029+0.05| 0.22+003
a. Free space 0.12+0.03 [ 023+0.04 | 0.18+0.02
Comilla b. Kutcha house | 0.17+0.01 { 0.26 + 0.01 0211001 04/02/98
¢. New building 0.13£0.03-| 0274005 | 0.194+0.03
d. Ol building 0.15£0.01 | 027 £0.05 0.20+0.02
l Continucd
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Location Surrounding Dose Rate (uSv/hr) Datc of
Minimum | Maximum | Trend value Measurement
a. Free space 0.15£0.01 | 0234003 0.18+002
Chandpur b. Kutcha house | 0.16 +0.01 | 0.22 +0.02 0.19£0.02 05/02/98
¢. New building 0.15£0.01 0244001 [ 0194002 |
d. Old building | 016 +0.01 | 039+ 0.05 | 0.23 +0.03
a. Free space 0.13£0.02 | 0.23+0.03 0.17£0.02
Feni b. Kutcha house | 0.14 +0.01 | 028 1003 0.20+0.02 06/02/98
¢. New building | 0.14+002 | 024 +0.03 0.19 £0.02
a. Free space 0.12£0.02 {1 0.21£003 | 0174002
Noakhali b. Kutchahouse | 0.124.003 | 023 + 0031 0.18+0.02 07/02/98
¢. New building 0.14+0.02 [ 0.25+0.04 | 0.19+0.03
d. Old building 0.16+0.02 | 0.27+£0.04 | 022 +0.04
a. Free space 0142002 | 024+0.06 [ 0.18+0.03
Hatiya b. Kutcha house | 0.15+0.01 | 0.26 + 004 0.19 £ 0.01 08/02/98
( Noakhali) .
¢. New building { 0.14+001 { 0291004 0.21%0.04
A, Free space 0.13+£002 | 0214003 | 0.17+0.02 '
Sandweep b. Kutcha house | 0.13+0.02 [ 0.20+0.05 0.17£0.02 09/02/98
( Chittagong )
¢. New building | 0.12+0.02 | 023 +0.05 0.13 +£0.03
a. Free space 0124001 [ 0.20£002 | 0.16+00]
Sitakundo b. Kutcha house | 0.14+0.01 | 026+ 001 0.19+0.01 10/02/98
{ Chittagong ) .
¢. New building 015+0.01 | 0.27+0.03 | 020+0.02
a. Free space 0154004 | 0254004 | 0.19+0.03 |
Dinajpur b. Kutcha house | 0204004 | 034+ 0.09 1 0.25+0.06 26/02/98
c. New building 0.17+£002 | 034+007| 026+0.04
d. Old building 020002 | 032+002| 025+001
Continued
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Location Surrounding Dose Rate (1Sv/hr) Date of
Minimum Maximum | Trend value Measurement
a. Free space 0141002 { 026+0.06 0.20+0.04
Syedpur b. Kutcha house | 0.22 +0.04 0382004 029+0.02 26/02/98
( Nilphamari )
¢. New building 0.13+£002 [ 036+005| 026+ 0.04
d. Old building 0.18+0.02 | 036+0.06 | 027 +0.04 | .
a. Free space 0.14 + 002 (0264002 020+002 |
Panchagarh b. Kutcha house | 0,16 +0.02 031+001 ). 0.25+0.01 27/02/98
¢. New building | 0.19.£0.01 | 0324002 | 0.5 20,07 "
a. Free space 0.17+0.03 | 033+0.04 0.26 £ 0.04
Rangpur b. Kutcha house | 0.16 +0 02 029+0.03] 021+0.03 28/02/98
| ¢. New building | 020004 | 036£0.07 | 029 2 0.0¢
d. Old building | 0337005 [ 040 +0.06 | 0332004
a. Free space 0.14+0.03 [ 0251003 019 +0.02
Gaibandha b. Kutcha house O; 16002 | 029+0.03| 024+ 0.01 01/03/98
c. New building 0.18+0.02 {036+006| 027 +0.04
d. Old building 020+0.02 1 0374002 | 030+0.02 ‘
a Freespace | 0.13£0.03 | 030+0.04 | 0222003
Kurigram b. Kutcha house { 0.16+0.03 | 0.3 1006 | 0.24+0.04 02/03/98
¢. New building 0.19+0.03 | 037+0.04 | 0.28+0.03
a. Free space 0.15£0.03 | 0.29+0.06 0.21 £0.05
Bogra b. Kutcha house | 0.2] 004 (0424004 | 0314002 03/03/98
¢. New building { 0.17£0.03 | 0372005 | 0272003 |’
d. Old building 0.194£0.02 | 039+0.02{ 030 +0.02
_ a.Freespace | 0.15%003 ] 0.26%0.04 0.20 +0.03
Ullapara b. Kutcha house | 0.14+020 | 029+0.06 | 0212008 04/03/98
( Sirajgonj ) .
¢. New building 0.17+0.03 1 0.28+0.03 | .022 +0.02

- 1n
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Location Surrounding Dosc Rate (uSv/hr) Date of
: Minimum | Maximum | Trend value | Measurement
| A Frge space 0.13+£0.02 | 0.27+0.04'] 018 10.02
Natore | ‘b. Kutcha house 0.-13 1003 0324007 023+005 03/03/98
‘¢ New building | 0.15+0.03 [036+007 | 0252004
| d- OMd building [ 0. 19 + 0.61 |036+6.031 027+001
a. Free space 0.13+£0.02 1 0274004 | 021+002
Rajshahi b. Kufcha house | 0.1810.01 [ 032+ 006 024+ 0.03 06/03/98
<. New building | 0.16+0.02 | 030+ 0.05 0.23 + 0.04.. :
d. Old building 0.17+002 { 033+006 | 026+005
a. Free space 0.17+£0.03 [ 037+ 0051 0284004 ‘
Nachole ‘ b. Kutcha house 0.28 +£0.03 ]1048+0.06 | 0374002 07/03/98
{Chapai Nawabgonj) . '
¢. New building 019+002 [ 0414006 030+0.03
a.r Free space 0. 121 +0.03 [ 026+0.05]| 0.19+0.03
Kushtia b. Kutcha house | 0.15 + 0.03 0.29 +0.03 | 0.24+0.02 - 08/03/98
¢. New building | 0.16 +0.01 | 031 1001 [ 0224002
d. Old building 0.19+002 | 034+0.04 | 0274002
a. Free space 0.14+003 [ 027+0.04 | 0.19+003
Faridpur '( b Kutcha house | 0.15+0.01 | 032 1005 023+ 0.03 09/03/98
¢ New building | 0.16 % 0.02 034006 | 0.24+0.03
d. Old building | 0.18+0.03 | 036 2005 | 0272005
a. Free space 0.14 + .0.02 0.27+0.03 OZQ + 0.02 .
Gopalgonj b. Kuicha house | 0-11£002 [ 030004 [ 0.21+002 11/03/98
c. New building | 0.17+0.03 | 032+£0.04 | 0254003
d. Old building { 0.19£0.02 } 040 +£0.02 | 0.3]+0.0]
a. Free space 0.13+0.02 0.27 + 0;05' 0.20 +0.04 ,
Jessore b. Kutcha house 0.i7 £0.03 ({032+005| 025+0.04 17/03/98
¢. New building 0.16 £0.02 | 035+0.04 | 0.26+0.03
d. Old building 0.1740.02 [ 0.29+£0.02( 022+00?2
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Surrounding
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Location - Dose Rate (1Sv/hr) Date of
Minimum | Maximum | Trend value Measurement |
a. Free space 0.15+003 [ 032+0.05| 024 + 0.03
Shyam Nagar b. Kutchahouse | 0.15+0.0] 0.30£0.03( 022+0.02 18/03/98
{ Satkhira ) _
c. New building 0.16£0.03 { 039+009 | 026+ 0.04
_ a. Free space 013003 [ 033+£0.06| 0.22+0.04
* Khulna b. Kutcha house | 0.1 +0.01 [ 0254002 [ 0.19%0.01 19/03/98
. Nefv building 0.17 i-70.03 0342006 | 0.25+0.05
d. Old building 0.18+0.03 10362005 | 026+0.02
a. Free space 0.J2+0.03 | 0.25+0.05{ 0.18 +0.03
Borguna b. Kutcha house 0131002 | 024003 | 0.19+0.01 20/03/98
¢ New building - | 0.16+0.01 | 037+ 007 027+ 0.04
d. Old building 0.17+002 | 0.36+0.05{ 028+002
a. Free space 0.12+0.03 | 0274008 | 0.19+005
Shariatpur b. Kutcha house | 0.14 £0.02 | 030+ 0.04 | 021003 21/03/98
¢. New building 0.18+0.02 [ 0.38+0.02] 028+003
4Ol building | 0.181002 [ 0382002 | 0285003
a. Free space 0.12+002 | 0.2940.05| 021+003
Chorfashi-ml b. Kutcha house 0.10£0.03 1 026+0.04 | 0.18+0.03 22/03/98
( Bhola) :
¢. New building 0174004 [ 032+006] 023+005
d. Old building | 0.2520.03 [ 047+0.05 | 0.32+0.02
a. Free space 0.14 + 0.03‘ 0341007 | 024+0.05 _
Barisal b. Kut-cha liouse 0.12+0.04 [ 029+005]| 0.20+0.05 23/03/98
c. New building 0.18£0.03 | 0.45+0.07 [ 0.30+0.02
d. 0d building 0194002 | 043+0.12 | 028+005
a. Free space 0.14+£0.03 | 0.30+0.06 | -0.23 +0.04
Mymensingh | b. Kutcha howse | 016503 0364010 70242004 | 26/03/98
' c. New building 0.16£0.03 | 038+0.10 [ *0.26 + 0.05
d. Old building 020£002 [ 045+£007{ 031+0.01
Continued




Surrounding

Location __Dose Rate (uSv/hr) Date of
: . Minimum Maximum | Trend value | Measurement
a. Free space. 013002 ] 0324007 | 021+0.04
Kishoregonj | b. Kutcha house | 0.14+0.02 | 0.30+0.04 0221004 27/03/98
c. Newr building 0.17+£003 { 0372011 025+0.04
d. Old building ] 017+£0.02 | 0342003 025+005
a. Free space 0.124£0.02 | 0.33£0.05 | 0.23+0.03 _
Jhenaigati b. Kutcha house | 0.15+0.04 | 0354005 | 024+ 0.04 28/03/98
( Sherpur) : :
' ¢. New building | 0.15+0.03 | 0.35+0 04 0251002
a. Free space 013+0.02 | 031+£0.04 | 0.21+0.02
Barhatta b. Kutcha house’ | 0.16 +0.04 | 0.33 + 0.05 024 +0.04 29/03/98
( Netrokona ) ' '
| c. New building | 0.18 £ 0.02 035+£007 | 0254003
d. Old building 0.18£0.02 { 030+0.01 | 0.26+0.01
‘ a. Free space 0.14+£003 {032+ 0.08 0.23 +0.05
‘Kalihati b. Kutcha house | 0.13+0.02 { 029004 | 021+ 0.03 30/03/98
( Tangail ) _ ]
¢. New building | 0.18+0.03 | 042011 0.28 +0.05
d. Old building 0.16 + 0.02 ]031£0.02| 0.25+0.02
a. Free space 0.13+£0.02 ] 0.28+0.05| 0.20+0.02
. Aricha b. Kutcha house | 0.14+0.03 | 032 + 006 0.22+0.04 31/03/98
{ Shibalaya, . . v
Manikgonj ) ¢. New building | 0.16+0.02 | 0.40 + 0,06 0.28 £0.03
. Free space 0132003 [ 0334007 ] 023 +0.03
Munsigonj  ['b. Kutcha house | 0.12£0.03 | 028004 | 021 %003 01/04/98
¢. New building | 0.1740.03 | 043+008 | 029+ 0.02
d. Old building |- 0.23+0.04 | 0.45+0.07 031+0.03
a. Free space 0.12+0.02 0.31+0.05 | 0214003
Norsingdi b. Kutcha house’ | 0.13+0.03 [ 0314005 | 022+ 0.04 | 04/04/98
' ¢. New building | 0.16+0.02 | 039 2 007 0.26 +0.03
d. Old building | 02010.02 | 0.36%0.03 | 0.28 £ 0.01
| | Continued
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Location Surrounding Dose Rate (uSv/hr) Date of
' Minimum | Maximum | Trend value Measurement
a. Free space 0.14+£0.02 | 0252005} 0.19+0.03
Teknaf b. Kutcha house 0.14+002 [ 028+004 | 0721+ 0.03 12/04/98
( Cox’s Bazar ) S .
’ c. New building 0.14+£0.02 [ 0274006 | 0.19+0.02
2. On the whole 035+035 [ 1.04+066 [ 0.78+049
Cox’s Bazar Sea | b, Off shore 0734026 | 1364049 [ 1.02+036 | 12-13/04/98
~ Beach , :
c. On shore 0.11+0.02 [ 023+0.04 | 0.17+0.02
a. Free space 0.14+0.02 | 0274007 | 0.19+003
* Cox’s Bazar b. Kutcha house | 0.16 +0.02 | 033+ 006 0.24+0.04 13/04/98
c. New building .| 0.14 £0.02 | 0292005 | 0.0 0.02 |
a. Free space 0.12+£0.02 { 030+005| 0.19+0.03
Roangchheri b. Kutcha house | 0.14 +0.04 | 0.28 + 0.06 ¢ 0.201+0.03 14/04/98
" ( Bandarban ) : '
: ¢. New building 0.15£0.03 | 031£005 022+004
a. Free space - 0.13£0.02 [ 0274004 | 0204003
Chittagong b. Kutcha house | 0.17+0.03 | 037 +0.07 | 0.27£0.04 15/04/98
¢. New building 0.18+0.02 [035+0.04 | 025+ 0.03
| d. Old building 0.14£004 { 039+0.11 | 024 +0.03
Potenga Sea Beach | a. Free space 0.13+£0.03 [ 0.24+006 | 0.18+0.03 15/04/98
,_( Chittagong ) : '
a. Free space 0.11'£0.03 | 0244007 ! 0.17+0.06
Khagrachheri b. Kutcha house | 0.14 +0.04 | 030 + 009 021+0.05 16/04/98
¢. New building 0.14 +0.03 0.32 007 | 023+004 A
a. I'ree space 0122002 [ 0264004 | 0.18+0.02
Rangamati . | b. Kutcha house | 0.14 + 002 030+004 | 022 +0.03 17/04/98
¢. New building 0.14£0.02 | 038+0.08| 027+0.04
a Freespace - | 0124003 | 0274005 | 0.19+0.03
Roop Pur b. Kutcha house | 0.14 +0.02 | 034 007 024+0.04 21/04/98
( Ishwardi, e :
Pabna) ¢. New building 0.15+£0.02 | 0321007 023+ 0.04
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116

Location Surrounding Dose Rate (1Sv/hr) Date of
, Minimum Maximum | Trend value Measurement
a. Free space 0.15£0.03 [033+0.08 | 0.23+006
‘Chuadanga b. Kutcha house | 0.19+0.03 | 040%0.05 | 030003 21/04/98
| & New building | 0.18£0.02 [ 039+006 | 0302004 | *.
d.0ld buitding | 0215002 | 04220, 10| 030+0.07
a. Free space 0.14+0.02 | 0294002 0.21+00]
Kuakata - ['b. Kutchahouse | 0.14£0.04 | 0302005 | 0225007  26/04/98
( Khepuparda, _ , , ) ‘ ' ‘
Patuakhali ) €. New building | 0.19+001 [ 0374002 | 027+002 .
a2.Onthewhole | 0.19+0.12 [040+024 | 028 £0.16
Kuakata Sea | b. Off shore 0344008 | 067+0.20 | 048010 26/04/98
Beach : ' .
. On shore 0.1240.03 { 025+005 | 0.18+004
a. Free space 0.13£0.04 [ 0.27£0.06{ 0.20+0.04
Pirojpur b. Kutcha house | 0.14 +0.01 [ 0284005 | 0.21+0.03 28/04/98
¢. New building | 0.18£0.03 [ 039+0.06 | 028 +0.04
d. Old building | 023+£0.02 [ 0.40£004 | 0302001
a. Free space 0.17+004 | 035+0.12 | 0.25+0.05
Badalgachhi b. Kutcha house | 0.26+0.04 | 0564007 [ 038 +0.02 02/05/98
{ Naogaon ) ' .
, ¢. New building | 0.21£0.02 { 045004 | 0.33 £ 0.02
d.Old building | 0.230.03 | 0522011 | 036 £0.02
, a. Free space 0.14+0.02 [ 0334007 [ 0.22+0.03
"'Lakwshmipur b. Kutcha house ] 0124003 [ 028+0.09| 0.18 +0.04 04/05/98
¢. New building | 0.17+0,03 | 0.39+0.08 | 0.27+0.04
d. Old building | 0.19£0.02 | 0454004 | 028 +002
a.-Free space 0124003 { 0.2440.05| 0.18+0.02
Nabigonj b. Kutchahouse | 0.13+0.03 { 0284008 | 019+ 0.04 07/05/98
( Habigonj ) '
¢. New building | 0.14£0.02 [ 030+0.06 | 0.20%0.04
Continued
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Location

Dose Rate (uSv/hr)

¢. Old building

0.30+0.02

Surrounding Date of
Minimom | Maximum Trend value | Measurement
a. Free space - 0.14+£0.03 [ 0304008 022+ 0.04 .
_ Sripur b. Kutcha house | 0.22+0.03 [ 0442011 | 0312003 | 150598
( Gazipur ) _
¢. New building 0.19+0.03 [039+003 | 028+ 0.03
a. Free space 0.15+0.02 | 0.35+0.06 0.24 £ 0.02
Ashulia b. Kutcha house | 0.19+0.02 [ 039+ 0.06 | 0214003 12/06/98
‘( Savar, Dhaka) :
¢. New building 0.181£0.02 ] 0362009 | 026+004
a. Free space 0.15£0.02 { 03312008 023+0.04
Sonargaon b. Kutcha house | 0.18+0.02 | 0384004 | 028+004 y
( Narayangonj ) ' : '
' ' ¢. New building ( 0.19+0.02 | 045 + 003 0.30+£0.04 12/06/98
L d. Old building” | 0.20+0.03 | 045 + 005 0324004
Daulatdia Ghat | a. Free space 0.13+£0.03 { 0.28+0.03( 021+00] 12/03/98
(Rajbardi) ' .
Madaripur a. Free space 0.14+£001 | 033+0.04 | 0224002 21/03/98
BUET a. Free space 0.14+£002 | 034006 022+0.02
(Dhaka City) b. New building | 020+ 006 | 0380 13 0.29+0.09 13/06/98
| 0.17+0.02 | 039£003
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'T‘able 4.4; Activify of Radionuclides in Soil Samples Collected From Different Locations

in Bangladesh.

SI. | Location ~ Activity (Bq/kg)
No. 232Th 238U : 40K I37Cs .
01 | Akhaura B1L.63£7.92 | 49.11:861 | 3738326185 | 40151
02 | Srimangal 7413£603 | 35614761 | 33331%5653 *ND
03 | Sunamgonj | 104824730 [ 4508904 | 9156647265 | 9721158
04 | Jaflong 8334797 | 42075780 | 48036 £ 55,49 2679+2.23
05 | Comilla 65944646 | 3499824 | 636236542 | 46751359
06 | Chandpur 6524645 | 29734827 | 467.29 £ 63 26 ND
07 | Feni 74004927 | 46202945 | 7296947297 | 1056 £2.03
08 | Noakhali 764946380 | 3748+869 | 63279+67.77 | 7614179
09 | Hatiya (BLILESOS | 37364844 | 6721846722 | 498% 162
10 | Sandweep | 92264956 | 46232938 | 7558 i75as 6.03 * 1.80
11 | Dinajpur 10498£9.07 | 74284919 | 84831£69.02 | .7.93 % 1.83
12 | Syedpur 96514888 | 54514867 | 5643446470 | 5094167
13 | Panchagarh 110.95+9.08 73.52 4933 81596 + 67.94 344+ 1.62
14| Rangpur 123.994872 | 64514841 | 86987+6434 | 123127185
1> | Gaibandha [ 81.204851 | 43544860 | 71891 £6686 | 7075173
16 | Rurigram | 124.59£935 | 62954913 | 7404726758 | 1700520
17 | Bogra 101.03£8.94 | 5588+877 | 664.99%6650 | 566167
18 | Ullapara 93.64+£891 | 61.10+899 | 81237+67.94 | 1674 £2.09
19 | Natore 48841 | 43475830 | 71531 £66.50 | 276+ 151
20 [Rajshahi | 92854880 | 54084885 | 6378016013 6.42+ 167
21 [Nachole 128214783 | 7606758 | 20259%53.56 | 5974133
"2 | Kushtia 83474939 | 5623£965 | 6110727117 | 3812170
23" | Taridpur 7083£831 | 40544850 | 744066686 | 558+ 154
24 | Gopalgonj | 76.08£854 | 45914856 | 5535616470 ND
25 | Jessore 80.88£8.59 | 5035:869 | 7512646722 | 438% 164
*ND= Not Detected. | Continued
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103.30 £ 9.07

SL. [ Location Activity (Bq/kg)
No. BT By K S7Cs
| 26 | Shyamnagar | 8133+7.90 | 44501780 | 74766 £62.19 | 6.68 +1.41

27 | Khulna 85.69+862 | 48924867 | 923.79+6902 | 349+ 154
28 | Borguna 80.80£857 | 3969+822 | 73687+6650 | 6391172
29 | Shariatpur 92361883 | 46.1248.63 | 830.34 + 6830 ND
30 | Chorfashion | 87494868 | 4429+859 | 6937526612 ND
31 | Barisal 81.50£8.62 | 43.87+8.63 | 873.47£6902 | 436% 162
32 | Mymensingh | 9335+ 8 4] 30.48+831 | 70453+6398 | 7.02+1.64
33 | Kishoregonj | 8562+862 | 40.78+824 | 7332916720 6.81 +1.67
34 | Jhenaigati 58.55+8.11 | 30324814 | 3558646183 | 430 +1.56
35 | Barhatta 80.27£8.47 | 3854+833 | 603.88+6542 | 13.07+ 1.9
36 | Kalibar 85.18+8.72 | 3736+8.14 | 47088£6362 | 355+ 159
37 | Aricha 09.79+834 | 3650+839 | 664.99+6578 | 404+ 164
38 | Munsigon; 86.89+8.72 | 40.08+870 | 74407+ 6722 | 5.19%1.64
39 | Norsingdi 79474853 | 3707833 | 657.80 6578 | 824+172
40 | Teknaf 105.50£902 | 45014849 | 52480 % 6434 | 8.58% 183
41 | Cox’sBazar | 56.04+8.03 18394776 | 434.94£62.90 ND
42 |-SeaBoach |1085.99:42001 | 455.99% 1635 | 25.16 £5.39 ND

43 | Roangehheri | $828+773 | 23714749 | 4924526039 334+ 143
44 | Chittagong 65.07+832 | 32004829 | 726:10+66.86 | 626+170

45 | Khagrachheri | 68.47 + 836 3020+8.13 | 727.75+62.90 ND

46 | Rangamati 4528+786 | 22234672 | 373836254 3.86+1.59
47 | Roop Pur 7420£8.45 | 36.14+841 | 63623 +6578 ND
48 | Chuadanga 73441842 | 4016+830 | 5931046506 | 4.15+136
49 | Kuakata 10133£9.01 | 5875+8.71 | 442.13+63.26 | 4.04% 1.4
50 [~SeaBeach | 26904+11.62 | 110.84% 1022 | 266.00 % 24.80 ND
51 | Pirojpur 104.75£9.07 | 4988+839 | 381.02+62.190 ND

52 | Badalgachhi 59.05£9.00 | 884.26+69.02 | 449+ 167
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Sl | Location Activity (Bq/kg)

No. B gy K ¥es
53 Lakshmipur 77.07 +£8.53 3497 +7.66 77642 + 67.22- ND

54 | Nobigon; 3927+7.74 | 1784162] 276.78 + 6147 | 422+159
55 | Sripur 93.56 + 8.87 56.17 + 8.83 298.35+61.47 488 + 1.64
56 Asl'lulia - 606.07 £8.24 38.19+38.13 294.75 £ 61.47 ND

57 Sonargéon 77.98 £+ 8.59 41.8248.46 | 740.47 +66.86 ND‘
58 | BUET, Dhaka | 81947850 | 3577 +823 | 5140146434 | 5224170
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Table 4.5: Average Outdoor Radiation Dose Level Thro'ughout Bangladesh.

" * Calculated by employing com

 Estimated value

puter soflware RESRAD & GENIL

121

Average Dose Rate (mSv.y™)
Sl | Location At the Point Al the Area Due to Due to
No. of Sample {Location) of Radionuclides Cosinic
Collection sample Collection in Soil* Radiationt

- 01 | Akhaura 1.58 1.49 112 046 |
02 | Srimangal 1.49 1.40 0.96 0.53
03 | Sunamgonj 1.66 1.49 1.67 0.09
04 | Jaflong 1.58 - 1.58 1.45 0.43
05 | Comilla . 1.84 1.58 1.05 0.79.
06 | Chandpur . 166 1.58 0.93 0.73
07 | Feni. ' 1.50 1.49 1.32 0.26 -
08 Noakhali - 1.31 1.49 1.15 0.16
09 |Hatiya 166 1.58 121 0.45
10 | Sandweep - 1.58 . 1.49 1.39 0.18
11 | Dinajpur 1.84 1.66 1.69 0.15
12 | Syedpur 2.10 1.75 1.37 0.74
13 [ Panchagarh 175 175, 172 0.04
14 | Rangpur 2.54 2.28 1.88 0.74
15 | Gabandha 1.40 166 127 0.14
16 | Kurigram 2.10 .93 183 037
17 |Bogra 1.66 1.84 1.46 020
18 | Ullapara - 17 1.75 1.65 0.24
19 | Natore 1.58 1.58 1.19 0.39
20 | Rajshahi 1.93 1.84 138 0.54
21 | Nachole 2.19 245 1.65 0.54

- 22 | Kushtia 1.84 1.66 1.29 0.54
23 | Faridpur 1.75 1.66 [.18 0.57
24 | Gopalgonj 1.84 1.75 1.15 0.69
25 | Jessore 175 175 132 0.44
26 | Shyamnagar 2.10 2.10 129 0.81
27 | Khulna 2.01 1.93 1.44 0.58
28 | Borguna 2.10 .58 125 0.85

Continued




Sl

Average Dose Rate (mSv.y ")

At the Point

Location At the Area Due to Due to
No. of Sample (Location) of Radionuclides Cosmic
Collection sample Collection |- . in Soil* Radiation}
29 | Shariatpur 2.28 1.66 © o 1.43 0.85
30 | Chorfashion 1.93 | 1.84 1.31 0.62
31 | Barisal 2.01 2.10 135 0.66
32 'Mymensingh 2.37 2.01 1.39 0.97
33 | Kishoregon; - 1.84 1.84 1.30 0.54
34 | Jhenaigati 1.93 2.01 0.82 111
35 | Barhatta 1.84 1.84 1.32 0.67
36 | Kalihati 1.66 2.01 1.14 0.53
37 | Aricha 1.75 1.75 1.1] 0.64
38 ( Munsigonj 2.37 2.01 1.31 1.06
39 | Norsingdi 2.01 1.84 1.19 0.83
40 | Teknaf 1.93 1.66 1.37 0.56
41| Cox’s Bazar 193 1.66 0.78 115
42 | Roangchheri 1.84 1.66 0.86 0.98
43 [ Chittagong 1.84 175 1.08 0.76
44§ Khagrachheri 1.58 1.49 1.10 0.48
45 | Rangamati 1.66 1.58 0.68 0.98
46 | Roop Pur 1.75 1.66 1.13 - 0.62
47 | Chuadanga 2.01 2.01 1.12 0.90
48 | Kuakata 1.84 1.84 1.36 0.48
49 | Pirojpur 1.84 1.75 131 - 0.53
50 | Badalgachhi 2.01 2.19 1.61 0.40
51 | Lakshmipur 2.19 1.93 1.22 0.97
52 | Nabigonj 1.49 1.58 0.56 0.93
53 | Sripur 2.45 '1.93 1.21 1.24
54 { Ashulia 2.19 2.10 0.89 1.30
55 | Sonargaon 219 201 1.24 0.95
56 | BUET, Dhaka 1.4 1.93 1.14 0.70

* Calculated by employing compuler soﬂ\\ are RESRAD & GENIL.

T Estimatcd value
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v

Table 4.6: Activity of Radionuclides i Water Samples Collected From DifTeren(

Locations in Bangladesh,

Sl Activity
No. | Location mBq/L - Bg/LL
232:111 23‘8U . 40]{ l37CS
01 | Akhaura 24151£3798 | 1642443225 | STo10 413+152
02 | Srimangal | 2161243573 | 1572123106 | 52837135 3.79 % 1.49
O3 | Sumameonj | 3194344326 | 1974923228 | 151321356 | 300 £1.49
04 | Jaflong 2473343848 | 1536243194 | 6502175 5474155
05 | Jaflong River | 23125136380 | 142733197 | 10975157 *ND
06 | Comilla 209.34+35.04 | 1394743019 | 7314156 | 2467 £1.55
07| Chandpur | 201,56 23431 | 1718623198 406 +1.94 ND
08 | Fem 219.92+36.50 | 175.07£3240 | 8984112 ND
09| Noakhali | 23265 £37.10 | 15835 % 315 | 8.3 + 144 ND
10 | Hatiya 243.54438.09 | 1653543116 | 0972 15¢ ND
I1 | Sandweep | 278.58439.01 | 169473129 | 11685113 ND
12 | Dinajpur 336.07£43.16 | 229653316 | 1328 2135 ND
13 [ Syedpur 29576 £41.30 | 167263131 | 7.68%172 ND
14| Panchagarh | 337.69443.55 | 170333188 | 13252200 ND
IS [Rangpur | 343.67 24413 | 1894813058 1532+ 135 ND
16 | Gaibandha | 253.14£39.07 | 161.85%31.56 | 1131% 104 ND
I7 | Kurigram 136536 +4531 | 1742443170 | 12011173 ND
18 | Bogra 30681 £43.11 | 171.85+32.10 | 8531185 ND
19 [Ullapara 275.08+40.21 | 163.07+3228 | 10971 15¢ ND
20 | Natore 193:86 +34.27 | 1048543128 | 8272156 | 3714153
21 | Rajshahi 271.75+39.06 | 167.58+3217 | 7951175 ND
22 | Nachole 351.94 £4515 | 22084943244 | 4391155 ND
23 | Kushtia 249.76£39.00 | 159.65 3068 | 852115¢ ND
24 | Faridpur 20046 £35.13 | 142143162 | 11392756 ND

* Not Detected.
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Sl

124

Activity |
No. | Location mBq/L Bq/L
232Th 23NU 4(JI< ]37Cs
2> | Gopalgonj | 2243243730 | 16325 £3230 | 16775197 ND
26 | Jessore | 239.44£38.14 | 14645+3086 | 12.841 197 ND
27 | Shyamnagar | 244.54 £3801 | 165.06£3233 | 13442133 ND
28 | Khulna 233.60£37.94 | 1568723105 | 16.57 + 1.22 ND
29 |Borguna 242963803 | 161373216 | 11335132 ND
30 | Shariatpur | 270,71 +39 12 ]?4.0'}&-32’.23 14.82+1.90 ND
31 | Chorfashion | 2448543898 | 1683743115 | 85057134 ND
32 | Barisal 247.91£37.03 | 1650943215 | 12383 13] ND
33 | Mymensingh | 28327 +41.04 | 173.66432.05 | 12902319 3.04+1.44
74 | Kishoregonj | 25433438116 | 1524423194 | 11865733 " ND
3> | Jhenaigati | 14427430116 | 829142754 | 5835133 3.12+1.47
36 | Barhatta 246.53+39.27 | 148933220 | 8761194 ND
37 | Kalihati 275.194+38.33 | 157.76+32.16 | 582+ 194 ND
38 | Aricha 186.98:31.02 | 105533231 |  838%105 272+ 144
39 | Munsigonj | 257.07+37.06 | 171.08 % 3177 | 951134 3734147 |
0 Norsingdi 218.91 £ 36.67 160.17+3144 | 839+ 1.35 ND
41 | Teknaf 329.98:43.08 | 218.19+32.86 | 6.7 %156 ND
42 | Cox’s Bazar | 1719942823 | 9323 £2835 | 577+ 156 ND
43 | Roangehheri | 1772413017 | 92.47 + 28 {0 633 %175 3.76 £ 1.44
44 | Chittagong | 208.46 £33 17 132693189 [ 11.08+135 | 451135
45 | Khagrachheri | 21079 +33.91 | 1673623123 | 13515173 ND
46 | Rangamati | 228.08 £34.13 1320443026 [ 463+172 | 221141
7 [RoopPur  1220.75£35.13 | 16517£3026 | 914 173 259+ 1.44
48 [ Chuadanga | 223.74 3514 159.28£30.08 | 738+ 1.94 ND
29 | Kuakata 299.35+£38.05 | 168.62+31.60 | 3514113 245+ 144
50 [ Pirojpur 305.66+4336 | 172.31+32.08 |  3.19% 188 ND~
‘ Continued



Si.

Activity
No. | Location 7 mBqg/L | Bq/L
. 232rrh 238U 4GI(I 137CS

31| Badalgachhi - [ 3159244423 | 1973523227 | To5os 113 | 387149
52 | Lakshmipur | 2077523550 | T 168443210 | 839156 ND

53 | Nabigonj 109.63+29.92 | 84.69+2820 | 3122113 "ND

S4 [Srpur 2897524260 [T 5 £31.66 | 4204128 ND

55 | Ashulia 2348413533 139.08+3241 | 589175 | 448% 153
56 | Somargaon 209.51£36.06 | 1181543208 | 1058+ 156 | 445514
57 | BUET, Dhaka | 245,68+ 38.94 | 13705135 3] 6764135 ND
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Table 4.7: Average Effective Dose E
zszTh’ zssU’ 10%¢

quivalent (11g) Based on Ingestion of Radionuclides
» and ""Cs in 1 Litre Drinking Water.

SL. | Location Radiation Dose | SL. | Location Radiation Dose
No. (uSv.L™") No. (uSv.L ™"
01 Akhaura 0.1153 £ 0.0213 30 | Shariatpur 0.1244 £ 0.0124
02 | Srimangal 0.1088 £0.0214 | 31 | Chorfashion 0.0826 + 0.0092
03 | Sunamgonj 0.1630 + 0.0221 32 | Barisal 0.1068 + 0.0084
- 04 | Jaflong 0.1409 +0.0232 33 | Mymensingh 0.1532+£0.0235
05 | Jaflong River 0.0956+0.0128 | 34 | Kishoregonj 0.1036 + 0.0092
06 | Comilla 0.1314 +0.0226 35 | Jhenaigati 0.0936 +0.0211
07 * | Chandpur 0.0513+£0.0125 | 36 | Barhatta 0.0835 +0.0126
08 [Tem . 0.0836+0.0078 | 37 | Kalihati 0.0683 +0.0126
09 | Noakhali 0.0788 £0.0097 | 38 | Aricha 0.1092 1+ 0.0201
10 | Hatiya 0.0915+0.0104 | 39 | Munsigon] 0.1387 +0.0212
11| Sandweep 0.1055+0.0080 | 40 | Norsingdi 0.0792 % 0.0091
12 | Dinajpur 0.123420.0094 | 41 ) Teknaf 0.0788 £ 0.0106
13 Syedpur 0.0822 +0.0114 42 | Cox’s Bazar . 0.0559 + 0.0101
14 | Panchagarh 0.1207 £ 00135 | 43 | Roangohhar] 0.1085 £ 0.0218
15 | Rangpur 0.1349 £ 0.0094 44 | Chittagong 0.1523 £ 0.0221
16 [ Gaibandha 0.1018 £0.0126 45 | Khagrachheri 0.1043 £0.0112
17 | Kurigram 0.1157 +'0.0117 | 46 Rangamaﬁ 0.0842 + 0.0215
18 | Bogra | 0.0887 £0.0122 | 47 |Roop Pur 0.1179 £ 00219
19 | Ullapara 0.1005 + 0.0105 48 | Chuadanga 0.0733 £0.0125
20 | Natore 0.1220 + 0.0226 49 | Kuakata - - 0.0886 + 0.0203
21 | Rajshahi 0.0817 £0.0115 50 | Pirojpur 0.0555+£0.0124
22 | Nachole 0.0697 £ 0.0117 51 | Badalgachhi 0.1536 £ 0.0210
23 | Kushtia 0.0828+0.0104 | 52 | Lakshmipur 0.0763 + 0.0103
24 | Faridpur 0.0953 +0.0102 53 | Nabigonj 0.0332 +0.0076
25 | Gopalgonj 0.0946 £ 0.0127 34 | Sripur 0.0603 + 0.0090 -
26 | Jessore 0.1081 +£0.0128 55 | Ashulia 0.1224 £ 0.0232
27 | Shyamnagar 0.1131 £0.0090 56 | Sonargaon 0.1479 £ 0.0217
28 Khulna S 0.1311 4+ 0.0084 57 | BUET, Dhaka 0.0701 £ 0.0092
29 | Borguna 0.0996 + 0.0086 - - -
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Table 4.8: Average Annual Effective Dose E

quivalent (Hy) Based on Ingestion of

- Radionuclides **Th, **y, “K, and *'Cs through Drinking Water.

*Radiation Dose

SL.

SL. | Location Location *Radiation

No. ' (uSv.y ™) No. Dose
(uSv.y™)

01 | Akhaura 84.18 £ 15,55 30 | Shariatpur 90.85 +£9.05
02 | Srimangal 79.43 £ 15.62 31 [ Chorfashion 60.32 + 6.68
03 | Sunamgonj 134,04 £ 16.10 32 | Barisal 7798 £6.10
04 | Jaflong 102,87 + 16.94 33 | Mymensingh 111.84+17.14
03 | Jaflong River 69.77 £ 9.31 34 | Kishoregonj 75.66 +6.70
06 [ Comilla 9594 £ 16.51 35 { Jhenaigati 68.30 + 15.39
07 | Chandpur 37.43£9.14 36 | Barhatta 60.99 +9.23
08 | Feni 61.04+5.73 37 [ Kalihati 4989 +92]
09 | Noakhali 57.50+7.05 38 | Aricha 79.69 + 14.65
10 | Hatiya 66.79 + 7,58 39 | Munsigon; 101.23 + 15.45
11 | Sandweep 77.02+583 40 | Norsingdi 57.82 +£6.60
12 | Dinajpur 90.05 +6.85 41 | Teknaf 57.55+7.70
13 | Syedpur 60.00 + 8.33 42 | Cox’s Bazar 40.82 4 7.37
14 | Panchagarh . 881249383 43 | Roangchheri 79.21 £1595
15 | Rangpur 98.51 +6.87 44 | Chittagong 11121+ 16.11
16 | Gaibandha 7429 +£9.22 45 | Khagrachheri 76.15 £ 8.17
17 | Kurigram 84.49 + 855 46 | Rangamatii 61.49 + 15.68
18 | Bogra 64734892 |. 47 | Roop Pur 86.08 + 16.00
19 | Ullapara 73.36 £7.63 48 | Chuadanga 53541914
20 | Natore, 891‘03 1 16.51 49 | Kuakata - 64.66 +14.85
21 | Rajshahi 59.62+ 8 41 50 | Pirojpur 40.50 +9.05
22 | Nachole 50.84 +8.54 531 | Badalgachhi 112.12 £15.36
23 | Kushtia 60.46 + 7.59 52 | Lakshmipur 5568 +£7.52
24 | Faridpur 6958+751 | 53 |MNabigon 2420+ 557
25 | Gopalgonj 69.05 £9.32 54 | Sripur 44.03 £ 6.54
26 | Jessore 78.90+9.33 55 Ashulia 89.41 + 16.91

27 | Shyamnagar 82.55 £ 6.58 56 | Sonargaon 107.98 +15.86
28 | Khulna 9573 £ 6.17 537 | BUET, Dhaka 51.18+6.73
29 | Borguna 72.73 £6.25 - |- -

* Annual Effcctive Dose Equivalent is estimated on ihe assumption that an adult person of Bangladesh infake 2 L,
. p)
waler per day in an average (730 L per year).
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. Table 4.9: Data Exhibitin
Maximum Dose Rates,

g the Range and Average V
and Trend Dose Rates;
Old-Buildings, and Free-Spaces;

=

aluc's of Minimum Dose Rates,

Found in Kutcha-IHouses, N ew-Buildings,

in Different Locations of Bangladcsh,

Location

Dose Level for- | Minimum + Maximum +  Location ‘Average + lo
1o (uSv/hr) lo (uSv/hr) (nSv/hr)
. Kuicha Houses "
Minimum Dose | 0.10+ 003  Stimangal, and, 1028 +0.03- Nachole 0.15+0.03
Rate ' Chorfashion, 7 )
Maximum Dose 0.20+005 Sandweep 0.56 £ 0,07 . Badalgachhi 0314006
Rale - » ' -
Average (Trend) | 0.17 +0.0] Maulavibazar, ~ | 0 38 £0 02 Badaigachhi 0.23 +0.04
Dose Rate ' and, Saudw‘egp
_ New Building
Minimum Dose 0.12+0.03 Maulavibazar, 0.21 £0.02  Badalgachhi 0.16 +0.02
Rate - o and Sandiveep o . |
Mm;11u111 Dose 022+ 0.04  Srimangal 045+0.04 Badalgaclthi 0.34+0.06
Rate
Average (Trend) | 0.18 + 0.02  Maulavibazar, 033+002 Badalgaclthi 025+004
Dose Rate ~ Srimangal, and -
) Sandwecp
Old Building :
Minimum Dose [ 0.14 + 0,04 Chittagong 0.25+0.03  Chorfashion |19+ 003
Rate ' _
Maximum Dose [ 0.26+0.05  Srimangal 052+£0.11  Badalgachhi | 037+ 0.06
Rate | , :
Average (Trend) 0.19+£0.01 Akbaura ~ 036+002 Badalgachhi |27+ 0.04
Dose Rate 3 _ .
Free Space . ,
Minitnum Dose 0.11+0.02 Maulavibazar, 0.17+0.03  Nachole, and, 0.13+0.01
Rate’ © and, * Badalgachhi
. _ : Khagrachheri , ' . .
Maximum Dose | 0,19 +0.03  Sylhet 0.37+£0.05  Nachole 0.27 £ 0.04
Rate. . . ,
Average (Trend) | 0.16 +0.02 Srimangal, 028 £+0.04 Nachole 0.20+007
Dose Rate Sylhet, and, :
: Sitakundo
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Table 4.10: Mean Dose Levels Found from A
Buildings, Old—Buildil_lgs,

verage Dosé Rates in Kutcha-Touses, New-
and Free-Spaces Throughout Bangladesh.

Geometric*

Arithmetic
Dose Level for- Mean Standard Deviation Mean Standard Deviationt
(Sv/hr)- (pnSv/hr) _(uSv/hr)
Kutcha Houses 1 023 0.04 0.23 1.24
New Buildings | 0,25 0.04 0.25 119
Old Buildings 0.27 0.04 0.27 1.17
Free Spaces 0.20 0.07 0.20 1.17

* Geomelric mean and standard deviations were estimated

"' The geotnetric standard deviation bas no unit.
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Table 4.11: Compal ison of Average Environmerital Radntlon Dose Level in Some of the
. Countries of the World. :

Sl. No.

(0.96 £0.18 to 3.24 + 0.44)

Location Dose Level (mSv.y™') | Reference No. (year)

1 Bangladesh (outdoor) 2.d (1.0-39) 32 (1975-1979)

2 Japan (ouldoor) 048 - 38 (1981)

3 | ][Qlalld (indoor) b.55. 33 (1985)

4 Netherlands (individual monitoring) 0.58 57 (1985)

5| UK (indoor) | (031-061) 58 (1985)

6 Petralona Cave, Greece (natural)' (0.19 - 0.67) 61 (1986) |

7 | Taiwan (natural) - 0.50 66 (1987)

8- | Hongkong (lcrrestrial) 1.11 78 (1992)

9 Iraq (external gamma) 0.39 80 (1992)

10 | China (environmental) 042 83 (1992)

11 India (external gamma) 042 . 89 (1993)

12 Spain (terrestrial) 0.29 89 (1994)

13 | Kamataka, India (external gamma) 0.45(0.16 - 1.07) 91 (1994)

14 Ustica, llaly - outdoor— <0.49 102 (1997)

: indoor— (0.49 - 1.02) .

15 Algeria (environmental) (0.12 - 0.81) 109 (1998)

16 Aeolian Islands, Vulcano (indoor) (1.12 - 1.69) 136( 19395)

17 Chittagong, Bangladesh (natural) 1324022 113 (1996)
: indoor— 2.10+£035 .

18 | Bangladesh (0.88 +0.26t04.91 +0.61) | Present Study (1998)
: ouldoor— 1.75£0.61

T In developing the above tablc, il is assumcd that } Gy = 0.7 Sv, IR 0.0096 Gy, and, 100 rad = | Gy.
* Data given in parenthesis indicates range. :
D Average indoor to average ountdoor dose ratio in Bangladesh is 1.2,
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Table 4.12: Average Annual Effect

ve Dose Equivalent and Annual Collective Dose

Equivalent Due to Environmental Radition in Different Locations of Bangladesh.

Map Ref. | Location  Area | Population Average Dose | Annuat Collective
Number | (District Covered) | (Sq. km) | 'in 1998t | Rate (mSv.y™") { Dosc Equivalent
. (Person-Sv)
] Akhaura 1927 23,06,556 1.68 3875

C - (Bralunilil_)aria) ‘ S . ot SRR

02 Srimangal 2799 14,78,718 1.55 2292
: (Maulavibazar) ~ - - ‘
03 Sunamgon; 3670 18,32.634 175 3207

- 04 Jaflong (Sylhet) 3490 .23,19,777 1.68 3897 -

.05 ' Comilla 3085 | 433 5,471 1.72 7457
06 Chandpur 1704 21,85,533 1.64 3584
07 Feni 928 11,77,686 1.65 1943
08 NOﬂldlali* ¢ 2093 20,36,275 1.56 . 3177
09 Hatiya 1508 3,50,624 1.65 - 579
10 Sandweep 762 3,39,247\ 1.55 509
11 Dinajpur _ 3438 24,1 1,3Q7 2.03 4895
12 | Syedpur (Nilphamari) 1641 | 14,40,072 2.23 3211
13 Panchagarh 3214 18,35,685 2.04 3745
(Pmcltagyh & Thakurgaon) )
14 Rangpur 2308 23,07,573 2,10 4846
15 Gaibandha . 217_9 20,75,697 2.00 4151
16 Kurigram 3538 27,25,560 2.10 5724
(Kurigram & Lalmonirhat} :
17 Bogra (Bogra & 3885 36,62,217 2.37 8679
Joypurhat) . .
18 Uliapara (Sirajgon;) 2498 24,14,358 1.83 - 4418
19 Natore 1896 14,79,735 1.90 2811
20 Rajshahi 2407 20,21,796 2.00 4044
21 Nachole 1702 12,52,944 2.88 3608
(Chapai Nawabgonj) , '

22 Kushtia (Kushtia & 3582 30,33,711 1.93 5855
Jhenidah) .

23 Faridpur 3192 24,64,191 1.94 4781
(Faridpur & Rajbari)

24 Gopalgonj _ 2480 18,09,243 1.87 3383

| (Gopalgonj & Narail)

25 Jessore ] _ 3616 29,94 048 2.06 6168
{Jessore & Magura) ' ’

26 Shyamnagar (Satkhira) 3858 16,88,220 2.04 3444

27 Khuina 4395 21,66,210 1.84 3986

* Excluding Hatiya. Continued

1 The population in 1998 in different loc
and 1996""* by considering (he popul

ations were estimated by exira olating the d
ayv P
ation growih rate 1,7% 12 '(ovcrlooking the n
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Map Ref. | Location Area | Population Average Dose | Annual Collective
Number | (District Covered) | (Sq. km) | in 1998t | Rate (mSv.y ') | Dosc Equivalent
: . (Person-Sv)
28 Borguna 1832 8,18,685 1.75 1433
29 Shariatpur 2326 21,27.564 1.94 4127
(Shariatpur & Madaripur)
30 Chorfashion (Bhola) 3403 15,58,044 1.74 . 2711
31 | Barisal 3549 30,43,881 2,01 6118
{Barisal & Jhalokathi) -
32 | Mymensingh 4363 41,65,632 211 8789
33 Kishoregonj 2689 24,28 596 1.94 - 4711
34 Thenaigati - 3396 31,74,057 2.09 6634
‘ (Sherpur & Jamalpur) | ‘

.35 Barhatta (Netrakona) 2810 18,21,447 . 203 , 3698
36 Kalihati (Tangail) 3414 31,60,836 2.00 6322
37 | Aricha (Manikgonj) 1379 12,37,689 1.96 2426
38 Munsigonj 955 12,49,893 2.02 2525
39 Norsingdi 114] 17,39,070 1.96 3409
40 | Tekuaf 389 1,83,069 1.75 320
41 Cox’s Bazar* 2103 13,44,465 1.90 2554

.42 Roangchheri 4479 2,50,182 1.75 438

(Bandarban) . :
43 Chittagong** . 4521 55,02,401 1.87 : 10289
44 Khagrachheri - 2700 3,71,205 |- 1.75 ' 650 -
45 Rangamati 6116 4,37.310 - 1.88 822 .
, 46 Roop Pur (Pabna) - . 2371 20,50,272 1.94 3978
47 Chuadanga 1874 13,78,035 242 3335
(Chuadanga & Meherpur)
48 Kuakata (Patuakhati). 3205 13,45,491 1.97 - 2651
49 Pirojpur 5267 26,37,081 1.91 5037
(Pirojpur & Bagerhat) :
50 Badalgachhi (Naogaon) 3436 22,89,267 2.88 6593

51 Lakshmipur 1456 14,14,647 1.82 2575
52. Nabigonj (Habigonj) | 2637 16,38,387 | - 1.65 2703
53 Sripur (Gazipur) 1741 171,611 |~ 2.4] 4125
55 Sonargaon \_ 759 . | 18,49.923 2.34 4329

{Narayangonj) :
54 & 56 | Ashulia & BUET 1464 62,67,771 1 2.00 : 12536
{Dhaka) ‘

* Exchuling Teknaf, **Excluding Sandweep. , ,
T The population in 1998 in different locations were cslimated by extrapolating the data of population in 1997
and 1996'"** by considering the population growth rate 1.7% (137 (overlooking the migration rate),
p gratia
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Table 4.13: Comparisen of Radiation Dose Levels in Some of the Sea Beaches of the

Bangladesh

[in shining brown-coloured sandy areas]
1.58£0.35 mSv.y ! |
- (1.05£0.26 02,19+ 0.44 mSv.y™)
[in public movement areas]

World.
" SL. | Location *Radiation Dose Reference No.
~ No (iilSv.y") (Year)
1 Brazii 3.07-368 89
2 | Ullal sea beach, ¥*0.55-4.13 89
Karnataka, India. (1993)
3 | Cox’s Bazar sea beach, 13 32
Bangladesh (2.6 — 44) (1975 - 1979)
- 8.94+3.15
| (6.39 £2.28 to 11.91 +4.29) :
4 | Cox’s Bazar sea beach, [in shining brown-coloured sandy areas] | Present Study
Bangladesh 1.49+0.18 (1998)
(0.96+0.18t0 2.01 + 0.35)
[in public movement areas]
4.20 £ 0.88
(2.98.£0.70.t0 5.87 £ 0.18)
5 Kuakata sea beach, Present Study

(1998)

* In developing the above table, the conversion factor 1Gy = 0.78v, is employed.
** Individual dose equivalent upto 20.02 mSv.y~' was also reported,
t Data given in parenthesis indicates range.
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Table 4.14; The Range and Average Activities of Radionuclides in Soil and Water
Samples Collected from 56 Locations Throughout Bangladesh.

Name of Minimum Location - | Maximum ‘Location Average
Radionuclide Activity + 1o Activity + 1o - Activity + 1o

' For Soil Samples (Bg/kg)
BT 39274774 Nabigonj - 12821 £783  Nachole 83.56 + 17.96
B8y ‘ 17.84+6.21  Nabigonj 76.06 £7.58  Nachole 44.35 + 12,65
i ' 276.78 +61.47 Nabigonj 923.79£69.02 Khulng 630.89 + 173.85
Bics ) 1276 £1.51 - Natore 26.79+2.23  Jaflong 5374487
_ For Water Samples (*?Th & 2*U are in mBq/L; “K & "'Cs are in Bq/L)
2 Th 109.06 £29.92 Nabigon] 36536 £4531 Kurigram 249.59 + 51.67
B3y 82.91427.54  Jhcnaigati 229.65+33.16 Dinajpur 156.77 + 30.46
MK 312£113  Nabigonj 1657 +1.22  Khulna 9.08 £3.36
3¢ 12214141  Rangamaii 5474155 Jaflong 117+1.80

Table 4.15: Average Concentrations of Radionuclides in Soil and Water Samples,

Name of the Arithmetic : Geomtetric* _
Radionuclide Mean | Standard Deviation Mean | Standard Deviation**
For Soil Samples (Bg/kg)
Bih 83.56 17.96 83.50 1.23
By 44,35 12.65 44.30 1.32 .
TK 63089 [ 17385 632.0 132
MCs | 5.37 4.87 . 530 | 1.96
For Water Samples (**Th & **U arc in mBg/L; “K & s are in Bg/L)
PiTh 1249.59 51.67 250.0 123
Py 156.77 30,46 157.0 1.14
K- 9.08 336 | 9.10 1.42
¥iCs 1.17 180 0.61 6.07
. (fom extapolated
curve)

* Geometric Mean and Standard Devialion were found from the corresponding Cunlative Frequency Plot (Probnbility Plot).

** Geometric Standard Devintion has o unit as it is sinply a ratio between the corresponding values of 50% and 84.1% cumulative frequency.

1 These minimum nciivities are the correspending minimum activities detected above the MDC (ignoring All ND Activities).
In calculating the average values, aft NI} values were assumed to zero,
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Table 4.16: Comparison of Data on Average Radioactivity (Bq.kg™) in Surface Soil in Different Countries of the World.

**Data given in parenthesis indicates range.

SL. : . Resulting dose | Reference
No. | - Location By ZTh YK Bes rate due to soil number
' ' : radioactivity (Year)
1 Bangladesh *NA NA NA (0.74-75.11) NA 34 (1976)
2 Us 37.00 +£30.71 36.26 +54.02 NA NA NA 44 (1983)
**#(4.44 - 140.60) (3.70 — 125.80) -
3 Hawaii NA NA NA (1:48 - 71.41) NA 45 (1984)
4 | Louisiana, US Co14x2 36+%4 472 £ 13 23+1 NA 63 (1986)
5 | Taiwan ~30 44 431 NA 0.47 mGy.y 66 (1987)
(22 - 45) (30 -~ 71) (265 — 607) ‘
6 Montana, US " NA NA NA (20 - 200) NA 72 (1989)
7 Milos Island, 30 +£21 (**Ra) 57421 877 +332 NA NA 77 (1991)
Greece . . - '
8 Pantelleria, (12.1-168.5) - (11.6 — 165.3) L (27.7 - 1295.0) NA 1.4 mGyy"" 81(1992)
Italy _
9 ‘Southern Chile NA NA NA (3.840.02 NA 85 (1993)
h _ : to 17.1 £ 0.07)
10 | Nile Delta, (52+2.1 ©(1.1£0.03 (29+1.3 NA 0.27 mGy.y™ 86 (1993)
| Egypt t0 63.7 £6.2). t0 95.6 £ 26.0) t0 653 +12.9) C
11. | Rio Grande do 29.0 £ 19.4 (**Ra) 46.6 +36.2 677.8 £434.9 “NA 0.71£0.37 mGy.y™ | 87(1993) -
Norte, Brazil . (103 -137.6) (12.0 - 191.0) (56.4 ~ 1972.0)
12 China 40 + 34 (1.8 - 520) 49 £28 (1.5 - 440) | 580 £200 (12 — 2190) NA 0.63 mGy.y™ 1(1993)
13 Us 35 (4 - 140) 35 (4 - 130) 370 (100 - 700) NA 0.48 mGy.y ™ 1(1993)
L . ' Continued
_*NA = Not Available.




9t

SL. ‘ - Resulting dose | Reference
No. | -Location 2y “Th YK “iCs ‘rate due to soil | number
radioactivity (Year)
14 Spain 39 (**Ra) 41 578 NA 0.47 mGyy™ 89 (1994)
. (8 - 310) (5-258) (31 - 2040) ' -
15 Savar, Dhaka (32.43 -48.73) *"*Bi) | (21.55 - 25.98) (°°TI) (322.10 - 326.51) (below MDC to NA 92 (1994)
_ Lo _ - - ' 3.17) ‘
16 | Louisiana, US 144+ 14410 10.8 + 1.08 to NA NA NA 94 (1995)
53.6 +5.36 *Ra(*'“Bi) 61.6 +6.16 (**Ac) :
17- | Taiwan - NA NA NA 5 NA 99 (1996)
18 | Ustica, Italy 15- 164 16 - 174 201 - 1350 NA NA 102 (1997
19 | Majorca, Spain NA NA NA 10 - 60 NA 104 (1997)
20 | Dhaka, 3317 16 + 4 . 5374+ 111 7+2 NA 106 (1998)
Bangladesh (21£6t043+7) (9%2 t022+2) (402£78 10750+82) | (31 to 10 £1) _ 7
21 Algeria 5 - 176 (**Ra) 3 - 144 (**AQ) 36 — 1405 0.3 - 0.41 _ NA 109 (1998)
22 Bangiadesh . 4435 +12.65 83.56 + 17.96 630.89 + 173.85 5.37+4.87 1.26 £0.27 mSv.y”' Present -
: (17.84 +6.21 (39.27 £ 7.74 (276.78 £ 61.47 (2.76 £ 1.51 (0.56 = 0.08 to 1.88 Study
10 76.06 + 7.58) to 128.21 £ 7.83) 10 923.79 + 69.02) 10 26.79 * 2.23) £0.09 mSv.y™!) (1998)
*NA = Not Available.

**Data given in parenthesis indicates range.



Table 4.17: Radioactivity Levels (Bq. kg'l) of the Radionuclides ®*Th, %7, “K, and 13"'Cs in Beach Sand Samples of Kuakata, Cox’s
Bazar, and Mangalore (Karnataka, India) Sea Beaches.

SL. Location "~ PiTh | =y - i Bes Reference No.
No B ' : : (Year)
.1 | Mangalore sea beach, 1842+66 374 £2.6 158153 | = NA © 89(1993)
‘Karnataka, India. ' s : , -
2 Cox’s Bazar sea 1085.99 +20.01 455.99 £16.35 2516 £5.39 ND Present Study
beach, Bangladesh . : (1998)
3 Kuakata sea beach, 269.04 +11.62 110.84 £ 10.22 266.00 +24 .80 ND Present Study
Bangladesh : ' : ‘ (1998)
*NA = Not Available, o

= **ND = Not Detected.
-] ] N
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Table 4.18: Comparison of Data on Average Radioactivity in Drin

-

king Water in Different Countries of the World.

SL. Location 2By BE 22 Th UK ] L7 Annual Dose Due | Reference '
No. mBq.L™ Bg.L™ to Intake of Water | No. (Year)
1 Finland 107.3'(*°Ra) NA NA NA NA 36 (1980)
2 |US (—1.48 £ 1:11 NA NA NA NA 37 (1981)
to 81.4 + 11.1) (*°Ra) . ‘
3 Towa 3.7 2257 NA NA NA NA 41(1982)
4  + Saudi Arabia (162.8 — 699.3y (“°Ra) NA NA NA NA. 47 (1984)
5 European (<1 - 140y NA NA NA NA 49 (19853)
Countries
6 ‘North Carolina 15.91 (**Ra) NA NA NA NA . 64-(1987)
(4.44 - 110.63)
7 New York 0.87 +0.18 0.050 +0.023 NA NA NA 68 (1987)
8 Utah, Salt Lake 17.8 £3.33 NA NA NA NA 76 (1990)
City, USA
9 . |India" (8.35 — 252.40) NA NA NA NA 79 (1992)
10 Arizona, US 346.0 £9.34. NA NA NA NA 93 (1995)
(5.910.16 ;
t0 2500 + 67)
1L | Taiwan 12.0' (*°Ra) NA NA NA' 1.8 pSv.y™ 105 (1997)
12 Chittagong, 45:67 +0.18 170.96 + 0.66 4.54 +£0.02 Not Detected 60 uSv.y" 112 (1996)
Bangladesh (11.72 £0.05 (24.55 £0.09 (2.04 £0.01
to 120.00 £ 0.46) 10 289.65 £ 1.12). 10 12.41 = 0.05)
13 Bangladesh 156.77 + 30.46 249.59 +351.67 908 + 3.36 1.17 £1.80 74.01 £21.41 pSv.y™ Present
(82.91 +27.54 (109.06 + 29.92 (3.12£1.13 (221141 (2420557 to Study
t0 229.65 + 33.16) t0 365.36 + 45.31) to 16.57 £ 1.22) to 5.47 + 1.55) | 134.04£16.10u3v.y ") (1998)

*NA = Not Available.

**Data given in parenthesis indicates range.



Table 4.19: The Correlation Coefficients Between the Concentrations of Radionuclides
Found in Soil and Water Samples Collected from Different Locatious in Bangladesh.

Serial Nameés of Radionuclides between which Correlation Coefficient (r)
Number correlation coefficient is calculated
Correlation coefficients between activities of radionuclides found in Soil Samples

1 BITh and Z*U  0.8817 -

2  **Th and K | | 0.3562
3 ™ Thand "'Cs | 0.2929
4 #*U and “K 0.3411
5 Uand V'Cs 0.1744
6 - K and Y'Cs | 101254

Correlation cocfficients between activities of radionuclides found in Water Samples

1 Thand U . 0.8263
2 “Thand “K 0.2730 .
3 “#Thand M'Cs 0.0097
4 *Uand “K | 0.2688 \
5 U and "'Cs | 0.0564

6 “K and "'Cs 0.1643

Correlation coefficients between the corresponding activities of radionuclides found in Soil &
‘ o Water Samples '

I 0.9410

1

2 - HU - 0.7069
3 . , K 0.8978
4 - Pcs - ‘ 0.6093

139




Table 4.20: Annual Range and Avera
of Radionuclides 2Ty, 29y, 4

ge Radiation Dose Rec
K, and "'Cs Through Wat

er in Different Locations of

eived (USv.y ) Due to Intake

Bangladesh,
Minimum Location Maximum Location Average + 1o
24201557 Nabigonj 134.04 + 16.10 Sunamgonj | 7401 +27 41

Table 4.21: Average Annual Radiation Dose Received (

uSv.y™") Due to Intake of Drinking

Water Throughout Whole Bangladesh.

_ Arithmetic

Geometric*

Mean

Standard Deviation Mean

Standard Deviation**

74.01

21.41 74.00

1.32

.
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orresponding Cumulative Frequency Plot (Probability Plot).
o between the corresponding values of 50% and 84.1°

% cumulative frequency.
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Table 4.22: Estimated Fatal Cancer Risk in Different Locations of Bangladesh,

Map Ref, Location Average Dose | Fatal Cancer Probability
Number (District Covered) Rate (mSv.y ') - Coeflicient
: , (Per Million People)t
01 Akhaura (Brahminbaria) 1.68 84
02 Srimangal 1.55 78
(Maulavibazar)

03 Sunamgon; 1.75 88

04 Jaflong (Sylhey) 1.68 - 84

05 Comilla . 1.72 86

06 Chandpur 1.64 82

: .
07 Fenj : 1.65 83
08 Noakhali* 1.56 78
09 Hatiya .65 83
.10 Sandwecp ' 1.55 78
11 . ] Dinajpur 2.03 102
12 Syedpur (Nilphamari) 2.23 . 112
13 Panchagarh 2.04 102
(Panchagarh & Thakurgaon)

14 Rangpur , 2.10 105

15 Gaibandha 200 100

16 Kurigram : - 210 105
(Kurigram & Lalmonirhat) '

17 Bogra : 237 119

' (Bogra & Joypurhat) -

18 Ullapara (Sirajgonj) 1.83 92

19 Nalore 1.90 a5

20 Rajshahi 7 2.00 100

21 Nachole 2.88 144

. (Chapai Nawabgonj)

22 Kushitia 1.93 .97
{Kushtia & Jhenidah)

23 Faridpur 1.94 97

| (Faridpur & Rajbari) _

24 Gopalgonj 1.87 94
(Gopalgonj & Narail) C

25 Jessore 2.06 : 103
(Jessore & Magura)

26 Shyamnagar (Satkhira) 2.04 102

27 Khulna 1.84 , 92

~ * Excluding Hatjya, Continued

1 The fatal cancer risk for general public is taken to be 500 x 10~ Svliie, 50 per mSv per iilion people
(50 x IO’G‘tnSv"). The figures in this columy are rounded.
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Map Ref,

Location Average Dose | Fatal Cancer Probability
Number (District Covered) Rate (mSv.y ™) Coeflicient
' _(Per Million People)t

28 Borguna 1.75 ' 88 -

29 Shariatpur -1.94 97
(Shariatpur & Madaripur)

30 Chorfashion (Bhola) 1.74 87

31 Barisal 2.01 101
(Barisal & Jhalokathi)

32 Mymensingh 2.11 - 106

13 Kishoregonj 1.94 97

34 Jhenaigati 2.09 105
{(Sherpur & Jamalpur)

35 Barhatta (Netrakona) 2.03 102

36 Kalihati (Tangail) 2.00 100

37" Aricha (Manikgonj) 1.96 98

18 Munsigonj 2.02 101

39 Norsingdi 1.96 98

40 Teknaf 1.75 38

41 Cox’s Bazar* 1.90 95

42 Roangchheri 1.75 88
(Bandarban) :

43 Chittagong** 1.87 - 94

44 Khagrachheri 1.75 88

45 Rangamati 1.88 94

46. Roop Pur (Pabna) 1.94 97

47 /| Chuadanga- 2.42 121
{Chuadanga & Meherpur)

48 Kuakata (Patuakhali) 1.97 99

49 Pirojpur 1.91 96
(Pirojpur & Bagerhat)

50 Badalgachhi (Naogaon) 2.88 144

51 Lakshmipur 1.82 91

52 Nabigonj (Habigonj) .1.65 83

53 Sripur (Gazipur) 241 121

55 Sonargaon 2.34 117
(Narayangonj)

54 & 56 Ashulia & BUET " 2.00 100

(Dhaka)

* Excluding Teknal. ** Excluding Sandweep.

T The [atal cancer risk [or general public is taken to be 500 x 10~ Sy~

(50 x 107° mSy™"). The figures in this column are rounded.
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ANNEXURE

UNITS AND FACTORS CONSIDERED IN RADIATION
DOSIMETRY AND RADIOLOGICAL PQROTECTION

In radiation dosimetry and in radiological protection, several factors and units are

considered. These are described in brief in following paragraphs.-

1. Dosimetry Units
There are two different considerations in radiation dosimetry, viz.: (1) to describe a

radiation beam itself, and, (2) to describe the amount of energy it may impart to any medium.

1.1. The Quantities Describing a Radiation Beam

The terms describing a radiation beam are briefly explained below.

Fluence: If the beam is monoenergetic, and if the number of particles (say photons) dN
that cross an area da taken at right angles to the beam, then the ratio of these two quantities is

called “fluence or photon fluence”™ which is denoted by @

‘ d.
i.e., Fluence or Photon Fluence ® = T
a

The SI unit of Fluence is particles/m?.

1

Fluence Rate: The number of photons or any radiant particles that passes through unit

area per unit time is called the fluence rate®”, which is denoted by ¢

. dd
1.e., Fluence Rate ¢ = e

The SLunit of Fluence Rate is particles/m’ sec.

. Energy Fluence: Let dN be the number of photons crossing the area da taken
perpendicular to the direction of the beam of photons then the Energy Fluence is the amount of

energy crossing per unit area™” It is denoted by the symbol ¥;

dN
i.e, the Energy Fluence W = o ho
a

where hv is the effective energy of the photons considered. The SI unit of Energy Fluence is

Joules/m?.
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Energy Fluence Rate: The amount of energy carried by the photons or radiant barticles
crossing through unit area per unit time is called the Energy Fluence Rate, or Energy Flux
Density or Intensity®*! 1t is represented by the symbol vy

. ar
1.e., Energy Fluence Rale y = o

The S1 unit of Energy Fluence Rate is Watt/m?.

1.2. The Quantities Related to the Amount of Energy Impart to Any Medium
The quantities related to the amount of energy impart to any medium are briefly

explained below.

Exposure: The purpose of ionizing radiation dosimetry is the measurement of the
physical. and biological consequences of exposure to radiation. As these consequences are
proportional to the local absorption of energy, the dosimetry of ionizing radiation is based on the

measurement of this quantity.

Exposure is a quantity expressing the amount of ionization caused in air by X-or y-
radiation. The special unit is the (Réntgen) Roentgen (R) which corresponds to the production
of ions (of one sign) carrying a charge of 2.58 x 10* coulomb per kilogram (kg) of air™ je., 1
e.s.u charge per cc of air, at NTP!™¥ The absorption of energy in air corresponding té an
exposure of IR is 0.008694 Joules/kg

Since the Roentgen applies only to X- and y-radiation and their effect on air, so it is not
appropriate as a common radiation unit. In the human tissue the energy deposition
corresponding to the exposure of 1R y-radiation of commonly encountered range of photon

energy is 0.0096 J/kg. Exposures are commonly expressed in two ways.

Acute Exposure: It is the exposure to a large dose of radiation within a relatively short

time. The radiation damages are much more severe in cases of acute exposure.

Chronic Exposure: The chronic exposure is the long térm, fow level overexposure. The
total amount of radiation received may be the same as received in the acute exposure but the

radiation dainages are of much low severity.
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Kerma: Kerma stands for “I(metlc Energy Released in Material”. At a point P, it is
defined as the ratio of the transferred energy from photons to electrons dE,, , in the element of
volume centred on P to the mass dm contained in the volume element®*!

dr
- ie, Kerma K = —%
dm

It is expressed in J/kg i.e., in Gray(Gy).

Linear Energy Transfer (LET): The LET is defined as the energy lost by a radiant
particle in traversing a unit distance!'" e, if dE be the energy lost by a charged radiant particle

in traversmg a distance dI, then the linear energy transfer (LET)

19
el L=

commonly used unit of LET is keV/micron.

Roentgen Equivalent Physical (REP) I REP is defined as that dose of i ionizing
radletlon which produces an energy absorption of 0.0094 J/kg (94 erg/gm) in tlssuem] |
REP also has the disadvantage that it is applicable only to tissue. This disadvantage has
been removed by introducing another unit called Rad, which is discussed in the following

paragraph,

Absorbed Dose° Absorbed dose is a measure of energy deposition in any inedium by all
types of i lonizing radiation, Absorbed dose at a point P of any medium is defined as the ratio of
the energy, dE, effectively absorbed by an element of volume dv centred on P to the mass
contained in that volume element!?",

dr
1.e., Absorbed dose ) = — N
dm _

The original unit of absorbed dose was Rad (Radiation absorbed dose) and was defined as an
energy deposition of 0.01 J/kg?®®
i.e, 1 Rad=0.01 J/kg.
So that, 1 J/kg = 100 Rad.
Again, we have the exposure of IR results in an energy deposmon of 0.008694 J/kg in
air and 0.0096 J/kg in tissue, therefore
IR = 0.8694 Rad in air
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and, IR = 0.96 Rad in tissue
In the SI units, the unit of absorbed dose is Gray (Gy) and is defined as an energy
deposition of 1 J/kg
i.e,1Gy=1 J/kg=100Rad .
Therefore the absorbed dose corresponding to the exposure of IR radiation in air and tissue is
réspectively given by
1 R =0.008694 Gy in air
1 R =0.0096 Gy in tissue.

Quality Factor: Since the probability of “stochastic effects” is found to be dependent on
the quality of the radiation, a weighting factor has been traditionally introduced to modify the
absorbed dose and to define the dose equivalent. This dimensionless factor is called the quality
factor QF®",

lThe quality factor measures the ability of a particular type of radiation to cause
biological damage depending on LET and consequently on specific ionization. -

The term “Quality Factor” is nowadays replaced by a more precise term “Radiation

Weighting Factor” which will be discussed later.

Dose Equivalent: Dose equivalent is a2 measure of biological effect of radiation, The
more precise term “Equivalent Dose” in modern use is substituted for the term “Dose
!iquivalent”. The dose equivalent (DE) is defined bym':.

DE =D x QF x DF
where the terms D & QF are defined in the previous paragraphs and DF is the distribution
factor. In the S1 units, the unit of DE is Sievert (Sv)
i.e., DE (in Sv} = D (in Gy} x QF x DF
The unit of DE will be in Rem when the absofbed dose is medsured in Rad.
ie., DE (in Rem)=D (in Rad) x QF x DF,
Since 1 Gy = 100 Rad, so 1 Sv =100 Rem. But in earlier days, Rem was defined as follows.

Roentgen Equivalent Man (Rem): 1 Rem is defined as that amount of any ionizing
radiation which produces the same biological damage as 1R of X -or y-radiation®). Thus

Dose (in Rein) = Dose (in Rad) x RBE.
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Where RBE is the Relative Biological Effectiveness, a term related to “Radiation Biology” and

is equivalent to “Radiation Weighting Factor” or “Quality Factor”.

2. Units of Radioactivity
Another quantity that is necessary to study the dosimetry is the unit of radioactivity.

There are two units of radioactivity in common use, one is the Becquerel (Bq) and the other is
Curie (Ci).

Becquerel: Becquerel is the SI unit of radioactivity and 1 Bq is equal to 1 disintegration

per second (1 dps).

Curie: 1 Ciis equal to 3.7 x 10" dps.
ie,1 Ci=3.7x 10" Bq.

3. Quantities used in Radiological Pro‘tectio-il

Some of the most common quantities used in radiological protection are- (1) Radiation
weighting factor (Wg), (2) Equivalent dose (HT) (3) Tissue weighting factor (Wr), (4) Effective
dose equivalent (Hg), (5) Organ dose (D), (6) Lethal dose (LDsgzq), (7) As low as reasonably
achlevable (ALARA), and, (8) Dose Limits. A short descrlptlon of these are given below.

Radiation Weighting Factor (Wg): In radiological protection, to find the absorbed
ragiation cnergy average over a tissue or organ rather than a point, the absorbed dose is
weighted by a factor related to the energy and type of the radiation causing the dose in the tissue
or organ of interest. This dimensionless quantity is called the radiation weighting factor™ and is
denoted by the symbol (Wy). The radiation weighting factor is equivalent the quality factor Q)
to account the dose equivalent (H) at a specified point. The radiation weighting factor (Wg) for
different types of radiation are given in Table A1; where all values relate to the radiation incident

on the body or, for internal sources, emitied from the source.
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Table A1: Radiation weighting factorst?

Type and energy range Radialidn weighting factor (Wr)
Photons, all energies 1
Electrons and muons, all cnergies* I
Neutrons, energy < 10 Key 5
10 KeV to 100 KeV 10
> 100 KeV to 2 McV 20
> 2 MeV to 20 MeV : 10
> 20 MeV . 5
[ Protons, other than recoil protons, 5
encrgy > 2 MeV
Alpha particles, fission fragments, heavy 20
nuclei

* Excluding Auger electrons emitted from nuclei bound to DNA.

Equivalent Dose (M1): In radiological protection, the Equivalent dose is the absorbed
dose averaged over a tissue of organ and weighted for the radiation quality that is of interest'?
i.e., the radiation weighting factor Wy_ It is denoted by the symbol Hy. The “Equi\_(alent dose” i
equivalent to the “dose equivalent”. Hy is formed by weighting the mean absorbed dose Dy, ina
tissue or organ, by the weighting factor Wy, Le., '

H. =W, xD, ‘
When various types of energy of radiation exist, then Hy is expressed as a summation

over the all types and energy of radiation. ie.,

i, = Zw;a XDy p
R

Where Dy is the absorbed dose averaged over the tissue or organ T, due to radiation R. The

unit of equivalent dose is Sievert (Sv).

Tissue Weighting Factor (Wr1): The factor by which the equivalent dose in tissue or
organ T is weighted is called the Tissue weighting factor™ | It is denoted by the symbol Wy,
which represents the relative contribution of that organ or tissue to the total detriment due to
these effects resulting from uniform irradiation of the whqle body. The sum of tﬁe tissue

weighting factors is unity. The Tissue weighting factor Wy for different organs and tissyes are
shown in Table A2.
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Table A2: Tissue weighting factors™?

Tissue or Organ Tissue Weighting Factor (W)
Gonads 0.20
Bone marrow (red) 0.12
Colon 0.12
Lung 0.1 2.
Stomach , 0.12
Bladder 0.05
Breast 0.05
Liver 0.05
Oesophagus 0.05
Thyroid 0.05
Skin 0.01
Bore surface 0.01
Remainder* 0.05

* The remainder is composed of the following additional tissues and organs: adrenals, brain, upper large
intestine, small intestine, kidvey, muscle, paiicreas, spleen, thymus and uterus.

Effective Dose Equivalent (Hg): Effective dose equivalent or simply the “effective
dose” is the sum of the weighted equivalent doses in all the tissues and organs of the body™. It
is denoted by the symbol H;; and is given by-

H, = Z W, xH, |
Where Hy is the equivalent dose in tlssue or organ T and Wy is the welghtmg factor for

tissue T. The unit of effective dose is Sievert (Sv).

Organ Dose (D): For radiation protection purposes, a tissue or organ average absorbed
dose Dy is defi ned ast?;
I
D, =—-
n,
where Ej is the total energy imparted in a tissue or organ and my is the mass of that tissue or

orgau, my may range from less than 10 gm for the ovaries to over 70 kg for the whole body.

Lethal Dose: Lethal dose is the absorbed dose required to kill 50% of the exposed
subjects within 30 days post-irradiation. It is denoted by LDsos0 (50%, 30 days). For human

subjects, the LDsy;0 for whole body photon irradiation is typically-assigned a value of 4 Gy!'*"!
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Serious exposures not resulting in death are frequently called Sublethal (value of] say, 1
Gy or less). Such exposures may cause milder symptoms of the acute radiation syndrome,
including loss of appetite, loss of hair, inflammation of throat, pallor, haemorrage, and diarrhoea.

No deaths are expected to occur in the absence of complications.

As Low As Reasonably Achicvable (ALARA): ALARA concept is the radiologic -
operating philosophy considering the economic and social factérs; the radiologic operation
processes, equipment and other operating factors such that shielding, ventilation eic. are so

designed that all exposures can be kept as low as reasonably achievable!"

Dose Limits: ICRP gave the definition of Dose Limits or “Maximum permissible dose
(MPD)” as that dose for an individual, accumulated over a long period of time or resulting from
a single exposure, which carries a negligible probability of severe somatic or genetic injuries.1n
ICRP 60 the dose limits are intended 1o be a level of dose above which the consequenées for the
individual would be widely regarded as unacceptable’™. After evaluating several aspects of

radiation detriment, ICRP has recommended the values which are shown in Table A3.

Table A3: Recommended dose limits'®

Application Dose limit
Qccupational Public
Effcctive dose 20 mSv per year averaged over I mSv in a year**
(whole body exposure) deflined periods of 5 years*

" Annual equivalent dose in

the lens of cye 150 mSv 15 mSv
the skin (1 em?) 500 mSy 50 1nSv
the hands and fect 500 mSy -

* With the further provision that the effective dose shounld not exceed 50 mSv in any single year,
the excess dose must be adjusted within the next four years so that the average annual dose limit should
not exceed 20 mSv. Additional restrictions apply to the occupational cxposure of pregnant women.

X In special circumstances, a higher valuc of effective dose could be allowed in a Single year,

provided that the average over 5 years does not exceed 1 mSv per year.
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