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Abstract

Indoor measurement of background gamma radiation thviheight and ambient
temperature has been conducted within Edo Stateretgiat building. In this study a
calibrated digilert 50 nuclear radiation monitor wa used to determine the indoor
background gamma radiation. Starting from the grodrfloor and moving up to the last
floor (eighth floor) the background gamma radiatioin counts per minute (cpm) was
determined at 10 minutes interval close to the wimdand at distances 25.3 and 3.15 m
from the windows. Simultaneously the ambient temgigire was measured by means of an
electronic thermo-hygrometer, model THC-20, maactured by Optilab Mumbai,
Maharashtra, India. The results obtained show th#te background gamma radiation
ranged from a minimum of 4 cpm to a maximum of 2Pm. The ambient temperature was
found to range from a minimum of 26.2 °C to a maximuof 29.6 °C. The calculated mean
count rate in cpm converted to annual dose equivdla millisievert per year ranged from
0.34 +0.09 to 0.57 + 0.15 mSvyr These values are lower than the dose limit of Swgr*
in a normal environment set by the European Counfilr Nuclear Research (CERN) for
all persons, other than those occupationally expds&his study further shows that for a
low-rise building such as the secretariat buildinghere this study was carried out, the
variations in indoor background gamma radiation deenot show a steady increase or
decrease with the height of the building.

Keywords:Background radiation, counts per minute, ambiemipterature, secretariat building, annual dose
equivalent.

1.0 Introduction

All living organisms are exposed to ionizing ragiaton a continuous and daily basis. This typexplosure is referred to as
background radiation. The sources of backgroundhtiad include radioactive materials and their gepaoducts in the
natural environment (referred to as terrestria)building materials and from outer space (refetceds cosmic radiation).
There is considerable variation in the backgrowadiation levels throughout the world. The worldwaleerage background
dose for a human being is about 2.4 millisieverS@nper year. The interest in the study of backgdotadiation has
increased tremendously of recent, and this hasoledtensive research in many countries. The re$udtich researches can
be useful for both assessment of public dose radett®e performance of epidemiological studies a$ agereference data to
check possible changes in background radiatioheretivironment [1, 2].

The background radiation experience indsarsually the sum of both natural and artificadliation sources, some of
the sources are cosmic rays and radon gas relbggbe earth crust, radiation from outer spacesandll percentage comes
from man-made items such as luminous dials, nueleapon test, burning fossil fuel, nuclear medicimglding materials
and household electrical appliance. The radioaaleeents and their radiations are an indispengadnteof nature. Their
influence on living organisms is very importantstodies since the potential hazard of radiatioroenpes to radon gas and
its daughter products from natural background teesthighlighted in the world of scientific press [S].

Some of the essential elements that makéhe human body, mainly potassium and carbon, redieactive isotopes
that add significantly to our background radiatiose. An average human contains about 30 milligrafrmotassium- 40
(“%) and about 10 nanograms {1@) of carbon-14*(C), which has a decay half-life of 5,730 years. |&ding internal
contamination by external radioactive material, thegest component of internal radiation exposumnf biologically
functional components of the human body is fromapsium- 40. The decay of about 4,000 nucléfofoer second makes
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potassium the largest source of radiation in tesfraumber of decaying atoms. The energy of bettigbes produced b§’K
is also about 10 times more powerful than the patticles from*“C decay“C is present in the human body at a level of
3700 Bq with a biological half-life of 40 days. Theare about 1,200 beta particles per second peoldoy the decay dfcC.
However, &“C atom is in the genetic information of about lia# cells, while potassium is not a component oADhe
decay of &“C atom inside DNA in one person happens aboutrBéstiper second, changing a carbon atom to onérogen

[6].

The level of natural background radiaticaari®s depending on location, and in some areadetred is significantly
higher than average. Such areas include RamseaninGuarapari in Brazil, Kerala in India, the hern Flinders Ranges in
Australia and Yangjiang in China [1, 6 ,7].The héghlevels of natural background radiation recondetthe world is from
areas around Ramsar, particularly at Talesh-Mahalleich is a very high background radiation areddBRA) having an
effective dose equivalent several times in excé$€RP-recommended radiation dose limits for radiatvorkers and up to
200 times greater than normal background levelsstMbthe radiation in the area is due to dissohagtium-226 in water of
hot springs along with smaller amounts of uraniurd thorium due to travertine deposits. This hig¥el of radiation does
not seem to have caused ill effects on the residefithe area and even possibly has made thentlgligbre radioresistant,
which is puzzling and has been called radiatioragax. It has also been reported that residents haatthier and longer
lives. On the basis of this and other evidenceuthidg the fact that life had originated in a muclorenirradiated
environment, some scientists have questioned thdityaof linear no-threshold model, on which afidiation regulations
currently depend [8, 9]. Others point out that sdevel of radiation might actually be good for hhadnd have a positive
effect on population based on the controversialatamh hormesis model, by jump starting DNA repaechanisms inside
the cell [10, 11].

Airflight involves a change in the expasuo ionizing radiation. As altitude increases dgrflight, there is an initial
lowering of the exposure due to the reduction eftdrrestrial (Earth-based) component of backgroaddtion. As altitude
increases further, the cosmic radiation compormameases and can exceed the initial radiation expca ground level. The
important part of a flight from an overall cosmadiation exposure perspective is the cruising pladiget airflight. This
typically involves altitudes between 7000 and 12600n addition to altitude, latitude — the distarfoom the equator — also
has an influence on the exposure level. Exposurergase the farther that the flight path is awaynfrthe equator. The
groups with the most significant occupational expesto cosmic radiation are cabin crew, pilots dlight engineers.
Measurements and modeling of aircrew exposures inaveated an additional dose from commercial kgt of around 1.8
mSyv per year for those involved in domestic routes] around 4 mSv per year for those involved tarmational flight
routes [12].

Radiation levels at the wrecked Fukushlnp@wer plant were observed to have varied, spgikip to 1,000 mSv/h
(millisievert per hour) which is a level that caause radiation sickness to occur at a later tinleviing a one hour
exposure[13] .Significant release in emissions atfigactive particles took place following hydrogexplosions in three
reactors, as technicians tried to pump in seawat&eep the uranium fuel rods cool, and bled ragtiva gas from the
reactors in order to make room for the seawatenc€ms about the possibility of a large scale taxideak resulted in 20
km exclusion zone being set up around the powent glad people within the 20—30 km zone being advisestay indoors.
Later, the UK, France and some other countries tioddr nationals to consider leaving Tokyo, in @sge to fears of
spreading nuclear contamination [14]. New Scieritest reported that emissions of radioactive iodiné cesium from the
crippled Fukushima | nuclear plant have approadéeels evident after the Chernobyl disaster in 1A8j.

lonizing radiation causes biological effedty directly damaging cells, tissues, componeiitsetls and enzymes.
Damage to important parts of the cell such as tNADB- the genetic material — can occur by ionizimagliation directly
breaking chemical bonds or by interacting with Wlef chemicals that create agents that will breadndcal bonds, or by
mechanisms that change how cell divide, communioatdie. Damage to the DNA is felt to be an importatep with
regards to the risk of cancer and the risk of hblé defects, although human cells do have an enmroapacity to repair
such damage.

Because the biological effects of radiatttepend not only on dose but also on the type difitian, the dosimetric
guantity relevant to radiation protection is thesel@equivalent H defined mathematically as:

H=DQ (1.2)
where D is the absorbed dose and Q is the qualitpf for the radiation.

Whole body exposures are rarely uniform. &@iven exposure received, internally or exteynalbse equivalents for
various tissues may differ markedly. Also tissuasyvin sensitivity to radiation—induced effects. fhéie into account these
non uniform irradiation situations the concept iéetive dose equivalent @ has been adopted by the ICRP. The effective
dose equivalent (H is defined as the sum of the weighted dose etpntsfor irradiated tissues or organs. Mathembyica
we have:

He =2 WrHy (1.2)
where W is the weighting factor of tissue T and Id the mean dose equivalent received by tissue T.
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Radiation exposure limits or standards were intceduas early as the start of the twentieth centdmgn the potentie
hazards of radiation were realized. One of thé §tandard setting bodies was the International @@sion on Radiologic
Protection (ICRP) which continues its function tingb its series of publications. These reports foim basis for man
national protection guidelines. In the United Statbe National Council on Radiation Protection Mehsurement (NCRF
has functioned as a primary standaetting body through its separate publicationsNigeria we have Nigeria Institute
Radiation Protection (NIRP) and Nigerian Nucleag®atory Agency (NNRA) which have been mandatedetgulate anc
provide certain laws on raation protection and control of nuclear radiationNigeria. The guidelines and recommen
actions are in general agreement, although thdgrdif detail. The material distributed in radiatiapdate is intended
provide information needed to helpderstand issues and to provide a compilatioh®frélevant facts for those individui
interested in the potential health effects of emwvinental radiatiol
2.0 Materials and Method
Indoor measurement of background gamma radiatidim ¢ight ancambient temperature was carried out within Edoet
secretariat building (Fig. 1) along Sapele roadpiBeCity. In this study a calibrated digilert 50ahear radiation monitt
(Fig. 2) was used to determine the indoor backgiaggaamma radiation. Starg with the ground floor and moving up to 1
eighth floor the background gamma radiation in ¢syoer minute (cpm) was determined at 10 minutesval close to th
window and at distances 25.3 and 3.15 m from thadewvs. Simultaneously the ambient teerature was measured by
means of an electronic thernogrometer (Fig.3), model TF-20 manufactured by Optilab Mumbai, Maharashtrajalr
The nuclear radiation monitor and the electronéritii—hygrometer were placed atop a stool of about 1tbgin. To convert
the mean count rate to annual dose equivalent,ZBJjis used [16
1cpm = 0.0438 mSVyr' (2.1)

AR S el
T
L sl

=2 [ = s b

E i T = OB Sl e e
R =

E=FED

Figure 2: Digilert 50 nuclear radiation monitr
Journal of the Nigerian Association of Mathematic&thysics Volume24 (July, 2013) 129 — 136

131



Indoor measurement of background gamma radiation with... Osahon J of NAMP

Model THC-20
ELECTRONIC THERMO-HYGROMETER

Figure 3: Electronic Thermo - Hygrometer
3.0 Results and Discussion

Studies of background radiation are of giegttortance because of its variability in space ame [17]. Little wonder
then that such studies have become the focus @itftc research in most countries in recent pa8tf 23]. The aim of this
study is to measure indoor background gamma radiatith height and ambient temperature within EdateSsecretariat
building in order to determine the pattern of vawia. The results obtained in this study are shawhables 1, 2, 3 and Fig.
4 for close to the window and far from the windowasurements.

The results show that radioactivity is actpallrandom process as the measured backgroundioadiacount per minute
from the sources in and around the building isanfatnction of the ambient temperature. However vém@ation in the values
obtained could be attributed to human activitiesrn around the building, the building materiald #me number of people
in the building at the different floors. The resuitirther show that the mean count rates (cpm)irddan this study close to
the window in each floor with the exception of 8eventh floor were slightly higher than the staddaackground radiation
of 11 cpm recommended by the U.S. Nuclear Regyla@mmmission [24] whereas, that of the far from thiadow were
less than the recommended value except for thiedfitg third floors. On the average however, a valu#l.28 + 1.51 cpm
was obtained as the indoor background radiatiohfersecretariat building. This value converte@rnaual dose equivalent
is 0.49 + 0.07 mSvy. As shown in (Fig. 4) it can be seen that forw-dse building such as the secretariat buildingmeh
this study was carried out, the variations in indoackground gamma radiation does not show a ste@dyase or decrease
with the height of the building rather the valuésained fluctuate around the standard backgroudiatian value.

To estimate annual effective dose, the cawarcoefficient must be taken into account from &éivsorbed dose in air to
the effective dose. Gamma radiation is less absoirbehildren and infants resulting in a higher @&lasnversion coefficient
(adults: 0.7, children: 0.8 and infants: 0.9) [2B]. Then the annual average effective dose fottadn the secretariat
building would be 0.49 x 0.7 = 0.34 mSYyThis value is within the average radiation expestom medical tests, which
ranges from 0.04 to 1.00 mSvy26] that is allowed for members of the public.

4.0 Conclusion

In the next three decades, the world pojmrias expected to increase from 6.1 to 8.1 billwith much of this growth
concentrated in tall buildings in urban areas ledah less developed countries. It is thought Wittt the realization of this
dream of tall buildings people will be less expaseradon which is a terrestrial source of ionizirgliation that is of
particular concern because, although on average \iery rare, this intensely radioactive elemen b& found in high
concentrations in many areas of the world, whereptesent a significant health hazard. Howevebuitd a building that is
7000 to 12000 m tall where a steady change in byackgl radiation could be observed is not only inedvable but is also
not realizable. According to [27] tall buildingseathose higher than 91 m. Buildings taller than 80&re commonly referred
to as super tall. Yeang provides a definition foyserapers as essentially a tall building with alfootprint and small roof
area with tall facades [28]. His definition distinghes between skyscrapers, medium-rise and loevbugdings. On the
basis of this definition the secretariat buildingese this study was carried out falls into the gatg of low—rise buildings
and hence the stochastic pattern of variation egttimated height (Fig. 4) of indoor background gamadiation observed
in this study. Based on this present study it cdidctoncluded that the annual effective dose & i&vy™* obtained may
not pose any serious health threat to the peoptkimgin and around the secretariat building.
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Table 1: Location, time, count per minute, meanntoate, dose equivalent, ambient temperature ss@hrtemperature for

measurements close to the window.

Osahon

J of NAMP

Location Time Count Per Mean count | Dose equivalent Ambient Mean
(Minutes) Minute (cpm) rate (cpm) (mSvyr temperature temperature
(°C) (°C)
10 11 277
20 13 27.2
30 16 27.3
Ground floor 40 15 13.00 £3.03 0.57 +£0.13 27.4 27.37 +0.18
50 08 27.3
60 15 27.3
10 14 27.8
20 09 27.4
30 12 27.2
First floor 40 12 11.33 £1.97 0.50 +0.09 27.1 27.33+0.25
50 12 27.2
60 09 27.3
10 13 28.2
20 19 27.4
30 12 27.3
Second floor 40 12 12.67 £4.59 0.56 +£0.20 27.3 27.52+0.34
50 05 27.5
60 15 27.4
10 15 26.6
20 07 26.4
30 16 26.3
Third floor 40 16 13.00 £3.52 0.57 £0.15 26.2 26.37 +0.14
50 11 26.3
60 13 26.4
10 10 27.1
20 09 27.1
30 16 27.0
Fourth floor 40 17 13.00 £3.16 0.57 +£0.14 26.9 27.05 +0.08
50 13 27.1
60 13 27.1
10 10 28.8
20 14 28.7
30 15 28.4
Fifth floor 40 19 12.83 + 3.97 0.56 +0.17 28.1 28.40 £0.29
50 11 28.2
60 08 28.2
10 12 28.8
20 15 28.6
30 12 28.5
Sixth floor 40 20 12.50 +4.59 0.55+0.20 28.9 28.95 +£0.42
50 07 29.3
60 09 29.6
10 09 27.7
20 10 27.4
30 16 27.3
Seventh floor 40 09 10.50 +2.88 0.46 +0.13 27.3 27.38 £0.16
50 08 27.3
60 11 27.3
10 10 27.1
20 15 27.3
30 10 27.3
Eighth floor 40 10 11.50 +2.07 0.50 +0.09 27.2 27.27 £0.10
50 11 27.4
60 13 27.3
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Table 2: Location, time, count per minute, meanntoate, dose equivalent, ambient temperature ss@hrtemperature for

measurements far from the window.

Location Time Count Per Mean count | Dose Ambient Mean
(Minutes) Minute (cpm) | rate (cpm) equivalent temperature | temperature
(mSvyr ) (°C) (°C)
10 05 28.1
20 11 27.2
30 09 26.9
Ground floor 40 08 8.83 £2.23 0.39+0.10 26.8 27.12 £0.50
50 09 26.9
60 11 26.8
10 11 27.7
20 06 27.0
30 11 26.6
First floor 40 14 11.67 £4.03 0.51+0.18 26.4 26.75 +0.52
50 10 26.4
60 18 26.4
10 10 27.7
20 14 27.0
30 09 26.7
Second floor 40 13 11.00 £2.10 0.48 +0.09 26.5 26.83 £0.46
50 09 26.6
60 11 26.5
10 11 27.0
20 16 26.9
30 08 26.6
Third floor 40 15 11.83 £3.06 0.52+0.13 26.6 26.67 £0.23
50 10 26.4
60 11 26.5
10 15 27.3
20 09 26.9
30 14 26.8
Fourth floor 40 08 10.00 £ 4.05 0.44 +0.18 26.7 26.85+0.24
50 10 26.7
60 04 26.7
10 08 27.2
20 07 26.9
30 05 26.0
Fifth floor 40 08 7.67 £1.97 0.34 +0.09 26.9 26.80 £ 0.45
50 07 26.9
60 11 26.9
10 09 28.2
20 04 27.7
30 08 275
Sixth floor 40 16 10.00 +4.94 0.44 +0.22 27.3 27.58 £0.33
50 07 27.4
60 16 27.4
10 15 27.9
20 11 27.4
30 09 27.2
Seventh floor 40 09 10.83 +2.23 0.47 £0.10 27.2 27.30 £0.32
50 11 27.1
60 10 27.0
10 12 27.0
20 10 26.9
30 12 27.0
Eighth floor 40 04 10.83+3.71 0.47 £0.16 27.1 27.02 £0.08
50 12 27.1
60 15 27.0
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Table 3: Location, height and mean count rate lfasecto the window and far from the window meas@ets

Location Estimated Mean count rate (cpm)
height (m) of
measurement Close to theg Far from the
window window
Ground floor 1.50 13.00 + 3.03 8.83+2.23
First floor 4.75 11.33+1.97 11.67 £4.03
Second floor 7.46 12.67 £ 4.59 11.00 £ 2.10
Third floor 10.17 13.00 £ 3.52 11.83 £ 3.06
Fourth floor 12.88 13.00 £ 3.16 10.00 £ 4.05
Fifth floor 15.59 12.83 £ 3.97 7.67 £1.97
Sixth floor 18.30 12.50 £ 4.59 10.00+£4.94
Seventh floor 21.01 10.50 +2.88 10.83+2.23
Eighth floor 23.72 11.50 £ 2.07 10.83+ 3.71
14 -
12 -
€
g 10 -
2
g 8 - —@—Seriesl
S 6 - Far from the window
o
c —fli—Series2
c 4
§ Close to the window
2 .
0 T T T T 1
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Figure 4: A graph of mean count rate versus estimated heaifmeasurement depicting over the window and
indoor measurements.
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