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Abstract

This paper presents the results of variations ofetmatural gamma
radiation with vertical height. An experiment wasonducted to investigate
the effect of changes in vertical height on the gara radiation absorbed
dose level in the environment and its implicatiom &®adiation hazards. The
gamma radiation absorbed dose level measurement® warried out within
four weeks using a Geiger-Muller(G-M) tube, the ds shows that gamma
radiation absorbed dose in the environment reduedgth increase in vertical
height
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1.0 Introduction

Measurement of natural gamma radiation is diffiladtause of the inclusion by the measuring devicadiation from the
decay of atmospheric radon[1]. The protection ef plublic and workers from the harmful effects afiging radiation has
been a concern of radiation protection profess®raice the early part of the 20th century whemifareffects were first
observed[2]. Since that time, the detrimental effeof ionising radiation have been extensively dd from the
fundamental nature of radiation’s effects on caligans and organisms, to the epidemiological stfdarge populations
who have been exposed to various levels of ionisinijation. Based on these studies, over time tmriational system of
radiation protection has been built largely throubl work of the International Commission on Raalijital Protection
(ICRP).

Radiation is currently viewed as one of the mostlistd of all known carcinogens. The system of ramliaprotection that
has been built to protect the public and workeosnfiits harmful effects is seen as extensive andisiplbut is less well
developed for the protection of the environment aod-human species. The system is also viewed img s being overly
demanding of resources [2].

The amount of radiation dose depends on the inteasid energy of the radiation, the area exposedtlam depth of the
energy deposited. Various quantities have beendntred to specify the dose received and the bicdbgiffectiveness of a
given dose. These are called the absorbed dosdosigerate, the equivalent dose and the effectige {B].

One might assume that only radioisotopes are sigmif sources of radiation. The rapid developmenbasic physics
research and its technical applications have aleateariety of possibilities for producing nearly sufficiently long-lived
elementary particles and photons in the form ofatéah sources. The energy range from ultra coldigdas (25meV) up to
energies of 1TeV can be covered. If, in additiomsmic rays are considered, also particles and peotdth energies in
excess of 1TeV are available albeit at low intgngi.

The aim of this paper is to investigate the effaicthange in vertical height on environmental ganmadiation absorbed
dose level in the environment and its implicationradiation hazards (especially in living areas).

2.0 Frame Theoretical Work

2.1  Absorbed Dose

This unit is introduced for measuring the earleffécts of ionizing radiation, called the roentd&) and is defined as the
amount of exposure that will create 2.5%XD of a charged ion in 1kg of air at Standard Tenapee Pressure (S.T.P) About
34eV of energy is needed to produce one ion a@refore, 1R corresponding to an energy absorptamupit mass of
0.0088J/Kg. Materials other than air differ in thedte of energy absorption. The roentgen hasrfafieo a quantity, called
the absorbed dose which specified the amount éditiad energy absorbed per unit mass of the méatditinitial unit was
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the radiation absorbed dose (rad) and is equad@ery of energy in 1g of absorbing medium (1 rekDé erg/g of medium).
The Sl unit of absorbed dose is the gray (Gy) andkfined as the absorption of 1J of energy pegkiim of medium [3, 5].

16y = 1 f/kg = 100rads 1)
For a tissue average absorbed dose is defined as
Dy =L 2)
Mt

Wheree; is the total energy deposited in a mass of tissu@gan and Ms the mass of tissue or organ

2.2 Dose Rate
The dose rate is the dose absorbed per unit timenalicates the amount of radioactive dose recebyed person within a
certain period of time. The dose rate in our deteist then the energy rate entering the deteg}grdivided by the mass of
the detector which is

=i ®

 4mr2pt
Wherep is thevolume density of the detector anslthe depth to which the particle penetrate

2.3 Equivalent Dose
The equivalent dose (H) is defined to indicate ieogical implication of radiation exposure at ééwf absorbed dose
encounter in normal radiation protection. If ingesific tissue, organ, or part of the body, T, ¢inergy dos®;  is caused
by a radiation field of type R, then the equivalenbrgan dose is given by

Hrr = Drr X Wg (4)
wherewyis the radiation weighting factor given in[4].
Equation(4) defined the partial-body doses T fogieen radiation field R, if several different typd radiations work
together, the corresponding partial-body doseviergby
Hr = YrHrr = XrwrDr g (5)
The S.I unit for equivalent dose is called thev8ie(Sv) the old unit is the rem. Thus, 1(Sv) On. The weight factor is
dimensionless, hence,

1(Sv) = 1JKg™1 (6)

2.4  Effective Dose

The effective dose equivaléit;, = (E) can be derived from equation (5) by weighting diifeerent energy doses with the
tissue weighting factaw; and it's defined d$,;r = Yy wrHy = YXrwr XgWrDr g [4]. (7)

Dose units for penetrating external radiation aad radiation of low penetrating depth have beemothiced in many
national radiation-protection regulations.

2.5 Interaction of Gamma Rays with Matter
There are three major types of interaction mechmafis gamma rays; photoelectric absorption,

2.5.1 Photoelectric Absorption
In the photoelectric absorption process, a phototlergoes an interaction with an absorber atom aredad the atomic
electrons, known as a photoelectron, is releaske.rost probable origin of the photoelectron isrtiuest tightly bound or k
shell of the atom. The photoelectron appears witereergy given by

Ee = hv - Eb (8)
whereE, represents the binding energy of the photoeledtrdts original shell[5, 6].
The photoelectric process is the predominant mddet@raction for gamma rays (or X- rays). The mssis also enhanced
for absorber materials of high atomic number Z.ti® best of our knowledge there is no single exgioesthat is valid for
the probability of photoelectric absorption pernatover all ranges af,and Z, but a rough approximation is given by

T= c% 9)

Where C is constant and the power n varies betwesmd 5 over the gamma-ray energy region.

2.5.2 Compton Scattering
The interaction process of Compton scattering tgkese between the incident gamma - ray photonaandlectron in the
absorbing material. In Compton scattering, the imicg gamma - ray photon is deflected through areghgith respect to
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its original direction. The photon transfer giveshare of its energy to the electron (assumed toitially at rest), which is
then known as a recoil electron. An expression teddtes the energy transfer and the scatterindeaiog any given

interaction is given by
hv' = (—hvz h ) (10)
1+ (1—cos 8)

moC2

Wheremy is the rest mass energy of the electron (0.511M#¥) probability of Compton scattering per atonthaf absorber
depends on the number of electrons available ates0g targets and therefore increase linear &ith

2.5.3 Pair Production

The process of pair production is energeticallyspas if the gamma rays energy exceed twice themass energy of an
electron. In the interaction (which must take placthe coulomb field of a nucleus), the gammaphgton disappears and is
replaced by an electron- position pair. All thezeess energy carried in by the photon above th2Me®¥ required to create
the pair goes into kinetic energy shared by thétqmesand electron. The positron subsequently dlatéhafter slowing down
in the absorbing medium. Practically, the probabibf this interaction remains very low until th@amgma-ray energy
approaches several MeV and therefore, pair prooludsi predominantly confined to high energy of geavmays [6, 7].

3.0 Methodology
3.1  Theory

Natural background radiation comes from cosmicatia and some from food and drink. The greatesttifon is from the

sources in the earth’s crust. Cosmic rays are etiergharged particles (mainly protons angarticle) which rain down on
the earth from the outer surface, interact in thpewn atmosphere and produces showers of rays enttagls, a fraction of
which penetrates to the earth’s surface[5].

The concentration of atmospheric radon of terralstniigin contributes about 60% to the gamma rémtiabsorbed dose in
the environment while cosmic rays account for tees1 10%. The passage of gamma ray energy throadgfemis governed
by the Beer Lambert exponential decay low given by

[ =Ije ™ (11)

Wherau is the energy absorption coefficient of the medamd x is the distance of propagation.

Hence, the attenuation of gamma-ray energy in aiunedepends largely on the magnitude of energyatami from the

source and absorption coefficient of the mediume Tittensity reduces through one or a combinatiothefprocess of
photoelectric effect, Compton scattering and paadpctions which continue until the energy is costgly absorbed. High
intensity of radiation in the environment may hakenaging effect on human health[8].

3.2  Procedure

An experiment was conducted to investigate thecef#® changes in vertical height of the environma¢igamma radiation
absorbed dose level in the environment. The ganaaiation absorbed dose level measurement wereedaotit Within four
weeks interval between 9&f December, 2014 and 2®f January, 2015 by using a Geiger-Muller(G-M) tuBecade
scalar with variable EHT supply, stop watch andegemrule.

The experiment was at Bayero University Kano, Na@emhe ground level was assumed to be (0 meterg wree first
experiment was conducted; the procedure was rapeatsg different heights (3, 6 and 9 meters)from ground level. The
decade scalar was placed one meter above the gtewgidon each floor and the radiation levels waeasured by noting
the amount of ionization produced in the air. Tleealle scalar recorded changes in the cumulativeation counts in air
with time and the readings were taken every 10 tasor a period of 3 hours during each day of meament. Hence, the
variation of the cumulative absorbed dose in athwime and the dose rate were determined.

4.0 ResultsandDiscussion
The result obtained from our experiment was talkdlaind presented below:
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Table 1: The values of the cumulative gamma radiation diesbidose and cumulative absorbed dose rate inithir@gular
time intervals at the ground floor (Om).

S/N | Time(minute) | Cumulative Dose (E-8) Gy Cumulatie Dose Rate (E-8)Gy/hr
1 10 0.397 2.38
2 20 0.784 4.71
3 30 1.19 7.14
4 40 1.635 9.82
5 50 2.049 12.29
6 60 2.464 14.79
7 70 2.885 17.32
8 80 3.272 19.64
9 90 3.682 22.1
10 | 100 4.09 24.55
11 | 110 4.56 27.37
12 | 120 4.978 29.88
13 | 130 5.4 32.41
14 | 140 5.774 34.66
15 | 150 6.184 37.12
16 | 160 6.623 39.75
17 | 170 7.023 42.15
18 | 180 7.435 44.63

Table 2: The values of the cumulative gamma radiation alesbdnse and cumulative absorbed dose rate in tirregular
time intervals at the first floor(3m).

S/IN | Time(minute) | Cumulative Dose (E-8)Gy] Cumulativddose Rate (E-8)Gy/hr
1 10 0.328 1.97
2 20 0.653 3.92
3 30 0.968 5.81
4 40 1.287 7.73
5 50 1.585 9.51
6 60 1.918 11.51
7 70 2.244 13.47
8 80 2.55 15.31
9 90 2.854 17.13
10 | 100 3.168 19.02
11 | 110 3.487 20.93
12 | 120 3.802 22.82
13 | 130 4.114 24.69
14 | 140 4.417 26.51
15 | 150 4,748 28.5
16 | 160 5.063 30.39
17 | 170 5.399 32.41
18 | 180 5.702 34.23
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Table 3: The values of the cumulative gamma radiation alesbdpnse and cumulative absorbed dose rate in girragular
time intervals at the second floor(6m).

S/N | Time(minute)] Cumulative Dose (E-8)Gy Cumulatidese Rate (E-8)Gy/hr
1 10 0.315 1.89
2 20 0.614 3.69
3 30 0.916 5.49
4 40 1.196 7.16
5 50 1.491 8.95
6 60 1.794 10.77
7 70 2.112 12.68
8 80 2.401 14.41
9 90 2.69 16.15
10 | 100 2.982 17.9
11 | 110 3.3 19.81
12 | 120 3.62 21.73
13 | 130 3.937 23.63
14 | 140 4.295 25.78
15 | 150 4.591 27.56
16 | 160 4.91 29.47
17 | 170 5.237 31.43
18 | 180 5.54 33.25

Table 4: The values of the cumulative gamma radiation desbidose and cumulative absorbed dose rate inithire@gular
time intervals at the third floor (9m).

S/N | Time(minute) | Cumulative Dose (E-8)Gy] CumulativédDose Rate (E-8)Gy/hr
1 10 0.301 1.81
2 20 0.661 3.97
3 30 0.95 5.7

4 40 1.347 8.09
5 50 1.662 9.98
6 60 1.938 11.64
7 70 2.195 13.18
8 80 2.41 14.47
9 90 2.641 15.85
10 | 100 2.861 17.17
11 | 110 2.92 17.53
12 | 120 3.038 18.24
13 | 130 3.188 19.14
14 | 140 3.338 20.04
15 | 150 3.482 20.9
16 | 160 3.584 21.51
17 | 170 3.731 22.39
18 | 180 3.853 23.13
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4.1  Graphical Representation of Data
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Figure 1: Variation of the cumulative gamma radiatios@tbed dose with time
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Figure 2: Variation of the cumulative gamma radiatios@tbed dose rate with time
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Figure 3: Correlation of the cumulative gamma radiatdnsorbed dose at heights 3m, 6m, and 9m respactiittl that of

the ground floor
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Figure 4: Variation of the cumulative gamma radiatios@ibed dose with time at 9m height

4.2  Discussion

The results obtained were tabulated and used te plo graphs. Table 1 gives the values of the ¢atme gamma radiation
absorbed dose and cumulative absorbed dose ratewith regular time intervals at the ground lefedsumed zero meter).
Table 2 shows the values of the cumulative gamrdatian absorbed dose and cumulative absorbed dséan air with
regular time intervals at the height three metéva the ground level (3meter).Table 3 shows theegaof the cumulative
gamma radiation absorbed dose and cumulative agatise rate in air with regular time intervalshat height six meters
above the ground level (6meter). Table 4 givesviilaes of the cumulative gamma radiation absorhmesg dind cumulative
absorbed dose rate in air with regular time intisra& the height nine meters above the ground i@vaieter).

Looking at these tables (Table 1,Table 2,Tablend, Bable 4) one observed that the cumulative ganaui@tion absorbed
dose increased with increased in time, though maximabsorbed dose in table 1 is higher than maximbsorbed dose in
table 2.And maximum absorbed dose in table 2 ihidrighan maximum absorbed dose in table 3.and raEdmum
absorbed dose in table 3 is higher than maximurorbbd dose in table 4. These shows that cumulgtvema radiation
absorbed dose is higher at ground level with valig435 x 10~8Gyand also it is least at nine meters above the groun
level with value 0f3.853 x 1078Gy.

Also from these tables (Table 1,Table 2,Table 8| @able 4) we observed that the cumulative gamrdatian absorbed
dose rate increased with increased in time, alsxirman absorbed doserate in table 1 is higher tharimum absorbed
dose rate in table 2. And maximum absorbed doseimatable 2 is higher than maximum absorbed datein table 3.and
also maximum absorbed dose rate in table 3 is higen maximum absorbed doserate in table 4. Thasavs that
cumulative gamma radiation absorbed dose ratelsehiat ground level with value ¢#.63 x 10~8Gy/hrand also it is least
at nine meters above the ground levelwith val@3df3 x 10~8Gy/hr.

These results obtained were used to plots our grapigurel shows the graph of variation of the dabwe gamma
radiation absorbed dose in air with time at grolewvetl and also at the vertical height of 3m, 6m @ndrespectively.

We observed that at time equals to ten minutesr(ibite) the cumulative absorbed doses are the &amadl three different
heights. As the time increases the graphs stagrgiivg from each other this is due to the variabbgamma radiation with
height.

Figure2 shows the graph of variation of the cutivdagamma radiation absorbed dose rate in air title at various
vertical heights (0, 3, 6 and 9meters) respectively

We observed that at time equals to ten to twentyputes (10-20 minute) the cumulative absorbed dosés are
approximately the same for all three different héig As the time increases the graphs start dingrijom each other this is
due to the variation of gamma radiation with height

From the graphs of figurel and figure 2 it couldobserved that the cumulative absorbed dose andlative absorbed dose
rate are highest on the ground level (Om height)datreases with height as shows from 9m heighttwinas the least value
of the cumulative absorbed dosecumulative absodbed rate. This is due to the fact that gamma tiadi@mitted from the
earth's surface by radioactive elements is corsitler be maxima. Because, the elemental contenthenaatural
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radioactivity of building materials used for conglting houses are increasing exposure to radiatmosar environment. The

presence of these radioisotopes in materials caademal exposure to the people who are livintha building especially

ground level. For exampfé®Ra and®™?Th can increase the concentratio”@Rn and®®Rnand of its daughter’s product in

the building. Th&K radionuclide causes external exposure while tinalation 0of*Rn*?°Rn and their short lived progeny

leads to internal exposure of the respiratory ttaetipha particles [9, 10].

Considering the nature of the graphs in figurelfgure 2, one observed that the graphs follow linedation describing

cumulative dose and dose rate with time, exceptab®n height. The line representing 9m height slmgadratic relations,

the reason for this is that the contribution ofioadtive elements from earth’s surface are decseasewe go away few

meters from the ground level because the contdbudf terrestrial’s gamma radiation is decreadeselcan keep increasing

the height a state will be reached were the cantich of radioactive elements from earth’s crudt & negligible.

Figure 3 shows the correlation of the cumulativengea radiation absorbed dose at heights 3m, 6m9amniespectively with

cumulative gamma radiation absorbed dose at grimwed

Because of the nature of the graphs at nine meighti(9 m) in both figure 1 and figure 2.we intooéd Figure 4 and shows

that Variation of the cumulative gamma radiatios@bed dose with time disobey linear relations foildws quadratic

relations.

The linear equation that can describe the relati@tween the cumulative gamma radiation absorbedgdio air with time is
y=at+p (12)

yCumulative gamma radiation absorbed doss timeq and § are constants that obtained using regression sisaly

Table 5: Model summary of regression analysis using SPS8 &6the gamma radiation absorbed dose rate iratair

different height(m)

Vertical height (m)| Mean dose rate ( X)@y/hr | Regression Parametels
a B R?

0 23.48 0.249 --0.214 1.040

3 18.10 0.189 0.118| 1.040

6 17.32 0.185 -0.230 1.040

9 14.71 0.120 3.296| 0.956

Table 6: Two different statistical modelsof equation obéarusing SPSS16.0 at height 9m.

Linear relations coefficient and regression pareametQuadratic relations coefficient and regressiaameter

a B R? a B ) R?

0.120 3.296 0.956 0.222 0.000 -0.930 0.997

Table 5 shows the model summary of regression aisaljsing SPSS 16.0 of the gamma radiation absatb®el rate in air at
different height (m), it provided the values of ffaent of linear relations and constamtand B respectively, using
experimental data. It also shows that mean dosdsatecreases with increases in height.
Table 6 is the two different statistical models ezfuation obtained using SPSS16.0 at height 9misfiaear relations
coefficient and regression parameter andquadreltions coefficient and regression parameter dieioto investigate which
model equation can best describe the nature ofji@ph as the vertical height increase. Therefo@aheight the quadratic
relation is best equation to describe the relatiowl its

ymat*+ pt+46 (13)
Whereg, 8 and § are constants that are obtained using regressaigsig
The statistical result shows that regression patemi@ is closer to unity in quadratic relation than iimefr relation. These
differences can be seen in the table 6.since tression parameter in quadratic relation is highan in linear relation we
can conclude that quadratic relation is best eqnatiat can describe the nature of variation ofirgtgamma radiation with
height at vertical distance of 9m.
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5.0 Conclusion

Due to the health risks associated with the exposure to indootioadienany governmental and
international bodies such as the International Commission on Radid¢lBgitaction (ICRP), the World
Health Organization (WHO) etc. have adopted strong measured aimmainimizing such exposures
[11].

Within the limit of experimental error, we show that the mean datgeat 9m height has the least value
compares to others below it. This is due to the fact that gaauiegtion emitted from the earth's surface
by radioactive elements is considered to be maxima. Becauselethental content and the natural
radioactivity of building materials used for constructing housesnareasing exposure to radiations to
our environment. The presence of these radioisotopes in materials causesd exfsure to the people
who are living in the building especially ground level. For exarfiffiRa and®**Th can increase the
concentration of?Rn and?*Rnand of its daughter's product in the building. Tfi€¢ radionuclide
causes external exposure while the inhalatici®h?*Rn and their short lived progeny leads to
internal exposure of the respiratory tract to alpha particles.

These results has shown that gamma radiation absorbed dose in themeerirreduces with increasing
in vertical height.
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