Becthuk KPAYHILI. ®us.-mat. Hayku. 2021. T. 35. Ne2. C.100-109. ISSN 2079-6641

MSC 86A10 Research Article

Investigation of the influence of buildings on the total gamma
background radiation

E. Yeboah!, P. Macdonald!, G. A. Yakovlev?

I Tomsk Polytechnic University, 30 Lenina ave., Tomsk, 634050, Russia
2 Tomsk State University, 36 Lenina ave., Tomsk, 634050, Russia

E-mail: eugeniayeboah64@gmail.com

The influence of buildings on the total gamma background radiation was investigated. The
total gamma radiation between a building made from bricks and a field, which are 100
m apart (away from the influence of other buildings), was measured using a scintillation
detector. Measurements of ambient equivalent dose rate at different heights above the soil
and a horizontal distance from 0.1 m — 100 m in variable steps were taken. A new approach
was developed to assess the contribution of gamma background radiation from the soil and
the building to the total gamma background radiation. It was obtained that the gamma
background radiation contributed by buildings, greatly affects the total gamma background
radiation up to a distance of 2 m, at which there was a significant decrease in the total
gamma background radiation. The percentage of the building that contributes to the total
gamma background radiation is noted to be between 4 — 29% of the total gamma back-
ground. This shows that most of the background radiation in the environment is contributed
by the gamma background radiation in the soil. Also, the annual equivalent dose received
by a person who sits near the building was 0.09 mSv, which was higher than an adult who
works far away from the building (0.08 mSv). Both were however less than the global level.
[t also was found that the best place to install a detector for measuring gamma radiation
was found to be a distance of 1.5 m away from the building.
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INTRODUCTION

There are two main sources of ionizing radiation; these are man-made and natural
radiation. Natural radiation can be found everywhere and can be classified into four
sources; cosmic radiation, terrestrial radiation, inhalation, and ingestion. Cosmic radia-
tion is made up of particles that move very fast which includes proton molecules that
when emitted enters the earth’s crust and are absorbed by humans [1]. This radiation
mostly comes from the sun and other celestial bodies such as the stars. Radionuclides
that mainly contribute to natural radiation include uranium, potassium, and thorium
[2]. Some places where natural radiation can be found include the materials used for
building. The easiest way by which humans are exposed to radiation is by inhalation
of radioactive gases, which emanate from the soil. Some of these radioactive gases in-
clude radon, which is a daughter decay products of uranium. Radon mostly increases
the gamma background radiation in the soil and when inhaled in large quantities, affects
human health [3]. The amount of radon in the soil is increased due to weather conditions
and factors such as the amount of precipitation, depth of snowfall, temperature, and so
on [4,5]. The amount of gamma radiation at a particular place also depends on the
geological and geographical structure of the place [6]. Several works have been done
on the gamma background radiation of buildings and soil. This is done by measuring
the gamma dose rate of both building and soil. According to Medeiros et. al., [7] on
how soil and buildings influence outdoor gamma dose rate in Sao Paulo, Brazil. The
average gamma dose rate that was contributed by soil was found to be 80.9 4+ 0.642
nSv/h and also it was found that the percentage contributed by building to the outdoor
ambient gamma dose rate was about 35% with about 65% being contributed by soil for
the measurement taken at 1 m height above the soil. Buildings are a source of back-
ground radiation because the materials such as cement, sand concrete and so on used
in their construction contain background radiation. Hence assessing the contribution of
total gamma background radiation of building and soil as a percentage is very important
since most humans live in buildings that are made of cement, gravel, and sand which
contain gamma background radiation sources [8]. This goal was actualized by measur-
ing the gamma background radiation (dose rate) between a building made from bricks
and a field, which were 100 m apart, and hence finding the percentage the building
contributed to the total gamma background radiation.

In this work, a method for assessing the contribution of total gamma background
radiation of building and soil as a percentage was developed.

MATERIALS AND METHODS

In this study, a scintillation detector (BDKG-03) was used. The BDKG-03 is a highly
sensitive scintillation counter with a sensitivity of 350 (imp/s)/(uSv) for 137Cs which
is used to measure gamma dose radiation. It measures gamma background radiation
within the energy range of 50 keV — 3 MeV. It also measures the ambient equivalent
dose of gamma radiation within the range of 0.03 uSv - 10 mSv and that of power
ambient equivalent gamma radiation dose in a range of 0.03 — 300 uSv/h.

Tomsk is a city in Siberia, Russia. It lies in the south-eastern west Siberian Plains
in the southwest of the Siberian Federal District. The area chosen for this study was
between a building and a field, which are 100 m apart. The building is located at a
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longitude of 56.4681594 and a latitude of 84.9352326 close to a forest with no building
more than 100 m away (Figure 1).

Fig. 1. A map of the study area

To measure the total gamma background radiation, the ambient equivalent dose was
first taken in steps of 50 cm from 10 cm to 2 m away from the building at height in
steps of 50 ¢m from 10 c¢m to 1 m above the ground.

After 2 m, measurements were taken in steps of 1 m from 3m to 10 m and in steps
of 10 m from 20 m to 100 m away from the building with height in steps of 50 ¢cm from
10 cm to 1 m above the soil as indicated in Figure 2.
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Fig. 2. Scheme of measurement

All measurements were taken at a time interval of 5 minutes. A graph of dose rate
against distance was plotted to find the coelficient of absorption in the air as in formula:
exp(—pux) Where u is the coefficient of absorption in air, x is the distance.
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The contribution of gamma radiation from building and its percentage to the total
gamma background radiation was calculated using equation (1) and (2) respectively;

Hy(x) = H(x) — H(20), (1)
P= %")) x 100%. (2)

Where Hp(x) — dose rate influenced by only building, H(x) — dose rate at x m, x -
distance, m; 20 m was chosen as base background value because there was a significant
decrease in dose rate away from building far that 20 m.

The annual equivalent dose was then calculated using the ambient dose rate mea-
sured.

E=HXOF XxT xCF (3)

Where E - the annual effective dose, H — dose rate, OF — outdoor occupancy factor
= 20%, T - time converted from year to hours = 1 year = 8760 hr, CC - conversion
coefficient for an adult = 0.7 for converting absorbed dose in the air to effective dose in
humans [9].

RESULTS AND DISCUSSION

This section presents and discusses the measurement results of this study. Figure

3 shows the dose rate and distance for different measurements of height above the soil
surface.
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Fig. 3. Dependence of dose rate and distance for the different heights

From the graph, it can be seen that generally, the dose rate decreases as we move
further away from the building and as we measure above the soil surface. Also, the dose
rate from 20 — 100 m decreases significantly because the gamma background radiation
was influenced by only soil since the building was further away. Furthermore, the dose
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rate decreases proportionally with distance squared. The dose rate from a distance of 0
- 10 m was higher because the gamma background radiation from both building and soil
contributed to the total gamma background radiation. Besides, for measurement of dose
rate above soil surface at a height of 0.1 m and 0.5 m, the results obtained were distorted
and hence they were not decreasing close to exponential. This might have been due to
the amount of radon concentration present in both air and soil. It might also have been
due to changes in the weather condition and the presence of thoron in the environment.
Also for all cases, there is a decrease in dose rate at a distance from O ¢cm - 10 cm. This
is mainly because of the presence of concrete laid around the building. The ambient dose
rate of each measurement taken for 5 minutes ranges from 65.9 nSv/h to 85.92 nSv/h.
The error for a single measurement ranges from + (0.03 — 0.04) nSv/h. The distance
0 cm corresponds to the wall of the building made from bricks. For this work, due to
the reasons stated earlier, measurement taken at 1 m height is mostly considered.
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Fig. 4. Dependence of ambient dose rate against distance from 10 cm - 20 m and single
exponential fit curve

Figure 4, shows that there was a decrease in gamma dose rate at a distance from 0
cm — 10 ecm. This is due to the presence of concrete that is laid around the building.
Concrete contains a smaller amount of radionuclides, which contributes to the gamma
background radiation such as radon, hence the notable decrease in dose rate from 0 cm
— 10 cm. 20 m is chosen as the dose rate, which is influenced by only soil because there
is a significant decrease in the ambient gamma dose rate.

From the graph, we obtained equation (4);

y=2.34691 x 1078 x exp(—0.19474 - x) +6.08 x 108 (4)

Where u - is the coefficient of absorption in air, x — is the distance. Comparing the
exponential indicator with the equation, u = 0.19474.

Calculation of the annual effective dose and gamma background
contribution from buildings

The total gamma background radiation from O — 10 m is influenced by both building
and soil, hence to find the gamma background influenced by only building, the dose rate
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at 20 m which is influenced by gamma background radiation from only soil is subtracted
from the dose rate from the distance of 0 — 10 m. The gamma dose rate that contributes
to the total gamma background radiation ranges from 2.48 — 2.90 nSv/h, which is very
small when compared to the total gamma background radiation.
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Fig. 5. Contribution of only building to the total gamma background radiation

Figure 5 shows that the contribution of gamma background radiation from the build-
ing is between 4 — 29 % of the total gamma background radiation, which is less than
50% of the total gamma background radiation. This shows that most of the gamma
background radiation was due to the contribution of the gamma background radiation
from the soil. This must be due to the presence of radon and other radionuclides such as
thorium and uranium in the soil, which increases gamma background radiation. Also,
the house was made from brick which mostly contains materials that do not contribute
much to gamma background radiation. As the distance increases, the percentage of
gamma background radiation from the building that contributed to the total background
radiation decreases because the dose rate decreases proportionally with distance squared.
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Fig. 6. Gamma dose rate distribution for different height

Figure 6 shows the dose analysis for the measurement taken at different heights of
0.1 m, 0.5 m, and 1 m above the ground. The influence of dose on gamma background
radiation increased with increasing distance as we measured further away from the
building. The dose also increased with increasing height from above the ground.

The annual effective dose [10] from gamma background radiation was calculated
using equation (4).
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Fig. 7. Average annual effective dose

Figure 7, shows that the average annual effective dose for an adult, who sits near the
building at a height of I m and a distance within 5 m for a year, is 0.09 mSv [11]. Also,
the average annual effective dose of an adult who works far away from the building from
a distance of 50 m — 100 m is 0.08 mSv, which are both less than the global level of
0.48 mSyv. The average annual effective dose of an adult who sits near the building is
higher than an adult who works far away from the building. This is because both the
building and the soil contribute to the total dose rate near the building, which is higher
than the total dose rate far away from the building, contributed by only soil.

Finding the best place to install a gamma radiation detector

Locating the best place to install a gamma radiation detector is very important
because this would help monitor the amount of gamma radiation (dose rate) a person
is been exposed to. To find the best location, 3 different height (0.1, 0.5 and 1 m) and
3 different distances (1, 1.5 and 2 m) were considered. The distance of 1 — 2 m was
considered because the building was taken as the main source of the gamma radiation
and since the same number of photons would be spread out over a big area [12]. Also
based on the inverse law the maximum dose rate would be measured near the building
than further away from the building which is been backed by experimental readings
taken from previous results. The distance of 1 — 2 m would also allow easy monitoring
and surveillance of the detector, which might be prone to theit. The average height of a
person and the cost of materials were taken into consideration when choosing the height
because if the distance was long more materials would be needed to construct the pole
required to hang the detector on and this will increase the cost involved.

Figure 8 shows the percentage of the 3 different distances with their corresponding
3 different height. The building was taken as 100% since that was the main source of
gamma radiation. From the figure, as we increased the distance away from the building,
the dose rate decreased. The dose rate also decreased with increasing height. The best
place that would be chosen to install the detector would be a distance and a height of
1.5 m away from the building since that is the average distance that was chosen.
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Fig. 8. The percentage of the 3 different distance with their corresponding 3 different
height

CONCLUSIONS

The total gamma dose rate near the building decreases with an increase in the
distance because the total gamma radiation near the building is contributed from both
the soil and the building, which is made from materials that contribute to gamma
background radiation. The gamma background radiation contributed by buildings, greatly
affects the total gamma background radiation up to a distance of 20 m, where there is
a significant decrease in the total gamma background radiation. The total dose rate of
gamma background radiation decreases as we measure above the soil at heights of 10
cm, 50 cm, and 1 m. This is explained by the fact that the soil contains radon, a noble
gas, which contributes to the increase in the total gamma radiation. Radon first settles
into the ground and then diffuses into the environment. This makes the concentration of
radon decrease with increasing height above the soil surface, which results in a decrease
in the total gamma background radiation with increasing height. The percentage of the
building that contributes to the total gamma background radiation is noted to be between
4 — 29% of the total gamma background, which is less than 50%. This shows that most
of the background radiation in the environment is contributed by the gamma background
radiation in the soil. The annual equivalent dose rate that sits near the building is found
to be 0.09 mSv, which is higher than an adult who works far away from the building,
found to be 0.08 mSv. Both of these values are less than the global level of the annual
effective dose of 0.48 mSv. This shows that a person who sits closer to the building is
exposed more to gamma radiation and therefore has to spend fewer hours close to the
building. The best place for placing a gamma radiation detector was found to be 1.5 m
away from the building and at a height of 1.5 m. Hence, this method for assessing the
contribution of gamma background radiation from soil and building as a percentage is
optimistic.
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YK 550.35 Hayunas cratbs
Bausinve 31aHUM HAa CyMMapHbIM ramMmma-(oH
10. ﬁe6oax1, II. Makdonand!, I'. A. Sxoenes?

I Tomckuil monuTexHudeCKuit yHuBepcutet, 634050, Poccus, r. Tomck, np. Jlenuna, 30
2 Tomckui rocynapctBeHHblid yHuBepcutet, 634050, Poccus, r. Tomck, np. Jlenuna, 36.

E-mail: eugeniayeboah64@gmail.com

WccnenoBaHo BausiHMe 30aHUHE Ha OOWMK ramma-(oH. [aMma-GpoH MeXAay KHPNHYHBIM
30aHHEM U ToJieM, Haxonsmumest Ha pacctossHuu 100 M gpyr oT apyra (BHajau OT BJHSHHS
IPYTUX 30aHUH), H3MEPSJIOCH C MOMOIBIO CHUHTUJNSLUOHHOTO eTEKTOpa. Dbl mpoBeneHs!
M3MepeHHs] MOIHOCTH aMOWEHTHOrO 3KBHBAJIEHTa J03bl Ha Pa3HOH BLICOTE Hal MOYBOH W Ha
ropudoHTanpHoM paccrosHud oT 0,1 m no 100 M ¢ mepemeHHBIM Marom OT 3naHus. DBbln
pa3paboTaH HOBBIH MOAXON MAJs OLEHKH BKJAAa OT TMOUBBl M 3[aHHSl B OOLIME ramma-QoH.
Bblsio mosydeHo, 4To raMMa-u3syueHue, BHOCHMOe 3IaHUSMHU, CHJIbHO BJIMSET HAa CyMMapHbIH
ramMma-(oH Ha pPacCTOSTHHH [0 2 M, HAa KOTOPOM HabJIIOfa/JoCh 3HAUUTeJNbHOE YMeHblIeHHe
u3aydeHus: B obuieM. OTMedeHO, UTO MPOLEHT BHOCUMOrO 31aHHEeM BKJ/ala B OOLIUH ramma-
doH, cocrasysier oT 4 10 29%. DTo MOKa3bIBaeT, UTO GOJIbIIAs YacThb (HOHOBOTO U3JYUEHHUS
B OKpyxXalollell cpene obecrieynBaeTcsl ramMma-uajydeHueM nouBel. Kpome Toro, romosas
9KBHBAJIEHTHAs [103a, MOJyueHHast YeJ0BEKOM, CHASLIUM PsIoM co 3naHueM, coctaBuaa 0,09
M3B, UTO BHIlE, YeM Yy B3pocJjoro, paboratoiiero naneko ot 3nanus (0,08 m3B). OnHako
06a 3HaueHHs HHKe CpelHeMHPOBOro. TakiKe OblJI0 0OHAPYKEHO, UTO JYUYIIUM MECTOM MJist
YCTaHOBKH JIeTEKTOpa raMMa-u3JaydyeHus OyneT yaaseHHoe Ha 1,5 M OT 3naHus.

Karouesoie crosa: 30anus, eamma-@oH, MOUHOCMb aMOUEHMHO20 IK8UBANEHMHA 003bL,
nousa, eodosas IKksuUBaALeHMHAsS 003Q.
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KoHKkypupylonmye uHTepechbl. ABTOPHl 3asiBJSIOT, YTO KOH(PJIHUKTOB MHTEPECOB B OTHOILEHUH
aBTOPCTBA U MyOJUKALUU HeT.

ABTOpPCKHMH BKJaJ M OTBETCTBEHHOCTb. Bce aBTOpBEI yyacTBOBa/JM B HAaNHWCAHWH CTaTbH U
MOJIHOCTBIO HECYT OTBETCTBEHHOCTDb 3a MPeNOCTaBJeHHe OKOHUYATEJbHOM BepCHM CTAThbU B IeYaTh.
OxkoHuaTesibHasi BepCHsl PYKOMHUCH Oblia 0n06peHa BCEMU aBTOPAMH.
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