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Abstract

The master’s dissertation consists of (128) pag@sigures; 59 tables; 60 references

Keywords: investigation, changes, background, tamiaTechnosphere, objects.

The objective of study is investigation of chanmegamma background radiation due to
technosphere objects in the urban environment.

The dissertation presents results of investigatiochanges in gamma background radiation
due to technosphere objects in the urban envirohrie study was carried out in the city of Tomsk,
Russia. Background radiation was studied usinglfigénsitive intelligent gamma detectors BDKG-
03. It was found that, within a radius of 1m froartain technosphere objects the absorbed dose was
1.5 to 4.4 higher than the UNSCEAR recommendedIsafe The highest recorded dose for a person
standing 50cm away from the technosphere objects20dnGy / h+ 5.5nGy/ t which is 2.4 times
higher than the recommended safe limit and 3.5gitngher than the world average. The range of
absorbed dose wa#AnGy/ h+ 1.9nGy to 374nGy / h+ 0.26nGy/ I.The calculated range of AEDE
was 0.05mSv/ yto 0.46mSv/yr and ELCR was 0.13510° to 1.60< 1073,

Application areas: Environmental protectid®adiological protectionhealth physics and
construction industry and city planning.

Cost-effectiveness/value of the work: The projedeasible and not very expensive.

Future plans: To continue research in this areasipty encamps a wide range of
Technosphere objects and possible Simulation terge the exact contribution of technosphere

objects to background radiafio
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Introduction

The modern era has been characterized by rapidstimalu development
consequently, manufacturing plants widely intesaith the natural environment on a
large scale. This rapid change in technologicalaades has put pressure on the
ecosystem, this has led to global environmentalessHuman manipulation of the
environment for economic and social means has edwhat is known as
"technologically enhanced naturally occurring radiive materials," and the materials
constitute some of the objects of the technoshEne. existence of technologically
enhanced naturally occurring radioactive matenady result in increased in radiation
doses within an urban environment. Industries nelgase significant amounts of
radioactive material into the environment which maagult in the potential for
widespread exposure to ionizing radiation. Thestustries may include mining,
phosphate processing, metal ore processing, heawrah sand processing, titanium
pigment production, fossil fuel extraction and casiion, manufacture of building
materials, thorium compounds, aviation, and scrapahprocessing (Vearrier et al.,
2009).

The influence of various objects of the Technosploer gamma-background of
the urban atmosphere has practically not beenestuai anyone. It is not known which
objects will increase the total urban gamma baakggaadiation, and which ones will
decrease it. And these objects have a potentiattease radiation doses with an urban
environment. As the level of urbanization risesrgwear, the number of technoshere
objects which have the potential to increase ramfialose also increasbechnosphere
Is that part of the environment that is made or ifrexl by humans for use in human
activities and human habitats. It is one of theliEsuspheres (Baeza et al., 2016). In this
regard Background ionizing radiation has becomeigehpublic concern all over the

world.
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Statement of the problem

Naturally occurring radioactive materials are ulttious throughout the earth's
crust but Human manipulation of the environmentdoonomic and social means has
led to what is known as "technologically enhancedlurally occurring radioactive
materials," often called TENORM. Technologicallyhanced naturally occurring
radioactive materials are present almost everywinettee Technosphere in the form of
Technosphere objects. The presence of Technospbbjects may result in
anthropogenic anomalies in the environment. Whaoh lee areas of increased gamma
background radiation. The influence of various otgef the Technosphere on gamma
background radiation has not been fully investiga@nd the contribution of
technosphere objects to the total background nadiatill remains unknown. Moreover,
itis not known which Technosphere objects wilregase the overall gamma background
radiation and which objects will decrease it. Ustimding the health impacts of public
exposure to gamma background radiation is criticgbroviding a rational basis for
regulating radiation exposure in today’s societier®e are several scenarios of such
exposures in the technosphere, from nuclear aes\wsuch as, Techa riverside residents
in the 1950s, Chernobyl, and radioactive contanonah buildings in Taiwan. But the
guestion continues to be asked whether there @erue of risk or expectation of
detriment based on projections from other sourceswadence. There are few
opportunities to conduct relevant studies that saocessfully quantify such risks
directly (Hendry et al., 2009). Since gamma-emitiadionuclides are common to most
forms of nuclear-related fallout, near-surface rtanmg of the «ambient equivalent
gamma radiation dose rate «has become widely adl@gta means of identifying such
events. The ambient equivalent gamma radiation caise(hereafter “ambient gamma
dose”) is measurable equivalent of the effectivama radiation dose, which quantifies
the human health risk associated with gamma radiaxposure (ICRU, 1993).

Several international studies carried out in regeats, have reported different
findings regarding the effect of background radition human health. However,

despite extensive knowledge of radiation risks e@inthrough epidemiologic
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investigations and mechanistic considerations,hiéredth effects of chronic low-level

radiation exposure are still poorly understood. ¢Hgret al., 2009).

Objectives
To investigate changes in gamma background radiatiee to Technosphere

objects in the urban environment.

Specific Objectives

To investigate Technosphere objects which causaifisgnt increase or
decrease in gamma background radiation in the whaimonment.

To compute the annual effective dose equivalent.

To computeexcess lifetime cancer risk associated with anem®e in gamma
background radiation due to Technosphere objects.

To compare calculated doses with the recommendé Isait and world

average

Research Questions

What factors affect background radiation?
How do Technosphere objects affect radiation dos#s urban environment?

Is there any healthy risk associated with an irsgelm gamma background

radiation due to Technosphere objects in urbarrenment?

What type of Technosphere objects increase or dsergamma background

radiation?
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Chapter 1 Literature review

1.1 Technosphere

The value of ecosystem functions and biodiversihg the associated capacity
of ecosystems to supply services in support of mumwell-being necessarily depends
upon the long-lasting and durable interaction amalh¢garth’ spheres (Rugani et al.,
2018) . The Earth that sustains us may be coreiderterms of different spheres. There
Is the lithosphere, made up of the rocky foundatiof our planet; the hydrosphere,
representing our planet’s water; and the cryosploemprising the frozen polar regions
and high mountains. The atmosphere is the air watbe, and we are also part of the
biosphere, made up of the Earth’s living organisifisese spheres have been in
existence, in one form or another, for most, or @il our planet’s 4.6-billion-year
existence. Most recently, a new sphere has emendech is referred to as the
technosphere. The technosphere is comprised of #ie structures that humans have
constructed to keep them alive on the plakghfs.org 2016). The technoshere is also
referred to us the anthroposphere. According taattiele “Impacts of Global Change
on the Hydrological Cycle in West and Northwestigdi The anthroposphere may be
defined as the part of the environment that is madenodified by humans. Put
differently, the anthroposphere is the sphere @k&idwrth system or its subsystems where
human activities constitute a significant source cbiange through the use and
subsequent transformation of natural resourcesyefisas through the deposition of

waste and emissions (Speth et al., 2010)

1.1.1Components of the technosphere

In the article (Zalasiewicz et al., 2017) the temsphere consisting of
technological materials within which a human comgdncan be distinguished, with
part in active use and part being a material residiae active technosphere is made up
of buildings, roads, energy supply structurestals, machines and consumer goods

that are currently in use or useable, together vatmlands and managed forests on

21



land, the trawler scours and other excavationh®fseafloor in the oceans, and so on

(Zalasiewicz et al., 2017)

1.2 Background ionizing radiation

Monitoring of environmental radionuclides is ne@gsto determine the
presence of natural and artificial radionuclidesomtler to assess the risk of the
population exposure to ionizing radiation (Avdicatt, 2020)Background radiation
estimation plays an important role in the anomalmadiation detection. Accurately
estimating temporal and spatial fluctuations ofdgaiound radiation helps to reduce the
false alarm rate and improve the estimation acgushanomalous source location (Liu
& Sullivan, 2019).

Background ionizing radiation has been existenteanth since the earth’s
formation. The exposure of humans and other liengatures to this radiation is a
feature of the earth’s environment which is contiguand inescapable. People are
aware that ionising radiation exposures come fromayXmachines, nuclear reactors,
nuclear explosions, extraction and processing oénail ores including uranium mining,
and the use of radioactive materials. However,avatryone is aware that we are all
exposed to ionising radiation because of the vatyne of the environment in which we
live in (Bibbo & Piotto, 2014). Natural radionualigl in the atmospheric environment

are shown in table 1.1 (Ramachandran, 2011).

Table 1.1 Natural Radionuclides in the AtmosphEn@ironment.

Isotope produced by cosmic rays Isotopes produoed terrestrial sources
Isotope| Half-life Radiation Isotope Halflife | Radiation emitted
emitted
1C 5730y Beta 22Rn (Radon)| 3.82d Alpha
32Gj 650 y Beta 2¥pp (RaA) | 3.05m Alpha
3SAr 269y Beta 214pp (RaB) 26.8m Beta, gamma
*H 12.3y Beta 2148j (RaC) 19.7m | Alpha, beta, gamma
22Na 2.6y | Beta, Gamma ?'‘Pb (RaD) 20.4y Beta
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S 87 d Beta 21 (RaE) 5.0d Beta

Be 53d Gamma (EC) 2Po (RaF) | 138.4d Alpha
STAr 35d Gamma (EC) ?°Rn (Thoron)| 55s Alpha

3p 25d Beta 21pg (ThA) | 0.158s Alpha

32p 14d Beta 212pph (ThB) | 10.64h Beta, gamma

2’Na 15 hr | Beta, Gamma 2'‘Bi (ThC) 60.6m | Alpha, Beta, gamma

Background ionizing radiation represents electrameéig waves and particles
that can ionize, that is, remove an electron frematom or molecule of the medium
through which they propagate. lonizing radiationyniiee emitted in the process of
natural decay of some unstable nuclei or follonemgitation of atoms and their nuclei
in nuclear reactors, cyclotrons, x-ray machinesotbrer instruments. For historical
reasons, the photon (electromagnetic) componemnaing radiation emitted by the
excited nucleus is termed gamma rays and thatedhfitbm machines is termed X rays.
The charged particles emitted from the nucleusedegred to as alpha particles (helium
nuclei) and beta particles (electrons) (United dliagj 2000).

A high natural background radiation (HNBR) arealé&fined as an area or a
complex of dwellings where the sum of cosmic radrmnd natural radioactivity in
soil, indoor and outdoor air, water, food, etc E&nl chronic exposure situations from
external and internal exposures that result iararual effective dode the public above
a defined level.(Hendry et al., 2009)

1.3 Sources of background radiation

More than sixty radionuclides can be found in theinment, which can be
divided into three general categories: Primordiahi¢h formed before the earth
creation), cosmogenic (which formed as a conseguehcosmic ray interactions), and
human produced (which formed due to human actidmsy are minor amounts
compared to natural). Radionuclides are found a#dyum air, soil, water, and food.

(Shahbazi-Gahrouei et al., 2013). Human produceidaative materials are due to the
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manipulation of the environment for economic andadenefits. And these materials
are part of the technosphere. Exposure to mannaalikgion has origins such as medical
diagnostic and therapeutic procedures; nuclear eresaproduction and testing; natural
background radiation; nuclear electricity genergtiaccidents such as the one at
Chernobyl in 1986; and occupations that entail @aased exposure to artificial or

naturally occurring sources of radiation.(Unitedibias, 2010)

The main natural sources of exposure are cosmidatraal and natural
radionuclides found in the soil and in rocks. Casnaidiation is significantly higher at
the cruising altitudes of jet aircraft than on #erth’s surface. External exposure rates
due to natural radionuclides vary considerably ffgate to place, and can range up to
100 times the average. An important radionuclidedon, a gas that is formed during
the decay of natural uranium in the soil and tlesps into homes. Exposures due to
inhalation of radon by people living and workinglaors vary dramatically depending
on the local geology, building construction and $ehold lifestyles; this mode of
exposure accounts for about half of the average anuraxposure to natural

sources.(United Nations, 2010)

1.4 Cosmic rays

Cosmic radiation is one of the sources of natuaakground radiation. Cosmic
rays originate from the sun, stars, collapsed ¢sarsh as neutron stars), quasars, and in
the hot galactic and intergalactic plasma. It hasyncomponents, such as X-rays,
gamma rays, and particles, which may be mesonsirahs, protons, neutrons, or
hyperons. Cosmogenic radionuclides are productteiatmosphere and the uppermost
layer of the Earth’s crust, in the interactionscofmic radiation with constituents of
those reservoirs. This group comprises more thas®0pes of elements ranging from
hydrogen to krypton.(Dinh Chau et al., 2011).

Cosmic sources can vary with the solar cycle ardirdfuenced by latitude,

barometric pressure, solar activity, diurnal cyeled weather(Keller & Kouzes, 2009;
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Mitchell et al., 2009). Studies have shown thatiogays strongly depend on latitude.
And research has shown that natural dose ratesdosmic rays depend strongly on the
altitude and slightly on the latitude (Daryoush 8bexzi-Gahrouei et al., 2013). In
addition, the amount of cosmic radiation that rescthe Earth and its environment is a
function of solar cycle, altitude and latitude (8& Smart, 2000). Furthermore, since
cosmic-radiation particles interact with the atnfuee, longer paths through the
atmosphere result in lower background levels. To#on is further supported by
(Keller & Kouzes, 2009Cosmic radiation is highly dependent on elevatiath Wigher
backgrounds at higher elevatidngsome cosmic radiation-induced neutrons make it to
the Earth’s surface. The interaction of chargedntosparticles and the Earth’s
atmosphere is also controlled by the Earth’'s mamppdtere (Keller & Kouzes, 2009).
Cosmic ray dose rate at various altitude and glgratiuction rates and levels of
cosmogenic radionuclides in the atmosphere is showtable 1.1 and table 1.2
(Ramachandran, 2011).

Table 1.2 Cosmic Ray Dose Rates at Various Altsude

Elevation Above | Equivalent Dose | Elevated Above | Equivalent Dose
Sea level (m) Rate (1Sv.y?) Sea Level (m) Rate (1Sv.y})

0 - 150 260 — 270 1220 -1828 39620

150 — 305 270 — 280 1828 — 2438 520 — 740
610 — 1220 280 — 310 1438 — 3408 740 — 1070
610 — 1220 310 - 390 > 3408 1070

25



in the

Table 1.3 Global Production Rates and Levels ofn@menic Radionuclides
Atmosphere.

Global Production Rate _ Global

inventory

Per unit area (atoms. ms?) (PBqg .y} (P.BQq)
3H 2500 72 1275
B 810 1960 413
198 450 0.000064 230
C 25000 1.54 12750
22Na 0.86 0.12 0.44
267\ 1.4 0.00001 0.71
325 1.6 0.00087 0.82
32p 8.1 73 4.1
3p 6.8 35 3.5
33 14 21 7.1
3eCl 11 0.000013 5.6
STAr 8.3 31 4.2
3°Ar 56 0.074 6
8IKr 0.01 1.%10° 0.005

1.5 Terrestrial rays

Terrestrial radiations from natural radioactivenedats in the ground, stones,

trees, and walls of houses contribute on the aeeathgut 0.28 mSv/year. The terrestrial

sources vary significantly from place to place. Séhare categorized into building
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materials and soils surface. Table 1.3 shows Cdratemn of primordial radionuclides

In various environmental matrices (Ramachandrah]l R0

Table 1.4 Concentration of primordial radionuclidesarious environmental matrices.

Environmental 238y 226Ra 40K 8Rb
Matrix
Igneous rock 0.04 0.048 1.2
(Ba/g)
Phosphate 1.60 1.50 0.4
rock(Bg/g)
Lime stone 16.0 5-20 30-150
(mBa/g)
Soil (mBqg/g) 37.0 16 100
Air ( uBg/m3) 1.2 1.5 22
Surface water 0.18-62.9 0.4-111.0 27x10 - 1.4< 16
(mBg/l)
Ocean surface 44.4 1.3-3.1 1.1x 10 0.9

water (mBg/l)

Ocean bottom 40.0 3.0-5.6 1.1x 10 100
water (mBg/l)

Human (Bq) 1,3-1.6 1.0-1.5 6300 455
Daily intake by 13.0 190-270 1x10 - 1.4x 10 7000
human (mBq)

Annual effective 1.2 7.0 180 6
dose (1Sv)

1.5.1Building materials

Determining population’s exposure to radiation frdmilding materials is

important, because human'’s life is spent insidelase to these Technosphere objects.
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Modified materials sometimes find themselves inldng materials. All building
materials contain amounts of natural radionuclitteg cause exposure of people to
lonizing radiation. Some waste materials from ngnand industry, such as fly ash,
phosphor gypsum and red mud are often used asvaddio building materials (Krsti

et al., 2007) and all these materials are knowrteeaknologically enhanced natural
radioactive materials (TENORM) (Ramachandran, 20kiestigation indicated that
terrestrial background gamma radiation in an urbpace depends on the type of
building materials used for the construction ofd®and pavements in as much as on

the density of buildings forming the geometry af 8ource (Nowak & Solecki, 2015).

The activity concentration of natural radionuclidesonstruction materials has
been studied and estimated in various countrieanar the world, for example in
countries such as such as Bangladesh (Alam 208l1), Pakistan(Khan & Khan, 2001),
Tanzania(Banzi & Msaki, 2000), Cyprus.(Michael &t 2010), China (Yang et al.,
2005), Angola (Salupeto-Dembo et al., 2020), Nméhaxwell et al., 2018) and the
state of Kuwait (Bou-Rabee & Bem, 1996). The figdifirom all the investigation found
that building materials contain a significate antoafiradioactive materials.

In the investigation of the effect of altitude lmsckground radiation, the outdoor
radiation measurements were performed by placiegdtectors at least six meters away
from any building or wall and one meter higher thtfa® ground, to reduce their effects
of buildings on background radiation on (D Shahifaahrouei, n.d.) This clearly shows

the strong influence that building material havetmmbackground radiation.

Moreover, the metal recycling industry has beconweasingly aware of an
unwanted component in metal scrap-radioactive nahtddost of these metal parts are
used in the construction industry. In a study earout in recent past Worldwide, there
have been 35 instances where radioactive sourcesuwmntentionally smelted in the
course of recycling metal scrap. In some casesanunated metal consumer products
were distributed internationally (Jo & Jg, 1998).and?*Th decay series radionuclides
and also thé®K are common elements to all earth born materialsradioactive

progenies of*®U and?32Th parents emit. or B particles followed by-rays until they
28



end up to stablé’®Pb and?*Pb. However, majority of the emittedandf particles

cannot come out from the sample matrix of the ntetéthe outside environment due to
their low penetration power. On the other hand,trobshey-rays can easily penetrate
the sample matrix of the metal and enter into tn&llimg atmosphere (Asaduzzaman et
al., 2015). In this regard gamma background measemés offers an effective means of

investigating the effect of Technosphere objecttherbackground radiation.

In a review paper titled "Radioactive Materials Recycled Metals." 35
accidental melting of radioactive sources in matdlls were reported, including 22 in
the U.S., along with 293 other events in the U.Ben radioactive material was found
in metals for recycling. There has been additica@didental melting of radioactive
sources in metal mills both in the U.S. and otleemtries around the world. There also
was an incident in Texas that involved stolen radive devices, which resulted in
exposures of members of the general public. Alse, ©¥).S. Nuclear Regulatory
Commission took steps to address the underlyingleno of inadequate control and
accountability of radioactive materials licensedliy Nuclear Regulatory Commission.
The Steel Manufacturers Association made availdal@a collected by its members
beginning in 1994 that expanded the database thoaetive materials found by the
metal recycling industry in recycled metal scrapoter 2,300 reports as of 30 June
1997. (Jo & Jg, 1998)

1.5.2Cements

Because background ionizing radiation has becomgga public concern a lot
of survey has been carried out on Portland cemelistry in many countries as it is one
of the key ingredients in the construction of bunigs (technoshere objects). During the
manufacturing process in the cement industry, ratenals of different levels of natural
radioactivity are utilized(Stojanovska et al., 2D10ement is one of the most common
material in building hence understanding its contpws is an important aspect of
radiation protection. Evaluation of the specifitivty (Bq kg?l) of its raw materials is

an important issue, for they could be a sourcearfsiderable indoor and outdoor
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radiation dose rate. In this study of the radiatagimpact of cements as a building
material and the different raw materials used &irtmanufacture results showed that
the highest mean specific activity in fly agfRa, 107 + 45 Bq kd; 2*?Th, 109 + 30
Bqg kgt; 40K, 685 + 171 Bq kd), which is used as a raw material. However, thalfi
cement product usually has relatively lower acgiabmpared with the activity of the
raw material and the mean specific activity of timal cement products were lower
(?*Ra, 42 + 10 Bq kd; 22Th, 28 + 6 Bq kg*; 40K, 264 + 50 Bq k).

1.5.2.1Fly ash

Fly ash is the residue of coal combustion colled¢tgaklectrostatic or cyclone
separator. It is one of the largest quantities aste disposed in the world. Utilization
of fly ash depends on its chemical, mineralogicahposition and morphology. Because
of coal nature, fly ash represents a significaatirack with presence of radionuclides
such a£?*Ra,?*?Th and*’K. The fly ash can be used for various applicatidie main
amount of the fly ash is used for building materijgtoduction as cement additive and
concrete production (Temuujin et al.,, 2019). Caadl &s byproducts often contain
significant amounts of radionuclides, includingnitam which is the ultimate source of
the radioactive gas radon. Burning of coal and skhsequent emission to the
atmosphere cause the re-distribution of toxic teleenents in the environment. Due to
considerable economic and environmental importamzk diverse uses, the collected

fly ash has become a subject of worldwide intarestcent years (Mahur et al., 2008)

1.5.3Radon in building materials

The largest contribution to exposure from natusstkground radiation comes
from radon, thoron and their progeny. Extensiveestigations have been carried out in
different countries to estimate the concentratiod @nanation of radon from building
material for example; Algeria (Amrani & Cheroudtd99), India (Bala et al., 2017) ,
Saudi Arabia (Amin, 2015), Iran (Abbasi, 201¥he natural radioactivity in building
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materials (technoshere objects) gives rise tonaleand external radiation exposure.
The worldwide average indoor effective dose dugatoma rays from building materials
Is estimated to be about 0.4 mSv per year (UnitaiibNs, 2000). The average effective
dose to the human population from this source amson54% (1.3 mSv annually) of

the total background exposure of 2.4 mSv per ydahat & Amin, 1990).

The sources of 222Rn in most dwellings are fromsibié underneath and the
building materials used for construction of the $@uSources of radon are the walls and
floors of building that are made of soil materiatlk as bricks, concrete, cement and
tiles (Mahat & Amin, 1990). It has been determitieat: The emission of radon per unit
area per unit time is called exhalation rate amgedds upon: (a) radium concentration
in the material which in turn depends on the unanaoncentration in the material, (b)
emanation factor of radon from the material, (ch)gsdy and density of the material,
and (d) diffusion coefficient of radon in the maaérRadon gas ionizes the ambient

atmospheres both indoor and outdoor (Bala et@L.7p

1.5.4Radioactivity in soils surface

Levels of terrestrial radiation differ from place place in soils as the
concentrations of these nuclides in earth’s crasiy \considerablyAccording to a
research carried out in India, regions of Maharashhd South Gujarat covered by the
Decan lava basalt are found to have low radioagtoontent. Gangetic alluvial regions
covering parts of Uttar Pradesh, Bihar and West géerhave higher natural
radioactivity, while the granite region of AndhreaBesh exhibits higher levels of the
primordial radioactivity (Ramachandran, n.d.). tidion to being the main source of
continuous radiation exposure to human, soil axts medium of migration for transfer
of radionuclides to the biological systems and kerit is the basic indicator of
radiological contamination in the environment.(A&idarneh & Awadallah, 2009).
Most of the radioactivity in the terrestrial enviraent whether it is natural or man-
made, is bound to the components of the soil. Tranation of this radioactivity from

soil is possible to vegetation via dust depositomoot uptake, water sources by flood
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wash-down, and forward to humans through inhalatweathing and soil ingestion.
Therefore, all pathways of exposure that origifiatmn soil are potentially important for
the purpose of radiation risk assessment. Henibe imvestigation of changes in gamma
background radiation due to technosphere objeatsiderable attention has been given
to the soil radioactivity. As it is the means otaddishing baseline data for future

radiation impact assessment, radiation protectimhexploration (Ramli et al., 2005)

Soil radionuclide activity concentration is onetloeé molar determinants of the
natural background radiation. A number of decaydpots of Th and U series and 40K
are the main components of gamma radiation origigdtom soil. About two thirds of
natural radioactivity which exposes public is atited to progeny of U series and
222Rn. The worldwide annual effective dose fronuradtsources is estimated to be 2.4
mSv (UNSCEAR 2000Natural radionuclides of the uranium—radium andttiogium
series as well as 40K are distributed in soil ainfmenogeneously, regardless of the
depth Dothariczuksrodka, 2012). Their concentration depends on local geological
conditionsIn addition to being the main source of continuoadiation exposure to
human, soil acts as a medium of migration for tiemsf radionuclides to the biological
systems and hence, it is the basic indicator ofolagical contamination in the
environment. (Al-Hamarneh & Awadallah, 2009). Moren the soil radioactivity is
usually important for the purposes of establishiageline data for future radiation

Impact assessment, radiation protection and expporéRamli et al., 2005).

1.6 Mineral extraction activities

Mineral extraction activities, such as those comellidoy oil, gas and coal
industries, are widespread throughout the Arctigio® Waste products of these
activities can result in significant contributions the radioactive burden of the
surrounding environment due to increased conceoiatof naturally occurring
radioactive materials (NORM) to levels that wouldt mormally be found in the
environment. Coal contains radionuclides of theniura and thorium series as well as

40K. Extraction and processing of coal can resulieleases of these radionuclides to
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the broader environment with subsequent impact len uman and non-human
inhabitants of the area. In the study on envirortaleradioactivity resulting from

historical coal mining operations conducted at Ngsiind, Spitsbergen, in the Svalbard
archipelago. It found that there was an increasedentration of radionuclides found
in materials associated with these operations fibm spatial dosimetric survey

conducted over an area affected by coal mining (@=\et al., 2004).

1.7 The Effects of Radiation Exposure

Radiation exposure can damage living cells, caugesgh in some of them and
modifying others. Most organs and tissues of théybare affected by loss of even
considerable numbers of cells. However, if the neindj is large enough, there will be
observable harm to organs that lead to death. Baieh occurs in individuals who are
exposed to radiation in excess of a threshold leD#ier radiation damage may also
occur in cells that are not killed but modified.cBudamage is usually repaired. If the
repair is not perfect, the resulting modificatioil Wwe transmitted to further cells and
may eventually lead to cancdihe assessment of the radiation level and its iinpac
the environment has received great attention waodewr his is because of the negative
health effects ionizing radiation has on biologitsdues (Ugbede & Echeweozo, 2017).
When a nuclear radiation type passes throughragliell, both excitation and ionization
take place thereby altering the structure of tiis.CEhese cells may be damaged directly
by the radiation or indirectly by the free radicé@H and H) produced in the adjacent
cells. Many forms of damage could occur from radrabut the most important is that
done to the deoxyribonucleic acid (DNA) (Emeluel20A damage to the DNA results
in gene mutation, chromosomal aberration and biggeskar cell death.

When highly energetic ionizing radiation interaetgh biological tissues, it
causes ionization with subsequent release of cigrgsicle and free radicals thereby
causing alteration in cell structure and damageeoxyribonucleic acid (DNA). A
radiation induced cancer can develop from a sidghlaaged cell independently of other

damaged cells in the tissue of interest. The pdrgtdveen radiation exposure and the
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detection of cancer is known as the latent periwdl @uld be many years. Therefore,
excess lifetime cancer risk is the probability thatindividual will develop cancer over

his/her lifetime of exposure (Emelue, 2014).

1.8 Radiation exposure to low dose radiation

The increasing exposure to low-dose radiation frdiagnostic testing has
prompted renewed interest in evaluating its cagemic risk, but quantifying health risk
from low-dose radiation exposure remains contragefsiguyen & Wu, 2011). Despite
the growing concern of the public and federal ratpub, it remains unclear whether
low-dose radiation causes an increased risk ofezaBeit in the investigation of cancer
risks of low radiation doses, which focused on samg with doses less than 0.5 Sv
within 3, 000 m of the hypocentre of the bombsgestigation was based on solid cancer
incidence from 1958-1994, involving 7,000 cancesesaamong 50,000 survivors in that
dose and distance range. It was found that themestatistically significant risk in the
range 0-0.1 Sv (Pierce & Preston, 2000) ..

1.9 Gamma radiation

Ambient background gamma dose rate in air at aagip location fluctuate in
time due to a contribution of radon progenies @gfround by rainfall as well as due to
soil moisture and snow cover. Precipitation suchaasand snow lead to deposition of
Rn progenies from the atmosphere on the groundcairdnd this creates Rn peaks
(Avdic et al., 2020). Natural gamma backgroundaadn originates from four distinct
components: cosmic ray shower events, cosmic ragymed atmospheric activity,
terrestrial sources, and skyshine from terress@irce (Mitchell et al., 2009).The
measurement of natural gamma radiation is onesofrthst important subjects in health
physics (Saghatchi et al., 2008). Gamma radiatiogamma rays are high-energy
photons that are emitted by radioactive decayahat nuclei. This type of radiation is

very high-energy form of ionizing radiation, withet shortest wavelengtithe most
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common terrestrial radioelements that produce gamaysare uranium-238, thorium-
232 and potassium-40 (Ramli et al., 2005). Gamiysaige emitted in an attempt by the
radionuclide to become stable. Gamma rays have ratd®-high penetrating power,
are often able to penetrate deep into the body, gamerally require some form of
shielding, such as lead or concrete. Visible lighdlso in the form of photons. Gamma
photons behave similarly to light, but they aresie. For ranges of Energies between
10keV and 2MeV, three types of interaction are irtgoat. The first effect, which is
predominates at lower energies is photovoltaiccefféhis occurs when a photon
interacts with an electron from the inner orbiteTélectron is ejected with an energy

equal to that of the photon minus its binding egerg

Various research has been carried out to investiggmma background
radiation in the urban environment for examplejrarestigation of Annual Effective
Dose From Environmental Gamma Radiation in Buskityrshowed that, the average
annual effective dose from background gamma ramtati Bushehr city was less than
global level (Mahmoud Pashazadeh et al., 2014)lewhian investigation of gamma
dose rates in the high background radiation arééaoigalore region, India showed that,
at certain beach locations the radiation levelighér due to the natural deposits of
monazite bearing sand. The gamma absorbed dosevetisa locations of monazite
deposit is an order of magnitude higher when coegh&r normal background regions
(Al-Azmi et al., 2019).

1.10Factors affecting background radiation

Research has shown that background radiationdstafi by a number of factors.
Temperature, pressure, wind speed and precipitat®@some of the factors that affect
background radiation. In addition, meteorologiclneents that affect background
radiation in the environment each have each hali#feaent weight in the formation of
the background radiation. The strongest influence tibe spread of radioactive
contamination have winds. And also different rdinfand the permeability of the

atmospheric layer no solar radiation reachingbsl¢hinkov, 2017).
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1.10.1Precipitation

It is very common for natural background radiatlemels to change during
precipitation events such as rain, sleet or snéwas long been observed that the
environmental gamma-ray dose rate increases nbticdaring precipitation intervals.
This increase, due to the presence of radon progeitmg rain droplets. This can affect
the reliability of the monitoring of artificial raolctivity and long term estimates of
exposure to ambient natural radionuclides in sllareie network (Mercier et al., 2009).
Radon and radon decay products, which occur ndtunadly be captured in the
precipitation and brought to the ground, causiten@orary increase in radiation levels.
In a research carried out in japan, Radon daugbterentrations in precipitation and in
surface air were observed since 1977 in Maizurwrader to study the relationship
between the two concentrations and the influenceretipitation patterns on the
concentration in precipitation. Results obtaineoihfranalysis of the observed data
suggest that radon daughters in precipitation aig mainly from scavenging within
the cloud (rainout) and not from that below theuddwashout) (Fujinami, 1996).
Although various radionuclides such “8g,%Pb and®Pb are observed in
precipitation, most of the activity is owing to thadionuclideg!Pb and'‘Bi
(Fujinami, 1996; Mercier et al., 2009). Therefotee rain contribution to the
environmental gamma-ray intensity decreases aauprtth the half-lives of'*Pb
and?Bi after cessation of precipitation (Fujinami, 19%ercier et al., 2009). In the
study of Rain-induced increase in background tamhadetected by Radiation Portal
Monitors (Livesay et al., 2014) found that Timetedated data from a RPM, HPGe,
and a weather station proved the increase in baakdr recorded onRPMs during

precipitation is a result of the deposition of ragiwogeny on the ground.

While there are many more factors that affect tamhalevels than just
precipitation. However, barometric pressure ardvétrtical temperature profile, which
determine the “lid” under which the radon is geflgr&rapped, may negate the
precipitation effect on radiation. Therefore, ialso possible that radiation levels won't

rise during a precipitation event. Snow and gStegy cause radiation levels to decrease
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since their build up on the ground may shield radogration into the atmosphere, as
well as shield direct radiation from the groundclgear there are seasonal changes in
the gamma radiation dose rate value. Additionalbily changes and changes caused
by precipitation are observed. These changes aetadifferences in exhalation of
radon from soil and in the case of precipitatiorskaag out radon isotopes from the air

and deposition on the solil surface.

1.10.2Technosphere

In the study of the influence of the city (Technosge) on the variations of
electrophysical and radiation quantities (Nagorsiigl., 2017). It was found that: the
presence of the building does not change the spdemporal picture of variations
(UHF) (magnetic field, atmospheric pressure); 2) pnesence of the building partially
changes the UHFy( background, temperature); 3) the presence of binéling
completely changes the UHF (relative air humiditypulent and wind characteristics
of the air, electric field strength, the numbetight ions of both polarities; andp in
the background) (Nagorskiy et al., 2017).

1.11Radiation doses

1.11.1Ambient dose equivalent

The ambient dose equivalent, is the dose equivatempoint in a radiation field
that would be produced by the corresponding expaiadel aligned field in the ICRU
sphere at depth of X8m on the radius opposing the direction of theradfield (Al
Kanti et al., 2019)The ambient dose equivalent H*(10) is recommendethe ICRP
as the operational quantity for assessing effecose in area monitoringGRP 103
2017). In most practical situations of externaliaidn exposure, the ambient dose
equivalent fulfils the aim of providing a conseivatestimate or upper limit for the
value of the limiting quantities(Casanovas et2016). The ICR sphere is a sphere of

30-cm diameter made by tissue equivalent matertalawdensity of 1 g/cm3 and a mass
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composition of 76.2% oxygen, 11.1 % carbon, 10 dy#rogen and 2.6% nitrogen. The
ambient equivalent dose is defined as a produ@ ahd D at a point in tissue, where D

Is the absorbed close and Q the quality factdnepbint.

1.11.2Effective dose equivalent

The effective dose can be defined as the sum afcalivalent doses Hin all
exposed organs and tissues, taking into accoumlinhension assigned to them less the
tissue weighting factor W(Jakubowska & Diugosz-Lisiecka, 2020). Calculatan
effective dose is shown in the equation belt®@RP, 2017)

E=Y W WD (1.1)

where W is the radiation weighting factor (being unity fgamma rays), Pris the
absorbed dose to an organ or tissue, WT is theetiggeighting factor and E is the

effective dose.

In order to obtain information about the equivaléose of H in a given organ
or tissue, it is necessary to multiply the averdgse D absorbed by a given organ or
tissue by the dimensionless mass ratio @f Mdiation, which takes into account the
relative biological effectiveness of a given typk radiation. In mixed fields, the
equivalent dose is the sum of the products of dsesl absorbed for a given volume and
the corresponding radiation weighting factors fbcamponents of the mixed radiation
field (Jakubowska & Dtugosz-Lisiecka, 2020)

H=> W, Dy (1.2)

The ICRP 2017 standard values for relative effeciess are given below. The higher

radiation weighting factor for a type of radiatidime more damage the radiation courses.
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Table 1.5 Radiation weighting factor for a typeaadiation

Radiation Energy WR

X-rays, gamma rays, beta particles, muons 1

neutrons (< 1 MeV) 2.5 + 18912/
neutrons (1 - 50 MeV) 5.0 + 1&(neei/e
neutrons (> 50 MeV) 2.5 + 3.g8 00826
protons, charged pions 2

alpha particles, nuclear fission products, heawleiu | 50

1.11.3Excess lifetime cancer risks

The excess lifetime cancer risks (ELCR) is compiriech annual effective dose
equivalent (Abdullahi et al., 2019). The annuakefive dose equivalent (AEDE) is
calculated by using the following equation (Njing§alshivhase, 2016; Taskin et al.,
2009):

AEDE= ADRx Tx OF< DCF (1.3)

where ADR IS absorbed dose rate in air (n&ylF is the outdoor occupancy
factors of 0.2, DCF dose conversion factor (0.7Gyy/and T is the time in years (8760
hyr?). Excess lifetime cancer risk (ELCR) was calculatgdising the Equation below

ELCR= AEDEx DIx RF (1.4)

where DL is the life duration (70 years) and Rihesfatal cancer risk factor for

stochastic effect which is 0.055 $¥or the general public.
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Chapter 2 Materials and Methods

The investigation was carried out in the city ofni&k, Russia. Gamma
background radiation was studied using gamma liadiatetection unit BDKG-0314
siteswerestudiedin 5 location thelocationincluded

Largerny Garden (sites LA1A, LA1B and LA1C);

Lenta (site LE2A and LE2B);

University building No. 10 TPU (sites UB3A and UBGB
Novo-Sobornaya Square (site NO34A and NO4B);

Alley of Geologist (sites GL5A, GL5B, GL5C, GL5D @G L5E);

a 0D

The site for investigation were picked dependihg riumber of people who visit
these sites, the presence and the types of teatnmeoshjects, the absence of technoshere
objects and proximity. Measurements were done lovealhe ground level with the
detector facing the point under investigation. Bonanging from 1 to 10 were picked
for investigation depending on the characterisfiche site under investigation. The
duration of measurement for each point was 5 mmueasurements were done in

autumn, winter and spring.

2.1 Gamma radiation detection unit BDKG-03

BDKG-03 is a highly sensitive scintillation intgent gamma radiation
detection unit designed to search, quickly detadtlacalize gamma radiation sources
with sensitivity of 33'Cs 350 (imp / s) /(Sv / h), as well as to measure ambient
equivalent dose rate and gamma dose -radiatiomeiremhergy range 50 keV - 3 MeV.

Areas of use include:

» Search, detection and localization of ionizing &idn sources;

* Radiation monitoring of scrap metal - MUK 2.6.1.76&;

» Radiation monitoring of the environment, territ@riebjects, raw materials;
» Dosimetric and radiometric control in industriatemprises;

« Contamination heterogeneity control;
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Figure 2.1-Gamma radiation detection unit BDKG-03

o

Figure 2.2-instrument setup
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Table 2.1 Gamma radiation detection unit BDKG-03mtachnical Specifications

Detector Nal (TI), 225x40 mm
Range of measurement of ambient equivalent dogeafagamma 0.03uSv - 10 mSv
radiation,uSv / h

Energy range 50 keV - 3 MeV

The main measurement error, % no more than + 2
Energy dependence of sensitivity, % + 20

Sensitivity at 137 Cs, imp «5/ uSv « h — 1 350

Operating temperature range; -30 - +50

Relative humidity at a temperature of 35, % no more than 98
Protection class IP64

Continuous work hours not less than 24

Level of industrial interference
- STB GOST R 51318.22-2001
Electromagnetic compatibility

- STB GOST R 51317.4.2-2001
- STB GOST R 51317.4.3-2001
Overall dimensions, mm. 26(x295
Weight kg 0.6

2.2Desk Research

Desk research aimed at collecting as many infoonadis possible concerning
the possibility of data source. The information wadlected through journals of
published research work which has already been dgrm¢her researchers. More than
35 academic studies have been reviewed, this sampléstantial and representative,
but is not intended to be comprehensive. Acadetidiess were selected via keyword
search, which directed attention predominantly peecgalist journals, including:
radiation background, sources of background ramiatiTechnosphere objects,
technologically enhanced background radiation, ganmadiation, factor affecting
gamma background radiation, Seasonal dynamicsokfpaund radiation, radiation due

to building materials, Excess life time cancer risk

The grey literature search reflected the recomm@ntaof experts in the field

and include: The International Atomic Energy AgeiddEA), International Radiation
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Protection Authority (IRPA), International Commissi of Radiological Protection
(ICRP), Federal Nuclear and Radiation Safety Authan Russia (FNRSA).

2.3 Mathematical Model for analyzing the result

2.3.1 Equivalent dose

The instrument used in the study measured the algumivdoseThe equivalent
dose to any tissue target is obtained simply bytiplying the absorbed dose to that
tissue by the radiation weighting factor which agas for differences among types of
radiation in producing biological response. For ganrays, x rays, and beta radiation,
the radiation weighting factor is taken as 1.0.iZajent dose His calculated using the
mean absorbed dose deposited in body tissue on drgenultiplied by the radiation

weighting factor W which is dependent on the type and energy ofdabdation R.
H; :ZWR [D; & 2.1
R

Where,
Hr is the equivalent dose in sieverd®) absorbed by tissue T
Drris the absorbed dose in grag/] in tissue T by radiation type R

Wk is the radiation weighting factor.

2.3.2Annual Effective Dose Equivalent (AEDE)

It is the tissue-weighted sum of the equivaleniedan all specified tissues and
organs of the human body and represents the stochaslth risk to the whole body,
which is the probability of cancer induction anahgkc effects, of low levels of ionising
radiation (CRP, 2017) .The annual effective dose equivalent tamhas computed from
absorbed dose rate by applying a dose conversatarfaf 0.7Sv/Gy, factor of 0.7
Sv/Gy recommended by UNSCEAR for the conversion coeffitfrom the absorbed

dose in air to the effective dose received by adartd occupancy factor of 0.2 (4.8/24
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hours) for outdoor radiation. This is on the estiorathat an average man spends about
4.8 hours outdoors.

AEDE(mSV yj= ADR & DCK OFK10° (2.2)

Where
ADR is absorbed dose rate
T is time for one year in hours/yr
OF is occupancy factor

2.3.3Excess Lifetime Cancer Risk (ELCR)
The excess lifetime cancer risk deals with the abiliy of developing cancer

over a lifetime at a given exposure level. (Taskial., 2009).

ELCR= AEDEx DIx RF (2.3)

Where
AEDE is the annual effective dose equivalent
DL is the average duration of life
RF is the risk factor

The average duration of life (estimated to be 7rs)eand for stochastic effects,
ICRP uses RF as 0.05 for the public and the woehinfssible standard of 0.29 x10
(Taskin et al., 2009).

The average ambient gamma equivalent dose wasaadudor each point for
the number of measurements made on that partiqadart. Absorbed dose was
calculated from the equivalent dose. the absorbed das used to calculate the Annual
effective dose equivalent using the assumption #maaverage adult spends 4.8hrs

outdoors. Annual effective dose equivalent was usedlculate Excess life time cancer
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risk. The calculated radiation doses were compaiddrecommended safe limits and

world average.
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Chapter 3 Results and Discussion
The results of investigation are presented infdne of graphs and tables, the
arrows on the picture indicated the points of mezarsents on each site investigated.

3.1 Absorbed dose, Annual effective dose equivalent artexcess life time
cancer risk at Lagernyy Garden (Sites LA1A, LA1B anl LA1C)

To determine the dose characteristic on the locatioder investigation
measurements were made on site LA1A. 6points wpieked for investigation, each

point was 10m apart. The number and position afitgsare shown in figure 3.1.

gJlarepHbin

Figure 3.1 Location of measurements and measurnetspat site LALA

A plot of equivalent dose against the number ohfshows fluctuations in
gamma background radiation from point 1 to 6. Thera high increase in gamma
background radiation on 4 and 5. The increase mnga background radiation can be
attributed to the type of building materials (gtamocks) that constitute point 4 and 5.

Points 1, 2, 3 and 6 are on pavement area madediftenent materials.
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Figure 3.2 Change in equivalent dose from poirtt & at site LA1A

Table 3.1 Mean equivalent dose at site LA1A

Measurements Place of Date of measurement Ambient
measurement temperature

BAKI-03 JlarepHblii cag 8/10/19 to 28/02/20

Description Measurement Points (Each point 10m apart)

Number of 1 2 3 4 5 6

points

Ambient Dose| 5.85E- | 6.24E- | 6.17E- | 9.99E- | 1.77E- | 1.04E-

Equivalen 08 08 08 08 07 07

Sv/ h

Dose errc 5.4 5.1 11.7 11.0 6.2 7.6

%

Impulse 38.37 | 40.04 | 40.35| 65.57 94.88 61.87

Imp/s

Impulse errc | 2.0 1.9 2.1 3.1 2.0 3.0

%

Impulse 6.60E- | 6.89E- | 6.94E- | 1.13E- | 1.63E- | 1.06E-

calculate: 08 08 08 07 07 07

Sv/ h

Impulse 1.32E- | 1.29E- | 1.46E- | 3.47E- | 3.27E- | 3.17E-

accurac 09 09 09 09 09 09

Sv/ h

Dose 3.16E- | 3.17E- | 7.22E- | 1.09E- | 1.09E- | 7.88E-

accurac 09 09 09 08 08 09
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Table 3.2 Calculated doses at site LA1A

Description Measurement Points

points 1 2 3 4 5 6

ADR 58.46 62.38 61.69 99.89 176.8104.36
nGy/h

AEDE 0.07 0.08 0.08 0.12 0.22 0.13
mSv/yr

ELCRx107® 0.25 0.27 0.26 0.43 0.76 0.45

To investigate the dependence between distance ttohmoshere objects and
gamma background radiation also to determine dbaeacteristic within a density of
technoshere objects made from the same materi@asiiements were made at site

LA1B 5cm and 50cm away from the objects.

‘:‘i". s
e

Figure 3.3 Location of measurements and numbeoiotp at site LA1B

Points 2,4,6,8 are 5cm away from the technosphaex points 2,5,7 are in
between the technosphere objects, the points D amnd several meters way from the
objects. The results of the investigating are showiigure 3.2. From the graph it can
be observed how dose changes from point 1 to Poinvas found that equivalent dose
increases at point 2, 4, 6 and 8 as the detectgesnivtom 50cm to 5cm close to the

technoshere object.
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A plot of equivalent dose against the number ohfmshows fluctuations in
gamma background radiation from point 1 to 9. Thiera high increase in gamma
background radiation on point 2, 4, 6 and 8 atstadice of 5cm.in between the objects
the fluctuations in radiation are minimal. At poihand 9 there is a strong decrease in
radiation due to the change in the type of buildingterial. The increase in gamma
background radiation can be attributed to the typbuilding material. At 5cm the
background radiation is 1.3 time higher than an®0c

2.3E-07 _—8—4-March —@—13-Mar 25-Feb 28-Feb
/E\

2.1E-07
1.9E-07
1.7E-07
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SE08 T

Measured points

Figure 3.4 Change in equivalent dose from poirtt Q at site LA1B

Table 3.3 Mean equivalent dose measured 5cm frechiosphere object site LA1B

Measurements Place of Date of measurements Ambient
measurement temperature
BAKI-03 JlarepHslii caj 25/02/20to 28/02/20
(site LA1B)
Description Measurement Points (Points 2, 4, 6 and 8 5¢cm way frbject)
Number of 1 2 3 4 5 6 7 8 9
points
Ambient Dose 6.18E- | 2.27E-| 1.11E-| 2.17E-| 1.26E-| 2.18E-| 1.26E-| 2.23E-| 6.71E-
Equivalen 08 07 07 07 07 07 07 07 08
Sv/ h
Dose errc 6.4 3.3 3.95 24 3.6 2.8 4.8 2.8 5.6
%
Impulse 42.338!| 112.77| 68.9¢ | 105.7¢| 77.5€ | 106.1f | 76.5¢ | 108.2¢ | 41.1¢
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Imp/<

Impulse errc | 2.3 2.1 1.5 1.2 14 1.2 1.9 1.2 2.1

%

Impulse 7.29E- | 1.94E-| 1.19E-| 1.82E-| 1.33E-| 1.83E-| 1.32E-| 1.86E-| 7.08E-

calculates 08 07 07 07 07 07 07 07 08

Sv/ h

Impulse 1.64E- | 4.08E-| 1.78E-| 2.18E-| 1.87E-| 2.19E-| 2.44E-| 2.24E-| 1.49E-

accurac 09 09 09 09 09 09 09 09 09

Sv/ h

Dose 3.93E- | 7.49E-| 4.39E-| 5.97E-| 4.47E-| 5.99E-| 5.98E-| 6.26E-| 3.72E-

accurac 09 09 09 09 09 09 09 09 09

Sv/ h

Table 3.4 Calculated doses for each point measairside LA1B

Descriptiot Measurement Points (Points 2, 4, 6 and 8 5cm way fsbject

points 1 2 3 4 5 6 7 8 9

ADR 61.83] 226.98| 111.22 | 217.18 126.01 217.94 125.91 22346 6[.09
nGy/h

AEDE 0.08 | 0.28 0.14 0.27 0.15 0.27 0.15 0.27 0.08
mSv/yr

ELCRx10® 0.27 | 0.97 0.48 0.93 0.54 0.94 0.54 0.96 0.29

Table 3.5 Mean equivalent dose for 50cm way frowhhesphere object at site LA1B

Measurements Place of Date of measurement Ambient
measurement temperature
BAKI-03 JlarepHsiii can 4/03/26 13/03/20
(site LA1B)
Description Measurement Points (Points 2, 4, 6 and 8 50cm veay bbject)
Number of 1 2 3 4 5 6 7 8 9
points
Ambient Dose| 7.06E- | 1.93E- | 1.30E-| 1.73E- | 1.39E-07| 1.74E- | 1.37E- | 1.75E- | 7.56E-08
Equivalen 08 07 07 07 07 07 07
Sv/ h
Dose errc 49 3.0 3.5 3.1 4.3 3.1 3.6 3.0 55
%
Impulse 44.18 102.23 | 75.32| 93.45 80.18 92.98 80.05 9442 .0444
Imp/s
Impulse errc | 1.9 1.2 14 1.3 1.7 1.3 14 1.2 2.1
%
Impulse 7.60E- | 1.76E- | 1.30E-| 1.61E- | 1.38E-07| 1.60E- | 1.38E- | 1.63E- | 7.58E-08
calculate! 08 07 07 07 07 07 07
Sv/ h
Impulse 1.41E- | 2.11E- | 1.75E-| 2.01E- | 2.28E-09| 2.44E- | 1.93E- | 1.95E- | 1.59E-09
accurac 09 09 09 08 08 09 09
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Sv/ h

Dose 3.42E- | 5.68E- | 4.47E-| 5.36E- | 5.93E-09| 5.38E- | 4.85E- | 5.24E- | 4.12E-09
accurac 09 09 09 09 09 09 09

Sv/ h

Table 3.6 Calculated doses for 50cm away from tespinere object at site LA1B

Descriptiot Measurement Points (Points 2, 4, 6 and 8 50cm way bbject

points 1 2 3 4 5 6 7 8 9

ADR 70.59| 192.52| 129.53| 172.84 139.44 173.63 136.p4 17453 75|62
nGy/h

AEDE 0.09 | 0.24 0.16 0.21 0.17 0.21 0.17 0.21 0.0p
mSv/yr

ELCRx10°® 0.30 | 0.83 0.56 0.74 0.60 0.75 0.59 0.75 0.3p

Measurements at LA1C were made to compare dosesdite LA1A and site
LA1B. measurements were made in soil area andg@ohwas 10m apart to determine
the dose characteristic of the soil area. Site Isl€everal metres from site LA1A and
site LA1B.

P R R I—————————————————————.—

T arnce| Ecdit L cocaticaor oD co>rsae

FRearvycove NMari<er

Figure 3.5 Location of measurements and measuriatspd site LA1C.

A plot of equivalent dose against the number ofnfsishows minimal
fluctuations in gamma background radiation frormpaito 6. The minimal fluctuations
are mainly due to uneven distribution of radionded in the soil area plus other factors

that affect background radiation.
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Figure 3.6 Change in equivalent dose from poitat @ at site LA1C

Table 3.7 Mean equivalent dose at site L1C

Measurements Place of Date of measurement Ambient
measurement temperature
BAKI-03 Jlarepusriii can | 25/10/2019 to 3/10/19
(site L1C)
Description Measurement Points (Points 10m apart)
Number of 1 2 3 4 5 6
points
Ambient Dose 6.49E- | 6.64E- | 6.64E- | 6.82E- | 6.78E- | 6.79E-
Equivalen 08 08 08 08 08 08
Sv/ h
Dose errc 5.6 5.4 4.8 4.7 4.8 4.8
%
Impulse 40.74 | 42.11 | 40.44 41.34 40.56 40.20
Imp/s
Impulse errc_ | 2.1 2.1 1.9 1.8 1.9 19
%
Impulse 7.01E- | 7.25E- | 6.96E- | 7.11E- | 6.98E- | 6.92E-
calculate! 08 08 08 08 08 08
Sv/ h
Impulse 1.50E- | 1.50E- | 1.30E- | 1.30E- | 1.30E- | 1.29E-
accurac 09 09 09 09 09 09
Sv/ h
Dose 3.63E- | 3.57E- | 3.21E- | 3.20E- | 3.23E- | 3.26E-
accurac 09 09 09 09 09 09
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Table 3.8 Calculated doses at site LA1C.

Description

Measurement Points

points

1

2

ADR

64.86

nGy/h

66.43

66.43

68.16

67.83

67.87

AEDE

0.080

mSv/yr

0.081

0.081

0.084

0.083

0.083

ELCRx10®

0.28

0.29

0.29

0.29

0.29

0.29

_ 1.9€-07
e

S 1.7€-07
9 15607
L 1.3E-07

Figure 3.7 Dose comparison between site LA1A andCA

2.5E-07

2.0E-07

1.5E-07

1.0E-07

5.0E-08

Equivalent dose (Sv/h)

0.0E+00

Figure 3.8 Dose comparison between site LA1B amel ISA1C

mLA1A

mLA1C

1 2 3 4 5

Number of points on location

mLA1B (5cm) ®50cm ®LA1C

1 2 3 4 5 6 7

Number of points on location
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m LA1B(5cm) = LA1B(50cm) = Recommended safe limit world Average

250
1 2 3 4 5 6 7 8 9

Number of points on location

ADR (nGy/h)

o

Figure 3.9 Absorbed dose rate at site LA1B compasétti world average and

recommended safe limit

mLA1B(5cm) = LA1B(50cm) m Recommended safe limit world Average
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Figure 3.10 Annual effective dose equivalent & sa1B compared with world average

and recommended safe limit

. m LA1B(5cm) = LA1B(50cm) world Average
1.00
0.80
6 0.60
o 040
S111311AY
0.00
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Number of points on location

Figure 3.11 Excess life time cancer risk with conepavith world average at site LA1B
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At 5cm absorbed dose rate (ADR) 2.6 times highan tihhe recommended safe
limit of 84nGy/h and 3.8 times higher the world eage value of 59nGy/h. at 50cm
ADR is 2.1time higher than recommended safe limd & times higher than world
average. Hence a person standing at a point 50gnfrara the technoshere objects will
receive a dose 2.1 times higher than the recomndesale limit. At all points annual
effective dose equivalent is much higher than tleeldvaverage, but lower than the
ICRP recommended permissible limits of 1.00mSwyithe general public. Excess life
time cancer risk is 3.3 times higher than the wanidrage at 5cm and 2.6 times higher

at 50cm.

3.2 Absorbed dose, Annual effective dose equivalent argxcess life time
cancer risk at Lenta (sites LE2A and LE2B)
To determine dose characteristics of pavement atrésnta car park, 5 point

were measured each point was 10m apart. The nupfopoints and location of

measurements are shown in figure 3.12.

Figure 3.12 Location of measurements and numbpoiots Lenta site LE2A
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A plot of equivalent dose against the number ofngoishows minimal

fluctuations in gamma background radiation frormpdi to 5.

—e—25-Sep 28-Sep 1-Oct
6.0E-08

5.5E-08 T

C

5.0E-08

4.56-08 \

— — —
4.0E-08

=

KO K

3.5E-08

Equivalent dose (Sv/h)

3.0E-08
1 2 3 4 5

Measured points

Figure 3.13 Change in gamma ambient equivalent flosepoint 1 to 5 at site LE2A.

Table 3.9 Average gamma ambient equivalent doskeal E2A.

Measurements Place of Date of measurements Ambient
measurement temperature

BAKI-03 Lenta (site 25/09/19 to 1/10/19
LE2A)

Description Measurement Points

Number of 1 2 3 4 5

points

Ambient Dose| 5.09E- | 4.25E- | 4.23E- | 4.07E- | 4.16E-

Equivalen 08 08 08 08 08

Sv/ h

Dose errc 7.40 6.00 6.10 6.33 6.20

%

Impulse 29.17 | 24.64 | 24.59 23.71 23.18

Imp/<

Impulse errc | 2.9 2.3 2.3 2.4 2.4

%

Impulse 5.02E- | 4.24E- | 4.23E- | 4.08E- | 3.99E-

calculate: 08 08 08 08 08

Sv/ h

Impulse 1.46E- | 9.75E- | 9.73E- | 9.79E- | 9.58E-

accurac 09 1C 1C 1C 10
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Sv/ h

Dose 3.77E- | 2.55E- | 2.58E- | 2.58E- | 2.58E-
accurac 09 09 09 09 09
Table 3.10 Calculated doses for site LE2A
Description Measurement Points
points 1 2 3 5
ADR 50.89 42.49 42.28 40.67 41.61
nGy/h
AEDE 0.062 0.052 0.052 0.050 0.051
mSv/yr
ELCRx10® 0.218 0.182 0.181 0.175 0.179

£
——

Bapeixaki

Figure 3.14 Location of measurements and numbpoiots at site LE2B

Measurements at site LE2B were made compare ddiseia LE2A.Site LE2B

Is several meters away from buildings and pavemargsil area. Three measurements

were made on three different days, the averageésngn table 3.11

Table 3.11 Average gamma ambient equivalent dosiealt E2B

Measurement Ambient

Lenta (site LE2B) temperature
date 25/09/19 to 1/10/1

Dose | Impulse
Number of Ambient | error Impulse| Impulse | Impulse | Dose
points Dose error calculated accuracy | accuracy
Equivalen

1 6.49E-08 | 5 40.64 1.97 | 6.99E-08 | 1.38E-09| 3.24E-09

57



Table 3.12 Calculated doses for site LE2B

Description ADR AEDE ELCRX10°
nGy/h mSv/yr
64.87 0.08( 0.27¢
7.0E-08 B LE2A mLE2B
§ 6.0E-08
(7]
o 5.0E-08
3
E 4.0E-08
c
< 3.0E-08
2
=]
S 2.0E-08
1.0E-08

Measured points

Figure 3.15 Dose comparison between site LE2A df2B_

The dose at site LE2B is higher than dose at alitpon the technosphere object.
The presence of the technosphere object resultie idecrease in gamma background

radiation. The dose in soil area at site LE2B & times high than the dose the
technoshere object at site LE2A.

HLE2A ®LE2B mRecommended safe Limit world Average

1 2 3 4 5

Measured points

ADR (nG/h)
N W D U1 OO NN 00 O
O O O O O o o o

i
o

o

Figure 3.16 ADR at site LE2A and LE2B compared witlorld average and
recommended safe limit
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1.20 HLE2A ®LE2B m Recommended safe Limit world Average

0.00 m J -I J -I
2 3 4 5

Measured points

=
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o
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[o]
o

AEDE (mSv/y)
o o
iy [e))
o o

o
N
o

Figure 3.17 AEDE at site LE2A and LE2B comparedhwitorld average and

recommended safe limit

HLE2A W LE2B world Average
0.350

0.300

0.250
o 0.200
o
—
& 0.150
0.100
0.050
0.000
1 2 3 4 5

Measured points

Figure 3.18 ELCR at site LE2A compared with wonleiage and recommended safe

limit

Absorbed dose rate (ADR) on the technoshere olgdc® times lower than the
recommended safe limit of 84nGy/h and 1.4 timeselothan the world average value
of 59nGy/h. At all points annual effective dose igglent is much lower than the ICRP
recommended permissible limits of 1.00mSv/y for ge@eral public. Excess life time

cancer risk is 1.6 times lower than the world agera
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3.3 Absorbed dose, Annual effective dose equivalent arieixcess life time
cancer risk at TPU University building No. 10 (site UB3A and UB3B)

Figure 3.19 shows the Location of measurementsta@chumber of points
measured. Measurements are made on different dfgeshnoshere objects. Points (1,
2, 3) are near the, building points (4, 5, 6) ardhe pavement and points (7, 8, 9) are
near the building. The area from point 1 to 9 igared by a pavement.

Ji3 -

Y Kadenpaliemelikore
e (B

< - Tl
L R RIT RUA

ERME 5

g

TPOEHE T

XIGHWB Rk LA

Figure 3.19 Location of measurements and numbeyoofits in front of University
building No.10 site UB3A

—0—8-Oct —@—12-Oct —®—14-Oct
1.4E-07 T
1.2E-07
1.0E-07
8.0E-08

6.0E-08

Equivalent dose(mSv/h)

4.0E-08

Measured points

Figure 3.20 Change in ambient Equivalent Dose fpoint 1-9 at site UB3A
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A plot of equivalent dose against the number ohfgshows how gamma background

radiation changes from point 1 to 9. The backgraaditation increases from 7, 8 ,9 this

due to the change in the type of building materials

Table 3.13 Average gamma ambient equivalent doskeat/B3A

Measurements Place of Date of measurement Ambient
measurement temperature
BJAKT-03 University 8/10/19 to 14/10/19
building No 10.
(Ub3A)
Description Measurement Points
Number of 1 2 3 4 5 6 7 8 9
points
Ambient Dose 8.04E- | 7.63E- | 8.36E-| 7.91E- | 6.77E- | 6.99E-| 8.40E-| 8.87E-| 1.05E-
Equivalen 08 08 08 08 08 08 08 08 07
Sv/ h
Dose errc 6.9 20.1 20.8 15.7 9.3 13.1 11.6 6.4 17.8
%
Impulse 45.69 | 43.05 | 48.26] 41.90, 37.89 43.89 49.00 51185 7754.
Imp/s
Impulse errc | 2.7 7.6 7.2 7.5 5.0 4.5 2.4 2.6 7.5
%
Impulse 7.86E-| 7.41E- | 8.30E-| 7.21E- | 6.52E- | 7.55E-| 8.43E-| 8.92E-| 9.43E-
calculate: 08 08 08 08 08 08 08 08 08
Sv/h
Impulse 2.12E- | 5.63E- | 6.01E-| 5.43E- | 3.24E- | 3.42E-| 2.02E-| 2.32E-| 7.07E-
accurac 0¢ 09 0¢ 09 09 09 09 09 09
Dose 5.52E-| 1.53E- | 1.74E-| 1.25E- | 6.27E- | 9.13E-| 9.71E-| 5.70E-| 1.87E-
accurac 09 08 08 08 09 09 09 09 08
Sv/h
Table 3.14 Calculated doses for site Ub3A
Descriptiot Measurement Poir
points 1 2 3 4 5 6 7 8 9
ADR 80.39| 76.29 | 83.65 | 79.14| 67.68 69.88 83.97 88.68 105.16
nGy/h
AEDE 0.10 | 0.09 0.10 0.10 0.08 0.09 0.10 0.11 0.18
mSv/yr
ELCRx107® 0.35 | 0.33 0.36 0.34 0.29 0.30 0.36 0.38 0.45
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Figure 3.21 Location of measurements behind uniydnsilding No. 10 site Ub3B
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Figure 3.32 — Change in ambient Equivalent Dosefpoint 1-10 at site Ub3B

A plot of equivalent dose against the number ohfoshows how gamma
background radiation changes from point 1 to 9. Bhekground radiation increases at
point 3 then decrease sharply at point 7 then asge sharply at point 10. The increase
at point 10 and 3 is due to the proximity of thenpto the technoshere objects. Points
1 and 2 have low background despite their proxinatihe technoshere object.
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Table 3.15 Gamma ambient equivalent dose at sit@BUB

Measuremern Place of Date of measurement Ambient temperature
ts measurement
BJAKI-03 Behind 12/10/19
university
building
No.10 (site
Ub3B)
Description Measurement Points
Number of |1 2 3 4 6 7 8 9 10
points
Ambient 7.71E| 7.33E | 1.08E | 8.66E | 9.60E | 9.41E | 5.25E- | 7.09E | 9.42E | 1.06E
Dose -08 -08 -07 -08 -08 -08 08 -08 -08 -07
Equivalen
Sv/ h
Dose errc 4.5 4.6 58.7 | 4.1 4.2 4.7 6.1 5 4.1 4.5
%
Impulse 42.48 | 41.14 | 60.48 | 51.31 | 56.37 | 57.20 | 60.451| 51.15| 58.94 | 65.30
Impl/< 1 8 4 1 1 8 2 1 7
Impulse 1.8 1.8 235 | 16 1.7 1.8 1.8 1.8 15 1.7
errol
%
Impulse 7.31E| 7.08E | 1.04E | 8.83E | 9.70E | 9.85E | 1.04E- | 8.80E | 1.01E | 1.12E
calculates -08 -08 -07 -08 -08 -08 07 -08 -07 -07
Sv/h
Impulse 1.32E| 1.27E| 2.45E| 1.41E| 1.65E | 1.77E | 21.87E| 1.58E | 1.52E | 1.91E
accurac -0¢ -0¢ -08 -09 -09 -09 -0¢ -09 -08 -09
Dose 3.47E| 3.37E | 6.33E | 3.55E | 4.03E | 4.42E | 3.20E- | 3.55E | 3.86E | 4.76E
accurac -0¢ -0¢ -08 -09 -09 -09 09 -09 -0¢ -09
Table 3.16 Calculated doses for site UB3B
Descriptiot Measurement Poir
points 1 2 3 4 6 7 8 9 10
ADR 77.11| 73.35| 107.80 86.60 95.95 94.14 5246 70,90 94135.68
nGy/h
AEDE 0.095/ 0.090 | 0.132 | 0.106/ 0.118 0.115 0.064 0.087 0{10330
mSv/yr
ELCRx10°% |0.33 | 0.31 | 0.46 0.37| 0.41] 040 023 030 040 0.4
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Figure 3.22 Absorbed dose rate at UB3A compareth wiorld average and

recommended safe limit
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Figure 3.23 AEDE at site UB3A compared with worleeege and recommended safe

limit
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Figure 3.24 ELCR at site UB3A compared with woner@ge and recommended safe
limit
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Figure 3.25 Absorbed dose rate at UB3B comparech wibrld average and

recommended safe limit
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Figure 3.26 AEDE at site UB3B compared with wonei@ge and recommended safe

limit
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Figure 3.27 ELCR at site UB3B compared with wonerage and recommended safe

limit
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3.4 Absorbed dose, Annual effective dose equivalent, Egss life time cancer
risk at Novo-Sobornaya Square (sites NO4A and N04B)

To determine the dependence between backgrouraticadand distance away
from the technoshere object. Measurements are nradée NO4A and NO4B. figure

3.28 shows the location of measurements and mahpaonets. Measurements are made

to determine the dose characteristic in soil area.

Equivalent dose (Sv/
S
o
m
S
(o]
i H

1 1.5 2 2.5 3 35 4 4.5 5 5.5 6

Measured points

Figure 3.29 Change in Equivalent Dose at site NO5A
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Table 3.17 Average equivalent dose at site NO5A

Measurements Place of Date of measurement Ambient
measurement temperature

BAKI-03 Novo-Sobornays 30/10/2019 to 3/11/19
Square
(sites NOSA

Description Measurement Points (Points 10m apart)

Number of 1 2 3 4 5 6

points

Ambient Dose 6.45E- | 6.22E- | 6.30E-| 6.59E- | 6.56E- | 6.70E-

Equivalen 08 08 08 08 08 08

Sv/ h

Dose errc 5.1 5.0 5.0 4.8 4.8 4.8

%

Impulse 38.72 | 39.54 37.89] 39.06| 38.82 39.34

Imp/<

Impulse errc | 1.9 1.9 1.9 1.9 1.9 1.9

%

Impulse 6.66E-| 6.81E- | 6.52E-| 6.72E- | 6.68E- | 6.77E-

calculate: 08 08 08 08 08 08

Sv/ h

Impulse 1.29E-| 1.27E- | 1.24E-| 1.25E- | 1.25E- | 1.26E-

accurac 09 09 09 09 09 09

Sv/ h

Dose 3.31E-| 3.09E- | 3.13E-| 3.14E- | 3.17E- | 3.22E-

accurac 0¢ 0¢ 0¢ 09 09 0¢

Table 3.18 Calculated doses at site NO5A

Description Measurement Points

points 1 2 3 4 5 6

ADR 64.51 62.23 63.00 65.94 65.61 67.02
nGy/h

AEDE 0.079 0.076 0.077 0.081 0.080 0.082
mSv/yr

ELCRx107 0.28 0.27 0.27 0.28 0.28 0.29

The background radiation is measured with a radiu¢m away from the
technoshere object. Point 1 is 5cm, point 2 is 5@achpoint 3 is 1m as shown in figure

3.30. The dose from the measured points is compaitacdiose at site NO4A.
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Figure 3.30 Location of measurements and numbpoiots at site NO5B
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Figure 3.42 Dependence between dose and distasite &lO5B

A plot of equivalent dose against the number ohfsoshows the dependence
between background radiation and distance away feehmoshere object.
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Table 3.19 Average equivalent dose at site NO5B

Measurements Place of measurement Date of measurement Ambient
temperature
BAKI-03 Novo-Sobornaya 03/03/20 to 11/03/20
Square
(site NO4B
Description
5cm 50cm 1m
Number of 1 2 3
points
Ambient Doseg 1.29E-07 7.24E- | 6.36E-08
Equivalen 08
Sv/ h
Dose errc 5.15 4.8 6
%
Impulse 56.5665 36.1235| 33.028
Imp/<
Impulse errc_| 2.25 2 2.45
%
Impulse 9.735E-08 | 6.22E- | 5.68E-08
calculate: 08
Sv/ h
Impulse 2.19E-09 | 1.24E- | 1.39E-09
accurac 09
Sv/ h
Dose 6.65E-09 3.47E- | 3.82E-09
accurac 09

Table 3.20 Calculated doses at site NO4B

Descriptiot Measurement Point

points 1 2 3

ADR 129.16 72.37 63.64
nGy/h

AEDE 0.16 0.09 0.08
mSv/yr

ELCRx1073 0.55 0.31 0.27
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Figure 3.31 Dose comparison between site NO4A aDdBN

The background radiation increased at point 1 aadNO5B as compared to
the dose at site NO4A. Despite point 3 being neamonuments the dose measured

was less than on site NO5A in soil area.

3.5Absorbed dose, Annual effective dose equivalent arigxcess life time
cancer risk on Alley of Geologist (sites GL5A, GL5BGL5C, GL5D and GL5E)
Figure 3.32 shows the location of measurementsemfogist alley on a small

monument Site GL5A. Points 1 is 5¢cm, 2 is 50cmairgdlm away from the monument.

Figure 3.32 Location of measurements and numbpoiots at site GL5A
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Figure 3.33 Dependence between dose and distasite &L4A
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Table 3.21 Average equivalent dose at site GL5A

Measurements Place of measurementDate of measurement Ambient
temperature

BAKI-03 Alley of Geologist 03/03/20 to 16/03/20
(site GL5A)

Description
5cm 50cm Im

Number of 1 2 3

points

Ambient Dose| 1.71E-07 | 8.55E- | 5.65E-08

Equivalen 08

Sv/ h

Dose errc 3.87 3.80 5.40

%

Impulse 73.01 42.53 31.16

Imp/s

Impulse errc_| 1.77 4.20 2.17

%

Impulse 1.26E-07 | 7.32E- | 5.36E-08

calculate: 08

Sv/ h

Impulse 2.22E-09 | 3.07E- | 1.16E-09

accurac 09

Sv/ h

Dose 6.62E-09 | 3.25E- | 3.05E-09

accurac 09

71



Table 3.22 Calculated doses for site GL5A

Descriptiot Measurement Point

points 1 2 3

ADR 171.12 85.49 56.48
nGy/h

AEDE 0.21 0.10 0.07
mSv/yr

ELCRx107 0.73 0.37 0.24

Figure 3.51 shows the location of measurementsidamiversity building No.
10, at the monument of usova, “Alley of Geologistge GL5B. Radiation doses are

calculated for a person standing 50cm from the mmani. Points 1 is 5cm, 2 is 50cm

and 3 is 1m away from the monument.

Figure 3.51-Location of measurements and numbareafsured points at site GL5B
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4.40E-07
3.40E-07
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Figure 3.34 Change in Equivalent Dose at site GL5B
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Table 3.23 Average equivalent dose at site GL5B

Measurements Place of measurement| Date of measurement Ambient
temperature
BJAKT-03 Alley of Geologists 06/04/20 to 07/04/20
(site GL5B)
Description
5cm 50cm Im

Number of 1 2 3

points

Ambient Dose| 3.74E-07 2.04E-07| 1.10E-07

Equivalen

Sv/ h

Dose errc 2.15 2.7 3.8

%

Impulse 181.345 104.91 63.158

Imp/s

Impulse errc_| 0.95 15 15

%

Impulse 3.12092E- | 1.80548E-{ 1.08694E-

calculate: 07 07 07

Sv/ h

Impulse 2.96487E- | 2.70822E- 1.63041E-

accurac 09 09 09

Sv/ h

Dose 8.03477E- | 5.50233E- 4.17924E-

accurac 09 09 09
Table 3.24 Calculated doses at GL5B

Descriptiot Measurement Point

points 1 2 3
ADR 373.71 203.79 109.98

nGy/h
AEDE 0.57 0.31 0.17
mSv/yr
ELCRx107 2.01 1.09 0.59
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Figure 3.35 Location of measurements and numbeoiots measurements at site GL5C
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4.00E-08

1 2 3
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Figure 3.36 Dependence between dose and distaste &L5C
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Table 3.25 Average equivalent dose at site GL4C

Measurements Place of measurement Date of measurement Ambient
temperature
BAKI-03 Alley of Geologist 03/03/20 to 16/03/20
(site GL5C
Description
5cm 50cm Im

Number of 1 2 3

points

Ambient Dosg 2.58E-07 1.24E- | 8.53E-08

Equivalen 07

Sv/ h

Dose errc 3.03 3.53 4.33

%

Impulse 122.43 69.19 50.62

Imp/<

Impulse errc | 1.30 1.43 1.67

%

Impulse 2.11E-07 | 1.19E- | 8.71E-08

calculate! 07

Sv/ h

Impulse 2.74E-09 | 1.71E- | 1.45E-09

accurac 09

Sv/ h

Dose 7.83E-09 | 4.37E- | 3.70E-09

accurac 09
Table 3.26 Calculated doses at site GL5C

Descriptiot Measurement Point

points 1 2 3
ADR 258.23 123.66 85.29

nGy/h
AEDE 0.32 0.15 0.10
mSv/yr
ELCRx107® 1.11 0.53 0.37
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4.0E-07 B GL5A mGL5B mGL5C

3.5E-07 I
1 2 3

Number of points on location

3.0E-07
2.5E-07
2.0E-07
1.5E-07
1.0E-07
5.0E-08

Equivalent dose (Sv/h)

0.0E+00

Table 3.27 Dose comparison site GL5A, GL5B and GL5C

Within a radius of 1m, site GL5B has the highesteddespite all the objects
being made from the same material. At 5cm equitalese at site GL5B is 2.2 time
higher than dose at site GL5A and 1.4 times higjien the dose at site GL5C. at 50cm
the dose at site GL5B is 2.4 times higher thardtse at site GL5A and 1.6 times higher
than the dose at site GL5C. at 1m the dose atHitB IS 1.9 times higher than the
dose at site GL5A and 1.3 times higher than the a@bsite GL5C.

400 EGL5A mGL5B m GL5C Recommended Safe Limit H World Average

350
— 300
<

> 250

= 200
EISO
<< 100
° o I E mil m
0
1 2 3

Measured point

Figure 3.37 ADR at site GL5A, GL5B and GL5C compmhwth world average and

recommended safe limit
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Figure 3.38 AEDE at site GL5A, GL5B and GL5C congehwith world average and

recommended safe limit

H GL5A m GL5B GL5C B World Average

2
1.5
1 I
O m m m =
1 2 3

Measured point

ELCR

Figure 3.39 ELCR at site GL5A, GL5B and GL5C conggawith world average and

recommended safe limit

At 5cm absorbed dose rate (ADR) is 4.4 times highan the recommended
safe limit and 6.3 times higher than world averagkie. At 50cm ADR is 2.4 times
higher than recommended safe limit and 3.5 timgidn than world average. At 1m
ADR is 1.3 times higher than recommended safe lamd 1.9 times higher than world
average. Within the radius of 1m AEDE is lower tmaoommended safe limit but 6.5
times higher than world average at 5cm, 3.6 timgkdr at 50cm and 1.9 times higher
at Im. ECL is 6.5 times higher at 5cm, 3.6 timghar at 50cm and 1.9 times higher at
1m. A person standing 50cm from the technosherecblajt site GL5B will receive a

dose which is 2.4 times higher than the recommesdézllimit.
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Figure 3.40 shows the location of measurementsnidebniversity building

No.1, at site GL5D on Alley of Geologists. The datan these measurements is used

to compute ADR, AEDE and ECLR for a person standiafgm from the small

monument at point 4, sitting down on the benchoait® and or smoking at point 3.

¥

Figure 3.40 Location of measurements and numbareafsured points at site GL5D

—@—6-Apr —@—7-Apr
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Figure 3.41 Change in Equivalent Dose at site GL5D

A plot of equivalent dose against the number ohfsoin figure 3.41 shows how
background radiation changes from point 1 to 7. Aigbest doses are recorded at point

1 and 7, 5cm away from the object on each sideegtuare and at point 4 50cm away
from the small monument
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Table 3.28 Average equivalent dose at site GL5D

Measureme Place of Date of measurement Ambient
nts measurement temperat
ure
BAKI-03 | Alley of 6/04/20 to 7/04/20
Geologists
(site GL5D
Description| Measurement Points (Points1, 5cm: 2, 25cm: 3, 10dm: 5, 1m: 6, 25cm: 7, 5¢cm
way from objects)

Number of | 1 2 3 4 5 6 7

points

Ambient 1.60E- |1.32E- |1.10E- |1.55E- |1.10E- |1.38E- |1.62E-

Dose 07 07 07 07 07 07 07

Equivalen

Sv/ h

Dose errc | 3.35 3.45 3.65 4.50 3.65 3.40 3.15

%

Impulse 76.51 67.32 62.32 90.06 63.72 68.99 77.51

Imp/<

Impulse 1.45 1.40 1.50 1.25 1.50 1.45 1.35

errol

%

Impulse 1.31672| 1.15851| 1.07254| 1.54984| 1.09664| 1.18726| 1.33395
calculater | E-07 E-07 E-07 E-07 E-07 E-07 E-07

Sv/ h

Impulse 1.90925| 1.62191| 1.60881| 1.9373E| 1.64497| 1.72153| 1.80083

accurac E-09 E-09 E-09 -09 E-09 E-09 E-09

Sv/ h

Dose 5.34576| 4.56004 | 4.02741| 6.9633E| 4.03033| 4.67636| 5.11245

accurac E-09 E-09 E-09 -09 E-09 E-09 E-09
Table 3.29 Calculated doses at site GL5D

Description Measurement Points

points 1 2 3 4 5 6 7

ADR 157.48 | 136.53 | 116.39 155.79 115.3% 144.89 168.39

nGy/h
AEDE 0.19 0.17 0.14 0.19 0.14 0.18 0.21
mSv/yr
ELCRx107® 0.68 0.59 0.50 0.67 0.50 0.62 0.72
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To compare dose with site GL5D measurements wede ragsite GL4E. Dose
are calculated for a person sitting at point 2 4mat passing at point 3. The calculated
doses are compared with doses for a person siting bench on paint 2 or 6 at site
GL5D.

Figure 3.42 Location of measurements and numbpoiots at site GL5E

—@—6-Apr

9.0E-08

8.0E-08
7.0E-08 §/§/_-§—'

6.0E-08

5.0E-08
4.0E-08
3.0E-08

Equivalent dose (Sv/h)

2.0E-08

1.0E-08
1 2 3 4 5
Measured points

Figure 3.43 Change in Equivalent Dose from poitud % at site GL5E
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Table 3.30 Equivalent dose at site GL5E

Measurements Place of measuremenDate of measurement | Time of Start | Time of end | Ambient
of of temperature
measurements measurements

BIKTI-03 Alley of Geologists 6/04/2030 14:45:47 15:10:36

(site GL5E)

Description Measurement Points

Number of 1 2 3 4 5

points

Ambient Dose| 6.56E-08 | 7.24E-08| 7.73E-0§ 7.83E-08 7.09E-08

Equivalent

Sv/ h

Dose errc 4.8 3.4 4.6 4.4 4.7

%

Impulse 42.039 41.278 45.091 43.306 40.791

Imp/s

Impulse error | 1.8 1.8 1.7 1.8 1.8

%

Impulse 7.23484E-| 7.10387E-| 7.76008E-| 7.45289E-| 7.02006E-08

calculates 08 08 08 08

Sv/ h

Impulse 1.30227E-| 1.2787E- | 1.31921E-| 1.34152E-| 1.26361E-09

accurac 09 09 09 09

Sv/ h

Dose 3.14928E-| 3.32856E-| 3.40278E-| 3.44476E-| 3.33004E-09

accurac 0¢ 09 09 0¢

Table 3.31 Calculated doses at site GL5E

Description Measurement Points

points 1 2 3 4 5

ADR 65.61 72.36 77.34 78.29 70.85
nGy/h

AEDE 0.080 0.089 0.095 0.096 0.087
mSv/yr

ELCRx10°® 0.28 0.31 0.33 0.34 0.30

Since the dose fluctuation in very minimal on sitesite GL5E we calculate the
average dose from the points and assume the pgseiong at points 2 or 4 will receive
a dose of7.29M10°% + 5.16110Sv h. The dose comparison is shown on figure 3.44. A
person sitting on a bench at point 2 or 6 on sit®&Gwill receive a dose which is 2

times higher than the person sitting on a bendit@GL5E
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Equivalent dose (Sv/h)

Figure 3.44 Dose comparison between site GL5D adri0G

To assess the radiological health effects assalowth the doses, the calculated
doses are compared with recommended safe limitvanidl average values as shown in
figure 3.45 to figure 3.47. for a person sittingabench at site GL5D at point 2 or 6,
ADR is 1.7 time higher than the recommended safit lof 84nGy/h and 3.4 times
higher than world average value of 59nGy/h, butaf@rerson sitting on a bench at site
GL5E on point 2 or 4, ADR is 1.2 times lower th&awommended safe limit and 1.2
times higher than world average. AEDE at both sgdewer than recommended safe
limit but 2.5 times higher than world average vati@oint 2 or 6 on site GL5D and 1.3
time higher than world average value at site GLBELR is 2 times higher than world
average at point 2 or 6 and 1.1 times higher tharidwaverage at site GL5E.

EGL5D MEGL5E m Recommended safe limit world Average

180
160

140

120

100

80
6
4

20
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1 2 3 4 5 6 7

Measured points

ADR(nGy/h)
o O

Figure 3.45 ADR at site GL5D and GL5E compared witbrld average and

recommended safe limit
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Figure 3.46 AEDE at site GL5D and GL5E comparedhwatorld average and

recommended safe limit
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Figure 3.47 ELCR at site GL5D and GL5E comparedhwatorld average and

recommended safe limit
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Chapter 4 Financial management, resource efficiency and resoe
conservation

Accessing finance is often a major problem to thecessful implementation of
resource efficiency projects and, ultimately, thsibess benefits that these projects can
deliver. When planning a resource efficiency prbjaany organization there need to
access finance. A business case has to be prejpaceder to support the proposed
project as well as a strong case for investmesétaor management or external lenders
has to be presented. With this research work, aestigation of changes in gamma
background radiation due to Technosphere object easded. The background
radiation was studied using highly sensitive gardetactors BDKG-03. Hence, the aim
of the section “Financial Management, Resourceclefficy and Resource savings” is to
measure the prospects and success of a reseajett jmmrder to design a mechanism
for managing and acquiring special supports dutitegimplementation stage of the
project to enhance productivity. In addition, Fio@h Management means planning,
organizing, directing and controlling the financaativities such as procurement and
utilization of funds of the enterprise. It meanplgmg general management principles

to financial resources of the enterprise

4.1 Financial Management

Financial management is one of the most importapeets in any research
undertaking. In order to start up or even run &essful project, you will need excellent
knowledge in financial management. Financial mamege refers to the strategic
planning, organizing, directing, and controlling @hancial undertakings in an
organization or an institute. It also i includeplgmmg management principles to the
financial assets of an organization, while alsoyiplga an important part in fiscal

management.

Business concern needs finance to meet their egemts in the economic
world. Any kind of business activity depends on fimance. Hence, it is called as
lifeblood of business organization. Whether tharess concerns are big or small, they

need finance to fulfil their business activities the modern world, all the activities are
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concerned with the economic activities and veryipalar to earning profit through any
venture or activities. The entire business actsitare directly related with making
profit. (According to the economics concept of &astof production, rent given to
landlord, wage given to labor, interest given tpitad and profit given to shareholders
or proprietors), a business concern needs finameeeet all the requirements. Hence
finance may be called as capital, investment, iod but each term is having different
meanings and unique characters. Increasing th& ppdhe main aim of any kind of

economic activity. (Paramasivan, n.d.)

Therefore, the purpose of the section "Financialndgement, Resource
Efficiency and Resource Savings" is to determimepttospects and success of a research
project, to develop a mechanism for managing apgauting specific project solutions
at the implementation stage of the project lifeeyabhich is in this case of an
investigation of the changes of background radmiio urban atmosphere due to

Technosphere.

4.2 Competitiveness analysis of technical solutions

It is important to realistically assess the streegand weaknesses of the
developmenbf competitors. The analysis of competitive techhsolutions from the
standpoint ofesource efficiency and resource saving makesssipte to evaluate the
comparativeeffectiveness of scientific development and deteentine directions for its
future enhancementhis analysis was carried out using the evaluatiap and three
competitivedevelopments have been selected. Criteria for casgrmaand assessment
of resourceefficiency and resource saving, given in Table Isdlected based on the
selected objectsef comparison, considering their technical and ecan features of
developmentcreation and operatiorOne of the best strategies for environmental
management and sustainability can bearacterized as the harmonization of
environmental conservation and econommmpetitiveness by the pursuit of eco-
efficiency. This is in keeping with the concept Btological Modernizationa

conceptualization of a shift in environmental pgland managementlany solutions
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and strategies have been put in place on makirggteat mappin@f radiation levels in
different countries is achieved, this has beemtakiace in order toontrol/monitor the
amount of dose taken by the living organism intearthich hasiegative impact when
the dose is higher compared to the allowable doisdke per yeatdowever, the cost
associated on undertaking such studies is higheelhsis accuracy dhe analysed data
has been low, therefore different technologicalrapphes has beeamplemented in
order to lower cost of undertaking such studiesthVthis research theéaree technical

solution includes the use:

* In situ ambient dose measurement-
 Gamma ray laboratory;
* Real-time radiation monitoring in the environmept-

First of all, it is necessary to analyze possibtshhical solutions and choose the
best one based on the considered technical ancomworcriteria. Evaluation map
analysis presented in Table 1.4.1 The positionyfesearch and competitors has been
evaluated for each indicator based on a five-pgxate, where 1 is the weakest position
and 5 is the strongest. The weights of indicatetemined in the amount 1. Analysis

of competitive technical solutions is determinedtiiog formula:

cC => w, P, (4.1)
C - the competitiveness of research or a competitor;

Wi- criterion weight;
Pi — point of i-th criteria.

Table 4.1 Evaluation card for comparison of conipetitechnical solutions.

Evaluation criteria Criterion Points Competitiveness
example weight
Pr | R | R Cs Cq Co
1 2 3 4 5 6 7 8

Technical criteria for evaluating resource efficiercy
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1. Energy efficiency 0.1 3 4 4 0.3 0.4 0.4
2. Reliability 0.2 4 3 5 0.8 0.6 1
3. Safety 0.2 4 4 5 0.8 0.8
4. Functional capacity 0.1 5 5 5 0.5 0.5 0.5
Economic criteria for performance evaluatio

1. Development cost 0.1 4 4 5 0.4 0.4 0.1
2. Market penetration

0.1 5 4 3 0.5 04 0.3
rate
3. Expected lifecycle 0.2 4 4 5 0.8 0.8 1
Total 1 29| 28 32 4.1 3.9 4.3

In the existing state systems of radiation momitgpris measured only one
parameter which is the dose rate-gfdiation. In situ ambient dose measurement is the
best alternative to investigate the changes in garbackground radiation due to
Technosphere objects. The developed methodologyingple and economical in
comparison with other competitive method for memsguradiation.

4.3SWOT Analysis

A SWOT analysis evaluates the internal strengtlit \@aaknesses, and the
external opportunities and threats in an orgaronaienvironment. The internal analysis
identifies resources, capabilities, core compet=nand competitive advantages, using
a functional approach to review finance, managemitastructure, procurement,
production, distribution, marketing, reputationattors and innovation. The internal
analysis is critical in identifying the source afngpetitive advantage. It pinpoints the
resources that need to be developed in order tainetompetitive. The external analysis
identifies market opportunities and threats by Inglkat the competitors' environment,
the industry environment and the general envirorimiére competitors' environment is
an analysis of the resources and functions of gaahfirm. The industry environment
is reviewed through the five forces framework ompetitive rivalry, new entrants,
suppliers, buyers and product substitution. Theeregl environment is analysed in
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terms of political, economic, sociocultural, teclugical, ecological, demographic,
ethical, and regulatory implications. The objectofea SWOT analysis is to use the
knowledge an organization has about its environsant to formulate its strategy

accordingly. (Sammut-Bonnici & Galea, 2015)

Table 4.2 SWOT Analysis of the research work

Strengths: Weaknesses:

S1. The detector is highly | W1. Need technical know-

sensitive and intelligent; how on to use the equipment.;

S2. Results are displayed in| W2. Sometime software takes

real time; time to respond

S3. Competitiveness. Wa3. A lot oftime needed In

field to collect dat.

Opportunities: Strategy which based on Strategy which based on

O1. Radiation levels can be | strengths and opportunities: | weaknesses and opportunities:
easily mapped in large areas;
02. Data can be used in 1. Obtain a lot of 1. work with a large number
construction industry; measurements with the of engineers to collect a lot ¢
03.The data can be applicablespecified period which can bedata from various location
to city planning authorities; | used to improve public safetywithin the city of Tomsk

O4. Data can be used to which can in turn attract

=

improve public safety funding for future researc

Threats: Strategy which based on Strategy which based on

T1. Budget overrun if project strengths and threats weaknesses and threats:

goes beyond schedule

T2. Public perception of 1. Spend minimum time 1 Follow the schedule of the
scientists carrying out outdoors but ensure that the| project and to collect data in
measurements in their accuracy and quality of data| two different location in the
premises is maintained, this will ensuresame day.

T3 Change in weather the technology remains

conditions can affect the competitive.
accuracy of the resu

4.4 Initiation of the Project

The gamma-background of the urban atmosphere nisefbito a greater extent
by the radiation of radionuclides contained in #wal, building materials, and the
atmosphere. The influence of various objects offteehnosphere has practically not
been studied by anyone. It is not known which dljeudll increase the total urban

gamma background, and which ones will decreasefdregoing determined the main
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goal of this work - the study of the influence a&chnosphere objects on the gamma
background of the urban environment. This worknpartant in the sense that knowing
the level by which Technosphere objects have ise@®ackground radiation can help

protect the public from the dangers of ionizingiaaidn.

4.4.1Project stakeholders and Participants include
Table 4.3 Stakeholders of the project.

Project stakeholders Stakeholder expectations
Provide necessary equipment and funding
TPy to ensure completion of the project.
Develops dosimetric methodology for the
ICRP assessment of internal and external radiation
exposures
AEA Guidelines of radiological assessment of
public environment

4.4.20bjectives and Outcomes of the Project

Table 4.4 Purpose and results of the project.

Purpose of project: * To investigate the changgs in background. radiation
to Technosphere objects in the urban environment.

» Variations in gamma background radiation due to
Technosphere objects.

* Increase or decrease in absorbed dose within asac

project: of 1m from Technosphere objects.

* Increase or decrease in Excess life time cander ris
within a radius of 1m from Technosphere objects

Criteria for acceptance gfAgreement between the results of project and theltseof

Expected results of the

the project result: other authors on the similar subject or relatedesularea.

Industrial applicability.
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Requirements forthe |
_ Significance for research
project result:

The organizational structure of the project is iti@st appropriate a temporary
organizational structure that includes all its wgvants and is created to successfully

achieve the project's objectives.

Table 4.5 The organizational structure of the ftoje

Ne Participant Role in the Functions Labor time,
project hours.
1 Engineer Executor Selection of main evaluation 122
and scientific literatures
studies.

Collection of data and
analyzing collected dg
2 Supervisor Head of projectFormulation of research topi
and direction of research
Verification work through
weekly meetings

Control of deadlines and
objectives in the resear

28

()

4.4.3Limitations and Assumptions of the Project
Project constraints - are all factors that canesasya limited degree of freedom

of members of the project team, as well as thejéptdoundary".

Table 4.6 Constraints and budget for the project

Factors Limitations / Assumptions
3.1. Project's budget 328666.11Rubles
3.1.1. Source of financing Internal TPU
3.2. Project timeline: 01/09/2019 to 12/05/2020
3.2.1. Date of approval of plan of project 01/09/20
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3.2.2. Completion date 20/05/2020

4.4.4Project Schedule
This research demands that a working calendar gismitawn to represent

activities undertaken during the course of the gojThis was used to monitor and

guide the progress of work.

Table 4.7 Project Schedule

Job title Duration, days Start date Date O.f Participants
completiot
Development of Scientific
technical 4 1.02.2020 4.02.2020 .
. supervisor
specification
Drafting and
approval of the 3 4.02.2020 | 7.02.2020 |  Scientific
Terms of supervisor
Referenc
Research Scient.ific
. . 4 7.02.2020 11.02.2020 supervisor,
Direction .
Engineel
Collection and
study scientific 25 11.02.2020| 7.03.2020 Engineer
technical literatur
Data collection 35 7.03.2020 | 12.04.2020 .
Enginee
Analysis of the Engineer
obtained 15 6.04.2020 | 21.04.2020 Scientific
experimental da supervisa
Summary and Scientific
assessment of 2 21.04.2020| 23.04.2020 supervisor,
result: Enginee
Compilation of
results for report 15 1.04.2020 | 15.04.2020 Engineer
preparatio
Preparation of the
results and report 6 20.04.2020| 26.04.2020 Engineer
submissior
Defense 20 30.04.2020| 20.05.2020 |  Engineer
preparatio
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The Gantt chart was used to map the distributiash@fwvork carried out. Gantt
chart is a type of bar charts which is used tsitlate the planned schedule of project,
in which the works can be shown the extensive lengtime, characterized by the dates
of beginning and end of the implementation of theeeks. Calendar schedule of R&D

on the topic:

Table 4.8 work breakdown structure Gantt chart

Duration of the proje:

Ne Activities | Participants dTac’s Februar | Marct | April | May | June
YS 1T2[38T1]2[3[1]2][3[1]2][3]1]2
Development] Scientific
1 of technical ; 4
. supervisor
specification
Drafting and
approval of | Scientific
2 . 3
the Terms of| supervisor
Referenc
Scientific
Research :
3 . ! supervisor, 4
Direction .
Enginee
Collection
and study
4 scientific Engineer 25 I
technical
literature
5 Data_‘ Engineer 35 _
collectior
Analysis of
6 the optalned Engineer 15
experimental
date
Summary and Scientific

7 assessment af supervisor, 2

W
N
results Enginee I
Compilation i
8 of results for Engineer 15
report
preparatio
Preparation L
of the results| Soentific .
9 supervisor, 6
and report for -
. Technician
submissior
Defense -
10 preparatio Technician| 20 H

— Scientific supervisqr [ — Engineer
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4.5 Scientific and technical research budget

The amount of costs associated with the implemiemtatf this work is the
basis for the formation of the project budget. Thuslget will be presented as the
lower limit of project costs when forming a contragth the customer.

To form the final cost value, all calculated cdstsindividual items related to
the manager and the Engineer are summed.

In the process of budgeting, the following groupaigosts by items is used:

- Material costs of scientific and technical research

- costs of special equipment for scientific work (Bepation of equipment

used for design);

- basic salary;

- additional salary;

- labor tax;

- overhead.

4.5.1Calculation of material costs

The calculation of material costs is carried owoading to the formula:

C,=(1+k )} PIN,, 4.2)

where

m — the number of types of material resources coesuimthe performance of
scientific research;

Ncons — the amount of material resources of the i-tlrcigseplanned to be used
when performing scientific research (units, kg,nm, etc.);

P; — the acquisition price of a unit of the i-th tyglenaterial resources consumed
(rub./units, rub./kg, rub./m, rub.Aretc.);

kr— coefficient taking into account transportatiostso

Prices for material resources can be set accordirdpta posted on relevant

websites on the Internet by manufacturers (or sepptganizations).
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Table 4.9 Material costs

— %)

= 1%

> |8

Name c o T
£ E |8 48 s
5 | < 58 £°
Office supplies - 1 800 800
Total 800

4.5.2Calculation of the depreciation

If you use available equipment, then you need koutate depreciatian

=G ) 4.3
100
Where
Ha - annual amount of depreciation;
Creps - initial cost of the equipment;
rate of depreciation;
H_ =100 4.4
T

where
T - life expectancy.

In this research work, the special equipment necgs$or conducting
experimental work includes gamma detector BDKG-@&®&dtor which cost 60000rubles
and life time expectancy of 10years and comput@neoted to detector which cost

24000rubles and life time expectancy of Syears

Detector:

Cyp = — (4.5)
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Cyq = 600091/0x 365= 16-438ubles / day
The equipment was used for 68 days, the cost opeuant:
C.q =16.438ub /dayll68days- 1117.8Qubles/de

Computer:

Cyo = 2400%x 355=13.15ubles / day

The equipment was used for 68 days, the cost apeunt

Ceq =13.150ub /dayll68days- 894.2rubles/ de

Table 4.10 Depreciation

Depreciation

Equipment Quantity Total cost of Life for the duration
Ne , o , : expectancy, :
identification | of equipment| equipment, rub. ear of the project,
y rub.
1. | Gamma detectof 1 60000 10 1117.808
2. | computer 1 24000 5 894,2
Total 2012

4.5.3Basic salary

This point includes the basic salary of particigatitectly involved in the
implementation of work on this research. The valtisalary costs is determined based
on the labor intensity of the work performed anel ¢irrent salary system

The basic salary ¢pis calculated according to the following formula:

$=8xT, (4.6)

where $— basic salary per participant;

Tw— the duration of the work performed by the scien@ind technical worker,
working days;

Sa - the average daily salary of an participant, rub.

The average daily salary is calculated by the fdamu
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5, =M 4.7)

rae Sm _ monthly salary of an participant, rub .;
M — the number of months of work without leave dgrihe year:
at holiday in 48 days, M = 11.2 months, 6 day peeky
F, — valid annual fund of working time of scientifinétechnical personnel (251
days).

FV

Table 4.11 Work time balance

Working time indicators Scientific supervisor

Calendar number of days 365

The number of non-working days
- weekend 52
- holidays 14

Loss of working time
- vacation 48

- sick absence —

The valid annual fund of working time 251

Monthly salary is calculated by formula:
Snonth: Snase[(] kprem'un-ﬁi- kbon).LsDk (48)
where

Sase— base salary, rubles;
Koremium— premium rate;
kbonus— DONUS rate;

kieg — regional rate.
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Table 4.12 Calculation of the base salaries

T,
Soasa _ Shonth Wa, i’ Whase
Performers rubles kprem|um Kbonug kreg rub. rub. Vc\llg)r/lf rub.
Supervisor 35000 13 4550 |1885.3| 28 | 52788.4
Engineer 17310 ’ 22503 | 932.4| 122 (113752.8
Total 166541.2

4.5.4Additional salary
This point includes the amount of payments stigaldiy the legislation on

associated with state and public duties; paymanwok experience, etc.

labor, for example, payment of regular and add#idmlidays; payment of time

Additional salaries are calculated on the basik0e15% of the base salary of

workers:

where

W, =K

x\W

extra

W,q4q— additional salary, rubles;

basi

Kexra— @dditional salary coefficient (10%);

Whase— base salary, rubles.

Table 4.13Additional Salary

(4.9)

Participant Additional Salary, rubles
Supervisor 5278.84
Engineer 11375.28
Total 16654.12
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4.5.5Labor tax

Tax to extra-budgetary funds are compulsory acogrth the norms
established by the legislation of the Russian Fadsr to the state social insurance
(SIF), pension fund (PF) and medical insurance (FgNfom the costs of workers.

Payment to extra-budgetary funds is determined®farmula:

Prociar =KX (W paeat W o40) (4.10)
where
k, — coefficient of deductions for labor tax.

In accordance with the Federal law of July 24, 2809 212-FL, the amount of

insurance contributions is set at 30%. Institutioasducting educational and scientific

activities have rate - 27.1%.

Table 4.14 Labor tax

Project leader | Engineer
Coefficient of deductior 0.271
Salan, rubles 58067.2: 125128.0
Labor tax, ruble 15736.2. 33909.7:
Total 49645.9.

Overhead costs include other management and mamtercosts that can be
allocated directly to the project. In addition glmcludes expenses for the
maintenance, operation and repair of equipmentgymtion tools and equipment,
buildings, structures, etc.

Overhead costs account from 30% to 90% of the atmfumase and additional
salary of employees.

Overhead is calculated according to the formula:

CoKoX(Wipaedt W 240) 13)
Where

kov =50% — overhead rate.
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Table 4.15 Overhead

Project leadel | Engineel
Overhead rai 0.t
Salan, rubles 58067.2: 125128.0:
Overhea, rubles 29033.6. 62564.0-
Total 91597.6!
4.5.60ther direct costs
Energy costs are calculated by the formula:
C=PR, [P[F,, (4.12)

where
Fer — (TSwit 1208 (5.8 rubl(s [Tt 1 kWh);
P — [Tt [f [quilm[nt, kKW;

F . .
“ — equipment usage time, hours.

When performing the work, a stationary computehwih average power of

500 W (0.5 kW) was used. If we assume that alwbek was done on it, then, all was

spent:

E=Pel-P=05-4-122 = 244kW - h,

(four-hour work day)
Energy Costs:
C = 5.8 244 = 1415.2rubbles
Table 4.16 Other direct costs

< E |3
— = o
Name = G| = = °
= § g T
Lo o a3
='5 e S & B o
23 < |& B3| s 3
Energy costs 05 | 244 5.8 1415.2
Total 1415.2
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4.5.7Formation of budget costs
The calculated cost of research is the basis fdgéting project costs.

Determined budget for the scientific research veiin the table.

Table 4.17 Iltems expenses grouping

Name Cost, rubles

1. Material cost 80C

2. Depreciatiol 2012

3. Basic salar 166541..
4. Additional salar 16654.1.
5. Labor ta 49645.9:
6. Overhea 91597.6!
7. Other direct co: 1415.:
Total planned cos 328666.1

4.6 Evaluation of the comparative effectiveness of theroject

Determination of efficiency is based on the caltataof the integral indicator
of the effectiveness of scientific research. Itgling is associated with the definition
of two weighted average values: financial efficigaad resource efficiency.

The integral indicator of the financial efficienofa scientific study is
obtained in the course of estimating the budgetifercosts of three (or more) variants
of the execution of a scientific study. For thise targest integral indicator of the
implementation of the technical problem is takemh&scalculation base (as the

denominator), with which the financial values ftirthe options are correlated.

The integral financial measure of development fed as:

=1, (4.13)
where 17 — integral financial measure of development;

@, — the cost of the i-th version;

®dmax— the maximum cost of execution of a researchegtdjncluding

analogues).
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The obtained value of the integral financial measafrdevelopment reflects
the corresponding numerical increase in the budfygévelopment costs in times (the
value is greater than one), or the correspondimgenical reduction in the cost of
development in times (the value is less than oanegteater than zero).

Since the development has one performance,fhern.

The integral indicator of the resource efficienéyle variants of the research

object can be determined as follows:
I =2ah’, 1 =>al (4.14)
i=1 i=1

where

I, — integral indicator of resource efficiency foetith version of the
development;

a;— the weighting factor of the i-th version of thevdlopment;

J : %" _ score rating of the i-th version of the develepmis established

by an expert on the selected rating scale;
n — number of comparison parameters.
The calculation of the integral indicator of resmiefficiency is presented in

the form of table 4.18.

Table 4.18 Evaluation of the performance of thggmto

Criteria Weight criterion Points

1. 1. Energy efficiency 0.1 3
2. Reliability 0.2

3. Safety 0.2

4. Functional capacity 0.1 5
Economic criteria for performance evaluation

1.The cost of development 0.1 4
2. Market penetration rate 0.1

3.Expected life 0.2 4

Total 1 4.1
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The integral indicator of the development efficigiig, ) is determined on the

basis of the integral indicator of resource efficig and the integral financial indicator
using the formula:

_111;1 Ia

By = B, Loy = 'T’;‘ and etc. (4.15)
Comparison of the integral indicator of the currergject efficiency and
analogues will determine the comparative efficier@gmparative effectiveness of the

project:
rr (4.16)

Dep = =2,
Cp I(ia)l/IHp

Thus, the effectiveness of the development is pteglen table 4.19.

Table 4.19 Efficiency of development

Ne Indicators o Py
1 Integrated Financial Development

Indicator 1 0.78
2 Integral indicator of resource efficiengy

of development 4.1 |3.9
4 Integral indicator of the development

efficiency 41 |5

Comparison of the values of integral performanciciators allows us to
understand and choose a more effective solutidinetdechnical problem from the

standpoint of financial and resource efficiency.
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4.7 Conclusion on chapter
From Financial management, resource efficiencyraadurce saving analysis

It can be concluded that the big piece of finan@aburces goes into paying salaries
which takes a share of 166541.2rubles in basicisalplus 16654.12rubles in
additional salary. The total budget of the projeas calculated at 328666.11rubles. In
every scientific undertaking financial managemessgpurce efficiency and serving is a

very import aspect to ensure successful completiguroject.
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Chapter S Social responsibility

5.1Introduction

Naturally occurring radioactive materials are ulitiqus throughout the earth's
crust but Human manipulation of the environmentdoonomic and social means has
led to what is known as "technologically enhancedlurally occurring radioactive
materials,” often called TENORM. Technologicallyhanced naturally occurring
radioactive materials are present almost everywinettee Technosphere in the form of
Technosphere objects, hence the aim of the studinutestigate the changes in

background radiation due to technoshere objedtsemurban environment.

5.2 Legal and organizational items in providing safety

Nowadays one of the main ways to radical improvedroéall prophylactic work
referred to reduce Total Incidents Rate and ocooat morbidity is the widespread
implementation of an integrated Occupational Saéety Health management system.
That means combining isolated activities into @larsystem of targeted actions at all

levels and stages of the production process.

Occupational safety is a system of legislative jes@conomic, organizational,
technological, hygienic and therapeutic and progpttyd¢ measures and tools that ensure

the safety, preservation of health and human padace in the work process.

According to the Labor Code of the Russian Fedamagvery employee has the
right: to have a workplace that meets Occupati@adiéty requirements; to have a
compulsory social insurance against accidents atufaaturing and occupational
diseases; to receive reliable information fromeh®loyer, relevant government bodies
and public organizations on conditions and Occuopali safety at the workplace, about
the existing risk of damage to health, as well aasares to protect against harmful and
(or) hazardous factors; to refuse carrying out wortase of danger to his life and health

due to violation of Occupational safety requirersefite provided with personal and
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collective protective equipment in compliance wWitbcupational safety requirements at
the expense of the employer; for training in sateknmethods and techniques at the
expense of the employer; for personal participatiwnparticipation through their
representatives in consideration of issues relaetsuring safe working conditions in
his workplace, and in the investigation of the deait with him at work or occupational
disease; for extraordinary medical examination iocoadance with medical
recommendations with preservation of his place ofkw(position) and secondary
earnings during the passage of the specified meedi@mination; for warranties and
compensation established in accordance with thisleCacollective agreement,
agreement, local regulatory an act, an employmentract, if he is engaged in work

with harmful and (or) hazardous working conditions.

The labor code of the Russian Federation statésitnenal working hours may
not exceed 40 hours per week, the employer musgt tkaek of the time worked by each

employee.

Rules for labor protection and safety measuresén@duced in order to prevent
accidents, ensure safe working conditions for wrleand are mandatory for workers,

managers, engineers and technicians.

5.3 Basic ergonomic requirements for the correct locatin and arrangement
of researcher’s workplace when working with PC

The workplace when working with a PC should besast 6 square meters. The
legroom should correspond to the following paramsetthe legroom height is at least
600 mm, the seat distance to the lower edge ofvtitking surface is at least 150 mm,
and the seat height is 420 mm. It is worth notingt the height of the table should
depend on the growth of the operator.

The following requirements are also provided foe tbrganization of the

workplace of the PC user: The design of the workal@ir should ensure the
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maintenance of a rational working posture while kirggy on the PC and allow the
posture to be changed in order to reduce the dttion of the neck and shoulder

muscles and back to prevent the development gfuati

The type of working chair should be selected takimg account the growth of
the user, the nature and duration of work with B@& The working chair should be
lifting and swivel, adjustable in height and angfenclination of the seat and back, as
well as the distance of the back from the fronteedfjthe seat, while the adjustment of

each parameter should be independent, easy toaargnd have a secure fit.

5.4 Work safety

A dangerous factor or industrial hazard is a faetbose impact under certain
conditions leads to trauma or other sudden, seletexioration of health of the worker.
A harmful factor or industrial health hazard isaatbr, the effect of which on a worker

under certain conditions leads to a disease ocieedse in working capacity.

5.4.1Analysis of harmful and dangerous factors that carbe created by
object of investigation

The objective of the study is investigation of apas in background radiation
due to technoshere objects in the urban environm&herefore, objective of
investigation itself cannot cause harmful and damge factors it only seeks to
determine the potential radiological health effettmcreased background radiation due

to technoshere objects.

5.4.2Analysis of harmful and dangerous factors that camrise at workplace
during investigation
The research work was carried on the pc in the rdormg analysis of results

and also in the urban environment during data ctdie. working conditions in the
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workplace are characterized by the presence ofrtheas and harmful factors, which
are classified by groups of elements: physical, nobal, biological,

psychophysiological. Since the research was caougdh two places at the work place
in room during analysis of results and in the urleanironment around technoshere
objects. The main elements of the production ptest form dangerous and harmful

factors are presented below.

5.4.3Analysis of harmful and dangerous factors that camrise at workplace
during investigation

5.4.3.1Deviation of microclimate indicators

The air of the working area (microclimate) is detgred by the following
parameters: temperature, relative humidity, airedpélhe optimum and permissible
values of the microclimate characteristics areb#istaed in accordance with and are

given in Table 5.1

Table 5.1 Optimal and permissible parameters ofriteeoclimate

_ Relative Speed of air
Period of the yeaf ~ Temperatufe, o
humidity,% movement, m/s
Cold and changing
23-25 40-60 0.1
of seasons
Warm 23-25 40 0.1

5.4.3.2Excessive noise

Noise and vibration worsen working conditions, havbearmful effect on the
human body, namely, the organs of hearing and the@esrbody through the central
nervous system. It results in weakened attentiatgertbrated memory, decreased
response, and increased number of errors in warlsé\tan be generated by operating

equipment, air conditioning units, daylight illunatimg devices, as well as spread from
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the outside. When working on a PC, the noise levte workplace should not exceed
50dB.

5.4.3.3Increased level of electromagnetic radiation

The screen and system blocks produce electromagakiation. Its main part
comes from the system unit and the video cable.oAting to, the intensity of the
electromagnetic field at a distance of 50 cm arothmel screen along the electrical

component should be no more than:
* inthe frequency range 5Hz - 2 kHz - 25V / m;
* inthe frequency range 2 kHz - 400 kHz - 2.5M./
The magnetic flux density should be no more than:
* inthe frequency range 5 Hz - 2 kHz - 250 nT;

* inthe frequency range 2 kHz - 400 kHz - 25 nT

5.4.3.4Abnormally high voltage value in the circuit

Depending on the conditions in the room, the rikklectric shock to a person
increases or decreases. Do not operate the electenice in conditions of high
humidity (relative air humidity exceeds 75% foroadj time), high temperature (more
than 35 ° C), the presence of conductive dust, wcinge floors and the possibility of
simultaneous contact with metal components condeittehe ground and the metal
casing of electrical equipment. The operator wavkh electrical devices: a computer
(display, system unit, etc.) and peripheral devidéere is a risk of electric shock in the

following cases:

» with direct contact with current-carrying parts idigrcomputer repair;
* when touched by non-live parts that are under gel{@ case of violation of

insulation of current-carrying parts of the compyte
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* when touched with the floor, walls that are undadtage;

» short-circuited in high-voltage units: power supahd display unit.

Table 5.2 Upper limits for values of contact cutrend voltage

Voltage, V Current, mA
Alternate, 50 Hz 2 0.3
Alternate, 400 Hz 3 0.4
Direct 8 1.0

5.4.3.5Insufficient illumination of the working area

Light sources can be both natural and artificidde hatural source of the light
in the room is the sun, artificial light are lampgith long work in low illumination
conditions and in violation of other parameterdhs illumination, visual perception

decreases, myopia, eye disease develops, and headgipear.

According to the standard, the illumination on takle surface in the area of the
working document should be 300-500 lux. Lightingpwld not create glare on the
surface of the monitor. Illumination of the monisurface should not be more than 300

lux.

The brightness of the lamps of common light in #nea with radiation angles
from 50 to 90° should be no more than 200 cd/m,pitegective angle of the lamps
should be at least 40°. The safety factor for laofpsommon light should be assumed

to be 1.4. The ripple coefficient should not excbéal

5.4.3.6Increased levels of ionizing radiation
lonizing radiation is radiation that could ionizelecules and atoms. This effect
Is widely used in energetics and industry. Howetleeye is health hazard. In living

tissue, this radiation could damage cells thatlt@stwo types of effects. Deterministic
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effects (harmful tissue reactions) due to exposuitte high doses and stochastic effects

due to DNA destruction and mutations (for examplduction of cancer).

To provide radiation safety with using sourcesasfizing radiation one must use next

principles:

a) keep individual radiation doses from all radiatisources not higher than

permissible exposure;

b) forbid all activity with using radiation sources pfofit is low than risk of

possible hazard;

c) keep individual radiation doses from all radiatgmurces as low as possible.

There are two groups of people related to work widliation: personnel, who

works with ionizing radiation, and population

Table 5.3 Permissible dose limit

Quantity

Dose limit:

Effective dose

20 mSyv per year in averaienSv per year in averag
during 5 years, but noduring 5 years, but ng

je
Dt
ar

higher than 50 mSv pehigher than 5 mSv per ye
yeal

Equivalent dose per year 150 mSv 15 mSv

eye’s len

skin 500 mS 50 mSy

Handsand fee 500 mS 50 mSy

Effective dose for personnel must not exceed 1080 far 50 years of working

activity, and for population must not exceed 70 m@v/0 years of life. In addition, for

women from personnel of age below 45 years thetenis of 1 mSv per month of

equivalent dose on lower abdomen. During gestatimh breast-feeding women must

not work with radiation sources. For students otlan 16, who uses radiation sources

in study process or who is in rooms with incredsedl of ionizing radiation, dose limits

are quarter part of dose limits of personnel
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5.4.4Justification of measures to reduce the levels okposure to hazardous

and harmful factors on the researcher

5.4.4.1Deviation of microclimate indicators

The measures for improving the air environmenhegroduction room include:
the correct organization of ventilation and airditioning, heating of room. Ventilation
can be realized naturally and mechanically. In rib@m, the following volumes of

outside air must be delivered:

« atleast 30 m 3 per hour per person for the volofrithe room up to 20 m 3
per person;
« natural ventilation is allowed for the volume oéttoom more than 40 m 3 per

person and if there is no emission of harmful samsgs.

The heating system must provide sufficient, cortstaral uniform heating of the air.
Water heating should be used in rooms with incrétasgquirements for clean air. The
parameters of the microclimate in the laboratogutated by the central heating system,
have the following values: humidity 40%, air sp@eti m / s, summer temperature 20-
25 ° C, in winter 13-15 ° C. Natural ventilationpsovided in the laboratory. Air enters
and leaves through the cracks, windows, doors. ifian disadvantage of such
ventilation is that the fresh air enters the roomhaut preliminary cleaning and heating.

5.4.4.2Excessive noise

In research audiences, there are various kindsigks that are generated by
both internal and external noise sources. The natesources of noise are working
equipment, personal computer, printer, ventilatieystem, as well as computer
equipment of other engineers in the audience.dfrtfaximum permissible conditions
are exceeded, it is sufficient to use sound-absgrionaterials in the room (sound-
absorbing wall and ceiling cladding, window cur&inTo reduce the noise penetrating

outside the premises, install seals around thene¢er of the doors and windows
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5.4.4.3Increased level of electromagnetic radiation

There are the following ways to protect against EMErease the distance from
the source (the screen should be at least 50 cm tine user); the use of pre-screen
filters, special screens and other personal pligeeguipment. When working with a
computer, the ionizing radiation source is a digplander the influence of ionizing
radiation in the body, there may be a violation@fmal blood coagulability, an increase
in the fragility of blood vessels, a decrease imumity, etc. The dose of irradiation at
a distance of 20 cm to the display is 50 prem Albcording to the norms, the design of
the computer should provide the power of the expodose of x-rays at any point at a
distance of 0.05 m from the screen no more than/E0 h.

Fatigue of the organs of vision can be associatddhoth insufficient illumination and

excessive illumination, as well as with the wromggckion of light.

5.4.4.4Increased level of electromagnetic radiation

There are the following ways to protect against EMErease the distance from
the source (the screen should be at least 50 cm tine user); the use of pre-screen
filters, special screens and other personal prgtequipment. When working with a
computer, the ionizing radiation source is a digpldander the influence of ionizing
radiation in the body, there may be a violation@fmal blood coagulability, an increase
in the fragility of blood vessels, a decrease imumity, etc. The dose of irradiation at
a distance of 20 cm to the display is 50 prem Albcording to the norms, the design of
the computer should provide the power of the expodose of x-rays at any point at a

distance of 0.05 m from the screen no more thanu®0 h.

Fatigue of the organs of vision can be associatddboth insufficient illumination and

excessive illumination, as well as with the wromgection of light.
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5.4.4.5Increased levels of ionizing radiation

In case of radiation accident, responsible perdomust take all measures to
restore control of radiation sources and redugaitomum radiation doses, number of
irradiated persons, radioactive pollution of theimnment, economic and social losses

caused with radioactive pollution.

Radiation control is a main part of radiation safeid radiation protection. It is aimed
at not exceeding the established basic dose lmmitspermissible levels of radiation,
obtaining the necessary information to optimizetgebon and making decisions about
interference in the case of radiation accidentstarination of the environment and

buildings with radionuclides.

The radiation control is control of:

» Radiation characteristics of radiation sourceslugioh in air, liquid and
solid wastes.

* Radiation factors developed with technological psses in working
places and environment.

» Radiation factors of contaminated environment.

* lrradiation dose levels of personnel and population
The main controlled parameters are:

* Annual effective and equivalent doses

* intake and body content of radionuclides

» volume or specific activity of radionuclides in ,awater, food products,
building materials and etc.

» radioactive contamination of skin, clothes, footwemorking places and
etc.

» dose and power of external irradiation.

» particles and photons flux density.
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Radiation protection office establish control levef all controlled parameters
in according to not exceed dose limits and kee d#els as low as possible. In case
of exceeding control levels radiation protectioficafrs start investigation of exceed

causes and take actions to eliminate this exceeding

during planning and implementation of radiationesgaprecautions, taking any actions
about radiation safety and analysis of effectiver#snentioned action and precautions

one must value radiation safety with the followfagtors:

» characteristics of radioactive contamination oféngironment;

» probability of radiation accidents and scale ofidewts;

» degree of readiness to effective elimination ofiaadn accidents and its
aftermath;

* number of persons irradiated with doses higher t@ntrolled limits of
doses;

» analysis of actions for providing radiation safatyeeting requirements,
rules, standards of radiation safety;

» analysis of irradiation doses obtained by group$abulation from all

ionizing radiation sources.

5.4.4.6Abnormally high voltage value in the circuit
Measures to ensure the electrical safety of etadtmstallations:

» disconnection of voltage from live parts, on whazhnear to which work will
be carried out, and taking measures to ensurartpessibility of applying
voltage to the workplace;

» posting of posters indicating the place of work;

» electrical grounding of the housings of all insatins through a neutral wire;

« coating of metal surfaces of tools with reliablsutation;
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* inaccessibility of current-carrying parts of equgmm (the conclusion in the
case of electroporating elements, the conclusiothé body of current-

carrying parts).

5.4.4.7Insufficient illumination of the working area

Desktops should be placed in such a way that thetors are oriented sideways
to the light openings, so that natural light fatiainly on the left. Also, as a means of
protection to minimize the impact of the factoicdblighting should be installed due to
insufficient lighting, window openings should beugzgped with adjustable devices such

as blinds, curtains, external visors, etc.

5.5 Ecological safety

5.5.1Analysis of the impact of the research object on #henvironment

Human manipulation of the environment for econoamd social means, such
as mining, ore processing, fossil fuel extractimonstruction and commercial aviation,
may lead to what is known as "technologically erdeginaturally occurring radioactive
materials," The existence of technologically enleahnaturally occurring radioactive
materials results in an increased risk for humaposure to radioactivitylhis rapid
change in technological advances has put pressutheoecosystem. This has led to
global environmental issues, and the more humamaty developed, the bigger has

negative impact been on the environment.

5.5.2Analysis of the environmental impact of the resealt process

Process of investigation itself in the thesis da have essential effect on
environment. One of hazardous waste is fluorestaanps. Mercury in fluorescent
lamps is a hazardous substance and its impropgroshés greatly poisons the

environment.
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Outdated devices go to an enterprise that hasigheto process wastes. It is
possible to isolate precious metals with a punitythe range of 99.95-99.99% from
computer components. A closed production cycle istm®f the following stages:
primary sorting of equipment; the allocation of@oeis, ferrous and non-ferrous metals
and other materials; melting; refining and proaegsof metals. Thus, there is an

effective disposal of computer devices.

5.6 Safety in emergency
Analysis of probable emergencies that may occuthatworkplace during
research is an important undertaking. The firdhés most probable emergency in our
life. Possible causes of fire:
* malfunction of current-carrying parts of instaltats;
» work with open electrical equipment;
» short circuits in the power supply;
* non-compliance with fire safety regulations;
presence of combustible components: documentssgtadnies, cable insulation, etc.
Activities on fire prevention are divided into: amgzational, technical, operational and

regime.

5.6.1Substantiation of measures for the prevention of eargencies and the
development of procedures in case of emergencies
Organizational measures provide for correct opematiof equipment, proper
maintenance of buildings and territories, fire instion for workers and employees,
training of production personnel for fire safetyesy issuing instructions, posters, and
the existence of an evacuation plan.
The technical measures include compliance withrBgulations, norms for the design
of buildings, the installation of electrical wiresid equipment, heating, ventilation,

lighting, the correct placement of equipment.
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The regime measures include the establishmentles for the organization of work,
and compliance with fire-fighting measures. To v fire from short circuits,
overloads, etc., the following fire safety rulessihie observed:

» elimination of the formation of a flammable enviment (sealing
equipment, control of the air, working and emergeventilation);

* use in the construction and decoration of buildiafjeon-combustible or
difficultly combustible materials;

» the correct operation of the equipment (properuisicn of equipment in
the electrical supply network, monitoring of hegteguipment);

» correct maintenance of buildings and territoriesligsion of the source of
ignition - prevention of spontaneous combustioswdistances, restriction
of fireworks);

 training of production personnel in fire safetyesi|

» the publication of instructions, posters, the exist of an evacuation plan;

» compliance with fire regulations, norms in the desof buildings, in the
organization of electrical wires and equipment, timga ventilation,
lighting;

» the correct placement of equipment;

» well-time preventive inspection, repair and testrigequipment.

* Inthe case of an emergency, it is necessary to:

* inform the management (duty officer);

» call the Emergency Service or the Ministry of Enasrgy Situations tel.
112;

These measures must be taken to eliminate the emtcid accordance with the

instructions
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5.7 Conclusion on chapter
In this section about social responsibility thedrdbus and harmful factors were

revealed. All necessary safety measures and prenatdt minimize probability of
accidents and traumas during investigation aregieould be stated that with respect
to all regulations and standards, investigatioelfitand object of investigation do not

pose special risks to personnel, other equipmesheamironment
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Conclusion

Assessment of gamma background radiation withinrean environment is an
important aspect of radiation protection. Invedtmaof changes in gamma background
radiation due to technosphere objects in the udmaronment found that;

Technosphere objects extremely influence backgtaadiation and increase
irradiation doses within an urban environment, \whdan result in increased probability
of developing cancer over a life time of exposure.

Within a radius of 1m from certain technospheresotg the absorbed dose is 1.5
to 4.4 times higher than the UNSCEAR recommendézl|snait.

The range of absorbed dose wasGy / h+ 1.9nGy t0 374nGy / h+ 0.26nGy /L. The

calculated range of AEDE was05mSv/ y to 0.46mSv/yr and ELCR was 0.1358.0°3
to 1.60<103.

A person standing 50cm from certain technoshereocbdjwould receive a
radiation doses in the range of 86nG/h £ 2.1nGy/204nGy/h + 5.5nGy/h, which 1.02
to 2.4 higher than the recommended safe limit.

A person sitting on a bench (site GL5D) would reeean absorbed dose 1.7
time higher than the recommended safe limit andifds higher than world average.

The presence of an asphalted area at Lenta (sRA)Lesulted in a decrease in
gamma background radiation.

Largernyy sad (site LA1A and LA1B) and Alley of Gegist (site GL5B and
GL5C) are areas with the highest recorded gammkgbaend radiation. The annual
effective dose equivalent calculated indicates that areas do not constitute any
immediate radiological health effects on the gelngualic but there exists a very high
probability of one developing cancer over a lifadiof exposure.

However, there is need to determine the exact ibotion of technoshere
objects to the total background radiation thereforduture further studies have to be

carried out to determine the exact contribution.
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