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module for Environmental Protection and
Nature Management profession

This curriculum designed by O. Belyaeva and F.P. Carvalho

4 ECTS, 12Mhours

Course goals to develop students' knowledge about natural and artificial radioactivity, application
of radioactive materials and environmental consequences of such applications, principals of
radiation protection, to familiarize students with the analytical methods and equipment that
applied in environmental radiological monitoring, to develop skills of human dose and dose rate
estimation
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Curriculum

1. Introduction. The structure of atoms. Stable and unstable Isotopes. Radioactive decay law. Radioactive and
secular equilibrium

lonizing radiation interaction with matter. Biological effects of ionizing radiation

The detection and measurement of radioactivity

Environmental radioactivity. Cosmogenic and terrestrial radionuclides. NORM and TENORM.
Nuclear weapon testing and environmental consequences

Nuclear power generation. Environmental Impacts of nuclear energy

Nuclear wastesGeneration and management issues

Nuclear events and their impact on global environment

© N s D

Radioactivity monitoring

10. Principles of radiation protection. International conventions on nuclear safety and security. Nuclear
forensics
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MEVIPRO and Educational and Research Laboratory for
Environment Protection (#ERLEP) created favorable conditions
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NORM Issues In mining centers of
Armenia
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The aim of the study

to perform the evaluation of radioactivity levels in urban soils (gross alpha/beta activAg$8UUTh
232 and K40) and carry out a dose rate assessment and life time cancer risk evaluation in the
biggest mining centers of Armenia, i.e., at the metal mining towns of KapaKaadan

ENV, B



Initial information: Geology

Kapan

Jurassic volcanic (basalt, andesite) ¢
sedimentary (breccia, limestone,
dolomite and clay slate) formations

Kajaran

Tertiary volcanogenic and intrusive
rocks:monzonitesand porphyritic
granitesgranodiorites
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LEGEND

Intrusive rocks Marine-sedimentary rocks

- Porphyracrous granites and granodiorites

Sandstones, alevrolites, tufforeccias

Plagiogranites, Leucokratic granites Limestones, marls, alevrolites, sandstones

Granodiorites, gabbros, gabbrodiorites Sandy clay schists, arkose schists

Volcanogenic-terrigenous formation Limestones, marls, dolomites, limestones

1 Cays, sandstones, alevrolites, limestones,
: © tuffsandstones, tiffbreccias
[7*" Argrillites, alevrolites, sandstones, andesitedacitic
tuffs, tuffbreccias
Marine volcanogenic formations

Flish sedimentary rocks
Limestones, alevrolites, sandstones, conglomerates

Alluvial sediments

Andesites, andesitebasalts, lava-breccias tuffbreccias Pebbles, sands sandsoils, sand loams =
- Basalts, andesitebasalts, theirtuffs == ’1l|#| | ecaaee Faultes
Marine volcano-sedimentary rocks. == === Country borders o -
Sandstones, limestones, marls, alevrolites, i \— ( L
- reQ

tuffalevrolites, layers of tuffalevrolites .
Basalts, andesitebasalts, piroclastic tuffs, tuff sandstones l:l Quarries



Initial information: Geochemical prospecting

Kapan anKajaran

1950s, 1970s, airborne gammaay
spectrometry surveyGromovand
Koltsovexpedition}

Kapan LEGEND

® (ities

No U mineralization known 71U ore fields

) [ Lakes -
Kajal‘an [ Administrative devision of RA ]
. . N ~ apan
Syunik U ore field A 01530 60 90 120 o '\.\a.-\:;.
.- . m
Several U depositions are located in Aarsh

vicinities(LernadzorPkhrut etc.)
Distribution of U ore field in Armenia

1 Republican Geological Fund [Electronic resource] // Natural resources of the Republic of Armenia. Zdﬂﬂommw.qeo-fu@ﬁmvben O

2 AloyanP.G. Uraniurbearing geological formations of Armenia. Yerevan: GEOID, 2010. 185 p. (in Armenian)
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https://www.geo-fund.am/en

Initial information: Mineral deposits and
exploration

Kapan

Copperpyrite and goldpolymetallic deposits
Underground mining

Processing plant (ore crushing, milling, and flotation)
Two operating tailing repositories

Abandoned quarry

Numerous wastaock piles

Kajaran

CopperMolybdenum deposit

Openpit mining

Processing plant (ore crushing, milling, and flotation)
Three conserved tailing repositories




Initial Information: Comprehensive geochemical
studies

Contants fists avallable at ScienceDirect

Science of the Total Environment

Kapart
G e O C h e m i Cal S O i | S u rvey Ezﬁ:i;:]u](::‘:]:rpact of mining activities on soil heavy metals levels and z:l*
Stu dy of surface water po llution e o piad e

Shushanik Asmaryan, Armen Saghatel

Kajarar?
Geochemical soil survey
Study of surface water, airborne dust, agricultural soil and crop

pollution = Y iy
{GdzRe& 2F KSI @& YSil f asoliDNRYFRES NJ Medizay Gnclojy b |
SyStem . “BMWWS B - -

Study of fodder cropsand milk
Pilot study of marbiosubstrates
Study of gross beta activity distribution pattern
Study of indoor radon

1 Saghatelya\., Sahakyari.BelyaeveD. Polluted Irrigation Waters as a Risk Factor to Public Health. Chemistry Journal of Moldova. General, Ini
and Ecological Chemistry. 2012, 7 (2), p884DOIdx.doi.org/10.19261/cim.2012.07(2).11

2SaghatelyapA.,GevorgyanV.,ArevshatyanS. SahakyanL., 2008. Ecological and geochemical assessment of environmental state of the_ciiy of
Kajaran CENS, Yerevan (in Armenian)



http://www.cjm.asm.md/polluted-irrigation-waters-as-a-risk-factor-to-public-health
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Verification of data: gross alpha/beta counting

Gross alpha activity Gross beta activity
Total alpha activity, Bq/kg Total beta activity
e <MDA Background: 180 Bqg/kg
e <10 I <100
@ 10-20 I 100-200
© 2030 [ 200-300
O 3040 [1300-400
. <4t 400-500
[ 500-600

///// Kapan ore-dressing plant

Shahumyan mine and
:’ adjacent waste rock piles

[ Tailing dumps
%% Abandoned quarry

[/ Kapan ore-dressing plant
, Shahumyan mine and
| adjacent waste rock piles

[ Tailing dumps

B8 Abandoned quarry
Buildings Buildings
Rivers Rivers

Total beta activity
Background: 350 Bq/kg

Total alpha activity
Background: 23.85 Bq/kg

Alpha/Beta
. <0 I <100
Countlng SyStem I 1020 I 100-200
. . [ 20-30 [ 200-300
I|\/|a'[IC (Can berl‘a) [ 3040 [ 300-400
[ 40-50 [ 400-500
B >s0 [ 500-600
7z zeme o Quarry ->6°° —
Buildings == Rivers //zzemc o Quarry
Buildings —— Rivers




Verification of data: Outcomes

1. Previous data was not correlated with the newly obtaine
results

2. Data and existed soil samples were not enough to achie
the stated goal
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Collection of data: Selection of achieve soils and
additional sampling

1. Selection of 10 samples per a city based on gross 2. Additional sampling od wasteck piles, tails and
alpha/beta activities levels sludge from operating tailing repository

® Sampling locations
Sampling locations randomly

® selected for radionuclide
measurement

7/// Kapan ore-dressing plant

Shahumyan mine and
u adjacent waste rock piles

m Abandoned quarry
= - Tailing dumps

Buildings

Rivers

® Sampling locations

Sampling locations randomly
® selected for radionuclide
measurement

v/ zeme

2% Quarry

Buildings

Rivers




Gamma spectrometry system by
CANBERRA

HPGaletectorwith energy resolution of
1.8keV FWHM for the 133ReV energy
line of%%Co; DSA 000 multichannel
analyser; Genie2000 arldabSOCS

QA:

s900 - — Certified

o 2700 /\._.\’ —o— Measured
< 550.0

530.0 / - = +/-28D
5100 Y~~~ T TS T T 70

— — +/-3SD

7~

Analysis of Certified Reference Material (HAER) =
| / 1 %
BNV, Mg



Analysis of data

1. Descriptive statistics

2. Calculation of radiological hazard and health risk indices

Radium Equivalent ActivitRaEQ YoOno p8 o T3 X &

Outdoor Gamma Absorbed Dose RE@®ORA U OYO ™M@ @& 1@ N TBIT X
Annual Effective Dose Equivalent: 0 O0O00O0OYOOO OLOY

Excess Lifetime Cancer Risk (ELCR): O0 0 YO OO0O00L YO

3. Visualization of the spatial distribution of soil gross alpha/beta activity, radionuclide activit
concentration and levels of calculated radiological hazard and health risk indices using At

software
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Results: NORM In mining wastes

238U 232Th 4OK
Kapan
Tailings of operating repository | |9.57 3.53 546.3
Tailings of operating repository 24.82 1.06
Sludge 64.3 20.5
Waste rock 60.0 43.0 439.0
Kapan urban soil, averag 36.4 22.94
Kajaran
Cover soil layer on repositol 98.0 34.0 867.0
Tails of conserved repositol 96.0 39.5 641.0
Kajaranurban soil, averag: 131.3 8.4 6040 5
1 15 1 4 5 0 200 400 600 800 1000
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Results: NORM In urban solls
UILS. U

700.0
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= 400.0
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m Background
200.0
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Results: Excess lifetime cancer risk

The mean level of ELCRKiapan calculated at 1.984,
was notably lower than world average.

In Kajaran the ELCR values exceed the world average leve
of 2.9E04.

JRF-128-s
KF-115-5

Excess lifetime cancer risk
in Kapan
Background: 1.6E-04
o <209E-04
> 2.9E-04

Z;A Kapan ore-dressing plant

Shahumyan mine and
E adjacent waste rock piles

Tailing dumps
% Abandoned quarry
Buildings

Rivers

Excess lifetime cancer risk
in Kajaran
Background: 3.4E-04 nGy/h

° <29E-04
@ >29e04

(4 zeMe Quarry

Buildings Rivers
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Conclusioh

The main conclusion drawn from the radioactivity surveys is that in Kapan the soil
radioactivity levels, although enhanced by metal mining, are not a significant risk factor to
human health. IfKajaran the soil radioactivity levels in some areas were above the

background values, but radionuclides originated in a natural and unmodified geogenic sot -

) o A -
and not from mining activities. | | | | | o o J v . ¥l
Generally with this study no significant radiological risks were identified in the region in \\ o v,
relationship with copper and goldolymetallic ore mining, and transport of naturally \ y
occurring radionuclides from quarries and waste rock piles into urban soils. Further \f;‘ ’/ v
iInvestigations on enhanced environmental radioactivity in relationship with other phases o - v

the milling process, namely ore smelters, are still needed in order to complete the assessment
of occupational radiation exposure to NORMSs

1Belyaeva, ORyuskyulyanK.,Movsisyan N.,SaghatelyanA., Carvalho, F.P., 2019. Natural Radioactivity
in Urban Soils of Mining Centers in Armenia: Dose Rate and Risk Assessment. Chemosphere 225, 859e8K0,/ ' = (3
https://doi.org/10.1016/j.chemosphere.2019.03.057



https://doi.org/10.1016/j.chemosphere.2019.03.057

NORM and G537 In urban
environment



Environmental radioactivity studies in Yerevar

The aim of this study was to assess the activity concentrations of naturally occedfiRey>32Th,4°K and

artificial 13’Cs radionuclides in the soils of Yerevan and reveal potential factors of their redistribution and
assess dose rate and related human health risk.

= =N
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Initial information

LEGEND
N N Potential sources of NOR
- : . . #® Clay and sand mine
g i A Gypsiferous clays mine
.’5 A Basalt mine
B Andesite mine
£ ¢ Tuff mine
‘3 * Metal refinery and
Yerevan TPP

= — River Hrazdan
o | ____ Getarriverbed
e before changing
e —--—- City boundary

N ] Administrative borders

A BIRTST S G B 1 Buildings

- — —
GEOLOGICAL MAP OF YEREVAN Legend

1 [l Recent alluvial, proluvial rubbles,
sand, loam, household garbages,
landslide formations

2| | Upper quaternary: andesibasalts

3 - Upper quaternary: Argavand
terrace rubbles, sand, loam

4 - Upper quaternary (upper part):
Arzni andesibasalts jointing,
Gamni andesibasalts flows

5 [ Middle quatemary (middle part):
Charbakh terrace, rubbles,
sand, loam

6 Middle quaternary (lower part):
Yerevan type flood (ignimbrite)
tuffs

7 - Lower-middle quaternary:
loamy sand, shell imestones

8 [l Lower quaternary: Nubarashen
terrace rubbles, sand, loam

0 17535 7 10.5 14

9l Urper plioccen-lower quaternary:
Eghvard and Kotayq terraces

basalts and andesibasalts lava sheet

10 [l Uvver Pliocene: Doleritic
basalts cover

11 [l Upper Miocene (upper sarmatian):
Hrazdan formation, mergel,
calcareous sand, shell limestones,
oalitic limestones, pyroshales,
separate basaltic lava flows

12| Middie Miccene: Djrvej gypsum
salt formation, sandstones,
aleurolites with the separate
interformational basaltic flows

Upper Oligocene-lower Miocene:
Hacavan formation

13[10 | Upper part, mottled clay, aleurolites

14 Lower part, reddish conglomerate,
gravelites, sandstones

Oligocene: Shoraghbyur formation

15000 Upper subformation: cyrenoidal
sandstones, aleurolites, clay, with
pink limestones lenses

16 Middle subformation: spherical parting
sandstones, gypsiferous clay,
conglomerates, shell limestone

17 Lower subformation: tuffaceous sand,
clay, aleurolites, gravelites

Geological structur@vetisyan et al., 1974Potential
sources of NORNGeological Service of RA, 2019)
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Erasmus+ Programme
of the European Union

N
0153 6 9 12
A -

LEGEND LEGEND
[ Buildings [JBuildings
Level of gross beta-activity, Bq/kg Level of gross beta-activity, Bg/kg
[ 1 723 | ] O - [ ] hease ] L2724 | ] .
601-650 651-700 701-750 751-800 > 800 500-600 601-650 651-700 701-750 751-800
a
,\\ v

Radioecological studies based on geochemical survey
Ananyan& Nalbandyan 2001; Nalbandyan & Karapetyar'.'zqo;;i)

N



Planning and Optimization

A 0 1.753.5 7 10.5 14km }N\ 0 1.753.5 7 10.5 14km )N\ 0 1.753.5 7 10.5 14I'<m

Initial geochemical survey Soil samples selected for Soil samples selected for NORM
Sc: 1:25000 alpha/beta counting and Csl37 identification ~
1356 soil samples 278 soil samples 52 soil samples
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LEGEND

2Ra, Bg/kg

Background: 14.69 Bg/kg

[12.640-4.81

[]4.81-20.80

[ 20.80 - 41.80

I 41.80 - 58.40

B 58.40 - 115.70

I 115.70 - 166.80

—— River Hrazdan

_ Getar riverbed
before changing

—--—- City boundary

[J Administrative borders

[ Buildings

LEGEND

“K, Bg/kg
Background: 294.35 Bqg/kg

[ 1147.7-176.8
[ 1176.87-327.0
[ 327.0- 378.0
[ 378.0 - 453.9
B 453.9 - 699.2
B 699.2- 1,781.0

Buildings
[] Administrative borders

6

6

km

Special pattern and dose rates

LEGEND

232Th, Bq/kg
Background: 23.42 Bg/kg

B 4.08-10.2
[ 102-195
[1195-289
[128.9-482
[ 48.2-119.2
B 119.2-134.38

250—

Buildings
[_] Administrative borders

LEGEND

37Cs, Bq/kg
Baseline: 24.63 Bg/kg

[]037-08
[los-3.0
[130-486
[46-88
Bl ss-329
Bl 329-75.47

Minimal observed D,

Buildings
[] Administrative borders

Median of observed D

Mean contribution
tomeanD_,

Co-funded by the
Erasmus+ Programme
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Maximal observed D_
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Geochemical assessment of distribution patterns of NORM

Spatial distribution of NOR in the soil of *Ra
Yerevan mainly depends on the ‘
geological structure of the area. The
highest activity levels of NOR were
observed in the northern and central
parts where igneous rocks are

LEGEND
Classes of EF

"] No enrichment

I Minor enrichment

] Moderate enrichment

7] Moderately severe enrichment
I severe enrichment

[] Administrative borders

[1 Buildings
dominating. The geological basis of the
southern part of Yerevan consists of A AR
alluvial deposits characterized by lower | ;
levels of NOR. Operation of Yerevan TPP
(natural gas combustion) and the metal ™ LEGEND

Cluster 1
® Cluster2

— River Hrazdan
_ Getar riverbed
before changing
./ —-—- City boundary
[ Administrative borders
] Buildings

refinery plants that are situated in the
south of the city did not affect ) g
enhancing activity concentration of w1 P
radionuclide in adjacent soils. On the N
contrary, natural stones and gypsum
. mines in the eastern part were revealed




Activity concentrations of €87 in soils of
Yerevah

. . . LEGEND
Global radioactive fallout was estimated as
the main contributor of artificiat*’Cs in ~"Cs, Balkg
Yerevan. The activity concentration of Baseline: 24.63 Ba/kg
fallout radionuclide'®’Cs was within the [ ]0.37-08
range typical for altitudes studied, the [Jo.8-30
highest values of3’Cs activity were [130-46
observed at the highest altitude located in = ;‘-g - 2-289
the north-west of Yerevan. B 520 . 75.47

Buildings

[ | Administrative borders

015 3 6 9 12
km

1Belyaeva, OMovsisyan N.,PyuskyulyanK., Sahakyan, DepanosyanG.,SaghatelyanA., 2021. Yerevan
soil radioactivity: Radiological and geochemical assessment. Chemosphere 265, 129173. ENVZS PQ(\,‘
https://doi.org/10.1016/j.chemosphere.2020.129173 v



https://doi.org/10.1016/j.chemosphere.2020.129173

Main sources and distribution
pattern of Csl37 in Armenia



Global distribution of €837 and Armenia

Reconstructed global 137Cs fallout as of 1 Graphic reconstruction of the path of the
January, 1970Bgm?) Chernobyl radioactive plume
(Aoyama et al. J Envirdvionit, 2009 (IRSN, 2005)

IRSH
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This particular research was done to study the altitgdpendent distribution of3’Cs in soils and dry

atmospheric depositions. Observation stations were arranged on the southern and eastern slopAHghts
mountain massif.




Judgmental sampling

LEGEND

I Dry deposition
sampling locations

Snow sampling
locations

O
= Rivers
05C] Settelments

¢ ANPP
Altitude, m a.s.l.
g High : 4054

- Low : 818.1

D
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LEGEND
® Soi sampling locations
A Aragats Northern Summit
e Rivers
05 Settelments
“* ANPP

Altitude, m a.s.l.
— High : 4054
- Low : 818.1



Results

Cs-137 loading in dry atmospheric deposition in Aragats massif

B 2016 Il 2017

4.0
35
3.0
2.5
2.0
1.5
1.0
0.5
0.0

3500

=]
o)
o

3000+

2500

2000

Altitude, m a.s.l.

1500+~

1000~

1E+6 Bg/km? per quarter

854 2032 1281 1208 3200 50%.5 110 115 210 215 310 315 4‘.0
Cs-137 in dry depositions,

Altitude, m a.s.l. 1E+6 Bg/km? per quarter

Cs-137 activity concentrations in soils of Aragats massif
3500
350 —
300 —
250 —
gZOO —
= 150 — 2000
1 PyuskyulyanK.,LaMont S.P.Atoyan V., Belyaeva, O., R 100 L
Movsisyan N.,SaghatelyapA., 2020. Altitudelependent 50 [ I[l I I I I I 1500y
distribution of 137Cs in the environment: a case study of 0 1000 i
,ﬁ 7 Aragatsmassif, Armenia. Act@eochim 127%138. SEEEETHTEETE SO " 137 insolls, ESS./ESO I
Qf‘*‘ https://doi.org/https://doi.org/10.1007/s11631019-003340
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Continuation: NORM Baselines andl&
National Inventory
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