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It is known that oil and gas are the main priority of the production and processing industry in Azerbaijan. Considering that the
development and operation of oil fields, processing of oil and oil products are the main pollutant of the environment, the Absheron
Peninsula is considered the most environmentally tense region of Azerbaijan.

The purpose of our research is to study the radioecological situation and assess the level of radioactive contamination of the soil of

the Absheron Peninsula.

As a rule, radium concentration occurs at the surface of the reservoir and during the initial treatment of the water mixture. For example,
radium deposition is generally observed on land where oil equipment is located and on areas where the reservoir water is close to the

surface or is exposed.

The first studies of radioactivity on the territory of the Absheron Peninsula were carried out in 1930-32. The purpose of these studies
was to search for radium in soils, groundwater. At that time, high levels of radium were found in the waters of some oil fields. There was

little uranium in the waters and oils of these deposits.

In our work the distribution of radioactivity on the territory of the Absheron Peninsula was studied and the most dangerous areas for
human activity were identified. A radioactivity map of the study area was created to study the radioactive background and identify

danger ous areas.

As a result of our research, it was found out that most of the polluted part of the Absheron Peninsula is an industrial oil production
zone. Based on our materials, a radioactivity map for the study area was created.

In the article, not only the radiation background of the Absheron peninsula, thus determining the areas with the average value of the
radiation background at 8.5 uR/h but also the areas where it equaled 400-600 uR/h that is, the dangerous levels for living and working are
shown. We have highlighted anomalies where radioactivity reaches 400-600 uR/h.

Keywords: landscape, exposure dose, Absheron, radon, oil.

Introduction. Correlation of elevated concentrations
of natural radionuclides with oil fields is known since the
beginning of the 20th century. In preparation, this article was
intended to demonstrate to readers as much as possible
wide range of changes in background parameters and
possible mechanisms for the formation of its local features.

A characteristic feature of radioactive contamination of
the territory of the Absheron Peninsula is that pollution
occurs not only with radioactive isotopes of natural origin,
but also as a result of technogenic processes.

Pollution of oil fields occurs as a result of interaction of
rock with various mineralization waters and petroleum
products. These waters wash radionuclides in the
adsorption state which are present in normal amounts in
rocks (Dissanayake, 1984).

As a result, radionuclides of the uranium-radium and the
torial series exit from the depth to the ground surface.
Radionuclides entering the surface of the earth accumulate
in the form of deposits, falling into other thermodynamic
conditions, and as a result a contaminated area is formed.

The dynamics of pollution of oil field areas can be
schematically modeled quite simply. In the process of
interaction of water solutions with rocks and oil deposits,
pollution happens as a result of the removal of radionuclides
of the uranium-radium and thorium series from the depths to
the surface (Aliyev et al., 2022).

Radioactive contamination was detected in almost all
mines of oil production equipment and working buildings of
the Absheron Peninsula. There is also an increase in the
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number of radon on these territories and nearby settlements
(Cannon et al., 1971).

The purpose of the research is to identify the areas where
radioactive contamination is recorded and to study the radiation
background for these areas on the Absheron Peninsula.

Correlation of elevated concentrations of natural
radionuclides with oil fields is known since the beginning of
the 20th century. In this article, the study of the causes of
the high radiation background in the area and the precise
identification of these areas were provided.

Radioactive pollutants mainly have natural origin and
contents of the naturally radioactive elements K, U, and Th in
rocks are reported in conventional units of %K, mg/kg U and
mg/kg Th. Radium (Ra), thorium (Th), and uranium (U) are the
most widespread pollutants among the naturally-occurring
radionuclides. Following various technogenic processes, the
naturally-occurring radionuclides can become a serious threat
to the ecosystem (Aliyev et al., 2007).

The concentration of the gamma-emitting radionuclides,
except for 40 K, in humans is so small that none of them can
be detected using normal whole-body counters available to
measure any intakes of radionuclides by occupational
workers (Kelsey et al., 2016).

Differentially, the 238-U/235-U ratio has increased over
time due to the faster radioactive decay of 235-U.

The incompatibility of wuranium implies that highly
differentiated felsic rocks (igneous rocks that are rich in feldspar
and silicon) tend to have higher contents of U: granitic rocks
contain an average of 2-5mg/kg of U, depending on the
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magma source and the differentiation path. Metamorphic and
sedimentary rocks deriving from felsic materials will inherit the
U concentration of their parent rocks, as the most abundant
U-bearing minerals are typically resistant to weathering
processes. Significant enrichment of U in sedimentary rocks
can be achieved by density driven accumulation of these
minerals, typical of placer deposits, as well as by absorption
and/or adsorption of U in organic matter.

Thorium is a trace element in the Earth's crust
(5.6 mg/kg) with a relative enrichment in the upper crust
(10.5 mg/kg) due to its strong lithophile metallic character.
Concentrations in common rock types range from 1.6 to
20 mg/kg. Monazite sands are one of the main sources of
thorium, containing about 6% thorium. Consequently,
monazite sand deposits are one of the areas with unusually
high natural radioactivity. At present, thorium has a major
use in nuclear power as a potential source of fissile material.

Amongst the daughter products of 232-Th, the major
radiological hazards come from the radium, radon, and
polonium isotopes.

The natural radioactivity in rocks depends on their type
and on how and where they were formed. Rocks can be
classified into igneous, sedimentary, or metamorphic ones
according to their formation process. Igneous rocks are
formed from magma, either inside a magma chamber (thus
forming magmatic rock like granite or diorite), inside
intrusions (forming intrusive rock like dolerite), or from lava
flows (forming volcanic rock such as basalt or rhyolite).

Materials and methods. Radioecological research on
the Absheron Peninsula began in 1988. As a result of the
studies, it was found that many local and coastal points are
contaminated with radionuclides tens, hundreds of times
more than permissible.

The above mentioned information once again proves that
the ecological situation in the oil production zones on the
Absheron Peninsula is not well. However, despite all this,
serious research work on the study of the environmental
situation on the Absheron Peninsula, in particular, the zoning
of territories set forth for radioactive pollution.

In accordance with the tendency of radiation level
changes, the forms of exposure of living area and
landscapes to the radiation have not been studied in detail
(Young et al., 2016).

In this regard, the topic of research and the formulation
of the problem can be considered relevant.

Experimental method. For our research we used
different methods. The areas were analyzed using gamma-
spectrometer according to generally accepted methods for
the assessment of the contribution of each element to
radionuclide pollution. Based on such a radio-ecological
situation, within the limits of the given region, it was
determined that radioactivity exceeds the acceptable
radiation level by tens, hundreds, and more times in
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numerous local areas as a result of technogenic activity
(Brickner et al., 2003).

In the research area, especially in the oil-contaminated
areas, we have conducted gamma radiation measurements
on foot to investigate the radiation background, detect areas
with high radiation background, and develop the radiation
background map.

In the study of the general gamma-level of the area, the
level of the exposure dose of gamma radiation was carried
out using gamma-dosimeters "ATOMEX MCC-AT1125",
"Inspector 1000".

The level of the exposure dose of gamma-radiation was
measured by a dosimeter-radiometer "ATOMEX MKS-
AT1125", as well as a dosimeter-spectrometer "Inspector
1000", soil samples were taken from the surface to determine
the radionuclide content at each point of the study area.

During measurements, the dosimeter shall be 50 cm
above ground:

o the distance between the measuring points is 10 m. At
each measuring point, the level of the exposure dose shall
be measured at least 3 times and the average of the
readings from the measuring points shall be taken;

e when measuring from one measurement point to
another, the instrument indicator should be monitored.
Because you can't lose sight of any area of intense radiation;

¢ GPS coordinates of measuring points are important for
their placement on the map and for convenient search in the
future. It should be noted that the dosimeter we use has a
scintillation counter, and this type of device allows accurate
measurements.

The amount of radon gas in the air should also be
determined when measuring the exposition dose of gamma
radiation. For this purpose radon radiometer PPA-01M-01
"Alfarad" was made. It should be noted that, according to
international radiation safety standards for the public, the
exposure dose should not exceed 11.6 pR/h, the amount of
radon in the air should not exceed 60 Bg/m?3, except for
radiation background.

Results and discussion. In order to conduct the study,
gamma-spectral analysis of radionuclides was carried out on
emissions generated in the zone of environmental pollution by
radioactive elements, in water bodies, in areas of solid waste
and oil depots. In total, 10 landscape zones were selected
during the study and taking of a sample of the soil.

Because these study results are extensive, we mainly
commented on the results observed on soil samples.

It can be seen from the table 1 that the greatest activity
of radioactive elements is observed in soil pipes and on land
plots around territories where mud water flows. In these
samples, the amount of natural radionuclides is 100 times
higher than the effective specific activity of background
samples (Fig. 1).
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Fig. 1. Graph of distribution of exposure dose values in the research area, pR/h
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Table 1
Composition of radionuclides in soil and some waste samples
Ne Samples area Coordinate Exposure dose K40 R:?zezc;al activity 2‘;’_';28 -
1| Pipe waste zone | N10 2 516" 115 1021 £ 245 3699 + 285 1861 £ 153 6200 + 349
2 Soil (1) NN“_°5°O§S'1?076§" 210 1416 + 406 6526 + 686 1018 + 128 7975 + 707
3 Soil (2) o '%iﬁ.'. 150 496 + 112 1108+87 34,4+83 1197 + 88
4 Soil (3) N '%i‘g.'. 40 126 +67 395+ 37 210+ 23 679 + 48
5 Soil (4) N"f'%%ﬁ“.ﬁ%.ﬂ., 9 315 + 60 354442 25,6+ 4,4 97 £ 12
6 Soil (5) N ggfgg 'a%%,'. 150 2383+896 | 11490+ 1226 278 + 81 12063+ 1233
7 Soil (6) N 540(100204:‘51?:2: 87 439 + 123 2511 + 189 52 + 11 2618+ 190

So, according to the graph, we are only interested in
areas with a range of 0-20 pR/h. If we explain this
dependence with the Gaussian distribution function:

(x=w)?
N (x)=Ae 202 ,
according to u = 8,5,0 = 2,13, 4 = 3600.

The parameter pis the mean or expectation of the
distribution. The variance of the distribution is /2. A random
variable with a Gaussian distribution is said to be normally
distributed, and is called a normal deviate.

Thus, it was determined that gamma radiation
background in the studied area is the average 8.5 uR/h.
Despite the existence of areas in the area where the level of
radiation is many times higher than the natural background,
the value of the average radiation background is normal.
This can be explained by the fact that areas with a high
background radiation are local and make up a small
percentage of the total area.

This is explained by the fact that the pressure and
temperature decrease at the moment when formation water
comes to the surface of the earth together with oil. Also,
mixed sulfates and carbonates of the second group of
elements in water, including radium, exceed the solubility
limit (Rustamov, 2020).

This leads to the fact that they form sulfate and
carbonate deposits, accumulate in the inner walls of pipes,
valves, pumps and separators, as well as in the soil of
accumulated deposits (John et al., 1980).

Dose constraints or reference levels of 1-20 mSv would
be used when the exposure situation — but not necessarily the
exposure itself — usually benefits individuals. This would be
the case, for instance, when establishing dose constraints for
occupational exposure in planned exposure situations or
reference levels for exposure of a member of the public in
existing exposure situations. Reference levels of 20-100 mSv
would be used where individuals are exposed to radiation
from sources that are not under control or where actions to
reduce doses would be disproportionately disruptive. This
would be the case, for instance, in establishing reference
levels for the residual dose after a nuclear or radiological
emergency. Any situation that resulted in a dose of greater
than 100 mSv being incurred within a short period of time or
in one year would be considered unacceptable, except under
the circumstances related to exposure of emergency workers
that are addressed specifically in these Standards (IAEA
Safety Standards, 2014).

However, our research is not limited to measuring
gamma radiation. Geochemical, mineralogical and radio-
ecological studies were thus carried out in the area. The
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interaction of the results with the current studies on
measuring radioactivity will be reflected in our further work.
Table 1 shows that the areas with the highest levels of
radioactive contamination are sites with soil sample of the
material 1, 2 and 5.

The specific activity of natural radionuclides is very high in
the landscapes of the Absheron peninsula, where the samples
were taken, the waste identified in the area belongs to category
Il and Ill groups due for radiation safety (Aliyev, 2022).

According to our analyses, a radiation map was created
and the most dangerous areas according to the level of
radioactivity in the study area were identified (Fig. 2.).

The map shows the distribution of background radiation
on the Absheron Peninsula. According to the map, it can be
said that the radiation background in general in the area is
suitable for human habitation and activity. However, during
the field work conducted in the area, some local areas were
identified, where the radiation background is many times
higher than the norm.

On the map described, the area | is the most polluted
area, Il is weaker polluted, and Il is the weakest (slightly)
polluted area. On the map, the black triangles (A» V)
correspond to the radiation background of 452 uyR/h and
498 pyR/h, 610 pR/h.

Due to the presence on the territory of waste belonging to
this category it is advisable to assess these territories as a
hazardous zone from the point of view of radiation hazard
(Ismaylova et al., 2019) and it is necessary to clean and dispose
radioactive waste in compliance with the special Radiation
Safety Rules adopted in the Republic of Azerbaijan.

Finally, results derived from this study show that regular
radio-ecological monitoring should be implemented on the
territories of the Absheron peninsula oil fields to prevent
radiation danger.

Our research has shown that not only does lithology
affect the radioactive background, but the age of the rocks
also affects the distribution of radioactivity, a pattern we
showed in Table 2.

The normal radioactive background of Absheron ranges
from 4-10 yR/h, rising in the outcrop areas of oligocene-
miocene layers to 20-25 uR/h or in the breccia fields of mud
volcanoes Zingil and Pirha. Along the northern coast of the
Absheron Peninsula and on the Shah's Spit in the area of beach
sands, radioactivity is reduced to a minimum — 3 pR/h.

The average background level of the region ranges
around 6 uR/h (0.5 mSv/y) and corresponds to a level that
is favorable for people. A comparison with international
studies has shown that approximately 95 per cent of the
population of these countries live in places where the
average dose is 0.3-0.6 mSvl/y.
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Fig. 2. Map scheme of radioactivity areas in Absheron peninsula
Table 2
Effect of soil age and lotology on radioecological condition
. Radioacticity
Age Lithology UR/h mSvly
Upper chalk
Santon-Kampan Sandy-mergelisto-clayey thickness, light grey 4,5-5 0,35-0,4
Kampan-maastrixt Grey Maroon Clay Fleece 5,5-6 0,4-0,51
Dat Clay murals, calcareous sandstones 5,5-6 0,4-0,55
Paleogen
Paleocene-Eocene Brick red, brown, grey green, dark green clays, sandstones 7-9 0,55-0,75
Oligocene-Lower Miocene Brown, dark brown, yellow sandy clays 7,5-8,5 0,54-0,61
Middle and Upper Miocene | Grey, brown-greenish-grey clays with layers of sand marl 4,5-7 0,34-0,54
Upper pliosen Alternation of mud-brown clay, shellshells and sandstone 5,5-7,5 0,38-0,54
Anthropogen
Lower anthropogen Grey-yellow limestone, clay, limestone 4-6 0,30-0,46
Holocene deposits Light gray soups, clay loam. Greenish-grey sow breccia mud volcanoes 6,5-11,5 0,5-0,9

Conclusion

Since each region had its own characteristics regarding the
level of radioactive background, it was first necessary to study
its regional distribution and map of its natural radioactivity. A
gamma survey of the entire Absheron Peninsula was carried
out and a map was made on the scale of 1 : 200,000.

In conclusion, it can be noted that the radiation
background on the Absheron Peninsula is in accordance
with sanitary standards, but there are locally polluted areas.
These areas are Surakhani (610 yR/h), Lokbatan
(498 pR/h) and Bina (452 pR/h).

As the table shows, the distribution of radioactivity in the
study area depends on many factors, including age. The
table shows the average radioactivity of the sediments of the
Absheron Peninsula, where the amount of radioactivity is
represented in different dose values, both in the units of the
exposure dose (UR/h) and in the equivalent dose (mSvly).

So it's been shown that the distribution of radioactivity in
space is complex. Analysis of geological and radioactive maps
showed that the gamma field reflects the geological structure of
the Absheron peninsula. Analyses have shown that the eastern
part of the peninsula has a low level of radioactivity and this is
due to the Quaternary-Pliocene formations. The western and
southwestern parts of the Absheron Peninsula, with
modifications of common rocks of Miocene-oligovaluable age,
are characterized by a higher level of radioactivity and a clear
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differentiation of gamma radiation of the sites. On the
northwestern edge of the folded Cretaceous sediment,
radioactivity is again declining. The map also shows the sites
contaminated with anthropogenic radioactivity.
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AsepbanpxaHCbKUi aepxaBHUA yHiBepcuTeT HadTh | npomucnosocTi, Baky, Asep6anaxaH

MPUYUHN YTBOPEHHS PAOIOHYKNIAIB Y IPYHTAX TA PAOIOEKONOIYHI YMOBU
HA HA®TOBUX POOOBULLAX
(HA NMPUKNAAI ANWEPOHCBKOIO MNMIBOCTPOBA)

Mema docnidxeHHs1 — sugyeHHs1 padioekosio2i4Hoi cumyayii ma oyiHka pigHsi padioakmugHo20 3abpyOHeHHs1 r'PyHmMy AnuwiepoHCbLK020 rnigocm-
poea. 3a3euyali ocadxxeHHs1 padito eidbyeaembcsi nid Yac suxody naacmoeoi 600U Ha MOBEPXHIO Ma npu novyamkosili o6po6yi eodoHagpmoeoi
cymiwi. Tak, ocadu padito 3a3euyali crocmepizatombscsi Ha NoeepxHi, e po3mawoeaHe Haghmoee o61adHaHHs1.

IMepwi docnidxeHHs1 padioakmueHocmi Ha mepumopii AnwepoHcbKo20 nieocmpoea 6yso npoeedeHo 1930-32 pokax. Memoro yux docnidxeHb
6ye nowyk padito e rpyHmi, rpyHmoeux eodax. Came modi y eodax desikux Hagpmoeux podosuuy 6yrno eusieieHo eucokuli pieeHb padito. YpaH y
Hagbmax i eodax yux podosuuy 6ys10 eusiesieHO 8 He3HayHil Kinbkocmi. 3ayesaxumo, wio nonepedHi AocniGKeHHs1 KOMIJIEKCHO He aueYasiu enyue
padioakmueHocmi Ha HaeKoNUWHe cepedosuuje ma naHowagmu.

Y Hawiii po6omi docnidxeHo po3nodin padioakmueHocmi Ha mepumopii AnwWepoHCLKO20 nigocmpoea ma eusiesiIeHo Micysi padioakKmueHo20
3abpyOdHeHHs1, He6e3rne4yHo20 Os1s1 Kummsi MoOuHU. Ha ocHoei yux po6im 6yno cmeopeHo kapmy padioakmueHocmi AnuwiepoHcbKo20 nieocmposa.
32i0HO 3 hakmuyHUM mamepianom padiayiliHuli hoH nisocmpoea csieae 8 cepedHbomy 4,5 MkP/4, modi sik Ha Lllaxosili Kkoci 8iH 3HUXyembcsi G0
3 MkP/4, o noe'szaHo 3 euxodoM Ha noeepxHio crnabopaduakmueHux nickie. Ha docnidxeHili mepumopii eudineHo aHomanil, e padioakmueHicmb
csizae 400-600 mkP/4. Lji aHomanii € pesynbmamom po3pobku Hagpmoeux podosuw, W0 8UPI3HSIOMbCSI 8UCOKOMiHEpaizoeaHUMU niacmosumu
8odamu 3 eUCOKUM emicmom padito.

Jlikeidayisi sucokopadioakmueHux gioxodie Ha Haghmoeux MepumMopisx € CKIaOHUM NMUMaHHAM, Wo nompebye KOMIMNIEKCHO20 Nidxody, cneyi-
anbHOI ekcrnepuMeHmasnbHoi po6omu, MoOesio8aHHs1 aHUX | CMEeOPeHHSsI Pi3HUX Kapm Ha OCHO8I Mo/1Ibo8UX i KaMepaslbHUX O0CITiOKEeHb.

Knwo4yoBi cnoBa: naHowagm, npupodHi padioHyknidu, padoH, Haghma, nnacmoei eoou.
ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHMMIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi AocniaXeHHs; y 36opi, aHanisi um
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKonucy; B pilLeHHi Mpo nybrnikavito pe3ynbTaris.
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