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RADIONUCLIDE CONTENT IN VEGETATION AND SOILS IN THE IMPACT
ZONE OF THE RAILWAY TRACK

Purpose. To identify the harmful radiation impact of railway transport on the environment.

Methodology. In order to determine the level of radioactive contamination in the impact zone of the railway, soil and plant
samples were collected, and relevant radiometric studies were carried out in accordance with the established and approved meth-
ods. The peculiarities of the accumulation capacity of plants and soil were investigated and graphical models of radionuclide mi-
gration on the Lviv-Sambir railway section were created.

Findings. Measurements of the specific activity of *°Sr and "*’Cs in plant samples along the railway track showed that grass
plants have a lower content of radionuclides and trees have a higher one. It was found that among the herbaceous plants, the spe-
cies Galium odoratum (L.) Scop. accumulates radionuclides °°Sr most intensively, Geum urbanum L. accumulates ’Cs. These
plants can be used as indicators of the territory contaminated with radionuclides. The highest content of radionuclides in tree spe-
cies is observed in the leaves of grey alder and oak bark. The highest content of K 40 was observed at a distance of 200 m from the
railway track, and the lowest content of Th 232 was observed at a distance of 100 m from the railway track.

Originality. The results of the research showed a significant variation in the content of radioactive substances in the soils of
protective forest plantations. This variation in soil contamination can be explained by the heterogeneity of the above-ground cover
and the local impact of plantations on the contaminants’ airborne transport rate.

Practical value. Taking into account the fact that the concentration of radionuclides in plants and soil decreases away from the
railway tracks, we can state that protective forest plantations delay the spread of the existing radionuclide content to the territories

adjacent to the tracks.
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Introduction. The railway transport sector in Ukraine is
the leading one in the transport system with regard to the
volume of carried freight. It represents more than 57 % of the
country’s domestic freight turnover and a significant share of
foreign transport. However, rail transport can have a nega-
tive impact on adjacent natural ecosystems due to emissions
of harmful substances from both rolling stock and transport-
ed goods. The study on the patterns and peculiarities of rail-
way transport’s impact on the adjacent territories is un-
doubtedly a relevant subject for assessing and forecasting the
state of the environment and developing environmental pro-
tection measures in these areas. These issues are becoming
extremely relevant in the context of Ukraine’s integration
into European structures, which require accelerating the so-
cial, economic, and environmental development of the
transport sector [1].

Literature review. A significant number of research studies
of scientists are devoted to the study on the chemical, noise,
electromagnetic impact of railway transport on the environ-
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ment (O. 1. Rybina, A. Matveeva, O. Burmas, N. Lukyanchuk,
O. Pavlishyna, etc.), while the radiation impact from the rail-
way remains insufficiently studied [2, 3].

Unsolved aspects of the problem. The transportation of
rocks with a high natural radiation background (granite, quartz
porphyry, quartzite, clay shale, bauxite, marl, basalt, etc.) and
violation of environmental requirements for the management
of radioactive hazardous substances are crucial for radiation
contamination of protective railway strips. The transport of
these rocks may release hazardous dust into the air, settle on
the ground and vegetation, and cause radionuclides migration
in the environment. Hazardous substances dispersed along
railway tracks can contribute to the emergence of elevated and
abnormal concentrations in the depositing media (soil, plants).
Radionuclides can saturate and contaminate the soil environ-
ment. Green plantings also have the ability to accumulate up to
90 % of radioactive particles from the growing environment,
which can spread further along the trophic chains [4]. The sig-
nificance of the problem can be realised if we take into account
the fact that the total area of protective forest plantations of the
Lviv Railway is 240 km?, and the area of forest protection plan-
tations on the Lviv-Sambir railway line is more than 14 km?,
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which is 5.8 % of the total area of protective plantations of the
Lviv Railway.

Purpose. The aim of the study was to determine the level of
specific activity of radionuclides in soils and plantations along
the Lviv-Sambir railway line. For reducing the harmful impact
of railway transport on the environment, ensuring environ-
mental safety in transport and efficient use of natural resourc-
es, railway enterprises annually develop and implement a
number of measures that have an environmental effect. Par-
ticular attention is paid to protective forest plantations along
the railway tracks, as they are an effective tool used to reduce
the negative impact of the railway on the surrounding areas.
First of all, forest plantations along the railway track are part of
a railway engineering complex that protects railway tracks
from snow and sand during blizzards or strong winds, and sig-
nificantly reduces aerodynamic wind resistance to train traffic.
Also, forest plantations are part of the environmental protec-
tion complex of Ukraine, which fulfils its socio-economic
function, namely protecting the surrounding areas from the
harmful effects of railway transport and the consequences of
possible accidents [5, 6]. Through the transformation of air
flows, forest plantations play an important role in the forma-
tion of pollution fields by influencing the deposition of aerosol
particles. They act like filters — accumulators of heavy metals
and radionuclides [7]. Forest biogeocenoses are characterized
by the largest biomass per area unit, so the forest retention fac-
tor of global fallout varies between 50—100 %, with the reten-
tion factor being higher in young pine forests, lower in middle-
aged pine forests, and even lower in leafy plantations, and de-
creasing to 20—25 %.

The impact of ionizing radiation on plants is dependent on
the level of the radiation source and the duration of its effect
on plants. It is known about acute and chronic effects of ion-
izing radiation on plants. In case of acute irradiation, the or-
ganism receives a dose of radiation during a relatively short
period of time, after which it is no longer at risk of the appear-
ance of new radiation lesions, and the development of radia-
tion lesions occurs in conditions favourable for the develop-
ment of plants [8]. Doses of radiation, irradiation over 0.02—
0.05 Gy/day do not affect forest vegetation. For example, at a
dose rate of 0.1—0.2 Gy/day, the needles of Pinus sylvestris L.
begin to turn red, turn brown, and then fall off. Absorbed ra-
diation doses of 0.05—1 Gy/day (over 3.5 - 10?> Gy/year) can
lead to the death of most plant communities. An absorbed
dose of radiation exceeding 1 Gy/day can cause the death of
plants, and at 5 Gy/day (more than 3.5 - 10* Gy/year) plants
die [9, 10].

Scientists discovered plants that are resistant to radiation
[11, 12]. The evergreen shrub Calluna vulgaris (L.) Hill is the
most resistant to the effects of radiation and the herbaceous
plant Carex pilosa Scop., in which a significant part of the
plant is placed underground and forms fast-growing and root-
ed shoots after the cessation of radiation. More effective in this
regard is the herb Panicum sanguinale L., which forms thick
thickets under continuous radiation exposure with an absorbed
dose power of more than 10 Gy/day [13].

Methods. The investigation was carried out on the Lviv-
Sambir railway line, which is located within the main railway
line of western Ukraine and serves the main international
trade flow of Ukraine with the Czech Republic, Slovakia,
Hungary, and Austria. This 73 km long line is single-track,
electrified and has significant traffic congestion. The majority
of the track runs through non-residential areas, within forest
ecosystems and agrocenoses, except for the urban areas of
Lviv, Rudky, and Sambir and the areas of 10 village communi-
ties (Fig. 1).

The climate of the territory is temperate continental, with
mild winters and wet, long springs, warm, rainy summers, and
relatively dry, warm autumns. The territory belongs to the zone
of excessive humidity, although there are often cases of peri-
odic droughts. In general, it can be stated that the territory is
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Fig. 1. Geographical location and sampling points of the Lviv-
Sambir railway line

favourable for the growth of forest plantations consisting of
deciduous trees such as oak, hornbeam, alder, birch, aspen,
ash, maple, poplar, linden, beech, and conifers such as pine,
spruce, fir, and larch.

The terrain is predominantly hilly with a height of 300—
400 m, with some valleys. The surface of the territory is in-
clined to the south and southeast, and its southern part is
densely dissected by numerous tributaries of the Dniester. In
terms of geological and structural features, the study area be-
longs to the Precarpathian artesian basin. There is a homoge-
neity of hydrogeological conditions of aquifers with high
mineralization in the area. There is a significant difference in
the impact of hydrogeological conditions between flat and
hilly areas. Groundwater is at the level of 1.5—3 m. The soil
cover of the territory is dominated by grey and light grey pod-
zolized soils with a shallow humus horizon of 10—12 ¢cm and
a humus content of 3 %. The soils that are common here were
formed under waterlogged conditions and are classified as
fresh. Such soils are more likely to accumulate hazardous
pollutants.

We analysed plant material and soil for radionuclides to
determine the level of contamination of the territory with ra-
dioactive substances. Samples were taken at various distances
from the probable contamination source: 250 m from the track
for determination of the background radionuclide content;
and sequentially at 200, 150, 100, 50, 30, 15, 10 and 5 m from
the track. A total of 9 plots were examined, 500 m long each,
along the railway line. On each of the plots, 200 g of phytomass
of dominant grass species was collected and used for radionu-
clide content analysis. Leaves in the amount of 200 g were col-
lected in different parts of the crown and the bark layer was cut
off at a height of 1.5 m to analyse the radionuclide content in
woody and shrubby plants. Soil samples were collected using
the “envelope” method at five points of a square with sides of
100 m in the corners and in the centre. A surface soil layer of
15 x 15 cm? was collected at a depth of 5 cm [14]. The total
weight of the average soil sample was at least 1 kg, with vegeta-
tion removed beforehand. The collected samples were stored
in a dry, dark, and well-ventilated place until the start of work
in the laboratory.

The determination of the specific activity of radionuclides
is based on the recording of continuous spectra that differ
from each other in shape and location in the energy scale. The
energy interval method is used to process them for determin-
ing the activity of individual nuclides. The spectrum of a sam-
ple containing a mixture of several known nuclides is decom-
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posed into the spectra of samples certified for activity and
measured under conditions close to the conditions of the test
sample [15].

Experimental studies were carried out as described in the
“Methods for performing measurements using scintillation
spectrometers and software AK 1 No. MI 12-08-99” [16]. Re-
search instruments used in the study included a scintillation
spectrometer of beta radiation energies SEB-01-150. The
methodology is aimed at express monitoring of specific activ-
ity of radionuclides in plants, where radioactive equilibrium
disturbance is possible both at the growth stage and in the pro-
cess of sample preparation for measurement. The methodol-
ogy determines the specific activity of radionuclides in biota
samples, in this case plants, with a basic relative error of
+10 %. The error for a particular measurement depends on the
activity of the sample, the ratio of radionuclides in it, the mea-
surement time, and other factors.

Soil radiation contamination was measured using an AD-
ANI RUG 91-2 gamma radiometer and a Soeks environmen-
tal tester [17]. The content of radium 22°Ra, thorium 2*?Th, and
potassium “°K was determined in the selected soil samples.
The effective total specific activity 4, of natural radionuclides
was determined according to the formula

A= A(Ra) + 1.314(Th) + 0.0854(K), (1)

where A(Ra), A(Th), A(K) stand for specific activity of Ra 226,
Th 232 and K40; 1,31; 0,085 — weighting coefficients relative
to Ra 226, Th 232 and K 40.

Results. The first plantations of forest species on the Lviv-
Sambir railway section were made in 1960—1970. These were
mainly fast-growing species (poplar, ash, hornbeam), al-
though the type of forest vegetation — fresh hornbeam oak for-
est — is favourable for the growth of the main forest-forming
species — common oak. Currently, the green plantations adja-
cent to the track section are in a relatively satisfactory condi-
tion, composed of pedunculate oak (Quercus robur L.), black
poplar (Populus nigra L.), silver birch (Betula pendula L.), Ta-
tar maple (Acer tatricum L.), hornbeam (Carpinus betulus 1..),
grey alder (Alnus incana L.), and common ash (Fraxinus excel-
sior L.). Associated species that contribute to better growth of
the main species and better protection include sweet cherry
(Prunus avium), common aspen (Populus tremula 1L.), wych
elm (Ulmus glabra Huds.), Northern European hawthorn
(Crataegus oxyacantha L.), rowan (Sorbus aucupartia L.). In
the understory grow common hazel (Corylus avellana L.), fly
honeysuckle (Lonicera xylosteum 1.), Warted spindle (Euony-
mus verrucosa Scop.) [18].

The main dominants of the herb layer include ground el-
der (Aegopodium podagraria L.), asarabacca (Asarum euro-
paeum), greater stitchwort (Stellaria holostea L.), sweet
woodruft (Galium odoratum (L.) Scop.), wood sorrel (Oxalis
acetosella 1.), lady fern (Athurum felix-femina (L.) Roth ex
Mert.), wood avens (Geum urbanum L.), common hepatica
(Hepatica nobilis L.), annual meadow grass (Poa annua), an-
gular Solomon’s seal (Polygonatum officinale L.), male fern
(Dryopteris filix-mas (L.) Schott), wood horsetail (Equisetum
sylvaticum), moneywort (Lysimachia nummularia L.), yarrow
(Aciellea submillefolia L.), common nettle (Urtica dioica L.),
heath speedwell (Veronica officinalis L.), quaking sedge (Car-
ex brizoides Juslen), cowslip (Primula officinalis Hill),

ground-ivy (Glechoma hederacea 1.), red clover (Trifolium
pratense L.), white clover (Trifolium repens L.), common
dandelion (7araxacum officinale Wigg), tufted vetch (Vicia
cracca L.).

Based on the results of *°Sr and '¥’Cs measurements in the
herbal raw material samples, it was found that the average ex-
perimental samples had a low content of radionuclides (Ta-
ble 1).

According to the conducted research, the content of *’Sr
and "’Cs radionuclides does not exceed the maximum per-
missible level. However, the content of radionuclides varies
depending on the sampling location. The highest radionu-
clide content was observed in the grass cover samples taken
at a distance of 5 m from the track, with °°Sr content of more
than 34.9 Bq/kg and '¥'Cs content of 29.0 Bq/kg. Fig. 2
shows 3D modelling of *°Sr and '’Cs radionuclide spread
along the Lviv-Sambir railway track depending on the sam-
pling point.

The investigation also showed that not all types of grass
cover have the same ability to accumulate radionuclides. In
particular, the species Galium odoratum (L.) Scop. accumu-
lates *°Sr radionuclides the most — 17.0 Bq/kg, while Aegopo-
dium podagraria L. accumulates only 2.10 Bqg/kg. Also, the
species Geum urbanum L. accumulates ¥’Cs the most among
others — 17.0 Bqg/kg. Therefore, these plants can be used as
indicators of the radionuclide-contaminated area.

The study of radionuclide content in the leaves of shrubs of
protective forest plantations showed that the samples have low
content of °°Sr and '¥’Cs radionuclides (Table 2). The highest
accumulation of radionuclides in comparison with other spe-
cies is observed in fly honeysuckle (Lonicera xylosteum): *°Sr —
21.4 Bg/kg, ¥’Cs — 14.9 Bq/kg.

The research has confirmed that the content of radionu-
clides in trees is much higher than in shrubs and herbs. Trees
accumulate more ®’Cs than ?°Sr, in contrast to shrubs and
grasses. Therefore, it can be concluded that in case of an emer-
gency, tree species may be most affected (Fig. 3).

The study on the content of radioactive *°Sr and '’Cs in
tree bark afforestation also showed that it does not exceed the
permissible content standards. The highest content of *°Sr was
detected in Alnus incana (over 45.3 Bq/kg), and ¥’Cs in Quer-
cus robur L. (over 48.6 Bq/kg) (Fig. 4).

The content of radioactive *°Sr and '¥Cs is not an influen-
tial factor determining the growth conditions of a forest plan-
tation. The highest content of radionuclides is observed in tree
species, namely in leaves and bark. The highest content of *’Sr
is 51.3 Bq/kg, and '¥Cs is 58.8 Bqg/kg in leaves and bark, re-
spectively; *°Sris 45.3 Bq/kg and '¥Cs is 48.6 Bq/kg. The de-
termination of radionuclide content in tree leaves showed that
the content of **Sr and ¥’Cs did not exceed the established
maximum permissible emission limits. The highest content of
%Sr in the tree bark compared to other species is accumulated
by alder (51.3 Bq/kg), and ¥’Cs — by oak Quercus robur L.
(58.8 Bg/kg).

Thus, the study in the forest protection belts of the railway
on the Lviv-Sambir railway line showed that the content of ra-
dionuclides in plants is within the maximum permissible lim-
its. This is important for the further economic activity and sale
of wood raw materials by the Ukrzaliznytsia unit that manages
the protective forest plantations. While maintaining the pro-

Table 1
Specific activity of ?°Sr and '¥Cs in averaged samples of herbal raw materials, Bq/kg
Distance from the track, m
MPC,
250 (back- 200 150 100 50 30 15 10 5 Ba/ke
ground)
Sr 23.7 23.5 22.1 37.0 36.8 37.5 349 30.4 34.9 100
¥7Cs 0.00 0.01 0.00 0.00 0.01 0.30 29.0 29.0 24.5 200
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Fig. 2. 3D modelling of radionuclide distribution (Bq/kg) along the Lviv-Sambir railway line:

a—""Sr; b —7Cs

tective forest belts of the Lviv railway, the track maintenance
department carries out annual forest management activities.
Sanitary felling, maintenance and reconstruction felling, fell-
ing of hedges and shrubs to restore and clear sight lines on the
tracks generate large quantities of wood raw materials, which
are later sold commercially. Income from timber and wood
materials sales is used by Lviv Railway to cover part of its costs,
namely land use fees, general and administrative expenses,
and employee salaries [19].

Measurements of radium, thorium, and potassium ra-
dionuclides in the soil showed that regardless of the distance
of the sampling site, all soil samples have low levels of radio-
nuclides. The highest content of “’K was observed at a dis-
tance of 200 m from the track, and the lowest content of

Table 2
Specific activity of °°Sr and '¥Cs in the leaves of shrub plants

Specific activity content of
Plant name radionuclides, Bq/kg
90gy 137Cy
Corylus avellana L. 14.1 10.0
Euonymus verrucosus Scop. 20.5 10.0
Lonicera xylosteum L. 21.4 14.9

22Th was observed at a distance of 100 m from the track sur-
face. Fig. 5 shows 3D modelling of ?°Ra, 2*Th, “’K activity
distribution in soil along the railway on the Lviv-Sambir
track line.

Radionuclides released into the soil during railway
transport operations do not affect the radiation status of the
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Fig. 3. Radionuclide content in the leaves of the studied tree
species along the Lviv-Sambir railway line
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Fig. 4. Radionuclide content in the bark of the studied tree spe-
cies along the Lviv-Sambir railway line

adjacent territories. Thus, the adjacent agricultural cenoses
and residential buildings adjacent to the railway, uncontam-
inated with radionuclides, are not at risk of radiation con-
tamination.

The results of the soil radionuclide measurements showed
that the total specific activity of natural radionuclides decreas-
es by almost 2 times with the distance to the contamination
source (Table 3). Thus, we can state that green protective plan-
tation reduces the spread of radionuclides.

According to DSTU-N B A.3.2-1:2007 [20], regulating
permissible levels of radionuclides, the effective total specific
activity A,; of natural radionuclides **Ra, *’Th, K deter-
mined in the soil belongs to Class I, i.e. 4,,< 370 Bg/kg. Soil
specific activity measurements showed that radionuclides re-
leased into the soil during railway transport activities were so

Table 3

Dependence of the effective total specific activity 4,,of
natural radionuclides

Distance from the railway track, Ay,

m Bq/kg

5 90.39
50 86.86
100 76.76
150 63.42
200 45.78
250 42.76

low that they did not affect the radiation status of the adjacent
territories.

Conclusions. A study on the content of radioactive sub-
stances in protective forest plantations on the Lviv-Sambir
railway line found that the specific activity of radionuclides in
plants and soil is safe for adjacent agricultural communities
and residential buildings and does not exceed the maximum
permissible levels. This makes protective plantations not only
environmentally necessary, but also economically viable and
profitable, and allows us to generate significant income from
the sale of harvested wood. Taking into account the fact that
protective forest plantations along transport routes are a reli-
able and long-term biological means of protecting railway
tracks from the negative effects of natural phenomena, the task
of protective forest plantations (“Ukrzaliznytsia”) is currently
to ensure their maintenance in proper conditions and func-
tioning as a protective function.

Fig. 5. 3D modelling of radionuclide activity distribution in the soil (Bq/kg) along the Lviv-Sambir railway:

a—K40;b— R226; c— Th 232
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Mera. [lonsirae y BUSIBJICHHI IIKiIJIMBOTO pamialliiHOTO
BIUTMBY 3aJTi3HUYHOTO TPAHCITOPTY Ha TOBKIJUIS.

Meronuka. /111 BU3HAYeHHSsT PiBHS pagioaKTUBHOIO 3a-
OpyIHEHHS B 30Hi BIUIMBY 3ajIi3HULL OYJI0 3IiliCHEHO BinOip
Mpo0 IPYHTY Ta POCIMHHUX 3pa3KiB i MpOBeaeHi BiIIOBiIHI
pamioMeTpUUHi TOCTiKEHHS BilMIOBIIHO 10 BCTAHOBJIEHUX i
3aTBEPIKEHUX MeToauK. JlocmimkeHi 0coOIMBOCTI aKymy-
JIIOI0YOI 3ATHOCTI POCJIMH i IPYHTY Ta CTBOpPEHi rpadiuHi Mo-
nieJii Mirpauii pagioHyKIimiB Ha OiisgHLI KoJii JIbBiB-CaMoOip.

PesynbraTn. BuMiproBaHHSI MTUTOMOI aKTMBHOCTI paio-
nyxuinis *Sri ¥7Cs y 3paskax pociMH y310BX 3a1i3HUYHOTO
LIJIAXY 3aCBiTUMJIO, 1110 MEHIIWM BMICT pamioHYKJIAiB € Y
TpaB’STHUX POCAMHAX, BUILIMIA BMICT — y IepeBHUX TTopia. Bu-
SIBJIEHO, 110 i3 TpaB’IHUX POCUH HAWO1IbII iIHTEHCUBHO Ce-
pen ycix iHIIMX Hakonuuye pamionykitinu °Sr sun Galium
odoratum (L.) Scop., HaliOibllIe cepel iHIIUX HAKOIMUYYeE
panionyxuinu *’Cs Bun Geum urbanum L. 11i pociuHn MoX-
Ha BUKOPUCTOBYBATU B SIKOCTi iHAMKATOPIB 3a0pyIHEHOI pa-
TIIOHYKJTinaMu TepuTopii. HallGinbImmit BMiCT pamioHyKJIiniB
JIEPEeBHUX MOPi/l CIOCTEPIraeThCs B JTUCTI BIJIbXU Cipoi Ta KOpi
ny6a. HaiiGinbimmm BMicToM Bin3HauyeTbes K 40 Ha Bincrani
200 M Bix kotii, a HaitMeHITMM BMicToM — Th 232 Ha BincTaHi
100 M Bix KoJIii 3aJIiI3HUYHOTO LIJISXY.

HaykoBa HoBu3Ha. Pesynbratl JOCHiIKEHb 3aCBiMUMIN
3HayHYy BapiaOeJIbHICTh BMIiCTYy padiOaKTMBHUX PEUYOBUH Yy
I'PYHTaX 3aXMCHUX JlicOHAacaIKeHb. TaKy Bapialiio 3a0pyn-
HEHHS TPYHTY MOKHA IMOSICHUTU HEOTHOPIMHICTIO HAATPYH-
TOBOTO TIOKPWBY ¥ JIOKQJIBHUM BIUIMBOM HacaKeHb Ha
IIBUIKICTh TOBITPSHOTO TEPEHOCY 3a0pYIHIOYUX pevyo-
BUH.

IIpakTiyna 3HaummicTh. Bepyun no yBaru Te, 1110 KOH-
LIEHTpALlisl PaIiOHYKJIi/IiB Y POCIMHAX i Y TPYHTi 3MEHIIYIOTh-
cs1 'y HATMIpSIMKY Bifl 3aJTi3HUYHOI KOJIii, TO MOXEMO CTBEPIXKY-
BaTH, 10 3aXUCHI JTicOHACAIKEHHST 3aTPUMYIOTh IO PEHHS
iCHYI0YOTO BMiCTy paTiOHYKJIiiB HA TIPWJIETJIi 10 KOJii Tepu-
TOpii.

KumrouoBi cnoBa: 3asinuunuii mpancnopm, pidiayiiine 3a-
OpyOHeHHs, eKonociuna Oe3neka, NiCOHACAONCCHHS, UUBLIbHULL
3axucm
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