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Abstract. The paper discusses search of possible pollution sources of natural radionuclides; the measuring method
(using the GPS system) of the equivalent dose rate of the environment is introduced; the equivalent dose rate of water
reservoirs of Vilnius is measured; the values and variations of equivalent dose rate are evaluated; it is found that the
values cover the range from 10 nSv/h to 85 nSv/h; it is noticed that the values measured above water are distinctly less
than the equivalent dose rate above the soil surface; comparative analysis between the equivalent dose rate of open
water reservoirs of Vilnius and other rivers and lakes of Lithuania is carried out.
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1. Introduction

Cosmic radiation and ionizing earth radiation,
spread by radionuclides that are in the earth’s crust, at-
mosphere and water, constantly affected life develop-
ment. Over 60 natural radionuclides are found in the
earth’s crust, 32 of them belong to the most radioactive
lines: uranium-radium, uranium-actinium and thorium
[1].

The impact of internal and external natural expo-
sure upon all human beings has not changed for thou-
sands of years. An individual annually gets approxi-
mately the dose of 2 mSv of internal and external expo-
sure. Internal exposure doubles external exposure [1].

Radionuclides enter the human body through the
respiratory system and biological nourishment chain and
biological nourishment chain and become one of the
exposure sources. Release radicals — the result of ioniz-
ing radiation — destroy the membrane of various cells
or affect the cells themselves. Even small quantities of
radionuclides can do harm to the human body, there-
fore, additional ionizing radiation must be reduced to a
minimum.

Ionizing and cosmic radiation of radioactive sub-
stances, found in the air and on the surface of the earth,
causes equivalent dose rate in the earth surface air [2].
Equivalent dose rate is the most important parameter
because it most reflects the impact of ionizing radiation
upon human being.

Constant control of additional sources of radioac-
tive pollution is urgent; they must be monitored and their
impact must registered. Unfortunately, nowadays we face
the consequences of multi-year pollution. Lithuania’s
environment has been affected by nuclear explosions and
the Chernobyl Nuclear Plant accident. Movement of ra-
dioactive substances from highly polluted regions of
the Ukraine and Byelorussia is still in progress. More-
over, there is always potential danger of release of ra-
dioactive substances into the environment due to pos-
sible accidents at venues of nuclear industry.

The issue of radionuclide behavior in water has al-
ways been very important nowadays [3—5]. The feature
of open water reservoirs to accumulate pollution should
cause worry because water, especially in urban areas, is
widely used for human consumption.

Aims and task of the search:

— to gather information about rivers, lakes, reservoirs
and other water reservoirs of Vilnius for evaluating
radiologic condition;

— to carry out search of possible pollution sources and
territories polluted with radionuclides of an artifi-
cial origin;

— to estimate the dose of ionizing radiation exposure
above water surface.

2. Investigation methods

The list of open water reservoirs intended for the
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investigation was composed according to the inventory
file (1985) of Vilnius water reservoirs and state-of-art
maps.

At that time 316 water reservoirs were found and
registered in the city zone; this number does not include
the water reservoirs of fenced territories of plants and
institution gardens. This number includes the following:
30 lakes (a general area of 178 ha) and 286 ponds (a
general area of 38 ha). There was no data about rivers
and small rivers.

Due to fast development of Vilnius city, part of
water reservoirs, especially the small ones, have under-
gone changes, for example, some reservoirs were de-
stroyed, others joined to form bigger ones, the limits
and depth of other ones have also changed, etc. Trying
to fulfill the tasks and aims of the investigation the list
found in the Inventory File of Vilnius City (1985) was
supplemented and renewed due to various changes (for
example, names of streets, etc). State-of-art maps and
the newest data about the city were used.

Lakes, rivers and ponds of Vilnius city were stud-
ied to carry out search for possible sources of radionu-
clide pollution. Routes were chosen near the water side
(for example, 3—5 m from the lake bank) for small wa-
ter reservoirs and far and wide for the biggest ones.

Mobile equipment for measurement data registra-
tion and accumulation was created (Fig 1). It was in-
stalled in a boat or inflatable rubber boat. A boat is used
for bigger water reservoirs, an inflatable rubber a boat —
for ponds and other smaller water reservoirs.

A radiometer detector registering particle impulses
is fixed to the boat side and directed towards water sur-
face. The distance between the detector and water is
30 cm. A dateloger, connected to the radiometer, pro-
cesses the data and sends it to a portable computer. The
following data is accumulated in the portable computer:
location co-ordinates, time and readings of the radiom-
eter. Therefore, continuous measurement is carried out.
In the case of equivalent dose rate increase a specific
area was additionally studied at a lower rate.

The portable computer is connected to the Global
Positioning System (GPS). The latter is a very precise
radio navigation system providing information about the
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Fig 1. Scheme of measurements

position of objects in space (3D), their velocity, direc-
tion and covered distance, the distance to selected points,
exact time at a given moment and geographical sunrise/
sunset time and moon phases of a given location. GPS
works in the same way in any place of the world inde-
pendently of weather conditions, day time or season [6].

The data received from the registrar and GPS is
accumulated in the computer. A computer of no lower
class than Pentium is necessary for measurements.

Fig 2 presents automated equipment for radiometer
measurements.

This instrument can measure equivalent dose rate
above the water surface. It converts information into
electrical signals and processes it further. Transference
is carried out by a scintillate detector consisting of Nal
(T1) crystal and a photo-multiplier.
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Fig 2. Scheme of automated equipment for radiometer
measurements

3. Measurement results

According to the above described dosimetry mea-
surement methods, investigation of dosimetry above open
water reservoirs of Vilnius was performed.

Information about equivalent dose rate distribution
in space was collected due to continuous data registra-
tion. The registration was especially important in search
of pollution sources.

Fig 3 presents the measurement data of equivalent
dose rate above open water reservoirs (above Antaviliai
water reservoir). Each number corresponds to an aver-
age of measurement results in an investigated place.

The arithmetical average values of equivalent dose
rate above water surface is presented in the Table. It is
seen from the results that equivalent dose rate is higher
above shallow water reservoirs. It is due to the influ-
ence of radionuclide radiation in the settling of the wa-
ter reservoir ground. Radiation is reflected less by shal-
low water reservoirs.

Fig 4 presents the frequency of average equivalent
dose rate. The values comprise a rather wide range: from
10 nSv/h to 85 nSv/h. About 60 nSv/h is a mostly re-
peated value. Equivalent dose rate above water is lower
than that above the earth’s surface. The reason is that
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water absorbs some part of ionizing radiation. Water it-  a; the data of this analysis is presented graphically in
self includes much less (100 and more times) radionu-  Fig 5 b. It is seen that towards the middle of a reservoir
clides, therefore, equivalent dose rate above water for a  equivalent dose rate decreases. Equivalent dose rate
depth of 3 and more meters is determined by cosmic  above water close to the waterside is 30—70 nSv/h, while
radiation and air. The ionizing radiation of radionuclides  in the middle it is 20 nSv/h. The mentioned differences
in the air, water, ground and settlings determines the  depend on many natural factors. Firstly, gamma radia-
equivalent dose rate above the earth and water surface  tion from the bottom decreases going deeper into a res-

[7]. ervoir. Gamma radiation decreases ten times when the
Detailed analysis of equivalent dose rate distribu-  water layer reaches 0,5 m, while at 1 m depth it remains
tion above water reservoirs near Buivydiskés was car- less than 1 % [8].
ried out. The map of these reservoirs is shown in Fig 5 Secondly, shifting away from the waterside the in-
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Fig 3. Water reservoirs in Antaviliai (each number corresponds to an average value of equivalent dose rate [nSv/h] in an
investigated place)

Average values of equivalent dose rate [nSv/h] above water reservoirs in Vilnius

Average
values of Values of
. Area, Depth, Ponds equivalent Squere, Depth,
Lake equivalent .
ha m (water reservoir address) dose rate, ha m
dose rate, nSv/h
nSv/h
Gelaze 17 17,5 near the Gulbinas lake 66 0,013 -0,5
. near Popieriaus

Baltis 19 street No 29 58 0,01 -0,5
Saloté 20 9,8 Gulbinas street 52 0,01 -1
Buivydiskes 32 Kalvarijy street No 143 58 0,01 -1
Balsys 19 55,9 near the Balsys lake 67 0,01 -0,5
Gulbinas 16 46,7 near the Gulbinas lake 42 0,01 -1
Antavilis 17 16,6 Kairénai 68 0,01 -1
Balzis 17 Ozo street 57 0,01 -1,5
Tapeliai 14 12,5 -15 Verkiy street No 40 60 0,008 -1
Juodis 17 8,2 =35 Verkiy street 70 0,004 -1
Skarbelelis 16 2,25 -10 Dvarcioniy street No 10 68 0,003 -0,6
lake in Dvarcionys 56 1,6 -15 Verkiy street No 87 72 0,002 -0,5
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fluence of the soil layer (20-30 cm) radiation decreases
because the spatial corner decreases, i e gamma radia-
tion depends on waterside geometry and radionuclide
quantity. The third reason is short-existence products of
radon split in the air and unequal distribution of their
quantity above a water reservoir. The quantity of >!“Bi,
2l4pp, 212Bj and 2'2Pb in the middle of a reservoir can
be less than near the waterside in the case of weak wind
or weak vertical air mixture.

According to the same methods (described in the
methodological part) measurements of equivalent dose
rate were carried out in other water reservoirs in
Lithuania: Sventoji (near Ukmergé), the Vepriu and
Rubikiy lakes. An average equivalent dose rate above

Frequency

these water reservoirs reached, correspondingly: 63 nSv/
h, 56 nSv/h and 39 nSv/h. These results correspond to
the average equivalent dose rate found above open wa-
ter reservoirs of Vilnius (Fig 4). To summarize, open
water reservoirs of Vilnius are not exceptional in the
sense of ionizing radiation.

It is known that Lithuanians get approximately from
250 nSv/h to 1140 nSv/h from natural sources. A trivial
conclusion can be drawn: people being above water sur-
face further from watersides get the least dose of ioniz-
ing radiation.

According to the data, some water reservoirs with
a high equivalent dose rate because of anthropogenic ac-
tivities cannot be distinguished.
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Fig 4. Frequency of average equivalent doze rate [nSv/h] above water reservoirs in Vilnius
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Fig 5. Water reservoirs investigated near Buivydiskés: a) a map; b) equivalent doze rate distribution above a water reservoir
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4. Conclusions

1. A method of measuring environmental equiva-
lent dose rate is created. It enables to register continu-
ously equivalent dose rate and measurement location co-
ordinates using GPS (Global Positioning System).

2. Equivalent dose rate above water covers a range
from 10 nSv/h to 85 nSv/h. Approximately 60 nSv/h is
a mostly repeated value. Equivalent dose rate values
above shallower water reservoirs are higher due to cos-
mic radiation and ionizing radiation of radionuclides
which are in the air, bottom ground and settlings.

3. Average equivalent dose rate values above soil
highly exceed those above water.

4. Average equivalent dose rate above water reser-
voirs of Vilnius near the waterside reaches 30-70 nSv/
h, in the middle of a water reservoir it is 20 nSv/h. It
can be stated that equivalent dose rate above water ac-
counts for 10 % of all natural radiation.
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JONIZUOJANCIOSIOS SPINDULIUOTES
LYGIAVERTES DOZES GALIA VIRS VILNIAUS
MIESTO VANDENS TELKINIU

M. Peciuliené, D. Jasaitis, G. Grigaliiinaité-Vonsevi¢iené¢,
A. Girgzdys

Santrauka

Straipsnis apie galimy tarSos radionuklidais Saltiniy
paieskos biidus. Pateikiamas tam tikslui sukurtas mobilusis
metodas (taikant GPS sistema) jonizuojanciosios spinduliuotés
lygiavertés dozés galiai aplinkoje iSmatuoti. Nustatyta
jonizuojanciosios spinduliuotés lygiavertés dozés galia vir§
Vilniaus teritorijoje esanéiy vandens telkiniy ir jvertinti jos
pokyc¢iai. Nustatytas reikSmiy diapazonas — nuo 10 nSv/h iki
85 nSv/h. ISmatavus pastebéta, kad vir§ vandens
jonizuojanciosios spinduliuotés lygiavertés dozés galia daug
mazesné nei vir§ dirvos pavirSiaus. Palyginta jonizuojanciosios
spinduliuotés lygiavertés dozés galia vir§ Vilniaus miesto atviry
vandens telkiniy ir kity Lietuvos upiy ir eZery.

RaktaZodZiai: jonizuojancioji spinduliuoté, gamtinés kilmés
radionuklidai, apsvita, dozimetrija, lygiavertés dozés galia.

MOIIIHOCTH 3KBUBAJEHTHOM JO3bI
HOHU3UPYIOHIEI'O U3JIYUYEHUSA HAJL
BOJOEMAMH I'OPOJA BWJIBHIOCA

M. IIsiuynene, [. SAcaiituc, I. I'puranionaiire-
BoucaBuuene, A. I'mprxauc

Pesiome

OnUCHIBAIOTCS CIIOCOOBI TTOMCKAa BO3MOXKHBIX HMCTOYHHKOB
3arpsa3HeHNH paanoHykingamu. IlpencraBiaeH CO3MaHHBIA IS
9TOH menu MOOMIBHBIN MeTOx (C HCIONb30BAHHUEM CHCTEMBI
GPS) mis u3MepeHuss MOITHOCTH SKBUBAJCHTHOW O3Bl 0OIy-
YEHHUS B OKpY’Karollel cpene. M3MepeHa MOIHOCTb SKBUBAJIEHT-
HOW /1036l OOJydeHHUs HajJ BOJOEMaMH, HaXOISAIUMHCS Ha
TeppuTopuy roposga BuibHIoca. BBISICHEHB! BEIHYMHEI U H3Me-
HEHUsS MOIIHOCTH SKBHBAJICHTHOH O3Bl OONy4YeHHs. YCTaHOB-
JICHO, YTO 3HAYEHHMS STHX BEIHYHMH KOJIEONIOTCS B Mpeenax oT
10 u3B/4 no 85 H3B/4. 3aMeueHO, YTO BEIUYMHBI, H3MEPEHHbBIC
Haa MOBEPXHOCTHIO BO/IbI, 3HAYUTECIIBHO MCHBIIEC cpem—tef/i OKBH-
BQJICHTHOU J103bI OOJNy4YeHHsl, H3MEPEHHOI HaJ OBEPXHOCTBIO
MOYBBI. MOIIHOCTE SKBUBAICHTHON O3Bl OOITydYEHHs] BOJOEMOB
ropona BuibHIOCA cpaBHEeHa ¢ ()OHaMM KOHIICHTpALMK Haj pe-
KaMu U o3epamu JIUTBBI.

KuroueBble cJI0Ba: MOHU3UPYIOIIEE M3ITyYE€HUE, €CTECTBEHHbIE
panuoOHYKIHIBI, OONydYeHHe, TO3UMETPHs, MOUIHOCTH JKBHBA-
JICHTHOH Z03bI OOIy4eHHS.





