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Abstract. Taking into consideration a unique scenery of the Curonian Spit, dosimetric investigation of ionizing radiation
caused by natural radionuclides is performed there. The influence of natural radionuclides present in the ground on the
equivalent dose rate of gamma radiation in the ground surface air is established. Measurements of equivalent dose rate
are carried out in the whole territory of the Curonian Spit in Lithuania. Especially numerous data have been collected
on the coasts of the sea and bay, near them, in seaside dunes and by roads. The established equivalent dose rate values
vary from 22 nSv/h (on the dune top) to 90 nSv/h (above an asphalt path). The values of the main gamma radiation
source (40K and 226Ra) concentration are measured, and positive correlation of concentrations and equivalent dose rates
in the ground surface air between 40K and 226Ra is determinated. It is established that 40K has the biggest influence on
equivalent dose rate. The equivalent dose rate values in the ground surface air in the Curonian Spit are comparatively
low (they can even be 1630 times lower in comparison to Guarapari beach, Brazil).
Keywords: ionizing radiation, natural radionuclides, dosimetry, equivalent dose rate in the ground surface air, concentration.

1. Introduction
The Curonian Spit is a long and narrow sand peninsula between the Baltic Sea and the Curonian Bay (abr
Neringa). Its 52 km of it belong to Lithuania. A national park has been established there since 1991. There
are 2 national reservoirs, 4 natural reserves, 4 ethnocultural and 2 urban reserves.
The history of the Baltic Sea began 13000 years
ago when shifting glacier formed the Baltic ice lake. The
current size and bowl of the Baltic Sea approximately
were formed in Litorin Sea Period, that is 75007000
years ago. The same period saw the development of
characteristic features of the Lithuanian scenery and
emergence of the Curonian Spit and Bay [1].
Nowadays Neringa is one of the most popular
Lithuanian resorts. Therefore, it is important to evaluate
ionizing radiation influence on people who live or are
on holiday there.
Studies on radiation levels and radionuclide distribution in the environment are important for several reasons. Baseline information on radiation levels and radionuclide distribution in the environment is essential
for understanding human exposure to natural sources of

radiation and distinguishing from it man-made contributions. Since natural radiation is the main source of human exposure, studies of the dose from this source and
its effects on human health improve the understanding
of radiation damage [2]. Equivalent dose rate is the main
parameter reflecting the influence of ionizing radiation
on a person. Accumulation of data on radiation levels
of a region is also essential in establishing rules and
regulations on protection from radiation [3].
This paper aims at defining doses the target of
which are the holidaymakers on the Curonian Bay coasts.
2. Investigation methods
The Curonian Spit region in the Lithuanian territory was investigated in order to find possible pollution
sources.
Mobile equipment for measurements, data registration and accumulation was used in the investigation.
Measurements were carried out on the seaside, bay side,
seaside and bay side dunes, by roads and in forests.
Fig 1 shows the measurement trajectories in the
Curonian Spit. Distances between the points along the
therritory are 500 m, and across it  200 m (the points
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Fig 1. Measuring trajectories in the Curonian Spit

show the places of measurements).
The equipment depicted in Fig 2 was used to carry
out the measurement of gamma radiation equivalent dose
rate caused by natural radionuclides present in the
ground.
Equivalent dose rate was measured with a portable
radiometer SRP-08-01. During measurement the equipment detector was kept 1m above a measured surface.
The exposure dose measurement limits of the radiometer
SRP-08-01 are 027000 nSv/h. Equivalent dose rate
above different surfaces can be measured with this
equipment.
The radiometer is connected to a data register from
which accumulated data are transferred to a portable computer. The portable computer is connected to the Global
Positioning System (GPS). The latter is a very precise
radio navigation system providing information about the
position of objects in space, their velocity, direction 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 irrespective of
weather conditions, day time or season [4].
The following data are accumulated in the portable
computer: location co-ordinates, time and readings of the
radiometer. Radiometrical measurements were carried out
continuously along the measurement route. While notic-

ing increased equivalent dose rate, the same territory was
measured additionally and slower.
The equipment is easily transported, therefore, it is
easy to evaluate changes of equivalent dose rate in a
big measurement territory.
With the aim of measuring more precisely the influence of the main gamma radioactivity sources 40K and
226Ra on irradiance, their concentration in the ground of
equivalent dose rate measurement places was evaluated.
To identify the consentration, the gamma spectrometry
was used. The ground was taken with a special recipient. A metal ring of 15 cm diameter and 5 cm height
was hammered into the ground, the ground was separated with a spade while taking a sample. The samples
were transported to the laboratory in plastic bags. In the
laboratory the samples were weighted and put into a
vessel of 200 ml volume.
A gamma spectrometric system (CAMBERRA) was
used to establish the concentrations of natural radionuclides. To identify the concentration of natural radionuclides in the ground, a sample sensor distinguishes them
by a high differential power (2 keV). The signal of the
equipment is linear with a wide energy interval. The impulse amplitude is insensible to impulse counting velocity, high impulse-increasing speed and to magnetic
fields.
The concentration in the ground of main gamma
radiation sources is identified by using 2472 hour measurement expositions. Radionuclides were identified according to the following lines: 226Ra  186 keV, o 40K 
1460 keV.
The phon was evaluated continuously during the
measurement period. The phon level varied little. Its 40K
changes made up less than 4 % of signal volume.
3. Measurement results

Fig 2. Measuring equipment

According to the above described dosimetry measurement methods, investigation of dosimetry in the
ground surface air was performed in the Curonian Spit.
Information about equivalent dose rate distribution
in space was collected due to a continuous data registration. That was very important for radiometrical investi-
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gation in the Curonian Spit. Ionizing and cosmic radiation of radioactive substances, found in the air and on
the surface of the earth, causes equivalent dose rate in
the earth surface air [5].
Fig 3 depicts the results of equivalent dose rate
measurements in the surface ground in the Curonian Spit.
It is obvious from the figure that equivalent dose
rate values differ. They mostly depend upon the bed
surface type, because firstly gamma radiation depends
upon the quantity of radionuclides in the ground (different composition of the ground). Another reason is shortlife-time radon split products present in the air and their
different distribution in the surface ground. The figure
shows that the lowest dose rate in the surface ground
was found on the seaside beach (from 22 nSv/h to
60 nSv/h), the highest one  above asphalt concrete surfaces (from 57 nSv/h to 90 nSv/h). This natural radioactive radiation change could be explained by the influence of anthropogenic activity, therefore, the figure
clearly shows urban territories and roads.
Table 1 indicates minimum, maximum and approximate values of equivalent dose rate in the ground surface air. While comparing approximate values, it can be
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noticed that the equivalent dose rate values above gravel
and forest ground are the biggest. The values of equivalent dose rate of the latter are by about 40 % higher
than those of the rest. The variation interval of the
equivalent dose rate in the ground surface air in seaside
dunes in comparison to the others mentioned in Table 1
is the widest. The equivalent dose rate received by a
person on the beach in three hours reaches about
130 nSv.
Fig 4 depicts the distribution values of equivalent
dose rate in Juodkrantë territory. The highest equivalent
dose rate values were identified in towns near roads
(above asphalt and concrete surfaces). Lower values were
found during measurements above the forest ground and
seaside sand and dunes. Higher values were found in
Juodkrantë, the Curonian Bay side because major part
of the side is covered with stones and special concrete
side fortifications.
The concentration in the ground and equivalent dose
rate in the ground surface air above the sample collection place of the main gamma radiation sources 40K and
226Ra were measured. Correlation between equivalent
dose rate 40K and 226Ra concentration in the ground was

Fig 3. Distribution values of equivalent dose rate in the Curonian Spit
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Table 1. Measured equivalent dose rate in the ground surface air above different bed surfaces
Bed surface

Minimal value (nSv/h)

Maximal values (nSv/h)

Appro ximate values
(nSv/h)

Appro ximate sq uire
declinatio n (nSv/h)

Seaside sand (against dune)

22

60

35

1

Seaside sand (dune)

24

87

44

3

Lo am

24

58

43

2

Fo rest gro und

48

89

64

1

Bayside sand (dune)

36

46

40

1

Gravel

55

89

68

2

established (Table 2). The identified correlation between
40K and 226Ra concentration in the ground is positive.
According to the data [5], correlation coefficient of the
same radionuclides present in water reservoir (lake)
ground equals to 0,82.
It was observed that among the investigated radionuclides, 40K concentration was the biggest. Equivalent
dose rate in the surface ground air is determined by 40K,
short-life-time 226Rn split products and cosmic radiation.
According to the data [6], external equivalent dose
rate caused by 40K radiation approximately makes up
33 % of the value of equivalent dose rate in the ground
surface air. According to the investigation results, 40K
concentration is 20 times greater than that of 226Ra. Besides, gamma radiation energy is greater (226Ra 
186 keV, 40K  1460 keV). It is known that major part
of 226Ra split products (214Pb, 214Bi, 210Pb) that remain

in the ground also have an approximately great influence upon equivalent dose rate.
The values of equivalent dose rate determined on
the Curonian Spit beaches are compared to the results
provided in literature [7] (Fig 5).
An approximate equivalent dose rate established in
the Curonian Spit is 56 nSv/h. The condition of the beach
depends upon the geological composition of under-water side slope, outwash quantity and lito-dynamic situation. Above-water seaside is composed of sand beach
and side dunes. Fine-grain sand dominates on the seaside. According to the radiometrical measurements performed, equivalent dose rate on the seaside is the lowest. Equivalent dose rate in the ground surface air is
determined by 40K and 226Ra radiation, therefore, their
concentration was measured. The established values were
equal, respectively, to 120 Bq/kg and 13 Bq/kg. The

nSv/h

Fig 4. Distribution of equivalent dose rate values in Juodkrantë
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Table 2. Correlation between equivalent dose rate in ground
surface air and concentrations of radionuclides in the ground
Eq uivalent
dose rate,
nSv/h
Eq uivalent dose
rate, nSv/h
40

K, Bq /kg

226

Ra, Bq /kg

40

K, Bq /kg

226

Ra,Bq /kg

1
0 ,6 6

1

0 ,6 9

0 ,8 1

1

quantity of these radionuclides in sand is smaller than
in clay and gravel bed surfaces.
Equivalent dose rate in the ground surface air on
Guarapari beach surrounded by mountains (Brazil) is
91324 nSv/h. Natural sloshing and washing of the waves
tend to remove all of silt and clay from the soil. This
concentrates the remaining heavy particles in sandy residue. Since most naturally occurring radioactive substances have large atomic mass numbers, they form very
dense (and, therefore, heavy) compounds [7].
Equivalent dose rate in the ground surface air in
Ramsar (Iran) is 79908 nSv/h. These springs are named
so because they are thermally hot, but as irony would
have it, they are also radioactively hot. All natural
radioactive sources of radiation arise from the decay of
unstable atomic nuclei. One of the products of these
radioactive decays is radon gas which is found dissolved
in the waters of many hot springs [7]. Radon gas is
slightly denser than air and, therefore, tends to accumulate in depressions and basements. This gas is a strong
emitter of alpha particles.
Equivalent dose rate in the ground surface air on
Kerala beach (India) is 4006 nSv/h. In this case the combination of naturally occurring radioactive minerals in
the surrounding rock and the concentration of these minerals by geological processes has created soils which are
enriched with radioactive elements [7].
Permanently evacuated equivalent dose rate in the
ground surface air in Pripyat near Chernobyl (the
Ukraine) reaches 572 nSv/h. This is not a result of naturally occurring radiation from the surrounding soil, but
it is inserted here for comparison purposes. In 1986 a
nuclear reactor in Chernobyl began an uncontrolled, runaway nuclear reaction. The heat produced a massive
steam explosion which released large amounts of radioactive substances into the environment. Luckily much
of the high-level radiation was produced by radio isotopes with short half-lives, and the radiation levels
quickly dropped. Nevertheless, the residual background
radiation stabilized at a level which has been considered
too high for human occupation [7].
Comparing these extreme dose values to the values
established on Lithuanian beaches and the Curonian Spit,
it is obvious that here the situation is far better. A holiday- maker during one hour on Guarapari beach receives
a dose which equals to that received by a holiday-maker
in the Curonian Spit during two months. The dose received in Pripyat during two months equals to that received in the Curonian Spit during one and a half year.

Fig 5. Equivalent dose rate values near Chernobyl, on
beaches of Lithuania and in other countries

One-week vacation on Guarapari beach (Brazil) is
equivalent to living for three years in the city of Pripyat
near Chernobyl. Six months on Guarapari beach is
equivalent to living for eighty years (almost a lifetime)
in Pripyat.
4. Conclusions
1. Measured equivalent dose rate in the whole territory of the Curonian Spit (Lithuania) changes from
22 nSv/h (on dunes) to 90 nSv/h (above asphalt and concrete surfaces).
2. Gamma radiation equivalent dose rate depends
upon a bed surface: for seaside sand  35 nSv/h, for
seaside dunes  44 nSv/h, for loam  43 nSv/h, for forest ground  64 nSv/h, for bayside sand  40 nSv/h and
for gravel  68 nSv/h.
3. Correlation between the concentration of radionuclides present in the ground (40K and 226Ra) and
equivalent dose rate in the surface ground air above a
sample collection place is positive, respectively, 0,66 and
0,69.
4. Equivalent dose rate values caused by ionization
radioactivity on the Curonian Spit beaches are low and
do not cause a big danger to human health.
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GAMTINËS KILMËS RADIONUKLIDØ SUKELTOS JONIZUOJANÈIOSIOS SPINDULIUOTËS KAITA KURÐIØ
NERIJOJE
M. Peèiulienë, D. Jasaitis, G. Grigaliûnaitë-Vonsevièienë, A. Girgþdys
Santrauka
Atsiþvelgiant á Kurðiø nerijos kraðtovaizdþio unikalumà, joje buvo atlikti gamtinës kilmës radionuklidø sukeltos jonizuojanèiosios spinduliuotës dozimetriniai tyrimai. Nustatyta dirvoþemyje esanèiø gamtinës kilmës radionuklidø átaka gama spinduliuotës
lygiavertës dozës galiai paþemio ore. Lygiavertës dozës galios matavimai atlikti visame Kurðiø nerijos regione Lietuvos teritorijoje,
ypaè daug duomenø surinkta jûros ir mariø pakrantëse, pajûrio ir pamario kopose ir prie keliø. Nustatytos lygiavertës dozës galios
vertës kinta nuo 22 nSv/h (ant kopos) iki 90 nSv/h (virð asfaltuoto tako). Iðmatuotos pagrindiniø gamtiniø gama spinduoliø ( 40K ir
226Ra) savitøjø aktyvumø dirvoþemyje vertës bei gautas teigiamas koreliacinis ryðys tarp 40K, 226Ra savitøjø aktyvumø ir lygiavertës dozës galios paþemio ore virð bandinio ëmimo vietos. Pastebëta, kad didþiausios átakos lygiavertës dozës galiai turi gamtinës
kilmës radionuklidas 40K. Lygiavertës dozës galios vertës Kurðiø nerijos paplûdimiø paþemio ore yra palyginti maþos (gali bûti net
1630 kartø maþesnës, palyginti su Guarapari paplûdimiu Brazilijoje).
Raktaþodþiai: jonizuojanèioji spinduliuotë, gamtinës kilmës radionuklidai, dozimetrija, lygiavertës dozës galia paþemio ore,
savitasis aktyvumas.
ÈÇÌÅÍÅÍÈß ÈÎÍÈÇÈÐÓÞÙÅÃÎ ÈÇËÓ×ÅÍÈß, ÏÐÎÈÇÂÎÄÈÌÎÃÎ ÅÑÒÅÑÒÂÅÍÍÛÌÈ
ÐÀÄÈÎÍÓÊËÈÄÀÌÈ, ÍÀ ÊÓÐØÑÊÎÉ ÊÎÑÅ
Ì. Ïÿ÷óëåíå, Ä. ßñàéòèñ, Ã. Ãðèãàëþíàéòå-Âîíñÿâè÷åíå, À. Ãèðãæäèñ
Ðåçþìå
Ñ ó÷åòîì óíèêàëüíîñòè ëàíäøàôòà Êóðøñêîé êîñû áûëè ïðîâåäåíû äîçèìåòðè÷åñêèå èñïûòàíèÿ èîíèçèðóþùåãî
èçëó÷åíèÿ, ïðîèçâîäèìîãî åñòåñòâåííûìè ðàäèîíóêëèäàìè. Îïðåäåëåíà ìîùíîñòü ýêâèâàëåíòíîé äîçû èçëó÷åíèÿ, ïðîèçâîäèìîãî åñòåñòâåííûìè ðàäèîíóêëèäàìè, íàõîäÿùèìèñÿ â ãðóíòå. Èçìåðåíèÿ ìîùíîñòè ýêâèâàëåíòíîé äîçû èçëó÷åíèÿ
ïðîâîäèëèñü ïî âñåìó ðåãèîíó Êóðøñêîé êîñû íà òåððèòîðèè Ëèòâû. Îñîáåííî òùàòåëüíî áûëè ñîáðàíû äàííûå íà ïîáåðåæüå Áàëòèéñêîãî ìîðÿ è Êóðøñêîãî âîäîåìà, â ïðèáðåæíûõ äþíàõ è âäîëü äîðîã. Ïîëó÷åííûå çíà÷åíèÿ ìîùíîñòè
ýêâèâàëåíòíîé äîçû èçëó÷åíèÿ êîëåáëþòñÿ îò 22 nSv/h (â äþíàõ) äî 90 nSv/h (íàä àñôàëüòîì). Îïðåäåëåíà óäåëüíàÿ àêòèâíîñòü îñíîâíûõ åñòåñòâåííûõ ãàììà-èçëó÷àòåëåé (40K è 226Ra) äëÿ ãðóíòà, à òàêæå ïîëîæèòåëüíàÿ êîððåëÿöèîííàÿ ñâÿçü
ìåæäó óäåëüíîé àêòèâíîñòüþ 40K, 226Ra è ìîùíîñòüþ ýêâèâàëåíòíîé äîçû èçëó÷åíèÿ â âîçäóõå íàä ìåñòîì âçÿòèÿ ïðîáû.
Îïðåäåëåíî, ÷òî íàèáîëüøåå âëèÿíèå íà ìîùíîñòü ýêâèâàëåíòíîé äîçû èçëó÷åíèÿ îêàçûâàåò ðàäèîíóêëèä åñòåñòâåííîãî
ïðîèñõîæäåíèÿ 40K. Çíà÷åíèÿ ìîùíîñòè ýêâèâàëåíòíîé äîçû èçëó÷åíèÿ íà ïëÿæàõ Êóðøñêîé êîñû ñðàâíèòåëüíî íåáîëüøèå
(âîçìîæíî, â 1630 ðàç ìåíüøå, ÷åì íà ïëÿæå Ãóàðàïàðè â Áðàçèëèè).
Êëþ÷åâûå ñëîâà: èîíèçèðóþùåå èçëó÷åíèå, åñòåñòâåííûå ðàäèîíóêëèäû, äîçèìåòðèÿ, ìîùíîñòü ýêâèâàëåíòíîé äîçû
èçëó÷åíèÿ, óäåëüíàÿ àêòèâíîñòü.
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