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Abstract. The paper describes the trends of concentrations of 90Sr and 137Cs in milk in Lithuania in 19652003. Sampling of milk was performed in five regions of the biggest cities of Lithuania, and since 1976  also in the region of
possible impact of Ignalina Nuclear Power Plant (NPP). Data of production and consumption of milk are taken from
Lithuanian statistical yearbooks. Activity concentrations of radionuclides were measured at Radiation Protection Centre.
Daily diet products are connected with different components of the environment  soil, air and water. For this reason
food contamination reflects pollution of the environment. This paper describes estimation of trends of activity concentrations of 90Sr and 137Cs in one of the food products  in milk. Comparison applies to two periods  the so-called
before Chernobyl period (19651985) and that after the accident in Chernobyl NPP up to now (19862003). Contamination of milk was analysed using correlation tests. Though the trend of average annual activity concentrations is
complicated, during the two periods plenty of high enough correlation ratio values were calculated (0,630,74). Regression curves using 36 degree of polynoms show the decrease of 90Sr and 137Cs activity concentrations during the
periods analysed. Factors of influence on the value of an average annual effective dose for an inhabitant of Lithuania
based on activity concentrations of 90Sr and 137Cs in milk were evaluated. Estimation shows that accuracy of calculating
an average annual effective dose due to 90Sr and 137Cs in milk does not exceed 60 %.
Keywords: ionizing radiation, dose, radiological measurements.

1. Introduction
Man-made radionuclides appeared in the environment after the first nuclear bomb tests in the atmosphere,
later  during operation of nuclear installations and accidents at nuclear power plants. Most dangerous from
the view of the ecology are long-lived radionuclides.
Food products are connected with the environment by a
food chain which is shorter for vegetables and longer
for meat, milk or fish. All food products are connected
in different ways with the components of the environment: air, water, soil and plants growing in the soil. The
way of behavior of two of long-lived radionuclides 
90 Sr (strontium) and 137Cs  (cesium) is the same as
their stable isotopes calcium and potassium that are in
the body of man.
There exist at least three most important sources of
contamination of the environment with 90Sr and 137Cs.
The first one is connected with tests of nuclear bombs.

The first tests of nuclear bombs were performed in Japan in 1945 [1]. According to the data of the United
Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR 1993) during the period before
1962, when a triangular moratorium was signed by the
Soviet Union, USA and United Kingdom for the restriction of nuclear tests in the atmosphere, already 360
nuclear bomb tests were performed. During these tests
releases to the environment were up to 0,76 EBq
(0,76×1018 Bq) of 90Sr and 1,14 EBq of 137Cs. Even
after the agreement was signed France and China continued tests and 63 more tests were performed that released to the atmosphere 0,09 EBq of 90Sr and 0,14 EBq
of 137Cs [2]. Most of these releases deposited in the North
hemisphere, close to the 40o latitude, less part of releases deposited close to the North Pole and direction to
the equator. Only one third of all the releases deposited
in the South hemisphere.
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The next source of contamination of the environment with 90Sr and 137Cs is releases from nuclear installations and nuclear reprocessing plants. Low-level radioactive waste was released from Sellafield nuclear fuel
reprocessing facility to the Irish Sea. During the period
19501990 about 34×1016 Bq of 137Cs was released
from this installation [1].
One more source of contamination of the environment are accidents in nuclear power plants and nuclear
reprocessing plants. Paper [1] states that releases during
accidents are smaller than from nuclear bomb tests. Releases of 137Cs during the accident at Chernobyl NPP
were approximately about 100 PBq (1 P = 1015) or 20
40 % of the whole content of 137Cs which was in the
active zone of the reactor [3], and approximately about
8 PBq of 90Sr. One third of all these releases deposited
in the European part of the territory of the Soviet Union 
approximately 30 PBq of 137Cs and approximately 90 %
of 90Sr (7 PBq) [2]. Paper [4] states that the density of
precipitation of 137 Cs in Lithuania was less than
18,5 kBq/m2. 137Cs activity concentrations in the soils
of Lithuania were measured in 1992 dividing the territory into sectors of 16 · 16 km [4]. Sampling was performed up to a depth of 5 cm. Three cesium spots
were estimated where 137Cs activity concentrations were
the highest  in the South and West part of Lithuania
and the Curonian Spit. The highest activity concentration in the soil was measured in 1992 in the samples
from the Curonian Spit  approximately 19 700 Bq/m2.
Activity concentrations were measured at the same time
in the samples of the two other spots. The highest
activity concentration of 137Cs was measured  1600 Bq/
m2 [4].
Paper [5] presents the investigation data on soil contamination with 137Cs in Lithuania during the period
19742000. An average activity concentration of 137Cs
in soils of Lithuania before the accident at Chernobyl
NPP was (6,8±1,8) Bq/kg, after the accident an average
amount of 137Cs is 6,728,5 Bq/kg [5].
One more source of contamination of the Lithuanian
territory with 137Cs is forest fire and resuspension from
the soil at highly contaminated regions of Belarussia and
the Ukraine [6]. 137Cs activity concentration in the atmosphere of Lithuania after forest fire in Belarussia increased significantly. Activity concentration of 137Cs in
the atmosphere was up to 300 µBq/m3 during 30 August  1 September 1992, up to 250 µBq/m3 in 9 April
1996 and up to 200 µBq/m3 at 69 September 2002 [6].
Measurements of activity concentrations of 90Sr and
137Cs in fresh food samples in Lithuania were started in
1965 when the network of environmental radiological
monitoring was established. Sampling was started in
5 regions, each area was in the surroundings of the biggest cities of the country. The coordinates of sampling
points are identified as an area name  Kaunas, Klaipëda,
Panevëþys, Ðiauliai and Vilnius.The monitoring network
was the same during the period from the start until the
accident at Chernobyl NPP. After the accident at

Chernobyl NPP the monitoring network, especially for
the measurement of 131I, was expanded [7].
This paper analyses only data from the environmental radiological monitoring network and does not include
statistical analysis of additional measurements of milk
after the accident at Chernobyl NPP and a special surveillance of regions where the radioactive cloud passed.
The results of milk radiological measurements at Radiation Protection Centre starting with 1965 are analysed.
Milk is one of food products using which for daily products 137Cs and 90Sr concentrations can easily reach the
human body. According to models described in
UNSCEAR approximately 32 % of 90Sr intake is due to
milk products. In the case of 137Cs the intake is approximately 25 % [2]. Measurements were performed for raw
fat-free milk. In cases when a sample contains fat on
the top of milk, it was taken out from the sample
analysed.
The aim of this paper is to analyse contamination
of milk in Lithuania with 90Sr and 137Cs during the period 19652003 and to evaluate factors that may influence the value of an average annual effective dose for
an inhabitant of Lithuania.
2. Methods used
Starting with 1965 activity concentrations of 137Cs
and
were measured in samples from the regions of
Vilnius, Kaunas, Klaipëda, Ðiauliai and Panevëþys. Since
1976 monitoring was established in the region of Ignalina
NPP, within a radius of 30 km around the Plant. The
results of measurements are available in the vicinity of
Ignalina NPP: Ignalina municipality since 1976, Zarasai
municipality since 1979 and Utena municipality since
1992. An average value of samples analysed per year is
4, during some years  up to 8, for example, during
1972 in Vilnius region. Sampling was performed from
milk containers in farms, milk factories, from places
where it is possible to obtain mixed milk samples that
may represent a region. The sample volume was 16
liters.
Procedures for measuring 137Cs and 90Sr in milk
were also different during the period analysed. The first
procedures that were adopted in 1965 for radiochemical
analysis of 137Cs and 90Sr were in use until 1996. Before
1996 for a beta counting of 137Cs and 90Sr a proportional counter type UMF radiometer with SBT-13 type
detector was used, since 1996  a liquid scintillation
counter.
Radiochemical separation of 137Cs during the period analysed in this paper was performed according to
the procedure described in paper [8]. Using this procedure ashed sample is dissolved in diluted nitric acid,
separation of 137Cs from the solution is carried out using Ni ferouciano salt and precipitation process of cesium to Cs3Sb2J9. Chemical yield is determined by gravimetric using stable cesium tracer that is added to a
sample. The efficiency of counting is determined using
90 Sr

R. Ladygiene et al / Journal of Environmental Engineering and Landscape Management  2005, Vol XIII, No 1, 916
37Cs

certified reference material  radioactive
solution.
The limit of detection is 10 mBq/sample, total uncertainty, when k = 2, is 1015 % (is indicated in the description of the procedure).
Radiochemical separation of strontium from the ash
of a sample is performed using extraction of 90Sr by an
organic solvent and counting of beta particles by beta
radiometer type UMF. The limit of detection is
20 mBq/sample. The total uncertainty, when k = 2, is
1530 %.
Since 1996 the activity concentration of 90Sr and
its daughter 90Y that is in the equilibrium with 90Sr is
determined by counting in liquid scintillation counter TriCarb 2770 TR/SL a Cherenkov radiation. According to
the procedure an ashed sample is dissolved in concentrated nitric acid, after the sample is evaporated to dryness and when again dissolution using diluted chloral
acid is used. Extraction of yttrium is performed using
HDEHP, after this step precipitate is dissolved in 1M
HNO3 acid and Cherenkov counting is performed. A
scintillation counting vial used is plastic, the volume of
the vial is 20 ml, counting is performed using 0,0
200,0 keV energy window, the time of counting is 120
200 min. The efficiency of counting is determined using
a standard reference solution  a radioactive solution
of strontium/yttrium made in Amersham, Great Britain.
Counting efficiency was 0,55, background value 
2,30 counts per minute. Chemical yield in milk samples
was high (0,40,87) and was determined by adding stable
yttrium to the initial sample before dissolution of ash in
diluted chloral acid. The total uncertainty, when k = 2,
is 1030 %, it depends on the activity measured. In case
when the value of activity concentration is close to the
detection limit, the total uncertainty becomes higher (up
to 90 %).
The measurement results were summarized using
Ms Excel files. Separate files were prepared for 137Cs
and 90Sr according to the regions of milk sampling.
Calculation of an annual average value was performed
using at least 10 separate values of measurement results.
3. Results
Statistical evaluation of the measuring results was
performed for three periods. The first period was selected for the whole monitoring period when milk measurements were started (19652003). Two more periods
were selected  before the accident at Chernobyl NPP
(19651985) and the period 19822003.
Estimation of trends in the activity concentration
of 137Cs during the period 19652003 was performed
using 552 data, for 90Sr  559 data. The quantity of data
in the other two periods was approximately 300 in each.
Figs 1 and 2 show histograms in which the number of
samples according to activity concentrations of 137Cs and
90 Sr is set.
The histograms demonstrate a lot of values with low-activity concentrations, and only during the
period 19651985 some higher-activity concentration
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values were found to be even ten times higher.
Contamination of milk with 137Cs and 90Sr was
analysed using correlation testing. Correlation ratio evaluates the strength of statistical ratio (any ratio, not only
linear as it is in the case of correlation coefficient) and
is expressed by number 0 and 1. This paper analyses
only a ratio between the activity concentration of 90Sr
and 137Cs and the time period. Though the trend of average annual activity concentrations is complicated, during two periods (19652003 and 19651985) plenty of
high enough correlation ratio values were calculated
(0,630,74). Regression curves using 36 degree of
polynoms show decrease of 90Sr and 137Cs activity concentrations in milk during the periods analysed. Negative values of the correlation coefficient are not very
high (from 0,34 to 0,44), but they are reliable enough
from the point of view of statistics (99 %).
Exemption from this evaluation is the period after
the accident at Chernobyl NPP. During this period the
activity concentration of 137Cs in milk becomes higher
(for 90Sr such an expression is not evident) but an average annual value is less than during the year 1965. The
variation coefficient increases significantly only for 137Cs
activity concentration in milk (from 1,5 to 2,8). The
variation coefficient for 90Sr activity concentration decreases slowly from 1,5 to 1. Regression curves in Figs
1 and 2 show these trends.
An annual effective dose due to 137Cs and 90Sr in
milk is calculated using activity concentrations of radionuclides analysed, annual consumption of milk (including milk products) and dose coefficients [9]. Average of
milk consumption per year was estimated using statistic
data.
Statistic data for consumption of milk per capita
were listed in the statistics yearbooks of Lithuania only
for the period 19962002 [10, 11] (Fig 3, Table). For
the period since 1965, data were found in other statistics yearbooks of Lithuania [1214].
An average annual value of milk produced during
the period 19652002 was (2466±147) thousand tons
(standard deviation from an average value is approximately 6 %) (Fig 4). Annual milk consumption per capita
was postulated the same as during the period 19962002.
This assumption is based on the fact that decrease of
population was slight during the period 19652003. An
average annual value of population since 1965 is
(3437,9±78,3) thousand people (standard deviation from
an average value is 2,36 %). No substantial changes were
estimated analysing milk consumption for the countrys
internal use since 1996. An average annual value of milk
consumption for the Lithuanian inhabitants is
(1079±115) thousand tons. Standard deviation is less
than 11 %. Production of milk per year in the period
since 1996 was the same as during the period 1965
2003  (1803±86) thousand tons. So, a conclusion can
be drawn that an average annual consumption of milk
(including milk products) during the period 19652003
is (1079±115) thousand tons.
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Fig 1. 137Cs activity concentrations in milk: a) 19652003, b) 19651985, c) 19822003. Left histogram: n  quantity of
samples, right symbol 
 average annual value of activity concentration in samples analysed
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Fig 2. 90Sr activity concentrations in milk: a) 19652003, b) 19651985, c) 1982-2003. Left histogram: n  quantity of
samples, right symbol 
 average annual value of activity concentration in samples analysed
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The data in the Table show that milk imported to
Lithuania is insignificant comparing with annual consumption and is not higher than 5 % of the total milk
produced in the country. Import of milk products increased during the period 20002001 but it was less than
6 % to compare with the total milk. So, activity concentration of 137Cs and 90Sr in milk does not affect an
annual effective dose.
Analysis of statistic data shows that an average

annual milk consumption per capita is 313,85 liters.
Uncertainty of this evaluation is not less than 25 %.
Average uncertainty of radiological measurements is
approximately 30 %. So, uncertainty of estimation of an
average annual effective dose for an adult caused by
137 Cs and 90 Sr in milk is not less than 60 %. The trends
of dose are the same as the regression curves in Figs 1
and 2.
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Fig 3. Annual milk consumption per capita in Lithuania during the period 19972002, kg

Fig 4. Annual milk production in Lithuania during the period 1965−2002, in thousand tons

Data on milk production and consumption for the countrys internal use, import and export during the period 19972002 in
Lithuania, in thousand tons
P roduction

Consumption for
country's internal use

Import

1997

1 9 4 9 ,7

9 8 8 ,2 0

1 0 0 ,2

9 6 5 ,6

1998

1 9 2 9 ,9

9 1 3 ,0 0

5 4 ,8

1 1 6 8 ,8

1999

1 7 1 4 ,2

9 4 5 ,7 0

4 3 ,4

7 1 5 ,8

2000

1 7 2 4 ,7

1 1 9 9 ,5 0

1 7 0 ,5

7 0 0 ,2

2001

1 7 2 9 ,8

1 2 1 4 ,9 0

1 3 4 ,1

668

2002

1 7 7 0 ,9

1 2 1 1 ,0 0

6 1 ,4

6 1 5 ,4

Year

Export

Average value

1803

1079

94

806

Standard deviation from average value

108

144

50

215

Interval of confidence, k = 2

86

115

40

172
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4. Conclusions
1. Trends in the concentrations of 90Sr and 137Cs in
milk from 1965 to 2003 were estimated. Though the
trend of average annual activity concentrations is complicated, during two periods  19652003 and 19651985
 plenty of high enough correlation ratio values were
calculated (0,630,74);
2. Regression curves using 36 degree of polynoms
show decrease of 90Sr and 137Cs activity concentrations
during the periods analysed;
3. During the period after the accident at Chernobyl
NPP the activity concentration of 137Cs in milk becomes
higher (for 90Sr such an expression is not evident), but
an average annual value is less than during the year 1965.
The variation coefficient increases significantly only for
137Cs activity concentration in milk (from 1,5 to 2,8).
The variation coefficient for 90Sr activity concentration
decreases slowly from 1,5 to 1;
4. Uncertainty of estimation of an average annual
effective dose for an adult caused by 137Cs and 90Sr in
milk is not less than 60 %.
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KAITOS DINAMIKOS 19652003 m. LIETUVOJE ÁVERTINIMAS

R. Ladygienë, D. Butkus, J. Kleiza
Santrauka
Straipsnyje analizuojama 90Sr ir 137Cs tûrinio aktyvumo piene kaita nuo 1965 m. iki 2003 m. Pieno ëminiai imti penkiuose
didþiausiø Lietuvos miestø regionuose, o nuo 1976 m.  ir Ignalinos atominës elektrinës regione. Pieno gamybos ir suvartojimo
duomenys paimti ið Lietuvos statistikos metraðèiø, o radionuklidø tûrinis aktyvumas piene matuotas Radiacinës saugos centre.
Þmogaus raciono produktai tiesiogiai ar netiesiogiai yra susijæ su aplinkos komponentais  dirva, oru ir vandeniu. Todël maisto
produktø tarða atspindi þmogaus aplinkos tarðos mastus. Ðiame straipsnyje ávertinta vieno ið maisto produktø  pieno uþterðtumo
90Sr ir 137 Cs kitimas laikui bëgant. Lyginta uþtarða per du periodus  vadinamàjá ikièernobyliná (19651985 m.) ir per laikotarpá
nuo avarijos Èernobylio atominëje elektrinëje iki ðiø dienø (19862003 m.). Pieno uþterðtumo tendencijos nagrinëtos atliekant
koreliacinæ analizæ. Nors metiniø tûrinio aktyvumo vidurkiø kitimo eiga gana sudëtinga, taèiau apskaièiuotos 19652003 ir 1965
1985 m. laikotarpiu pakankamai didelës jø koreliaciniø santykiø vertës (0,630,74). Pagal regresijos kreives su 36 laipsnio daugianariais nustatytas 90Sr ir 137Cs tûrinio aktyvumo piene maþëjimas per visà tiriamàjá laikotarpá. Ávertinti veiksniai, turintys átakos
metinës efektinës dozës vidutiniam Lietuvos gyventojui kaitai dël piene esanèiø 90Sr ir 137Cs jonizuojanèiosios spinduliuotës.
Nustatyta, kad 90Sr ir 137Cs piene jonizuojanèiosios spinduliuotës sukeltos vidutinës metinës efektinës dozës ávertinimo tikslumas
nevirðija 60 %.
Raktaþodþiai: jonizuojanèioji spinduliuotë, dozë, radiologiniai tyrimai.
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ÀÍÀËÈÇ ÄÈÍÀÌÈÊÈ ÈÇÌÅÍÅÍÈÉ ÇÀÃÐßÇÍÅÍÈß ÌÎËÎÊÀ ÐÀÄÈÎÍÓÊËÈÄÀÌÈ
ÏÅÐÈÎÄ 19652003 ãã.

90Sr

È

137Cs

â ËÈÒÂÅ Â

Ð. Ëàäèãåíå, Ä. Áóòêóñ, É. Êëåéçà
Ðåçþìå
Ïðåäñòàâëåíû äàííûå àíàëèçà çàãðÿçíåíèÿ ìîëîêà ðàäèîíóêëèäàìè 90Sr è 137Cs â Ëèòâå â ïåðèîä 19652003 ãã. Îáðàçöû
ìîëîêà îòîáðàíû â ïÿòè ðåãèîíàõ ñòðàíû, à ïîñëå 1976 ã. è â ðåãèîíå Èãíàëèíñêîé àòîìíîé ýëåêòðîñòàíöèè. Ñòàòèñòè÷åñêèå
äàííûå î ïðîèçâîäñòâå è ïîòðåáëåíèè ìîëîêà â Ëèòâå âçÿòû èç ãîäîâûõ îò÷åòîâ Äåïàðòàìåíòà ñòàòèñòèêè Ëèòâû.
Èññëåäîâàíèÿ ìîëîêà ïðîèçâîäèëèñü â Öåíòðå ðàäèàöèîííîé çàùèòû.
Äèíàìèêà çàãðÿçíåíèÿ ìîëîêà ðàäèîíóêëèäàìè 90Sr è 137Cs â Ëèòâå ïðîàíàëèçèðîâàíà çà ïåðèîä äî àâàðèè íà
×åðíîáûëüñêîé ÀÝÑ è â ïåðèîä 19862003 ãã. Äëÿ àíàëèçà ïðèìåíÿëñÿ ìåòîä êîððåëÿöèè. Êðèâûå ðåãðåññèé ïîêàçûâàþò
ïîñòîÿííîå ñíèæåíèå êîíöåíòðàöèé ðàäèîíóêëèäîâ 90Sr è 137Cs â ìîëîêå. Óñòàíîâëåíû ôàêòîðû, îêàçûâàþùèå âëèÿíèå íà
ñðåäíþþ ãîäîâóþ ýôôåêòèâíóþ äîçó, ïðèõîäÿùóþñÿ íà æèòåëÿ Ëèòâû èççà èîíèçèðóþùåãî èçëó÷åíèÿ íàõîäÿùèõñÿ â
ìîëîêå 90Sr è 137Cs.
Êëþ÷åâûå ñëîâà: èîíèçèðóþùåå èçëó÷åíèå, äîçà, ðàäèîëîãè÷åñêèå èçìåðåíèÿ.
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