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Abstract. This paper presents '*'Cs, **Sr and *°K activity concentrations in daily food and an annual effective dose
caused by these radionuclides. Samples were taken during the period 28 October 2004-23 June 2005 once a month in a
students’ canteen of Vilnius Gediminas Technical University (VGTU). The weight of samples varied from 1,37 kg to
2,26 kg, and an average weight was 1,89 kg. The volume of liquids varied from 500 cm® to 1000 cm?®, and the average was
816 cm”’. The average of activity concentration of *°Sr in daily food from the students’ canteen was (0,03+0,01) Bq/kg, of
97Cs — (0,02+0,01) Bg/kg and of “°K — (34+3) Bq/kg. An annual effective dose caused by these radionuclides was esti-
mated using measured activity concentrations in daily food and dose coefficients. An annual effective dose caused by *°Sr
was in the range of (1,9-14)-107 Sv, by ¥'Cs — (0,47-6,2)- 10 Sv and by *’K — (6,8-21)-107 Sv.

Keywords: ionizing radiation, effective dose, radiological measurements, daily food.

1. Introduction

Due to atomic bomb testing in the period 1945-
1963 and an accident at Chernobyl Nuclear Power Plant
(NPP) in 1986 man-made radionuclides were spread
worldwide. Man-made radionuclides are discharged to
the environment during the normal operation of nuclear
power installations, recycling of spent nuclear fuel and
accidents at such installations.

An average activity concentration of '“’Cs before
the accident at Chernobyl NPP in the soil of Lithuania
was 10,0 Bg/kg, of *°Sr — 5,8 Bg/kg, and the distribution
of these radionuclides was not homogenous. After the
accident at Chernobyl NPP approximately 43 % of '*'Cs
was deposited in the territory of Lithuania and some of
this amount passed into feed.

The results of measurements show that in the re-
gions of Lithuania over which contaminated plume
passed an average density of '*’Cs activity concentration
was 1190 Bg/m®. In other regions of Lithuania the den-
sity varied from very low up to 8430 Bg/m?. Contamina-
tion with *°Sr in the Lithuanian territory varied slightly
after the accident at Chernobyl NPP [1].

The influence of radionuclides on the environment
and its components is different. The influence of some of
the radionuclides was estimated. However, it varied in
time or depended on local conditions. Dose estimation of
all possible sources is important for the population [2].

Radionuclides pass from the atmosphere to the
ground surface with rain or dry deposition. They accu-
mulate in plants through their roots and deposit from the
air to the soil. Radionuclides come into the organism of

animals from feed that was contaminated with these ra-
dionuclides. In a human organism radionuclides accumu-
late by a food chain [3-5].

The aim of this work was to measure the activity
concentrations of man-made radionuclides 137Cs, Sr and
a natural one “°K in students’ food, and to estimate an
annual effective dose caused by these radionuclides.

2. Methods of sampling and measurements
2.1. Sampling and preparation for measurements

Samples were taken in VGTU students’ canteen
once a month (usually at the end of a month) during the
period 28 October 2004-23 June 2005. Each sample was
constituted of two parts: liquids and solids.

For breakfast, pancakes with curd, various salad and
tea were usually selected, for lunch — various soup and
meat dishes, for dinner — various dishes from potatoes,
tea and so on, including bread, popular drinking prod-
ucts, such as Coca-Cola, Sprite and others.

Preparation of samples for measurement was per-
formed in a way explained below.

1. The volume of liquids was measured using a
1 000 ml measuring flask, solids were weighed using
electronic balances with resolution of 0,01 g.

2. Weighed solids were ground and weighed again.
Such an operation indicates the lost weight of a sample
during these procedures. After that solids were dried in a
drying oven at 105 °C temperature, then ashed for 3
hours at 300 °C temperature and for 15 hours at 400 °C
temperature [6].
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3. After measuring the volume of liquids, a solution
was placed into an evaporating bowl and dried to a dry
mass. The dry residue was ashed using the same proce-
dure as that for solids. Then liquid and solid ashes were
mixed, and the activity concentration of radionuclides in
the ashes was measured.

2.2. Radiochemical method for separation of *’Sr

The method of determining *°Sr by measuring *°Y
counts after extraction with 10 % di(2-ethyl-hexyl) phos-
phoric acid (HDEHP) in toluene and counting by a liquid
scintillation spectrometer was used [6]. Ashes of samples
were dissolved in 1 M hydrochloric acid, pH was used in
the range of 1,0-1,2 for extracting Y from a solution
with HDEHP. After this yttrium was re-extracted using
3 M nitric acid, and precipitations of Y(OH); were per-
formed. Then the beta counts from dissolved precipita-
tions were measured [6].

2.3. Counting of *’Sr, "*’Cs and “’K

Counting of *°Y was carried out because Y is a
daughter of *’Sr and is in equilibrium in a sample. The
activity concentration of *°Y in a sample was measured
using a liquid scintillation counter Quantulus 1220-003.
Counting was performed by counting the high-energy
beta particles of Y (2,27 MeV) by the Cherenkov
method (typical background was 0,77 cpm, efficiency —
62 %). The chemical yield of Y was determined accord-
ing to stable yttrium carrier [6].

The activity concentration of *°Sr in a sample in Bq
was calculated according to equation [6]:

(v-5,) 4

A=t 2 (1)

Ny —Ny

where

A — activity concentration of *Sr in sample, in becquerel;
N — sample counting rate, in counts per minute; Ny —
background counting rate, in counts per minute; N; —
counting rate of calibration source, in counts per minute;
A — activity of calibration source, in becquerel.

The activity concentration of *’Sr in a sample in
Bg/kg was calculated according to equation [6]:

A
Agog, = Tom’ (2
where
A, 5 ~ activity concentration of DSt in sample, in bec-

querel per kg; A — concentration of *°Sr in sample, in
becquerel; Y — chemical yield of yttrium, in percent; m —
weight or volume of sample, in kg or m’.

Samples for gamma spectrometry were prepared ac-
cording to the method described in [7] paper. An appro-
priate volume (50 ml) of a sample was put on a gamma
spectrometer with a high-purity Ge detector. The time of
counting was estimated according to the activity concen-
trations of radionuclides in a sample because the time has
to be long enough to have an appropriate amount of
pulses [7].

Generated spectrum was saved in the spectrometer
memory and analyzed using Genie 2000 with mathemati-
cal calibration option [7].

2.4. Calculation of annual effective dose

An annual effective dose was calculated according

to the following equation:
D,=A-365-m-K,, 3)

where
D, — annual effective dose, in Sv; A — activity concentra-
tion of radionuclide in sample, in becquerel per kg; 365 —
number of days; m — weight of daily food, in kg; K; —
dose coefficient, in Sv/Bq.

Dose coefficients were used: for *Sr — 2,8 x
10 Sv/Bq, for ’Cs — 1,3 x 10™® Sv/Bq and for *K —
6,2 x 10 Sv/Bq [8].

3. Results and discussion

Average activity concentrations of man-made long-
lived radionuclides *’Sr and "*’Cs in daily food samples
from VGTU students’ canteen were: Sr —
(0,03+0,01) Bg/kg, "*'Cs — (0,02+0,01) Bg/kg. The high-
est values were measured: for *Sr — (0,09+0,03) Bg/kg,
for ¥'Cs — (0,08+0,01) Bg/kg (Fig 1). The highest con-
centration of *°Sr and "*’Cs was found in a sample taken
on 28 April 2005 that consisted of herring with carrot
salad, salad of bread and beans, fish with mashed pota-
toes, beetroot soup and cabbage salad.

For comparison of food products that may lead to
increase of activity concentration in a sample from 28
April 2005, average annual activity concentrations of *Sr
and "“’Cs in different types of raw food products are
shown in Table 1 [9]. The data in Table 1 show that the
highest activity concentration for *’Sr can be subject to
vegetables, and for *’Cs — subject to fish. It is believable
that the highest activity concentration of '*’Cs in a sam-
ple from 28 April 2005 was subject to fish and herring in
a sample. In the case of *’Sr the highest activity concen-
tration was subject to cabbage salad.
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Fig 1. Activity concentration A of **Sr and '*’Cs (Bg/kg)
in food samples from VGTU students’ canteen on 28 Oc-
tober 2004 — 23 June 2005
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The range of the activity concentration of natural
“K measured in the samples of daily food was from
(22+2) Bg/kg to (42+3) Bg/kg, and an average activity
concentration was (34+3) Bq/kg (Fig 2).
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Fig 2. Activity concentration A of “*K (Bg/kg) in daily
food of VGTU students’ canteen on 28 October 2004 —
23 June 2005

The activity concentrations of “’K were much higher
than those of man-made radionuclides.

Table 1. Average activity concentrations of *°Sr and '*'Cs
(Bg/kg) in different types of raw food products in 2004 [9]

Food product | Radionuclide Activity concentration,
Bqg/kg
Milk 0gr 0,0440,01
B¢ 0,0340,01
Meat gy 0,02+0,01
Bcs 0,09+0,09
Cabbage OS¢ 0,15+0,14
3¢ 0,0540,03
Potatoes g 0,0240,01
3¢ 0,0240,01
Fish 0gr 0,0340,01
¥cs 0,79+1,21
Grain 0gr 0,1540,08
3¢ 0,0440,01

An annual effective dose calculated using the results
of measurements and equation (3) are presented in Ta-
ble 2.

An average annual effective dose caused by *°Sr is
46-10° Sv, by "'Cs — 2,0-10® Sv and by “K — 1.4-
10™*Sv. The total annual effective dose is 1,4 - 10 Sv
(Fig 3).

40K
1,4x 107* Sy B3¢
| 2,0x 108 Sv

Fig 3. Composition of effective dose

Fig 3 shows that effective dose is caused mainly by
40K in food, the dose caused by man-made radionuclides
is much lower. The range of an annual effective dose
caused by 9Sr  varies from (1,9+1,0) - 10° Sv to
(1,4+0,3) - 107 Sv.

An annual effective dose caused by '“'Cs varies
from (4,7+4,7) - 107 Sv to (6,2+0,5) - 107 Sv.

An annual effective dose caused by “’K varies from
(6,8+0,5) - 107 Sv to (2,10,) - 10~ Sv.

The data given in this paper are comparable with
those obtained during measurements of radionuclides in a
mixed diet from two canteens of hospitals in Vilnius
[10]. Measurements of 28 samples during the period
2001-2002 were made at the Radiation Protection Cen-
tre. Change dynamics of the activity concentrations of
%Sr and '¥'Cs measured in the samples is shown in Fig 4.
An average intake of *°Sr was estimated
(0,09+0,01) Bg/day, of "*’Cs — (0,12+0,01) Bg/day. Dose
estimation was performed in the same way as described
in this paper. An average annual effective dose caused by

Table 2. Activity concentration of radionuclides (Bgq/kg) measured in samples of daily food from VGTU students’ canteen and an-
nual effective dose caused by **Sr, *’Cs and “°K (Sv) in daily food in 2004—2005

Date of Weight Activity con- Annual effec- Activity con- Annual Activity con- | Annual effec-
sampling of sam- centration of tive dose due centration of effective centration of | tive dose due
ple, kg OSr in sample, to 9OSr, 3Cs in sample, dose due to 0K in sample, to 40K,
Bq 1078, Sy Bq B3¢, Bq 107, Sv
-10°%, Sv
2004 10 28 1,374 0,0440,02 3,8+1,9 0,01+0,01 0,47+0,47 3042 6,8+0,5
2004 1126 1,643 0,02+0,01 1,9£1,0 0,03+0,01 1,440,5 532 12,0£0,5
2004 12 22 1,710 0,03+0,01 2,9+1,0 0,03+0,01 1,440,5 6243 1441
2005 01 26 2,194 0,04+0,01 3,8£1,0 0,02+0,01 0,95+0,47 6112 14,0£0,5
2005 02 23 2,258 0,05+0,01 4,8+1,0 0,11+0,01 52405 7543 1741
2005 03 30 2,169 0,04+0,01 3,8£1,0 0,02+0,01 0,95+0,47 9143 21+1
2005 04 28 1,649 0,15+0,03 1443 0,13+0,01 6,240,5 6913 16+1
2005 05 26 1,655 0,05+0,01 4,8+1,0 0,02+0,01 0,95+0,47 6813 1541
2005 06 23 1,850 0,02+0,01 1,9+1,0 0,01+0,01 0,47+0,47 52+2 12,0+0,5
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Fig 4. Activity concentration of *°Sr and '*’Cs (Bq/kg) in mixed diet samples from canteens of two hospitals in October 2001—

September 2002 [10]

Table 3. Average activity concentration of radionuclides (Bq/kg) measured in mixed diet samples from canteens of two hospitals and
annual effective dose caused by 90Sr, 37Cs and “K (Sv) in mixed diet in 2001-2002 [10]

Radionuclide Activity concentration, | Activity concentration, Dose coefficient, Annual effective dose,
Bg/kg Bq / day Sv/Bq [8] Sv

St 0,0520,01 0,09+0,01 2,8x 107 9,2x10°

“Cs 0,0620,02 0,1240,01 13x10° 54x107

K 4544 5147 62x107 1,15x 10~
981 and *’Cs in a mixed diet was 6,4 - 107 Syv, the total 2. Monitoring of radioactive contamination of foodstuff, raw
dose caused by QOSr, 37 and “°K — 1,15 - 107 Sy (Ta- materials 'an.d other substances which influence human ex-
ble 3) posure. Vilnius, 2000. 11 p.

Analyses of mixed diet samples from Helsinki dur- > 1f3r0wfn, Jd Slm?g’ndsﬁj‘ R’hA dynamllc fm Oge}ll for thCeht_rlans-
ing 2001 showed that the intake for “’Sr was 0,12— 139(5) ;3 ‘l)onuc ides through terrestrial foodchains. Chilton,
0,13 Bg/day, for '’’Cs — 0,20-0,81 Bg/day in solids, and e

q'day L. greay . 4. Butkus, D.; Beinaravicius, R.; Narmontas, A. Migration of
0,34-0,36 Bq/day in liquids. An annual effective dose di lides i i1 . . ;

a by St and ¥Cs in a mixed dict for the popula- radionuclides in soil — tree system. Environmental Engi-
caused by = »ra pop neering (Aplinkos inZinerija), Vol X, No 3, 2002, p 116-
tion of Helsinki is less than 0,01 Sv [11]. The dose for the 120.
p(.)pulati.on of Helsinki is higher to compare With.that for 5. Butkus, D.; Andriulaityté, I.; LukSiené, B.; Druteikiené, R.
L¥thuamans because th.e environment of the Nordic coun- Peculiarities of radionuclide transfer to plants. Journal of
tries was more contaminated during atomic bomb testing Environmental Engineering and Landscape Management,
and after the accident at Chernobyl NPP. Vol XI, No 3, 2003, p 93-99.

6. LAND 64-2005. Determination of activity concentration of
4. Conclusions radioactive strontium in samples. Radiochemical method.
o ) 90 137 Vilnius, 2005. 8 p.
. 1‘. Average activity concentrations for =St ,and Cs 7. LAND 36-2000. The determination of radioactive contami-
in daily fOOd. samples from VGTU students’ canteen nation in the elements of the environment — gamma spec-
measured during the period 28 October 2004 — 23 June trometrical analysis of samples by a gamma spectrometer.
2005 was: for *°Sr — (0,03+0,01) Bg/kg, for 'Cs — Vilnius, 2000. 31 p.
(0,02+0,01) Bg/kg. 8. HN 73:2003. Basic Standards of Radiation Protection. 2003.
2. An average annual effective dose caused by *Sr was 44 p.
(4,6x1,3) - 10° Sv, by ’Cs — (2,0£0,5)-10*Svand by K — 9. Report for municipalities, 2004.
(1,4+0,8) - 10™* Sv. The total annual effective dose caused by http://www.rsc.lt/index.php/pageid/331. 2004, 27 p.
all the three radionuclides was (1,4+0,8) - 107 Sv. 10. Ladygiené, R.; Butkus, D. Estimation of radionuclides in
3. The estimated doses were low and their variation mixed diet. In: Proceedings of the 7th Conference of VGTU
was subject to the components of food. Junior Researchers, section of Environmental Engineering,
2 March 2003, p 189-197.
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37cs, *Sr IR “K SPINDULIUOTES SUKELTOS EFEKTINES DOZES ZMOGAUS PAROS RACIONE
IVERTINIMAS

D. Butkus, I. Laudyté, R. Ladygiené
Santrauka

Straipsnyje pateikiami i$matuoti "*’Cs, *°Sr, “°K savitieji aktyvumai Zmogaus paros racione ir jonizuojan&iosios spindu-
livotés sukeltos metinés efektinés dozés. Bandiniai eksperimentui buvo imami nuo 2004-10-28 iki 2005-06-23 karta per
meénesj i§ VGTU studenty valgyklos. Méginiy masé jvairavo nuo 1,37 kg iki 2,26 kg ir vidutiniskai buvo 1,89 kg. Skys¢iy
tiiris jvairavo nuo 500 iki 1000 cm? ir vidutiniskai buvo 816 cm®. VGTU studenty valgyklos paros raciono bandiniuose
nustatytos §ios vidutinés savityjy aktyvumy vertés: *°Sr — 0,03+0,01 Bg/kg, '*'Cs — 0,02+0,01 Bg/kg, “°K — 34+3 Bq/kg.
Pagal nustatytus savituosius aktyvumus paros racione ir taikant dozés koeficientus buvo apskaiciuota, kad *Sr, esan¢io
maiste, jonizuojan&iosios spinduliuotés sukelta efekting dozé kinta nuo (1,9+1,0) - 107® Sv iki (14%3) - 107® Sv, ¥'Cs —
nuo (0,47+0,47) - 107 Sv iki (6,2+0,5) - 107 Sv, *’)K - nuo (6,8+0,5)-107 Sv iki (211)-107 Sv.

Prasminiai ZodZiai: jonizuojancioji spinduliuote, efektine doze, paros racionas.

OLEHKA 3®®EKTHUBHOI A03bl, CO3JAHHON H3JYYEHMEM YCS, *°SR, “K, B CYTOYHOM
PALIMOHE YEJIOBEKA

. bytkyc, U. Jlayuure, P. Jlagurene
Pezome

AHanmM3upyrTCs W3MEPEHHBIE KOHLEHTPALUH aKTUBHOCTH PaIHOM30TOIOB 37cs, Ysr, YK B CyTOYHOM pallHOHe
YenoBeka W rofoBas dpdekTuBHas g03a. OOpa3ubl Ui KCIIEPUMEHTa 3a0Hpalich B CTyIeH4YecKoil cTtonoBoi BTY uwm.
lequvunaca onuH pas B Mecsn ¢ 28-10-2004 mo 23-06-2005. Macca o0pa3uoB coctaBisia ot 1,37 kr mo 2,26 kr, B
cpenneM — 1,89 kr. OGbem xuakocTn korebancs or 500 cm® 1o 1000 cM’, B cpemmem coctaBmsin 816 cm®. B oGpasuax
pairoHa ObUTH U3MEPEHBI KOHIICHTPAIUK aKTUBHOCTH Ngr — 0,03 + 0,01 Bx/xr, BIcs — 0,02 = 0,01 Bx/kr u 0K _34+3
Br/kr. [1o ycTaHOBJIEHHBIM KOHIECHTPAIMSIM aKTUBHOCTH C WCIIOJIL30BAHUEM KOI(P(PHIMEHTOB JI03bI OBLIO OMpEIeNieHO,
at0 sddexTunnas n03a *°Sr mensercs or (1,9 £1,0)- 107 Cs 10 (14 £3)- 1078 Cs, Cs - ot (0,4720,47) - 10~ Cs 510
(6,2+0,5) - 107 CB 1 *K - ot (6,8+0,5)-10° CB 10 (211)-107° C.

KnrodeBble c10Ba: MOHU3ALHNOHHOE U3TyUeHHUE, 3(Q(EKTUBHAS 1032, CyTOUHBIA palldOH.
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