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Abstract: Radiometric control of products involved in the food chain is an
important part of ongoing quality control of products related to food and feed.
Content of primordial and anthropogenic radionuclides in some products directly
determines their quality and further methods of usage. The most common way of
intake of radionuclides in the human body is ingestion (80 %) through
contaminated food and water. The foods of animal origin are largely represented
in the human diet. Therefore radiation control of animal feeds and animal products
will contribute to producing food for human nutrition without or with low risk for
health. This paper presents the results obtained by gamma spectrometric analysis of
mineral additives and mixtures for pig nutrition, from imported and domestic
production. In most samples examined, activity levels of natural and radionuclides
made during production were in accordance with the regulations. A certain number
of tested mineral supplement samples had increased levels of activity of >**U (640-
2100 Bg/kg), which was not in accordance with applicable regulations.
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Introduction

Broad use of nuclear energy, nuclear weapons, nuclear accidents, the
burning of coal, production and processing of phosphate minerals and disposal of
radioactive waste, contribute to unequal distribution of radioactivity on the planet.
Therefore, it is necessary to pay special attention to systematic radiation hygienic
control of feedstuffs of vegetable, mineral and animal origin.

Production of phosphate mineral products from phosphate ore, contributes
to over 90 % of the uranium remains in the final products. The world annual
processing is about 135 milons tons of phosphate ore, and it is estimated that each
year can be expected entry of 21 000 tons of uranium in the animal environment
which represents about 73 % of the total input (Dangi¢, 1995). These entries of
uranium into the environment can pose significant risks of local population
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exposure to ionizing radiation, so that the level of primary radiation (FON) in the
environment of some regions can be increased (IAEA, 1994).

The use of phosphate fertilizers in agriculture is the largest anthropogenic
source of uranium in the environment (Stojanovi¢ et al., 2006). In processing of
phosphate ore mono and dicalcium phosphate are obtained. If used in animal
nutrition, as a source of calcium and phosphorus, these compounds may contain
high concentration of uranium, even more than 200 ppm (4ruda-Neto et al., 1997).
Therefore the use of mono and dicalcium phosphate must be under rigid radiation
control of veterinary experts, since otherwise the animals can be contaminated by
uranium (Slavata et al., 2002; Izak-Biran et al., 1988; Mitrovic et al., 2010).

The environment is particularl?/ threatened by the presence of produced
biologically significant radionuclides ("'I, **Cs,"’Cs) that arrived to humans and
animals after nuclear accidents, which happened (Chernobyl, 1986) due to
carelessness of man (Mitrovi¢ et al., 2009), or as consequences of natural disaster
(Japan 2011). The most important is *’Cs with long half-life (27.7 years), which is
capable to deposit in the muscle and milk of animals. Its activity in samples of
human food and animal feed was significantly decreased with time. In recent years,
the cesium activity in the tested samples was wery low (Pantelic¢ et al., 2007,
Slavata et al., 2004, Vitorovi¢ et al., 2009) and was in accordance with domestic
law regulations (SL 1999).

The aim of the present work was to investigate the specific activity of
natural and man made radionuclides in samples of phosphate mineral supplements
for pig nutrition, of imported origin and partly from the domestic production (IHP
»Prahovo®). These supplements, because of its mode of production and the ore
from which they can be removed, may have high levels of natural radioactivity, in
particular uranium (**U). In addition, the research has included variety of final and
semi-final mixtures for pig nutrition in order to deterrmine the radiation hygienic
safety of these products.

Materials and Methods

In the samples of phosphate mineral supplements (mono and dicalcium
phosphate) and finishing and semi-finishing mixtures for pig nutrition, levels of
activity of natural (K, **U, *°R) and man made ("*’Cs) radionuclides were
determined by using gamma spectrometric method. Samples of monocalcium and
dicalcium phosphate were collected in 10 local (Serbia) fodder factories and
factory IHP ,,Prahovo“. A number of samples were imported from different
countries and were analyzed in the laboratory of radiation Hygiene, Faculty of
Veterinary medicine, Belgrade. Gamma spectrometric measurements were
performed on an HP Ge detector (ORTEC), resolution 1.73 keV, relative
efficinency 30.3 %. For energy calibration and detector efficinency calibration a
radioactive standard ,,Amersham‘ was used. All samples, in the native state, have
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been prepared in marinelly containers and left 40 days to reach equilibrium. Length
of gammaspectrometric measurements was 60 000 s.

Results and Discussion

Radioactivity of mono and dicalcium phosphates. Results obtained by
gammaspectrometry analysis of monocalcium phosphate samples from animal feed
factories from Serbia are shown in Table 1.

Table 1. The level of acivity of “’K, **U, *?Ra and "*’Cs in monocalcium phosphate from
animal feed factories in Serbia

Factory 40K U7Cs Zj&U 226Ra
(Bg/kg) (Bg/kg) (Bg/kg) (Bg/kg)

VZ Subotica 68+2 <0.2 60+4 18+2
Belvit Ni§ 7843 <0.1 79+3 37+3
FSH Jabuka 78+3 <0.1 60+6 33+3
Panteli¢ 96 +3 <0.2 84+5 22+2
Hrana produkt 62+2 <0.1 1+8 30£3
FSH Union 5142 <0.1 12+0.8 11+1
FSH Nutriko 80+3 <0.2 72 +4 19+£2

Narcis — Popovié 50+2 <0.2 17+3 62
VZ Zemun 78+3 0.3+0.1 73£5 20+ 2

In all monocalcium phosphate samples examined, the level of activity of
natural and artificial radionuclides was in accordance with regulations (SL, 71999).

Results obtained by gammaspectrometry analysis of dicalcium phosphate
samples from animal feed factories from Serbia are shown in Table 2.

In some samples of dicalcium phosphate, the level of activity of ***U and
*°Ra was above the alowed level (VZ Zemun — 1907 Bq/kg; FSH Union — 860
Bqg/kg), and therefore not in accordance with current regulations, as stated by
Mitrovié et al. (2010).

Table 2. The level of activity of radionuclides in dicalcium phosphate

Factory 40K 137CS 238U 226Ra
(Bg/kg) (Bg/kg) (Bg/kg) (Bg/kg)
VZ Zemun 20+ 1 <0.2 1907 + 58 400 + 21
FSH Pozega 80=+3 <0.2 52+4 17+£2
FSH Union 40 +2 <0.1 860 + 31 441 =21

Results obtained by gammaspectrometric analysis of samples of dicalcium
phosphate from local factory [HP “Prahovo” are shown in Table 3.

Based on results shown in table 3, two samples (samples 1 and 5) of
dicalcium phosphate can be considered as radiation hygienic unsafe, due to higher
levels of **U activity, which is not in accordance with current regulations (SL,
1999). Such samples must not be used in mixtures for animal nutrition.
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In all samples examined, level of '*’Cs acivity was low (0.1 — 0.4 Bq/kg).

Table 3. The level of activity of YK, 238y, 26Ra and '¥'Cs in samples of dicalcium phosphate
from factory IHP ,,Prahovo*

Sample 4UK 137CS 238U 226Ra
(Ba/kg) (Ba/kg) (Ba/kg) (Bg/kg)

1 19+4 <0.4 1800 + 114 79+7

2 11+1 <03 327£17 15+1
3 34+ 1 <0.1 388+ 15 1839
4 36+ 1 <0.1 242£ 12 106+ 5
5 19+4 <0.4 1780+ 114 72+4

Results obtained by gammaspetrometric analysis of imported monocalcium
phosphate are shown in Table 4.

Table 4. Level of activity of “’K, 2**U, ***Ra and '*'Cs in imported monocalcium phosphate

Contry of K PTCs U “*Ra
origin (Bg/kg) (Ba/kg) (Ba/kg) (Bg/kg)
Finland 42+9 <04 <9 11+4
Finland 41+5 <02 640 = 61 <10
Lithuania 605 <03 44 £8 27+7
Spain 22+ 3 <04 2120 + 106 835 + 44

In one sample of monocalcium phosphate originating from Finland, the
measured activity of 2*U was 640 Bq/kg, and in sample from Spain the level of
activity of the same radionuclide was 2120 Bg/kg (Table 4). These samples should
be considered as hygienic unsafe, since MDK for **U is up to 500 Bg/kg. In other
samples examined, the level of activity of ***U was in accordance with regulations
(SL 1999), these samples are radiation hygienic safe and therefore could be used in
animal nutrition. The activity of *’Cs in investigated samples was low (0.2 — 0.4
Bqg/kg).

Table 5 shows the results obtained by gammaspetrometric analysis of
imported dicalcium phosphate.

Table 5. The level of activity of “’K, **U, *Ra and "*’Cs in imported samples of dicalcium

phosphate
COl'llTy of 40K I37CS 238U 226Ra
origin (Ba/kg) (Bg/kg) (Bg/kg) (Ba/kg)

Italy 29+1 <0.2 2000 +45 940 +45
Italy 35+£2 <0.1 560 £ 15 293 + 14
Italy 33+50 <0.4 640 + 61 30£3
Unknown 14+2 <0.5 1200+ 73 58+4
Unknown 17+£3 <0.3 1900 + 58 105+7
China 8+2 <0.2 22+6 <13
Lithuania 60+£5 <0.3 44+ 8 27+7
Finland 40+5 <0.2 45+4 <13
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Based on results shown in table 5, it could be observed that samples
originating from Italy had high levels of ***U activity (560-2000 Bg/kg), as well as
two samples of unknown origin (1200 and 1900 Bg/kg). All these samples can be
considered as unsafe (SL 1999). Samples of dicalcium phosphates from China,
Lithuania and Finland had low levels of ***U activity (22-45 Bg/kg).

Activity of natural radionuclide *’K in all samples examined was low. The
level of activity of artificial radionuclide '*’Cs was at the lower limit of detection,
which is in accordance with data published by Panteli¢ et al. (2007).

Radioactivity of feed mixtures for swine nutrition. Table 6 is showing
the results of gammaspectrometric measurments of acitivity levels of natural and
artificial radionuclides in domestic produced mineral additions, premix and
complete feed mixtures used for nutrition of diffrerent swine categories.

Table 6. Level of activity of radionuclides in vitamin premix and complete feed mixtures for pig
nutrition, produced in Serbia

Feed 40K 13 Cs 238U ZZORa
factory Type of feed (Bg/kg) | (Bg/kg) (Bg/kg) (Bg/kg)
V7 Premix for pig nutrition 31£1 <0.1 54+£07 33£04
Subotica Complete feed for piglets 308+10 | <0.1 <2 0.6+0.1
Complete feed for pigs 221+7 <0.1 <4 <2
VZ 7 Vit-mineral premix for piglets 78+ 3 <0.1 507 £ 16 111+£6
MU it mineral premix for pigs 223+7 <0.2 <4 <2
Vit-mineral premix for piglets 79£3 <0.1 10£1 24+£04
Belvit Nis Vit-mineral premix for pigs 75+£3 <0.1 7+1 24+£0.5
Complete feed for piglets 267+8 <0.1 <2 1.6+ 0.3
Complete feed for growing pigs 208 +7 <0.1 4.7+1.6 0.8+0.2
FSH Complete feed for piglets 242+ 8 <0.1 <29 14+04
Jabuka Complete feed for growing pigs 183+£6 <0.1 5.8+£0.9 <3
Complete feed for piglets 291+9 <0.2 3.9+ 04 <2
Pantelic Complete feed for pigs 279+9 <0.2 <4 <2
Complete feed for growing pigs 229+7 <0.2 <3 <2
Premix for piglets 73+3 <0.1 <11 1.2+0.2
Hrana Premix for pigs 76+3 <0.1 25+6 12+1
produkt | Complete feed for piglets 280+9 <0.1 <14 <2.6
Complete feed for pigs 2307 <0.1 <14 2.9+0.6
Vit-mineral premix for growing pigs | 25+ 1 <0.1 9.6+£2.7 | 42405
. Complete feed for piglets 215+7 <0.1 <1 <2
FSH Union 18 plete feed for sows 258+8 | <0.0 | 128416 | 6+1
Complete feed for growing pigs 221+7 <0.1 <1.6 <1.9
FSH Complete feed for piglets 78+3 ]0.7+£0.1 5«1 <2
Nutriko | Complete feed for pigs 252+8 <0.1 <3 <13
Vit-mineral premix for pigs 511+£16 <0.5 <7 <4
Narcis Complete feed for piglets 340+ 11 <0.2 <4 <2
Popovic | Complete feed for pigs 2789 <0.2 <3 <2
Premix for growing pigs 2207 <0.2 <4 <2
FSH Complete feed for piglets 338+ 11 <0.2 4.1+0.8 <15
Pozega | Complete feed for pigs 196 = 6 <0.2 <23 <14
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In all samples examined, the level of *’Cs activity was on the lower limit for
detection. Considering natural radionuclides, the highest activity was measured for
K. The activity of this radionuclide was almost the same in all samples of
mixtures, which originating from different animal feed factories. Other natural
radionuclides were present, but with low activity levels. Only in the sample of
vitamin-mineral premix for piglets from animal feed factory “VZ Zemun”, a higher
activity of U was determined (507 Bq/kg). This might be due to usage of
dicalcium phosphate or any other phosphate mineral addition with increased
activity of this particular radionuclide.

The results of measurements of activity of natural and artificial
radionuclides in imported mixtures for pig nutrition are shown in Table 7.

Table7. The level of radionuclides activity in imported vitamin premix and complete feed
mixtures for pig nutrition

Type of feed Country of K B7Cs B8y 26Ra
Sample yp origin (Bg/kg) | (Bgkg) | (Bgkg) | (Bykg)
i | Mineral-vitamin Denmark | 44+4 | <04 | 597=18 | 24816
premix
2 Mineral-vitamin Germany 29+3 | <03 | 718+20 | 326+17
premix
3 | Mineral-vitamin Germany | 17+3 | <03 | 18131 | 86+8
premix
4 }’”‘mme.ral Premix | Gomany | 61+6 | <05 | 410£30 | 167=13
or growing pigs
5 Premix for pigs France 62+4 <0.3 <9 <10

Examinations showed that '*’Cs activity was on the low detection levels,
and the highest level of activity was determined for *K. The activity of this
radionuclide was similar in all samples investigated. In two samples of mineral-
vitamin premix for pigs, a higher activity levels of ***U and ***Ra than allowed by
regulations were determined.

Conclusion

Based on obtained results of gammaspectrometric analysis of mono and
dicalcium phosphates in this investigation, it can be concluded that systematic
radiation hygienic control of mineral additions is needed, either if these products
are imported, or produced in Serbia but from imported ore. Activity of these
mineral additions might increase the radioactivity of final feeds in animal nutrition.
If the radiation control would not be established as an obligatory procedure, it
might be expected that Uranium would eventually be included into food chain,
which would lead to serious health problems both in humans and animals

The results of investigation showed that different types of mixtures for
swine nutrition produced in Serbian animal feed factories are radiation hygienic



Radiation hygienic control of mineral supplements ... 841

safe. In importing of different mixtures for pig nutrition, a radiation hygienic
control should be an obligatory procedure.
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Radijaciono higijenska kontrola mineralnih dodataka i
smesa za ishranu svinja

G. Vitorovié, B. Mitrovi¢, D. Vitorovic, V. Andrié, I. Adamovié

Rezime

Radiometrijska kontrola proizvoda ukljucenih u lanac ishrane je vazan
segment stalne provere kvaliteta proizvoda vezanih za ishranu ljudi i Zivotinja.
Sadrzaj primordijalnih i antropogenih radionuklida u nekim proizvodima direktno
odreduje njegov kvalitet i dalji nacin upotrebe. Najces¢i put unosenja radionuklida
u ljudski organizam je ingestija (80%), putem kontaminirane hrane i vode. Kako su
namirnice Zzivotinjskog porekla zastupljene u velikoj koli¢ini u ishrani ljudi,
kontrola hrane za Zivotinje i proizvoda animalnog porekla omogudila bi ishranu
ljudima bez rizika. U radu su prikazani rezultati dobijeni gamaspektrometrijskom
analizom mineralnih dodataka, pred smesSa i gotovih smeSa za ishranu svinja iz
uvoza i domace proizvodnje. U veéini ispitivanih uzoraka nivo aktivnosti prirodnih
i proizvedenih radionuklida je bio u skladu sa propisima. Jedan broj ispitanih
uzoraka mineralnih dodataka iz uvoza i domace pr01zvodnJe imao JC povecan nivo
aktivnost 2*U (640 - 2100 Bq/kg), 5to nije u skladu sa vazeéim propisima.
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