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Abstract

Consuming food containing radionuclides is particularly dangerous. If anyone ingests or inhales a
radioactive particle, it continues to irradiate the body as long as it remains radioactive and stays in the body.
However, studies on the radioactivity of consumable foods assume importance as it is necessary to estimate
the ingestion dose to the public. Due to all this, the focus of this research was on determining the activity
concentrations of 22°Ra, *°K and 2*Th. Forty-nine samples in three categories of vegetables, cereals (rice, wheat,
corn), and milk, were collected from local markets (city of Skopje) in the Republic of North Macedonia and they
were analysed by using high-purity germanium (HPGe) detector to assess natural and artificial radioactivity.
The average activity concentrations of 2Ra, “°K and ?**Th of the tested samples were 2.85+1.15, 2.48+0.85, and
80.64+5.45 Bq kg™, respectively. No artificial radionuclide was found in any of these samples. The average value
of the radium equivalent activity in all samples was 12.56 Bq kg™, which was less than the maximum permitted
value of 370 Bq kg™. The values of the external hazard indices for vegetables, cereals and milk samples vary
with an average value of 0.11, which is less than one in all samples indicating the non-harmfulness of the
samples. The mean activity concentrations of 22°Ra, “°K and 2**Th (Bq kg™) in the samples were used to calculate
the absorbed dose rate whose mean value for all food samples was 6.16 Bq kg™. It was determined that the
measured values are within the globally accepted values, i.e., they are quite lower than the data in literature.
These data would be useful to establish a baseline for natural radioactivity concentrations in food products
consumed in the Republic of North Macedonia.
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INTRODUCTION

Humans are constantly exposed to natural (Skwarzec & Falkowski., 1988). Due to this

radioactivity at different levels depending on
the natural radioactive elements present in each
area; therefore, researchers are studying natural
environmental radiation and radioactivity in
order to conduct background checks and detect
environmental radioactivity (Radhakrishna
et al, 1993). Considering that radionuclides
occur naturally in both rocks and soils, when
these rocks decompose by natural processes,
radionuclides are transported to the soil by rain
and lowlands (Agbalagba & Onoja.,2011; Essiett
et al,, 2015) By means of migration, the present
radionuclides can easily accumulate in the food
chain through the soil - plants and the human

migration, radioactivity has always been present
in all food products to some extent. In general,
anthropogenic radionuclides in food products
originate from the effects introduced into the
biosphere. In fact, radionuclides can cause a
number of health conditions and diseases as
a result of their exposure, hence resulting in
bio-accumulation and bio-toxicity (Ferdous et
al., 2015). Therefore, the IAEA and international
experts (Natural and induced radioactivity in
food IAEA-TECDOC-1287, 2002) are developing
guidelines for measuring and determining
acceptable levels of natural radioactivity in
food, with the ultimate goal of improving food
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safety. Many studies have been conducted
on the concentration of radioactivity in food
products (Alsaffar et al., 2015) (Angeleska et al.,
2021) where the natural radioactivity in food is
usually within the range from 40 to 600 Bq kg
of food (IAEA, 2002). This work aims to identify
radionuclides in certain food samples that are

commonly used in households in the Republic
of North Macedonia, by measuring the amount
of specific concentrations of 2%Ra, 2*2Th and “°K.
Based on these results, the potential radiological
health risks associated with the consumption of
these analysed types of food were assessed.

MATERIAL AND METHODS

- Sample collection and preparation

A total of 66 samples of locally widely
consumed food products were collected
from various markets in the Republic of North
Macedonia. The main food selection was based
on a survey questionnaire on the diet of 30
residents. The main food groups were selected,
includingwheat, rice,and milk.The sampleswere
prepared fresh, i.e., they were homogenized and
packaged in standard Marinelli cups (500 g) and
sealed in order to achieve a radioactive balance
between the parents and their daughter
radionuclides. (IEEE,1997; Walley El-Dine et al.,
2001)

- Sample analysis

The analytical techniques for gamma-ray
spectrum were used for determination of the
natural radionuclides #*Ra, #?Th and “°K. This
measurement system includes a typical high-
resolution gamma-spectrometer based on a
high-purity germanium detector with energy
resolution of 1.80 keV full width at half maximum
for the gamma ray line of 1332 keV from %°Co.
According to the energy of the photopic
line, the activities of *Th were measured by
taking the mean activity of the photopeaks
of the daughter nuclides #®Ac (338.40, 911.07
and 968.90 keV) and 212 Pb (238.63 keV). The
activities of 2°Ra were calculated with 2°Ra. keV,
line energy of 2“Bi. The activities of K were
determined directly from its gamma emission
at 1460.83 keV. (Righi et al.,2009) The counting
time for each sample was 108 000 seconds.

- The activity concentration

For all samples, the corresponding specific
activities according to the methods of Shanthi
were determined (Shanthi et al., 2009) as shown
in Equation 1.
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Where, N is clean surface of peak

accumulated from a specific radionuclide in
analysisofaspecificsample (numberofreadings),
N, is clean surface of peak accumulated from
the spot of a specific radionuclide without an
analysis of sample (number of readings), tis live
time of accumulation of the sample spectrum
(s), t, is live time of accumulation of the phone
spectrum (s), ? is detector efficiency for a given
energy (for a specific peak), ? is intensity of
gamma transition in radioactive decay for a
respective radionuclide (%), and m is sample
mass (kg).

- Radiological hazard assessment

- Assessment of Radium Equivalent

Gamma-ray radiation hazards caused by
specific radionuclides of 2°Ra,?*’Th, and “°K were
evaluated using different indices, among which,
the radium equivalent activity is the most
widely used radiation hazard index (Beretka et
al.,1985) It is determined by the weighted sum
of activities of the three radionuclides, based on
the assumption that 370 Bq, 259 Bq, and 481
Bqproduce the same gamma-ray dose rate as
given by (Kessaratikoon & Awaekechi, 2008)

Raeq(Bq/kg)= A, t1.43A,+0.07A, (2)

where Ra, Th, and K are the activity
concentrations of 2Ra, 2*Th, and “)K (in Bg kg™),
respectively.

To keep the annual radiation dose below

1.5mGy y~', the maximum value must be less
than 370Bqkg™.
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- Absorbed Dose Rate in Air

The absorbed dose rates (nGy h-1) in
outdoor air from global gamma radiation at 1
m above the ground were analysed by the next
equation (Ozmen et al.,2014; Curtin et al., 2008)

D (nGy/h)=0,462A_ +0,604 A, +0,0417
A, (3)

- External hazard index

The internal and external hazard indexes
are calculated by the following expressions
(Rafique et al., 2013)

H,.=A./370+ A /259+ A /4810< 1 (4)

Az Ay, A specific activities (Ba/kg),*°Ra**2
Th and “K, respectively

- Ingestion effective dose

The Ingestion effective dose due to the
intake of #®U, 2**Th and “K in foods can be
evaluated using the following expression ICRP
(ICRP, 2006).

HT,r=2UXC xgTr (5)

where, i denotes a food group, the
coefficients Ui and C, denote the consumption
rate (kg/y) and activity concentration of the
radionuclide r of interest (Bq kg™), respectively,
and g . is the dose conversion coefficient for
ingestion of radionuclider(SvBq)intissue T.For
adult members of the public, the recommended
dose conversion coefficient g, for “K, *°Ra
(#8V), and #?Th, are 6.2x107° 2.8x107 and
2.2x 1077 Sv Bg' respectively IAEA (IAEA., 1996).
In fact, the aggregate quantities for Average
annual intake for adults in the Republic of North
Macedonia by groups are: vegetables 44.5 kg,
cereals 75.7 kg, legumes 8 kg and milk 351 kg.

- Annual
(AEDE)

The annual effective dose equivalent
received was computed from absorbed dose
rate by applying a dose conversion factor of
0.7 Sv Gy™' and the occupancy of 0.8 (19/24
h) recommended by UNSCEAR. Therefore, the
annual effective dose equivalent (uSv y~') was
calculated using the equation 6 (UNSCEAR.,
2000) AEDE (uSv y™') = absorbed dose (nGy h™)
%8760 h x 0.7Sv Gy 'x0.8x1073 (6)

effective dose equivalent

RESULTS AND DISCUSSION

Table 1. Mean values of specific activities (A) of values of 226 Ra, 2>2Th and “°K in foods.

Sampling sites A+SD (Bq kg™) A+SD (Bq kg™) A£SD (Bq kg")
226Ra 232Th 4OK

Potatoes (n=>5) 0.41+0.15 1.96+0.05 92.15+5.50
Tomatoes (n=5) 0.71+0.05 1.26+0.02 102.50+6.50
Beans (n=7) 0.24+0.01 0.95+0.02 69.70+3.00
Apple(n=7) 0.65+0.20 1.41+0.50 25.35+3.50
Rice (n=7) 6.02+2.20 3.90+1.50 67.55+2.55
Wheat (n=7) 0.62+0.05 0.25+0.03 155.54+5.30
Corn (n=7) 1.92+1.00 2.194+1.00 37.02+5.90
Pea (n=7) 12.56+6.09 9.47+4.20 78.85+7.50
Red Lentil (n=7) 3.58+1.52 2.38+1.01 142.87+10.25
Milk (n=7) 1.8340.31 1.04+0.15 31.87+4.53
Average 2.85+1.15 2.48+0.84 83.52+£5.46

The specific activity due to **Ra, %**Th and
“K in different types of food was measured as
presented in Table 1. The specific activity of 2°Ra
is found within the range from 0.24 + 0.01 Bq
kg'to 12.56 + 6.09 Bq kg™, the one of #2Th from
0.25 + 0.03 Bq kg' to 9.47 + 4.20 Bq kg' and
the specific activity of “°K was within the range
from 25.35 + 3.50 Bq kg™ to 142.87 + 10.25 Bq

kg'.There is a variation in the specific activity of
radionuclides in different food samples where
it can be seen that in wheat, the concentration
value of ®Kis higher than in other food products.
The highest concentration level of the #Ra and
22Th radionuclides were in pea and red lentils,
respectively. The activity concentration of °Ra
in cereal crops (wheat and rice) was higher than
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the UNSCEAR reference values of 0.08 Bg/kg
(UNSCEAR, 2000). The source of contamination
of ?Ra, 2*?Th and “K of rice and wheat is
considered to be due to the absorption of soil
by the plant roots and irrigation water through

the root and also the irrigation period of wheat
and rice is longer. The obtained average activity
concentration in milk for “°K was 31.87 Bq kg,
which is lower when compared to other results
(ICRP,1996).

Table 2. Obtained values from the absorbed dose rate in the air (D), the radiation risk index (H, )

the radium equivalent (Raej), and AEDE.

Sample D (nGy h™") Ra_ (Bgkg') Hex AEDE (uSvy™)
Potatoes 5.21 9.66 0.02 25.55
Tomatoes 5.35 9.68 0.02 26.24
Beans 3.58 6.46 0.01 17.56
Apple 2.20 443 0.01 10.79
Rice 7.94 16.31 0.04 38.95
Wheat 6.91 11.85 0.03 33.89
Corn 3.74 7.64 0.02 18.34
Pea 14.79 31.61 0.08 72.55
Red Lentil 9.03 16.89 0.04 44.29
Milk 2.78 5.54 0.01 13.63
Average 6.15 12.07 0.03 30.17

In this study, the values of the absorbed
dose rate D (nGy h) did not exceed the safety
limits, emphasizing the negligible radiation
hazard arising from naturally occurring
terrestrial radionuclides. The radium equivalent
activity values in all food samples vary with
a mean value of 12.07 Bq kg' which is far
below the internationally accepted value of

370 Bq kg'. On the other hand, the values of
the hazard index varied from 0.01 to 0.08 with
an average value of 0.03. The annual effective
dose equivalent has been calculated from 10.79
pSv y' to 44.29 uSv y! with an average value of
30.17 pSv y' respectively which is less than the
recommended value of the IAEA, which is 1000

pSvy!.

Table 3. Estimated radiation hazard indices and ingestion effective dose in food at the markets in

North Macedonia.

Sample 2Ra 22Th 40K Sum

Potatoes 0.0051 0.019 0.025 0.044
Tomatoes 0.0088 0.012 0.028 0.048
Beans 0.0005 0.001 0.003 0.004
Apple 0.008 0.013 0.006 0.027
Rice 0.013 0.006 0.031 0.050
Wheat 0.013 0.004 0.070 0.087
Corn 0.040 0.036 0.017 0.093
Pea 0.028 0.016 0.003 0.047
Red Lentil 0.008 0.004 0.007 0.019
Milk 0.001 0.008 0.006 0.015

Table 3 shows the results of the effective
dose of ingestion in mSv y! for an adult person
due to specific activity of 2Ra, #?Th and “K in
food samples calculated by using the equation
(4). The sum of the effective ingestion doses
varies from 0.004 mSv y' (in the beans sample)
to 0.093 mSv y' (in the corn sample). The

average effective ingestion dose due to “°K was
higher than due to #2Th and “K as a result of the
increased dose conversion ratio for radionuclide
ingestion. This indicates that the effective
ingestion dose in all food samples is lower than
the permitted limits of T mSv y' recommended
by the ICRP.
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CONCLUDING REMARKS

The activity of the 2°Ra, *’Th and *K
radionuclides was determined for the most
availablefoodproductsconsumedintheRepublic
of North Macedonia. It was determined that the
measured values are within the world range as
published in this literature. The mean activity
values of the #*Ra, 2?Th and *K radionuclides in
66 food products were identified as 2.85+1.15
Bq kg, 2.48+0.84 Bq kg and 83.52+5.46 Bq
kg', respectively. All calculated values for
radiological hazard assessment are lower than
the global average values. The dose of different

components reduces in the following order
corn>wheat>rice>vegetables>milk It should
be noted that the geology of the region and
the food processing methods have a major
impact on the *K concentration. This study
established a map of basic information about
the future studies on radiation levels and the
distribution of radionuclides in food products
in the Republic of North Macedonia. The results
of the study will also be used as a reference for
future assessment.
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OLIEHKA HA PAOUOAKTUBHATA OMACHOCT o1 PA3JINYHA XPAHA KOJA E HAJHECTO
KOPUCTEHA BO PEMYBJINKA CEBEPHA MAKEJOHWJA

AnekcaHppa AHrenecka', Ennsa6era lumntpunecka-Crojkouk’, 3expa Xajpynaun-Mycnny’,
BbunjaHna CtojaHoBcKa-Aumsocka', Pagmuna YpueBa-Hukonoscka',
Urop EcmepoB’, AHa AHrenoBckKa'
'YHusep3umem ,Cs. Kupun u Memoouj’; ®akynmem 3a eemepuHapHa meouyuHa, yn. ,Jlasap Mon Tpajkos”
5-7,1000, Ckonje, Penybnuka CegepHa MakedoHuja
*KoHmakm-asmop: mizasandra@yahoo.com

Pesume

KoHcymupareTo xpaHa LWTO cofpXu pagvoHyKnuan e ocobeHo onacHo. AKO HEKOj BHeCe Wv BAULLM
paAmnoaKTMBHA YeCcTrYKa, Taa NPOAOSIXKYBa [1a ro 3payun TeJloTo Cé fofieka OCTaHyBa Pafil0aKTUBHA U OCTaHyBa
B0 Tenoto. Cenak, CTygmmTe 3a pagnoakTMBHOCTA Ha NOTPOLLHATa XpaHa UMaaT 3Hauehe 6raejku e HeonxoaHo
[la ce NpoLieHn fo3aTa 3a ronTame Ha jaBHocTa. [lopagn ceTo oBa, GOKYCOT Ha OBa UCTpaxyBahe Gelle Ha
ofpenyBahe Ha KOHLEeHTpaLunTe Ha akTUBHOCT Ha **°Ra, “°K 1 22Th. YeTupureceT n geBeT nprmMepoLm Bo Tpu
KaTeropuu 3eneHuyK, XXUTapku (opurs, NueHnLa, NYeHKa) 1 mneko 6ea cobpaHu of nokanHute nasapwu (fpag
Ckonje) Bo Peny6nuvka CeBepHa MakefoHuja 1 6ea aHann3mpaHm co ynotpeba Ha repMaHUyM CO BUCOKA YNCTOTa
(HPGe) peTeKkTOp 3a NpoLEHKa Ha NPUPOAHA 1 BellTauka PagnoakTMBHOCT. [TpoceyHnTe KOHLUEeHTpaLmmn Ha
aKTUBHOCT Ha 2**Ra, “K n *?Th op TecTnpaHnTe npumepoun 6ea 2,85+1,15, 2,48+0,85 n 80,64+5,45 Bqg kg™,
coofBeTHO. Bo HUTY efieH ofy oBUe MprMepoLmn He Oelle MPOHajieH BelTauku paguoHyknua. MpoceyHata
BPELHOCT Ha aKTUBHOCTA Ha EKBMBANIEHT Ha paAnyM BO cuTe npumepoum 6ewwe 12,56 Bq kg-1, wro 6elue nomano
o[l MaKcrMMarsHaTa lo3BonieHa BpefHocT o 370 Bq kg™'. BpegHocTrTe Ha HaiBOpeLUHMTE UHAEKCM Ha OMacHOCT
3a NpuMepounTe 0f 3efIeHUYK, XUTapKN 1 MIEKO BapupaaT co npoceyHa BpegHocT of 0,11, WTo e nomanky
o[l eiHa BO C/Te NPUMepOLM LUTO YKaXXyBa Ha HELUTETHOCTa Ha npuMepoLmTe. [poceyHnTe KOHLEHTpaLUun Ha
aKTUBHOCT Ha **Ra, “°K 1 #2Th (Bq kg') Bo npumepouuTe 6ea NCKOPUCTEHM 3a NPecMeTyBakbe Ha CTankaTta Ha
ancopbuvpaHa 103a Ymnja cpefHa BPeQHOCT 3a C1MTe NpUMepoLn Ha XxpaHa belue 6,16 Bq kg™'. YTBpaeHo e geka
N3MepeHnTe BPeAHOCTM Ce BO PaMKuTe Ha rnobanHo npudateHnTe BPefHOCTM, OQHOCHO Ce [0CTa NOHUCKU
of nopartouuTe Bo nuTepatypata. OBre nogatoum 6u 6une KOpUcHM 3a yTBpAYyBakbe Ha OCHOBHATa JIMHMWja
3a KOHLIeHTpaLuunTe Ha NPYPOAHa PaaMoaKTUBHOCT BO NpexpaHbeHnTe Npou3BoaM LWITO Ce KOHCYMUpaaT BO
Peny6nuka CeBepHa MakenoHuja.

KnyuHun 36opoBu: npupodHa paduoakmusHocm, XpaHa, 2amMma chekmpomempujd, pusuk 00 3payerbe
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