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Abstract

Wheat is one of the world’s most commonly consumed cereal grains. It
originates from a type of grass (Triticum) that is grown in countless varieties
worldwide. Bread wheat or common wheat is a primary species. Several other
closely related species include durum, spelt, emmer, einkorn, and Khorasan
wheat. In addition to being a major source of starch and energy, wheat also
provides substantial amounts of a number of components which are essential or
beneficial for health, notably proteins, vitamins (notably B vitamins), dietary
fibres, and phytochemicals. Wheat is a basic food product of Macedonian
population. This study is mainly focused on measuring the concentration of
radioactivity due to natural radioactive nuclides (*°Ra, 2?Th, “°K) in wheat grain
samples, as well as on determining the quality of wheat used in daily diet. In
addition, in this study we calculated radiation hazard indices (radium equivalent
activity and internal hazard index) in the wheat sample. Average activity
concentrations of 2®Ra, Z2Th, and *°K in the wheat samples were 0.57+0.14;
0.39+0.11; 96.55+0.86 (Bq-kg™), respectively. The radiation hazard indices were
calculated for all samples in this study where mean values did not exceed safety
limits, pointing out to negligible radiation hazard arising from terrestrial
radionuclides that are naturally present in wheat. In terms of quality, we
confirmed that all tested samples meet the requirements regarding quality in
accordance with the laws in our country.
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Introduction

Although originating from Levant, a region in the Middle East, wheat
(Triticum spp.) is a cereal plant now grown all over the world. This cereal plant
grows on more land than any other commercial food. World trade in wheat is
larger than the trade of all other crops combined. Globally, wheat is a leading
source of plant protein in human food, which has higher protein content than
other major cereals, corn, or rice. In terms of total production in tonnes of crop
that are being used for food, wheat is currently in the second place, following
rice as the main crop in human nutrition and before corn, allowing for more
widespread use of corn in animal nutrition. Daily consumption of wheat as a basic
cereal crop in the nutrition of the population of this area was the basis for this
research. High content of proteins, fibre, vitamins, and minerals, and excellent
benefits of its use, such as prevention of type 2 diabetes, calming of inflammatory
processes, and prevention of metabolic disorders, make this crop one of the most
used cereals in the region (Kumar et al., 2011). Another very important component
is the detection of radioactive materials in wheat, considering that through its
consumption, it is the most common route of transmission of radionuclides in the
human organism (Anas et al., 2017). The growth of the world population leads to
the need for large quantities of food and this has encouraged many countries to
widely use phosphate fertilizers in crop production in order to increase their annual
yields. The presence of anthropogenic radionuclides in food is a significant problem,
which includes contamination of the food chain and damage to public health (Caridi
et al., 2019). Natural radionuclides migrate from soil to crops and contribute to the
total radiation load in the population. Radioactivity levels can be used to estimate
public dose rates and radioactive contamination and to predict changes in
environmental radioactivity caused by nuclear accidents, industrial activities, and
other human activities. Radionuclides found in soil can easily accumulate in the
food chain through plants (Radhakrishna et al., 1993). There are several factors
that affect the absorption of radionuclides in plants, i.e., in wheat, primarily soil
characteristics, physiochemical properties of the soil, and the type of plant being
studied (Asaduzzaman et al., 2014). Radionuclides that are present in fertilizers
used in agricultural fields are series of decay of uranium and thorium, as well as
potassium, and their decay products are important natural elements that
contribute to a large part of the radiation dose that is further received by humans.
Numerous studies have been conducted with the aim to research and assess
natural radioactivity in food consumed worldwide, including wheat (Alrefae, 2015).

Therefore, the focus of this study was to assess the radioactivity
concentrations of ?2°Ra, 2Th, and “°K in wheat consumed in the Republic of
North Macedonia, as well as to determine its chemical composition that is the
basis for the quality of wheat used in this country.
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Materials and methods

Sampling. The wheat samples for analysis were collected in 2020 from
different locations in areas located in the city of Skopje. All samples were
thoroughly cleaned, grounded to a predetermined particle size according to the
analytical requirements, and finally passed through a sieve. The homogenized
samples were packed in plastic containers (Marinelli) of 0.5 | which were fully
filled, sealed, and stored in order to establish a secular balance (Nasim et al.,
2012). In order to determine the nutritional quality of the samples, accredited
methods were applied in accordance with the MKC EN ISO/IEC 17025:2018
standard, as follows: determination of the presence of total protein, total fat, moisture,
minerals (ash), and cellulose. Before the analysis, verification on each method was
performed by determining accuracy, precision (repeatability and reproducibility)
by using standard reference material and proficiency testing. The results for the
extended measurement uncertainty for each method were as follows: total protein
content = 1.17%, total fat content + 8.59%, moisture content + 4.32%, ash content
+ 2.97%, and cellulose + 28.40%. To determine the total protein content, the
Kjeldahl method was used by automatic incineration and titration with 0.1M
HCI. Total fat content was determined by using the Sohxlet equipment, with
diethyl ether as solvent. The content of total moisture and mineral substances was
determined by drying, i.e., burning using a dryer at 104°C and an oven at 550°C,
respectively. The determination of cellulose was gravimetric (Sramkovaa et al., 2009).

In regard to radioactivity, the gamma ray spectrometry technique was used
for radioactivity determination of the samples tested. The spectrometer consisted
of an HPGe detector, model 3020 (Canberra Packard, Meriden, CT, USA), with
active volume of 180 cmz2, relative efficiency of 30 %, 3000 V operating voltage,
and resolution of 2 keV at 1332.5 keV. The detector was enclosed in a massive
12 cm thick lead shielding and internal lining of 2 mm high purity copper. Data
acquisition and analysis were performed with 8192 channel digital analyzer;
duration of acquisition interval for each sample was 65 ks. The activity of 226Ra
was determined from the gamma lines associated with low half-live time
daughters of 214Bi (609.31, 1120.29, and 1794.49 keV) and 214Pb (351.93
keV). The 232Th activity was determined by 338.4, 911.2 and 969.1 keV gamma
lines form 228Ac and its decay products. The gamma line at 1460.8 keV was
used to determine the activity of 40K. Efficiency calibration was performed with
mixed calibration standard sources MBSS2, supplied from the Czech
Metrological Institute, Inspectorate for lonizing Radiation. In order to determine
the background distribution in the detector environment, an empty sealed
Marinelli beaker with the same geometry was measured at equal counts as the
soil samples. The analysis procedure included the subtraction of the background
spectrum (Alshahri, 2016).
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- Calculation of activity
The specific activity (A) was determined according the equation

N Ny

t t
A=—% (Bgkgt

o (Bakg)

Where, N is a clean surface of the peak accumulated from a specific
radionuclide in the analysis of a specific sample (number of readings), No is a
clean surface of the peak accumulated from the spot of a specific radionuclide
without an analysis of the sample (number of readings), t is live time of
accumulation of the sample spectrum (s), to is live time of accumulation of the
phone spectrum (s), € is detector efficiency for a given energy (for a specific
peak), y is intensity of gamma transition in radioactive decay for a respective
radionuclide (%), and m is sample mass (kg).

- Calculation of radium equivalent activity

Radium equivalent activity (Raeq) is used to assess hazards associated
with materials that contain 28U, 22Th and “°K in Bg-kg™ which is determined by
assuming that 370 Bqg-kg™of #2°Ra or 260 Bg/kg of 2**Th or 4810 Bq-kg*of °K
produce the same vy dose rate. The Raeq 0f a sample in Bg-kg™ can be achieved
using the following relation (Singh et al., 2005; Yu et al., 1992)

Raeq(BQ-Kg?) = Arat+1.43Am+0.07A«

Calculation of the external hazard index
This hazard can be quantified by the internal hazard index (Hin) (El-Arabi,
2007). This is obtained by the following equation:

Heks = Ara/370+ ATn/259+ Ak/4810< 1

The internal hazard index should also be less than one to provide safe
levels of radon and its short-lived daughters for the respiratory organs of
individuals living in the dwellings.

Results and Discussion

Wheat has a higher protein content than other cereals and is therefore often
used in human nutrition. When it comes to the chemical composition of wheat,
determining its nutritional value is the basis for determining the quality of the
product. Regarding the obtained results, we can notice that there are no significant
differences in terms of total protein content in all examined samples. The concentration
ranges from 11.96 + 0.14% to 14.18 + 0.17%. Wheat fats are found in significantly
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lower concentrations ranging from 1.03 + 0.09% up to 2.50 + 0.21%. According
to the Rulebook on the minimum conditions for quality, properties, and
classification of cereals and rice, no. 104/2011, the moisture content in wheat
must not exceed 14%. Therefore, according to the results obtained we can
confirm that all samples are within allowable moisture values. When it comes to
cellulose, its content is quite high and ranges up to 12.10 + 3.43% (Table 1).

Tab. 1. Quality parameters in wheat samples

Sampling Total protein Total fat Moisture Ash content Cellulose
sites content (%) content (%) content (%) (%) content (%)
Bl 13.50+0.16 1.15+0.10 8.70+0.37 2.10+0.06 10.50+2.98

B2 14.10+0.16 1.28+0.11 9.20£0.40 2.15+0.06 9.80£2.78

B3 12.86+0.15 2.10+0.18 10.15+0.87 2.18+0.06 10.22+2.90

B4 13.45+0.16 1.15+0.10 6.50£0.28 1.95+0.06 11.10£3.15

B5 14.18+0.17 1.30+0.11 8.80+0.38 2.18+0.06 9.90+2.81

B6 12.75+0.15 1.03+0.09 10.15+0.87 2.13+0.06 9.95+2.82

B7 11.96+0.14 1.95+0.17 3.45£0.30 2.25+0.07 10.36+2.94

B8 12.75+0.15 2.22+0.19 8.88+0.76 1.89+0.06 10.45+2.96

B9 13.00+0.15 2.50+0.21 9.36+0.80 1.97+0.06 11.60+3.29
B10 13.50+0.16 1.80+0.15 10.18+0.87 2.09+0.06 12.10+£3.43
Average value 13.20+0.15 1.65+0.14 8.54+0.37 2.09+0.06 10.60+3.00

In Table 2 the average radionuclide concentrations for 22°Ra, 2*2Th and °K
obtained from three measurements of individual wheat samples are presented,
associated with the respective standard deviations (SD).

Tab. 2. Mean values of specific activities (A) of values of 2?°Ra, 232Th, and “°K in wheat

Sampling sites AtSIjzzgiq-kg'l) AiSDzs(qu.kg»l) AiSD4ng'kgl)
a Th K

B1 0.70+0.1.0 0.58+0.05 118.15+£2.00
B2 0.52+0.05 0.18+0.03 99.00+1.00
B3 0.34+0.10 0.22+0.12 79.70£1.00
B4 0.65+0.60 0.41+0.50 85.15+1.50
B5 0.88+0.15 0.42+0.08 99.86x1.54
B6 0.25+0.10 0.76+0.03 115.04+1.40
B7 0.41+0.15 0.17+0.05 87.00+0.05
B8 0.82+0.05 0.65+0.07 82.50+0.05
B9 0.44+0.05 0.29+0.10 114.22+0.05
B10 0.72+0.05 0.25+0.05 84.90+0.05

Average value 0.57+0.14 0.39+0.11 96.55+0.86

The specific activity due to 2*Ra, *2Th and “°K in different types of wheat
samples was measured as presented in Table 2. The specific activity of *Ra was
found to be within the range of (0.25+0.10) Bg-kg™ to (0.88+0.15) Bq-kg™ with
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an average of (0.57+0.14) Bg-kg™, the specific activity of 2°Th was within the
range of (0.17+0.05) Bqg-kg?to (0.76+0.03) Bqg-kg! with an average of
(0.39+0.11), and “°K had a specific activity within the range of (79.70+1.00)
Bqg-kg™to (118.15+2.00) Bg-kg with an average of (96.55+0.86) Bg-kg™.

The radiation hazard indices (radium equivalent activity and internal
hazard indices) were calculated for all samples in this study where the mean value
for (Raeq) was 7.87, which is lower than the international recommended value
(370 Bg-kg™) (UNSCEAR, 2000), while for (Hex), an average value of 0.02 was
calculated. The mean values of the radiation risk index Heks and Raeq show that
there is no significant radiation risk to the population.

The measured activity concentrations for radionuclides have been
compared with the data reported by other countries and presented in Table 3.

Tab. 3. Comparison between the natural radioactivity levels in wheat samples in this study
and some other studies

koL koL koL
Country/ Region Aisezgig kg) AiSD%(Z?_?] kg) AiSD4giq kg™) References

(AL-harbil

Egypt 1.352 1.142 111.98 and ElTaher,
2013)
(Changizi, et

Iran 1.67 0.5 91.73 al., 2013)
(Akhtar et al.,

France 0.57£0.057 <0.035 146.3+7.3 2006)

. (Lindahl et

Belgium 0.1+£0.05 0.15£0.05 115422 al., 2011)

. (Pulhani et al.,
India 0.7+0.09 0.7+0.01 88.7+7.8 2005)
Republic of North 0.57+0.14 0.39£0.11 96.55+0.86
Macedonia

Conclusions

This study presented the specific activity of the radionuclides ?°Ra, 2*?Th
and “°K using a gamma ray spectroscope in wheat that is regularly used in the
Republic of North Macedonia. Specific activity concentrations of these
radionuclides in the samples were lower than reported by UNSCEAR. In
addition, the obtained values of radium equivalent activity and the internal hazard
indices, in comparison with the world permitted values, were found to be below
the standard limit which is safe in terms of radiological risk. Regarding the
chemical composition of the products, we can conclude that all samples that have
been the subject of this research meet the requirements according to the Rulebook
on the minimum conditions for quality, properties, and classification of cereals
and rice, No. 104/2011 in the Republic of North Macedonia.
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KonTaMuHanuja paanoHyKIUAMMa 1 HyTPUTHBHA eBaTyallyja
Hajuemrhe kopunthere nmenure y Pemyommmu CjeBepHoj
Makenonuju

Anekcannpa Anrenecka®, Pagvuna Lpuesa Huxonosckal, Ennza6era
Jumutpuecka Ctojkosuk’, 3expa Xajpynan Myciuy', Busbana JluM3ocka
Crojanosckal, Ana Anrenosckal

'Vuugepsurer ,,Cs. Fiupuna u Metoauja“, @akynTer BeTepuHapcke Meauinne, CKOIbe,
Penybnuka CjeBepHa Makenonuja

Caxerak

[Menuna je jemHa o >KMTapHIa Koje ce Hajuemnihe KOH3yMHpa y CBHjETYy.
ITotuue ox Bpcre Tpase (Triticum) koja ce y3raja y 6e30poj BapHjaHTH IIHPOM
cBujera. XJbeOHA MIICHNIA WM OOMYHA TIIIEHUIA je IpuMapHa BpcTa. Hexommko
JPYTHUX OJMCKO CPOTHMX BpcTa yKIbY4yjy durum, spelltu, emmer, einkori u khorasan
nmenuiry. OCcUM IITO je TJaBHU HM3BOpP CKpobOa W CHepruje, MIICHHUIA Takohe
00e30jehyje 3HauajHe KONMMYMHE OpPOJHMX KOMITOHEHTH KOj€ CYy €CEHIIWjaTHe WU
KOpPHCHE 3a 3/paBJbe, MMOCEOHO MPOTEHHE, BUTaMHHE (IMOceOHO BUTaMHHE b),
JUjeTalHa BIakHa W Quroxemukanuje. [lmeHuia je OCHOBHU IpexpamMOeHH
MPOM3BOJI MaKEJOHCKOT CTaHOBHMIITBA. OBa CTy/AHja je YIVIABHOM yCMjepeHa Ha
Mjepere KOHIIEHTpalHuje PaJHOaKTUBHOCTU YCJbEI MPUPOTHHUX paJdOaKTHBHHX
nykmuaa (2°Ra, 2°2Th, “°K) y ysopuuma 3pHa IueHuIe, Kao M Ha ojapehuBame
KBaJINTETA MIICHHUIIE KOja ce KOPUCTH y CBaKOJHEBHO] UcxpaHu. [Topes Tora, y 0Boj
CTyIWjH CMO H3padyHaJIM WHJIEKCE OIAaCHOCTH Of 3pauemha (S€KBHBAICHTHY
aKTHBHOCT PaJijyMa M MHTEPHH UHJEKC ONACHOCTH) Y Y30PKY MIICHUIE. Y Y30pKY
NIIEHHUIIE, MPOCjeuHe KOHIEHTpaluje akTuBHOCTH 22%Ra, 22Th m “°K Guue cy
0,57+0,14; 0,39+0,11; 96,55+0,86 (Bg/kg™), pecniextuBHo. MHIEKCH ONACHOCTH OJL
3padyera M3padyHaTH Cy 3a CBE Y30pPKE y OBOj CTYIMjH I/Ije CPEIbe BPHjeIHOCTH
HHCY ITpea3uiie rpanuile 6e30jeIHOCTH, MITO YKa3yje Ha 3aHEMapJbUBY OMACHOCT O/
3pauema Koja MPOM3WIA3M M3 3eMaJbCKUX PAIUOHYKIIMAA KOjU Cy HPUPOIHO
NPUCYTHH Y TIICHUIU. Y TOTJIeNy KBaIUTETa, MOTBPAWIA CMO JIa CBH MCIMTaHU
y30pIl HCIYHaBajy YCIIOBE y TOIJeAy KBaluTeTa Yy CKJIaay ca 3aKOHHMa O
KBaJIUTETY Y HAIOj 3€MJbH.

Kwyune pujeuu: pangnoakTUBHOCT Yy TIIEHWLHM, PaAUOHYKIMIOH, Trama

CIICKTpOMETap, KOHTPOJIa KBAJIUTETA
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