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Abstract

Natural radionuclides may be found in medicinal and nutritional goods owing to their
geological and biological sources. The evaluation of the radiological safety of prenatal
vitamins and nutritional supplements, commonly ingested during pregnancy, is crucial for
the health of both the mother and the fetus. The current study sought to ascertain the levels
of naturally occurring alpha-emitting radionuclides, specifically 222Rn (radon-222), 226Ra
(radium-226), 238U (uranium-238), 218Po (polonium-218), and 214Po (polonium-214), in
selected prenatal vitamins and dietary supplements frequently utilized by pregnant women
in Iraq. Measurements were conducted utilizing the CN-85 solid-state nuclear track
detector.The results indicated that the concentrations of “222Rn in the air above the samples
varied from 22.887 to 142.224 Bg/m? with a mean value of 59.396 Bq/m?. The mean
specific activity of 222Rn, 226Ra, and 238U were determined to be 2.840 Bq/kg, 173.938
mBq/kg, and 2.830 Bqg/kg, respectively. The average concentrations of 218Po and 214Po
were 15.926 Bg/m? and 6.716 Bg/m?, respectively. The observed radioactive amounts varied
among the analyzed samples, likely due to discrepancies in raw material sources, mineral
makeup, and manufacturing procedures.The acquired values were below the internationally
established thresholds set by the World Health Organization (WHO), the International
Commission on Radiological Protection (ICRP), and the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR). The examined prenatal
vitamins and dietary supplements do not provide a substantial radiological risk and are
deemed safe for regular use by pregnant women. Ongoing surveillance of naturally
occurring radioactive elements in dietary supplements is advised to guarantee product
quality and safeguard public health.
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1. Introduction

Natural and artificial radionuclides are ubiquitous in the environment and may enter into the
human body through inhalation, ingestion or dermal contact. Such radionuclides emit ionizing
radiation that interacts with biological tissue and damages molecules and cells. Long-term
exposure to ionising radiation can be detrimental to human health as it can cause genetic
changes, tissue damage and the development of cancer. The severity of these effects depends
on the type of radiation, duration of exposure, concentration of radionuclides and sensitivity
of individuals [1].

An alpha particle consists of two protons and two neutrons bound together tightly and is
emitted from the nuclei of some radioactive elements in radioactive decay. Alpha particles
have low penetrating ability and can be stopped by a sheet of paper or the outer layer of
human skin. But they are very dangerous if alpha-emitting radionuclides are ingested or
inhaled. In these cases, alpha particles deposit their energy over very short distances,
generating dense ionization which can inflict severe damage on nearby biological cells and
DNA molecules [2].

Hence, the internal exposure to alpha-emitting radionuclides is considered to be one of the
most important radiological health hazards.Among the naturally occurring alpha-emitting
radionuclides, uranium-238 (238U), radium-226 (226Ra), radon-222 (222Rn) and their decay
products, e.g. polonium-218 (218Po) and polonium-214 (214Po) are of special interest due to
their potential contribution to internal radiation doses [3].

These radionuclides may enter the food chain from soil and water to agricultural produce and
raw materials used by the pharmaceutical and nutraceutical industries. Thus, trace amounts of
natural radioactivity can be found in dietary supplements and vitamin products for human use
[4].

Pregnant women are a particularly sensitive population group since the exposure of the
mother to radionuclides may affect both the mother and the developing fetus. Prenatal
vitamins and dietary supplements are commonly used in pregnancy to promote fetal
development and maternal well-being. These products often contain minerals and natural
ingredients from geologic and biologic sources that may contain naturally occurring
radioactive materials (NORMSs). Therefore, the measurement of the radioactivity of such
products is necessary to guarantee their safety and to evaluate possible radiological risks
related to long time consumption [5].

The evaluation of environmental radioactivity and its transfer into foodstuffs, pharmaceuticals
and dietary supplements has become an important field of research in medical physics and
radiation protection. The increased awareness of radiation health effects has led researchers
worldwide to study radionuclide concentrations in a broad range of consumer products.
Several studies have reported the presence of alpha-emitting radionuclides in medicinal
plants, pharmaceutical products, food supplements and herbal preparations, thus signifying
the need for continuous radiological monitoring and risk assessment [6—9].

Therefore, the present study aims to determine the concentrations of 222Rn, 226Ra, 238U,
218Po and 214Po in selected prenatal vitamins and dietary supplements commonly used by
pregnant women using the CN-85 detector. Also, the study evaluates the corresponding
radiological health risk parameters such as the Annual Average Internal Effective Dose
(AAIED) and the Risk Excess Cancer Factor for Pregnant Mothers Products (RECFPMP) due
to exposure to 222Rn, 226Ra and 238U in the studied samples.
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2. Experimental Procedures
2.1. Prenatal Vitamins and Dietary Supplement Samples (Collection and Preparation)

Fifteen samples of prenatal vitamins and dietary supplements commonly used by pregnant
women were collected from different pharmacies and health stores in the Iraqi market during
November and December 2025. The samples selected were multivitamin preparations, folic
acid supplements, iron supplements, calcium supplements and prenatal nutritional
formulations. Table 1 presents the names, sample codes, manufacturers and countries of
origin of the samples..

Table 1. Name, code, manufacturer, and country of origin of prenatal vitamin and
dietary supplement samples

No. | Sample Name Sample Manufacturer Country
Code
1 Elevit Pronatal Pl Bayer Germany
2 Pregnacare Original P2 Vitabiotics United Kingdom
3 Fefol Vit P3 Abbott Australia
4 Materna P4 Nestlé Health Science | Switzerland
5 Centrum Materna P5 Haleon Canada
6 Prenatal DHA P6 Nature Made USA
7 Pregnacare Plus Omega-3 | P7 Vitabiotics United Kingdom
8 Feroglobin B12 P8 Vitabiotics United Kingdom
9 Osteocare P9 Vitabiotics United Kingdom
10 | Calcium-D3 P10 Jamjoom Pharma Saudi Arabia
11 | Folic Acid 5 mg P11 SDI Iraq
12 | Iron Plus Folic Acid P12 Pioneer Iraq
13 | Multi Prenatal P13 Jamieson Canada
14 | Prenatal Complete P14 GNC USA

After collection the samples were transported to the Advanced Nuclear Physics Laboratory,
Faculty of Science, University of Kufa. Each sample was given a unique identification code
and stored in clean plastic containers prior to radiological preparation. The samples examined
were in the form of tablets, capsules and powder. Tablets and capsules were ground and
homogenized in a clean laboratory mortar to produce a fine powder with uniform particle
size.The powdered samples were dried at room temperature to remove moisture and to ensure
the stability of the sample during the measure. The samples were weighed on a very sensitive
digital balance with an accuracy of +0.01 g. Each powdered sample (approx. 20 g,
corresponding to a thickness of about 2 cm) was placed into a cylindrical plastic container
(diameter 5 cm, height 7 cm). Then a CN-85 solid state nuclear track detector was tightly
mounted on the top of each container. The containers were hermetically sealed to prevent
radon leakage and stored under laboratory conditions during the exposure period.

2.2. Measurement Technique

An integrated passive dosimetry technique was used to measure concentrations of alpha-
emitting radionuclides in prenatal vitamin and dietary supplement samples. The
measurements were carried out with (1x1) cm2 CN-85 solid state nuclear track detectors. The
detectors were left in contact with the samples for a period of 90 days to allow the build-up of
alpha-particle tracks from the decay of naturally occurring radionuclides.The CN-85 detector
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is a cellulose nitrate detector with a thickness of 12 um and chemical composition C 6 H 8 O
9 N 2 . It is produced by Kodak, France and it is widely used for the detection of alpha
particles in the energy range of about 0.5-8 MeV and for the measurement of radon
concentrations in different environmental and pharmaceutical samples [10].The detectors
were chemically etched in sodium hydroxide (NaOH) solution in a water bath (Type HH-420,
made in Germany) after the exposure period. The optimal etching condition was 2.5 N NaOH,
60 °C and 90 min [11]. This process disclosed the latent tracks of alpha particles produced by
irradiation. The etching of the detectors was analyzed with an optical microscope at 400x
magnification to find the track density [12]. The measured track densities were used to
determine concentrations of 222Rn, 226Ra, 238U, 218Po and 214Po in the samples
investigated. Furthermore, radiological health risk parameters of exposure to these
radionuclides were assessed for prenatal vitamin and dietary supplements products commonly
consumed by pregnant women.

2.3. Alpha Emitter Calculations

Alpha emitters such as 2*Rn (C, Crn, and Crps in airspace of tube, within the sample, and
specific activity within the sample), 2°Ra (Crawithin the sample), and uranium concentrations
Cu, as well as (POW) and (POS) for radon daughters on chamber walls and chamber face,
respectively were calculated according to equations from (1) to (6), respectively [13-17]:

Bq p
Cl— )| =—— 1
(m3) KT (D
Bqg CAg,hT Bg Crn XV
Rn (m—3) = TR s Crns (@) = HT (2)
c Bgqy ChA 3
Ra (kg) M 3
My
C = — 4
v(ppm) 7 €))
CR‘J’I r
POW — DZpro - D214Po — TT (‘.I" T+ }1) COS@C (5)
Crn r T
POS = DZlBPo — D214Po — Tr ('}" n h (COSBC R_) (6)
o

where p, k, t, Arn, L, A, V, M, 1, 6c, and R is density of the track, calibration factor
(0.28+0.043Track.cm™ /Bq.m™.day), time exposure (90 days), decay constant, thickness of
the powder sample, surface area of the powder sample, volume of the container, and weight
of powder sample, radius of the container, the value of the critical angle of CN-85 detector,
and the value of the range of a-particle in air, respectively. [15,18]

3. Results and Discussion

Table 2 shows the concentrations of 222Rn, 226Ra and 238U measured in prenatal vitamins
and dietary supplements commonly used by pregnant women. The obtained values show
differences in radionuclide concentrations among the investigated samples, which can be
explained by differences in raw materials, manufacturing processes, mineral composition, and
geographical origin of the ingredients used in the production of these supplements.The data in
Table 2 and Figure 1 show that the radon activity concentration in the air space above the
samples (C) ranged from 22.887 Bq/m”3 to 142.224 Bq/m”3 with an average value of 59.396
Bg/m”3. The concentration of radon in the sample containers (C_Rn) varied from 934.116
Bg/m3 to 5804.864 Bg/m3 with an average value of 2424.254 Bq/m3. Similarly. The specific
activity of radon (C_Rns) varied between 1.057 Bg/kg and 6.202 Bq/kg with the mean value
of 2.840 Bqg/kg.The specific activity of 226Ra ranged from 64.730 mBq/kg to 379.905
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mBqg/kg with an average value of 173.938 mBq/kg. Moreover, the concentration of uranium
(238U) was ranged from 0.085 ppm to 0.500 ppm with an average value of 0.229 ppm, while
the specific activity of uranium was ranged from 1.053 Bg/kg to 6.180 Bq/kg with an average
value of 2.830 Bgqg/kg.The differences in radionuclide concentrations observed in the
investigated prenatal supplements can be explained by the differences in mineral and
botanical sources applied during the manufacturing. Many prenatal vitamins include calcium,
iron, magnesium, zinc and other minerals from natural geological deposits. These raw
materials may contain traces of naturally occurring uranium, radium, radon and their decay
products. Other factors affecting the transfer of naturally occurring radioactive materials
(NORMs) into dietary supplements include environmental conditions, soil composition,
fertilizer application and methods of industrial processing.The measured radon concentrations
in all studied samples of prenatal vitamins and dietary supplements were below the action
level recommended by the International Commission on Radiological Protection (ICRP), i.e.,
200 Bg/m3 [19]. Similarly, the average values were lower than the reference level of 100
Bg/m3 in indoor air recommended by World Health Organization (WHO) [20]. Therefore, the
products under investigation do not pose a relevant radiological risk as regards radon
exposure.Similarly, the measured values of 226 Ra were far below the world average
permissible level of 30 Bqg/kg as provided by UNSCEAR [21]. Also, the concentrations of
uranium were much lower than the recommended global average value of 2.8 ppm reported
by UNSCEAR [21]. These findings suggest that the analyzed prenatal vitamins and dietary
supplements contain low concentrations of natural radionuclides and can be considered
radiologically safe for human consumption

Table (2): Results of 2*2Rn, *2Ra, and 2*¥U in Prenatal Vitamins and Dietary
Supplements

No. Code C C Rn C Rns |C Ra CU C _US
(Bg/m’) | (Bq/m®) | (Bq/kg) | (mBq/kg) | (ppm) | (Bq/kg)
1 P1 24.521 | 1000.839 | 1.203 73.689 0.097 1.199
2 P2 32.695 | 1334.452 | 1.426 87.335 0.115 1.421
3 P3 29.426 | 1201.006 | 1.777 108.832 | 0.143 1.770
4 P4 71.929 |2935.793 | 3.321 203.438 | 0.268 3.310
5 P5 142.224 | 5804.864 | 6.202 379.905 | 0.500 6.180
6 P6 98.085 | 4003.355 | 3.850 235.803 | 0.311 3.836
7 P7 39.234 | 1601.342 | 1.621 99.286 0.131 1.615
8 P8 50.677 | 2068.400 | 2.486 152.290 | 0.201 2.477
9 P9 40.869 | 1668.064 | 2.468 151.156 | 0.199 2.459
10 P10 93.181 | 3803.187 | 6.095 373.355 | 0.492 6.074
11 P11 58.851 | 2402.013 | 2.887 176.853 | 0.233 2.877
12 P12 42.504 | 1734.787 | 1.854 113.535 | 0.150 1.847
13 P13 91.546 | 3736.464 | 3.782 231.666 | 0.305 3.769
14 P14 22.887 |934.116 |1.057 64.730 0.085 1.053
15 P15 52.312 | 2135.122 | 2.566 157.202 | 0.207 2.557
Average 59.396 |59.396 [59.396 |59.396 59.396 | 59.396
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Figure 1: Radon concentration in the air space above prenatal vitamin and dietary
supplement samples.

Figure 2 presents the histogram distribution of *??Rn concentrations in the investigated
samples. Most of the measured values were concentrated within the range of 20—-150 Bq/m?,
indicating a relatively homogeneous distribution and the absence of extreme radionuclide
contamination among the analyzed products.

Figure 2. Histogram of 222Rn Concentrations

20 40 60 80 100 120 140
Radon Concentration C (Bg/m?)

Figure 2. Histogram of 22Rn concentrations in prenatal vitamin and dietary supplement
samples.

The box plot shown in Figure 3 illustrates the distribution, central tendency, variability, and
possible outliers of radon concentrations. The results indicate an approximately normal
distribution with moderate variability among the investigated samples.
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The concentrations of 2'®Po and 2!*Po are presented in Table 3. The average values of 2!¥Po
and 2*Po were found to be 15.926 Bg/m? and 6.716 Bq/m?, respectively. These values remain
within acceptable radiological limits and are consistent with the low concentrations observed
for radon and uranium in the investigated samples.

Table (3): Results of Polonium (?'®Po and 2'¥*°) in Prenatal Vitamins and Dietary

Supplements

No. | Code | 2'8Po (Bq/m®) | 21*Po (Bq/m?)
1 P1 6.575 2.773

2 P2 8.767 3.697

3 P3 7.890 3.327

4 P4 19.287 8.133

5 P5 38.137 16.082

6 P6 26.301 11.091

7 P7 10.520 4.436

8 P8 13.589 5.730

9 P9 10.959 4.621

10 | P10 |24.986 10.536

11 | P11 | 15.781 6.655

12 | P12 |11.397 4.806

13 | P13 |24.548 10.351

14 | P14 |6.137 2.588

15 | P15 | 14.027 5.915
Average 15.926 6.716
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4. Conclusions

The results obtained in this study indicated that the measured *222Rn concentrations in the
prenatal vitamins and dietary supplements studied were within the permissible limits
recommended by the World Health Organization (WHO) and the International Commission
on Radiological Protection (ICRP). In addition, the concentrations of 226Ra and 238U
measured in all the samples analyzed were below the worldwide recommended limits
reported by UNSCEAR.In addition, the concentrations of radon progeny, represented by
218Po and 214Po, were within acceptable radiological levels. The estimated radiological
health risk parameters for the investigated alpha-emitting radionuclides were very low and
within the internationally accepted safety limits.
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