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Abstract

A set of measurements have been conducted in order to determine the activity-level of natural and artificial radionuclides present in some baby foods commercialized in Italy. The measurements have been carried out using: liquid scintillation, gamma, alpha and mass spectrometry. The activity concentrations are ranged from. 0.005 to 0.238, from <13.6 to 145.2 from 0.0094 to 1.65 and from 0.0003 to 0.015Bq kg-1. for 210Po, 40K, 238U and 232Th respectively, whereas there are below the detection limit for 137Cs and 226Ra. The total annual effective dose (mean values) due to the powder milk was 119 and 13 Svy-1 respectively for less than 1 year and 1–2 years old babies. These results were found to be below the internationally recommended level. This indicates that the baby food available in Italy would not pose any significant radiological impact to the infant.
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1. INTRODUCTION
Natural radioactivity constitutes the main source of exposure to ionizing radiations for individuals of the general population and it varies according to the locality and lifestyle (Campos Venuti et al., 1990). The radionuclides can entering the human body by inhalation of gas in air or by ingestion of food or water, or through the skin, wounded or integer (transcutaneous absorbtion) (Abojassim et al., 2015). Excluding rare and very special situations, people are susceptible to be exposed to radiations mainly by ingestion of food and water (Jemii and Alharbi, 2018), so it was considered important for human health to know the concentration of the most significant natural and artificial radionuclides in the common diet to assess the radiation levels to which people, especially babies, are exposed. Infants are, in fact, the most radiosensitive population group, the most susceptible to exposure because, comparing different ages, they are characterized by the highest intestinal absorption associated to the lowest threshold for adverse effects (Uwatse et al., 2015). The control of food composition is thus crucial to ensure its safety and suitability because it may represent a source of intake of toxic substances, especially radionuclides that can arise from the raw material and from the scarce quality of the production process. Many studies ( ….) have been carried out to evaluate the radioactive content of baby food, and in particular in the milk which represents the main basic food due to its mineral and protein content (Mestikou et al., 2018). 

The principal natural radionuclides which be present in baby food are 40K and the natural radionuclides belonging to 238U and 232Th series. Their presence is almost ubiquitous in the environment and consequently in the foodstuff, that can be considered the main vehicle of the absorption of radionuclides into the body tissues. A significant proportion of this contribution (about 60%) is due to alpha emitter 210Po (Hunt and Rumney, 2007). The radiation risk posed by 210Po, stems from its wide diffusion in food, its affinity for protein and its high linear energy transfer (LET). Its radiation dose per unit intake (SvBq-1) is higher than other alpha emitters in the 238U and 232Th series and its toxicity is about 5 times greater than 226Ra (NRC, 1988), as it was witnessed in the murder of Alexander Litvinenko (Harrison et al., 2007; Stather, 2007). 210Po and its grandfather 210Pb belong to the 238U series. The presence in the terrestrial environment of 210Po of 210Pb arises from 222Rn which, once produced, may remain in soil interstitial air spaces, decay within the mineral matrix of soil or be released to the atmosphere.210Pb and 210Po return to the earth’s surface via both wet and dry deposition (Burton and Stewart, 1960; Brown et al., 2011, Persson and Holm, 2011), and their presence in all terrestrial foodstuffs is inevitable. 226Ra and 232Th content in milk is generally due to their presence in the environment and to their transfer to the milk through the grass-cow pathway from the soil (Jemii & Alharbi, 2018). As far as potassium is concerned, this element plays a key role in regulating many functions to body such as digestion, heart rate and the water content of cells. For that reason, the potassium content of the body is held constant by metabolic processes (homeostatic control), although some variability between men and women and with age is observed. The potassium distribution within the body is more or less uniform. Natural potassium contains 0.012% by weight of 40K, which is naturally radioactive and its content of the body is therefore also constant. Typically, adults and children receive annual doses of 165 Sv and 185 Sv respectively from 40K naturally present in their bodies (UNSCEAR, 2000). The higher dose received by children is due to a higher potassium concentration in the diet in relation to body mass (ICRP, 1975). 
The main artificial radionuclides which can contaminate the baby food are 134Cs, 137Cs and 90Sr. their presence in soil is mostly due to atmospheric nuclear weapon testing (1945-1963), to a series of nuclear accidents, Windscale 1957, Kyštym 1957 and Chernobyl, 1986 (De Cort et al., 1998; Mitrovic et al., 2009), or as a consequence of natural disasters (Fukushima 2011); from soil they can be transferred to vegetables and to grass, and in this way to animal and finally to man (Mestikou et al., 2018).  Among them, 137Cs is the most significant radioactive pollutant released in the environment; it is a beta-gamma emitting fission product with medium-long half-life (30.17 years). Showing a chemical similarity to potassium, it undergoes biological magnification as it becomes increasingly concentrated in higher trophic levels of the food chain.  137Cs significantly enters the milk chain and it, after ingestion, is rapidly adsorbed by the bloodstream and can be distributed in all cells of the body particularly in all soft tissues in animals including, muscle and bones. Its activity concentration in samples of human food decreases with time after deposition according to its biological, ecological and physical half-life.  
In this frame the aim of the study is: a) to complete previous researches carried out on diet by authors (Desideri et al., 2007, 2010, 2011, 2014; Meli et al. 2013, 2014, 2016) in order a) to provide information on natural and artificial radioactivity background in baby food; b) to determine the 137Cs content in baby food to evaluate the residual impact of nuclear weapon testing and the nuclearl accident c) to calculate the committed effective doses for infants < 1 year old and 1-2 years old, due to the intake of radionuclides through the foodstuffs ingestion. 

2. MATERIALS AND METHODS
2.1. Sampling and sample preparation
Twenty-five popular baby foods widely consumed by Italian infants were analysed. These were imported from various regions of European Union (Italy, Germany, Spain, Holland, Switzerland) and were bought in the local food markets. Food items were divided into three groups: cream of rice (3), homogenized (3 fruits, 3 fish, 4 meat, 2 baby cheese) and powdered milk (10) that is the basic food for baby in the first 6 months substituting for human breast milk. Since powdered milk is usually imported, the level of radioactivity depends on the region of milk origin

As far as the homogenized samples are concerned, a suitable amount (about 100 g) was weighed, frozen at -20° C and the next day, freeze-dried for 24 hr using a freeze dryer module EDWARDS; the dehydrated samples were weighed. The average ratio percent between dry and wet weight (dw/ww) was 18.25 ± 3.30 %.

2.2. Experimental setup
The determination of radionuclides concentration was carried out by four different techniques: a) high resolution gamma spectrometry for 40K and 137Cs (GS); b) alpha spectrometry (AS) for 210Po; c) liquid scintillation counting (LSC) for 226Ra and d) mass spectrometry (ICP-MS) for 232Th and 238U. 
Gamma spectrometry. The technique allows to determine simultaneously many radionuclides by a direct measurement of the sample without any specific pre-treatment.
The samples of baby food were weighed (about 200 g of homogeneized, 100 g of powdered milk and 70 g of rice cream) and packed in their natural state, without previous treatment, into Marinelli beakers of 180 ml sizes. All the measurements were performed for 150,000 s using a p-type coaxial HPGe detector by Ortec®; characterized by relative efficiency of 20% and energy resolution (FWHM) of 1.8 keV at 1.33 MeV. Gamma spectra were analysed by Canberra®) Genie-2000 software. Efficiency and energy calibration were obtained through the use of gamma–ray reference standard solutions of mixed radionuclides certified by the Italian National Institute of Metrology of Ionizing Radiation (ENEA INMRI). Performances of the measuring system are periodically checked through the participation to international intercomparison exercices (Procorad and IAEA-Almera). Taking into account the density of the analysed matrices no correction for self -absorption was applied 
Alpha Spectrometry. It was applied for the determination of natural isotope 210Po. This radiometric technique consists in measurements of the sources obtained by spontaneous deposition of radionuclide from the solution arising from the complete dissolution of the sample (in duplicate). The radioanalytical method accuracy was regularly checked through participation in intercomparison exercises organized by the International Atomic Energy Agency (IAEA). 
The method was the following: 5-20 g dry weight of each sample was spiked with a known activity of 209Po as internal standard yield and then treated several times with concentrated nitric acid and hydrogen peroxide to help in oxidizing the organic compounds. When the solution resulted clear, the liquid was evaporated to dryness and the residue dissolved in 80 ml of 1M hydrochloric acid. After addition of 100 mg of ascorbic acid to eliminate the ferric ion interference and 10 ml of 25% sodium citrate, both 210Po and 209Po were plated at 85-90°C and pH 1.5-2.0, continuously for 4 h, onto a silver disk, placed in a syringe and immersed in the solution. No preliminary separation was required and essentially quantitative recoveries were calculated by using the 209Po tracer (Meli et al., 2018). The silver discs were counted by an -spectrometer equipped with a semiconductor silicon detector of surface barrier type (300 mm2 active surface, resolution 20 keV, 31.7±3.1%. of counting efficiency, and 2 * 10-6 s-1 of the background in the interested energy region) (Canberra Industries, Inc., 800 Research Parkway, Meriden, CT 06450) and connected to a computerized multichannel analyzer. Counting times ranged from 1000 to 3000 min to achieve good counting statistics. 210Po activity concentration was calculated comparing the areas of the two peaks, clearly resolved, of 210Po (at 5.30 MeV) and of 209Po (at 4.88 MeV). The mean chemical yield for polonium resulted 88.1±9.0 %. 

Mass spectrometry and liquid scintillation. The determination of 238U and 232Th was carried out by inductively coupled plasma and mass spectrometry (ICP-MS), whereas the determination of the natural isotope 226Ra was performed by liquid scintillation technique (LSC). The sample dissolution was the same for both techniques. About 5 g dry weight of each sample was treated several times with concentrated nitric acid and hydrogen peroxide to help in oxidizing the organic compounds; when the solution resulted clear, the liquid was evaporated to dryness, the residue dissolved in 25 ml of 1M nitric acid and the solution was filtered. In light of the sample treatment adopted, in both cases a 100% recovery of the analyte was assumed.
ICP-MS. All the measurements were performed by the ICP mass spectrometer Agilent 7700x equipped with a low-flow concentric nebulizer, a quartz Scott-type double-pass spray chamber with a standard Peltier cooling system, a new fast frequency-matching RF generator, a new 3rd generation cell (ORS3) which delivers significantly interference removal in helium cell gas mode and a high-frequency (~3 MHz) quadrupole mass-analyzer (resolution = 0.6 – 0.7 amu). 

The nitric sample solution (2 ml for homogenized and 4 ml for powdered milk and cream of rice) was evaporated to dryness, then redissolved in 5 ml of ultrapure HNO3 1% and measured by ICP- MS. The calibration curves for natural uranium and thorium-232 were obtained respectively by certified solutions at different mass concentrations (10-100-500 ng/L for U and 10-50-100 ng/L for Th). 
LSC. The remaining solution was evaporated to near dryness, treated several times with concentrated nitric acid and hydrogen peroxide until a clear residue was obtained and finally dissolved in 8 ml of a nitric solution at ph 1.5. The solution was transferred in a PTFE vial, added with the immiscible scintillation cocktail Ultima Gold F and placed at rest in a dark and cool environment; a waiting time of 21 days is necessary in order to obtain the radioactivity equilibrium. In this method, the volatility of 222Rn is utilised, by allowing his complete and selective transfer from the aqueous solution containing 226Ra to an overlying immiscible organic phase containing the scintillation cocktail. The transfer of 222Rn and the obtaining of the secular equilibrium with its short-life daughters requires about four weeks; three alpha decays (222Rn, 218Po, 214Po) and two beta decays (214Pb, 214Bi) are observed for each 226Ra decay. The samples were counted in the low-level scintillation system Quantulus 1220 from Perkin Elmer and the alpha/beta discrimination was applied. Only the alpha emissions were considered because of their low background levels and high counting efficiency (above 240%).  A counting time up to 5000 minutes was established, but, in spite of the high performances of the technique, the too low mass of samples analysed did not allow to reach values of minimum detectable concentration (MDA) low enough to be useful for a significant dose evaluation, not even in terms of upper limit. 
For every analytical technique a blank sample was also prepared, in order to take into account possible impurity of reagents and release from containers and equipments.
2.3. Statistical analyses


 The data were grouped according to food item and, for every item, the concentrations, expressed as arithmetical means and the relevant standard deviation (SD), the minimum and maximum values are shown. The radionuclides activity concentration with the relevant uncertainty was reported; total uncertainty of each measurement was calculated taking into account uncertainties related to counting statistic, background fluctuation, efficiency calibration and sample weighting.
2.4. Annual dose calculation
Milk is an important component of human nutrition and its radioactivity content is an object of continuous monitoring (Spasova et al., 2008). The annual effective dose, which is correlated to the health risk to the whole body for infant due to the ingestion of radionuclides through the powdered milk consumption was estimated in this study. The 137Cs, 238U, 232Th and 210Po annual intake (Bq y-1) was calculated by the product of the radionuclide arithmetical mean concentration (C, Bq kg-1) and the ingestion rate (I, kg y-1) using the following formula:   

Intake =   C   *   I 

For 137Cs concentration below the detection limit, the MDA was considered. The mean powder milk consumption by infants depends on the age; in this paper, we used the ingestion rate recommended by ICRP of 22.4 and 15 kgy-1 for infants < 1 year old and 1-2 years old respectively (ICRP, 1996). The annual committed effective dose (D, Sv y-1) for the radionuclide was calculated by the product of the intake (Bq y-1) and is the conversion factor (Q, SvBq-1) using the following formula: 
D =   I   *   Q
The conversion factors for infants < 1 year old and 1-2 years old recommended by ICRP 119 (ICRP, 2012) were shown in table 1; the formula should be applied to all artificial radionuclides found in food, but only the 137Cs was considered, as all the others radionuclides of artificial origin can be considered absent, being their concentrations t lower than instrumental sensitivity; 226Ra was not considered, due to the high MDA of this radionuclide. 
3. RESULTS AND DISCUSSION
Table 2 shows for all radionuclides determined the minimum detectable activity concentration (MDA) found for every sample. The artificial 137Cs was always below MDA, therefore, its concentration was always below the limit set by European Community Regulation 237/08 (EC, 2008) and below the Guideline levels by WHO 1995, amended in 2010, (WHO, 2010). 
The natural 226Ra was always below MDA. 40K, 238U, 232Th and 210Po minimum and maximum concentrations, arithmetical mean activity concentration, with the relevant standard deviation were listed in table 3, for all three food items of samples analysed. 40K was detectable in 23 on 25 samples; the activity concentrations were relative high; it is due to the fact that potassium, an essential element for humans and widely distributed in the environment (Uwatse et al., 2015), can be easily transferred through the food chain. This radionuclide, in homogenized samples (meat, fish, fruits, cheese), ranged from < 13.6 to 97.2 Bqkg-1 (mean value ± SD: 53.8±30.6 Bqkg-1), from 145.2 to 233.3 Bqkg-1 in milk powder (mean value ± SD: 180.1±24.4 Bqkg-1); from 47.9 to 123.5 Bqkg-1 in cereal cream (mean value ± SD: 79.2±39.4 Bqkg-1). 210Po was always detectable in all samples; this radionuclide, in homogenized samples (meat, fish, fruits, cheese), ranged from 0.005 to 0.110 Bqkg-1 (mean value ± SD: 0.027±0.028 Bqkg-1), from 0.047 to 0.238 Bqkg-1 in powdered milk samples (mean value ± SD: 0.094±0.055 Bqkg-1); from 0.042 to 0.073 Bqkg-1 in cereal cream samples (mean value ± SD: 0.059±0.016 Bqkg-1). 238U was always detectable in all samples; this radionuclide, in homogenized samples (meat, fish, fruits, cheese), ranged from 0.0082 to 0.0309 Bqkg-1 (mean value ± SD: 0.0151±0.0063 Bqkg-1), from 0.039 to 1.65 Bqkg-1 in powdered milk samples (mean value ± SD: 0.243±0.497 Bqkg-1); from 0.026 to 0.075 Bqkg-1 in cereal cream samples (mean value ± SD: 0.052±0.025 Bqkg-1). 232Th was always detectable in all samples; this radionuclide, in homogenized samples (meat, fish, fruits, cheese), ranged from 0.0003 to 0.0030 Bqkg-1 (mean value ± SD: 0.0010±0.0009 Bqkg-1), from 0.0028 to 0.0150 Bqkg-1 in powdered milk samples (mean value ± SD: 0.0071±0.0045 Bqkg-1); from 0.0076 to 0.0107 Bqkg-1 in cereal cream samples (mean value ± SD: 0.0066±0.0047 Bqkg-1). The natural radionuclides activity concentration follows the trend: powdered milk > cereal cream > homogenized food. 
Table 4 shows a comparison between the present data and those available literature (Al-Masri et al., 2004; Abojassim et al., 2015; Jemii & Alharbi, 2018; Prabhath et al., 2015; Spasova et al., 2008; Strok and Smodis, 2011; Uwatse, et al., 2015); good agreement exists between the 210Po, 238U, 226Ra and 232Th activity concentrations found by the authors in this study and those reported by other authors for baby food.

Table 5 shows a comparison between the 210Po, 238U, 226Ra and 232Th activity concentration found in this study for baby food and those reported by UNSCEAR (UNSCEAR, 2000) for European diet; the reference values were also showed; good agreement exists between the values found by authors and those reported by UNSCEAR. 

The UNSCEAR report does not provide any information about Italian diet and baby food, so the results found in this paper represent an important complement of the European data of natural radioactivity in foodstuffs in general and in baby food in particular. Furthermore, the European data, furnished by UNSCEAR, show a wide variation range and indicate that the natural radionuclides concentration can depend on geological, climate and agricultural conditions; therefore, for a more reasonable estimation, site-specific data are necessary.
3.2. Radiation dose estimation  

Age groups selected for dose estimation due to natural radionuclides and 137Cs in powdered milk were infants < 1 year old and infants 1-2 years old. Baby 0-6 months is feed almost 100% milk. However, after the age of six months, the baby starts to have more solid foodstuff. From 1-2 years reasonable amount of food other than milk are given to him; after an age of 2 years, the diet is similar to that of adult. 
Table 6 shows the 238U, 232Th, 210Po and 137Cs intake (Bq y-1) by infant < 1year old and 1-2 years old due to a mean ingestion of 22.4 and 15 kgy-1 respectively as reported by ICRP (ICRP, 1996) of powdered milk with minimum, maximum and mean activity concentration. The same table shows also the committed effective annual dose due to these intakes. For 137Cs concentration below the detection limit, the MDA was considered. 226Ra was not considered, in fact, in spite of the high performances of the determination technique (LS), the too low mass of samples analysed did not allow to reach values of minimum detectable concentration (MDA) low enough to be useful for a significant dose evaluation, not even in terms of upper limit. A more satisfactory analysis of dosimetric impact of 226Ra contained in baby diet is thus postponed to a future work.
The 210Po, 238U, 232Th and 40K intake (Bqy-1) for infants < 1year old ranged from 1.05 to 5.33 (mean value 2.10 Bqy-1), from 0.87 to 37 (mean value 5.44 Bqy-1), from 0.063 to 0.336 (mean value 0.109 Bqy-1), from 3248 to 5219 (mean value 4032 Bqy-1) respectively; the 210Po, 238U,  232Th and 40K intake for infants 1-2 years old ranged from 0.70 to 3.57 (mean value 1.41 Bqy-1), from 0.58 to 24.7 (mean value 3.64 Bqy-1), from 0.042 to 0.225 (mean value 0.106 Bqy-1), from 2175 to 3495 (mean value 2700 Bqy-1) respectively. 137Cs intake was < 21.7 and < 14.5 Bqy-1for infants < 1 year and for infants 1-2 years old respectively.
The resulting committed effective dose (Sv y-1) for infants < 1year old was 58.8-298 (mean value 118 Sv y-1), 0.122-5.17 (mean value 0.762 Sv y-1), and 0.101-0.538 (mean value 0.174 Sv y-1) from natural 210Po, 238U and 232Th respectively and for infants 1-2 years old was 6.16-31.4 (mean value 12.4 Sv y-1), 0.070-2.97 (mean value 0.437Sv y-1) and 0.019-0.101 (mean value 0.048 Sv y-1) from natural 210Po, 238U, and 232Th respectively. It is clear that the major contribution of the total annual effective dose comes from 210Po (the most radiotoxic radionuclide) with the highest dose conversion factor; the mean values are in good agreement with that reported by UNSCEAR (UNSCEAR, 2000) for infants 1-2 years old (180, 0.23, 0.26 Svy-1 for 210Po, 238U, 232Th respectively). The trend of the committed effective dose due to ingestion of powder milk was: 210Po > 238U > 232Th. 238U and 232Th, determined in this study contribute not much to the dose because they show a little activity concentration and a little dose conversion factor. The mean values of dose from 210Po, 238U, and 232Th ingestion account for 0.4-3.8, 0.014-0.024, and 0.0015-0.0056 % respectively of the natural radiation exposure in Italy (3.1 mSv y-1). 
The resulting committed effective dose (Sv y-1) from artificial 137Cs ingestion was <0.239 and < 0.175 Sv y-1 for infants < 1 year and for infants 1-2 years old respectively. The values of dose from 137Cs ingestion account for <0.77 % of the natural radiation exposure in Italy.
These results show that it is very important to determine the radioactivity level in the baby food to ensure the safety and suitability of a food consumed in a significant amount in a sensitive period of their life.
4. CONCLUSION
There are still limited data on natural radioactivity levels in baby food around the world and in particular in Italy to be used for radiological health risk assessment. In this study, the natural radionuclides (238U, 226Ra, and 210Po, 232Th and 40K) activity concentration was determined in 25 popular baby food products; also artificial 137Cs was determined. These results integrate the previous researches carried out by the authors on diet. Natural radionuclides in baby food were found to be relatively low. The artificial 137Cs was always below MDA and, therefore, its concentration was always below the limit set by European Community Regulation 237/08 and below the Guideline levels by WHO 1995, amended in 2010. 
Ensuring safety and suitability of the foodstuff is an increasingly urgent need not only for national and international health organizations but above all for the population itself.  In this frame it is very important to have a clear knowledge of the different harmful agents that can impact of foodstuff quality. Radioactivity is surely among them, even if up today no large studies have been realized on baby food, particularly on the possible contamination by natural radioactivity. This work was born just to lay a foundation on this matter and to be a motivation to enlarge this kind of studies to obtain more consistant result for reducing radioactivity effects on health at an age particularly significant for the future wellness of a person in his whole lifetime.
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Table 1. 232U, 232Th, 210Po, 40K and 137Cs conversion factors (Sv Bq-1) for infants < 1 year old and 1-2 years old recommended by ICRP 119 (ICRP, 2012)

	Age group
	210Po
	238U
	232Th
	40K

	<1 year
	56
	0.14 
	1.6
	0.052

	1-2 years old
	8.8
	0.12
	0.45
	0.042


Table 2. MDA values (Bqkg-1) for the radionuclides determined by alpha (AS) and gamma spectrometry (GS), by liquid scintillation 

(LSC) and mass spectrometry (ICP-MS) in baby food consumed in Italy

	
	
	Number
	Manufacturing
	40K
	137Cs
	210Po
	238U
	232Th
	226Ra

	
	Food
	Sample
	Country
	GS
	GS
	AS
	ICP-MS
	ICP-MS
	LSC

	
	Powdered milk
	1
	Italy
	21.7
	0.4
	1.0E-03
	5.8E-05
	2.5E-05
	0.600

	
	
	2
	Germany
	28.7
	0.8
	1.0E-03
	5.7E-05
	2.5E-05
	0.600

	
	
	3
	Germany
	24.1
	1.1
	1.0E-03
	5.4E-05
	2.4E-05
	0.600

	
	
	4
	Switzerland
	24.7
	1.1
	1.0E-03
	5.8E-05
	2.5E-05
	0.600

	
	
	5
	European Union
	25.6
	1.1
	1.0E-03
	5.4E-05
	2.4E-05
	0.600

	
	
	6
	European Union
	26.8
	1.2
	1.0E-03
	5.8E-05
	2.5E-05
	0.600

	
	
	7
	Germany
	24.3
	1.1
	1.0E-03
	5.8E-05
	2.5E-05
	0.600

	
	
	8
	Germany
	28.1
	0.8
	1.0E-03
	5.7E-05
	2.5E-05
	0.600

	
	
	9
	Holland
	24.6
	1.1
	1.0E-03
	5.7E-05
	2.5E-05
	0.600

	
	
	10
	Italy
	22.6
	1.0
	1.0E-03
	5.8E-05
	2.5E-05
	0.600

	
	
	
	
	
	
	
	
	
	

	
	Homogenized food -rabbit
	11
	European Union
	7.3
	0.6
	1.0E-03
	2.0E-05
	8.3E-06
	0.079

	
	                              lamb
	12
	European Union
	13.0
	0.6
	1.0E-03
	2.2E-05
	9.5E-06
	0.079

	
	                              turkey
	13
	Spain
	13.0
	0.6
	1.0E-03
	1.9E-05
	8.2E-06
	0.079

	
	                              veal
	14 
	European Union
	13.5
	0.6
	1.0E-03
	1.9E-05
	8.2E-06
	0.079

	
	
	
	
	
	
	
	
	
	

	
	                              bream
	15
	Italy
	13.5
	0.6
	1.0E-03
	1.7E-05
	7.4E-06
	0.075

	
	                              salmon
	16
	Italy
	13.3
	0.6
	1.0E-03
	1.7E-05
	7.6E-06
	0.075

	
	                              sea bass
	17
	Italy
	6.3
	0.6
	1.0E-03
	1.7E-05
	7.5E-06
	0.075

	
	
	
	
	
	
	
	
	
	

	
	                              cheese
	18
	European Union
	15.3
	0.6
	1.0E-03
	2.3E-05
	1.0E-05
	0.160

	
	                              cheese
	19 
	Italy
	13.7
	0.6
	1.0E-03
	3.0E-05
	1.3E-05
	0.160

	
	
	
	
	
	
	
	
	
	

	
	                              apple
	20 
	Italy
	13.6
	0.6
	1.0E-03
	2.1E-05
	9.0E-06
	0.097

	
	                              pear
	21 
	Italy
	14.2
	0.6
	1.0E-03
	2.2E-05
	9.5E-06
	0.097

	
	                              banana
	22 
	Italy
	17.4
	0.8
	1.0E-03
	2.5E-05
	1.1E-05
	0.097

	
	
	
	
	
	
	
	
	
	

	
	Cereal cream 
	23
	European Union
	29.2
	0.7
	1.0E-03
	5.6E-05
	2.4E-05
	0.719

	
	
	24
	European Union
	35.6
	1.6
	1.0E-03
	5.8E-05
	2.5E-05
	0.719

	
	
	25
	European Union
	39.9
	1.7
	1.0E-03
	5.9E-05
	2.6E-05
	0.719


Table 3. 40K,210Po, 238U and 232Th concentration (Bqkg-1) in baby food consumed in Italy 
	
	Food
	Number 
	40K(GS)
	210Po (AS)
	238U(ICP-MS)
	232Th(ICPMS)

	
	Powdered milk
	1
	145.2 ± 9.90
	0.107±0.011
	0.043±0.002
	0.0150±0.0009

	
	(10 samples)
	2
	233.3 ± 15.6
	0.099±0.010
	0.079±0.004
	0.0106±0.0006

	
	
	3
	171.6 ± 11.8
	0.088±0.009
	1.65±0.082
	0.0114±0.0006

	
	
	4
	171.2 ± 11.9
	0.056±0.006
	0.073±0.004
	0.0107±0.0006

	
	
	5
	173.8 ± 12.1
	0.055±0.006
	0.039±0.002
	0.0029±0.0002

	
	
	6
	162.4 ± 11.7
	0.104±0.011
	0.172±0.009
	0.0040±0.0003

	
	
	7
	190.6 ± 12.9
	0.069±0.007
	0.104±0.005
	0.0056±0.0004

	
	
	8
	191.6 ± 13.2
	0.238±0.024
	0.180±0.009
	0.0047±0.0004

	
	
	9
	163.9 ± 11.5
	0.076±0.008
	0.049±0.002
	0.0029±0.0002

	
	
	10
	197.4 ± 13.0
	0.047±0.005
	0.043±0.002
	0.0028±0.0002

	
	
	Minimum
	145.2±9.90
	0.047±0.005
	0.039±0.002
	0.0028±0.0002

	
	
	Maximum
	233.3±15.6
	0.238±0.024
	1.65±0.082
	0.0150±0.0009

	
	
	Mean±SD
	180.1±24.4
	0.094±0.055
	0.243±0.497
	0.0071±0.0045

	
	
	
	
	
	
	

	
	Homogenized food
	
	
	
	
	

	
	(12 samples)

rabbit
	11
	97.3 ± 6.2
	0.110±0.011
	0.0094±0.0006
	0.0030±0.0002

	
	Lamb

turkey
	12

13 
	46.9 ± 3.9

44.3 ± 4.1
	0.014±0.002

0.013±0.002
	0.0095±0.0006

0.0169±0.0010
	0.0015±0.0001

0.0012±0.0001

	
	veal
	14 
	39.6 ± 3.9
	0.016±0.002
	0.0122±0.0007
	0.0024±0.0002

	
	
	
	
	
	
	

	
	bream
	15 
	37.3 ± 3.9
	0.018±0.002
	0.0188±0.0010
	0.0004±0.00003

	
	salmon
	16 
	34.6 ± 3.7
	0.019±0.002
	0.0194±0.0010
	0.0004±0.00003

	
	sea bass
	17 
	90.2 ± 5.8
	0.010±0.002
	0.0180±0.0010
	0.0003±0.00002

	
	
	
	
	
	
	

	
	cheese
	18 
	< 15.3
	0.011±0.002
	0.0135±0.0007
	0.0005±0.00003

	
	cheese
	19 
	90.9 ± 6.4
	0.047±0.005
	0.0309±0.0008
	0.0008±0.00006

	
	
	
	
	
	
	

	
	apple
	20 
	< 13.6
	0.031±0.004
	0.0082±0.0005
	0.0004±0.00003

	
	pear
	21 
	43.2 ± 4.2
	0.037±0.004
	0.0111±0.0006
	0.0005±0.00003

	
	banana
	22 
	92.6 ± 7.0
	0.005±0.010
	0.0134±0.0007
	0.0007±0.00006

	
	
	Minimum
	<13.6
	0.005±0.010
	0.0082±0.0005
	0.0003±0.00002

	
	
	Maximum
	97.3±
	0.110±0.010
	0.0309±0.0008
	0.0030±0.0002

	
	
	Mean± SD
	53.8±30.6
	0.027±0.028
	0.0151±0.0063
	0.0010±0.0009

	
	
	
	
	
	
	

	
	Cereal cream 
	23
	66.3 ± 7.8
	0.063±0.007
	0.055±0.003
	0.0015±0.0001

	
	(3 samples)
	24
	47.9 ± 8.4
	0.042±0.005
	0.026±0.002
	0.0107±0.0006

	
	
	25
	123.5 ± 11.9
	0.073±0.008
	0.075±0.004
	0.0076±0.0005

	
	
	Minimum
	47.9 ± 8.4
	0.042±0.005
	0.026±0.002
	0.0076±0.0005

	
	
	Maximum
	123.5 ± 11.9
	  0.073±008
	    0.075±0.004
	  0.0107±0.004

	
	
	Mean± SD
	79.2±39.4
	0.059±0.016
	  0.052±0.025
	0.0066±0.0047

	
	
	
	
	
	
	


Table 4. Comparison of the activity concentration (Bqkg-1) between the present work and literature values 

	References
	Site
	Kind of sample and number
	210Po
	40K 
	232Th
	226Ra

	Present work, 2018
	Italy
	Powdered milk (10) Homogenized products (12)
	0.047-0.238

0.005-0.110
	145.2-233.3

<13.6-97.3
	0.0028-0.015

0.003-0.030
	<0.200

	
	
	Cereal cream (3)
	0.042-0.073
	47.9-123.5
	0.008-0.0107
	<0.200

	Abojassim et al., 2015
	Iraq
	Biscuits (10)
	
	156-350
	1.84-16.65
	0.986-25.6

	Prabhath et al., 2015
	India
	Powdered milk (11)
	0.08-0.23
	
	
	

	Uwatse, et al., 2015
	Malaysia
	Powdered milk  (15)
	
	40.3-254
	0.31-8.57
	1.51-7.06

	Strok and Smodis, 2011
	Slovenia
	Powdered milk  
	0.055-0.467
	
	
	

	Al-Masri et al., 2003
	Syria
	Baby milk (11)
	0.28-2.89
	129-435
	
	

	Spasova et al., , 2008
	Europe
	Powdered milk 
	
	578±96
	
	

	Jemii & Alharbi, 2018
	Saudi Arabia
	Powdered milk (5)
	
	281-443
	0.21-0.84
	0.26-1.06


Table 5. Comparison between the natural radionuclides mean concentration (Bqkg-1) determined for baby food in this study and that reported by UNSCEAR (2000) as reference value and for European diet (except Italy).

	European adult diet  (by UNSCEAR)
	Reference 
210Po
	Value 
238U
	232Th
	226Ra
	European

210Po
	diet

238U
	232Th
	226Ra

	Milk products
	0.015
	0.001
	0.0003
	0.005
	0.002-0.22
	0.0001-0.0049
	0.0012
	<0.0004-0.200

	
	
	
	
	
	
	
	
	

	Meat products
	0.060
	0.002
	0.001
	0.015
	0.037-67
	0.001-0.020
	0.0005-0.0036
	0.002-0.220

	
	
	
	
	
	
	
	
	

	Grain products
	0.060
	0.020
	0.003
	0.080
	0.020-1.9
	0.0047-0.400
	0.0016-0.033
	0.0007-5.200

	
	
	
	
	
	
	
	
	

	Leafy vegetables
	0.100
	0.020
	0.015
	0.050
	0.004-7.4
	0.006-2.200
	0.004-0.007
	0.0022-1.150

	
	
	
	
	
	
	
	
	

	Roots and fruits
	0.040
	0.003
	0.0005
	0.030
	0.012-5.2
	0.0001-2.900
	0.0004-0.0071
	0.005-9.400

	
	
	
	
	
	
	
	
	

	Fish products
	2.00
	0.030
	0.010
	0.100
	0.050-120
	0.0025
	-
	0.0085-7.400

	
	
	
	
	
	
	
	
	

	Water and beverages
	0.005
	0.001
	0.00005
	0.0005
	0.0001-7.6
	0.0004-150
	0.00004-0.0093
	0.0002-49.000

	
	Baby food                
	(this 
	paper)
	
	
	
	
	

	Powdered milk (10)
	0.094
	0.243
	0.0071
	<0.600
	
	
	
	

	
	
	
	
	
	
	
	
	

	Homogenized products
	
	
	
	
	
	
	
	

	Meat (4)
	0.038
	0.0120
	0.00200
	<0.079
	
	
	
	

	Fish (3)
	0.016
	0.0187
	0.00037
	<0.075
	
	
	
	

	Cheese (2)
	0.029
	0.0222
	0.00065
	<0.160
	
	
	
	

	Fruits (3)
	0.024
	0.0109
	0.00053
	<0.097
	
	
	
	

	
	
	
	
	
	
	
	
	

	Cereal cream (3)
	0.059
	0.052
	0.0066
	<0.719
	
	
	
	


Table 6. 232U, 232Th, 210Po, 40K and 137Cs mean concentration (Bqkg-1) in baby food, annual intake (Bqy-1), relevant committed effective dose (Svy-1) and 

	Food
	Consumption
	
	137Cs
	210Po
	238U
	232Th
	40K

	Powder milk
	Present work
	Mean  concentration (Bqkg-1)
	<0.97
	0.094
	0.243
	0.007
	180

	
	22.4 kgy-1 (ICRP, 1996)
	Annual mean intake (qy-1)
	<21.73
	2.11
	5.44
	0.16
	4032

	
	
	Mean Committed effective dose
	<0.239
	117.91
	0.76
	0.254
	209.7

	Meat product
	Present work
	Mean  concentration (Bqkg-1)
	<0.6
	0.038
	0.012
	0.0020
	57.0

	
	15 kgy-1 (UNSCEAR, 2000)
	Annual mean intake (qy-1)
	<9.0
	0.57
	0.18
	0.03
	855

	
	
	Mean Committed effective dose
	<0.099
	31.92
	0.025
	0.048
	44.5

	Grain product
	Present work
	Mean  concentration (Bqkg-1)
	<0.13
	0.059
	0.052
	0.0077
	79.2

	
	45 kgy-1 (UNSCEAR, 2000)
	Annual mean intake (qy-1)
	<5.85
	2.655
	2.34
	0.3465
	3564

	
	
	Mean Committed effective dose
	<0.064
	148
	0.328
	0.554
	185

	Root and fruits
	Present work
	Mean  concentration (Bqkg-1)
	<0.7
	0.024
	0.011
	0.0005
	49.8

	
	60 kgy-1( UNSCEAR, 2000)
	Annual mean intake (qy-1)
	<42
	1.44
	0.66
	0.03
	2988

	
	
	Mean Committed effective dose
	<0.46
	80.64
	0.092
	0.048
	155

	Fish products
	Present work
	Mean  concentration (Bqkg-1)
	<0.6
	0.016
	0.019
	0.0004
	54.0

	
	5  kgy-1 (UNSCEAR, 2000)
	Annual mean intake (qy-1)
	<3.0
	0.08
	0.095
	0.002
	270

	
	
	Mean Committed effective dose
	<0.033
	4.48
	0.013
	0.0032
	14.0

	Diet
	<1year
	Annual Intake (qy-1)
	
	21
	1.9
	0.6
	

	UNSCEAR, 2000
	
	Committed effective dose (Svy-1)
	
	180
	0.23
	0.26
	185

	Diet
	adult
	Annual Intake (qy-1)
	
	58
	5.7
	1.7
	

	UNSCEAR, 2000
	
	Committed effective dose (Svy-1)
	
	70
	0.25
	0.38
	165


comparison with the values of dose from diet reported by UNSCEAR (UNSCEAR, 2000) for infant < 1 year.
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