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Assessment of Natural Radioactivity Levels of 40K ,238Th  and 232Th in 

Some Selected Baby Food in Southwestern Nigeria 

 

Abstract 

Baby powdered milk is a nutritious source of food for infants and children. Most working 

class nursing mothers usually substitute breast milk for it when they are not available to take 

care of their kids. The contagious of chronic disease among infants has caused careful thought 

among the researchers. Food contamination through radioactivity cause severe health threat 

for infants because of their weak immune system. Radioactivity concentrated foods are very 

dangerous as they increase cumulative risks of developing cancer and other related diseases. 

Therefore, the assessment of radioactivity levels of 40K, 238Ra and 232Th in baby food and their 

associated doses are of crucial importance for health safety. This study focused on the 

radiation contamination of baby food and its implications on the infants health and safety. 

Four samples of baby powdred milk were investigated using gamma ray spectrometer. The 

results indicated that the concentrations of 40K, 238Ra and 232Th ranged from 212.6 Bq/kg to 

354.3 Bq/Kg, from  37.6 Bq/Kg to 129.3 Bq/Kg and from 83.2 Bq/Kg to 223.9 Bq/Kg, 

respectively. Although the level of radioactivity is relatively low in all the food samples and 

they are within the internationally acceptable values, this study revealed that 232Th and  226Ra 

are the most significant contributor to radiation exposure in baby food in Southwest Nigeria. 

Hence, baby powdered milk manufacturers should ensure reduction in the levels of these 

radionuclides and regulatory bodies should prioritize monitoring levels of  232Th and 226Ra in 

baby food to minimize health risks.  
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1.0  Introduction 

The natural radiation environment is the major source of radiation exposure to man, and it is 

made up of internal and external sources (Hussein et al., 2021; Joel et al., 2021). The most 

significant internal sources are 40K and 232Th, which are taken into the body through food and 

water (Siraz et al., 2023). Most of these substances originate from bedrock but are transferred 

into the food chains (Santhanabharathi et al., 2023). Almost every human receives a certain 

radiation dose from the food they eat (Babatude et al., 2015; Johansen et al., 2015). Ingestion 

of radionuclide through food intake may account for a substantial fraction of the average of 

radiation doses to various organs of the body (Giri et al., 2013; Paquet et al., 2016). A small 

amount radionuclide if ingested can cause a terrible health challenge (Sinha Ray & Elango, 

2019). Specifically, natural occurring radioelmentss such as Uranium, Thorium, potassium 

form the largest contribution to internal radiation dose received by human due to their 

widespread contribution in the environment (Hendry et al., 2009; Onoshowo, 2015; 

Babatunde et al., 2019). 
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Food contain natural and artificial radionuclide that greatly contributes to an effective internal 

dose when ingested. Studies have shown that a large percentage of the mean annual dose due 

to natural sources is caused by the intake of food (Abojassim et al., 2026; Pourimani & 

Rahimi, 2016). 232Th, 226Ra and 40k are the most common naturally occurring radionuclides 

present in the earth crust. They enter the human body through the food chain (Matthew et al, 

2015). Studies show that commercial baby foods are often contaminated with toxic heavy 

elements like lead, arsenic, thorium, mercury and cadmium (Zwierzchowski & Ametaj, 2018). 

These trace amount of food can alter the evolving brain and erode a child’s intelligent quotient 

(Bashir et al, 2012).  

In Nigeria, many mothers opt for formula baby food over breastfeeding due to a combination 

of socio-economic, cultural, and practical factors. One of the primary reasons is the increasing 

number of working-class mothers who find it challenging to balance work commitments with 

the demands of breastfeeding (Ogunba, 2019). With many workplaces lacking adequate 

facilities for breastfeeding or expressing milk, formula feeding becomes a more convenient 

alternative (Ogundare et al., 2023). Cultural shifts and urbanization have also played a role in 

the preference for formula (Anazonwu et al., 2018). The influence of Western lifestyles and 

the desire for convenience in fast-paced urban environments contribute to the growing 

acceptance of formula feeding (Aluko-Arowolo, 2012). Healthcare advice and practices also 

impact this preference. In some cases, healthcare providers may recommend formula feeding 

for various reasons, including the health of the mother or child, or due to perceived 

insufficiency of breast milk (Ukpabi et al., 2021).  

The use of baby formula, although essential for many families, carries specific risks related 

to its radioactive content. One of the primary concerns with baby formula is the potential 

contamination with natural radionuclides such as potassium-40 (40K), radium-238 (238Ra), and 

thorium-232 (232Th) (Jemii & Alharbi, 2018; Ong et al., 2024). These substances, while 

naturally occurring, can pose significant health risks, particularly for infants who are more 

vulnerable due to their developing bodies and weaker immune systems. Infants exposed to 

radioactive contaminants in baby formula can face severe health risks (Linet et al., 2018; Kiani 

et al., 2022). Radionuclides, once ingested, can accumulate in the body and continue to emit 

radiation, potentially damaging tissues and organs over time (Aaseth et al., 2019). This 

prolonged exposure increases the risk of developing various health issues, including cancer, 

bone marrow suppression, and thyroid problems. The delicate physiology of infants means 

that even low levels of radiation can have disproportionately high health impacts. The 

ingestion of radioactive substances can also lead to a substantial cumulative dose of radiation, 

heightening the risk of chronic health conditions and developmental issues bioaccumulation, 

where these contaminants build up in the body over time (Szynkowska et al., 2018). For 

infants, who have a longer expected lifespan, this bioaccumulation may pose a significant 

long-term risk.  

Measurements of natural radioactivity in environmental elements have been carried out in 

different countries to establish baseline data from the natural radiation levels (Ahmad et al., 

2015). According to Wm’s report (2021) , within the last ten years, there is an increase in 
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demand for baby food across the country which shows a higher rate of consumption of baby 

food across the country, especially the southwest Nigeria. Children below five are at high risk 

for foodborne illness and related health complications because they are under developing 

immune systems and cannot fight off infections like adults (Kiani et al., 2022). Thus, food 

poisoning for this age group can be dangerous and even a small amounts of toxins in baby 

food can build up chemical contamination over time (Mohammad et al., 2018). Research 

shows that 95% commercial baby foods are contaminated with toxic heavy (Parker et al., 

2022). Elements like lead, arsenic, mercury & cadmium and these trace amounts in food can 

alter the evolving brain and erode a child’s intelligent quotient (Kiani et al., 2022). 

Consumption of food which contains radionuclides is particularly dangerous (Murakami & 

Oki, 2014). If an individual ingests or inhales a radioactive particle, it continues to irradiate 

the body as long as it remains radioactive and stays in the body (Ademola and Ehiedu, 2010).  

Assessment of radioactivity levels in powdered milk (also known as baby formula) and cereals 

and their associated doses are of crucial importance for health and safety (Begam et al., 2020). 

Despite the widespread use of baby baby formula, there is limited data on the levels of natural 

radionuclides in these products in Southwestern Nigeria. This lack of information poses a 

potential risk to public health. Therefore, this study seeks to fill this gap by investigating the 

concentrations of 40K, 238Ra, and 232Th in selected baby food products and assessing their 

potential health impacts. Hence, the primary objective of this study is to assess the natural 

radioactivity levels of potassium-40 (40K), radium-238 (238Ra), and thorium-232 (232Th) in 

selected baby food products available in Southwestern Nigeria. The study aims to measure 

the concentrations of these radionuclides in baby powdered milk and evaluate the associated 

radiation doses. The goal is to determine if these levels are within internationally acceptable 

limits and to identify the radionuclides that significantly contribute to radiation exposure in 

infants. 

 

2.0 Materials and method 

2.1 Sample collection and preparation 

In this study, four samples of baby food; Nutribom (Sample A), Friska (Sample B), Dano 

(Sample C) and Cowbell (Sample D) were collected from local markets in Akesan area of 

Lagos, Southwest Nigeria. Approximately 75 gm of each samples were taken into air tight 

plastic pots having the same geometry and encoded with proper sample identification (ID). 

The samples were allowed to decay naturally for three weeks to ensure the parent-daughter 

equilibrium in the natural decay series. Activity measurements were performed using gamma 

ray spectrometer. The detector comprises of a 2” x 2” (50.8mm) diameter by 50.8 mm 

thickness. Tl activated NaI crystal and a photomultiplier tube (PMT) hermically sealed 

together in a metallic casing of diameter 58.4mm and height 132.0mm. 

The led shield is cylindrical and has 59.1mm thickness, 157.2mm inner diameter and a 

movable lid of 59.1m thickness. The led shield helps to reduce background count rate of the 

detector by attenuating and or absorbing some of the background radiation including 
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components of x-ray and gamma ray emitted from the materials in the surrounding of the 

spectrometer, other than sample being analysed. The level of background radiation around the 

detector was estimated by counting the empty samples container in the same geometry as the 

standards. The background count rate was subsequently subtracted from the sample count rate 

based on Equation 1 before calculating the activity concentration of radionuclides in the 

samples. 

Cs –  Cb  = Cn        (1) 

where, Cs is the sample countrage, Cb  is the background radiation countrage, and Cn is the net 

countrate sample. 

Actvitity concentrations: Actvitity concentrations of 40K, 232Th and 226 Ra were measured 

using gamma spectrometry, where the count rate from the detector is converted into an activity 

concentration using calibration factors based on Equation 2. 

Ac =  
xmxP

C

E

n


      (2) 

where  
E  is the efficiency of the detecting gamma rays of energy E by the detector, Cn is the 

net count rate under the photopeak corresponding to the gamma energy, P is the photon 

emission probability of the gamma rays of the energy E emitted by the radionuclide of the 

interest. Ac is the activity concentration of the radionuclide in the sample and m is the mass 

of the sample. 

Excess Lifetime Cancer Risk (ELCR). The excess lifetime cancer risk estimate the 

probability of developing cancer over a lifetime due to exposure using (Okedeyi et al., 2024): 

𝐸𝐿𝐶𝑅 = AED × DL × RF      (3) 

where 𝐴𝐸𝐷 is the annual effective dose equivalent, DL is the average duration of life (assumed 

to be 70 years), and 𝑅𝐹 is the risk factor (typically 0.05  S/v). 

Committed Effective Dose (mSv/year): Committed Effective Dose is the effective dose 

received by by infants through  ingestion of radioactive substances in powder milk over a 

specific period. It is calculated based on the activity concentrations, intake rates and dose 

coefficients for ingestion: 

𝐶𝐸𝐷 = ∑ (𝐶𝑖 × 𝐼𝑖 × 𝐷𝐶𝐹𝑖)𝑖       (4) 

where, Ci is the activity concentration of radionuclide i in Bq/kg, 𝐼𝑖 is the annual intake of 

radionuclide i (kg/year), and DCFi is the dose conversion factor for ingestion of radionuclide 

i (mSv/Bq). 
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3.0  Results and Discussion 

3.1 Net Count/Peak Area 

The net count/peak area in different samples of baby food are presented in Table1. As can be 

seen in the table , the highest radionuclide concentrations are due to 40K in sample A, C and 

D while the highest radio-nuclide concentration in sample B is due to 232Th. The 

concentrations of 40K, 226Ra and 232Th in the baby food samples ranged between minimum 

and maximum values as follows: 212 Bq/Kg and 354 Bq/Kg, 37.6 Bq/Kg and 129.3 Bq/Kg, 

83.2 Bq/Kg and 223.9 Bq/Kg, respectively. The mean concentration was observed to be 

highest for 40K followed by 232Th and the lowest mean concentration was for226Ra 

(290.7<175.8<86.9). Because 40K is an essential element for living organism, it cannot be 

avoided. The highest concentration of 40k was found in sample D while the lowest was found 

in sample B. The highest concentration of 226Ra was found in sample C while the loswet was 

found in sample B. The highest concentration of 232Th was found in sample D while the lowest 

was found in sample C. 

 

Table 1: Net Count/Peak Area 

# Sample 

40K 226R 232Th 

Net 

Count/area 
Std 

Net 

Count/area 
Std 

Net 

Count/area 
Std 

1 A 141 16.0 72 16.0 150 19.0 

2 B 126 24.0 32 17.0 161 17.0 

3 C 276 17.0 140 11.0 82 13.0 

4 D 223 28.0 89 15.0 184 13.0 

 

3.2 Activity Concentration 

Table 2 presents the activity concentrations of the three radionuclides: Potassium-40 (⁴⁰K), 

Radium-226 (²²⁶R), and Thorium-232 (²³²Th) across four samples labeled A, B, C, and D. 

Each radionuclide's concentration is accompanied by a standard deviation, indicating the 

precision of the measurements. For Potassium-40 (⁴⁰K), Sample A shows an activity 

concentration of 230.5 Bq/kg with a standard deviation of ±26.2 Bq/kg. Sample B has a 

slightly lower concentration of 212.6 Bq/kg but with a higher variability, indicated by a 

standard deviation of ±40.5 Bq/kg. Sample C exhibits a significantly higher concentration of 

365.5 Bq/kg and a lower standard deviation of ±22.5 Bq/kg, suggesting more consistent 

measurements. Sample D also has a high concentration of 354.3 Bq/kg, with a higher standard 

deviation of ±44.5 Bq/kg, reflecting greater variability. The mean concentration of ⁴⁰K across 

all samples is 290.7 Bq/kg, with an overall standard deviation of ±33.4 Bq/kg. 

Radium-226 (²²⁶R) shows varying concentrations across the samples. Sample A has an activity 

concentration of 82.1 Bq/kg with a standard deviation of ±18.2 Bq/kg. In Sample B, the 

concentration drops to 37.6 Bq/kg with a standard deviation of ±20.0 Bq/kg, indicating a wide 
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spread in the data. Sample C has the highest concentration of 129.3 Bq/kg with a much lower 

standard deviation of ±10.2 Bq/kg, suggesting precise measurements. Sample D shows a 

concentration of 98.6 Bq/kg with a standard deviation of ±16.6 Bq/kg. The average 

concentration of ²²⁶R is 86.9 Bq/kg, with an overall standard deviation of ±16.3 Bq/kg. 

For Thorium-232 (²³²Th), Sample A has an activity concentration of 187.8 Bq/kg with a 

standard deviation of ±23.8 Bq/kg. Sample B's concentration is slightly higher at 208.1 Bq/kg 

with a lower standard deviation of ±22.0 Bq/kg, indicating more precise measurements 

compared to Sample A. Sample C shows a lower concentration of 83.2 Bq/kg with a standard 

deviation of ±13.2 Bq/kg. Sample D has the highest concentration at 223.9 Bq/kg with a 

standard deviation of ±15.8 Bq/kg. The mean concentration of ²³²Th across all samples is 

175.8 Bq/kg, with an overall standard deviation of ±18.7 Bq/kg. 

 

Table 2: Activity Concentration of 40K, 226R and 232Th in the respective sampled baby food in 

southwestern Nigeria 

# 
Sample 

ID 

40K  226R  232Th 

AC Std  AC Std  AC Std 

1 Sample 

A 

230.5 ±26.

2 

 82.1 ±18.

2 

 187.

8 

±23.

8 

2 Sample 

B 

212.6 ±40.

5 

 37.6 ±20.

0 

 208.

1 

±22.

0 

3 Sample 

C 

365.5 ±22.

5 

 129.

3 

±10.

2 

 83.2 ±13.

2 

4 Sample 

D 

354.3 ±44.

5 

 98.6 ±16.

6 

 223.

9 

±15.

8 

 Mean 290.7  ±33.

4 

 86.9 ±16.

3 

 175.

8 

±18.

7 

AC : Activity Concentration 

 

Given the above, the findings reveal variability in the concentrations of these radionuclides 

across the different samples. Potassium-40 concentrations are highest in Samples C and D. 

Radium-226 shows the highest concentration in Sample C and the lowest in Sample B. 

Thorium-232 concentrations are highest in Sample D and lowest in Sample C. The variability 

indicated by the standard deviations suggests differences in the precision of measurements 

and possible variations in the environmental or source conditions of the samples. In other 

words, the results highlight significant variability in the activity concentrations of ⁴⁰K, ²²⁶Ra, 

and ²³²Th across the baby food samples. Sample C generally shows the highest concentrations 

of both ⁴⁰K and ²²⁶Ra, while Sample D has the highest concentration of ²³²Th. This suggests 

potential differences in ingredient sourcing, production processes, or environmental 

contamination levels among the samples. 
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Given the critical nature of baby food safety, these findings emphasize the need for stringent 

quality control and regular monitoring of radionuclide levels. Ensuring that these 

concentrations remain within safe limits is paramount to protect infant health. The high 

variability in some samples also points to the importance of consistent manufacturing 

practices to avoid uneven distribution of radioactive elements. 

The average 40K concentration across the samples was 290.7 ± 33.4 Bq/kg, with individual 

samples ranging from 212.6 Bq/kg to 365.5 Bq/kg. These values align with typical levels of 

naturally occurring 40K found in global foodstuffs (Olise et al., 2018). In contrast, 226Ra 

showed an average concentration of 86.9 ± 16.3 Bq/kg, ranging from 37.6 Bq/kg to 129.3 

Bq/kg, while 232Th averaged 175.8 ± 18.7 Bq/kg, ranging from 83.2 Bq/kg to 223.9 Bq/kg. 

Samples C and D exhibited higher levels of 226Ra and 232Th compared to Samples A and B, 

potentially influenced by local geological factors (Khattak et al., 2011). Comparing these 

findings with international standards, the elevated concentrations of 226Ra and 232Th in 

Samples C and D exceed the maximum permissible levels of 1 Bq/kg recommended by WHO 

guidelines for food safety (WHO, 2011). This indicates a need for further investigation to 

assess potential health risks, particularly for infants who are more vulnerable to radiation 

exposure. 

 

3.3 Spearman correlation results 

Table 4 presents the results of the Spearman correlation analysis performed on the collected 

sample foods.   

Correlation of 40K (Bq/kg) 

As can be seen in the table, the activity concentration of 40K exhibits a perfect positive 

correlation with 226Ra (1.0). This implies that in the samples studied, as the concentration of 
40K increases, the concentration of 226Ra increases proportionately. There is a moderate 

negative correlation with 232Th (-0.4), indicating an inverse relationship between 40K and 
232Th concentrations. The correlations of 40K with the absorbed dose rate, annual effective 

dose, radium equivalent activity, external hazard index, gamma index, and excess lifetime 

cancer risk are all weakly negative (-0.2), suggesting that 40K has a minimal negative impact 

on these radiological parameters. However, there is a moderate positive correlation (0.4) with 

the internal hazard index, indicating that 40K does contribute to the internal hazard. 

 

Correlation of 232Th (Bq/kg) 

The activity concentration of 232Th has strong positive correlations (0.8) with the absorbed 

dose rate, annual effective dose, radium equivalent activity, external hazard index, gamma 

index, and excess lifetime cancer risk. This indicates that 232Th significantly impacts these 

radiological parameters, contributing substantially to radiation exposure. The negative 

correlation (-0.4) with 40K and 226Ra suggests an inverse relationship, meaning higher levels 

of 232Th are associated with lower levels of 40K and 226Ra. The moderate positive correlation 

(0.4) with the internal hazard index shows that 232Th also contributes to internal radiation 

hazards. 
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Table 3. Spearman correlation result of 40K, 226R and 232Th in the respective samples 

 K 

(Bq/kg) 

Th 

(Bq/kg) 
Ra (Bq/kg) 

Excess Lifetime Cancer 

Risk (ELCR) 

K (Bq/kg) 1 -0.4 1 -0.2 

Th (Bq/kg) -0.4 1 -0.4 0.8 

Ra (Bq/kg) 1 -0.4 1 -0.2 

Excess Lifetime 

Cancer Risk (ELCR) 
-0.2 0.8 -0.2 1 

 

Correlation of 226Ra (Bq/kg) 

The activity concentration of 226Ra is perfectly positively correlated with 40K (1.0), indicating 

a strong relationship between these two radionuclides. It shows a weak negative correlation 

(-0.2) with the absorbed dose rate, annual effective dose, radium equivalent activity, external 

hazard index, gamma index, and excess lifetime cancer risk, suggesting that 226Ra has a 

minimal negative impact on these parameters. The moderate positive correlation (0.4) with 

the internal hazard index implies that 226Ra contributes to internal radiation hazards. 

 

3.5 Implications for Baby Food Safety  

Given the strong positive correlations of 232Th with most radiation exposure parameters, it is 

crucial to monitor and control 232Th levels in baby food to minimize health risks. Although 
226Ra shows a strong positive correlation with 40K, its impact on the radiation exposure 

parameters is less pronounced compared to 232Th. It still needs to be monitored but is not as 

critical as 232Th. The weak correlations of 40K with most radiation exposure parameters 

suggest that its presence in baby food is less of a concern in terms of radiation exposure. The 

perfect correlations among absorbed dose rate, annual effective dose, radium equivalent 

activity, external hazard index, gamma index, and excess lifetime cancer risk highlight that 

any increase in one of these parameters directly increases the others. Thus, maintaining low 

levels of 232Th and 226Ra is crucial for overall radiation safety. This findings indicate that 232Th 

is the most significant contributor to radiation exposure in baby food in Southwest Nigeria, 

followed by 226Ra. Efforts should be made to reduce the levels of these radionuclides in baby 

food to ensure the safety and health of infants. 40K, while naturally occurring, appears to have 

a minimal impact on radiation exposure parameters. Regulatory bodies should prioritize 

monitoring and controlling 232Th and 226Ra to minimize health risks. 

 

 4.  Conclusions 

A study of natural radioactivity in the baby food samples is usually done to provide 

information about the levels of harmful radiation in the environment and to understand the 

behavior of natural radionuclide. The purpose of this study is to analyse the level of 

radioactivity concentration of 40K, 226Ra and 232Th in four samples of baby food.  Although 

the level of radioactivity is relatively low in all the food samples and they are within the 

internationally acceptable values, this study revealed that 232Th is the primary contributor to 
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radiation exposure in baby food in Southwest Nigeria, followed by 226Ra. This study shows 

that 232Th has strong positive correlations with most radiation exposure parameters, making it 

a primary concern. Its presence in baby food poses a notable health risk, necessitating 

stringent monitoring and control measures. Although 226Ra also correlates with 40K, its impact 

on radiation exposure is less pronounced compared to 232Th, but it still requires monitoring. 

On the other hand, 40K, being naturally occurring, exhibits weak correlations with radiation 

exposure parameters and is less of a concern. 

 

The study emphasizes the interconnectedness of various radiation exposure parameters, such 

as absorbed dose rate, annual effective dose, radium equivalent activity, external hazard index, 

gamma index, and excess lifetime cancer risk. These parameters are perfectly correlated, 

meaning that any increase in one leads to increases in others, underscoring the importance of 

maintaining low levels of 232Th and 226Ra in baby food. When comparing these findings with 

the World Health Organization (WHO) recommendations, it becomes clear that both 

emphasize the importance of monitoring contaminants in baby food to ensure safety. The 

WHO provides guidelines for setting limits on various radionuclides in food, aiming to 

minimize exposure and prevent harmful health effects. However, the WHO recommendations 

are broader, addressing a wide range of contaminants without necessarily prioritizing specific 

radionuclides unless localized studies, like this one, indicate higher risks. 

 

The specific focus of the findings on 232Th and 226Ra aligns with the WHO's general principles 

but suggests a need for more localized and targeted regulations. The prioritization of 232Th 

due to its significant impact on radiation exposure parameters highlights the necessity for 

stricter control measures. Given the above, several scientific recommendations is made to 

enhance baby food safety. Firstly, it is crucial to implement stringent monitoring of 232Th 

levels in baby food. Setting lower permissible limits for 232Th based on its high impact on 

radiation exposure will help mitigate health risks. While 226Ra also requires monitoring, the 

focus should be slightly less stringent compared to 232Th. Regular testing should ensure that 

levels remain within safe limits, and monitoring of 40K should continue, though it should be 

a lower priority. Additionally, comprehensive studies are needed to gather more data on the 

presence and effects of these radionuclides in baby food. This study will inform updates and 

refinements to safety guidelines and permissible limits. Public health policies should focus on 

reducing exposure to high-risk radionuclides, particularly in regions with known 

contamination. Education efforts should be directed towards manufacturers and consumers to 

raise awareness of the risks associated with these radionuclides. International collaboration is 

also essential. Aligning local regulations with global standards and sharing findings with 

organizations like the WHO will contribute to a broader understanding and management of 

radionuclide contamination in baby food. Technological improvements in detection and 

purification processes during food production can further enhance safety. 

 

 

References 

Aaseth, J., Nurchi, V. M., & Andersen, O. (2019). Medical therapy of patients contaminated with 

radioactive cesium or iodine. Biomolecules, 9(12), 856. 



10 
 

Abojassim, A. A., Hady, H. N., & Mohammed, Z. B. (2016). Natural radioactivity levels in some 

vegetables and fruits commonly used in Najaf Governorate, Iraq. Journal of bioenergy and 

food science, 3(3), 113-123. 

Ademola, J.A., and Ehiedu, S.I. (2010). Radiological analysis of 40K, 226Ra and 232Th in fish, 

crustaceans and sediment samples from fresh and marine water in oil exploration area 

of Ondo state, Nigeria. Afr. J. Biomed. Res. 13, 99. 

Ahmad, N., Jaafar, M., and Alsaffar, M., (2015). Natural radioactivity in virgin and 

agricultural soil and its environmental implications in Sungai Petani, Kedah. Malaysia 

Pollution Journal, 1(3), 305-313. 

Aluko-Arowolo, S. O. (2012). Exclusive breastfeeding in the contexts of socio-cultural 

challenges and mothers' health in rural and mixed urban areas of Ijebu, South Western 

Nigeria. Gender and Behaviour, 10(2), 4657. 

Anazonwu, N. P., Nnama-Okechukwu, C. U., & Obasi-Igwe, I. (2018). Attitude to and cultural 

determinants of exclusive breastfeeding among childbearing mothers in Nsukka urban area 

of Enugu State, Nigeria. African Population Studies, 32(2). 

Babatunde, B. B., Sikoki, F. D., & Hart, I. (2015). Human health impact of natural and artificial 

radioactivity levels in the sediments and fish of Bonny Estuary, Niger Delta, 

Nigeria. Challenges, 6(2), 244-257. 

Babatunde, B. B., Sikoki, F. D., Avwiri, G. O., & Chad-Umoreh, Y. E. (2019). Review of the 

status of radioactivity profile in the oil and gas producing areas of the Niger delta region 

of Nigeria. Journal of environmental radioactivity, 202, 66-73. 

Bashir, G.M., Mohammad, S.J., Azhar, A.R., and Farouk, A.I. (2012). Determination of 

radioactive elements and heavy metals in sediments and soil from domestic water 

sources in northern peninsular Malaysia. Environmental Monitoring and Assessment, 

184(3), 5043-5049. 

Begam, K., Rahman, M. M., Kabir, M. A., Tamim, U., Hossain, S. M., & Begum, A. (2020). 

Natural radioactivity level of 238U, 232Th, and 40K in baby food and committed 

annual effective dose assessment in Bangladesh. International Journal of 

Environmental Monitoring and Analysis, 8(6), 187. 

Beretka, J., & Mathew, P. J. (1985). Natural radioactivity of Australian building materials, 

industrial wastes and by-products. Health physics, 48(1), 87-95. 

Giri, S., Jha, V. N., Singh, G., & Tripathi, R. M. (2013). Estimation of annual effective dose due 

to ingestion of natural radionuclides in foodstuffs and water at a proposed uranium mining 

site in India. International journal of radiation biology, 89(12), 1071-1078. 

Hendry, J. H., Simon, S. L., Wojcik, A., Sohrabi, M., Burkart, W., Cardis, E., ... & Hayata, I. 

(2009). Human exposure to high natural background radiation: what can it teach us about 

radiation risks?. Journal of Radiological Protection, 29(2A), A29. 

Hussein, Z. A., Salih, N. F., & Sedeeq, S. Z. (2021). Assessment the natural radioactivity of 

radionuclides (226Ra, 232Th, 40K, and 137Cs) in wheat grain. ARO-The Scientific Journal 

of Koya University, 9(1), 95-102. 

Jemii, E., & Alharbi, T. (2018). Measurements of natural radioactivity in infant formula and 

radiological risk assessment. Journal of radioanalytical and Nuclear Chemistry, 315, 157-

161. 

Joel, E. S., Omeje, M., Olawole, O. C., Adeyemi, G. A., Akinpelu, A., Embong, Z., & Saeed, M. 

A. (2021). In-situ assessment of natural terrestrial-radioactivity from Uranium-238 (238U), 



11 
 

Thorium-232 (232Th) and Potassium-40 (40K) in coastal urban-environment and its 

possible health implications. Scientific reports, 11(1), 17555. 

Johansen, M. P., Ruedig, E., Tagami, K., Uchida, S., Higley, K., & Beresford, N. A. (2015). 

Radiological dose rates to marine fish from the Fukushima Daiichi accident: the first three 

years across the North Pacific. Environmental Science & Technology, 49(3), 1277-1285. 

Khattak, N.U., et al. (2011). Measurement of natural radioactivity in foodstuffs grown in upper 

Swat soil, Pakistan. Radiation Protection Dosimetry, 144(1-4), 275-279. 

Kiani, A., Arabameri, M., Moazzen, M., Shariatifar, N., Aeenehvand, S., Khaniki, G. J., ... & 

Shahsavari, S. (2022). Probabilistic health risk assessment of trace elements in baby food 

and milk powder using ICP-OES method. Biological trace element research, 1-12. 

Linet, M. S., Kazzi, Z., Paulson, J. A., Lowry, J. A., Ahdoot, S., Baum, C. R., ... & Woolf, A. D. 

(2018). Pediatric considerations before, during, and after radiological or nuclear 

emergencies. Pediatrics, 142(6). 

Matthew, T.K., Siti, A., Ab, A., Mayeen, U.K., Asaduzzaman, K., and Yusoff, M.A. (2015). 

Evaluation of radiological risks due to natural radioactivity around Lynas Advanced 

Material Plant environment, Kuantan, Pahang, Malaysia. Environmental Science and 

Pollution Research, 22(17), pp.13127-13136. 

Mohammad, A. M., Chowdhury, T., Biswas, B., & Absar, N. (2018). Food poisoning and 

intoxication: A global leading concern for human health. In Food safety and 

preservation (pp. 307-352). Academic Press. 

Murakami, M., & Oki, T. (2014). Estimated dietary intake of radionuclides and health risks 

for the citizens of Fukushima City, Tokyo, and Osaka after the 2011 nuclear 

accident. PLoS One, 9(11), e112791. 

Ogunba, B. (2019). Breastfeeding–The Environmentally Friendly and Ideal Method of Infant 

Feeding. Nigerian Journal of Environment and Health, 2(1), 30-36. 

Ogundare, E., Babatola, A., Omoyajowo, A., Ajite, A., Adeniyi, A., Fatunla, O., ... & Olatunya, 

O. (2023). Breastfeeding: Knowledge, perception, and intention to practice among female 

students of Tertiary Institutions in Ekiti, Southwest Nigeria. Community Health Equity 

Research & Policy, 44(1), 15-28. 

Okedeyi, S. A., Kayode Y. O., JoshuaA., Atilade A. O., IkuemonisanF. E., Ajose A. S., Kasika 

F. A., Odubote B. O., & Ejire-Adedolapo B. A. (2024). Assessing Annual Exposures 

Dose and Other Radiological Parameters From Cosmic Radiation Among Flight 

Crews in Nigeria Local Airline. FUDMA Journal of Sciences, 8(1), 183-189. 

https://doi.org/10.33003/fjs-2024-0801-2203.  

Olise, F.S., et al. (2018). Natural radionuclide concentrations in foods and annual dose estimates 

for forest dwellers. Journal of Environmental Radioactivity, 101, 35-41. 

Onashowo,E.F (2015). Measurement of natural and artificial radioactivity in infant milk 

powder and estimation of the corresponding annual dose. Journal of Environmental 

Engineering Science, Vol 32, No 10. 

Ong, J. X., Gan, P., Lee, K. K. M., Wu, Y., & Chan, J. S. H. (2024). An assessment of natural and 

artifical radionuclide content in powdered milk consumed by infants and toddlers in 

Singapore. Journal of Radioanalytical and Nuclear Chemistry, 1-9. 

Paquet, F., Bailey, M. R., Leggett, R. W., & Harrison, J. D. (2016). Assessment and interpretation 

of internal doses: uncertainty and variability. Annals of the ICRP, 45(1_suppl), 202-214. 

https://doi.org/10.33003/fjs-2024-0801-2203


12 
 

Parker, G. H., Gillie, C. E., Miller, J. V., Badger, D. E., & Kreider, M. L. (2022). Human 

health risk assessment of arsenic, cadmium, lead, and mercury ingestion from baby 

foods. Toxicology reports, 9, 238-249. 

Pourimani, R., & Rahimi, S. (2016). Radiological assessment of the artificial and natural 

radionuclide concentrations of some species of wild fungi and nourished 

mushrooms. Iranian Journal of Medical Physics, 13(4), 269-275. 

Santhanabharathi, B., Pradhoshini, K. P., Suhail Ahmed, M., Priyadharshini, M., Shafeeka 

Parveen, M. H., Alam, L., ... & Saiyad Musthafa, M. (2023). Source, fate and transfer of 

primordial radionuclides as potential contaminants in environmental matrices of high and 

low background radiation areas–a critical review. International Journal of Environmental 

Analytical Chemistry, 1-27. 

Sinha Ray, S. P., & Elango, L. (2019). Deterioration of groundwater quality: Implications and 

management. Water governance: Challenges and prospects, 87-101. 

Siraz, M. M., Das, S. K., Mondol, M. S., Alam, M. S., Al Mahmud, J., Rashid, M. B., ... & 

Yeasmin, S. (2023). Evaluation of transfer factors of 226Ra, 232Th, and 40K radionuclides 

from soil to grass and mango in the northern region of Bangladesh. Environmental 

Monitoring and Assessment, 195(5), 579. 

Szynkowska, M. I., Pawlaczyk, A., & Maćkiewicz, E. (2018). Bioaccumulation and 

biomagnification of trace elements in the environment. Recent advances in trace elements, 

251-276. 

Ukpabi, I. K., Ugochukwu, E. F., Onubogu, C. U., Ekwochi, U., Manyike, C. P., & Okeke, K. N. 

(2021). Early Infant Feeding Practices Among Mothers of Southeast Nigeria. European 

Journal of Clinical and Biomedical Sciences, 7(4), 65-74. 

Wm’s report: https://www.wm-strategy.com/news/nigeria-baby-food-market-to-grow-at-

cagr-of-13-46-until-2025 (viewed December, 2023). 

World Health Organization (WHO). (2011). Safety and nutritional adequacy of irradiated food. 

Zwierzchowski, G., & Ametaj, B. N. (2018). Minerals and heavy metals in the whole raw milk of 

dairy cows from different management systems and countries of origin: A meta-analytical 

study. Journal of agricultural and food chemistry, 66(26), 6877-6888.  

 

 

 

 

 

 

 

 

 

https://www.wm-strategy.com/news/nigeria-baby-food-market-to-grow-at-cagr-of-13-46-until-2025
https://www.wm-strategy.com/news/nigeria-baby-food-market-to-grow-at-cagr-of-13-46-until-2025

