[image: image3.jpg]@ AR
S odell poligodl

QOZQ dyifillg molsl)

The third scientific conference
3 for science and technology\f‘




Comprehensive Journal of Science
مجلة العلوم الشاملة
Volume (10), Issue (37), (NOV. 2025)
عدد خاص بالمؤتمر الدولي الثالث للعلوم والتقنية
المجلد (10)، العدد (37)، (نوفمبر2025)                                                                                                 SICST2025, www.sicst.ly                              ردمد: 3014-6266                                                                                                                                             ISSN: 3014-6266          



Radioactivity in Bananas : A Comparative Study of K40 Concentrations in Costa Rican and Ecuadorian Varieties Available in the Libyan Market
Salem Ali Elfituri 1*, Yusef Beeri1, Khadija Alajili Ali1, Nafeesa ALqamati, Mehdi Bashir Tereesh1
1 Tajoura Nuclear Research Center TNRC Tajoura, Libya
*Corresponding author: salemelfituri78@gmail.com 
النشاط الإشعاعي في الموز: دراسة مقارنة لتراكيز البوتاسيوم-40 في الأصناف الكوستاريكية والأكوادورية المتوفرة في السوق الليبي
سالم علي الفيتوري 1*، يوسف بيري1 ،خديجة العجيلي علي1 ، نفيسة القماطي 1، المهدي طريش1
1 مركز البحوث النووية تاجوراء، ليبيا
Received: 30-09-2025; Revised: 10-10-2025; Accepted: 31-10-2025; Published: 25-11-2025
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــAbstract:
Bananas are a rich source of potassium, which naturally contains trace amounts of the radioactive isotope potassium-40. This study investigates the levels of radioactive potassium-40 in bananas supplied to the Libyan market, with a focus on samples imported from Costa Rica and Ecuador. Fifteen banana samples were collected, prepared, and analyzed using gamma spectrometry with a high-purity germanium (HPGe) detector. The activity concentrations of K⁴⁰ were found to range between 93.8±3.3 and 276.9±10.2 Bq/kg, with Costa Rican bananas exhibiting higher average concentrations (226.25±8.8 Bq/kg) compared to Ecuadorian bananas (186.85±8.25 Bq/kg). The results indicate that while the levels of K⁴⁰ in bananas are within safe limits, variations in concentrations may be influenced by geographical and agricultural factors, such as soil composition and the use of potassium-rich fertilizers. The study highlights the importance of monitoring radioactivity in food, particularly in regions with limited radiological data, and contributes to the global understanding of radiological risks associated with food consumption. The findings underscore the need for further research into the factors affecting radionuclide uptake in crops and their implications for long-term radiological health
Keywords: Bananas, potassium-40, radioactivity, gamma spectrometry, Libyan market.   
الملخص:

     يُعَد الموز مصدرًا غنيًا بالبوتاسيوم، والذي يحتوي بشكل طبيعي على كميات ضئيلة من النظير المشع البوتاسيوم-40. تهدف هذه الدراسة إلى قياس مستويات النشاط الإشعاعي للبوتاسيوم-40 في عينات من الموز المستورد إلى السوق الليبي، والمصدر أساسًا من كوستاريكا والإكوادور. تم جمع خمس عشرة عينة من الموز، أُعدّت العينات للتحليل باستخدام تقنية مطيافية غاما بواسطة كاشف الجرمانيوم عالي النقاوة (HPGe) لضمان دقة النتائج. تراوحت تراكيز النشاط الإشعاعي للبوتاسيوم-40 ما بين 93.8±3.3 الى 276.9±10.2 بيكريل/كجم. وأظهرت النتائج أن متوسط التركيز في عينات الموز الكوستاريكي (226.25±8.8 بيكريل/كجم) كان أعلى منه في العينات الأكوادورية) 186.85±8.25 بيكريل/كجم). بالرغم من أن جميع القياسات تقع ضمن المستويات الآمنة والمعايير الدولية، الا إن التباين الملحوظ في التراكيز بين المصدرين يشير الى تأثير عوامل جغرافية وزراعية عدة، مثل طبيعة التربة وأنماط استخدام الأسمدة الغنية بالبوتاسيوم. تؤكد هذه الدراسة على أهمية تعزيز رصد النشاط الإشعاعي في المنتجات الغذائية، خاصة في المناطق التي تفتقر إلى بيانات إشعاعية كافية. كما تسلط الضوء على الحاجة إلى إجراء مزيد من الأبحاث حول العوامل المؤثرة في امتصاص النويذات المشعة في المحاصيل الزراعية وتأثيراتها المحتملة على الصحة العامة على المدى الطويل.
الكلمات المفتاحية: الموز، البوتاسيوم-40، النشاط الإشعاعي، مطياف جاما، السوق الليبي.
Introduction  

Banana is a popular fruit consumed worldwide and serves as a staple food in several countries. It is grown globally and ranks as the fifth most important agricultural food crop in terms of world trade, following coffee, cereals, sugar, and cocoa. Economically, bananas are a significant fruit crop, alongside grapes, citrus fruits, and apples (Aurore et al., 2009). The United States is the largest importer of bananas, while Ecuador is the world's leading exporter (FAOSTAT, 2014). Bananas are well-known for their high potassium content, a mineral essential for maintaining various bodily functions. However, one of the natural isotopes of potassium, K⁴⁰, is radioactive. Although K⁴⁰ constitutes only 0.0117% of natural potassium, its presence in bananas classifies the fruit as a radioactive food source (Serra, 2019). The ingestion of radioactive isotopes through food is a significant contributor to the average radiation dose received by various organs in the human body. This pathway is particularly important for long-term health considerations (Hernández et al., 2004). With the global population increasing, the demand for food has risen, leading to the excessive use of fertilizers and pesticides to ensure food security. This overuse can alter the properties of agricultural soil, potentially increasing the concentration of radioactive isotopes like K⁴⁰ in crops (Jang, 2014). While natural radiation generally has minimal effects on human health, the International Commission on Radiological Protection (ICRP) has warned that even low doses of radiation can pose risks if exposure is prolonged or cumulative (Cousins et al., 2011). This makes bananas an important subject for research in the context of radiation protection for consumers. This study aims to determine the levels of K⁴⁰ in bananas available in the Libyan market, focusing on samples imported from Costa Rica and Ecuador. This research holds particular significance in addressing the critical gap in radiological data within Libyan gap that has hindered a comprehensive understanding of radiological risks linked to food consumption. The scarcity of such data is not only a national concern but also a global issue, as every study enriches the worldwide knowledge base on radioactivity in food. While extensive research has been conducted in developed nations across Europe, Asia, Australia, and several Arab countries, similar studies in Libya remain notably limited. By emphasizing the importance of radiological monitoring in food, especially in understudied regions, this study contributes valuable insights into global radiological risk assessment. Furthermore, it underscores the urgent need for further investigation into the factors that influence radionuclide uptake in agricultural crops.                                       
Materials and Methods
Sample collection and preparation

To achieve the aim of this study, fifteen samples of bananas available in the Libyan market were collected. They were four samples from Costa Rica and the other eleven samples were from Ecuador. They were from different brands as shown in table 1. In the measurement’s laboratory, samples were prepared for measurement through several steps. First, remove the peels, then the edible part was cut into slices and sun-dried well. The dried banana samples were ground into powder with electric grinder. After drying and grinding, the samples were sieved to obtain a homogeneous powder (Abojassim et al., 2016). Each sample was packed in Marinelli beakers with the details written for each (sample code, weight, country of origin, and brand). In this case, the secular equilibrium is not important because K⁴⁰ can be measured directly by its gamma ray line of energy 1460 Kev. That's why measuring was done immediately in the Environmental Measurements Laboratory in the Calibration Building at Tajoura Nuclear Research Center TNRC by using gamma spectrometry HPGe detector.                             TABLE 1. The sample code, Country of origin and Brand of some studied banana samples supplied to the Libyan market
	Sample brand
	Country of origin
	Sample code

	MONTE RICO
	Costa Rica
	SC1

	MONTE RICO
	Costa Rica
	SC2

	SUPREME
	Costa Rica
	SC3

	ROSY
	Costa Rica
	SC4

	BONA FRUIT
	Ecuador
	SE1

	SELVA
	Ecuador
	SE2

	ALL AMERCAN
	Ecuador
	SE3

	OLCEISA
	Ecuador
	SE4

	OLCEISA
	Ecuador
	SE5

	GINE FRUIT
	Ecuador
	SE6

	GINE FRUIT
	Ecuador
	SE7

	AMIRIA
	Ecuador
	SE8

	OLCEISA
	Ecuador
	SE9

	EXCELBAN
	Ecuador
	SE10

	OLCEISA
	Ecuador
	SE11


Activity Concentrations of K⁴⁰ in Banana Samples
The level of radioactivity for banana samples were analysed using gamma spectrometry high purity germanium HPGe detector. This method is highly accurate and widely used in radiological studies due to its ability to detect gamma rays emitted by radioactive isotopes (Dos Santos et al., 2025). It was equipped with a 25% efficiency and resolution 2.2 Kev at 1332 Kev gamma line. The detector was shielded by a cylindrical lead shield to reduce the background due to radiation near the system and cosmic emissions. Before measuring banana samples, the calibration of the detector was performed using different calibration sources. However, background measurement was also taken under the same conditions as sample measurement and subtracted in order to get net counts for the sample. To determine the radioactivity concentration of K⁴⁰ in banana samples, every sample was placed on the HPGe detector. Banana samples were placed on top of the detector and measured for a period of (50000 s).                         
For the analyzed samples, the activity concentrations of K⁴⁰ (Ac) in all banana samples, are calculated as following:
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Where;
CPS is the corrected net counts of the corresponding photopeak, m is the mass of measured sample (kg), ɛ is the efficiency factor, γ is the emission probability of gamma ray corresponding to a peak energy.

Results and Discussion
It can be seen from figure 1, the activity concentrations of K⁴⁰ were ranged between   167.5±6.3 and 276.9±10.2 Bq/kg with average value of 226.25±8.8 for Costa Rican banana samples. The two highest concentrations of K⁴⁰ were in MONTE RICO brand. Regarding Ecuadorian banana samples, the values were ranged between 93.8±3.3 and 235.8±9.2 Bq/kg with an average value of 186.85±8.25 Bq/kg. SELVA brand showed the highest concentration of K⁴⁰, while the lowest concentration was in BONA FRUIT brand.                                                                                                                                                                                              
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Figure 1: The values ​​of K⁴⁰ radioactivity concentration for some studied banana samples supplied to the Libyan market
The results indicate that Costa Rican bananas generally exhibit higher levels of K⁴⁰ compared to those from Ecuador. This difference could be attributed to variations in soil composition, agricultural practices, or the use of fertilizers rich in potassium, which may influence the uptake of K⁴⁰ by banana plants. K⁴⁰ is a naturally occurring radioactive isotope of potassium, and its presence in bananas is due to the fruit's high potassium content. Although K⁴⁰ is radioactive, the levels found in bananas are considered minimal and not harmful to human health under normal consumption patterns.                                                                                                                                

In the course of this study, it was identified that certain calculations related to the effective dose and other parameters among individuals in Libya could not be performed. This limitation arises primarily due to the unavailability of reliable and comprehensive statistical data on the consumption bananas in the study region. The absence of such data significantly hinders the ability to accurately quantify and analyze the consumption rates, which are crucial for a complete and precise assessment. Despite extensive efforts to locate relevant datasets through academic databases, government publications, and international organizations, no sufficient or up-to-date information was found that meets the necessary criteria for inclusion in this research. Consequently, to maintain the integrity and accuracy of the findings, the decision was made to exclude these calculations from the analysis. This approach ensures that the research conclusions are based solely on verifiable and robust data, thereby upholding the scientific rigor of the study. Future research endeavors could focus on addressing this gap by conducting targeted surveys or collaborating with local institutions to gather the required consumption data, which would enable a more comprehensive analysis in subsequent studies.

 However, the International Commission on Radiological Protection (ICRP) has warned that even low doses of radiation can pose risks if exposure is prolonged or cumulative. Therefore, understanding the levels of K⁴⁰ in foodstuffs, such as bananas, is important for assessing long-term radiological risks. The study contributes to the growing body of knowledge on radioactivity in food, particularly in regions like Libya, where such data are scarce. The findings are significant not only for local consumers but also for global radiological risk assessments, as they provide comparative data on radioactivity levels in bananas from different regions. The results also underscore the importance of monitoring the use of fertilizers and pesticides in agriculture, as excessive use can lead to increased concentrations of radioactive isotopes like K⁴⁰ in the soil and, consequently, in food crops.

Comparing the results with previous studies provides deeper insight into the concentration of K⁴⁰ in banana samples. Therefore, the obtained activity concentrations of K⁴⁰ in the investigated banana samples have been compared with other published results around the world and showed in table 2.

TABLE 2: Comparison of K⁴⁰ concentrations levels in banana samples with other countries of the world
	References
	The activity concentrations of K⁴⁰ (Bq/kg)
	Country of origin
	No

	Abojassim et al., 2016
	154.26±0.94 dry
	Egypt
	1

	Shanthi et al., 2009
	136.2 ± 41.1
	India
	2

	Bagán et al., 2019
	180.05
	Spain
	3

	Tchokossa et al., 2013
	48.77
	Nigeria
	4

	Sowole & Olaniyi: 2018
	68.37 ± 8.15
	Nigeria
	5

	Sowole & Olaniyi: 2018
	82.42 ± 7.65
	Nigeria
	6

	Priharti & Samat: 2016
	401.59 ± 5.85
	Malaysia
	7

	Shafaei et al., 2010
	424 ± 40
	Malaysia
	8

	Shafaei et al., 2010
	416 ± 40
	Malaysia
	9

	Present study
	226.25±8.8
	Costa Rica
	10

	Present study
	186.85±8.25
	Ecuador
	11

	UNSCEAR, 2011
	410
	World average
	


As showing in table 2, Costa Rica and Ecuador both have intermediate activity concentrations of K⁴⁰ compared to the range of values in the table. They are higher than most African and Asian countries (e.g., Egypt, India, Nigeria) but lower than Malaysia and the world average. The lower values compared to Malaysia might be due to differences in soil types or the absence of potassium-rich deposits. However, this suggests that the soils in Costa Rica and Ecuador have moderate potassium-40 content, likely due to their geological composition. The values from Costa Rica and Ecuador are closer to Spain's value (180.05 Bq/kg), indicating potential similarities in soil composition or geological history.

Conclusion

The study provides valuable data on the radioactivity levels of K⁴⁰ in bananas available in the Libyan market. The activity concentrations of K⁴⁰ were found to range between 93.8±3.3 and 276.9±10.2 Bq/kg. Costa Rican bananas exhibited higher average concentrations (226.25±8.8 Bq/kg) compared to Ecuadorian bananas (186.85±8.25 Bq/kg). The highest concentrations of K⁴⁰ were observed in the MONTE RICO brand from Costa Rica, while the lowest concentrations were found in the BONA FRUIT brand from Ecuador. These variations in K⁴⁰ concentrations may be attributed to differences in soil composition, agricultural practices, and the use of potassium-rich fertilizers in the respective regions. While the levels of K⁴⁰ detected in the bananas are within safe limits, the findings emphasize the need for continued monitoring of radioactivity in foodstuffs, especially in regions where agricultural practices may influence radionuclide uptake. The higher K⁴⁰ concentrations in Costa Rican bananas compared to Ecuadorian bananas suggest that geographical and agricultural factors play a significant role in the radiological properties of food crops. This study contributes to the growing body of knowledge on radioactivity in food, particularly in regions like Libya, where such data are scarce. Further research is needed to explore these factors in greater detail and to assess their implications for global food safety and radiological health. The findings also highlight the importance of monitoring the use of fertilizers and pesticides in agriculture, as excessive use can lead to increased concentrations of radioactive isotopes like K⁴⁰ in the soil and, consequently, in food crops. This study underscores the importance of understanding the long-term radiological risks associated with food consumption and the need for comprehensive radiological data to ensure public health safety
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