


Environmental and Health Implications of Natural Radioactivity in Industrial Soils


Abstract
   Naturally occurring radioactive materials such as uranium-238 and radium-226 pose a potentially hazardous environmental and health risk due to their potential accumulation in soil and translocation into the food chain, air, and water. Their presence in industrial settings requires careful monitoring to assess radiation exposure levels. Adherence to international safety standards is essential to mitigate the associated health and environmental risks. The present study aims to evaluate the concentrations of uranium-238 and radium-226 in soil samples collected from brick factories in the Shomali area, south of Babylon, Iraq. Thirteen soil samples were collected and analyzed using the CR-39 solid state nuclear trace detector technique. The results showed that uranium-238 concentrations ranged between 5.90 ppm and 16.25 ppm, with an average of 12.70 ppm, exceeding the permissible limit recommended by the International Atomic Energy Agency (IAEA) (11.70 ppm) at several locations. Radium-226 concentrations ranged between 13.45 Bq/kg and 37.02 Bq/kg, with an average of 28.94 Bq/kg, which is generally within the internationally accepted limit of 35 Bq/kg, with the exception of one sample that exceeded this limit. The results also demonstrated a direct correlation between the high concentrations of uranium-238 and radium-226, given their interconnectedness in the radioactive decay chain of uranium. This study emphasizes the importance of conducting regular radiological examinations. It also emphasizes the need to adhere to occupational safety procedures, such as the use of personal protective equipment and ensuring the efficiency of ventilation systems. These measures help reduce risks not only to workers but also to residents living near these sites. 
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1- Introduction
    Radioactive contamination is defined as the presence or accumulation of radioactive materials in environmental components at levels exceeding natural background values, leading to substantial biological and ecological risks. It is widely considered among the most dangerous forms of pollution, primarily because it eludes detection by human senses. Specialized techniques are necessary for its identification (Ma et al., 2020). This form of pollution is often linked to radionuclides of natural origin, as well as those introduced through human activity. These substances can be identified in soil, water, and atmospheric samples. Due to their prolonged half-lives, radionuclides persist in the environment for considerable lengths of time. This persistence means they continue to pose a risk of human exposure long after their initial release (Lelieveld et al., 2012).
Naturally occurring radionuclides such as U238, Ra226, Th232, and K-40 are widely distributed within the Earth's crust. Their concentrations, however, are far from uniform and may become significantly elevated in particular environments. This heterogeneity frequently arises from local geological conditions, though it can also be affected by various industrial activities (Al-Sultani et al., 2025). Industrial activities such as mining, brick and cement manufacturing, and petrochemical operations contribute to environmental contamination. These processes can release radioactive materials into the environment. Accidental nuclear releases also pose a significant risk, further elevating background radiation levels. The cumulative effect of these sources raises concerns regarding long-term environmental and public health impacts (Salbu, 2024).
Spending a lot of time around ionizing radiation isn’t great for health. It’s tied to things like cancer and breathing issues, which is pretty serious. It can also mess with immune system, so you might get sick more easily. Some people even run into fertility problems, and there’s a chance it could affect genes that get passed down (Adeola et al., 2023). most of the radiation we're exposed to each year comes from natural sources. Things like the ground, the air, and even water.  it makes up around 80% of what get. The rest is from space or from things do, like medical procedures or other industrial stuff (Xoubi, 2020).
Radioactive pollution has some pretty heavy effects on the environment. It can really damage the soil, making it tough for anything to grow there. When it gets into rivers or groundwater, it’s bad news for wildlife and for us too, since depend on that water. Sometimes these radioactive particles get absorbed by plants. From there, they can end up in the food eat. That’s how they build up in animals and eventually in people, which is definitely a concern for public health. (Gao et al., 2019). Radioactive particles can accumulate in aquatic environments, where they are readily absorbed by algae and other microorganisms. This bioaccumulation presents a significant ecological concern, as it disrupts local food webs and compromises water quality. The consequences extend to species that depend on these resources, further destabilizing affected ecosystems (Al-Shammari & Al-Janabi, 2022; Al-Shammari & Al-Janabi, 2023). Research indicates that vegetables and fruits cultivated in contaminated soils or irrigated with water containing elevated levels of radioactivity can accumulate radionuclides within their tissues. This accumulation raises concerns regarding the potential for direct transfer to humans through dietary consumption (Chandra et al., 2023). Keeping an eye on radiation in farm soil and water used for irrigation really matters. It helps make sure the food grow is safe to eat and protects everyone's health. Because of these worries, the International Atomic Energy Agency has put some strong safety rules in place. For members of the general public, the maximum permissible annual effective dose is 1 millisievert. Occupational workers, however, are subject to a higher threshold of 20 millisieverts per year. These regulations are designed to reduce health risks associated with radiation exposure. They also establish a global framework intended to safeguard the environment (Al-Shammari & Al-Hassani, 2025).
Keeping an eye on radiation levels is something really need to keep doing, especially in neighborhoods close to factories and industrial sites. It’s like an early warning system—if something unusual shows up, people can take steps to stay safe (Bolívar et al., 1995; Kolo et al., 2019). That might mean better airflow in certain areas, making sure workers have the right gear, or even changing how things are done. It’s all about catching problems before they become something bigger (Zhang et al., 2022).
Industrial facilities, such as brick manufacturing plants, can function as sites of elevated natural radioactivity. This phenomenon is largely attributable to the raw materials used in brick production, which are often derived from soils or sediments naturally enriched with uranium and radium. Monitoring these locations provides critical data for evaluating both occupational and public health risks (Yasutaka et al., 2021).
Numerous international studies have examined soil radioactivity levels, yet a considerable knowledge gap persists in Iraq. This is especially true for industrial zones where human settlements are situated in close proximity (Mehra, 2024). Available local data on uranium and radium concentrations in soils remains limited. This scarcity highlights the need for region-specific investigations to accurately assess radiological risks. Such studies are fundamental for developing informed environmental safety measures. (Rzabay et al., 2022).
This study examines concentrations of U238 and Ra226 in soil samples. The samples were collected from brick factories located in the Shomali district of Babylon Province, Iraq. The scientific importance of this study stems from its contribution of quantitative baseline data. This information is particularly relevant for a critical industrial zone, where both workers and nearby residents may face potential exposure risks. The findings of this research allow for meaningful comparison with international safety benchmarks. They also offer critical insights that can inform the development of protective measures to mitigate environmental and health risks. Additionally, these results help address a significant gap in the scientific literature concerning radiological assessments within Iraqi industrial settings. This work provides a foundational basis for future monitoring initiatives and supports evidence-based policy development (Folkers & Gunter, 2022).

2- Materials and Methods
2-1 Study Area and Sampling Sites
 The research took place in the Shomali district, just south of Babylon in Iraq. It's a region where brick factories are pretty common, and they make use of the local soil, which has a lot of clay in it. Some types of soil can have higher levels of naturally radioactive materials. It's just part of how they're made, and sometimes the way they're handled in industries can affect that too (Holm, 2003). Thirteen soil samples collected from various brick factories. Each location was carefully recorded using GPS to make sure we could find the exact spots again if needed (Table 1) Figure (1). 
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Figure (1): Locations of the brick factories in the study area as determined by the Global Positioning System (GPS).
Table 1:  Location coordinates of the study samples
	Code  of sample 
	Factoreis of Brick
	Lat (N)
	Long (E)

	Sample. 01
	Al-aietimad
	32.4075
	45.0775

	Sample. 02
	Al-haziz
	32.4034
	45.0805

	Sample. 03
	Al-raafidayn
	32.4046
	45.0827

	Sample. 04
	Al-masara
	32.4030
	45.0834

	Sample. 05
	Al-salam
	32.4006
	45.0844

	Sample. 06
	Al-rawasi
	32.3997
	45.0866

	Sample. 07
	Guobran
	32.3972
	45.0877

	Sample. 08
	Al-munaa
	32.3972
	45.0904

	Sample. 09
	Aaatim turkiun
	32.3946
	45.0914

	Sample. 10
	Abu turki
	32.4013
	45.0986

	Sample. 11
	Al-yaqin
	32.3989
	45.1021

	Sample. 12
	Al-bahja
	32.3997
	45.1088

	Sample. 13
	Wisam Turki
	32.4013
	45.1130



2-2 Sample Collection and Preparation
   soil samples collected from about 10 to 20 centimeters down. That's the layer where people are often digging or working, so it's the part most likely to be affected by industrial activity or just everyday human contact (Marie et al., 2024). Each sample was placed stored in polyethylene bags sealed to minimize contamination and moisture loss during transport to the laboratory. Within the laboratory, the samples underwent:
· Air-dried naturally under sunlight for five consecutive days to remove residual moisture without altering radionuclide concentrations.
· Crushed and homogenized using a ceramic mortar and pestle to minimize cross-contamination.
· passed through a 2 mm mesh screen to obtain fine and uniform soil particles suitable for detector exposure (Wang et al., 2024).
These preparation steps ensure representativeness and reliability of the measured concentrations, as soil texture and moisture can strongly influence radionuclide behavior and detector sensitivity (5).
2-3 Detector Selection: CR-39 Solid-State Nuclear Track Detector (SSNTD)
Use a CR-39 polymer detector to look for alpha particle tracks in the soil samples. It’s a pretty common way to check for radionuclides. CR-39 is a pretty common choice for measuring radiation, especially alpha particles. It's really sensitive, which helps a lot. It also stays stable chemically. There's not much background noise to worry about, and it doesn't cost too much either. Compared to things like silicon diodes or scintillation counters, it's a solid option for a lot of people (Wuana & Okieimen, 2011). It's really good at keeping a permanent record of the paths that alpha particles leave behind. That makes it especially handy when you need to monitor uranium and radium decay over long periods, especially in things like soil or water samples (Nikezic & Yu, 2004).
2-4 Experimental Setup
Approximately about five grams of each soil sample into small plastic tubes. The tubes were cylindrical, about 1.6 centimeters wide and 9.5 centimeters tall. They acted as little chambers where the reactions could happen. A CR-39 detector was placed just above the soil, about 6.3 centimeters up. This setup was meant to catch alpha particles effectively while keeping other unwanted signals to a minimum (Durrani & Bull, 2013).
The chambers were kept in a space that was completely dark and sealed up tight. They stayed like that for 60 days. That gave enough time for the tracks to form properly. It also helped make sure the detectors didn’t lose their sensitivity too much (Ishimori et al., 2013).
2-5 Chemical Etching Process
After being exposed, the detectors were treated with a chemical etching process. This step helps make the alpha tracks visible so they can be seen clearly under a microscope. Etched the detectors by soaking them in a 6.25 N sodium hydroxide solution. The temperature was kept at 90 degrees Celsius in a water bath for about five hours. After that,  rinsed everything really well with distilled water to make sure no leftover chemicals stayed on the surface (Othman et al., 2023; Dzigal, 2017).
2-6 Mathematical Calculations of Radionuclide Concentrations
The radioactivity levels of U238 and Ra226 in the research samples were determined using established mathematical approaches (Azam et al., 1995; Durrani & Ilic, 1997; Wilds, 2013).
Concentration of Ra 226 was evaluated in the samples through the following equation:
Number of U 238  atoms was calculated according to the following relation:
Where λU is the decay constant of U 238 and equals 4.9 × 10⁻¹⁸ /s.

The mass of uranium present in the sample, in grams (g), was calculated using the following equation:
Where AU is the atomic mass of U238 and NA is Avogadro's number.

Accordingly, The concentration of uranium-238 (in ppm) can be obtained using the following equation:                                       ……..(4)
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3-1 Uranium-238 Concentrations in Soil Samples
  The results obtained in this study indicated that the levels of uranium-238 (U238) in the soil samples were recorded within the range of 5.90 ± 1.31 ppm in sample (1) as the lowest value, to 16.25 ± 2.88 ppm in sample (8) as the highest, with an overall average concentration of 12.70 ppm (Table 2, Figure 2). These results clearly indicate a considerable variability between the different sites, with several samples exceeding the internationally recommended limit of 11.70 ppm set by the International Atomic Energy Agency (IAEA, 2014).
This variability can be explained by both geological and industrial factors. Geologically, the soils of the Shomali region are characterized by their high clay content. Clay minerals are well known for their ability to adsorb and retain radionuclides, including uranium, due to their layered structures and large surface areas (Wilds, 2013). In addition, the presence of phosphate and carbonate minerals in certain sites can further contribute to elevated uranium concentrations, as these minerals often act as natural hosts for U-series radionuclides (Kipp et al., 2022; Tchakalova et al., 2025).
From an industrial standpoint, brick factories in the area use a lot of clay-rich soil. The soil goes through a lot of mechanical processing and gets fired at high temperatures in kilns. These processes can spread around particles that contain uranium and mix the soil more thoroughly. Sometimes this results in certain spots having higher concentrations than others. Similar findings were reported in a study conducted in brick factories in Najaf, Iraq, where U-238 concentrations ranged between 7 and 18 ppm, overlapping with and sometimes exceeding the values recorded in this study (Abojassim, 2017).
When compared with other regions, the measured concentrations fall within the range observed in several international studies, yet remain higher than typical agricultural soils. In Turkey, Karahan and Bayülken (2000) reported U-238 concentrations of 4–12 ppm in urban soils. In Iran, Sina et al. (2025) measured levels of 10–20 ppm in industrial soils of Fars Province, which are similar to the higher values in this study. On a broader scale, the UNSCEAR (2000) report stated that the global average concentrations of uranium in soils typically range from 1 to 11 ppm, suggesting that some of the studied sites in Shomali clearly exceed the global natural range.


Table (2): Concentrations of Uranium-238 (ppm) and Radium-226 (Bq/kg) in soils taken from brick factories in the Shomali district, Babylon Province
	Code of Sample
	U 238 ppm
	Ra 226 Bq/kg

	1S
	5.90±1.31
	13.45±2.47

	2S
	13.84±2.42
	31.53±4.13

	3S
	10.54±1.89
	24.01±3.11

	4S
	12.21±2.44
	27.82±3.67

	5S
	11.17±2.25
	25.46±2.97

	S6
	14.56±2.67
	33.18±4.03

	7S
	13.11±2.48
	29.88±3.37

	8S
	16.25±2.88
	37.02±4.48

	9S
	12.80±2.36
	29.17±3.16

	10S
	11.82±2.01
	26.94±2.96

	11S
	14.62±2.63
	33.31±3.94

	12S
	13.67±2.95
	31.16±4.14

	13S
	14.61±2.67
	33.28±4.11


The environmental implications of these elevated uranium concentrations are considerable. Uranium can be absorbed by agricultural crops cultivated in contaminated soils and transferred into the food chain. Mitchell et al. (2013) demonstrated that crops grown on uranium-rich soils accumulated significantly higher concentrations of uranium compared with those grown on uncontaminated soils. Furthermore, the solubility of certain uranium compounds makes groundwater contamination another potential pathway of human exposure. Elevated uranium levels in drinking water have been reported in Jordan and India, exceeding safe limits for public consumption (Suresh et al., 2011; Dina et al., 2022)
From a health standpoint, uranium is hazardous not only due to its radiological properties but also because of its chemical toxicity as a heavy metal. Chronic exposure has been correlated with nephrotoxicity, genotoxicity, and increased probability of cancer (Gao et al., 2019). Consequently, the detection of uranium concentrations above recommended limits in several samples highlights a significant concern for both environmental and public health in the study area.









Figure (2): Graphical distribution of Uranium-238 (ppm) concentrations in soil samples from different sites in the Shomali district
Finally, statistical analysis was performed using one-way ANOVA confirmed that the differences in U-238 concentrations among the samples were highly significant (p < 0.05), reinforcing that the observed variability reflects real geological and industrial influences rather than random fluctuations.
3-2 Radium-226 Concentrations in Soil Samples
The concentrations of Ra226 in the analyzed soil samples varied between 13.45 ± 2.47 Bq/kg in sample (1) and 37.02 ± 4.48 Bq/kg in sample (8), with a general average of 28.94 Bq/kg (Table 2, Figure 3). The majority of the samples recorded values falling within the internationally approved range safe limit of 35 Bq/kg accepted by the International Atomic Energy Agency (IAEA, 1996). However, one sample (sample 8) exceeded this threshold, indicating localized enrichment of Ra-226.
Several factors may explain these variations. Geologically, radium often occurs as a decay product of uranium-238 within the natural radioactive decay series, and it tends to accumulate in soils with high clay and carbonate content due to strong adsorption onto mineral surfaces (Garcia-Orellana et al., 2021; Tan et al., 2023). It seems like sample (8) has a higher concentration, which might be because there are more radium-rich minerals in that area. Also, brick factories nearby could be playing a role. When they dig up and process large amounts of soil, it can stir things up and change how radium is spread around (Hanafi et al., 2020).
The findings of this research align with prior investigations conducted in southern Iraq. Studies from Najaf province, for instance, reported average concentrations ranging from 27 to 36 Bq/kg. These results reinforce the observation that industrial soils in Iraq often exhibit radium levels that approach or exceed internationally recognized safety thresholds (Abojassim, 2017)
The environmental implications of Ra-226 enrichment are particularly significant due to its decay to radon-222 (Rn-222), a noble gas with radioactivity that can move across soil pores and accumulate in enclosed spaces such as houses and workplaces (Krewski et al., 2005). Chronic exposure to elevated radon concentrations has shown a strong correlation with lung cancer, based on case–control research in Europe and North America identifying radon as the second most significant contributor to lung cancer following smoking (Riudavets et al., 2022). Furthermore, Ra-226 may be taken up by plants and assimilated into edible tissues, thereby entering the human food chain (Tsoulfanidis & Landsberger, 2021). Studies in agricultural regions of India and Egypt have shown that radium concentrations in vegetables grown in contaminated soils were markedly higher than in those cultivated in uncontaminated soils (Ali et al., 2019).
From a public health point of view, the surpassing of the safety threshold for one sample should not be neglected, as that could indicate a possibly contaminated hotspot. Brick kiln workers and the local inhabitants could be chronically exposed to radon by inhalation as well as ingestion from consuming contaminated agriculture produce. Preventive measure such as workplace ventilation enhancement, regular environmental surveillance and public education programme are therefore required to reduce those risks.
Finally, the statistical evaluation was conducted employing one-way ANOVA confirmed that the differences in Ra-226 concentrations across the studied sites were statistically significant (p < 0.05), indicating that the variability reflects genuine geological and industrial influences rather than random variation.








Figure (3): Graphical distribution of Radium-226 (Bq/kg) concentrations within soil specimens obtained from various locations in the Shomali district

3-3 The Relationship Between Uranium-238 and Radium-226
The results from this study showed that the U238 and Ra226 levels vary considerably in the soil studied. Yet a pattern is evident: high uranium samples such as (8) are also the ones with highest radium, while low U levels such in sample (1),showed correspondingly low radium values. This is consistent with the geological association between Ra226 and U238, where Ra226 is a progeny of U238 decay series. (Amin, 2012).
From a geological perspective, the presence of U-238 in soils inevitably leads to the in-situ generation of its decay products, including Ra-226, over long time scales. While radium tends to be more mobile in soil and groundwater due to its relatively higher solubility, the overall concentrations of both radionuclides often remain correlated (Tan et al., 2023). Ivanovich and Harmon (1992) noted that uranium-rich geological formations consistently yield elevated radium levels as well, owing to secular equilibrium within the decay chain.
Similar trends have been observed in Iraq. Dosh et al. (2023) reported a strong association between U-238 and Ra-226 concentrations in both agricultural and industrial soils from southern Iraq. Likewise, Abojassim (2017) demonstrated a positive correlation between U and Ra in Najaf soils, where sites with elevated uranium levels also recorded higher radium concentrations. 
The environmental significance of this relationship is substantial. Higher concentrations of U-238 indicate an intensifying concern with uranium’s Radiological and chemical toxicity and suggest an increase in Ra-226 too. This is particularly critical because radium-226 decays to form radon-222, an inert radioactive gas. Radon diffuses unpredictably and can accumulate in enclosed spaces, where it presents a substantial risk to lung health  (LoPiccolo et al., 2024). When you have high levels of uranium and radium together, it really increases the health risks. That goes for the people working in brick factories and also for folks living nearby. Finally, the correlation analysis revealed a positive association between U-238 and Ra-226 concentrations in the samples. This suggests that higher uranium levels were generally accompanied by elevated radium concentrations, which aligns with the known physical and chemical behavior of the U-238 decay chain.
4- Conclusion
This investigation revealed that concentrations of U238 and Ra226 in soil samples collected from brick factories within the Shomali district of Babylon Province varied considerably. The measured values spanned from levels consistent with natural background concentrations to those that significantly exceeded internationally recognized safety thresholds. Multiple samples were registered with U238 concentrations above the permissible limit of 11.7 ppm. There was also a case of a sample that surpassed the regulatory limit of Ra226 set at 35 Bq/kg. Some changes are the result of industrial activity with the rest remaining as a result of geological phenomena related to geological phenomena pertinent to brick making. Further the study showed a positive correlation between the measured concentrations of U-238 and Ra-226, which is to be expected given that they both are derived from the same series of elements resulting from radioactive decay, thereby validating the results of the study. These findings also suggest that the presence of one radionuclide at elevated levels is likely to be accompanied by higher levels of the other, thereby increasing the associated radiological risks at contaminated locations. Considering the public health and environmental aspects, this underscores the need to track radiological contamination in the vicinity of population centers, particularly in industrial zones. Elevated concentrations of uranium and radium may contribute concerning the entry of radionuclides into the food chain or the release of radon gas, both of which represent significant dangers to public health and environmental protection. Accordingly, this study recommends the application of regular observation programs for soils and groundwater in industrial regions, as well as the enhancement of protective measures for workers in brick factories. Furthermore, future studies should investigate the transfer of radionuclides to plants and groundwater to present a more extensive assessment of environmental and health risks.
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