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RESUMO

Introdugdo: Fontes naturais e artificiais de radiagdo afetam os seres humanos quando expostos a elas.
Radionuclideos emitem particulas alfa e beta, que podem interagir com os elétrons dos atomos circundantes de
diferentes matérias, o que leva a ionizacédo e destruicdo desses tecidos, podendo causar muitas doencas. A
concentragdo de radiagdo no sangue e na urina aumenta, e uma das fontes mais perigosas de radiacado
disponivel € o radonio. Objetivo: Determinar a concentragdo de gas radénio (?2°Rn) em amostras bioldgicas
(urina e soro) usando um detector de tragos nucleares de estado solido (CR-39). Métodos: amostras bioldgicas
(urina e soro) foram analisadas neste estudo na Provincia de Najaf, Iraque, de pacientes com calculo renal,
pacientes com insuficiéncia renal, pacientes com doenga renal crénica e um grupo de pacientes controle
saudaveis em trés faixas etarias. Resultados: os niveis médios de ?2Rn em amostras de urina para controles
saudaveis e pacientes com calculos renais (17,27 e 22,77), os niveis médios de ???Rn em amostras de soro
para controles saudaveis, pacientes com calculos renais, pacientes com insuficiéncia renal, pacientes com
doenga renal cronica (2,43, 9,83, 6,99 e 4,24) respectivamente. Discusséo: verificou-se que os niveis de ?2’Rn
sd0 mais elevados nas amostras de urina em comparag&o com o soro, e 0s nhiveis de ?22Rn no soro de todos os
pacientes sao mais elevados do que em pessoas saudaveis. Essas diferengcas sao estatisticamente
significativas p < 0,01, o que indica que pacientes com calculo renal e pacientes com insuficiéncia renal estéo
associados a um aumento significativo nos niveis de 2°2Rn em comparagdo com pessoas saudaveis.
Conclusdes: os niveis de ???Rn na urina e no soro podem ser considerados como um biomarcador para
discriminar entre pacientes e individuos saudaveis. Os resultados deste estudo podem, portanto, ser usados
como uma potencial ferramenta de diagndstico para pacientes renais.

Palavras-chave: calculo renal, insuficiéncia renal, radénio.

ABSTRACT

Background: Natural and artificial sources of radiation affect humans when exposed to them. Radionuclides
emit alpha and beta particles, which can interact with the electrons of the surrounding atoms of different matter,
which leads to the ionization and destruction of these tissues, which may lead to many diseases. The
concentration of radiation in the blood and urine increases; one of the most dangerous sources of radiation
available is radon. The aim is to determine the concentration of radon gas (??2Rn) in biological samples (urine
and serum) using a solid-state nuclear track detector (CR-39). Methods: biological samples (urine and serum)
were analyzed in this study in Najaf Governorate, Iraq, of renal stone patients, renal failure patients, chronic
kidney disease patients, and a group of healthy control patients in three age groups. Results: the mean levels
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of 222Rn in urine samples for healthy controls and renal stones patients (17.27 and 22.77), the mean levels of
222Rn in serum samples for healthy controls, renal stones patients, renal failure patients, chronic kidney disease
patients (2.43, 9.83,6.99 and 4.24) respectively. Discussion: it was found that the 2?2Rn levels are higher in
urine samples compared to the serum, and the ??2Rn levels in the serum of all patients are higher than in
healthy people. These differences are statistically significant p < 0.01, which indicates that renal stone patients
and renal failure patients are associated with a significant increase in ??Rn levels compared to healthy people.
Conclusions: levels of 2??2Rn in urine and serum can be considered as a biomarker to discriminate between
patients and healthy individuals. The findings of this study can, therefore, be used as a potential diagnostic tool
for kidney patients.

Keywords: renal stone, renal failure, radon
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1. INTRODUCTION radioactive properties that make it toxic. It has
three isotopes: 2?2Rn, 2'°Rn, and 22°Rn, which
originate from the decay of 238U, 235U, and 232Th,
respectively. (A A Alkufi et al., 2024). 2??Rn is

classified as the most dominant, with a radon

Natural and artificial radiation sources affect
humans upon exposure, with natural sources
including internal terrestrial radiation and artificial

sources originating from human activities (Jha et
al., 2024). Radionuclides emit alpha and beta
particles in both cases mentioned above, and
these particles can interact with the electrons of
the surrounding atoms of different matter (e.g.,
human tissues), which leads to the ionization and
destruction of these tissues, which may lead to
many diseases (Demir, 2022, Arif et al., 2024).

In this regard, radionuclides can enter the
human body through different paths from different
sources such as food, vegetables, and plants
(i.e., meat, fish) or through inhaling air, water,
soil, and cigarettes (Bignall & Caldwell, 2021;
Aswood et al., 2020). The concentration of
radiation in the blood and urine increases when
humans are exposed externally through contact
with soil. (Mohan & Chopra, 2022).

One of the most dangerous sources of
radiation available is radon. Radon is a colorless,
odorless gas that is naturally occurring and has

half-life of 3.82 days, which is the longest half-life
compared to the other isotopes. (Manawi et al.,
2024, Aswood et al., 2020).

Radon is a carcinogenic and radioactive
substance that is found naturally in the
environment. About 50% of natural exposure to
radiation is due to radon. Radon gas is
transferred when inhaled from the lungs and then
into the bloodstream (Appleton, 2012; Abbas et
al., 2023).

Radon has been classified as a
carcinogen by the International Agency for
Research on Cancer (IARC), so the

concentration of this gas inside the body must be
determined and its risks and radioactive effects
evaluated. (McColl et al., 2015).

One of the most important samples used
as a biomarker is urine samples, which are used
to evaluate the presence of toxic and radioactive

Periédico Tché Quimica. ISSN 2179-0302. (2025); vol.22 (n°49)
Downloaded from www.periodico.tchequimica.com

54



pollutants inside the body. It is one of the ways to
determine the level of internal exposure to
radiation such as radon. (Hall et al., 2017, Alves
etal., 2014).

Radon removal from the body occurs
rapidly after inhalation and ingestion, as radon
that is consumed is eliminated from the body
through the breathing process (Abed et al,
2024). However, the process of absorption of
radon in the human body occurs through its
dissolution in the blood within the digestive
system and other bodily tissues. Among the
noble gases, radon has the greatest solubility in
fatty tissue compared to blood, making fatty
tissue the primary site for radon accumulation
within the body (Abass & Sharba, 2020;
Papenful} et al., 2022).

When inhaling radon gas, a large part of it
is expelled before it decays in the body. However,
part of the inhaled radon and its atoms are
transferred from the lungs to the bloodstream and
thus distributed to all parts of the body, including
the kidney (Chaudhury et al., 2023). Kidney-
related diseases have also been observed in
some people exposed to radon (Salih et al,
2016). This is because the kidneys receive the
highest dose compared to other organs in the
body after radon moves from the lungs to the
kidneys through blood circulation (Koul & Koul,
2019).

The body gets rid of radioactive materials
through urine, excrement, saliva, exhalation,
sweat, and drinking milk (Singh & Kostova,
2024).

Radon gas can be detected by organic
nuclear detectors, which are characterized by
their high sensitivity and accuracy, the most
important of which is the CR-39 detector. (Guo et
al., 2020). The CR-39 detector is used to detect
and measure charged particles, such as alpha
particles in biological samples, and is a plastic
detector. (El Ghazaly & Hassan, 2018).

This study aimed to determine the
concentration of 2?2°2Rn in biological samples
(urine and serum) taken from renal stone patients
who underwent lithotripsy treatment and end-
stage renal failure patients who are receiving
hemodialysis treatment, patients with chronic
kidney disease in the early three stages of renal
failure (CKD) and a group of healthy individuals in
the age groups 21-30, 31-40, = 41 for males and
females using a solid-state nuclear track detector

(CR-39) in Najaf Governorate, Iraq and to
evaluate the risk of exposure to radon gas (Asker
et al., 2021, Othman, 2024).

2. MATERIALS AND METHODS
2.1. Materials

This study was conducted with 120
serum and urine samples from 20 patients with
renal stones (serum and urine), 20 patients with
end-stage renal failure (serum),20 patients with
chronic kidney disease patients in the first three
stages of (CKD) (serum), and 20 healthy controls
(serum and urine). Twenty subjects were
selected as a control group in different age
groups in Najaf province, Irag. Table (1) shows
the age groups and number of samples for
patients and health groups in the current study.
All participants consented to be sampled.
Information about age, disease type, and gender
were collected. Serum and urine samples were
taken from the renal stone patients' group and
the healthy group. Mostly because dialysis-
treated patients produce very little or no urine due
to renal failure, only serum samples were taken
from the two groups of end-stage renal failure
and the first three stages of renal failure to
participate in this study. A unique code was
assigned to each study participant aged 21-30,
31-40, =2 41. 5 ml of blood was collected and
stored in gelatin tubes.

2.2. Methods

The samples were then left to clot for (5-
10) minutes, and centrifugation was used to
separate the serum. The serum was then
transferred to Eppendorf tubes with a volume of 1
ml and stored in the freezer (Sharba et al., 2020).
As for urine samples, 10 ml were collected and
placed in urine containers, and a code was
written to indicate each participant. Then, the
samples were stored in the refrigerator. The
samples were stored for a month to reach
equilibrium between 222Rn and its parent ??°Ra in
the uranium series. A piece of CR-39 nuclear
reagent was fixed with adhesive tape to the
middle of the lower side of the lid of each
container of urine and serum samples and left for
120 days. After the exposure time, the CR-39
reagent was extracted and treated for 1 h with
NaOH (6.25 N) in a water bath at 98 °C. The CR-
39 reagents were then placed in distilled water. A
light microscope counted the number of tracks.
The concentration of radon 222Rn (Cr.) in the
space of the tube was determined using the
following equation (Al-Khayfawee et al., 2024)
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P=Ni/A (Eq. 1)
Where p is the track density on the
detector (Track cm™), N; is the average of track
numbers in the grid area, and A is the visible
Area under the microscope.
Crn=p/(KT) (Eq. 2)
Where Crn is the Radon concentrations
(Bg/m3), T is the exposure time, and K is the
calibration factor of the detector ((0.2917+0.0511
track cm™ per Bg-m= day™') (Abdulhussein A
Alkufi et al., 2024a).

2.3. Statistical analysis:

Data was analyzed using SPSS v. 28,
Numerical Data from the concentration of 222Rn in
biological samples (urine and serum) from 80
participants were expressed as mean * standard
deviation (SD), an independent t-test between
two groups in urine samples, and an ANOVA
for comparison among groups in serum samples.
Median (IQR) interquartile range for continuous
variables with non-normal. Receiver operator
characteristic (ROC) curve analysis was carried
out to evaluate the ?*?Rn cut-off value as well as
to predict the renal patients as diagnostic tests or
adjuvant diagnostic tests. Calculating the area
under the curve (AUC) with 95% confidence
intervals, with p < 0.05, is considered statistically
significant. More stringent significance (p <
0.001) was applied for ROC analyses.

3. RESULTS AND DISCUSSION:

3.1. Comparison of radon concentration
between patient groups and healthy controls

The resulting data of ?22Rn, which were
obtained from urine and serum samples of
patients and healthy groups, can be seen in
Table 2. The t-test was used to compare urine
groups of renal stone patients and healthy group,
and the ANOVA Test was used to compare
serum groups of patients and healthy group.
According to the results, there was a difference
between the renal stone group and the healthy
group for 222Rn (P< 0.018) for urine samples, and
there is a very significant difference between
patient groups and the healthy group for 222Rn for
serum samples as indicated by P< 0.01.

In general, the average concentration of
222Rn for biological samples of serum and urine of
patient groups was higher than that of healthy
people in Najaf province. The global average of

222Rn gas in the air (Bgq-m™) according to world
organizations has different values, like CFR 39
Bg-m= (CFR,2009), WHO 100Bg-m™
(Organization, 2009), EPA 74-148 Bq m3
(Zdrojewicz & Strzelczyk, 2006) and according to
ICRP 200 Bg-m-? (Tirmarche et al., 2010).

The main values of radon concentrations
for urine and serum samples of patient and
healthy groups in the current work were lower

than the global average of all limits by
international  organizations such as the
Environmental Protection Agency, the World
Health Organization, the Federal Research

Council and the International Commission on
Radiological Protection. In general, the results of
the current work indicate that the radon gas in
urine samples was higher than that of serum for
all groups.

For serum samples, renal failure patients
and those with chronic kidney disease have lower
radon levels compared to renal stone patients,
and the radon concentration of patient groups for
serum samples is high compared to its
concentration in serum for the healthy group in
which the results are statistically significant
(P=<0.05). Also, from Table 2, it can be seen that
the radon concentrations in biological samples in
the present study (urine and serum) have a high
significance with a P-value<0.01. the mean
concentration of radon 222Rn in urine samples for
healthy controls and renal stones patients
(17.27), (22.77), the mean concentration of radon
222Rn in serum samples for healthy controls, renal
stones patients, end-stage renal failure patients,
chronic kidney disease patients in the three
stages (2.43) (9.83) (6.99) (4.24) respectively as
shown in Table 2, and Figure 1.

These results may reflect the role of renal
health status in controlling radon concentration in
the body, as inhaled radon can expose the body's
organs to radiation, and the most dangerous
organ to be exposed to after the lungs is the
kidney in the human body. The results were
statistically significant, as shown in Table 2.

3.2. Roc curve for radon concentration of urine
samples for renal stone patients

Roc curve indicates the sensitivity and
specificity of radon concentration of urine
samples for renal stone patients, Cut-off point
was (26.6035), AUC = (0.69), P value < 0.044,
95%Cl (0.522 - 0.850). The sensitivity was
(0.300), while the specificity was 1. The
diagnostic test moderately differentiates between

Periodico Tché Quimica. ISSN 2179-0302. (2025); vol.22 (n°49)
Downloaded from www.periodico.tchequimica.com

56



patients and healthy individuals based on urine
radon concentration. The p-value is less than
0.05, which means that the results are statistically
significant, i.e., there is a real difference between
radon levels in patients and healthy individuals
and is not due to chance, indicating a relationship
between urine radon concentration as a
diagnostic tool and the likelihood of having renal
stones (as a result of treatment or disease)
compared to healthy individuals, as in Table 3
and Figure 2.

3.3. Roc curve for radon concentration for all
patients in serum samples

Roc curve indicates the sensitivity and
specificity for radon concentration of serum
samples for all patients; Cut-off point was
(4.9597), AUC = (0.917), P value < 0.0001,
95%CI (0.857- 0.977). The sensitivity was (0.717)
while the specificity was (1). The test has a very
good discriminatory ability between patients and
healthy individuals, indicating that the test is very
effective in discriminating between patients and
healthy individuals, with good sensitivity and
perfect specificity. The p-value indicates that
there is a strong statistically significant difference
between the two groups (patients and healthy
individuals), as can be seen in Table 4 and
Figure 3.

4. CONCLUSION

The results obtained for radon concentrations
of urine and serum samples of patients and
healthy subjects in the present work were lower
than the global average of all limited international
organizations, such as the World Health
Organization, the Federal Research Council, and
the International Commission on Radiological
Protection, the Environmental Protection Agency.
According to the comparisons made in this study,
it was found that the radon concentration is
higher in urine samples compared to the serum of
renal stone patients and healthy people,
respectively, and the radon concentration in
general in the serum of all patients is higher than
healthy people. These differences are statistically
significant p < 0.01, which indicates that renal
stone patients and renal failure patients are
associated with a significant increase in radon
concentration compared to healthy people. The
concentration of 2%?Rn in urine and serum can
be considered an excellent biomarker with a high
ability to discriminate between patients and
healthy individuals, supported by high AUC and
strong statistical significance. The findings of this
study can, therefore, be used as a potential

diagnostic tool for patients with different clinical
kidney cases.

5. DECLARATIONS
5.1. Study Limitations
The relatively small sample size of 120

serum and urine samples may limit the
generalizability.  Exclusion  criteria  omitted
participants with certain health conditions,

potentially introducing bias. The cross-sectional
design prevents establishing causal relationships.
Reliance on self-report measures, which may
introduce measurement error. Potential
confounding variables were not accounted for in
the statistical analysis. Lack of control for external
factors.

5.2. Acknowledgements

The author thanks all patients who
participated in this study.

5.3. Funding source

No grant supported this research, and this
article's publication costs were fully absorbed by
the PERIODICO TCHE QUIMICA under our
Platinum Open Access policy, with support from
the Araucaria Scientific Association
(https://acaria.org/). The journal maintains strict
ethical guidelines that prohibit accepting
donations from authors during manuscript
evaluation, regardless of their funding availability.
This approach ensures complete independence
between editorial decisions and financial
considerations, reinforcing our commitment to
scientific integrity and equitable knowledge
dissemination

5.4. Competing Interests

The authors declare that they do not have
any potential conflict of interest in this publication.

5.5. Open Access

This article is licensed under a Creative
Commons  Attribution 4.0 (CC BY 4.0)
International License, to the original author,
Kawther Hussein Mohammed, Hussien Abid Ali
Bakir Mraity, Heiyam Najy Hady

6. HUMAN AND ANIMAL-RELATED
STUDIES

6.1. Ethical Approval
This cross-sectional study comprised one

hundred and twenty (120) serum and urine
samples for (males and females) with ages

Periodico Tché Quimica. ISSN 2179-0302. (2025); vol.22 (n°49)
Downloaded from www.periodico.tchequimica.com

57



ranging from (21, = 41) years, performed based
on ethical clearance in line with the Declaration of
Helsinki and verbally approved by the Ethics
Committee of the Kufa University, with approval
number of (2013) and date of (21/02/2024).

6.2. Informed Consent

Participants in the study provided written

informed consent, and formal data were coded
and recorded for each participant. This included
information such as name, age, gender, and type
of disease.

7. REFERENCES:

1.

Abbas, H. H., Kadhim, S. A., Alhous, S. F.,
Hussein, H. H., Al-Temimei, F. A., & Mraity,
H. A. A. (2023). Radiation risk among children
due to natural radioactivity in breakfast
cereals. Nature Environment and Pollution
Technology, 22(1), 527-533.

Abass, R. J., & Sharba, I. R. (2020). GDF-15
A potential Biomarker of  Diabetic
Nephropathy in Iraq Patients with Chronic
Kidney Disease: doi.
org/10.26538/tjnpr/v4i12. 9. Tropical Journal
of Natural Product Research (TINPR), 4(12),
1081-1087.

Abed, T. K., Fayad, M. A., Alamiery, A. A,,
Wahhab, H. A. A., Mohammed, J. K., & Majdi,
H. S. (2024). Radon Gas Emission from
Home Appliances: Understanding Sources,
Implications, and Mitigation Strategies.
Results in Engineering, 102133.

. Al-Khayfawee, A. A. G., Kadhim, S. A., Al-

Quraishi, N. A. J., & Hussein, H. H. (2024). A
comparison of radon and uranium
concentrations with the concentrations of
some trace elements in lung cancer samples.
Bonpocski N'emamosoauu/OHkonoauu u
UmmyHonamonoeuu 8 Neduampuu, 23(3),
44-50.

Alkufi, A A, Abojassim, A. A., & Oleiwi, M. H.
(2024). Radon Concentration in Biological
Samples of Smokers and Non-smokers Using
Lexan Detector. Atom Indonesia, 50(2), 127-
134.

Alkufi, Abdulhussein A, Abojassim, A. A., &
Oleiwi, M. H. (2024a). Concentrations of
radon and other alpha emitters in biological
samples of smokers and non-smokers.
Journal of Radioanalytical and Nuclear
Chemistry, 1-9.

Alves, A., Kucharska, A., Erratico, C., Xu, F.,
Den Hond, E., Koppen, G., Vanermen, G.,

10.

11.

12.

13.

14.

15.

16.

17.

Covaci, A., & Voorspoels, S. (2014). Human
biomonitoring of emerging pollutants through
non-invasive matrices: state of the art and
future potential. Analytical and Bioanalytical
Chemistry, 406, 4063—4088.

Appleton, J. D. (2012). Radon in air and
water. In Essentials of medical geology:
Revised edition (pp. 239-277). Springer.

Arif, G. E., Yaseen, S. K., Khalel, N. S., &
Yaseen, S. R. (2024). A New Mathematical
Models or Estimation the Radon
Concentrations in Medical Herbs by Using
Numerical Methods. International Conference
on Advanced Engineering, Technology and
Applications, 175-187.

Aswood, M. S., Almusawi, M. S., Mahdi, N. K.
W., & Showard, A. F. (2020). Evaluation of
committed effective dose of Radon gas in
drinking water in Al-Qadisiyah province, Iraq.
Periodico Tché Quimica, 17(36).

Asker, M. M., Ali, E. S., & Mohammed, S. A.
(2021). Determination Radon Concentration
(Radon Gas) in Urine of Patients with Cancer.
NeuroQuantology, 19(4), 87-92.

Bignall, O. N., & Caldwell, T. (2021). Radon
(¥?2Rn) Concentration in Fresh and Processed
Coconut Water Using a RAD7 Detector.
Natural Science, 13(09), 425-436.

CFR, U. S. (2009). Code of Federal
Regulations  Title  40: Protection of
Environment, Part 136—Guidelines

establishing test procedures for the analyses
of pollutants, Appendix B to Part 136-
definition and procedure for the determination
of Method Detection Limit rev. 1.11. United
Nations Scientific Committee on the Effects of
Atomic Radiation. (1988). Sources, Effects,
and Risks of lonizing Radiation.

Chaudhury, D., Sen, U., Biswas, S., Shenoy
P, S., & Bose, B. (2023). Assessment of
threshold dose of thoron inhalation and its
biological effects by mimicking the radiation
doses in monazite placer deposits
corresponding to the normal, medium, and
very high natural background radiation areas.
Biological Trace Element Research, 201(6),
2927-2941.

Demir, M. (2022). Physical Bases of
Radionuclide Therapy (Biological Effects and
Properties of Particle Radiation). In
Radionuclide Therapy (pp. 19—-28). Springer.
El Ghazaly, M., & Hassan, N. M. (2018).
Characterization of saturation of CR-39
detector at high alpha-particle fluence.
Nuclear Engineering and Technology, 50(3),
432-438.

Guo, S.-L., Chen, B.-L., & Durrani, S. A.

Periodico Tché Quimica. ISSN 2179-0302. (2025); vol.22 (n°49)
Downloaded from www.periodico.tchequimica.com

58



18.

19.

20.

(2020). Solid-state nuclear track detectors. In
Handbook of radioactivity analysis (pp. 307—
407). Elsevier.

Hall, J., Jeggo, P. A., West, C., Gomolka, M.,
Quintens, R., Badie, C., Laurent, O., Aerts,
A., Anastasov, N., & Azimzadeh, O. (2017).
lonizing radiation biomarkers in
epidemiological studies—an update. Mutation
Research/Reviews in Mutation Research,
771, 59-84.

Jha, S. K., Patra, A. C., Verma, G. P., lyer, I.
S., & Aswal, D. K. (2024). Natural Radiation
and Environment. In Handbook on Radiation

Environment, Volume 1: Sources,
Applications, and Policies (pp. 27-72).
Springer.

Koul, B., & Koul, B. (2019). Types of Cancer.
Herbs for Cancer Treatment, 53—-150.

25.

26.

27.

Iraq. International Journal of Environmental
Analytical Chemistry, 1-18.

Papenfuld, F., Maier, A., Fournier, C., Kraft,
G., & Friedrich, T. (2022). In-vivo dose
determination in a human after radon
exposure: proof of principle. Radiation and
Environmental Biophysics, 61(2), 279-292.
Salih, N. F., Jafri, Z. M., & Aswood, M. S.
(2016). Measurement of radon concentration
in blood and urine samples collected from
female cancer patients using RAD7. Journal
of Radiation Research and Applied Sciences,
9(3), 332-336.

Sharba, I. R., Aljabery, H. A., & Al-Khakani,
M. F. (2020). Errythroferrone as a new
biomarker associated with anemia in Iraqi
patients with CKD. Peridoico Tche Quimica,
18(37), 135-148.

21. Manawi, Y., Hassan, A., Atieh, M. A, & 28.Singh, A., & Kostova, |. (2024). Health effects
Lawler, J. (2024). Overview of radon gas in of heavy metal contaminants Vis-a-Vis
groundwater around the world: Health effects microbial response in their bioremediation.
and treatment technologies. Journal of Inorganica Chimica Acta, 122068.
Environmental Management, 368, 122176. 29. Sukanya, S., & Joseph, S. (2023).

22. McColl, N., Auvinen, A., Kesminiene, A., Environmental radon: a tracer for hydrological
Espina, C., Erdmann, F., de Vries, E,, studies. Springer Nature.

Greinert, R., Harrison, J., & Schuz, J. (2015). 30. Tirmarche, M., Harrison, J. D., Laurier, D.,
European Code against Cancer 4th Edition: Paquet, F., Blanchardon, E., & Marsh, J. W.
lonising and non-ionizing radiation and (2010). ICRP Publication 115. Lung cancer
cancer. Cancer Epidemiology, 39, S93-S100. risk from radon and progeny and statement

23. Mohan, S., & Chopra, V. (2022). Biological on radon. Annals of the ICRP, 40(1), 1-64.
effects of radiation. In Radiation dosimetry 31.Zdrojewicz, Z., & Strzelczyk, J. (2006). Radon
phosphors (pp. 485-508). Elsevier. treatment controversy. Dose-Response, 4(2),

24. Othman, S. Q. (2024). Assessment of heavy dose-response.
metal concentrations in blood and radon
concentrations in urine samples of workers at
selected building material factories in Erbil,

Table 1. General characteristics of the studied groups
Categories healthy control renal stone renal failure CKD p-value
Age (year) mean
ge (y S[)) 39.30+12.18 41.35+10.17 50.3+13.56 40.75£14.03 0.032*#
21-30 5(25.0%) 4(20.0%) 3(15.0%) 7(35.0%) 0.116
Age groups  31-40 6(30.0%) 8(40.0%) 2(10.0%) 5(25.0%) 'NS
> 41 9(45.0%) 8(40.0%) 15(75.0%) 8(40.0%)
Sex Male 10(50.0%) 10(50.0%) 10(50.0%) 10(50.0%) 1.00 Ns
Female 10(50.0%) 10(50.0%) 10(50.0%) 10(50.0%) '
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Table 2. Comparison of radon concentration between patient groups and healthy controls for
urine and serum samples

Groups .
serum urine
N 20 20
Mean 2.43*D 17.27 *B
SEM 0.33 1.34
healthy control sSD 1.47 5908
Min-Max 0.90-4.51 8.12-25.25
Median (IQR) 1.80(0.90-3.60) 17.14(11.27-23.45)
N 20 20
Mean 9.83 *A 22.77 *A
renal stone SEM 0.72 1.77
SD 3.23 7.92
Min-Max 6.31-18.04 13.53-36.98
Median (IQR) 9.02(7.21-11.50) 21.19(15.56-29.31)
N 20
Mean 6.99 *B
SEM 0.43
renal failure SD 1.92
Min-Max 4.51-9.92
Median (IQR) 6.31(5.41-9.02)
N 20
Mean 4.24 *C
SEM 0.37
CKD ) 166
Min-Max 2.71-7.21
Median (IQR) 3.60(2.71-5.41)
F=44.16 T=-2.48
p-value <0.001 0.018*

Table 3. Roc curve data for radon concentration for renal stone patients in urine samples

Area Under the ROC Curve renal stone / healthy control in urine

Predicts Area p-value 95%Cl CPUtTOﬁ Se.  Sp.
oint

P<0.044" 0.522-0.850 26.6035 0.300 1

Samples
Type (AUC)
urine  “?Rn(Bam™) g9

Table 4. Roc curve for radon concentration for All patients in serum samples

Area under the ROC Curve All patients / healthy control in serum

Predicts Area p-value 95%Cl Cut-off Se. Sp.
Point

Samples
Type (AUC)

serum ?Rn(Bam™) 0917  P<0.0001" 0.857-0.977 4.9597 0.717 1
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Figure 1. A comparison of radon concentration median (IQR) among patient groups and
healthy controls for urine and serum
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Figure 2. Roc curve of renal stone patients with healthy control in urine samples
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Figure 3. Roc curve of all patients and healthy control in serum samples
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