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Abstract

This study aims to determine the levels of cadmium (Cd), lead (Pb), and mercury
(Hg) in the urine of renal stone patients and a healthy control group in the Najaf
Governorate of Iraq using Atomic absorption spectrometry (AAS). The study
included 20 renal stone patients and 20 healthy individuals as a control group. Both
groups consisted of 10 women and 10 men. The results demonstrated that there was
a significant difference (p <0.001) in the levels of (Cd, Pb, and Hg) in the urine of
renal stone patients compared with the control group. Also, there was a statistically
significant difference in Pb and Hg levels in the urine of females, which were seen
to be more than that of males (p < 0.005). The difference was statistically
significant p < 0.001, in the Receiver Operator Characteristic (ROC) curve analysis
for levels of Cd, Pb, and Hg in urine, which showed a high area under the ROC
curve (AUC) values of 0.978,1.000, 1.000, respectively. The high levels of
cadmium, lead, and mercury in urine may affect kidney function and impose certain
toxic issues for the kidney and can be considered as a potential factor for the
occurrence of renal stones.
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1. Introduction

Renal stone (also called renal calculi, nephrolithiasis, or urolithiasis) are hard deposits of
minerals and salts that form inside the kidneys[1]. Diet, being overweight, certain medical
conditions, and some supplements and medications can cause renal stone [2]. Food type,
lifestyle, and exposure to chemicals are potential risk factors for the formation and
development of renal stone. Cadmium, lead, and mercury are among the causes of kidney
disease. Exposure to these metals may cause renal stone [3]. Extracorporeal shock wave
lithotripsy uses sound waves to create strong vibrations (shock waves) that break the stones
into small pieces that can be passed in the urine[4]. The procedure takes about 45 to 60
minutes and can be moderately painful, so the patients may be given sedation or light
anesthesia so the patients don't feel the pain[5]. The four most prevalent kinds of renal stone
are struvite, calcium phosphate, calcium oxalate, and uric acid. Renal stone can also be
categorized based on the minerals they contain, calcium together with alkaline and alkali
elements[6]. Renal stone vary in shape depending on their occurrence and are affected by
several variables such as environment, climate, race, social characteristics, and urinary tract
infections[7]. Crystal creation, aggregation, and retention in the kidney cause
nephrolithiasis[8]. There is a serious risk to human health when exposed to many metals and
minerals, including lead, cadmium, mercury, manganese, aluminum, iron, copper, thallium,
arsenic, and chromium. In the past three decades, lead poisoning has been understood, and
exposure to low doses does not cause symptoms. Clinical symptoms appear as a result of the
effects of high doses; modern. Good sensitive techniques have helped to measure the low
concentrations of these doses[9]. The element cadmium is another environmental pollutant
whose toxicity varies in human and animal tissues. Chronic exposure to cadmium can be a
cause of lung fibrosis, renal tubular failure, high blood pressure, osteoporosis, and cancer.
These metals are exposed through food, polluted air, or dust[10]. Lead is carried by red blood
cells and accumulates in the bones. According to the International Agency for Research on
Cancer in 2006, lead compounds and inorganic lead are classified as potentially carcinogenic
to humans[11-13]. It is a toxic metal that causes oxidative stress and affects the skeletal
system, kidneys, blood, nervous system, and endocrine glands[14]. This study aims to
examine the levels of Cd, Pb, and Hg in the urine of renal stone patients treated with
lithotripsy and to compare the results with those of healthy control using atomic absorption
spectrometry.

2. Materials and Methods

The urine samples were collected from Al-Sadr Teaching Hospital in Al-Najaf, Iraq.
Healthy urine samples were taken from different regions of the governorate. The urine was
taken from renal stone patients treated with lithotripsy. The study included two groups, 20
patients and 20 healthy individuals as a control. Both groups consisted of 10 women and 10
men. The age range was 21-69 years. Using atomic absorption spectroscopy (AAS), the
levels of cadmium, lead, and mercury in the urine samples were measured at reference
wavelengths of 228.8, 283.3, and 253.7 nm for cadmium, lead, and mercury,
respectively[15]. The urine was subjected to digestion to estimate the heavy metal levels in
the urine sample. This involved transferring 1 ml of urine into a test tube and adding 1 ml of
concentrated nitric acid (HNO3). The mixture was then allowed to incubate for 24 hours. The
solution is prepared by combining hydrogen peroxide (H20z) and nitric acid in a ratio of 1:2
and maintaining a temperature of 70 °C. The resulting mixture is allowed to stand for a
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duration of one to two hours until it achieves a state of clarity [16,17] The device was
calibrated by establishing dilute concentrations for each element independently, as shown in
Figure 1.
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Figure 1: (a) Calibration curve of Cd, (b) Calibration curve of Pb, (c) Calibration curve of

Hg

3. Statistical Analysis

Data were analyzed using SPSS. In this analysis, frequency, percentage, mean, standard
deviation (SD), and range were considered, and qualitative data were analyzed using
Pearson's chi-square test. Receiver Operation Curve (ROC) was used to determine the area
under the curve with confidence interval (95% CI) for the urine levels of (Cd, Pb, and Hg) to
discriminate between the renal stone patients against the healthy controls through obtaining
the cut-off point. P values less than 0.005 and 0.001 indicated that the differences were
statistically significant.

4. Results
4.1 Comparison of the levels of (Cd, Pb, and Hg) in the urine of healthy control and renal
stone patients

Table 1 shows a comparison between the renal stone patients with healthy controls. It is
clear that there was a significant difference (P<0.001) between the mean (+SD) concentration
of Cd 0.007 (£0.007) (ppb) in healthy control as compared to the mean (=SD) 0.150 (£0.077)
(ppb) of the renal stone patients’ samples. Also, the results demonstrated a significant
difference (P<0.001) between the mean (+SD) concentration of lead 0.061 (+0.035) in
healthy control as compared to the mean (xSD) 0.464 (£0.305) (ppb) in renal stone samples.
Comparing the results of the mean (+SD) of the concentration of mercury 0.000 (£0.000) in
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healthy control with the mean (=SD) 10.499 (£11.125) (ppb) in renal stone patients revealed
the significant difference between the two groups (p<0.001), the Median (IQR) was (0.006,
0.144), (0.070, 0.352), (0.000, 7.679) (ppb) of Cd, Pb, and Hg in healthy control and renal
stone patients, as shown in Figure 2.

Table 1: Comparison levels of (Cd, Pb, Hg) in urine among the healthy control and renal

stone patients

o Cd (ppb) Pb (ppb) Hg (ppb)
urime urine urme
N 20 20 20
Mean 0.007 *B 0.061 *B 0.000
health SEM 0.002 0.008 0.000
om iy +SD 0.007 0.035 0.000
Min-Max 0.000-0.018 0.010-0.109 0.000-0.000
h(/llgll%“ 0.006 (0.00-0.014) 0.070 (0.023-0.090) 0.000
N 20.000 20 20
Mean 0.150 *A 0.464 *A 10.499 *A
renal SEM 0.017 0.068 2.488
sfo:e +SD 0.077 0.305 11.125
Min-Max 0.009-0.282 0.115-1.078 0.000-30.718
1\(4%11%“ 0.144(0.107-0.215) 0.352 (0.198-0.789) 7.679(0.295-23.973)
val T=-4.353 T=-5411 T=-5.789
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Figure 2: (a) comparison of median levels of Cd, (b) comparison of median levels of Pb, (¢)
comparison of median levels of Hg of the Studied Groups
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4.2 Comparison of the levels of (Cd, Pb, and Hg) in the urine of male and female healthy
control and renal stone patients

The statistics analysis results in Table 2 showed that the mean (=SD) of Cd levels do not
significantly differ in male and female urine for the healthy control group and renal stone
patients group. Also, no significant difference was seen in the mean (=SD) of Pb levels in the
urine for healthy control, but there was a significant difference (p < 0.005) in the mean (+SD)
of Pb levels for renal stone patients in females (0.6+0.103) (ppb), which was more than that
of males (0.328+0.07) (ppb). There was a significant difference (p < 0.005) in mean (xSD) of
Hg levels for renal stone patients in females (15.503+3.63) (ppb) compared to males (5.495)
(p values = 0.004)

Table 2: Comparison between levels of (Cd, Pb, and Hg) of males and females for healthy
control and renal stone patients

Cd (ppb) Pb (ppb) Hg (ppb)
Groups Sex
Urine p-value urine p-value urine p-value
healthy  Male  0.007+0.002 0.067+0.011 00
control  Female  0.007£0.002 (278 ™S " (0s4r0011  0-382ns 00 1.000
renal Male 0.14+0.019 0.328+0.07 . 5495:2718 .
stone  Female  0.159+003 046918 0.6£0.103 0.004 15.50343.63 004

4.3. ROC curves for (Cd, Pb, and Hg) levels in renal stone patients

ROC curve shows the sensitivity and specificity for the urine levels of (Cd, Pb, and Hg)
for the renal stone patients, the cut-off point was (0.032,0.112, and 0.0001), AUC=
(0.978,1.000, and 1.000), P value <0.001, CI (0.932-1.023, 1.000-1.000, and 1.000-1.000),
the sensitivity (0.95, 1.00, and1.00) and the specificity was (1.00, 1.00, and1.00), as shown in
Table 3 and Figure 3.

Table 3: ROC curve for levels of (Cd, Pb, and Hg) of the renal stone patients with healthy
controls.

Area under the ROC Curve renal stone with healthy control

Samples . o Cut-off
Type Predicts Area (AUC) p-value 95%CI Point Se. Sp.
Cd (ppb) 0.978 <0.001 0.932-1.023 0.032 0.95 1.00
urine Pb (ppb) 1.000 <0.001 1.000-1.000 0.112 1.00 1.00
Hg (ppb) 1.000 <0.001 1.000-1.000 0.0001 1.00 1.00
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Figure 3: ROC curve of the renal stone patients with healthy controls.

5. Discussion

The results presented in Table 1 obtained from the employment of Mann Whitney test
show a significant difference in Cd, Pb, and Hg levels in urine between the healthy control
and renal stone patients [18]. As demonstrated in Table 2, the statistics analysis results
indicated that there was no significant difference in levels of Cd, Pb, and Hg in the urine of
males and females in healthy control groups, also no significant difference in Cd levels in
healthy control, but there was a significant increase in the levels of Pb and Hg in females and
males of renal stone patients samples[19-21]. Table 3 shows that the levels of Cd and Pb in
urine have high AUC values (ranging from 0.978 to 1.000), which indicates that there are
high predictions for the levels of these elements in urine it may be due to exposure to
contaminated sources (such as contaminated foods or industrial environments)[22]. All AUC
values were statistically significant (p <0.001). Sensitivity shows good performance across all
predictors. The AUC values are quite high in most cases, indicating good to excellent
discriminatory ability of these tests [23,24] . The high AUC values and the large decrease in
p-values show that the levels of these elements can be, to a good extent, reliably used as
biomarkers to predict health status (e.g., the effect of kidney stones present), which is
potential scientific evidence for the relevance of these elements to biological changes in the
body. There is a strong possibility that chronic exposure to these elements is associated with
certain conditions, such as kidney tissue damage or kidney disease, making them important
biomarkers[25-27].

6. Conclusions

The results indicate that the accumulation of Cd, Pb, and Hg in the urine affects the
presence of renal stone patients. These findings suggest that renal stone patients may be
associated with higher lead levels in urine compared to the healthy control group. The result
data demonstrated that renal stone patients have measurable urine Hg levels, which are
undetectable (0.000 ppb) in the healthy control group. These results suggest that these tests
have promising potential in distinguishing individuals with renal stone from healthy controls,
with some tests showing near-perfect discrimination (AUC = 1.000) and high sensitivity and
specificity.

Ethical clearance

This study performed based on ethical clearance by the Ethics Committee of the Kufa
University, with approval number of (2013) and date of (21/02/2024).

1396



Mohammed et al. Iraqgi Journal of Science, 2026, Vol. 67, No. 3, pp: 1391-1398

Acknowledgements
We would like to express our warm thanks and praise to the University of Kufa, Iraq, for
the support and facilities it provides to researchers.

Disclosure and conflict of interest
The authors declare that they have no conflicts of interest.

References

[1] W. L. Abdulla, S. T. Abd, E. T. Shamkhy, A. A. Jebur and M. Ramakrishnan, "Evaluating the
Fasting Effect on the Level of Heavy Metals and Electrolyte Elements for Iraqi People in
Ramadan," Al-Salam Journal for Medical Science, vol. 3, no. 2 , pp. 7277, 2024.

[2] L. Frassetto and I. Kohlstadt, "Treatment and Prevention of Kidney Stones: an update," American
family physician, vol. 84, no. 11, pp. 1234-1242, 2011.

[3] F.S. Al-Fartusie and S. N. Mohssan, "Essential Trace Elements and their Vital Roles in Human
Body," Indian Journal of Advances in Chemical Science, vol. 5. no. 3, pp. 127-136 , 2017.

[4] D. Setyawan, "Analysis of the Use of Extracorporeal Shock Wave Lithotripsy (ESWL) based on
Piezoelectric Lithotripter for Kidney Stone," Journal of Medical Physics and Biophysics, vol. 8,
no. 1, pp. 17-27, 2021.

[5] E. A. H. Allam, "Urolithiasis Unveiled: Pathophysiology, Stone Dynamics, Types, and Inhibitory
Mechanisms: a Review," African Journal of Urology, vol. 30, no. 1, pp. 34, 2024.

[6] Z. Wang, Y. Zhang, J. Zhang, Q. Deng, and H. Liang, "Recent Advances on the Mechanisms of
Kidney Stone Formation," International journal of molecular medicine, vol. 48, no. 2, pp. 1-10,
2021.

[7]1 T. H. Brikowski, Y. Lotan, and M. S. Pearle, "Climate-Related Increase in the Prevalence of
Urolithiasis in the United States," Proceedings of the National Academy of Sciences, vol. 105,
no. 28, pp. 9841-9846, 2008.

[8] A. E. Charkiewicz, W. J. Omeljaniuk, K. Nowak, M. Garley and J. Niklinski, "Cadmium
Toxicity and Health Effects—A Brief Summary," Molecules, vol. 28, no. 18, pp. 6620, 2023.

[9] E.J. Hall, and D. J. Brenner, "Cancer Risks from Diagnostic Radiology," The British journal of
radiology, vol. 81, no. 965, pp. 362-378, 2008.

[10] R. Scudiero, T. Chianese, P. Creti, and L. Rosati, "Risk Assessment Arising from the Exposure
of Terrestrial Vertebrates to Soil Contamination: Learning from Field Lizards of the Podarcis
Genus," Journal of Xenobiotics, vol. 15, no. 1, pp. 21, 2025.

[11] P. L. Day, M. Wermers, V. Pazdernik, P. J. Jannetto and J. A. Bornhorst, "Detection of Cadmium
and Lead in Kidney Stones. Associations with Patient Demographics, Stone Composition, and
Smoking," The Journal of Applied Laboratory Medicine, vol. 8, no. 2, pp. 330-340, 2023.

[12] R. Teschke, "Copper, iron, cadmium, and arsenic, all generated in the universe: Elucidating their
environmental impact risk on human health including clinical liver injury," International journal
of molecular sciences, vol. 25, no. 12, pp. 6662, 2024.

[13] P. Bozbeyoglu, O. Dogan, and B. Budak, "The Effect of Heavy Metals in Mining Emissions on
Worker’s Blood Lead Levels: A Case Study of The Gumushane Zn-Pb Mine, Turkey," Journal
of the Institute of Science and Technology, vol. 15, no. 1, pp. 241-251, 2025.

[14] H. R. Habib, S. M. Awadh and M. Z. Muslim, "Toxic Heavy Metals in Soil and Some Plants in
Baghdad, Iraq," Al-Nahrain Journal of Science, vol. 15, no. 2, pp. 1-16, 2012.

[15] I. P. Heilberg, "Update on Dietary Recommendations and Medical Treatment of Renal Stone
Disease," Nephrology Dialysis Transplantation, vol. 15, no.1, pp. 117-123, 2000.

[16] H. Martin and P. Maris, "Synergism between Hydrogen Peroxide and Seventeen Acids Against
Six Bacterial Strains," Journal of applied microbiology, vol. 113, no. 3, pp. 578-590, 2012.

[17] A. F. Khudhair, M. K. Hassan, H. F. Alesary, and R. A. Alattar, "Evaluation Study for the Trace
Elements from the Urine of People Exposed to Contaminations Via the FAAS Method,"
Research Journal of Pharmacy and Technology, vol. 12, no. 12, pp. 6019—6023, 2019.

[18] D. Liang, C. Liu, and M. Yang, "The association between urinary lead concentration and the
likelihood of kidney stones in US adults: a population-based study," Scientific Reports, vol. 15,
no. 1, pp. 1653, 2025.

[19] P. Lentini, L. Zanoli, A. Granata, S. S. Signorelli, P. Castellino, and R. Dellaquila, "Kidney and

1397



Mohammed et al. Iraqgi Journal of Science, 2026, Vol. 67, No. 3, pp: 1391-1398

Heavy Metals-The Role of Environmental Exposure," Molecular Medicine Reports, vol. 15, no.
5, pp. 3413-3419, 2017.

[20] K. Sharafi, S. Nakhaee, B. Mansouri, B. Rahami, A. Amirabadizadeh, and K. Tavakol,
"Comparative Analyses of Serum Toxic Heavy Metal lons in Opium Addicts and Healthy
Controls," Iranian Journal of Toxicology, vol. 19, no. 1, pp. 17-25, 2025.

[21] G. Matta, and L. Gjyli, "Mercury, Lead and Arsenic: Impact on Environment and Human
Health," Journal of Chemical and Pharmaceutical Sciences, vol. 9, no. 2, pp. 718-725, 2016.

[22] F. O. Ohiagu, P. C. Chikezie, C. C. Ahaneku and C. M. Chikezie, "Human Exposure to Heavy
Metals: Toxicity Mechanisms and Health Implications,"Material Science & Engineering
International Journal, vol. 6, no. 2, pp. 78-87, 2022.

[23] K. Stamatelou and D. S. Goldfarb, "Epidemiology of Kidney Stones," Healthcare, vol. 11, no. 3,
pp. 424, 2023.

[24] V. Singh, V. K. Asari, and R. Rajasekaran, "A deep neural network for early detection and
prediction of chronic kidney disease," Diagnostics, vol. 12, no. 1, pp. 116, 2022.

[25] M. A. Ramadan, M. Abdelgwad, and M. M. Fouad, "Predictive value of novel biomarkers for
chronic kidney disease among workers occupationally exposed to silica," Toxicology and
Industrial Health, vol. 37, no. 4, pp. 173—-181, 2021.

[26] S. Shen, J. Wei, W. Kang, and T. Wang, "Elucidating shared biomarkers and pathways in kidney
stones and diabetes: insights into novel therapeutic targets and the role of resveratrol," Journal of
Translational Medicine, vol. 21, no. 1, pp. 491, 2023.

[27] A. Podkowinska and D. Formanowicz,"Chronic kidney disease as oxidative stress-and
inflammatory-mediated cardiovascular disease," Antioxidants, vol. 9, no. 8, pp. 752, 2020.

1398



