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CHEMICAL COMPOSITION AND MORPHOLOGY
OF RENAL STONES
Abstract: Two issues related to nephrolithiasis are explored: (1) does the chemical composition and
morphology of renal calculi in South Poland overlap with the studies from other countries? and (2)
are there possibilities to evaluate in vivo chemical composition of stones using computed tomography?
The study was conducted on 108 renal stones. X-ray fluorescence, X-ray diffraction and Fourier
transformed infrared spectroscopy were used to determine the chemical composition. The morphology
of the stones was examined using micro computed tomography.
The stone chemical composition in South Poland indicate that calcium oxalate monohydrate was
overwhelmingly dominant (84%) followed by hydroxyapatite (8%) and struvite (6%). The occurrence of uric acid stones was very low (2%). The relative frequency of various stone types is similar
in South Poland to other industrialized countries. The studied renal stones were characterized by
a large variability in the concentrations of both major and trace elements. The maximum/minimum
concentration ratio exceeds two orders of magnitude. Significant morphological differences have been
observed between different types of stones. The stones were composed of oxalate polyhedrons stuck
together or had the phosphate core overlaid with layers oxalate and organic mater. The use of CT to
identify stone type seems to be limited.
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INTRODUCTION
Research on urinary stones has been performed continuously since the end of
the 18th century, when Scheele and Bergman [1] described uric acid calculi. From
physico-chemical point of view, kidney stones form when specific compounds in
the urine become supersaturated, causing minerals to precipitate. Initially, the
crystals are characterized by very small diameters (~µm), but over time they can
growth and/or aggregate to form a structure about a few millimeters in diameter or even bigger. Five main types [2] of renal stones may be distinguished:
(1) calcium oxalate stones composed of calcium oxalate or calcium oxalate mixed
with calcium phosphate, (2) pure calcium phosphate stones, (3) uric acid stones,
(4) struvite stones which are the result of chronic urinary tract infections caused
by specific strains of bacteria and (5) cystine stones are associated with cystinuria. The incidence of the different types of stones depends on several factors
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like geographical location, climate, racial group, environmental and social characteristics as well as the incidence of urinary tract infections and chronic urinary
tract obstruction [2–4].
It is commonly accepted [5–9] that the knowledge of the composition and
morphology of urinary stones is important due to two reasons. Firstly, nephrolithiasis is a recurrent disease (~50% of cases results in disease recurrence in
10 years) [4, 10]. Some of the factors causing the stone formation can be influenced to prevent formation of additional stones. Secondly, medical therapy and
decision about proper treatment require the knowledge of stone composition. The
conviction can be found in the literature [2, 3] that every single stone taken from
patient should be studied because some calculi types determinate the treatment.
Recently, significant progress in the development of micro scale in vitro experimental methods has been achieved facilitated a better understanding of the
chemical composition and structure of renal calculi as well as the process of
pathological crystallization leading to calculi formation [11–14]. Although many
attempts have been made to determine the type of calculi using computed tomography [15–17], unequivocal identification of the type of stones is very difficult
in clinical practice.
Two issues related to nephrolithiasis are explored in the study with the following questions. (1) Does the chemical composition and morphology of renal calculi in South Poland overlap with the studies from other countries? (2) Are there
possibilities to evaluate in vivo chemical composition of stones using computed
tomography? It should be pointed out that the paper describes the first step of
large-scale investigations of the correlation between the effectiveness of different
therapeutic methods and the structure of renal stones.
MATERIAL AND METHOD
The study was conducted on 108 stones excised from patients (82 men, mean
age (±SD) 50 ± 13 years, age range 22–75 years and 26 women, mean age
51 ± 13 years, age range 24–71 years) treated with percutaneous nephrolithotomy, shock wave lithotripsy or therapeutic ureterorenoscopy. The material was
collected from a few hospitals in South Poland. The removed stones have been
washed several times with deionised water. Next, micro-computed tomography
(µ-CT) was used in order to examine geometrical dimensions, shape and morphology of stones. After tomographic measurements, the renal stones were ground
down in an agate mortar. The powder was used for the elemental composition
determination by means of X-ray fluorescence (XRF) while the chemical composition was investigated using X-Ray diffraction (XRD) and Fourier transformed
infrared spectroscopy (FTIR) methods.
Micro-computed tomography examinations were performed using a Skyscan
1172 micro-tomograph (Skyscan, Belgium). The image pixel size was 7 µm. The
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o

projection images were acquired over an angular range of 180 with an angular
o
step of 0.5 . Projections were reconstructed using the cone-beam reconstruction
software (Nrecon, SkyScan, Belgium) based on the Feldkamp algorithm. Subsequently, binarization was performed based on the density distribution histogram
in the whole sample volume. This program allowed also for the determination of
geometrical parameters of stones and the creation of 3D models. In addition, the
density at each pixel was determined using the procedure described elsewhere [10].
The elemental composition of the studied stones was determined by X-ray fluorescence method. The Oxford 2000 spectrometer (Oxford Instruments, UK) was
applied for XRF measurements. The working conditions were: the tube voltage
5 kV (light elements) and 35 kV (heavy elements). The tube current was 1 mA and
250 μA, respectively. The procedure for determination of the elemental composition was described elsewhere [18].
X-ray Diffraction (XRD) and Fourier transformed infrared spectroscopy (FTIR)
were used to determine the crystallographic structure and chemical compounds
of the renal calculi. For each of the samples, XRD diffractograms were measured
o
o
o
in the angular range 10 –70 at 2Θ values with the measuring step of 0.01 .
Measurements were performed on a X’Pert Pro (Philips, The Netherlands) diffractometer using copper radiation (CuKα). The results were interpreted on the basis
of material identification database using X’Pert HighScore commercial software
and the literature data [19].
FTIR spectra were acquired on a Nicolet 6700 FT-IR spectrometer (Thermo
Scientific, USA). Spectra recorded for KBr tablets were measured in the range
of 4000 cm–1–400 cm–1. Each tablet was made from the dry powder using approximately 1 mg of renal calculi per 300 mg KBr. The analysis of the IR bands
was based on the Nicolet FTIR Spectral Libraries and the published data [20].
The spectra consisting of broad absorption bands had been deconvoluted by
a self-deconvolution method [21] that enhances the resolution of overlapped
bands and reveals their fine structure.
Statistically relevant differences were identified with ANOVA analysis with 99%
confidence level, whereas statistically significant differences between respective
pairs of elements were assessed using Fisher’s least significant difference (LSD)
procedure with p value less then 0.01 [22].
RESULTS
Diffractograms obtained with the use of the XRD method allowed to identify the following crystalline compounds in the stones subjected to the studies:
calcium oxalate monohydrate (CaC2O4*H2O — COM), calcium oxalate dehydrate (CaC2O4*2H2O — COD), struvite (MgNH4PO4*6H2O — STR), hydroxyapatite
(Ca10(PO4)*6(OH)2 — HAP) and uric acid (C5H4N4O3 — UA). The XRD results were
fully confirmed by the measurements of the infrared spectra. Additionally, the
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self-deconvolution procedure revealed the presence of Amid I and Amid II bands.
A representative diffractogram and a FTIR spectrum are presented in Fig. 1 for
the most common, COM mixed with COD stone. The collected results of the
stone chemical composition (Table 1) indicate that COM is the overwhelmingly
dominant (~80%) followed by HAP and STR calculi. The occurrence of UA stones
was very low (2%).

Fig. 1. Diffractogram (XRD) and infrared spectrum (FTIR) of the most common renal stone containing
calcium oxalate monohydrate (COM) and calcium oxalate dehydrate (COD). The main dhkl values of
COM are given in boxes. For band positions of C = O and C–O depends on the concentration of COM
and COD in the sample. For a pure COM stone bands are at 1607 cm–1 and 1311 cm–1, respectively
while for a pure COD they are at 1644 cm–1 and 1328 cm–1, respectively.

In all investigated samples, concentrations of 11 elements (Mg, P, S, Cl, K, Ca,
Fe, Cu, Zn, Br and Sr) were determined using XRF method. Occasionally, Rb content was also measured. The elemental composition of renal stones, divided into
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Table 1
The occurrence (%) of different types of renal calculi in South Poland and other geographical areas.
For abbreviation see text.
Occurrence

COM

STR

HAP

UA

South Poland

84

6

8

2

North Africa

57

8

11

24

Australia

68

17

3

12

Far East

79

2

11

8

USA*

74

7

6

12

* 1% are classified as genetically determined (cystine) stones.

appropriate groups is presented in Tab. 2. The statistically significant differences
in the elemental composition between COM and STR groups were observed for
Mg, P, Cl, Zn and Sr. Concentrations of P, Zn and Sr demonstrated statistically
significant difference between the HAP and COM groups. Concentrations of elements in the HAP and STR groups are not different except for the concentration
of Mg. Among the 108 analyzed stones only two were built of uric acid. Hence
the statistical analysis for UA stones was not performed. It should be noted that
the toxic elements (Cd, Hg, Pb) were not detected in the investigated samples.
Table 2
Elemental composition of the renal stones in South Poland. The average values and standard
deviations for all investigated samples are given. For abbreviation see text.
Element

COM

STR

HAP

UA
< 0.01

Mg[%]

0.45 ± 0.56

1.32 ± 1.15

0.33 ± 0.06

P[%]

2.46 ± 1.64

10.8 ± 2.3

10.9 ± 3.3

1.04 ± 0.07

S[%]

0.19 ± 0.06

0.15 ± 0.06

0.17 ± 0.08

0.27 ± 0.11

Cl[ppm]

403 ± 121

262 ± 170

310 ± 117

220 ± 77

K[ppm]

392 ± 162

249 ± 86

261 ± 107

113 ± 42

Ca[%]

17.6 ± 6.1

12.1 ± 5.4

13 ± 2

< 0.001

Fe[ppm]

56.2 ± 24.3

47.4 ± 28.1

59.0 ± 32.5

49.8 ± 33.2

Cu[ppm]

3.48 ± 1.71

3.69 ± 1.23

4.43 ± 0.60

2.89 ± 1.15

Zn[ppm]

19.8 ± 16.2

133 ± 170

77 ± 57

4.02 ± 2.07

Br[ppm]

1.97 ± 0.94

1.38 ± 0.39

1.65 ± 0.09

1.38 ± 0.06

Sr [ppm]

22.1 ± 15.0

112 ± 86

99.4 ± 54.8

<1
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The use of µ-CT allows the determination of the morphology of the renal
calculi. The chemical compounds and the organic matrix in the samples may
be identified on the basis of the density histogram. The percentage by mass of
the organic matrix varied from 2% to 15%. The densities of the compounds and
the organic substance differ markedly (HAP — 3.16 g/cm3 COM — 2.12 g/cm3,
UA — 1.87 g/cm3, STR — 1.71 g/cm3, organic matrix — ~1.1 g/cm3). The µ-CT
results confirmed that the examined stones were always a mixture of, at least,
2 chemical compounds and the organic mater (Fig. 2). The commonly accepted

1 mm
Fig. 2. Three dimensional models (right panel) and cross sections (left panel) of the COM and HAP stones
extracted from µ-CT data. Three grey scale levels are used. The white color corresponds to HAP, the grey
color shows COM while the black color is correlated with the organic mater. For abbreviation see text.

11
classification (Table 1) indicates which compound dominates. Additionally, significant morphological differences between the COM and HAP groups were observed.
As shown in Fig. 2 the COM renal stones were composed of COM polyhedrons
with sharp edges stuck together. Most polyhedrons contained small clusters of
HAP while the volume between polyhedrons was occupied by the organic mater.
In contrast, the most common HAP stones, had the phosphate core overlaid with
the layer of COM and the organic mater (“onion” structure). It should be pointed
out that a trial to correlate the chemical composition with size and shape of the
stone failed.
DISCUSSION
Five chemical compounds (COM, COD, STR, HAP, UA) and an organic substance
were identified in the samples subjected to the studies. The urinary stone was,
in all cases, a mixture of two crystals and an unknown organic substance in
different proportion. It should be pointed out that XRD and FTIR methods do not
detect minor constitutes of mixed calculi. Like each spectroscopic method XRD
and FTIR techniques are characterized by the detection limits (~5%). Therefore,
the presence of an additional compound cannot be excluded. In all cases, however, one chemical compound dominates. The applied stone classification is based
on the principal chemical compound detected in the sample.
The types of stones formed depend mainly on the composition of urine, which
in turn reflects the type of diet consumed in the areas. For example, the stone
problem in the tropics is compounded by low urine volumes and poor drinking.
In South Poland COM stones are most common (Table 1). COM stone formation
is driven by the relative concentrations of certain chemicals in the urine (to much
Ca and oxalate, too little citrate) or highly concentrated urine from decreased
fluid intake. Other more rare causes of COM stone formation include ingesting
excessive amounts of vitamin D or calcium, hyperactive parathyroid glands, sarcoidosis, intestinal bypass surgery or chronic inflammation of the bowel.
HAP stones are formed in urine that is too alkaline, a condition often caused
by renal tubular acidosis. Renal tubular acidosis can be an inherited genetic
disorder or arise later in life in association with other pathological processes.
Moreover alkaline urine can also result from chronic ingestion of high quantities
of antacids. STR stones are almost always the result of chronic urinary tract infections caused by specific strains of bacteria. These bacteria produce enzymes
that change the concentration of ammonia and the pH. The resulting ammonia
-rich and alkaline environment favors the formation of magnesium ammonium
phosphate crystals, the minerals composing STR stones. A few percent of stones
consist of UA, a byproduct of protein metabolism. UA stones are associated with
early stages of diabetes, a high-protein diet, chronic diarrhea, gout, and genetic
factors that can predispose one to developing uric acid stones.
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A comparison of the collected results with the chemical composition of the renal calculi from other geographical regions [12, 23–29] confirmed that the relative
frequency of various stone types is similar in South Poland to other industrialized countries (Table 1). The observed discrepancies may be due to altered eating
and drinking habits at various regions as well as racial differences and a family
history. It should be also pointed out that there are no possibilities to evaluate
the statistical significance of the observed differences (Table 1).
The studied renal stones were characterized by a large variability in the concentrations of elements (Table 2). Taking into account the variation coefficient VC,
defined as (standard deviation)/(mean value)), it may be concluded that the VC
values were spread over broad ranges (e.g. STR — VC(Zn) > 1, HAP — VC(Ca) ≈ 0.15).
It should be noted that big VC values were observed both for major and trace
elements. In selected cases the observed differences were directly correlated with
the chemical compositions (e.g. Mg concentration for STR and COM/HAP or
P concentration for COM and STR/HAP). In other cases it is possible to postulate a mechanism responsible for the discrepancies (e.g. Ca-Sr and Mg-Sr substitutions take place in HAP and STR, respectively while Ca-Sr substitution is
hampered). There are, however, cases for which the explanation of differences
awaits further studies (e.g. Zn concentration for COM and STR/HAP).
The biggest differences in the elemental composition were observed for trace
elements. It should be pointed out that the trace element concentrations of renal
stones were extensively investigated [24–29]. The broad ranges of trace element
concentrations have been observed for all investigated stone types collected at
different geographical regions. As an example, the ranges of trace element concentrations for three regions are given in Table 3. It is clearly visible that the
maximum/minimum concentration ratio exceeds two orders of magnitude. It should be noted that the accumulation of a trace element in the human tissue that
exceeds the physiological level by factor of 100 is a marker of a severe pathology.
Table 3
Comparison of trace element concentrations (ppm) of renal calculi in South Poland and two other.
All types of calculi were pooled. Ranges of concentrations are given.
Element

East Africa

South Africa

South Poland

Fe

39 ÷ 200

25 ÷ 103

20 ÷ 106

Cu

3÷9

1÷8

1÷6

Zn

1 ÷ 145

1 ÷ 572

4 ÷ 503

Br

1 ÷ 10

1÷9

1÷4

Sr

1 ÷ 151

7 ÷ 185

1 ÷ 240
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The µ-CT technique enables the unequivocal description of the renal calculi
morphology. Two findings are of fundamental importance. Firstly, the renal stones
were, in most cases, a mixture of two chemical compounds and the organic matter. The proportion of components was sample dependent. Secondly, two patterns
of the stone spatial architecture were distinguished (Fig. 2): (1) the aggregate of
polyhedrons, typical for COM-dominated stones, and (2) the “onion” structure,
the most common for HAP stones. The explanation of the observed differences
of the stone spatial architecture awaits further studies.
The collected results showed that µ-CT is an excellent method allowing for the
creation of a new, more precise classification of renal stones than those currently
used in clinical practice. On the basis of a single µ-CT measurement, it is possible to determine both the morphology and chemical composition of renal calculi.
Using µ-CT data it is also possible to answer the question; are there possibilities
to evaluate in vivo chemical composition of stones using computed tomography?
Currently, CT provides accurate determination of stone location, size, number
and CT density (Hounsfield unit). Moreover, CT permits the creation of 3-dimensional reconstructions with the spatial resolution of ~1 mm. It should be kept
in mind that CT technique differentiates the tissue structure on the basis of
the linear absorption coefficient value which, in turn, is linearly related to the
structure density. Therefore, using the appropriate calibration it is possible to
determine the density of the structure within the human body (quantitative computed tomography). Assuming, average X-ray energy 50 keV, the stone diameter
5 mm (smaller stones are ejected spontaneously) and the soft tissue thickness
20 cm, it is possible to calculate the relative contrast (C = (the change of the
image intensity caused by the lesion)/(average image intensity in the vicinity of
the lesion)) of the CT image. C values equal to 0.55, 0.29, 0.13 and 0.07 for
pure HAP, COM, STR and UA stones, respectively. Therefore, it may be concluded
that pure renal stones (composed of one chemical compound) should be distinguished using routine CT examination. Unfortunately, the renal stones are always
a mixture of a few compounds in different proportion (Fig. 2). Theoretically, the
minimal density of the mixture equals to ~1.1 g/cm3 (organic matrix) while the
maximal value corresponds to 3.16 g/cm3 (pure HAP stone). Since the proportion
of the compounds cannot be extracted from the CT image (spatial resolution limit), the unequivocal determination of the chemical composition of renal stones
using the CT examination is impossible. In contrast to routine CT technique the
µ-CT method has significantly better spatial resolution (factor 100). Therefore, the
µ-CT method may be used to distinguish the chemical compounds of the renal
stones. The transfer of the µ-CT results from laboratory to the clinical level is
the goal of our future research.

14
ACKNOWLEDGMENT
The research was carried out with the equipment purchased thanks to the financial support of the European Regional Development Fund in the framework of
the Polish Innovation Economy Operational Program (contract no. POIG.02.01.0012-023/08).
CONFLICT OF INTEREST STATEMENT
None declared.
REFERENCES
1. Grases F., Costa-Bauzá A., García-Ferragut L.: Biopathological crystallization: a general view
about the mechanisms of renal stone formation. Adv Colloid Interface Sci. 1998; 74: 169–194.
— 2. Reynolds T.M.: Chemical Pathology Clinical Investigation and Management of Hephrolithiasis.
J Clin Pathol. 2005; 58: 134–140. — 3. Heilberg I.P., Schor N.: Renal Stone Disease: Causes, Evaluation and Medical Treatment. Arq Bras Endocrinol Metab. 2006; 50: 823–831. — 4. Hesse A., Tiselius
H.G., Siener R., Hoppe B.: Urinary Stones. Diagnosis, Treatment, and Prevention of Recurrence. S.
Karger AG, Bassel 2009. — 5. Williams J.C., Hameed T., Jackson M.E., Aftab S., Gambaro A., Pishchalnikov Y., Lingeman J.E., McAteer J.A.: Fragility of Brushite Stones in Shock Wave Lithotripsy: Absence
of Correlation with Computerized Tomography Visible Structure. J Urology. 2012; 188: 996–1001.
— 6. Wiener S.V., Deters L.A., Pais V.M.: Effect of Stone Composition on Operative Time During
Ureteroscopic Holmium:Yttrium-Aluminum-Garnet Laser Lithotripsy With Active Fragment Retrieval.
Urology. 2012; 80: 790–794. — 7. Basiri A., Taheri M., Taheri F.: What is the State of the Stone
Analysis Techniques in Urolithiasis? Urol J. 2012; 9: 445–454. — 8. El-Assmy A., Abou-El-Ghar M.E.,
El-Nahas A.R., Refaie H.F., Sheir K.Z. Multidetector Computed Tomography: Role in Determination of
Urinary Stones Composition and Disintegration With Extracorporeal Shock Wave Lithotripsy — an in
Vitro Study. Urology. 2011; 77: 286–290. — 9. Yuan L., YiRong C., Wei Z., XiaoGang H., WenHui L.,
XiaoRui R., Min M., Xinsheng X., Gang H., BaoGuang S., Gang L., WeiHua L., Hui X.: Study of Stone
Composition Changes in Melamine-related Urinary Calculi and Its Clinical Significance. Urology. 2011;
78: 417–420. — 10. Tatoń G., Rokita E., Wróbel A., Beckmann F., Thor P.: Renal calculi composition
studies with the use of microtomography. Central European Journal of Urology. 2010; 63: 87–90.
11. Huri E., Tatar I., Germiyanoglu C., KaraKan T., Hamdi H., Ersoy O.: Evaluation of Urinary
Stones Ex Vivo With Micro-Computed Tomography. Preliminary Results of an Investigational Technique. Urol J. 2011; 6: 195–190. — 12. Charafi S., Mbarki M., Costa-Bauza A., Prieto R.M., Oussama A.,
Grases F.: A Comparative Study of Two Renal Stone Analysis Methods. Int J Nephrol Urol. 2010; 2:
469–475. — 13. Wróbel A., Rokita E., Thor P.: Microprobe studies of the uric acid calculi. Trace Elem
Electroly. 2005; 22: 296–300. — 14. Blaschko S.D., Miller J., Chi T., Flechner L., Fakra S., Kahn A.,
Kapahi P. Stoller M.L.: Microcomposition of Human Urinary Calculi Using Advanced Imaging Techniques. J Urology. 2013; 189: 726–734. — 15. Marchini G.S., Remer E.M., Gebreselassie S., Liu X.,
Pynadath C., Snyder G., Monga M.: Stone Characteristics on Noncontrast Computed Tomography:
Establishing Definitive Patterns to Discriminate Calcium and Uric Acid Compositions. Urology. 2013;
82: 539–546. — 16. Eliahou R., Hidas G., Duvdevani M., Sosna J.: Determination of Renal Stone
Composition with Dual-Energy Computed Tomography: An Emerging Application. Seminars in ultrasound CT and MRI. 2010, doi:10.1053/j.sult.2010.05.002: 315–320. — 17. Zarse C.A., Hameed T.A.,
Jackson M.E. et al.: CT visible internal stone structure, but not Hounsfield unit value, of calcium
oxalate monohydrate (COM) calculi predicts lithotripsy fragility in vitro. Urol Res. 2007; 35: 201–206.

15
— 18. Wróbel A., Rokita E.: Application of EDXRF to the assessment of aortic valve mineralization.
X-Ray Spectrom. 2001; 30: 393–396. — 19. Chen Z., Wang C., Zhou H., Sang L., Li X.: Modulation of
calcium oxalate crystallization by commonly consumed green tea. Cryst Eng Comm. 2010; 12: 845–
852. — 20. Selvaraju R., Thiruppathi G., Raja A.: FT-IR spectral studies on certain human urinary
stones in the patients of rural area. Spectrochim Acta A. 2012; 93: 260–265.
21. Pleshko N., Boskey A., Mendelsohn R.: Novel infrared spectroscopic method for the determination of crystallinity of hydroxyapatite minerale. Biophys J Biophys Soc. 1991; 60: 786–793.
— 22. Bewick V., Cheek L., Ball J.: Statistics review 10: Further nonparametric methods. Crit Care.
2004; 8: 196–199. — 23. Hughes P.: Kidney stones epidemiology. Nephrology. 2007; 12: S26–S30.
— 24. Grases F., Costa-Bauzá F.A., Ramis M., Montesinos V., Conte A.: Simple classification of renal
calculi closely related to their micromorphology and etiology. Clin Chim Acta. 2002; 322: 29–36.
— 25. Giannossi M.L., Summaa V., Mongelli G.: Trace element investigations in urinary stones:
A preliminary pilot case in Basilicata (Southern Italy). J Trace Elem Med Bio. 2013; 27: 91–97.
— 26. Zarasvandi A., Heidari M., Sadeghi M., Mousapoor E.: Major and trace element composition
of urinary stones, Khuzestan province, southwest, Iran J Geochem Explor. 2013; 131: 52–58.
— 27. Chou Y., Li C., Hsu H., Chang W., Liu C., Li W, Ke H., Lee M., Liu M., Pan S., Wang H.: Renal
function in patients with urinary stones of varying compositions. Kaohsiung J Med Sci. 2011; 27:
264–267. — 28. Pineda-Vargas C.A., Eisa M.E.M., Rodgers A.L.: Characterization of human kidney
stones using micro-PIXE and RBS: A comparative study between two different populations. Appl
Radiat Isotopes. 2009; 67: 464–469. — 29. Jhaumeer-Laulloo S., Subratty A.H.: Analysis of urinary
calculi in Mauritius. Sci Technol Res J Univ Mauritius. 1999; 3: 87–93.

M. Smoluchowski Institute of Physics
Jagiellonian University
ul. Reymonta 4, 30-059 Kraków, Poland
1

2
Department of Biophysics
Jagiellonian University Medical College
ul. św. Łazarza 16, 31-530 Kraków, Poland

Department of Pathophysiology
Jagiellonian University Medical College
ul. Czysta 18, 31-530 Kraków, Poland
3

Corresponding author:
Andrzej Wróbel
Department of Medical Physics
M. Smoluchowski Institute of Physics
Jagiellonian University
ul. Reymonta 4, 30-059 Kraków, Poland
Phone: +48 12 663 56 97
E-mail: ufawrobe@cyf-kr.edu.pl

16

