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BACKGROUND: Fundamental investigation of the issue how various factors influence on origin and behavior of the 
nephrolithiasis is very actual because of necessity of the information about of early diagnostic methods as well as a 
prognostication. 
So, the information about of formation dynamics of phase and elemental composition of oxalate-calcic nephrolithes pending 
of lifetime of one patient is useful. 
AIM: The aim of the investigation is to obtain the information about of elemental composition as well as phase composition 
of the one patient nephrolithes formed pending of lifetime. 
MATERIALS AND METHODS: In the paper the data of the careful investigation of the elemental and phase composition of 
the two nephrolithes ablated from one patient at different times are presented. First nephrolith had been ablated from the 
right kidney in the March of 2002 (patient was 41 years old), subsequently second that had been did from the left kidney in 
the December of 2019 (patient was 58 years old; the nephrolith was found in 2012). The study was carried out using mass 
spectrometry and atomic adsorption spectrometry with inductively coupled plasma, infrared spectroscopy, X-ray phase 
analysis, CHN/S analysis.
RESULTS: Both calculi were calcium oxalate, predominantly Vevellite structures. The chemical composition of the both 
nephrolithes is alike. They contain microimpurities of all essential as well as conditionally essential elements. Quantities of 
the toxic elements in the nephrolithes are identical too. Microquantities of the nitrogen and sulphur indicate a presence of 
amino acids and proteins in the nephrolithes structure.
CONCLUSIONS: The results indicate that the nephrolithes with invariable phase and elemental composition would be 
forming in the different kidneys of one patient pending of lifetime.
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Введение. Фундаментальные исследования влияния различных факторов на возникновение и течение мочекамен-
ной болезни (МКБ) весьма актуальны ввиду острой востребованности информации о методах ее ранней диагности-
ки и прогнозирования течения. С этих позиций информация о динамике формирования кристаллической структуры 
(фазового состава) и элементного состава оксалатно-кальциевых конкрементов у одного пациента на протяжении 
жизни может быть полезна. 

Цель — получение информации об элементном составе и кристаллической структуре оксалатно-кальциевых уролитов, 
формирующихся у одного пациента на протяжении жизни. 

Материалы и методы. В статье приведены данные подробного исследования элементного состава и кристалли-
ческой структуры почечных камней, удаленных у одного и того же пациента в марте 2002 г. из правой почки (возраст 
пациента составлял 41 год) и в декабре 2019 г. из левой почки (возраст 58 лет, камень был обнаружен в 2012 г.). Ис-
следование проводили с помощью масс-спектрометрии и атомно-адсорбционной спектрометрии с индуктивно-свя-
занной плазмой, инфракрасной спектроскопии, рентгенофазового анализа, CHN/S-анализа.

Результаты. Оба конкремента представляли собой оксалат кальция, преимущественно структуры вевеллита. 
Химический состав камней очень близок, конкременты содержат весь спектр эссенциальных и условно-эссенци-
альных элементов на уровне микропримесей. Состав и содержание токсичных элементов в обоих камнях также 
значительно не изменяется. Наличие микроколичеств азота и серы в составе камней свидетельствует присутствие 
аминокислот и белка в их структуре.

Заключение. Полученные результаты свидетельствуют, что на протяжении жизни в разных почках у пациента 
формировались конкременты постоянного фазового и химического состава.

Ключевые слова: оксалатно-кальциевые конкременты; мочекаменная болезнь; элементный состав конкрементов; 
эссенциальные элементы; условно-эссенциальные элементы; масс-спектрометрия; атомно-адсорбционная спектро-
метрия; инфракрасная спектрометрия; ренгенофазовый анализ; CHN/S-анализ.
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INTRODUCTION
Urolithiasis is one of the most critical problems of 

contemporary medicine, which is associated with its high 
prevalence, chronic and recurrent course, and frequent 
development of severe complications. Its causes are as-
sociated with improper nutrition, environmental factors, 
physical inactivity, and metabolic disorders [1, 2]. Taking 
into account the urgency of the problem and critical de-
mand for information on the methods of early diagnosis 
and prognosis of urolithiasis, as well as on methods of 
preventing relapse, fundamental studies have examined 
the influence of various factors on the occurrence and 
course of urolithiasis [3–6].

Since the course of urolithiasis is often unpredictable, 
information on the changes over time of the formation of 
the crystal structure and elemental composition of cal-
cium oxalate calculi is very useful. This paper presents 
data from a detailed study of the composition of neph-
roliths removed from the same patient in March 2002 
from the right kidney and in December 2019 from the left 
kidney. This paper also presents the possibility of a com-
plex of contemporary mutually complementary analytical 
methods for a detailed study of the chemical and phase 
compositions of calculi.

MATERIALS AND METHODS
We examined the calculi removed from the same pa-

tient (at age 41) in March 2002 from the right kidney and 
in December 2019 from the left kidney (at  age 58, and 
this stone was detected in 2012). For analysis, the stones 
were ground in an agate mortar. The resulting powders 
were used in the X-ray phase analysis (XPA), double-jet 
arc plasma atomic emission spectrometry (DAP-AES), 
and elemental CHN/S analysis. For analyses by induc-
tively coupled plasma mass spectrometry (ICP-MS) and 
inductively coupled plasma atomic emission spectrometry 
(ICP-AES), the ground stone samples were dissolved in 
aqua regia (a mixture of hydrochloric and nitric acids in 
the proportion of 3HCl : 1HNO3).

The mineral composition of the calculi was analyzed 
by the ICP-MS method using an Agilent 8800 Quadrupole 
Mass Spectrometer (Japan) with a collision and reaction 
cell to eliminate spectral overlaps, using oxygen and he-
lium as reaction gases [7, 8]. The ICP-AES method was 
performed on an ICAP 6500 Spectrometer (Thermo Fisher 
Scientific, Waltham, MA, USA) with a cyclone-type spray 

chamber and a SeaSpray-type pneumatic nebulizer, with 
a recorded wavelength range of 166–847 nm and with an 
axial method for recording an analytical signal [9, 10] and 
by the DAP-AES method [11].

The organic composition was examined by CHN/S 
analysis on a Euro EA 3000 Analyzer according to the 
optimized technique [12] and by IR spectroscopy using an 
FT‑801 Spectrometer (Simex, Novosibirsk).

The phase composition was determined by powder 
XPA on a DRON‑3M diffractometer [13].

RESULTS AND DISCUSSION
The phase composition of nephroliths was examined 

by X-ray phase powder analysis. The 2002 stone was 
composed of 75% whewellite and 25% weddellite, and 
the 2019 stone was 100% whewellite. Both phases repre-
sented crystalline modifications of calcium oxalate, with 
a difference in the content of water of crystallization. 
Whewellite is calcium oxalate monohydrate CaC2O4 · H2O, 
and weddellite is calcium oxalate dihydrate CaC2O4 · 2H2O. 
However, an increase in the content of water of crystal-
lization in the 2002 stone could have occurred during the 
stone storage for 18 years under ambient conditions.

The mineral composition was investigated by comple-
mentary spectral analysis methods. The ICP-MS method 
with a collision and reaction cell determined most ac-
curately the content of heavy elements, and the ICP-AES 
method with an axial signal registration method deter-
mined lightweight elements. As an advantage, the DAP-
AES method allows the analysis of solid objects, exclud-
ing the dissolution stage. As a summary, Table 1 presents 
the results of the analyses of these three methods.

Table 1 shows that the elemental compositions of 
the 2002 and 2019 stones were comparable and repre-
sented by all essential and conditionally essential ele-
ments [14–18]. The mineral base of both stones was 
calcium. Moreover, the stones contain toxic elements 
that are often technogenic in nature and enter the body 
through the skin, lungs, or food [17]. It is believed that 
heavy elements such as mercury, cadmium, and lead 
are the calculi centers of crystallization [19]. However, 
mercury, cadmium, uranium, and thorium were not found 
in the stones. Trace amounts of lead were detected in 
both stones. Interestingly, the 2002 stone contains in-
dium, whereas the 2019 stone does not contain this 
element, and the patient worked with this substance 
in 2000–2002.
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Table 1. Results of the analysis of the mineral composition of uroliths, mass percentage
Таблица 1. Результаты анализа минерального состава уролитов, мас%

Element
Calculus 2002 Calculus 2019

ICP-MS ICP-AES DAP-AES ICP-MS ICP-AES DAP-AES

1. Macronutrients, essential elements

Ca – 24 – – 21 –

Na – 2 ∙ 10–1 – – 1 ∙ 10–1 –

K – 7 ∙ 10–2 – – 3 ∙ 10–2 –

Mg – 6 ∙ 10–2 6 ∙ 10–2 – 3 ∙ 10–2 4 ∙ 10–2

Zn 1 ∙ 10–2 1 ∙ 10–2 1 ∙ 10–2 2 ∙ 10–3 2 ∙ 10–3 2 ∙ 10–3

Cu 1 ∙ 10–3 7 ∙ 10–4 1 ∙ 10–3 2 ∙ 10–3 5 ∙ 10–3 4 ∙ 10–4

Fe – 6 ∙ 10–3 2 ∙ 10–3 – 2 ∙ 10–3 1 ∙ 10–3

Mn – 1 ∙ 10–3 5 ∙ 10–4 – 4 ∙ 10–3 3 ∙ 10–4

Co 4 ∙ 10–4 6 ∙ 10–4 2 ∙ 10–3 1 ∙ 10–4 3 ∙ 10–4 3 ∙ 10–4

P 3 ∙ 10–1 1,3 9 ∙ 10–1 5 ∙ 10–2 3 ∙ 10–1 2 ∙ 10–1

2. Conditionally essential elements

Ni 7 ∙ 10–5 – 5 ∙ 10–4 1 ∙ 10–4 – 2 ∙ 10–4

I 2 ∙ 10–3 – – 1 ∙ 10–3 – –

Br 2 ∙ 10–4 – – 4 ∙ 10–4 – –

Si – – 2 ∙ 10–2 – – 3 ∙ 10–2

Cr 2 ∙ 10–5 – 5 ∙ 10–4 2 ∙ 10–5 – 4 ∙ 10–4

W 6 ∙ 10–5 – 3 ∙ 10–5 3 ∙ 10–5 – 3 ∙ 10–5

Sr 1 ∙ 10–2 5 ∙ 10–3 7 ∙ 10–3 7 ∙ 10–3 4 ∙ 10–3 6 ∙ 10–3

Zr 5 ∙ 10–5 – – 4 ∙ 10–5 – –

Rare earth 
elements

not detected 
(5 ∙ 10–6) – –

not detected 
(5 ∙ 10–6) – –

3. Toxic elements

Hg, Сd
not detected  

(5 . 10–6) – –
not detected 

(5 ∙ 10–6) – –

Pb 3 · 10–3 – 6 ∙ 10–3 4 ∙ 10–4 – 1 ∙ 10–3

Al 5 ∙ 10–2 6 ∙ 10–1 2 ∙ 10–2 1 ∙ 10–1 1 ∙ 10–1 7 ∙ 10–2

Ti 1 ∙ 10–3 – – 2 ∙ 10–4 – –

In 2 ∙ 10–5 – –
not detected 

(5 ∙ 10–6) – –

Sn 5 ∙ 10–5 – – 2 . 10–4 – –

Ba 2 ∙ 10–4 1 ∙ 10–4 8 ∙ 10–4 2 ∙ 10–4 4 ∙ 10–5 5 ∙ 10–4

Th, U
not detected  

(3 ∙ 10–7) – –
not detected  

(3 ∙ 10–7) – –

Note. ICP-MS, inductively coupled plasma mass spectrometry; ICP-AES, inductively coupled plasma atomic emission spectrometry; 
DAP-AES, double-jet arc plasma atomic emission spectrometry.
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Table 2. Data of CHN / S analysis of uroliths, mass percentage
Таблица 2. Данные CHN/S-анализа уролитов, мас%

Element Calculus 2002 Calculus 2019
С 17.6 18.0
N 1.1 0.8
H 2.5 2.0
S 0.1 0.1

Figure.	 Infrared spectra of urinary calculi. 1  – calculus in 2002, 
2 – calculus in 2019
Рисунок.	Инфракрасные спектры мочевых конкрементов. 
1 — конкремент 2002 г., 2 — конкремент 2019 г.
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According to the XPA data, the presence of various 
elements (Table 1) does not affect the crystal structure 
of the calculi. The possible cause was that the elements 
were captured during growth and incorporated into the 
structure of growing crystals.

The organic composition of stones was evaluated 
by the CHN/S method, and the results are presented in 
Table 2.

Table 2 shows that the CHN/S-compositions of the 
stones were slightly different. The 2002 stone contains 
more hydrogen, which is consistent with the XPA data 
that this stone contains 25% weddellite. The sulfur con-
tent could be due to the presence of protein in the stones 
in the composition of both their hormones and bacteria. 
The presence of nitrogen could be attributed to the con-
tent of amino acids [20, 21]. To confirm this assumption, 
the IR spectroscopy method was used. The IR spectra of 
the stone samples are presented in the figure.

The figure shows that the IR spectra of the 2002 stone 
(curve 1) and 2019 stone (curve 2) are identical, the relief of 
the curves is absolutely equal, and only minor differences 
exist in the intensities of the absorption bands. The spectra 
show absorption bands in the range of 1000–1200 cm‑1. 
These bands are attributed to the absorption of amino 
acids [20]. Indeed, in the IR spectrum of calcium oxalate 
synthesized in the laboratory, no absorption bands were 
found in this region [21]. Thus, both spectra corresponded 
to the calcium oxalate formed in the presence of amino 
acids.

CONCLUSION
The above results of a comprehensive study of the 

phase and chemical compositions of calcium oxalate 
calculi removed from the same patient in March 2002 
from  the right kidney (at age 41) and in December 2019 

from the left kidney (at  age 58, the stone was found in 
2012) indicate that throughout life, stones with a constant 
phase and chemical composition were formed in either 
kidney of the patients. The calculi were represented by 
calcium oxalate, predominantly of whewellite structure. 
Concrements contained the entire range of essential and 
conditionally essential elements at the level of trace im-
purities. The composition and amounts of toxic elements 
also did not change significantly. Trace amounts of nitro-
gen and sulfur found in nephroliths indicate the presence 
of amino acids and protein in their structure.
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