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Abstract

The microelement composition of kidney stones in patients from the Novosibirsk and Omsk Regions is
investigated. It is shown that the concentrations of elements in kidney stones depends on the mineral phase.
The common feature of the kidney stones in the regions under comparison is a broad range of detected
elements. It was established by comparing the collections under investigation that heavy elements are dominant
in the kidney stones from the Novosibirsk Region; different contents and distribution of microelements in
samples are connected with the specific character of the region.

INTRODUCTION

Urolithiasis is a widespread disease; as a
mean, every hundredth person in developed
countries has calculi in the urinary system; they
often cause no trouble inter vivos and are de-
tected only during postmortem examination [1].
Systematic investigation of  urinary calculi is
carried out for several decades; knowledge on
the features of  the composition of  urinary con-
cretions over the regions with different natu-
ral and social factors taking into account the
specificity of industry-related pollution pro-
motes revelation of the reasons of disease in
each specific case [2�7]. Successful treatment
of urolithiasis is impossible without taking into
account the factors depicting the physicochem-
ical conditions of formation and development
of the pathology. These factors are depicted in
the phase and elemental composition of con-
cretions and, as shown recently, in their struc-
ture, in particular in the distribution of phas-
es and elements over the calculus volume, in

the composition of the central region and in
the structure of separate crystals [8�12].

The frequency of their occurrence and
compositional distribution are nonuniform over
different territories of the planet. The affecting
factors are the specificity of local conditions
(water hardness, climate etc.), occupation,
nutrition type,  and finally the ecological status
of a given region [1, 10]. Because of this, the
studies carried out by researchers are not only
replication of  the data on the nature of  definite
solid formations in a human organism. The
accumulation of  the analytical material and its
generalization taking into account local conditions
and the state of environment help solving an
important social task � prevention and efficient
treatment of the corresponding diseases.

Omsk and Novosibirsk Regions are unfavour-
able regions in this respect. An increase in the
number of urolithiasis cases is observed in these
regions during the recent years (Figs. 1, 2) [13].
The highest frequency of disease is attributed
to the regions with developed industrial poten-
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Fig. 1. Dynamics of  an increase in urolithiasis (U) rate
in the Omsk Region.

tial and the zones with poor quality of drink-
ing water.

For instance, during a definite period of
time, 43 patients from the industrial Leninskiy
District of Novosibirsk with different localiza-
tion of  calculi in urinary organs were taken
for treatment, while only 9 patients came from
the ecologically more favourable Tsentralny Dis-
trict. A similar situation was also observed for
the rural territory. The majority of patients
suffering from urolithiasis came to the Novosi-
birsk Regional Hospital from ecologically un-
favourable regions: Iskitim and Novosibirsk
Rural Districts [9].

Omsk Region also belongs to the regions with
the critical ecological situation. According to the
data of the State Committee for Ecology for
the years 2000�2003, Omsk belongs to the list
of 33 cities with the highest level of atmo-
spheric pollution and occupies the 7th place
among the cities in the total amount of emissions
from stationary sources and motor transport.
Pollution of drinking water is also a problem
for the Omsk Region.

The worst situation arises in the rural re-
gions of the Omsk Region. In public water sup-
plies, 24.1 % of water samples do not meet
the requirements of State Standard GOST
2874�82 in bacteriological indices and 42.7 %
in chemical ones; in non-departmental water
supplies the figures are 25.0 for bacteriological
and 46.7 for chemical indices. On the basis of
the data that were obtained by processing the
information about the patients who were pass-
ing the course of  remote lithotripsy in the Omsk
Region Hospital, the regions with the highest
rate of urolithiasis sickness were revealed.
These regions are situated mainly in the south-
ern part of the Omsk Region [14].

The application of the modern methods of
matter investigation, including X-ray fluores-
cence analysis with the synchrotron radiation,
provides the possibility to determine the con-
centrations of a number of chemical elements
in the samples of biological matter with the
high accuracy and to specify the features of
the crystal chemistry of minerals that incor-
porate those elements. Examination of  the com-
position of  urinary calculi is also important for
choosing the procedure of  remote lithotripsy
and for carrying out the prophylactics of re-
lapses of calculi formation.

The goal of  the work was the analysis of
the microelement composition of the collections
of  urinary calculi from the patients in the Omsk
and Novosibirsk Regions, and revelation of the
structure of heavy metal (Sr, Hg etc.) carriers
and the features of the distribution of the el-
ements over the mineral phases.

SUBJECTS AND METHODS OF INVESTIGATION

The subjects of investigation were 146 sam-
ples of  urinary calculi from the patients of
the Novosibirsk Regional Hospital into which
the majority of persons suffering from uroli-
thiasis (according to the data of the surgeons
of the urology department) came from the eco-
logically unfavourable regions, and 120 kidney
stones from the patients living in the Omsk Re-
gion. In order to form a correct opinion on the
complete phase composition of calculi and their
quantitative relations, average samples were
analysed. Large concretions were cleaved at theFig. 2. Frequency of urolithiasis over age groups.
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TABLE 1

Features of the element composition of kidney stones of different mineral composition from the Omsk

and Novosibirsk collections

Group Elements Elements

with maximal with minimal

content content

    Omsk Region

Phosphate Mg, P, K, Sr, Cd, Zr, Pb, Br

Sb, I, Ba, Si, F, Zn, Rb

Oxalate Ca, S, Fe, Cr, Cu K, I, Al

Urate Na, U, Mn, Cu, As, Se Ca, Mg, P, Sr, Cd, Zr,

Sb, Ba, Si, Cr, Zn

Novosibirsk Region

Phosphate K, Sr, Ti, Ni, Zn, V, Mo, Cr, As, Ag

Mn, Fe, Cu,  Cd, I, Br, Rb

Oxalate Ca, K, Zn, Sr,  Fe, Ni,  Cu, Ag, Sn, Mo

Ti, I

Urate Ca, K, Br, Fe, Ti, Mn, Zn, Sr, Cd, Mo, Rb, Ag, Cr, As

I, Cu

Fig. 3. Cross-section of a phosphate-oxalate calculus from
the Omsk collection.

geometric centre, and the material from the
entire surface was sampled. The small-sized cal-
culi and sand were examined as a whole. For a
number of calculi, we studied the substance
sampled in the centre,  at the periphery and
from the surface (fragmentary analysis). Ener-
gy dispersion X-ray fluorescence element anal-
ysis of the samples was carried out at the sta-
tion for element analysis of  the Centre for SR
VEPP-3 of the Budker Institute of Nuclear
Physics, SB RAS (Novosibirsk). Emission spec-
tra of the samples under investigation were
excited with the beam of monochromatic radi-
ation with the energy of 25 keV. The samples
were prepared by pressing the powder in tab-
lets 30 mg in mass and 6 mm in diameter. Emis-
sion spectra were treated with the special soft-
ware Axil [15]. Calculations of element content
were carried out using the external standard
procedure. The reference samples were the rock
standards: ST-1a (trap), SA-1 (siltstone), SG-1
(granite), SI-1 (limestone), BCR-32 (phospho-
rite). Normalization factors for calculating the
concentrations of elements not certified in the
indicated standards were obtained by interpo-
lating the corresponding values for the neigh-
bouring groups of elements. Detection limits for
the elements under loading the spectrometric

tract with the frequency of 10 kHz and mea-
surement time 1000 s are listed in Table 1. The
error of  element determination was within the
limits 2�10 rel. %.

To study the changes in the element com-
position from the centre to periphery of  a kid-
ney stones of the phosphate-oxalate type from
the Omsk collection (Fig. 3), we used emission
spectral analysis according to the procedure de-
scribed in [16]. The error of  determination of  all
the elements was within the limits 2�3 rel. %. In
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addition, this method was used to broaden the
range of elements (such as Mg and Al) incorpo-
rated in the nephroliths from the Omsk collection.

RESULTS AND DISCUSSION

The microelement homeostasis of population
(homeostasis is a feature of an organism consist-
ing in the ability to resist changes and conserve
relatively constant composition and properties
during the lifetime) is due to the biological evolu-
tion factors under specific geochemical conditions.
In this sense, the homeostasis directly depicts the
effect of environments [17]. Momentary (from the
geological and evolution viewpoints) changes in
the element composition of the environment
should be exhibited overcoming homeostasis.

We investigate urinary calculi as integral
accumulators of the information about the ex-
ternal action and protective functions of  an
organism. The analysis of  the microelement
composition of calculi of the patients from dif-
ferent regions of Russia comprised by identi-
cal and different phases allowed us to establish
some regularities.

According to the accepted practice, on the
basis of  the major component,  urinary calculi
are divided into oxalate, phosphate and urate
groups; cystine, quartz and protein ones are
less frequent. The results on the element com-
position of kidney stones from the Omsk and
Novosibirsk Regions according to the data of
XPA-SR are presented in Table 1 as an exam-
ple. The data on the element composition of
pathogenic minerals were processed by means
of  cluster analysis.

The results showed that three groups (clus-
ters) of kidney stones (oxalate, phosphate and
urate) differ both in number and in element con-
tent. The groups of elements with the maximal
(31 to 0.4 mass %) and minimal (0.05 to 0.0005
mass %) content in different mineral phases can
be distinguished (see Table 1). Such a distribu-
tion of the elements over different mineral
groups is likely to be connected with the fea-
tures of isomorphism of the minerals of kid-
ney stones, which has not been investigated yet.

Comparing the elemental composition of the
collections of kidney stones from the Omsk and
Novosibirsk Regions (see Table 1) one can see

that a broader element range is characteristic
of the latter. This is especially clearly observed
in the set of heavy metals incorporated in the
calculi from the Novosibirsk collection: the phos-
phate group � Ti, Ni, Zn, V, and Mo; the
oxalate group � Zn, Sr, Ni, and Ti; the urate
group � Fe, Ti, and Zn. It is likely that the
presence of such elements as Ti, Ni, and Zn
in the major phases of kidney stones is char-
acteristic of this region; it is these elements
that affect the interrelations of humans with
the environment causing homeostasis disorder.

The difference of the calculi of the Omsk
collection is that the oxalate group is charac-
terized by the high sulphur content (0.4 to 0.7
mass %), in the rest less than 0.07 mass %. This
fact can be explained by the higher concentra-
tion of sulphur-containing compounds of pro-
tein nature in the calculi of  oxalate nature [18�
19]. The concentrations of P, K, F, Sr, Zn,
Ba, Zr, Sb, and Rb are maximal in the phos-
phate group and minimal in the urate group
of kidney stones. It turned out that the higher
concentrations of Na, Br are characteristic of
urate calculi in comparison with oxalate and
phosphate ones.

Some elements are present in both collec-
tions of kidney stones (phosphate group: Sr,
Cd, and Zn; oxalate group: Fe, and Cu; urate
group: Mn, Cu,and Br). The largest number of
elements is detected in the calculi of the phos-
phate type, both for Omsk and for Novosibirsk
(see Table 1).

Phosphate calculi, which are usually believed
to originate due to infectious processes in the
urinary system [5],  are represented by hydrox-
ylapatite Ñà5(ÐÎ4)3(ÎÍ) and struvite
MgNH4PO4 ⋅ 6H2O and account for about 1/5 of
all the concretions under investigation. Each
twentieth of them has the only mineral com-
ponent �  carbonate-hydroxylapatite. Apatite
calculi contain larger mount of heavy micro-
elements: for example, Sr is found in them in
the maximal amount (see Table 1). As far as
the second phosphate ingredient struvite is con-
cerned, it occurs as the sole mineral compo-
nent rather rarely in the Novosibirsk collection;
most frequently it is found with a small admix-
ture of apatite. The simultaneous presence of
apatite and struvite in the urinary calculi is de-
termined by the closeness of their lattice param-
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TABLE 2

Contents of elements in different zones of a kidney stone of the mixed type, mass %

Zone Fe Mg Pb Si Mn Ca Ti Al Cu

1 0.006 3 0.006 0.004 0.004 22 � 0.0018 0.0016

2 0.014 4.2 0.0047 0.0012 0.0053 26 0.001 0.034 0.0021

3 0.026 6.6 0.011 0.029 0.049 38 0.0006 0.0028 0.0018

Notes. 1. Mineral composition: zone 1 � CaC2O4 ⋅ H2O 70 %, Ca5(PO4)3OH 30 %; zone 2 � CaC2O4 ⋅ H2O 50 %,
Ca5(PO4)3OH 50 %; zone 3 � CaC2O4 ⋅ H2O 30 %, Ca5(PO4)3OH 70 %. 2. Dash means the absence of data.

eters: for apatite, ñ = 6.878 Å, and for struvite
à = 6.941 Å, which ensures the epitaxial interac-
tion between these crystal phases. Struvite calcu-
li contain higher concentrations of Rb than the
samples of other compositions do; this element
substitutes NH4. Also a substantial amount of Sr
is observed. The most likely carrier of this ele-
ment in these samples is weakly crystallized apa-
tite that often accompanies struvite.

One of the struvite calculi from the
Novosibirsk collection was investigated frag-
mentarily from the centre to periphery. This
concretion, with the maximal size along the
section 65 mm, was composed of different types
of layers: a brown crust, yellow loose layers
and white dense ones. According to the data of
X-ray phase an alysis,  all the layers are
represented by struvite; only the yellow layer
contained a small amount of  carbon ate-
hydroxylapatite. By means of IR spectroscopy,
an additional phase (newburyte) was revealed
almost in all the samples; the content of this
phase is maximal in the brown crust, which is
an evidence of a decrease of the ammonium
component on the surface of  the urinary calculi
[19]. The microelement composition was also
different from one layer to another: Mn and a
significant amount of Fe were detected only in
the brown sample; the white and yellow samples
contained no Mn at all, while the concentration
of Fe in the white layer was an order of
magnitude lower and in the white layer by two
orders of magnitude lower than in the brown
one. In all the regions of the calculus, Sr, Ag,
B, Pb, Zn etc. were detected; their concen-
trations were <0.05 mass %. For another
investigated kidney stone, the mineral
component of which was composed of struvite
and apatite, anomalously high concentrations

of  some elements were detected. Analysis of
the structure of this concretion revealed metal
pieces in its centre. The size of one of them
was sufficient to carry out its X-ray diffraction
analysis. It was established that this was an alloy
of titanium and nickel introduced into the
organism of this patient during a surgical
procedure; it has been a prosthesis previously
(according to the data of the surgeon of the
urology department); as a result, this piece
turned out to be the centre of calculus
formation. According to the data of elemental
analysis of  the middle sample of  this calculus,
it was discovered that along with Ti and Ni this
prosthetic alloy contained rather high
concentrations of such elements as V, Sr, Nb,
Mo,  and Cd. As a matter of  principle,  the
positions of Mg in struvite can be occupied by
Cu, Zn, Ni, and Fe2+ ions and more complicated
groups. This fact provides evidence of the broad
possibilities of isomorphous substitutions in
struvite in all the positions similarly to apatite
[20]; this is due to its structural features. This
is why many different microelements are
present in struvite urinary calculi;  a higher Rb
concentration than that in the apatite samples
along with almost the same amount of Sr as
that in the apatite samples was observed.

The data on the microelement composition
of the sample of phosphate-oxalate type from
the Omsk collection (Table 2) confirm this reg-
ularity. An increase in the number of the phos-
phate component from the centre to the pe-
riphery from zone 1 to zone 2 is accompanied
by an increase in the number of elements and
their concentrations.

Oxalates, whewelite CaC2Î4 ⋅ Í2Î and wed-
delite ÑàÑ2Î4 ⋅ 2Í2Î, the most frequent com-
ponents of  urinary calculi,  occur in the sam-
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ples as the sole mineral component, in associa-
tion with each other and with other inorganic
and organic compounds [21]. A comparison of
the structures of whewelite and weddelite
showed that they are similar, and this explains
why these two minerals so frequently get asso-
ciated with each other and easily transform into
each other. The structural representation of the
compounds comprising urinary calculi is very
important for the investigation of their growth
and possible epitaxial connections between them
[22]; it also allows one to understand the kinet-
ics of the formation of these concretions. In
the urinary calculi composed of  calcium ox-
alates, in spite of their perfect crystal struc-
ture and limited capacity for isomorphous sub-
stitutions, a substantial number of various mi-
croelements was detected (see Table 1).

According to the observations of clinicians,
urate urolithiasis accounts for about 12 % of
the whole number of patients [7] in the absence
of any extremal conditions causing exactly this
type of urolithiasis. Approximately the same
number characterizes the calculi of patients in
Novosibirsk: 11.3 % samples contained uric acid
of both forms (anhydrous C5H4N4O3 and
hydrated C5H4N4O3 ⋅ 2Í2Î); 8.3 % of them
were monophase according to the X-ray
diffraction studies. Ammonium urate
C5H2N4O3(NH4)2 was found only in two calculi.
Somewhat increased concentration of urate
calculi (15.7 %) is characteristic of the Omsk
collection; the fraction of anhydrous C5H4N4O3

is 14 %, the rest amount falls at the hydrated
form C5H4N4O3 ⋅ 2Í2Î.

In the urate concretions, the lowest Sr
concentration was observed; however, large
amounts of K, Ca, Na, and Ti, sometimes V,
Cu, Fe etc. were observed, which is likely to
be due to the geochemical features of the
environment in which the patients live (see
Table 1). An order of magnitude higher iodine
concentration was detected in one of the
samples; this may be connected with taking
iodine-containing preparations by that patient.

Comparing the mean concentrations of mi-
croelements in the urine of a healthy adult
average statistical person (Na > K> S > Si >
Br > Fe > Zn> Ni > Mn > I > Cu, Se > Pb >
As [23]) and in kidney stones of the inhabit-
ants of the Omsk (Na > K > S > Si > Fe > Zn

> I > Pb > Br > Ni, Cu > Mn > As > Se) and
Novosibirsk (K > Zn > Sr > Fe > Mn > Cu >
Ni > Br > Òi > I > Ìî >>Âà) regions, we
established that the concentrations of such mi-
croelements as Fe, Zn, Cu, Ni, Mn, and As
and especially Sr, I, and Pb in kidney stones
are higher than in urine, which is the evidence
of selective accumulation of these elements
during the pathogenic mineral formation pro-
cesses. It is important to stress that the rows of
heavy element concentrations in the samples un-
der investigation differ for different regions. For
the collections from Omsk (Fe > Zn > Pb) and
Novosibirsk (Zn > Sr > Fe > Mn), different con-
centrations and distributions of microelements in
the uroliths from different geographic regions is
likely to be explained by the specific features of
the regions. The data reported in [24�26] provide
evidence in favour of this assumption, as the
presence of elevated concentrations of microele-
ments in kidney stones of the inhabitants of bio-
geochemical provinces and industry affected re-
gions is connected with the permanently acting
etiological factor of the formation of pathogenic
aggregates in human organism.

CONCLUSIONS

Thus,  the analysis of  the element composi-
tion of  urinary calculi was carried out;  the in-
terconnection with the substance composition
was investigated. It was shown that the basic
factors determining the variety and number of
microelements in urinary calculi are the fea-
tures of the mineral composition and the ef-
fect of  the regional geochemical background
(natural and industry related),  and also the
specificity of exchange processes in a patient�s
organism. One of the possible reasons of the
formation of  urinary calculi is the intake of
increased amounts of some microelements in a
human organism. A comparison of the element
composition of calculi composed of the same
phases allows one to approach better under-
standing of the specific characteristics of the
external action on a human organism.
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