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A bstract: The content of Pb, Cd, Ni, Fe, Na and K was deter-
mined in sixteen samples of urinary calculi taken from patients in
Macedonia. The trace elements were determined by atomic ab-
sorption spectrophotometry and by flame emission spectrometry.
The chemometric examination of the calculi was done by factor
analysis. This chemometric method has been extensively used for
classification purposes while solving different multidimensional
problems. The results obtained from the analysis revealed that the
highest correlation exists between the concentrations of lead and
potassium. No significant correlation among other analyzed elements
was found. The examination of the first two principal components
(with 67 % variance captured) calculated from the autoscaled data
matrix showed a clear separation between the composition of the
calculi taken from male and from female patients, especially in the case
of the calculi consisting of the two oxalates (whewellite and weddelite)
and those composed of carbonate apatite in mixture with oxalates.
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1. INTRODUCTION

The urinary calculi have been extensively studied in our laboratory [1—
6]. In the late sixties, the first statistical examination of the composition of uri-
nary calculi in Macedonia was done using infrared spectroscopy as a tool for
determining the composition of the calculi [1, 2, 7]. More recently, as a part of
the studies of human concrements in our laboratory [3—6, 8], it was possible to
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apply some more advanced chemometric techniques for determining the com-
position of the calculi [4-6] so that after some thirty years a new statistical ex-
amination of the qualitative composition of concrements taken from the patients
from Macedonia [3] has been made.

In this work, we present the results of the chemometric treatment of
data of trace elements analysis of sixteen urinary calculi by atomic absorption
spectroscopy. Although there are literature data on the determination of trace
elements in urinary calculi [9-16], we did not find any information about
chemometric treatment of the data. In this work, the principal-component analy-
sis [17, 18] (an extremely useful tool for the classification of samples according
to some of their properties) was used to analyze the experimental data.

2. EXPERIMENTAL

Instrumentation

A Varian SpectrAA 640Z Zeeman atomic absorption spectrophotome-
ter equipped with a Varian PSD-100 Autosampler was used for Pb, Cd and Ni
(Table 1), a Thermo Elemental Solaar S4 flame atomic absorption spectropho-
tometer for the determination of Zn and Fe (Table 2) and a JENWAY model
PFP flame emission spectrometer was used for the determination of Na and K.
An Ethos Touch Control pressurized microwave digestion device (Milestone,
Italy) with a rotor for 12 Teflon digestion vessels was used. To prevent explo-
sions, the vessels are equipped with a pressure release system. A specially de-
signed vessel which allows a temperature sensor and a pressure sensor to be
connected and the progress of the digestion to be monitored, is substituted for
one of the 12 vessels.

Procedure

Calculi samples weighing 0.5 — 1.0 g were placed in Teflon digestion
vessels, 3 mL concentrated HNO; and 2 mL H,0, (30 %, nVV) were added, the
vessels were capped closed, tightened and placed in the rotor of the microwave
oven. The digestion was carried out with the digestion programs: 800 W/15 min;
1000 W/25 min and a pressure of 20 bar. Finally the vessels were cooled, care-
fully opened and the digests quantitatively transferred to 25 mL calibrated
flasks and filled up with redistilled water. Fe, Zn, Na and K were analyzed di-
rectly from these solutions.
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Table 1

Instrumental parameters for trace element determination
of Cd, Ni and Pb by Zeeman ETAAS

Parameter Cd Ni Pb
Wavelength/nm 228.8 232.0 283.3
Spectral slit/nm 0.5 0.2 0.5
Lamp current/mA 4.0 4.0 5.0

Calibration mode

Absorbance, peak height

Background correction Zeeman

DRY

Temperature/°C 85;95; 120 85;95; 120 85;95; 120
Ramp time/s 5,40; 5 5;40; 5 5;40; 5
Hold time/s 10 10 10
PYROLISIS

Temperature/°C 600 900 800
Ramp time/s 40 10 10
Hold time/s 30 40 30
ATOMIZATION

Temperature/°C 1800 2400 2100
Ramp time/s 0.8 1.1 1
Hold time/s 2 2 2
CLEANING

Temperature/°C 1800 2400 2100
Hold time/s 2 2 2
Gas Argon
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Table 2
Instrumental parameters for determination of Fe and Zn by FAAS

Parameter Fe Zn
Wavelength/nm 248.3 213.9
Spectral slit/nm 0.2 1.0
Lamp current/mA 20 5

For Pb, Cd and Ni an extraction method [19] was applied to eliminate
the influence of Ca and Mg. 5 mL of each sample solution were evaporated in a
100 mL glass beaker of to eliminate HNO; and H,O,. After that, 1 mL of HCI
and 15 mL of redistilled water were added and the solution was transferred into
a separatory funnel. 5 mL of ammonium citrate solution (50 % m/V) were
added and the pH value was adjusted with NaOH (20 %, m/V) to 6. Then, 5 mL
of sodium diethyldithiocarbamate (0.2 %, m/V) were added and the mixture was
shaken for 1 min. After 15 min, 5 mL of methyl isobutyl ketone were added and
the mixture was shaken for 2 min. In the organic layer, the contents of cobalt,
copper, lead and nickel were determined by electrothermal atomic absorption
spectrometry (ETAAS).

3. RESULTS AND DISCUSSION

In order to examine how many factors have an influence on the results,
the data presented in Table 3 were subjected to principal component analysis
(PCA). The central idea of PCA is to reduce the dimensionality of the data set,
explaining the variance—covariance structure [17, 18]. This is achieved by lin-
ear transformation of the original data, usually into smaller number of uncorrelated
significant principal components (PCs). Geometrically, the transformation repre-
sents the rotation of the original coordinate system in the direction of the maximum
residual variance given by the first PC axis. The second PC, orthogonal to the first
one, has the second maximum variance and so on. In this way, the projections pre-
serving the maximum variance in the data sets can be visualized by computer.

In this work PCA was used in order do find possible grouping in the
analyzed data. Before the data matrix was decomposed, the variables were auto-
scaled. The eigenvalues obtained by the decomposition of the data matrix are
presented in Table 4.
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Table 3
The content of Na, K, Fe, Zn, Pb, Ni and Cd in the investigated calculi samples
No. No.ofthe Typeof Sexofthe Na K Fe Zn Pb Ni Cd
calculi in [3] the calculi patients mg/g mg/g pg/g pg/g pglg pglg nglg
1 23 oc Female 9.43 3.14 4.93 459.05 0.88 0.31 7.75
2 24 oc Male 440 1.19 520 44.04 1.52 0.34 7.09
3 25 0X Male 0.12 0 24.44 5289 2.38 0.36 8.77
4 26 oc Female 8.21 3.23 16.30 198.40 1.22 9.54 3.04
5 27 st Female 1.32 1.66 1.79 8294 2.05 0.20 3.27
6 34 oc Male 8.97 145 924 74521 2.25 0.56 8.36
7 36 ua Male — 020 552 6.82 548 0.90 26.80
8 38 oc Female 1.53 0.06 17.60 924.39 3.46 0.36 6.14
9 39 oc - - — 12.55 74495 191 3.53 21.18
10 43 0X Male 1439 - 17.15 24.86 2.92 0.97 32.16
11 47 0X Male 0.28 0.56 7.47 538.07 1.86 0.23 70.40
12 48 oc Male - — 22.51 27835 4.09 1.27 14.78
13 74 st Male 14.97 0.16 15.61 107.08 2.93 0.64 9.61
14 - - - 0.80 1.77 5.20 152.51 2.69 0.24 5.75
15 - - - 26.77 0.32 10.26 59.06 1.88 0.42 3.51
16 - - - —  4.06 10.19 22.64 1.45 032 945

Types of calculi: oc — oxalates and carbonate apatite, ox — calcium oxalates, st — struvite, ua — uric acid

Table 4

Eigenvalues (EV), percentage variance (PV) and cumul ative percentage
variance (CPV) calculated from preprocessed data matrix

Ne EV PV CPV
1 4.038 43.65 43.65
2 2.159 23.34 66.99
3 1.329 14.36 81.35
4 0.759 8.20 89.55
5 0.691 7.47 97.02
6 0.248 2.68 99.69
7 0.028 0.31 100.00
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Table 4 shows that almost 90 % of the variance could be explained by
the first four principal components. This means that four factors could be con-
sidered as influencing our data. 2D and 3D examination of the scores matrix
calculated by decomposition of the preprocessed data matrix did not present
significant information about possible correlations among the variables (the
concentrations of the analyzed elements). In our case, more informative was the
correlation matrix presented in Table 5 which shows that the highest correlation
among of concentrations of Pb and K is —0.608.

Table 5
Correlation matrix

Fe Zn Pb Ni Cd Na K
Fe 1
Zn —0.158 1
Pb 0.228 -0.118 1
Ni 0.253 -0.025 -0.22 1
Cd -0.059  0.041 0.153  -0.131 1
Na 0.026 -0.273 -0.221 0.032 -0.323 1
K -0.379 -0.074 -0.608 0.277 —-0.209 -0.088 1

More significant information was obtained by plotting PC1 and PC2
from the loadings matrix (Fig. 1). From this figure (Fig 1a) it is possible to see
the grouping of the calculi samples taken from the male patients in the left and
the upper part of the figure, while the stones taken from female patients are
grouped at the bottom. In Fig. 1b it can be noted that the phosphate containing
calculi are mainly grouped in the lower part of the figure, while the rest of the
calculi are grouped in the upper part.

The present analysis seems to show that the content of the trace ele-
ments depends on the composition of the calculi and the sex of the patients,
although a similar examination obtained with a larger sample could lead to
more reliable results. At present we are not able to determine which factors
mainly influence the content of the analyzed trace elements in the concrements.
In order to find information about this, a more detailed medical examination of
the factors influencing the formation of the calculi and the incorporation of the
trace elements in them should be considered.
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Fig. 1. Principal component analysis on 16 samples using 7 variables. a — labeled with
the sex of the patients (m — male, f — female, x — unknown); b — labeled with the
composition of the samples (oc — oxalates and carbonate apatite, ox — oxalates,

st — struvite, ua — uric acid, x — unknown)
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Peszume

XEMOMETPUCKO UCIIMTYBAILE HA EJIEMEHTU BO TPATHU
BO YPUHAPHU KAJIKYITYCH

Bo 16 ypuHapHu KaJKysiycu off maueHTH of MakefjoHHja € onpefiesyBaHa cofp-
kuHaTa Ha Pb, Cd, Ni, Fe, Na u K. Enementure Bo Tparu 6ea onpefeayBaH CO IpUMEHa
Ha aTOMCKa alcopHIMOHa CIEKTPOMETPHja 1 CO MJIaMeHa eMICHOHA CIeKTpoMeTpHja. 13-
BplIEHa € XeMOMETPHCKA aHalIN3a Ha KaJIKYJIYCUTE CO KOPUCTEHE Ha (paKTOpHATA aHaJH-
3a. OBOj XeMOMETPHUCKU METOJ IIMPOKO Ce MPUMEHyBa 3a Kiacu(uKanyja Ha pa3IunIHA
MIPUMEPOIH, KaKo U 3a pellaBame Ha JPYI'd MOBEKeIMMEH3NOHAIHN pobiemu. Pesynra-
THTEe JOOMEHW CO aHalW3aTa Ha MONATOINTE MOKaXyBaaT feKa HajrojieMa Kopeianuja
ocTou Mery KOHIEHTPalMUTE Ha OJIOBOTO M KAJIMyMOT, fofileKa Mely KOHICHTpaluuTe
Ha JpyruUTe eJeMEeHTH He Oellle HajieHa 3HaumTedHa Kopenanmja. Co pasriegyBame Ha
NPBUTE [iBa KapaKTEPUCTUYHM BEKTOpPA MPECMETAaHM Off MaTpuliaTa Ha aBTOCKAJIMpPaHU
nofaToly (OBUE BEKTOPHU coipsKat 67% OJf BapujaHIaTa), MOXe Jla ce 3a0eJIeKu pas3aBo-
jyBame Mery KajKyJyCHTe KOHM NOTEKHyBaaT Of MAlMEHTH MaXXH W OHHE Off IMalUueHTU
skern. OcBeH Toa, 3abenexkaHo e Tpynupame Ha KAIKYJIYCHTE CO3[[afileH! caMo Off OKcasla-
TH, OJ] €/IHA CTpaHa, M KaJIKYJIYCUTE CO3[aJieH! OJ cMeca Ha OKcalaTH M KapOOHaTeH ana-
THT, Off IpyTa.

Kny4ynn 300poBu: eleMEeHTH BO Tparu; ypuHapHu Kankymnycu; AAC; xemomeTpuja
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