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A b s t I' act: The content of Pb, Cd, Ni, Fe, Na and K was deter­
mined in sixtcen samples of urinary calculi taken from patients in 
Maccdonia. The trace clements were determined by atomic ab­
sorption spectrophotometry and by tlamc emission spectrometry. 
The chemometric examination of the calculi was done by factor 
~lI:alysi,. This chemomctric method has been extensively used for 
cbssification purposes while solving different multidimensional 
problems. The results obtained from the analysis revealed that the 
highest correhltion exists between the concentrations of lead and 
potassium. No significant correlation among other analyzed clements 
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. cspecially in the case 
of the calculi consisting of thc two oxalates (whewellitc 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 qualitati ve 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 [9-161, 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 absorvtion spe-:rrophotome­
ter equipped with a Varian PSD-l 00 Autosampler \\JS used for Pb, Cd and Ni 
(Table 1), a Thermo Elemental SolaJr S4 flame Jtomic absorption spectropho­
tometer for the determination of Zn and Fe (TJble 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) \vith a rotor for 12 Teflon digestion vessels was used. To prevent explo­
sions, the vessels are equipped with a pressure release system. A speciJlly de­
signed vessel which allows a temperature sensor and a pressure sen'Llr to be 
connected and the progress of the digestion to be monitored. is ~uLHituted for 
one of the 12 vessels. 

Procedure 

Calculi samples weighing 0.5 - 1,0 g \\ere plaL'cd :[1 Tc~L)n digestion 
vessels. 3 mL concentrated HN03 and 2 mL HcOc 130 c(, Ii:. \1 \\ ere added, the 
vessels \Vere capped cjosed, tightened Jnd plaL'ed in the r,)tLlr 0~ ti1e microwave 
oven. The digestion \vas c~Ulicd out \\ith the digestion progran"L< SClO WIl5 min; 
1000 W/25 min and a pressure of 20 bar. FinJlly the \e"els \\ere cooled, care­
fully opened and the digests quantiutl\ely transferred to 25 mL calibrated 
flasks and filled up \\ith redistijled \\~ltcr. Fe. Zl1. '\"a and K \\ere analyzed di­
rectly from these solutions. 
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Tab 1e 

Instrumental parameters for trace element determination 
of Cd, Ni and Ph by Zeeman ElMS 

Parameter	 Cd Ni Pb 

Wavelength/nm 

Spectral slitlnm 

Lamp currentimA 

Calibration mode 

Background cOlTection 

DRY 

TemperaturefOC 

Ramp time/s 

Hold time/s 

PYROLISIS 

Temperature/oC 

Ramp time/s 

Hold tirne/s 

ATOMIZAnON 

Temperature/oC 

Ramp time/s 

Hold time/s 

CLEANING 

Temperature/oC 

Hold tirne/s 

Gas 

228.8 232.0 283.3 

0.5 0.2 0.5 

4.0 4.0 5.0 

Absorbance, peak height 

Zeeman 

85; 95; 120 85; 95; 120 85; 95; 120
 

5;40;5 5;40;5 5;40;5
 

10 10 10
 

600 900 800 

40 10 10 

30 40 30 

1800 2400 2100 

0.8	 1.1 

2 2 2 

1800 2400 2100 

2 2 2 

Argon 
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Table 2 

lllstrlllllental parameters/or detemlinatioll 0/ Fe alld Zil by FA4S 

Parameter Fe ZI1 

W~wlel1gth/nm 248.3 213.9 

Spectral slit/11m 0.2 1.0 

Lamp current/mA 20 5 

For Pb, Cd and Ni an extraction method [19] \\as applied to eliminate 
the influence of Ca and Mg. 5 mL of each sample solution \\ere evaporated in a 
100 mL glass beaker of to eliminate HNO, and H:O: ..\fter th~1t. 1 111L of HCl 
and 15 mL of redistilled water were added and the solution \\ ~F tr,ll1,ferred into 
a separatory funnel. 5 mL of anunonium citrate solution ':'11 c~~ "~: 1,', \\ ere 
added and the pH value was adjusted with NaOH (20 c;c. nl/I'1 to 6. Then. :" mL 
of sodium diethyldithiocarbamate (0.2 'Ie, Ill/V) were added and the mixture was 
shaken for 1 min. After 15 min,S mL of methyl isobutyl ketone \\ere 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 exarnine how many factors have an influence 1~':1 t>e re,uJts. 
the data presented in Table 3 were subjected to principal cOi'T,'r~eLt analysis 
(PCA). The central idea of PCA is to reduce the dimemion~lL[:. ~': the data set, 
explaining the variance-covariance structure [17. 18]. T:1:, i, ,,'::liewd by lin­
ear transformation of the original data. USUJlly into ,nulkr r~~:L'''::,-:r of unconelated 
significant principal components (PCs). Geometricall;, r:~e t~,ir"fonllation repre­
sents the rotation of the original coordinate system in t;~e d:recti()n of the maximum 
residual variance gi yen by the first PC axis. The second Pc. orthogonal to the first 
one, has the second maximum variance and so on. In t~j, \\ay. the projections pre­
serving the maximum variance in the data sets can be \ :,u:tlized by computer. 

In this work PCA was used in order do rind possible grouping in the 
analyzed data. Before the data matrix \\a5 d-:col11poseu. the \ariables were Juto­
scaled. The eigenvalues obt,1ined by the decomposition of the data matrix are 
presented in Table 4. 
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Tab 1e 3 

The content ofNa. K, Fe, ZIl, Ph, Ni and Cd ill the investigated calculi sWllples 

No. No. of lhe Type of Sex of the Na K Fe Zn Pb Ni Cd 
c3lculi ih-[3] the calculi patients mg/g mg/g j..lg/g j..lg/g ~tg/g ~tg/g ng/g 

23 oe Female 9.43 3.14 4.93 459.05 O.g8 0.31 7.75 

2 24 oe Male 4.40 1.19 5.20 44.04 1.52 0.34 7.09 

3 25 ox Male 0.12 0 24.44 52.89 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 5t Fet113le 1.32 166 1.79 829.4 2.05 020 3.27 

6 34 oc Male 8.97 1.45 9.24 745.21 2.25 0.56 8.36 

7 36 ua Male 0.20 5.52 6.82 5.48 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 12.55 744.95 1.91 3.53 21.18 

10 43 ox Male 14.39 17 .15 24.86 2.92 0.97 32.16 

11 47 ox Male 0.28 0.56 7.47 538.07 1.86 0.23 70.40 

12 4S oc ~ble 22.51 278.35 4.09 1.27 14.78 

13 "'4 st .\Iale 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 

It'i 4.06 10.19 22.64 1.45 0.32 9.45 

Types of calculi: oc - oxulates ilI1d c,ubonate apatite, ox - calcium oxalates, st - struvite. UCl - ulic acid 

Table 4 

Eigenvalues (EV), percentage variance (PV) mld cumulative percentage 
mriance (CPV) calculatedfrolll preprocessed data matrix 

N2 EY PY CPY 

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. 

Tab I e 5 
Correlation matrix 

Fe Zn Pb J\Tj Cd ;'\ ~l K 

Fe '1 

Zn -0.158 

Pb 0.228 -0.118 

Ni 0.253 -0.025 -0.22 

Cd -0.059 0.041 0.153 -0.131 

Na 0.026 -0.273 -0.221 0.032 -0.323 

K -0.379 -0.074 -0.608 0.277 -0.209 -0.088 

More significant information was obtained by plotting PC I ~lI1d PC2 
from the loadings matrix (Fig. 1). From this figure (Fig la) 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 th~jt the phosphate containing 
calculi are mainly grouped in the lower p~lft of the figure. \\ hile the rest of the 
calculi are grouped in the Lipper part. 

The present analysis seems to sho\\ that the content of the trace ele­
ments depends on the composition of the caleul i and the sex of the patients, 
although a similar examination obtained with a larger sample could lead to 
more reliable results. At present \\e are not able to determine which factors 
mainly influence the content of the analyzed trace elements in the concrements. 
In order to find inform~ltion about this, a more dewiled 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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P e 3 1I \1 e 

XEMOMETPI1CKO JICllIUYBAlhE I1A L1E'IEHTlI BO TPAnl
 
BO YPllHAPHlI KAJ1KY.1YCII
 

Eo 16 ypllHapHlI K,lJIKy,lyclI OA rral\lIeHTII OA MaKeAoHIIja e ollpe,le.l: ]Jd}]d C<1:\P­

)KHHaTa Ha Pb, Cd. Ni, Fe, Na II K. E;IeMeIlTlITC BO TpanI 6ea ollpelle.1YBClHII co rrpll\IeHa 

Ha aTOMCKa arrcoprr~IIoHa crrcKTpoMcTpllja II co rr,1aMeHa eMlICIIOHa clleKTpmleTpllja. H'j­
BpweHa e xeMoMeTplIcKa aHa]]1I3a Ha Ka,lKy.lyCIITe co KopHcTelbe Ha qlaKTopHaTa amliJlI­

3a. OBOj XeMOl\lCTpllCKH ~ICTog IIJIlpOKO cc IlpInlcHyRa 33 KJIaclIq)J1Ka~Hja Ha pa3.;IJI'IlIII 

[lpIIMepO~H, KaKO H 3a pemaBalbe Ha l\pynI mmeKCAIIMeH3HOmlJlHlI I1p06]]c~m. PnYJJT<l­
nITe AoGneHH co aHaJIJI3a1'a Ha rrOAaTOlIIITe IJOKa)KyBaaT ileKa Hajro.'1i:\Ia K()pc.'1ar~Hja 

rrOC1'OIl Mefy KOHu;eHTpaI\IIlITe JIa O.'lOnOTO II KanHyMo1', AOAexa Mefv KOIll\eHTpUl\lIII1'e 

Ha ilPynlTe CrreMeHTlI He 6ewc HajileHa 3Ha'lHTerrHa KOpenaL\nja. Co p,nLlOYB,Ubi: Ha 

rrpBllTe ilBa KapaKTepnC1'H'lHn BeKTopa npccMc1'aHn Oil MaTplll\<ITa Hd 'ITlTOL'].;a.lIJpaHll 

rrOAaTOl\J1 (oBlIe BCKTOPH cogp)KaT 67% Oil Bapl1jaHl\a1'a), \IO/KC .'lU L'e Ja0~.1~'+':)1 rdJ,lEU­

jyBalbe Mety KarrKy]]yClITe Kon nOTeKHyBaaT 01.1 rri1IUIell1'1I \W/KJI Il (lHlIe (,', n:lUlleHTII 

)KeHI1. OCBeH Toa. 3aGe.:Je)KaHO e rpynllpan,e Ha Kam'y.1ycIITC L'U l.1,I:I;::Hil e,,\lU 0:1 OKca:Ja­

Til, 0)1 eAHa CTpaHa. II Ka.1Ky.TIycHTe C(YlilageHJJ on, c\lt:ca Hd (l],;C:J.T1TlI If ].;.lpOOHa1'eH arra­

1'111',01\ APyra. 
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