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EDUARD PLSKO, JÁN MEDVEĎ* 

THE INFLUENCE OF THE ANALYTICAL ERROR ON THE DISTRIBUTION 
OF TRACE ELEMENTS 

A b s t r a c t : For the gee-chemical study of t race e lements in geological 
materials their distribution is of main importance. The published d a t a 
describing the distribution of t race e lements represent t h e convolution 
of the distribution corresponding to the own concentra t ion changes and 
t o the error of the used analyt ical method. On t h e basis of the loga­
ri thmic normal model of distribution a procedure enabling the separa­
t ion ot the analyt ical e r ror and t h e calculat ion of the pure own distri­
bution of t h e t r a c e e lement c o n t e n t s is described and applied oni t h e 
distribution of some selected t race e lements in .ultra-basic .rocks from 
the Spiš — Gemer rudohorie. It was proved that t h e e r ror Of t h e used 
spectrochemical determinat ion does not influence significantly the ob­
tained statist ical p a r a m e t e r s of the studied distribution. The precis ion 
of t h e analyt ical resul ts is so adequate to t h e solved .problem. 

P e 3 K» M e : JXníi reoxHMH^ecKoro HsyyeHHíi cJienoBtix 3JieMeHTOB B reoJiornqeCKHx 
MaTepnajiax caMbiM BaatHeHinHM HBjíaeTca HX pacnpeaejieHHe. Zlo CHX nop onyÓJiH-
KOBaHHbie B jiH-repaType naHHbte o pacnpeaeJieHHH cjieÄOBbix 3JieMeHT0B BKJiKma-
K>mHe HaaJiejKamne napaMe-rpbi (cpejuíHe BejiH^HHbi, pacceHHHOCTB H T. n.) npeÄ-
CTaBjíHioT co6oň, TaKHM o6pa30M, pe3yjibTaTM cooTBeTCTByioiiíHe KOHBOJIIOUHH pac-
npenejieHHH co6cTBeHHbix BejiniHH KOHneHTpauHii HccjieAOBaHHBix cjieÄOBBix 3Jie-
MeHTOB H pacnpeHejieHHH OUIHÔKH ncnojib30BaHHoro aHaJíHTHqecKoro MeTojia. 
B paôoTe orotcaH MeTOÄ cnoco6cTByioinnH yqnTBiBaľb ouraÔKy aHajíHTHiecKoro 
MeTO.ua H onpeaejieHHa co6cTBeHHoro pacnpejtejieroiíi co.nep>KaHHH CJieflOBBix ajie-
MeHTOB. ripejuiaraeMbiä MeTOfl npHMeHHJín ÄJIH H3yieHHH pacnpenejieHHH BbiGpan-
HHX CJiejiOBbix 3JieMeHT0B B yjibTpa6a3HieCKHX nopoflax H3 CimuíCKO-reMepcKoro 
pyfloropbH, HccjieÄOBaHHbix npH npHMeHeHHH cneKTpoxHMHiecKoro aHajiH3a. Ha 
ocHOBaHHH nojiyqeHHHX pe3yjibTaTOB ouiHÔKa cneKTpoxHMHqecKoro onpenejieHHH He 
npoHBJíaeTca 3Ha'iHTejibHO B BejiHqHHax nojiyqeHHbix CTaTHCTHiecKHx napaMe-rpoB 
onHCHBaioiiiHx H3ytiaeMoe pacnpenejieHHe. 

Introduction 

At the geochemical study of the type of occurence of trace elements in 
rocks and minerals the distribution of their contents plays a considerable 
role. All analytical procedures used for the determination of the studied 
trace element contents are loaded by error of precision. This inevitable 
error leading to specific distribution of concentration values for each sample 
from the observed population is so involved in the determined distribution 
of the studied contents. According to the value of the error of the analytical 
precision the parameters of the distribution of trace element contents cal­
culated using insufficiently precise input data can become non reliable. 
We therefore tray to clear the influence of the analytical error upon the 
parameters of the distribution of trace elements in ultrabasic rocks chosen 
as exemple. 
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Theoretical part 

At the mathematical description of the distribution curve, some of the 
model distributions is used and appropriate function of the statistically 
treated value (in our case the concentration] leading to as far as the best 
accordance with the experiment is proposed. The Gaussian normal distri­
bution is generally accepted as basis because of its comparatively simple 
mathematical description, as well as because of the best knowledge of its 
properties. The basic condition of the normal distribution, i.e. the followed 
quantity must be defined in the whole range of values from minus infinity 
to plus infinity is, however, often neglected. Many physical quantities can 
obtain only positive values [e.g. time, temperature, mass, concentration). 
The correct description of the distribution of their values by the Gaussian 
normal distribution is therefore not suitable from the mentioned principial 
reason. In such cases the description of the distribution of the logarithmic 
values of the quantity in question can often help. The logarithmic — nor­
mal distribution can be applied with sufficient accordance to the quantities 
which may obtain only positive' values mainly in the case when the values 
do not differ too much from zero and their sccatering is considerable in 
comparison with their mean value (E. P l š k o , J. K u b o v a 1978). These 
conditions are sufficiently fullfilled by the contents of trace elements in 
rocks and minerals of the same kind and/or of the same genetic type. It 
is therefore not surprising that Ahrens used the logarithmic — normal 
distribution of trace elements in rocks and minerals at their geochemical 
study already more than a quarter century ago (L. H. A h r e n s , 1954). 

Apart from the distribution of trace element own contents, the analytical 
results of spectrochemically determined concentrations can also be descri­
bed with sufficient accordance by the logarithmic — normal distribution 
as it was proved on extensive experimental material (E. P l š k o , 1973) and 
theoretically explained on the basis of the use of internal reference elements 
(E. P l š k o , J. K u b o v á , 1978). 

The till now published data on the distribution of trace elements described 
by its main parameters (mean values, deviation etc.) represent so results 
corresponding to the convolution of the distribution of the own concentra­
tion values of the studied elements and of the distribution of the analytical 
results. The described situation testifies that it is not possible to make suffi­
ciently reliable conclusions concenrning the own distribution of the trace 
elemens contents without the knowledge of the parameters of the distri­
bution of the analytical results obtained by the used procedure. In the ex j 

treme case, if the concentration of the element in question did not change 
at all, the gained scattering of the results would be caused only by the 
analytical error and on the other side the correct description of the distri­
bution of the trace element could be obtained only by using an analytical 
method not loaded by any error of precision which situation cannot be 
attained. The real state appears somewhere between the cited twoo extreme 
cases. We therefore endeavour to give a proposal of the procedure enabling 
the valuation of the influence of the analytical error on the distribution of 
trace elements in geological materials. 

Proceeding from the logarithmic — normal model of the distribution of the 
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error of spectrochemical determination, the standard deviation of the loga­
rithm of the concentration value can be estimated on the basis of parallel 
measurements performed on different samples of the same investigated type 
of material by the application of the equation {E. P 1 š k o, 1973): 

X 2 p (1) 

C! is the concentration determined in the i-th sample in the first and c2 in 
the second parallel measurement, p is the whole number of samples which 
hangs with the number of measurements (n) by the relation: 

n = 2p (2) 

The standard deviation characterizing the total scattering of the logarithm 
of the concentration value in the whole population of the given type of geo­
logical material including both the different geochemical influences acting 
at its formation and during its existence (pressure, temperature, pH, surroun­
ding, tarnsport phenomena etc.), as well as the error of the analytical de­
termination can be estimated by the application of the well known equation: 

y Ľ (íôgč - loge;)2 

r ľ ^ l [ 3 ] 

In accordance with the law of the addition of errors and with the stochastic 
independence of the components, the total variation (s2) is composed from 
the variation (se

2) caused by the geochemical factors which characterize 
the sought net scattering of the element in the investigated material and 
from the variantion caused by the analytical procedure (sA

2): 

s2 = se
2 + s}

2 (4) 

From the equation (4) the calculation of the standard deviation of the loga­
rithm of the concentration value, not disturbed by the corresponding ana­
l y t i c a l determination, is thus possible. 

Results and discussion 

The described correction procedure was used for the determination of the 
parameters of trace elements distribution in granitoid, basic and ultrabasic 
rocks from different Western Carpatian localities [J. M e d v e ď , 1975; B. 
C a m b e l , L. K a m e n i c k ý , J. M e d v e ď , 1979). As exemple the evaluation 
of the distribution of some trace elements (Cu, Mn, Ni) in ultrabasic rocks 
(peridotic serpentinites) from Spiš — Gemer rudohorie is presented. 
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The mentioned elements were determined spectrochemical ly using the 
method described by J. M e d v e ď and E. P l š k o (1979]. The error of pre­
cision est imated on the basis of paral lel measurements expressed in the 
form of relative s tandard deviation ( s r p ) is presented for the selected ele--
ments in the tab. 1. 

T a b l e 1 

Element Cu Mn Ni 
Srp 0.073 0.122 0.046 

These values enable to calculate the s tandard deviation of the logarithm 
of the concentrat ion (s ?J by means of t h e equation (E. P l š k o , 1973): 

s x = log[l + s r p ] (5) 

107 samples of the described rocks were analysed. The s tandard deviation 
of the logari thm of concentrat ion values (s] characterizing the whole scatte­
ring were calculated by using the equation [3) and the s tandard deviation 
of the analyt ical determinat ion of the logarithm of concentrat ion from the 
equation (5). All these values are presented in the tab. 2 together with the 
s tandard deviations (s e) calculated using the equation (4) and corresponding 
only to the scatter ing caused by the geological factors. 

T a b l e 2. 

Element Cu Mn Ni 
s 0.490 0.229 0.149 
sx 0.0305 0.0501 0.0195 
s e 0.489 0.223 0.148 

As it can be seen from the Table 2., the s tandard deviation of the analyt ical 
determinat ion is much smaller than the s tandard deviation character izing 
the whole scatter ing. It therefore practical ly does not distort the real scatte­
ring of the given element in the studied rocks which s ta tement is proved 
bythe very well agreement of the s values with the ste values. It can be 
therefore concluded that the applied spaectrochemical method is sufficiently 
precise for the gaining of the claimed geochemical conclusions. The use of 
more precise procedures, or the claim for a further improvement of the applied 
spectrochemical method do not lead so to more precise final results corres­
ponding to the whole aim not only from t h e scientific, but mainly from the 
economic point of view and therefore it is useless. 

As it follows from the performed study the election of the appropr iate 
parameter s of analyt ical procedures should correspond to the claims of the 
given problem and their further useless optimization cannot bring any n e w 
informations. 

Translated by E. Chmulíková 
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