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THE DESCRIPTION OF DISTRIBUTION OF MICROELEMENTS WHEN 
A PART OF RESULTS LIES BELOW THE LIMIT OF DETERMINATION 

(Fig. 1-2) 

A b s t r a c t : T h e k n o w l e d g e of average content and its dispers ion for 
character i s t ic t r a c e e l e m e n t s in a set of samples is necessary for t h e 
geochemical c h a r a c t e r i z a t i o n of a given type of geological m a t e r i a l . The 
content of e l e m e n t s to b e analysed lies usual ly in a p a r t of samples 
be low t h e detect ion l imit of t h e appl ied ana ly t ica l m e t h o d . This m a k e s 
impossible a d irect ca lculat ion of t h e m e a n value, as wel l as of t h e dis­
pers ion of t h e invest igated contents . T h e p r o b l e m h a s b e e n t i l l n o w 
a p p r o a c h e d m o r e or less conventional ly . T h e p r e s e n t w o r k gives a n axact 
m e t h o d h o w to e s t i m a t e these p a r a m e t e r s . T h e m e t h o d is based on t h e 
lognormal d i s t r ibut ion of t r a c e e lemens in geological m a t e r i a l s . 

P e 3 io M e: fljiíi reoxnMHiecKOň xapaiaepHCTHKH coBOKyriHOCTH o6pa3ii,OB flaH-
Horo rana M A O 3HaTb cpejnee 3HaieHne H paccesmiie coaep>KaiiHH THnmHbix 
MHKposjíeMenTOB. CoAepxauHe onpefleJiíieMbix s.oeivieHTOB HaxOÄHTcn OÔMIHO 
B ^acTH o6pa3UOB HH>Ke ypoBHH onpeAejiei-iHsi ÄaHHoro aHajiiiTHLiecKoro MeTOfla. 
3 T O npensiTCTByeT npHMOMy ncraa/ieHnio cpeÄHero 3HaqeHi-iíi H pacceJiHHa HC-
cjieÄOBaHHbix coÄep>KaHnň. flo HacTOJimero BpeMeHH ynoTpeôJiaeMbie pemeHM 
3T0ň npočjieMM, Ďo.nee HJIH Menee KOHBeumioHajibHbi. B npeÄJiaraeMOfl paôoTe 
oniicaH 3K3aKTHbiň MeTOÄ onpeÄejieHHH STHX napaMeTpoB BbixoAfimufi H3 
jiorapHCpMi-mccKH HopMa.fibHoro pacnpeiie.neHHH MHKposjieMeHTOB B reojiorn-
lecKiix MaTepiiaJiax. 

R e l i a b l e a n a l y t i c a l r e s u l t s d e s c r i b i n g t h e c o n t e n t of b o t h , m a c r o a n d m i c r o ­
e l e m e n t s f o r m t h e b a s i c c o n d i t i o n for t h e g e o c h e m i c a l s t u d y of d i s t r i b u t i o n of 
e l e m e n t s i n g e o l o g i c a l m a t e r i a l s . 

T h e s e v a l u e s o b t a i n e d i n a g i v e n s e t of s a m p l e s s e r v e for t h e c a l c u l a t i o n of 
p a r a m e t e r s l i k e t h e a r i t h m e t i c , r e s p . t h e g e o m e t r i c m e a n c o r r e s p o n d i n g s t a n ­
d a r d d e v i a t i o n s , c o r r e l a t i o n a n d r e g e s s i o n coef f ic ients , h i s t o g r a m s of f r e q u e n c y 
d i s t r i b u t i o n e t c . u s e d i n t h e s t a t i s t i c a l a n a l y s i s . W h e r e a s t h e s t a t i s t i c a l i n f o r ­
m a t i o n s a n d p a r a m e t e r s d e s c r i b i n g t h e d i s t r i b u t i o n of m a c r o e l e m e n t s c a n b e 
g a i n e d w i t h o u t a n y c o n s i d e r a b l e p r o b l e m s , a t t h e m a t h e m a t i c a l s t a t i s t i c a l d e s ­
c r i p t i o n of t h e d a t a f o r t h e m i c r o e l e m e n t s , i t is n e c e s s a r y t o t a k e i n a c c o u n t i n 
t h e s t u d i e d s e t of s a m p l e s a l so t h e p r e s e n c e of r e s u l t s l y i n g b e l o w t h e l i m i t 
of d e t e r m i n a t i o n of t h e u s e d a n a l y t i c a l m e t h o d . I n t h i s c a s e w e h a v e t o d o 
w i t h a n a l y t i c a l r e s u l t s c u r r e n t l y s i g n i f i e d as " n o t d e t e c t e d " , o r " l e s s t h a n " . 

T h e s e r e s u l t s a r e i n t h e s t a t i s t i c a l t r e a t m e n t o f t e n r e p l a c e d b y a c o n v e n t i o n a l ­
ly c h o o s e n r e a l n u m b e r c o r r e s p o n d i n g t o a g i v e n p a r t of t h e l i m i t of d e t e r m i ­
n a t i o n . I n s p i t e of t h e f a c t t h a t t h i s p r o c e d u r e is n o t c o r r e c t f r o m t h e p o i n t 
of v i e w of s t a t i s t i c a l a n a l y s i s i t h a s b e e n c u r r e n t l y u s e d e s p e c i a l l y i n t h e 
t r e a t m e n t of a n a l y t i c a l r e s u l t s f o r g e o c h e m i c a l p u r p o s e s , w h e r e i t c a n p r o v i d e 
i n f o r m a t i o n s w h i c h d o n o t c o r r e s p o n d t o t h e r e a l c o n c e n t r a t i o n d i s t r i b u t i o n 
of e l e m e n t s i n t h e c o n s i d e r e d s e t of s a m p l e s , a s w e l l a s i t p r o v i d e s le s s r e l i a b l e 
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informations concerning the ar i thmetic and geometric mean. J. A. T k a c h e v 
and J. E. Y u d o v i c h (1975) made notice of this problem and proposed its 
solution under the condition of n o r m a l (gaussian) distr ibution of concentrations 
of the studied elements. 

Similar problems emerged in t h e t r e a t m e n t of analytical data, a p a r t of 
which laid below the limit of determinat ion of the used analytical method. The 
study of magnesites of different genetic types from West Carpathians (E. M a r -
t i n y , I. R o j k o v i e , 1977). The contents of following e lements : B, Ba, Co, 
Cr, Cu, Mn, Ni, Sr, Ti and V were determined in t h e studied types of magnesites 
spectrocbemically using t h e method described by J. M e d v e ď , J. K u b o v á , 
E. P i š k o (1979). 

The distribution of microelements can be sufficiently described by the lo­
gar i thmic normal distribution, as it was showed by L. H. A h r e n s (1954) 
and confirmed also by other authors (S. Ď u r o v i č , 1959; E. ? 1 š k o, 1973). 
F r o m the ment ionned reason, the procedure by J. A. Tkachev and J. E. Y u d o ­
v i c h (1975) cannot be directly used. 

The calculation of ar i thmetic and geometric mean on t h e basis of logarithmic 
n o r m a l distr ibution from not complete his tograms of the frequency of t h e 
content of cobalt in magnesi te samples from t h e locality Bankov can serve as 
exemple for the application of t h e proposed procedure. 

As it can be seen from Fig. la, t h e content of cobalt lies in a considerable 
p a r t of samples below t h e limit of determinat ion of the used method i. e. 
below 4 p p m (log 4 = 0,6). The frequency of these values is presented in the 
hatched open interval. It is clear t h a t t h ° m e a n value and deviation cannot be 
determined directly from such a set of results. For t h e determinat ion of t h e 
needed p a r a m e t e r s it is therefore necessary to proceede as follows. 

The cumulat ive normalized frequency distribution (p (í) of a randomly distri­
buted value (,x) can be described in t h e range from - o o t o í by t h e following 
equat ion: 

t 
1 T . x2' 

(I) (t) = , e _ . dx 

(D 

The solutions of the equation (1) for different values of parameter s are ta­
bulated. The values of the inverse function lP (x) are tabulated, too ( V a n d e r 
ffaerden, 1965). 

In the case of a logarithmic n o r m a l distribution, instead of the s tandard 
deviation "a", the p a r a m e t e r "A" is used (E. P l š k o , 1973). To determine the 
interval in whioh t h e corresponding percentage of all results occurs, t h e geo­
metr ic mean is multiplied, resp. divided by A. As the input the "x" — value 
serves then the logarithm of the value of concentration. For t h e sake of simpli­
city, in the following text only: logari thm of concentration. 

For the processed set of results the percentage of results lying below the li­
mit of determinat ion corresponds to the cumulative frequency for the intervall 
from the — oo (the logarithm of the zero concentration) u p to the limit of de­
termination. For this frequency the corresponding t 0 value is obtained from t h e 
tables of inverse function W {x) in relative s tandard deviation units. 
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The remaining numerically described logari thms of concentration above the 
limit of determinat ion are classified in classs wi th equal intervall Alog C so 
that the logari thm of the limit of determinat ion is taken as the beginning of 
the first class. The intervall of classes is chosen in a manner that the total 
amount of classes (i. e. also wi th classes containing the results characterised 
as "less than") does not exceed the value equal to 2. ]j n, where n is the amount 
of samples. The amount of results (the frequency) in the first class is added 
to the amount of results ("frequency") characterised as "less than" and the 
corresponding cumulative frequency (percentage) of samples is calculated. The tj 
value for the cumulative frequency in the interval from — oo up to the loga­
r i thm of the concentration of the upper limit of the first class is determined 
from the tables of the function W (x). For the following classes it is proceeded 
in similar way. 

Co 

i i 

:0.60 0,76 0.9? 1.06 1,24 1.40 1.56 1,72 log c 

<-0.04 0.12 0.26 0.44 0.60 0.76 0,92 108 1.24 1.40 1.56 1,72 log c 

Fig. la. Observed frequency (h) distribution of cobalt concentration (ppm). The re­
sults lying below the limit of determination are presented in an open intervall. — lb. 
Frequency (h) distribution of cobalt concentration (ppm) containing values calcula­

ted from the results lying below the limit of determination. 
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The obtained t — values are plotted graphically in the dependence on the 
logarithms of concentrations corresponding to the limits of the classes. The 
graphical representation of this dependence is shown for the mentionned case 
of Co — concentration in magnesites in Fig. 2. Apart from the described nu­
merical — graphical procedure, the mentioned dependence can be constructed 
advantageously also using the so called probability papers. 

0.60 1.40 log c 

Fig. 2. The dependence of the multiple (t) of standard deviation on the logarithm of 
the concentration. 

The linear course of the dependence of í on the logarithm of the concentra­
tion proves the applicability of the logarithmic normal model to the frequency 
distribution of the cobalt content in the stutied type of magnesite. 

From the definition of t — value, representing the relative standard devia­
tion, the mean value of log c can be determined at the value t = 0 and the 
log C ± a at the value t = ± 1 (resp. log C ± 2a at í = + 2, etc.). This anables 
to determine the parameters of the given logarithmic — normal distribution, 
where Cg is the geometrical mean of the concentration in question and is the 
standard deviation. 

The arithmetic mean of concentration Ca can then be calculated using the 
formula: 

log (Ca) =
 1 ^ a2 + log (CJ 

The determined mean value of the logarithm of the concentration and the 
standard deviation enable then the estimation of the distribution also for the 
samples contained in the open interval ("less than") as it is shown in Fig. lb. 
For the sake of objectivity, this figure is placed below the original histogram. 
The histogram calculated in the described manner proves the lognormal con­
centration distribution of the studied element. This statement is important in 
the geochemical study for the evaluation of the uniform genesis of the given 
set of samples. 
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The concentrations of other elements analysed in magnesites from different 
localities were evaluated in similar way. On the basis of the obtained results, 
the classification of element associations characteristic for individual genetic 
types of the studied magnesites was possible (E. M a r t i n y , J. R o j k o v i č, 
1977). 

Apart from the mentionned application, the proposed statistical procedure 
can be used also for the calculation of d a r k values, as well as for the solution 
of different practical questions e. g. in the exploitation of mines, w h e n some­
times t h e deposit of rare elements, contained only in very small concentrations 
in the ore must be estimated. 

Translated by B. Ivanova 
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