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Chemoecological evaluation of a city agglomeration atmosphere is in the given case directed 
towards an application of mutually connected chemometric operations. Their sequence is as 
follows: cluster analysis (CA), principal component analysis (PCA), and multidimensional vari
ance and discriminant analysis (MVDA). The results of evaluation rely on a two-year period of 
sampling of atmosphere and determination of some inorganic element pollutants in the gravita
tion dust sediments. 

The atmosphere of the industrial city agglomera
tion of Košice was chemoecologically evaluated first 
of all by observing the chemical composition of the 
gravitation dust sediments [1] and the airborn dust 
[2]. The gravitation dust sediments evaluation was 
directed to the centre of city Košice. The results of 
chemometric evaluation of a three-year period of 
sampling revealed the classical communal and in
dustrial heating by fosile fuels and repeatedly whirled 
and scattered city dust of anthropogenic origin as 
the most important dustiness forming factors. Other 
industrial immissions in the region show, according 
to the chemometric evaluation [1], only secondary 
influence. 

Another investigation [3] was directed towards elu
cidation of chemoecological character of close sur
rounding of the city Košice with the aims to reveal 
disproportion in the so-called Košice-Valley, mainly 
when taking into account two typical different mete
orological situations. 

THEORETICAL 

The following methods in the given sequence are 
discussed in the theoretical part describing the prin
ciples of the applied chemometric operations: clus
ter analysis (CA), principal component analysis 
(PCA), and multidimensional variance and discrimi
nant analysis (MVDA). 

If there is no a priori information available the CA 
can serve as a useful chemometric tool to detect 
structure (or similarities) in a multidimensional data 
array. In investigated cases the data matrix is sub
jected to a hierarchical agglomerative CA in order 
to find out whether territorial structures with differ-
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ent multivariable pattern of pollutants exist within the 
area of investigation. Different algorithms of CA are 
described in the literature [4]. 

The principle of the PCA is a transformation of 
original features, for instance, the heavy metal con
centrations in dustlike immissions into uncorrelated 
new variables (PC) by means of linear combinations. 
The first principal component PC-1 explains most of 
the variance within the data matrix and the second 
principal component PC-2 explains most of the re
maining variance, etc. So, the representation of the 
scores of the two first PC (PCS-2 vs. PCS-1) can 
be used as a display method for the graphical illus
tration of multidimensional data. It means that a maxi
mum of information of the data set is represented in 
the plane of two strongest PC. The mathematical 
principle of the PCA is the following: a data matrix 
Хтл (1) is splitted in the product of two matrices 

where m is the number of features, n is the number 
of objects, and s concerns the number of PC. The 
matrix of the PC loadings A has to be computed by 
solving the following "eigenvalue" problem (2) 

(R - Aj - U) = Q (2) 

where R is the matrix of the correlation coefficients, 
Aj are the s.c. eigenvalues and U is the unity matrix. 
The obtained principal components PC-i are ortho
gonal, which means that they are uncorrelated. In 
the second step of the PCA the matrix of the princi
pal component scores F has to be calculated in anal
ogy to a multiple linear regression. The mathemati
cal principles are described in Refs. [5, 6]. 

The principle of the MVDA is a separation of pre
tended classes s.c. a priori classes of objects. Un-
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Fig. 1. The sampling points in the city agglomeration of Košice. 
1. Bankov, 2. city centre, 3. airport Košice, 4. village 
Šebastovce. 

der simultaneous consideration of all features ob
served and their interactions, the variance between 
classes is maximized and the variance within classes 
is minimized. Classification of new objects into a 
priori classes or a reclassification of the learning data 
set is carried out by means of the nonelementary 
discriminant functions. These nonelementary discri
minant functions DF-i are linear combinations of an 
optimum separation set of original features. The first 
nonelementary discriminant function DF-1 has the 
strongest separation power. Mathematical principles 
are described in Ref. [7]. 

EXPERIMENTAL 

The experimental technique applied is based on 
the aimed combination of several different analyti
cal methods [8—10]. 

Critical evaluation of the method [8] and the re
sults reached [1] confirmed the necessity of both 
determination of important major elements iron and 
titanium and observing the concentration changes of 
chemoecologically important minor and trace ele
ments. The results of earlier investigations [1, 3] were 
also taken into account, in addition to analytical-
methodological factors when determining the final 
number of analyzed elements. 

Optimization of the energy dispersive fluorescence 
X-ray spectroscopy [9, 10] was first of all directed 
to obtaining high detectability and acceptable preci
sion values at the same time. The accuracy of the 
analytical results was tested by help of ENO stan-

M. MATHERNY, V. BALGAVÁ, J. EINAX 

Table 1. Evaluating Parameters of the Spectroscopical Results 

jment 

As 
Co 
Cr 
Cu 
Fe 
Ni 
Pb 
Rb 
Sr 
Ti 
Zn 
Zr 

Limit of 
detection 
с(Хц)/ррт 

2.7 
5.8 

15.1 
4.3 

21.0 
5.0 
7.3 
6.0 
5.5 

10.0 
9.0 
4.7 

Relative 
precision 
s(cx,r)/% 

3.5 
2.2 
3.9 
1.0 
0.7 
1.4 
2.7 
1.7 
1.3 
3.8 
1.6 
1.8 

Relative 
accuracy 
RRW/% 

3.0 
2.0 
4.2 
1.5 
5.0 
1.6 
3.2 
2.9 
1.7 
5.0 
1.4 
5.3 

dards [11], where c(Xst) is the declared concentra
tion of standards. The relative accuracy values (RAV) 
[3] were derived (3) from the differences (4) between 
experimental concentration value c(X) and declared 
concentration value of standard c(Xst) 

RAV = (c(Xst)/Ac) • 100 (3) 

Ac = |c(Xst) - č(Xi)| (4) 

The Bergerhoff method [12] with 28 days sampling 
frequency was used for collecting the gravitation dust 
sediment from a region of approx. 450 km2 (Fig. 1). 
The samples contained a mixture of rain water and 
dust fraction. Samples were first vacuum-concen
trated and then evaporated to dryness at 105 °C. 
The final product was used for analysis [9]. 

The number of elements determined (Table 1) was 
reduced in comparison with the previous work [1], 
since most of the concentration values for cobalt, 
chromium, nickel, and zinc were below the detec
tion limit c(XL) of the given method and elements. 
Finally, only the concentration values for arsenic, 
copper, lead, rubidium, and zirconium were used for 
chemometric evaluation, further the concentration 
values of major and minor elements as iron and ti
tanium and, of course the total amount of the monthly 
fraction of gravitation sediment, mg d s. 

The chemometric evaluation of the total chemo-
ecological situation of the city Košice was based on 
the array of concentration data originated from 240 
numerical data. The original matrix was finally re
duced to 216 numerical data. 

The parameters of meteorological situation in the 
two-year sampling period, namely frequential wind 
direction frequency were for the purpose of chemo
metric evaluation abandoned as constant in the given 
region. However, in the interpretation of the chemo
metric evaluation of individual sampling points these 
data could be used. 
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Fig. 2. Scattering of the points PC-2/PC-1 for the observed city agglomeration. A Locality Bankov, • city centre. 
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Fig. 3. Scattering of the points PCS-2/PCS-1 for the observed city agglomeration. • Airport Košice, D village Šebastovce. 

DISCUSSION 

The sampling point 1 was placed above the city 
level in the forest at hill Bankov. This sampling po
sition provided samples with relatively low immission 
pollution. The sampling point 2 was situated in the 
centre of the city and was more or less identical with 
the sampling point used in the previous work [1]. The 
point 3 was placed in the area of airport Košice, and 
point 4 at the southern end of the village Šebastovce. 

The chemometric evaluation of the above defined 
set of analytical data consisted of the following par
tial steps: data pretreatment consisting of recalcu
lating the element immission values (mg m"2 

(28 d)"1); deleting the 12 objects for the inconve
nient values (c(Xj) < c(X|_))f and substituting these 
values by arithmetic means from the corresponding 
elemental set with randomly generated 10 % scat
tering; autoscaling of all values of the input array. 

The cluster analysis from the whole readjusted data 
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Fig. 4. Scattering of the points PCS-2/PCS-1 for the observed 
city agglomeration. • Village Šebastovce, Á locality 
Bankov. 

Fig. 5. Scattering of the points PCS-2/PCS-1 for the observed 
city agglomeration. • Airport Košice, • city centre. 

set provided, as expected, no specifically interpret-
able results since the differences between the cho
sen sampling points were not significant, or the simi
larities were very high. Two factors could be ex
tracted as regards the major and minor elements, 
iron and titanium, respectively. In Figs. 2 and 3, the 
stochastic dependence PC-2 = r(PC-1) is presented 
for pairs of sampling points. The derived chemo-
metric data from the individual sampling points show, 
however, significant scattering. Therefore, only quali
tative responses may be obtained in this way. The 
coincidence of points for the localities Bankov and 
centre of the city Košice in the quadrants PC-2/PC-
1 and -PC-2/-PC-1 shown in Fig. 2 confirms the close 
chemoecological character of both these regions 
mainly in case of dominant northern winds [3]. The 
extension of points corresponding to the centre of 
the city in the quadrant PC-2/PC-1 is most likely 
given by the dominant southern winds influence pe
riod. Such influence is more remarkable in the cen
tre of the city than at the locality Bankov [3]. 

Factor analysis enables extraction of two factors. 
The most important result is the separation of PCS-
values for the village Šebastovce (see quadrants 
PCS-2/1 PCS-1 in Fig. 4) from the values for Bankov 
-PCS-2/± PCS-1 and thus, for the centre of the city. 
The factor PCS-2 is dominant for characterization of 
chemometrical situation in this case. The differences 
may be explained by the fact that the village Šeba
stovce and the airport Košice are placed in an open 
plane whereas Bankov is placed above the city level 
in a forest country. Here the atmosphere is less bur
dened by inorganic element pollutants due to pre
vailing northern winds with relatively lower immis-
sions. The points in the PCS-2 = /(PCS-1) depen
dence for the localities Košice airport and city cen

tre (Fig. 5) are quite uniformly scattered, which pro
ves certain degree of similarity of chemoecological 
character, but, at the same time, confirms the dif
ferences between these two sampling places. 

The most convincing chemometrical results were 
provided by multidimensional variance and discrimi
nant analysis. Two extracted discrimination functions 
represent 82.4 % of separable variances of the whole 
data set, which means that multidimensional immis-
sion conditions are satisfyingly considerable in a 
plane. The class differences defining the immission 
properties differences in the whole region investi
gated are not significantly distinguished, which is 
proved by the value 27.8 % for the mean reclassifi
cation error. The above value is, however, also a 
proof of similarity of the given regions expressed in 
addition by partial but remarkable overlaps of the 
scattering field of DF-2 = r(DF-1) dependence (Fig. 
6)-

The immission situation for Šebastovce and Košice 

airport is relatively inhomogeneous. Overlap of the 
scattering fields for both the regions is more than 
90 % whereas for Bankov and city centre it is only 
30 %. The immission situation for these localities is 
more homogeneous and more different at the same 
time. The differences are caused preferentially by 
local meteorological variation at constant immission 
situation. 

CONCLUSION 

The investigated region of industrial-city agglom
eration Košice represents a circle area of a radius 
approx. 12 km. The atmospheric pollution in this re
gion may be characterized as medium. The most 
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Fig. 6. Scattering of the points DF-2/DF-1 for all observed lo
calities. 

significant elemental toxic contamination is repre
sented by arsenic and lead. Arsenic is transported 
to the atmosphere of city Košice mainly as emission 
from burning the fossil fuels whereas lead from burn
ing petrols with antidetonation additives. The total 
pollution of this region is not remarkably different. 
The main part of the inorganic element pollutants is 
originated in the city centre, which is generally valid 
for all city agglomerations in Slovakia not disregard
ing the local specificities. 

CA 
PCA 
PCS 
FA 
DF 
MVDA 

SYMBOLS 

cluster analysis 
principal component analysis 
principal component score 
factor analysis 
differential factor analysis 
multidimensional variance and discrimi 
nant analysis 

RAV relative accuracy value 
c(X) arithmetical mean of the c(Xj) concentra

tion values 
c(Xst) declared concentration value of the ele

ment (X) of the used standard 
C(XL) detection limit of the element (X) 
mgds mass of the monthly sampled fraction of 

the gravitation dust sediment 
basic data matrix 
splitted matrices of the basic matrix 

Aj s.c. "eigenvalue" (proper value) matrix 
U unity matrix 

ля?,л 

\ F 
*m,s> • s,n 
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