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Abstract. In this paper we have analysed 
concetrations of heavy metals (lead, copper,  
nickel, zink, mercury, cadmium, and chromium) 
in wastewater along highways in Croatia. We 
have used standard statistical methods: analysis 
of variance, Kruskal-Wallis test and principal 
analysis. Analysis of variance and Kruskal-
Wallis test were used to detect factors that 
influence the concentration of lead, copper,  
nickel, and zink in wastewater. We have 
investigated the influence of the highway section, 
the side of a highway,  and the influence of the 
season of the year. Principal components were 
used to identify groups of elements with similar 
characteristics in wastewater. 
 
Keywords. Wastewater, heavy metals, 
highway, ANOVA, Kruskal-Wallis test, 
principal components analysis  
 
1. Introduction 
 

As the awareness of the importance of 
environmental protection increases, determining 
the concentration of some elements that can be 
found in wastewater receives increasing interest. 
Wastewater treatment is a very important 
communal activity, both for environmental 
protection and for human health. Wastewater 
testing  is performed to evaluate its quality, 
detect possible changes, adjust the measures of 
protection if necessary, and to evaluate the 
functionality of the drainage systems. There are 
various factors that affect the quality of 
wastewater including the following: location, 
wind, rainfall, human impact. Therefore, in this 
study the critical elements will be evaluated. 
Harmful elements like copper, zinc, lead and 
nickel are commonly found in wastewater along 
the highway. These metals accumulate along the 
road due to consumption of automotive parts 
(tires, breaks), combustion of fuel, road 

infrastructure (eg. road surface-layer fraying, 
corrosion of galvanized road buffers). Thus, zinc 
comes from tires which contain ZnO and 
galvanized parts of the car, while nickel comes 
from the abrasion of metals in vehicles and 
gasoline usage. 

This study will evaluate the factors 
influencing the increasing occurence of certain 
metals in wastewater along the highways in 
Croatia. Such a research has not yet been 
conducted  in Croatia.  

Contamination of soil by heavy metals was 
investigated in [5], [6] and [7]. Contamination 
along a motorway was investigated in [5], in an  
industrial zone in Iran in [7], while an 
investigation along a highway in Slovenia is 
shown in [6]. Usage of multivariate techniques 
for analysis of water quality is often used. The 
technique of principal components in [1] and [4] 
was used for the determination of main factors 
which are a linear combination of standard 
variables used for the assessment of water 
quality.   

The rest of the paper is organized in the  
following way: the second section describes the  
used statistical methods (analysis of variance, 
Kruskal-Wallis test and method of principal 
components), the third section describes data set 
on which the research has been conducted, the 
fourth section gives results. The last section 
presents the conclusion and disscusion. 
 
2. Methods 
 

Analysis of variance, often abbreviated to 
ANOVA, is a broad group of techniques for 
identifying and measuring different sources of 
variation within the data set. It consists of a set 
of procedures by which a variance of the random 
variable is broken down by certain sources of 
variation of its value. With the components of 
variance, depending on sources, one can 
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conclude if there is a significant difference 
between the values of dependent variable for 
different levels of the observed factor variables 
[9]. 

There are certain assumptions for conducting 
a test of analysis of variance on random samples, 
and they are: samples selected from the basic sets 
are independent, the distribution of dependent 
variable in basic sets is normal and distribution 
of basic sets has equal variance [8]. 

 In this paper, we will use a one-way analysis 
of variance which is used to compare two or 
more groups having different levels of one 
variable (level). 

If the above-mentioned assumptions for 
ANOVA are not met, the Kruskal-Wallis test is 
usually performed. Kruskal-Wallis test is a 
nonparametric test which is used for determining 
whether three or more independent samples 
originate from the same population. When this 
test leads to significant results, at least one 
sample differs from the others. 

A principal component analysis is a standard 
tool in modern data analysis used in various 
fields of science. It is a simple, nonparametric 
method for extracting relevant information out of 
confusing data sets. Principal component 
analysis is concerned with the interpretation of 
the variance and covariance structure of the 
original set of variables through a small number 
of their linear combinations. The general 
objectives of principal component analysis are 
data reduction and interpretation [3]. In order to 
reduce the number of variables, it is necessary to 
find a criterion by which we will discard 
components that are not as informative and keep 
the ones that contain most of the information 
from the initial variables. In this paper we will 
use the Kaiser criterion which says that we can 
retain only factors with eigenvalues greater than 
1. 
 
3. Data set 
 

In this paper the data about wastewater along 
the highway on sections between Varaždin and 
Split were analyzed.  Figure 1 shows these 
highway sections. They are: A4 highway 
between Zagreb and Varaždin (green), A3 
between Ivanja Reka and Lu�ko (blue) and the 
A1 highway to Split (red). 

Our data set consists of 1418 samples, which 
are described by 13 variables relevant to our 
study. For each sample we have variables that 

contain information about the time and the 
location of sampling. 

 

 
 

Figure 1. Analyzed highway section [2] 
 

More precisely, location information include 
the section of the highway where the sample was 
taken, and also the side of the road or the bridge, 
tunnel, viaduct or portal where it was taken. 
Variables containing information about time are:  
cycle when the sample was collected (there were 
five cycles) and the exact date of sampling. 
Samples were collected  in the period between 
2008 and 2010. Also, there are variables 
describing physical and chemical characteristics 
of water. For this research we have analysed 
variables containing information about the 
concentration values of copper, zinc, lead, and 
nickel in water samples. In cases where the 
values of observed variables  are less than the 
minimum measurable value, the value is 
approximated to zero.  
 
4. Results 
 

In this paper we have analysed whether there 
are significant differences in the average element 
amount  considering highway section, side and 
the season in which the data was collected. This 
was conducted by the analysis of variance, while 
the relationship between different variables was 
explored by the method of principal components.  

Experiments were conducted using the 
Statistica 10.0 software. 
 
4.1 Analysis of variance considering the 

highway section 
 

One-way ANOVA was conducted to resolve 
the question whether there is a significant 
difference in the average amount of lead, nickel, 
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zinc and copper depending on the highway 
section, i.e. whether there are differences 
depending on the specific part of the highway on 
which the sample was taken. We have 12 basic 
sets – highway sections (Benkovac, Brinje, 
Ivanja Reka, Lu�ko, Maslenica, Ogulin, Peruši�, 
Split, Sveti Rok, Šibenik, Varaždin and 
Zagvozd). Two variables were defined – the 
amount of element (dependent variable) and 
highway section (grouping variable). The null 
hypothesis stated that there is no significant 
difference in the average amount of elements 
considering the highway section. Accordingly, 
an alternative hypothesis argued that these 
differences exist. The defined level of 
significance is 0,05.  

Firstly, the requirements for the application of 
ANOVA,  normality of distribution and equality 
of variances, were tested. Assumption about 
distribution normality was satisfied, but Levene's 
test for equality of variances showed that this 
assumption was not justified. Therefore, we 
needed to further analyze the results obtained by 
ANOVA using a nonparamethric method to 
ensure that the level of statistical significance (p) 
is not increased because of unfulfilled 
assumptions. 

The results for lead, copper and nickel 
showed that there are significant differences in 
the average amount of these elements, depending 
on the highway section, i.e. null hypothesis was 
rejected. Thus, Figure 2 shows the arithmetic 
mean of lead depending on the section. 

 

 
 

Figure 2. Lead mean value per share 
 

Considering that ANOVA gives statistically 
significant results, Bonferroni's post-hoc test is 
conducted. In Figure 3 we can see groups 
organized by arithmetic means, from smallest to 
largest, and arithmetic means of those that are 

not significantly different from each other have 
four stars in the same column. For example, 
group Maslenica significantly differs in amount  
of lead from Split, Ivanja Reka and Zagvozd. 
 

 
 

Figure 3. Bonferroni's test for lead 
 

The results for zinc, under the same 
conditions as in previous analyses, showed that 
there is no significant difference in the average 
amount of zinc depending on a highway section. 

Given that assumptions were not met, we 
needed to conduct a nonparametric Kruskal – 
Wallis test. The results for lead are shown in 
Figure 4, where we can see that p value is 0,00 
which confirms that groups are significantly 
different. 
 

 
 
Figure 4. Kruskal-Wallis test for the highway 

share 
 
4.2 Analysis of variance considering side 

of the highway 
 

Here we analyzed whether there is a 
significant difference in the average amount of 
lead, nickel, copper and zinc depending on the 
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side of the highway where a sample was taken 
(left or right). With this test we wanted to find 
out if there is a difference between northern and 
southern side of the highway, which would mean 
that wind and rainfall can affect the amount of 
elements in wastewater.  

Again we had two hypotheses: null 
hypothesis stated that there is no significant 
difference in the average quantities of these 
elements depending on the side of the highway, 
and the alternative hypothesis stated the 
opposite. Test was performed for a significance 
level . Assumptions check gave the 
same results as in the previous analysis. The 
results indicated that the null hypothesis was 
accepted, which means that the premise of there 
being a difference in the average amount of 
elements depending on the side on which a 
sample was taken can not be accepted. For 
example, in Figure 5 lead and nickel mean values 
for left and right side are shown. We can see that 
there is no big difference in those values. 
 

 
 

Figure 5. Lead and nickel mean values on 
each side of the highway 

 
Again, because assumptions were not met, we 

needed to conduct Kruskal – Wallis test. The 
results for lead are shown in Figure 6, where we 
can see that p value is 0,8948 which confirms 
that groups are not significantly different. 
 

 
 

Figure 6. Kruskal-Wallis test for the side of 
the road 

 

4.3 Analysis of variance considering 
season 

 
This one-way ANOVA test resolves the 

question whether there is a significant difference 
in the average amount of lead, nickel, copper and 
zinc depending on the season in which samples 
were collected. Samples were collected in 
different months, so new season variable with 
four modes – winter, spring, summer and 
autumn, is defined. The null hypothesis stated 
that there is no significant difference in the 
average amount of elements considering the 
season, while the alternative hypothesis stated 
that significant differences exist. Again, a test 
was performed for a significance level 

. Firstly, assumptions check gave the 
same results as in the previous analysis. After 
conducting the ANOVA test, the results showed 
that there is a significant difference in the 
average amount of lead, copper and nickel, 
depending on the season in which samples were 
taken (null hypothesis rejected).  Again, the test 
for zinc gave different results and showed that 
there is no significant difference in the average 
amount of zinc depending on the season in which 
samples were taken (null hypothesis accepted). 

For example, mean values of lead per season 
are shown in Figure 7.  
 

 
 

Figure 7. Mean values of lead per season 
 

We can see that in winter mean value of lead 
is higher than in spring or autumn, which also 
shows Bonferroni's post-hoc test shown in Figure 
8. 
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Figure 8. Bonferroni's post hoc test 

 
As in previous examples, we conducted a 

Kruskal – Wallis test. The results for lead are 
shown in Figure 9, where we can see that p value 
is 0,00 which confirms that groups are 
significantly different.  The highest amount of 
lead in winter time is ascribed to increased 
maintenance of the highway during that season. 
Lead is often an impurity in the technical sodium 
chloride, which is extensively used for sprinkling 
over slippery roads.  
 

 
Figure 9. Kruskal-Wallis test for seasons 

 
4.4. Principal components analysis 
 

The goal of principal components analysis is 
to reduce the number of variables and detect 
structure in the relationship between them. 
Analysis for lead, nickel, copper, zinc, mercury, 
cadmium and chromium values was conducted.  
Eigenvalues and associated indicators are shown 
on Figure 10. Eigenvalues are the variances of 
principal components and their sum is 7, which 
shows us the cumulative number of these values 
in the third column. The second column shows 
the percentage of the total variance that each 
principal component explains, while in the last 
column we have a series of cumulative 
percentages of the second column.  
 

Eigenvalues of correlation matrix, and related statistics (v
Active variables only

Value number
Eigenvalue % Total

variance
Cumulative
Eigenvalue

Cumulative
%

1
2
3
4
5
6
7

4,962017 70,88595 4,962017 70,8860
1,000183 14,28833 5,962200 85,1743
0,604912 8,64159 6,567111 93,8159
0,290696 4,15279 6,857807 97,9687
0,073844 1,05491 6,931651 99,0236
0,049245 0,70349 6,980895 99,7271
0,019105 0,27293 7,000000 100,0000  

Figure 10. Eigenvalues and associated 
indicators 

 

These results show us that the first principal 
component explains 70,89% of the total variance, 
and the second explains 14,29% of total 
variance. We can see how important the first 
principal component is in relation to the others. 
Using the Kaiser criterion, we take the first two 
principal components which explain 85,17% of 
total variance. In Figure 11 we can see that the 
first axis is most correlated with variables 
mercury, lead, cadmium, chromium, nickel and 
copper, while the second axis is mostly 
correlated with variable zinc.  

This circuit shows how well each of the 
variables is represented by the current set of 
principal components. Given that all variables 
are close to the circle, representation of all 
variables is satisfactory.  
 

 
 

Figure 11. Variables in the components 
determined plane 

 
This test shows us which groups of elements 

have similar charachteristics in wastewater. As 
we can see in Figure 11, zinc has different 
charachteristics than other elements which 
explains the results of previous analysis. 
 
5. Conclusion and discussion 
 

In this paper we have analyzed which factors 
have an effect on amount values of the elements 
contained in wastewater along highways in 
Croatia. As we have seen, amounts of metals 
depend on the highway section, for instance there 
is more lead near Zagreb and Split, which is 
expected because these are two big cities where 
traffic is heavier than in other locations. This is 
not true for zinc which is present in all samples 
in larger quantities than the other metals. Zinc is 
present in all types of water, therefore it is not a 
true indicator for pollution. We also proved that 
there is no difference between left and right side 
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of the highway, which means that there are no 
differences between northern and southern sides 
of the road. Thus, there is no influence of wind 
and rainfall. The results also show the 
dependence of metal amount on the season, 
which is a really interesting subject and can 
mean that there are differences due to traffic 
density in certain seasons. We are missing the 
data for the summer owing to absence of rainfall. 
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