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 Abstract: The aims of the research are to focus on the analysis of qualitative parameters of 

surface runoff from the urbanized area (parking, roadways); subsequently, to compare the 

measured concentration with the recommendations of Danish and Slovak standards. Rainwater 

sampling carried out at several sites in Serbia and Slovakia. In the analysis were monitoring, the 

qualitative parameters as pH value, water conductivity, chemical oxygen demand, and heavy 

metals. The results show the presence of copper, zinc, lead, aluminum, cadmium, chromium and 

nickel. The concentration of these parameters was several times higher than the allowed limit 

values. Based on these results, it is necessary to design measures to ensure surface runoff before 

infiltration. 

 
 Keywords: Heavy metals, Rainwater, Surface runoff, Qualitative parameters 

1. Introduction 

 The 20th century is characterized by a mass migration and the development of 

urbanization and infrastructure. It is a natural process, which brings with it specific 

problems that are changing the spatial structure of the city: more paved and 

impermeable areas and least permeable surface [1]. The accelerated development of 

urbanization and the support of towns to build artificial landscape features lead to 

lasting changes in the city, which may have a negative impact on the environment. 
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 The development of a paved surface can cause changes in the hydrological 

characteristics of the area [2], [3]. The increase of the impermeable surface can affect 

the penetration of atmospheric water into the soil horizon, which in turn leads to a 

decrease in the yield of groundwater resources. Nowadays, it is a challenge to assure the 

drinking water for the population in some countries on the point of view of quality and 

quantity. The main priority of water managers is the great cities, where it is necessary to 

satisfy the growing demand for drinking water. 

 All over the world, there are more than 500,000 km
2
 of paved areas [4]. The 

impermeable surface does not support the natural infiltration of rainwater and 

negatively affect the microclimate of the city [4]. Artificial landscape features like 

roads, parking lots, streets, and other paved areas, when are correctly used, can provide 

an alternative source of water through a rainwater system [5]. Rainwater collection is 

one of the best available methods to create a sustainable water cycle in a city. An 

efficient way of managing rainwater could reduce the costs of transport and treatment of 

drinking water and wastewater, and in particular, regulate floods in the city. 

 The traditional method of rainwater management from urbanized areas is based on 

the principle of the fastest rainwater runoff from paved areas [6]. However, it has 

proved to be not the most appropriate solution. The development of urbanization and 

the effects of climate change often load the sewerage system and subsequent flooding of 

certain parts of the city. Municipal authorities are currently striving to make use of 

nature-friendly measures that use the foundations of Blue-Green infrastructure [7]. 

Blue-Green infrastructure elements are natural-friendly measures like wetlands, green 

roofs, or green walls that provide rainwater infiltration and have a beneficial effect on 

the microclimate of the city [8]. 

 This research focused on capturing the first rainwater flush from paved areas in 

Slovakia and Serbia. Interesting localities are in Bratislava, Slovak Republic, and 

village Hložany, Republic of Serbia. The analysis was focusing on the evaluation of 

qualitative parameters of surface runoff from urbanized areas. The study was divided 

into two parts. The first part was focus to the evaluation of the pH and conductivity of 

surface runoff. In the second part, the heavy metals were measured in urban stormwater. 

The evaluation of the measured values was by the Regulation of the Government of the 

Slovak Republic No. 269/2010 [9] and the Danish standard for surface water [10]. 

2. Characteristic of surface runoff 

2.1. Qualitative parameters of rainwater 

 The chemical form of the rain mostly depends on composition and air pollution in 

the lower and middle parts of the atmosphere, and local condition (industry, mountain) 

[11]. The most polluted rainwater occurs in the region of large industrial sites, 

especially around the chemical plant and at least in mountain areas. Furthermore, the 

composition of the rainwater depends on the type of paved area on which it will fall. 

Usual rain contains the following parameters: chlorides, sulfates, nitrates, potassium, 

calcium, and magnesium in concentrations up to 10.0 mg.l
-1

,
 
[11]. In industrial areas, 
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there is an increased proportion of sulfur, nitrogen, ammonia, traces of salts, dust, and 

bacteria. 

 These gasses are giving the water a slightly acidic character and changing the pH 

value. In areas with unpolluted atmospheres, e.g. mountain areas, the pH of rainwater 

range between 5.5 and 6.0, while in industrial areas, it reaches a value of about 3.5, 

[11]. The pH value is the most crucial parameter in rainwater, which significantly 

affects the solubility and transfer of heavy metals from an urbanized area to 

groundwater and the decomposition of salts present in the water. 

2.2. Surface runoff 

 As the intensification of urbanization, a new source of urban pollution was identified 

surface runoff. It is a complex source, which depends on several parameters: the 

duration, and intensity of precipitation, the weather in the previous period, the surface 

characteristics of land use, etc. [12]. Rainwater runoff that arises in impermeable areas 

plays a significant role in the drainage of the urbanized area. In designing rainwater 

management measures and facilities correctly, it is essential to know the qualitative 

parameters of surface runoff and the total amount of rainwater, which falls in a paved 

area. Surface runoff caused by rainfall is the primary transport medium of pollutants 

that can cause significant environmental impacts [6]. Depending on local conditions 

(traffic, industry, etc.), the nature of the pollutant changes, and so surface runoff may 

contain a substance that is unwanted for an environment. The quality of rainwater from 

impermeable surfaces depends on the materials used for the construction of paved areas 

[13], the geometry [14], and the length of the previous rainfall-free period. 

 Under normal conditions, heavy metals like Cd, Cu, Ni, Z, Zn in concentrations of 

about 1.0 mg.l
-1

 are present in surface runoff [11]. In the long-period, without a rainy 

season, the amount of pollutants in the surface runoff increases significantly. The 

concentration of undesirable pollutants may exceed the limit values several times. The 

highest amount of pollutants in the surface runoff accumulates in the initial phase, at the 

beginning of the precipitation event [15]. 

 The chemical composition of the surface runoff mainly depends on the types of 

impermeable surfaces, whether it is a roof [16], [17], a parking lot, a roadway [15], or 

another paved area. The type of roadways can also influence the quality of surface 

runoff. In a motorway, highway, or class II roads have discovered different types of 

pollutants [15]. The surface runoff from the car parks and roadway mostly contain 

substances from vehicles are as petroleum substances, certain toxic substances, and 

organic compounds. In rainfall, from the roof was found an increased concentration of 

heavy metals [18], [19], or inert roof sediment (e.g., dust and feces in animals) [20]. 

3. Methodic of research 

3.1. Study area 

 The research aimed to select and compare different locations in urbanized areas in 

the Slovak Republic and the Republic of Serbia. The choice of regions of interest for 
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this study affects several factors: availability of sampling, local conditions, types of 

impermeable surface, and hydrological conditions (intensity and duration of rainfall). 

The selected area of interest in Slovakia was in the cadastral area of Bratislava - 

historical town, and in Serbia, the village Hložany. The region of Bratislava is 

characterizing by a large number of impermeable surfaces, and dense traffic (urban 

transport, motor cars). The area of Hložany stands out for its agriculture activities. 

3.2. Sampling 

 The research was focused on capturing the first rainwater runoff from roadway and 

car parking due to the assumption of the highest amount of pollutants in surface runoff. 

Table I shows the basics information of the captured samples as capture date, location, 

GPS coordinates, and type of paved surface. 

Table I 

Characteristic of rainwater sampling 

Samples Data Place Function Material 

1 25.03.2019 
Maršala Tita Street - Hložany 

(Serbia) 
roadway asphalt 

2 25.03.2019 
Novosadcki Street - Hložany 

(Serbia) 
roadway asphalt 

3 22.04.2019 
Maršala Tita Street- Hložany 

(Serbia) 
roadway asphalt 

4 22.04.2019 
Novosadcki Street - Hložany 

(Serbia) 
roadway asphalt 

5 01.07.2019 Krížna Street (Bratislava) junction asphalt 

6 24.08.2019 Blumentálska Street (Bratislava) car parking 
concrete 

blocks 

7 24.08.2019 Krížna Street (Bratislava) roadway asphalt 

8 06.09.2019 Krížna Street (Bratislava) roadway asphalt 

9 09.09.2019 Krížna Street (Bratislava) roadway asphalt 

 Sampling was during the period of winter, spring, and summer from March to 

September. First rainwater runoff was forward of the rain inlet. Each harvesting 

rainwater contained information from the collection point as it is shown in Table I. 

Altogether there were nine samples, four from Serbia from Maršala Tita and 

Novosadcki Street and five from Bratislava, Krížna and Blumentálska Street. Most of 

the samples were harvested from the roadway; just one was from the junction (Krížna 

and Legionárska Street). The paved surface from which was catching the samples built 

from asphalt and concrete blocks. 

3.3. Laboratory analysis 

 The research focuses on the evaluation of qualitative parameters in captured 

rainwater in Slovakia - Bratislava, and Serbia - village Hložany, like pH value, the 

conductivity of water, and heavy metals. 
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 The first laboratory analyses of collected rainwater samples were in the Department 

of Sanitary and Environmental Engineering, Faculty of Civil Engineering, The Slovak 

Technical University in Bratislava. In this part of the analysis, pH value, and the 

conductivity of surface runoff were determined. The device HQD Portable Meters form 

the company HACH was used to measure the pH value of the rainwater [21]. 

 The second analysis was realized at the Department of Environmental Engineering, 

the Faculty of Chemical and Food Technology, in The Slovak University of Technology 

in Bratislava. In this analysis were monitored the heavy metals as copper, zinc, lead, 

aluminum, cadmium, chromium and nickel. 

 For the evaluation of the measured parameters of the first rainwater runoff from the 

selected areas were taken in Slovakia and Serbia, the limit values for surface water 

quality according to the Regulation of the Government of the Slovak Republic No. 

269/2010 [9] establishing requirements for achieving good water status and Danish 

standards for surface water quality [10] was used. The Danish criteria are aligning with 

the recommendations of the European Union, and it is one of the few countries that deal 

with the quality and impact of surface runoff on the environment. According to the 

Danish legislation, stormwater runoff is considered to be wastewater, and therefore its 

needs to be treated before infiltration to the soil [10]. 

4. Result and discussion 

4.1. pH and conductivity 

 The first part of the research has focused on the analysis of parameters as pH value 

and conductivity of rainwater from surface runoff. Table II presented the measured 

results from the first part of the study. In Table II the measurement of pH values and 

conductivity of rainwater runoff from the selected urbanized area are listed. 

 The limit value of pH is from 6.0 to 8.5 (9.0), and of conductivity is 110 mS.m
-1

. 

Table II 

The measured values of pH and conductivity of surface runoff 

Samples Place 
pH value 

[-] 

Conductivity  

[mS.m-1] 

1 Maršala Tita Street - Hložany (Serbia) 8.33 19.8 

2 Novosadcki Street - Hložany (Serbia) 9.09 14.41 

3 Maršala Tita Street- Hložany (Serbia) 8.26 18.01 

4 Novosadcki Street - Hložany (Serbia) 8.17 2.01 

5 Krížna Street (Bratislava)  7.69 21.21 

6 Blumentálska Street (Bratislava) 7.06 13.31 

7 Krížna Street (Bratislava) 7.09 12.42 

8 Krížna Street (Bratislava) 7.56 13.58 

9 Krížna Street (Bratislava) 7.73 17.86 

 Based on data in Table II, the pH values of the collected rainwater ranged from 7.06 

to 9.09. In sample No. 6 - Krížna Street (7.06) was measured the lowest pH and the 
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highest at sample No. 2. - Novosadcki Street (9.09). Increased pH could be caused by 

traffic, the season, or even the amount of fallen rainwater. The measured concentrations 

of conductivity of stormwater ranged from 2.01 mS.m
-1

 to 21.21 mS.m
-1

. In sample 

No. 5 - Krížna Street has measured the highest value - 21.21 mS.m
-1

, and the lowest 

2.01 mS.m
-1

 sample No. 4 - Novosadcki Street. 

 Fig. 1 represents the measured data of the first analysis. The horizontal line on the 

graph represents the limit value of pH (8.5) for surface water, set by the Government 

Regulation in Slovak Republic No. 269/2010 [9]. The vertical rectangles in Fig. 1 

represent the measured pH values in the surface runoff. Based on the results shown in 

Fig. 1 it can be concluded that only one exceeds the limit value, sample No. 2, (9.09). 

The other samples analyses do not exceed the limit value; they are below the limit. 

 

Fig. 1. The measured pH values of the collected rainwater samples from the paved surface 

in Bratislava and Hložany 

 Fig. 2 shows the measured conductivity values of the surface runoff captured from 

different locations. The vertical rectangles are presenting the measured concentration of 

conductivity in surface runoff, and the horizontal line, the limit value stated by 

Government Regulation, Slovak Republic No. 269/2010 [9]. According to regulation, 

the conductivity of surface water should not exceed 110 mS.m-1. Based on the 

requirement, all samples meet the limit values. 

4.2. Heavy metals 

 The second part of the research was focused on the analysis of heavy metals as zinc, 

copper, nickel, aluminum, cadmium, lead, and chromium in rainwater runoff from an 

urbanized area. Table III shows the concentrations of detected heavy metals. 

 Evaluation of the results shown in Table III was according to the Danish criteria for 

groundwater quality [10]. In Slovakia, there is no regulation of technical standards, 

which sets limit values for surface runoff. 
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Fig. 2. The measured conductivity of the collected rainwater samples from the paved surface  

in Bratislava and Hložany 

Table III 

The measured concentration of heavy metals in surface runoff from the selected area 

No. Place Zn Cu Ni Al Cd Pb Cr 

 Limit Value [mg.l-1
] 0.0084 0.002 0.034 - 0.045 0.0028 - 

1 Marsala Tita Street- 

Hložany (Serbia) 

- 0.018 0.045 0.03 - 0.099 0.012 

2 Novosadci Street -  

Hložany (Serbia) 

- 0.008 0.029 0.058 - 0.103 0.011 

3 Marsala Tita Street- 

Hložany (Serbia) 

- 0.01 0.038 0.02 - 0.107 0.011 

4 Novosadci Street -  

Hložany (Serbia 

0.023 0.008 0.042 0.03 - 0.095 0.011 

5 Krížna Street - 

junction (Bratislava)  

0.281 0.216 0.251 0.059 - 0.11 0.014 

6 Blumentálska Street- 

parking (Bratislava) 

0.18 0.125 0.112 0.022 0.02 0.113 0.016 

7 Krížna Street 

(Bratislava) 

0.158 0.15 0.218 0.023 - 0.116 0.013 

8 Krížna Street 

(Bratislava) 

0.084 0.064 0.083 0.007 0.009 0.095 0.013 

9 Krížna Street 

(Bratislava) 

0.082 0.06 0.108 0.005 0.022 0.109 0.014 

 Based on the values set by the Danish standard, almost all samples exceed the limit 

concentration of heavy metals, except the Al and Cr do not have a limit defined. In 

some samples, it was not possible to measure metal concentrations, zinc in samples 

numbers one to three, and cadmium in samples one to five, and seven. According to the 

result listed in Table III, the concentration of heavy metal varies from 0.008 mg.l
-1

 (Cu) 

to 0.281 mg.l
-1

 (Zn). The average concentration of total zinc was 0.135 mg.l
-1

, for the 

cupper 0.073 mg.l
-1

, for the nickel 0.103 mg.l
-1

, for aluminum 0.028 mg.l
-1

, for the 

cadmium 0.017 mg.l
-1

, for the lead 0.105 mg.l
-1

, and for the chromium 0.013 mg.l
-1

. The 

graphical representation of the results in Table III is in Fig. 3. 
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Fig. 3. The measured concentration of heavy metals in surface runoff from the selected area  

in Bratislava and Hložany 

 The heavy metals concentrations of all harvesting rainwater are in Fig. 3. On the 

graph, it can see a significant difference between the samples captured in different 

periods. In the samples taken in March, were measured lower metal concentrations 

(sample No. 1 to sample No. 4). As the graph shows, the highest detected level was in 

the samples from the summer period in July and August. Samples No. 8 and No. 9 was 

harvesting in September. In these samples lowest concentration are measured.  

 Sample No. 5 harvesting from Krížna Street had a strikingly higher level of heavy 

metals than others. High concentrations in sample No. 5 are likely caused by a long 

period without a rainy season, a place where it was catch sample, and by higher frenetic 

of traffic. In rainwater catching in Serbia was measured the lowest concentration. The 

season period and different types of traffic can cause a lower level of metals in surface 

runoff. 

 Fig. 4 shows the concentrations of a) zinc and b) copper. Each graph represents the 

measured concentrations of the detected parameter and the limit value set by the Danish 

standards. The horizontal line in the figure represents the limit value, and the vertical 

bars represent the measured concentration. 

 In analyzing zinc in the first four samples, it was not possible to measure the 

concentration (Fig. 4a). The highest detected level of zinc was 0.281 mg.l
-1

 (sample 

No. 5). The lowest measured concentration of cooper was in samples No. 1 to No. 4 

catching in Serbia (Fig. 4b). In sample No. 5 its reached value 0.216 mg.l
-1

. 

 The concentration nickel and lead are shown in Fig. 5. In evaluating the 

concentration of nickel, just sample No. 2, do not have exceeded the limit. In the sample 

No. 5 and No. 7 were detected - the increased values (Fig. 5a). The measured 

concentration of lead in each sample exceeded the limit value several times. The 

concentration of lead in harvesting samples was approximately the same; it ranges from 

0.095 mg.l
-1

 to 0.113 mg.l
-1

 (Fig. 5b). 
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a)  

b)  

Fig. 4. The measured concentration of heavy metals a) zinc and b) cupper  

in surface runoff from the selected area in Bratislava and Hložany 

5. Conclusion 

 This work was focusing on sampling and analyzing the first flush from an urbanized 

area. The reason for this research is firstly due to the possibility of infiltration water 

from surface runoff into the soil horizon. Another reason is the possibility of the 

occurrence of various pollutants on paved surfaces, which, if soaked into the soil, can 

cause groundwater contamination. The capturing of rainwater runoff was from 

roadways and car parks in Slovakia - Bratislava, and Serbia - Hložany. The analysis 

focuses on the evaluation of indicators as water reaction, pH, conductivity, and heavy 

metals. 
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a)  

b)  

Fig. 5. The measured concentration of heavy metals a) nickel and b) lead  

in surface runoff from the selected area in Bratislava and Hložany 

 Based on the presented results, it can be concluded that not all rainwater samples 

met the permitted limit values. At the evaluated pH, one exceeded the approved values, 

sample No. 2. In the case of rainwater conductivity, all samples are up to the limit. In 

the analysis of heavy metals, most samples exceed the limit value several times. The 

highest concentration was measured in sample No. 5. As it can be seen in the previous 

results stormwater is the most polluted after dry season. This statement can be stated 

based on samples collected in the summer period. In these samples was detected the 

higher concentration of metals than in samples from March. The increased level of 

heavy metals can also be affected by traffic; for example, sample No. 6 captured on 

Krížna Street, where the traffic intensity (passenger cars, urban transport) is increasing, 

and No. 7, that was from Blumentálska Street (cars). A change in samples from asphalt 
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and concrete based on surface type is not relevant; the concentration was approximately 

equal. 

 According to the presented results, it can be a state that rainwater infiltration from 

the roadway and car parks is not the most appropriate solution. This rainwater is 

considered inappropriate and should undergo a purification process before soakage into 

the soil. For the future, it is necessary to propose measures to ensure that surface runoff 

is treated before infiltration. There are many opportunities for using the green land with 

Low Impact Development (LID) application (green roof, rain garden, bioretention cells, 

permeable concrete). Applying LID can reduce the runoff of sites and control pollution. 

 The research on this topic - laboratory analysis of the rainwater runoff from an 

urbanized area will continue with a focus on new urbanized areas and different paved 

surfaces. 
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