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Abstract

Wastewater — it is precipitation on the surface of urban areas and other waters. Wastewater flow rates varies depending on the time of year
and weather conditions, and their contamination depends on industrial and urban development, transport development, human economic
activity.

Because of the increasing pollution of surface wastewater bodies, the eutrophication process is intensified. Suspended solids trapped in
surface waters can lead to physical (reduced light penetration, changes in water body temperature, sludge formation), chemical
(emission of heavy metals, nutrients and pesticide during adsorption to the surface waters from formed sediments) and biological
(decrease of dissolved oxygen quantity in the surface water body) changes in water bodies. Therefore, it is necessary to investigate the
concentrations and dynamic changes of untreated sewage entering the surface water bodies. After these tests the most pressing areas of
pollutants are found where installation of wasterwater treatment facilities is needed.

The article analyses the pollution indicators of surface wastewater that is generated in the urban area in the northern part of Vilnius city.
These parameters were explored: BDSs, total nitrogen, total carbon, oil products, suspended solids, pH, amount of dissolved oxygen and
temperature.
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1. Introduction

During expansion of urbanized area more and more attention must be paid to surface wastewater infrastructure development
and reconstruction [1]. In 2012, 71.8% of surface runoff, which formed in Vilnius city, was released untreated or
insufficiently treated into surface water bodies [2]. The rest — 28.4% of surface runoff generated in Vilnius city on urban
surface area has been properly cleaned and discharged into surface water bodies.

Stormwater pollution can vary depending on the area size, the terrain, the waste of potential polluters and precipitation
parameters: intensity, resulting rainfall [1]. Surface water is collected from Vilnius city streets, roofs, sidewalks, parking
lots and other impervious surfaces. Snow precipitation, entering the urban areas may also form surface wastewater. In
Vilnius, the average thickness of snow coverage in 2012 was 24 cm [3]. Snow coverage in the city is relatively small and
melts slowly, so when designing drainage systems, the main focus is kept at rain-generated surface runoff [4].

In Lithuanian Republic of surface wastewater regulation it is indicated that the main analyzed surface wastewater
pollution indicators are:

— suspended solids (SS);
— biochemical oxygen demand (BOD);
— oil products.

»Suspended solids“ — are mixtures of inorganic and organic matter content (mg) or concentration (mg/l) in the river, lake
or pond water — these are particles suspended in turbulence [5, 6]. Along with suspended materials, heavy metals can enter
into surface water. In TSS there are a lot of organic material, which when decomposing decreases levels of water dissolved
oxygen [6, 7].

Biochemical oxygen demand (BOD) indicates sewage contamination with organic materials. Evaluating BOD is
determined by the amount of oxygen needed for easily decomposing organic contaminants to biochemically oxidise [8]. The
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amount of oxygen needed for easily decomposing organic contaminants to biochemically oxidise within 5 days — BOD5
[6, 9].

Oil products in surface wastewater can form from operation of vehicles, gas stations, industrial enterprises in the
territory. Along with surface runoff into surface water bodies falling oil products form a film that does not let the oxygen
molecules get in the water.

Biogenic materials (carbon and nitrogen) concentration in the effluent is established in order to assess the amount of
biogenic substances generated in the urban area. Biogenic materials are breaked down by microorganisms. The intensity of
micro-organisms reproduction depends on the amount of biodegradable organic matter in wastewater [10]. All the carbon
and nitrogen content, which is not absorbed by plants becomes pollutant in the water body. Excess of biogenic substances in
water can cause natural conditions in water body to become abnormal, excessive growth of plants and other organisms [11].
This process is known as eutrophication, where nutrients and organic substances in water bodies causes the rapid growth of
the plants.

2. Research purpose

To identify and evaluate changes in surface contaminants in waste water during the cold time of the year with a positive
environmental temperatures, raining.

3. Research purpose
The northern part of the city of Vilnius surface wastewater.
4. Research Methodology

Vilnius city surface wastewater pollution research samples were taken in the rain. Samples taken from 10 sites: 5 surface
wastewater dischargers and from 5 locations where wastewater is formed on the impervious urban site surface.

Stormwater samples are collected in 5-liter plastic bottles. Bottles are washed with distilled water before each use. While
taking samples, the environment and sample temperature is measured. Analyses of surface wastewater samples is started on
the same day, but no later than 24 hours. In samples these factors are determined: pH, suspended solids, dissolved oxygen,
BODS, total nitrogen, total carbon. Surface wastewater sample analysis is performed in Vilnius Gediminas Technical
University, Department of Environmental Protection laboratory.

Surface wastewater samples temperature is measured by thermometer TP-3001 with the measuring probe, pH
concentration is measured with the pH meter — WTW/538, the measurement range — 2—16, and the device measures with
0.01 accuracy. Surface water saturation with oxygen (dissolved oxygen concentration) is determined by oximeter Oxi-3205.
Device measurement range is from 0 to 90 mg / | and the measurement accuracy is 0.1 mg / I. Concentration of suspended
solids in surface wastewater is determined by screening method, which methodology is presented in the Environment
normative document LAND 46-2007 ,,Water Quality. Suspended materials detection. Filtration through glass fiber method*.
Biochemical oxygen consumption in surface effluent BOD is determined with VELP Scientific System sensors system.
Measurement limit — up to 999 mg / I. Total carbon and total nitrogen concentration in the wastewater is determined with
Carbon analyzer Shimadzu TOC-VCSN/TNM-1.

5. Results

During the research period, the average daily temperature was 2.4 °C. Samples were sampled twice, before taking the first
samples there was a sunny period of 5 days, taking the second sample base — sunny period of 3 days.

Because of positive temperatures during the sampling period there was no usage of road maintenance materials: sand,
salt. Therefore, the concentrations of suspended solids and biogenic materials in surface wastewater were not affected by it.
During sampling period the average daily temperature was 2.8 °C and 4.2 °C. Surface wastewater samples were taken in the
northern part of Vilnius city while raining.

In 2008-2013 during winter the average daily temperature, while sampling the surface wastewater in the northern part of
Vilnius, was ~0 °C.

Laboratory tests were performed on samples of surface wastewater that were taken from 10 locations. Surface
wastewater sampling locations are shown in Figure 1.

33 is surface wastewater basin, from which five wastewater samples were taken, covers 57,5 hectares. 39 is surface
wastewater basin, from which one surface wastewater sample was taken, occupies 22,4 hectares. 8 is surface wastewater
basin, from which 3 samples of surface wastewater were taken, occupies 176 hectares. 6 is surface wastewater basin, from
which 2 surface wastewater samples were taken, covers 215 hectares.

In the northern part of the city of Vilnius, the right shore of river Neris, surface wastewater pollution, besides
autotransport can be caused by SC ,Kuro aparatiira“, SC ,,Vilma®“, SC ,,Stafis“ and SC ,,Autobusy parkas* [12]. In the
northern part of the city of Vilnius, the left shore of river Neris, surface wastewater pollution, besides autotransport can be
caused by JSC Lukoil Baltija“. Sampling points that are shown in Figure 1.
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Fig. 1. Vilnius city surface wastewater sampling locations ~ — surface wastewater sampling location from wastewater discharger; @ — surface wastewater
sampling location from urban territory surface; 1 — surface wastewater discharger; 2 — Valakampiai bridge; 3 — surface wastewater discharger;
4 — sample from impervious surface; 5 — sample from impervious surface; 6 — sample from impervious surface; 7 — surface wastewater discharger;
8 — sample from impervious surface; 9 — surface wastewater discharger; 10 — surface wastewater discharger.

Permissible concentration of suspended solids in surface wastewater that is discharged into the environment is 50 mg/l
[13]. During the collection of samples in 2014 January, suspended solids in the different sampling points ranged from
40 mg/l to 360 mg/l. The average concentration of suspended solids in analyzed January samples of surface wastewater was
353.5 mg/l. The highest concentration of suspended solids is determined to be in the sample set of surface wastewater
sampled from Valakampiy bridge. The maximum instantaneous concentration of suspended solids in this sample exceeded
7.2 times. According to the data obtained from 10 samples, suspended solids concentration has been exceeded in only 2
samples (the 2nd and the 5th surface wastewater), and reached 10 mg/l and 40 mg/1.

Evaluating the pollution data of 6 years in 5 surface wastewater dischargers in Vilnius town northern part, the maximum
average concentration of suspended solids is measured during the summer and reaches 148.25 mg/l, the lowest — in the
spring — and reaches 30.74 mg/I [12]. Taken into account the previous six years of suspended solids concentrations, in the
winter of 2014 in January concentration is greater 2.8 times.

The average concentration of suspended solids during the sampling period can be bigger because of higher temperatures.
Rainfall forms at higher temperature (2.4 °C), which by falling down collects from the streets, sidewalks or other
impervious surfaces and disposes of the greater part of the suspended matter. What can not be seen during snow
precipitation and melting. During winter, suspended solids travel to surface water bodies only when there is a positive
temperature or additional ice melting materials for road maintenance are used.

Data obtained in Radviliskis town in 2010 about suspended solids concentration in surface wastewater samples ranged
from 7.5 to 30.8 mg/l [4]. In Vilnius city northern part, the concentration of suspended solids in the tested samples was
found higher than the concentration of suspended solids in Radviliskis town. The highest concentration of suspended solids
in Vilnius is 11.69 times higher than in Radviliskis town.
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Fig. 2. Concentration of suspended solids in surface wastewater in northern part of Vilnius city
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pH concentration in the samples was found weakly alkaline. pH in the samples, which were sampled in 2014 January
ranged from 7.13 to 8.99. The highest pH value determined in the sample, which was taken from the Valakampiai bridge.
Surface wastewater pH in dishchargers over the past six years, ranged from 7.27 to 8.59. During the winter period 2008—
2013, the pH ranged from 7.48 to 8.37, the highest pH value measured in the summer [12]. Changes in pH depend on the
wastewater pollutants: havy metals, concentrations of suspended solids, dissolved oxygen and biogenic materials.
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Fig. 3. pH in surface wastewater in northern part of Vilnius city

The dissolved oxygen concentration in the surface runoff samples that have been taken from the northern part of the city
of Vilnius surface wastewater dischargers and from impervious surfaces varied from 0.03 mg O,/ to 0.04 mg O,/1
(dissolved oxygen concentration in water can vary from 0 to 14 mg O,/1). The lower the concentration of dissolved oxygen
in the water, the more organic matter is in the water.

Concentrations of biogenic materials are found in samples of surface wastewater in order to assess the amount of
biodegradable material that reaches the surface water bodies in surface wastewater. The total carbon concentration in
samples that were sampled in 2014 January ranged from 12.76 to 55.81 mg/l. The highest concentration (55.81 mg/l) was
measured in the sample, which was taken from surface wastewater discharger (4 sampling site, discharger).
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Fig. 4. Total carbon concentration in the surface wastewater in northern part of Vilnius city

Total nitrogen concentration in the surface wastewater samples, which were taken in 2014 January ranged from 0.25 to
8.46 mg/l. The highest concentrations were found in surface wastewater disharger (4 sampling point, discharger). Total
nitrogen concentration in surface wastewater samples, that were taken from impervious surfaces and surface watsewater
dischargers in the northern part of Vilnius city did not exceed 20 mg/1.
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Fig. 5. Total nitrogen concentration in the surface wastewater in the northern part of Vilnius city

Amount of oil products was studied in samples that were taken in 2014 January. Oil concentrations in surface

wastewater samples were set:

— 1-st surface wastewater discharger 0.12 mg/l;

1-st sample from impervious surface (Valakampiai bridge) 3.03 mg/l;

2-nd sample from impervious surface 3.00 mg/l;

— 4-th discharger 1.30 mg/l;

5-th sample from impervious surface 1.81 mg/l.

Permissible concentration of oil products, according to the Republic of Lithuania surface wastewater regulations, in
surface wastewater is 7 mg/l. In samples that were tested for oil concentration, the allowable concentration of oil products
has not been exceeded. In the investigated samples the highest oil concentration (3.03 mg/l) was found in the sample, which
was taken from the bridge of Valakampiai (1-st sample from an impervious surface).

Taking into account the surface wastewater oil pollution in the past six years (2008—2013 m.) the maximum measured
pollution level was found during the winter and was 12 mg/l. Average oil pollution during the cold time of the year is
1,69 mg/1 [12]. Oil pollution levels in Radviliskis town in 2010 were measured in controlled surface wastewater dischargers:
maximum level of surface wastewater pollution with oil products amounted to 0.49 mg/l. In Vilnius city, the biggest oil
pollution level was found to be 3.03 mg/l. Found pollution in Vilnius city is 6.18 times bigger than in Radviliskis town.

Biochemical oxygen consumption was studied in samples that were taken in 2014 January. BDSS in samples ranged
from 0 to 79 mg/l. The maximum established biochemical oxygen demand in 5 days is found in the sample, which was
taken from the bridge of Valakampiai (1st sample from an impervious surface).

6. Conclusion

1. The maximum concentration of suspended solids (360 mg/l) was observed on the impervious surface (Valakampiai
bridge). The permissible concentration of suspended solids in surface waste water discharged into the environment is
50 mg/1 [13].

2. During the cold time of the year with a positive environmental temperature, surface wastewater pollution with
suspended materials and oil products was considerably higher than that of the samples that were tested during negative
temperature cold season.

3. Concentrations of biogenic materials that enter surface water bodies during the period does not exceed the maximum
allowable concentrations in wastewater in Lithuania (20 mg/] total nitrogen concentration). Surface water pollution with
biogenic materials did not have a significant impact.

4. The biggest surface wastewater pollution was found in a sample taken from the bridge of Valakampiai (sample
number. 2). Here, in comparison with other samples of surface wastewater, the maximum concentration of suspended solids,
biogenic materials and oil levels, as well as the pH value of this sample is the highest of all samples. Most likely, this is due
because the Valakampiai bridge has the largest automobile traffic intensity (compared to the other locations of sampling
points from impervious coatings). It is necessary to apply a surface wastewater treatment equipment in these basins.

References

[1] Sauk, V.; Baltrusaitis, M.; Dauknys, R. 2009. Pavir§iniy nuoteky kiekiai i$ urbanizuoty ir pramoniniy teritorijy Vilniaus mieste, Science-future of
Lithuania 1(1): 56-58.



6 L. Makaraviciite, E. Marciulaitiené / The 9" Conference Environmental Engineering. Selected Papers, Article number: enviro.2014.035

[2] Aplinkos biikle 2012 tik faktai [interaktyvus]. 2013 zitiréta 2013 m. spalio 29 d. Prieiga per interneta:
http://gamta.lt/files/TIK%20FAKTAI%202012_galutinis1386581143074.pdf

[3]1 Lietuvos statistikos departamenatas [interaktyvus]. 2012. Zitiréta 2014 m. sausio 27 d. Prieiga per interneta;
http://db1 stat.gov.It/statbank/selectvarval/saveselections.asp?MainTable=M1010201&PLanguage=0& TableStyle=&Buttons=&PXS1d=19598&IQY=&T
C=&ST=ST&rvar0=&rvarl=&rvar2=&rvar3=&rvard=&rvar5S=&rvar6=&rvar7=&rvar8=&rvar9=&rvarl 0=&rvarl 1=&rvar1 2=&rvarl 3=&rvar14=

[4] Sauliute, G.; Tricys, V. 2011. Pavir§iniy nuoteky tarSos tyrimas Radviliskio mieste, Jaunyjy mokslininky darbai 3(32): 125-130 p.

[5] Bilotta, G. G.; Brazier, R. E. 2008. Understanding the influence of suspended solids on water quality and aquatic biota, Water Research 42: 2849—
2861.

[6] Margenyte, L.; Zigmontiené, A.; Tomasevskis, E. 2012. Pagrindiniy vandens uzter§tumo vilnios upé¢je charakteristiky analize, Science — future of
Lithuania 4(5): 435-440.

[7]1 D’Autilia, R.; Falcucci, M.; Hull, V.; Parrella, L. 2004. Short time dissolved oxygen dynamics in shallow water ecosystems, Ecological Modelling
179: 297-306. http://dx.doi.org/10.1016/j.ecolmodel.2004.02.009

[8] Baltrénas, P.; Butkus, D.; Oskinis, V.; Vasarevicius, S.; Zigmontiené, A. 2008. Aplinkos apsauga. Vilnius. Technika. 576 p.
http://dx.doi.org/10.3846/995-S

[9] Chen, C.; Lung, W.; Li, S.; Lin, C. 2012. Technical challenges with BOD/DO modeling river in Taiwan, Journal of Hydroenvironment Research 6.

[10] Rutkoviene, V. M.; Sabiene, N. 2008. Aplinkos tarsa. Mokomoji knyga. Kaunas: Akademija. 204 p.

[ll]?aminskas, J.; Linkeviciene, R.; Simanauskiene, R. 2006. Sources and loads of phosphorus in the Zuvintas catchment [Fosforo Saltiniai ir nuotékis
Zuvinto baseine], Annales Geographicae 39(1): 25-33.

[12] UAB ,,Grinda . 2013. Vilniaus miesto pavirsiniy nuoteky i§leistuvy monitoringo duomenys 2008-2013 m.

[13] Lietuvos Respublikos aplinkos ministro 2007 m. balandtio 2 d. {sakymas ,,D¢l pavir§iniy nuoteky tvarkymo reglamento patvirtinimo*, Valstybés Zinios
42-1594.



