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Abstract. The article presents the results of rainwater quality studies. The
rainwater flowing from the surface of urbanized areas of the city of
Biatystok discharged into the river after they have been cleansed with
separators petroleum compounds. Also discussed are issues related to with
rain water and the problem to need develop them. Contaminated flushes
from sealed surfaces such as street squares, sidewalks, parking lots, etc.,
during periods of rain or thawing, pose a serious threat to the natural
environment. The work presents analyzes of such pollutants as general
slurry, heavy metals, chlorides, BODs;, COD, etc., which once penetrate
rainwater into Biala River. Five measurement and control points located in
a typical urban drainage basin were selected for the study. The tests were
taken in the spring of 2017 in two measuring series. The first series was
taken during the long-term precipitation, while the second was after the
almost one-month rain-free period, at the time of the first precipitation.
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ISSUES RAINWATER

The development of civilization and the increase of the urban areas has forced the
need for rainwater runoff from the surface. The priority is to collect them as quickly as
possible from squares, streets, sidewalks and roofs, and next drain to the rain drain or land-
water receiver[1,20]. Contaminated flushes from sealed surfaces such as street squares,
sidewalks, parking lots, etc., during periods of rain or thawing, pose a serious threat to the
natural environment[2,13]. In urban areas, it is a disorder of the hydrological cycle resulting
from the growth surface of the impermeable and significant reduction in retention capacity
and infiltration of rainwater. Watercourses in urbanized catchments, especially in big cities,
become the main receivers of sewage and highly contaminated surface runoff, which causes
their chemical and hygiene-sanitary conditions to deteriorate[11]. The search for a rational
way of treating rainwater is one of the most urgent challenges in water management.
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Rainwater is already contaminated during rainfall as a result of contact with
contaminated atmospheric air. Raindrops capture in atmosphere contained it inter alia,
volatile dust, SO,, NO,, CO,, fumes and chemicals from industrial areas[8]. The next stage
of further pollution of the precipitation is surface runoff. The pollutants washed from the
catchment area such as streets, squares, roofs, parks and pavements include sand, gravel,
dust, rubbish, salt from the prevention of black ice, tire abrasion products, leaves and other
parts of plants, fuel spills, etc. [15,16].The content of impurities, both organic and non-
organic, in rain waters is very diverse. The amount and type of pollutants entering rainwater
depends mainly on the type of catchment and the way it is managed, as well as the time
between successive rainfalls[20]. On the composition of the water is mainly influenced:
type of surface of streets, squares and sidewalks, density of road network and traffic
intensity, organization and method of street cleaning, method of anti-glaze control,
participation of green areas in the city, intensity and duration of rain, as well as many other
factors[3,4].

The main pollutants and their describing parameters occurring in rainwater can
include:
e heavy metals (zinc, chromium, cadmium, lead, nickel, copper)
e aromatic hydrocarbons (benzo [a] pyrene, pyrene, naphthalene)
e total suspension, BOD, COD, nitrogen, phosphorus, anions, cations, conductivity,
pH

The content of pollutants changes during rainfall, in general their concentration is the
highest in the initial stage of rainfall, because the first runoff washes off the terrain
surfaces[2]. This is especially important after long periods without precipitation. This
phenomenon is caused by the pollution not only from the surface, but also from impurities
deposited in the dewatering devices[3,18]. One of the main sources of rainwater and
snowmelt pollution is motorization. Runoffs from roads are loaded with significant
concentrations of general suspended solids, COD, ether extract, petroleum substances and
heavy metals. Heavy metals are found in rainwater in the form of dissolved salts, ions or
insoluble compounds[1,18]. Higher metal concentrations are usually observed in runoff
from industrial areas, rather than from residential areas.

Looking at literature, both Polish and foreign, related to the problem of rainwater, one
can come across various definitions and formulations of rainwater or rainwater. In the
Polish legal system, the terms ‘"rainwater" and "meltwater" are not clearly
defined[1,3,7,11]. However, in various legal acts, the definition of rainfall sewage and
meltwater sewage appears. Pursuant to the Environmental Protection Law Act of 27 April
2001, by means of sewage is meant, among other things, rainwater or snowmelt, entered
into open or closed sewage systems, originating from contaminated surfaces with
permanent surface, in particular from cities, ports, airports, industrial, commercial, service
and storage areas, transport bases, roads and parking lots[22]. This definition was repeated
in the Act of 18 July 2001 on Water Law. The same entry is also made in the Act of June 7,
2001 on collective water supply and collective sewage disposal[23]. The basic legal acts
talking about the possibilities of development and quality standards for rainwater are the
aforementioned Water Law from July 18, 2001. with d. and Regulation of the Minister of
the Environment on July 24, 2006 on the conditions to be met when introducing sewage
into waters or into the ground, and on particularly harmful substances. This regulation
defines only the values of suspension and hydrocarbons in rainwater discharged to the
receiver and states that they should not contain contaminants in the amount of 100 mg * dm
3 total suspension and 15 mg * dm ~ petroleum substances[24].However, other dangerous
substances are omitted, such as heavy metals, which due to their bioaccumulation potential
may have a negative impact on the environment, in particular on rainwater receivers.

Rainwater from urbanized areas can be drained in a conventional way by collective
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sewage systems or, alternatively, managed at the place of their creation. The main method
of pre-treating rainwater, before they are discharged to the water receiver, are devices based
on physical methods mainly using sedimentation and filtration processes[11]. The most
important parameter allowing to determine the negative impact of rainwater on the water
receiver is the in which the accumulation of most pollutants takes place. Even up to 90% of
the total suspension is a mineral slurry in the form of sand, gravel and soil particles, which
absorbs other impurities on its porous surface. Strict relations were found between the
amount of suspension and the chemical and biochemical oxygen demand as well as the
concentration of heavy metals[5,6]. The most commonly used devices for preclining rain
watercourses include various types of separators, settling tanks, absorbent wells, sediment
ponds, soil filters, etc.[7].

Subject and methodology of research

Within the framework as part of the research carried out at the Department of
Technology in Engineering and Environmental Protection, an analysis of the composition
of rainwater pollutants from a selected catchment in the agglomeration of the city of
Biatystok was carried out. A catchment located in the south-eastern part of the city,
characterized by diversified buildings (high- and medium-sized housing estates, low-
detached, single-family neighborhoods, service and recreation areas) and the presence of
the main communication glazing was selected for the research. Five measurement and
control points have been selected as shown in the figure below.

Fig 1. Location of measurement and control points.

Research samples were effluents from the separators of petroleum compounds located
in the city of Bialystok as well as water taken from the Biata River. The Biata River is a
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fourth-order river, a left tributary of Suprasl. It takes its origin not far from the Protasy
village and its length is 32.7 km. Constant tributaries of Biata are: the foot from the Upper
Dojlid, Dolistowka and Bazantarka. The river is strongly regulated, some of its sections are
rectilinear with technically formed banks and outlets of storm water drainage[9].

Samples were taken in April and May 2017. It was the period of spring rainfall
characterized by various types of intensity and their occurrence time. It was important to
take samples in the first 20 minutes of atmospheric precipitation because, according to
literature data, the highest concentration of contaminants rinsed off the land surface occurs
[17,19,20].Samples for testing were taken in the coastal zone, at the outlet of separators
(example drawing 2) and from the water depth of the river. The collected samples without
fixation were immediately transported to the laboratory in order to determine the selected
indicators. In the water collected, the following were determined: total suspension by the
weigh methodt, BOD; determined by respiromotor method using the OXI TOP kit, COD by
the dichromate method using a HACH LANGE DR / 5000 spectrophotometer, anions and
cations using a Thermo Scientific ICS 5000+ ionograph, heavy metals by the ASA method
on atomic absorption spectrometer with Thermo Scientific iCE3400 electrothermal
atomization and pH and conductivity by potentiometric method. Determinations were made
according to current regulations or on the basis of the commonly used and recommended by
the scientific literature analytical methodologies.

N ¥

Research results

Tables 1,2,3,4,5 and 6 show the results of the water samples tested. Results are the
arithmetic mean of the three repetitions. The conducted research showed a very varied
content of individual parameters and confirmed the information on high variability of the
pollutant indicators in the case of rainwater studied in the literature[2,10,12,18].
Measurement points 1 and 5 were water taken from the Biata River before supplying
rainwater from separators and supplying rainwater. The points 2,3,4 were sewage from the
outlet selected for the analysis of separators.
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Table 1. Basic physicochemical parameters of tested. First series of research.

Parameter Unit 1 2 3 4 5
pH - 8,14 8,23 8,11 8,09 8,12
0, mg/1 10,06 | 9,25 8,35 9,25 10,11
Temperature °C 17,70 | 17,30 17,90 17,60 17,00
Conductivity uS/em | 517,00 | 987,00 | 1208,00 | 1031,00 | 618,00
mg/1 26,00 | 20,00 13,50 7,20 21,00
Turbidity FAU 73,00 | 19,00 | 28,00 22,00 | 62,00
NTU 10,50 | 7,65 11,50 9,19 6,51
Color mg Pt/l | 64,00 | 57,67 | 24,00 22,83 56,00

Basicity Zm mval/dm® | 4,00 | 5,50 5,60 3,60 4,40
Overall acidity | mval/dm® | 2,20 | 2,60 3,30 1,76 2,86

Hardness mval/dm® | 5,00 6,48 6,84 4,40 5,44
Total suspension mg/1 163,00 | 115,00 | 87,00 72,00 120,00
BOD; mg/1 4,00 5,00 2,00 0,00 1,00
COD mg/1 53,50 | 55,50 | 44,00 28,00 | 47,00

Table 2. Basic physicochemical parameters of tested. Second series of research.

Parameter Unit 1 2 3 4 5

pH - 8,03 7,38 7,72 7,68 7,88

0O, mg/1 8,56 8,17 8,13 8,06 7,92
Temperature °C 20,30 20,90 20,80 20,50 | 20,70
Conductivity uS/cm | 434,00 | 527,00 | 1127,00 | 674,00 | 617,00
mg/1 20,40 | 398,90 | 214,30 | 220,10 | 56,40

Turbidity FAU 34,60 | 526,00 | 254,00 | 253,00 | 75,00
NTU 25,40 | 357,00 | 162,00 | 159,00 | 51,10

Color mg Pt/ 55,00 | 330,00 | 216,00 | 190,00 | 105,00

Basicity Zm mval/dm’ 3,40 2,80 4,50 2,60 3,50
Overall acidity mval/dm’ 1,32 2,64 1,76 1,54 1,48

Hardness mval/dm’ 4,60 7,80 8,12 4,00 5,28
Total suspension mg/l 349,00 | 640,00 | 324,00 | 321,00 | 182,00
BOD:; mg/1 5,00 50,00 | 25,00 | 31,00 | 12,00
COD mg/1 106,00 | 453,00 | 317,00 | 242,00 | 140,00




E3S Web of Conferences 30, 01019 (2018) https://doi.org/10.1051/e3sconf/20183001019
Water, Wastewater and Energy in Smart Cities

Table 1 and 2 shows significant differences in the individual quality parameters of the
waters tested. They result from the aforementioned fact that the first series was collected
during the rain but during the few days of rain that washed away most of the contaminants
in the previous days, while the second series was carried out after a long rainless period and
during the sampling we managed to collect the so-called 'first' wave of "pollution carried
along with precipitation.

The pH during the whole research period remained at a similar level and ranged from
7.38 to 8.23. Similarly, the temperature of the tested water and wastewater from separators
was constant in individual series. After the dry season there was a drop in dissolved oxygen
at the control and control point 1 and 5 located on the river. Large differences were
observed in the color and turbidity, especially for points 2.3 and 4, ie at the outlet of
separators. The values between the first and second measurement series differed by an
order of magnitude. As an example, point no. 3 in which the color and turbidity value
expressed in FAU has changed from about 20 to 200. Similarly as described in the
literature, there was also observed a relationship between the increase in the amount of total
suspension and the biological and chemical oxygen demand. For these parameters, there
was also a change in the order of magnitude between the first and the second series of tests.
Analyzing all the parameters presented in Table 1 and 2, a slight deterioration of water
status in the Biata River was observed. However, the measurement and control points were
located on a fairly short section of the examined river and to fully illustrate the impact of
the urban agglomeration on its condition, it would be necessary to examine the water before
and after Biatystok. The content of dissolved cations and anions in water in both
measurement series remained at a similar level. It can be concluded that the increase in the
total suspension content does not affect dissolved cations and anions. Small changes can be
observed only in the case of phosphates, nitrates and ammonium ions. This is probably due
to the flushing of fertilizers from adjacent green areas and garden plots. Results of the
studied anions and cations are presented in Table No. 3 and 4.

Table 3.Content of cations and anions in tested samples. First series of research.

Parameter Unit 1 2 3 4 5
F mg/1 0,13 0,10 0,11 0,12 0,13
Cr mg/1 29,52 135,05 | 175,81 | 175,02 | 45,11
Br mg/1 0,00 0,03 0,05 0,03 0,00

NO;5y mg/1 3,31 7,92 23,22 | 29,04 9,13
NO, mg/1 0,03 0,06 0,41 0,13 0,13
PO> mg/1 0,01 0,02 1,93 1,91 0,07
SO42' mg/1 30,38 50,60 | 47,78 | 51,11 38,43
Na* mg/1 29,70 118,20 | 176,40 | 204,60 | 69,90
NH," mg/1 0,40 1,20 3,20 2,10 1,30
Mg2+ mg/1 22,40 35,40 | 29,60 | 23,60 | 24,90
K mg/1 8,80 12,90 | 66,90 | 26,80 11,50
Ca* mg/1 159,50 | 212,90 | 227,00 | 143,50 | 176,30
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Table 4. Content of cations and anions in tested samples. Second series of research.

Parameter Unit 1 2 3 4 5
F mg/1 0,13 0,12 0,10 0,07 0,10
Cr mg/1 22,92 72,54 | 185,27 | 104,01 | 56,68
Br mg/1 0,00 0,26 0,00 0,00 0,01

NO5 mg/1 2,06 11,65 | 20,33 13,91 11,71
NO, mg/1 0,03 0,36 0,41 0,29 0,35
PO, mg/1 0,08 0,64 1,70 0,53 0,20
SO,” mg/1 25,37 22,06 | 3890 | 34,89 | 37,94
Na® mg/1 23,30 71,50 | 177,80 | 118,30 | 56,30
NH," mg/1 0,40 5,80 1,80 3,80 1,40
Mg2+ mg/1 19,30 12,00 | 25,10 | 14,50 | 22,90
K" mg/1 9,10 17,20 | 42,60 | 19,50 | 14,60
Ca* mg/1 132,20 | 116,20 | 198,90 | 111,90 | 158,70

Large differences were observed while the contents of individual elements and heavy

metals. The results of tests on heavy metals and macronutrients are summarized in the
Table No. 5 and 6.

Table 5. Content of macroelements and heavy metals in tested samples First series of research

Parameter Unit 1 2 3 4 5
Na mg/1 19,50 66,05 | 36,70 | 74,55 | 15,90
Mg mg/1 6,55 13,05 6,68 7,73 6,60
K mg/1 4,79 7,34 | 28,89 | 12,99 | 5,81
Mn pg/l 59,50 127,50 | 430,50 | 64,00 | 67,50
Fe pg/l 641,00 | 416,50 | 474,50 | 390,50 | 410,50
Cr pg/l 0,00 5,00 0,00 0,00 5,00
Ni pg/l 5,50 21,00 8,50 7,50 7,00
Cu pg/l 5,50 26,50 | 20,50 | 12,00 | 10,00
Zn pg/l 50,00 156,50 | 150,00 | 203,00 | 67,50
Pb pg/l 0,00 5,50 2,00 0,00 1,26
Cd pg/l 0,00 0,00 0,00 0,00 0,00
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Table 6. Content of macroelements and heavy metals in tested samples Second series of research

Parameter Unit 1 2 3 4 5
Na mg/1 35,43 295,90 243,10 | 250,80 85,90
Mg mg/1 17,00 19,40 13,90 12,60 22,10

K mg/1 14,35 49,47 33,02 26,99 20,51
Mn pg/l 98,10 835,33 818,82 | 403,90 | 20821
Fe pg/l 1900,15 | 14693,68 | 7076,07 | 3348,35 | 2063,06
Cr pg/l 3,00 29,53 19,02 8,51 6,01
Ni ng/l 1,75 17,52 9,51 7,01 4,50
Cu pg/l 8,01 105,11 98,60 54,05 17,52
/n ng/l 127,38 1158,16 660,66 | 500,00 | 22322
Pb g/l 11,26 49,05 | 116,53 | 17,52 | 14,01
Cd pg/l 65,07 349,00 718,72 | 254,25 190,19

The content of heavy metals in the tested samples remained at level the microgram
in liter and was similar to the values presented by other authors[14,18,19,20]. By using the
previously quoted literature information, it can be concluded that most heavy metals are
accumulated in the suspension, which explains the differences between their content in the
first and second research series. This is most evident in the case of cadmium and lead which
in the first series were practically absent or at the background level. The second research
series confirms that rainwater discharged from squares and streets contains large amounts
of heavy metals. When comparing heavy metal contents at 1 and 5 measurement and
control points, small changes can be observed on the studied river section, despite their
significant amounts supplied with rainwater, but it should be noted that according to other
authors, heavy metals very quickly accumulate in sediments river[10,17,18].

Conclusions

1. On the basis of the conducted research, it can be concluded that the inflow of rainwater
changes the values of physical and chemical indicators of water in the Biata River.

2. The duration of rain has a decisive influence on the amount of pollutants in rainwater
as the pollution carried in the first 15-20 minutes of precipitation is much higher.

3. On the basis of the conducted tests, it was found that water collected from the same
points, at different dates and in weather conditions, is characterized by a different
degree of pollution.

The research work was carried out within the framework of the work of its own W / WBIIS
/10/2015 funded that funds for learning.
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