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Abstract. The article is devoted to the parameters of
mechanical treatment of surface wastewater generated in
the territory of suburban facilities of the highways from
petroleum products (PPs) and their separate fractions. It
is found that the open settling mode is more promising.
The highest effect of treatment from PPs (within the
range under study) is achieved at PPs initial
concentration of 125-210 mg/dm?® on the third day of
settling.
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1. Introduction

Environmental studies of the influence of vehicles
on the level of environmental safety of the roadside area
are concentrated mainly on the analysis of exhaust gases
emission into the atmosphere and the negative impact of
noise without paying attention to high ingredient
contamination of water and soil ecosystems in the
territories adjacent to the highways [1]. Runoff of drain
and melt water generated as a result of precipitation on
the roadway coverage is one of the main sources of soil
contamination in the adjacent areas [2]. By the level of
MAC excess, the greatest ecological danger for

groundwater and aquatic ecosystems is created by
petroleum products (PPs) that enter the territory of
roadside area with surface wastewater from the roadway
coverage. In environmental studies, PPs are non-polar
and low-polar carbohydrates soluble in hexane which
are not sorbed by aluminum oxide. By a combination of
properties, and, consequently, the nature of the impact
on the ecosystem, PPs differ significantly from other
pollutants, which is due to the heterogeneity of the
chemical composition of PPs. It is found that
carbohydrates with the temperature of boiling from
150 °C to 275 °C are the most toxic [3, 4].

Technical solutions concerning drain  water
treatment are actively developed abroad and in Ukraine
using the sewage facilities for industrial and urban
wastewater treatment [5]. However, despite the presence
of a number of engineering developments on the
arrangement of surface water removal system, the issues
of both typical and individual design of water removal
and wastewater treatment at the highway objects (taking
into account economic and environmental factors)
require clarification and refinement. The urgency of this
problem has increased especially in connection with the
need for harmonization of Ukrainian normative
requirements for water removal at the highway objects
with European regulations.

The purpose of the paper is to determine the
quantitative characteristics of the pollution of the
surface wastewater generated by PPs and their
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fractions at the facilities of the automobile and road
complex in the winter and summer seasons, as well
as their behaviour during wastewater treatment by
mechanical methods.

2. Objects and methods of experimental
studies

The objects of experimental studies were:

—surface wastewater of the winter season — snow
cover formed in the territory of suburban highway
facilities;

—surface wastewater of the summer season -
artificial drains from waterproof coverings of the
carriageway of suburban highway facilities.

The snow samples were taken at a distance of
0.5 m from the boundary line of the roadway of
suburban highway facilities on the twelfth day after
the snowfall. The samples of surface runoff from the
territories of suburban highway facilities were
obtained by the method of washing off (the period
without rain before sampling was 10-15 days). The
washing off was performed with a cotton-wool swab
and a certain amount of distilled water from a
certain area of the roadway coverage, limited by a
wooden palette [6]. In experimental studies, the
processes that take place during surface wastewater
settling in open and closed containers were
modelled. The wastewater under study was placed in
graduated beakers and settled for 30 days. To model
the systems of closed settling, the beakers were
covered with plastic caps. In the winter period,
settling was performed in the laboratory at a
temperature of 150 °C and air velocity of 0.1 m/s, in
the summer period — at a temperature of 22-26 °C
and air velocity of 0.5-2 m/s. Water samples, a
supernatant fluid, were taken by the probe without
damaging the precipitate and the surface film (in
those cases where it was formed).

The content of PPs in the aqueous medium (melted
snow) was determined gravimetrically [7]. Petroleum
products were extracted from the water by chloroform,
then the solvent was removed by evaporation, and the
residue was dissolved in hexane and the polar
compounds were separated by treatment on a column
with aluminum oxide. The solvent was evaporated and
the gravimetric mass of the residue was measured [7].
During the analysis, extraction of PPs using only hexane
was performed simultaneously [7]. This allowed
fractionating of PPs [8] that contaminate surface
wastewater, dividing them into a fraction of
conditionally aliphatic PPs — gasoline, kerosene, diesel

fuel (hexane extract), and a fraction of conditionally
complex PPs — of high molecular weight and
heteroorganic (the difference between the content of PPs
extracted by chloroform + hexane and PPs extracted by
hexane only).

Mathematical processing of experimental data,
finding of regression equations and surface construction
were performed using Microsoft Excel software.

3. Results of experimental studies

3.1. Determination of the content of PPs in
surface wastewater generated at suburban
facilities in the winter and summer seasons

The ecological danger of the surface runoff
generated during the winter season in the territories
adjacent to the suburban highway facilities was
estimated by the multiplicity of the excess of MAC
of PPs in wastewater discharged to natural reservoirs
(0.05 mg/dm® [9]) (Fig. 1, 2). As shown by the
analysis of the surface runoff of the winter season
(snow) from the territories adjacent to the suburban
highway facilities (Fig. 1), the content of PPs in the
initial samples (taken on the twentieth day after the
snowfall) in all studied areas was thousand times
larger than the MAC level for water bodies. The
largest excess of MAC was found in the surface
wastewater taken from the territory of the suburban
parking for heavy trucks (4050 MAC). A very high
level of pollution of surface runoff by PPs (670-
1330 MAC) was also found in the territories
adjacent to other highway objects: petrol filling
station and tire assembly complex. Similar
environmentally hazardous surface wastewaters
were generated at the highway facilities in the
summer period (968-1068 times excess of MAC for
PPs) (Fig. 2). The content of PPs in the samples
taken directly from the roadway was slightly lower
than that at the highway facilities (Fig. 2), but it also
significantly exceeded the MAC. The inflow of such
wastewater into natural reservoirs is absolutely
unacceptable [10].

Thus, it can be noted that at the facilities where
transport was static, the content of PPs in drain
wastewater by the level of MAC was significantly
higher than at the facilities where transport was dynamic
(highways). Consequently, transport creates the largest
pollutant influence on surface wastewater in the mode of
statics and low dynamics (during idle running of engine)
compared with transport moving at a relatively higher
speed.
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Fig. 1. Ecological danger of petroleum-containing surface
wastewater of the winter season in the territories adjacent to the
suburban highway facilities

3.2. Experimental determination of the efficiency
of PPs and their individual fractions removal
from surface wastewater during settling

In the experimental modelling of the mechanical
treatment processes, the transformations of PPs
contaminating surface wastewater were monitored under
open and closed settling (with limited air access). Closed
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Fig. 2. Ecological danger of petroleum-containing surface
wastewater of the summer season in the territories adjacent
to the suburban highway facilities

type of mechanical settling structures is widely used for
mechanical treatment of petroleum-containing surface
wastewater from the territories of industrial facilities
[11]. An assessment of the efficiency of PPs removal in
the open and closed settling of surface wastewater in
the winter season (initial PPs concentration of
82.4-186.5 mg/dm?) was carried out after 30 days of
exposure (Table 1).

Table 1
Indicators of treatment of the surface wastewater generated in the territory
of suburban petrol filling stations from PPs after settling for 30 days (winter season)
. . Efficiency of water treatment (%) from Mass
. Residual amount of wastewater in — —

Settling mode relation to the initial. % PPs conditionally conditionally of removed
' aliphatic PPs complex PPs PPs, mg/dm?

Closed 100 50 45 77 411

55 63 12 44.9

Open 70 (78.6)* (90)* @n*

()* — taking into account the reduction of wastewater volume

Theoretically, in the modelled treatment facilities,
the decrease in the content of PPs in treated wastewater
was mainly due to three processes: evaporation and
dispersion of volatile PPs; deposition of suspended and
emulsified PPs independently or at adsorption on
mineral suspended substances; oxidic destruction of PPs.

After such a long settling in the open system, the
volume of liquid as a result of evaporation in various
experimental variants decreased by 30-35 %. Therefore,
the treatment indicators in this variant of the
experiments were adjusted taking into account the
reduction of the volume of settled liquid. As can be seen
from the Table, the efficiency of wastewater treatment
from PPs in the open system of settling significantly

(1.3 times) exceeded this indicator in the closed system
of settling, especially for the hexane fraction of PPs
(almost 2 times). The increase after the open settling of
the conditionally complex fraction of PPs extracted by
chloroform + hexane is, probably, due to the
accumulation of hydrocarbon oxidation products in the
environment — heteroorganic compounds that are not
extracted by hexane.

Thus, the open settling of surface wastewater, which
provides active air exchange contributing to the
evaporation and dispersion of volatile PPs, as well as the
sufficient amount of oxygen for oxidative destruction of
PPs by microorganisms, is better for the treatment of
surface wastewater generated at suburban highway
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facilities from PPs. Therefore, further experimental
studies of mechanical treatment of surface wastewater
were performed in the open settling mode. It was
established that the duration of settling should not exceed
7-10 days (especially in the summer season), since during
long-term settling on the surface of the liquid a dense bio-
film is formed which prevents free air penetration and
creates conditions for closed settling that adversely affects
the efficiency of treatment from PPs [12].
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Fig. 3. Efficiency of treatment of surface wastewater, generated

in the territory of suburban parking lots, from PPs

During settling (Fig. 4), the concentration of
fraction of conditionally complex PPs gradually reduced
(treatment effect is 94%), while the concentration of the
fraction of conditionally aliphatic PPs stabilized in
almost 1 day, with a low treatment effect of 20 %. Thus,
the effect of treatment of surface wastewater generated
during the summer season from PPs (as opposed to
treatment of the surface wastewater of the winter
season) during the settling was predominantly due to the
removal of fraction of conditionally complex PPs
represented by possibly different heteroorganic
compounds of PPs. This difference is probably due to
the influence of the temperature factor.

For the mathematical description of the treatment
process of surface wastewater during settling, the effect
of two processing factors (initial concentration of PPs
and time of settling) on the effect of purification from
PPs were considered, taking into account their fractional
composition.

The theoretical equation describing this real process
takes the form of exponential dependence:

A
Y=g tC @
where 4 - initial concentration of PPs (Cumo); e —
exponential constant = 2.7; t — time of settling, days; C -
coefficient that determines the residual level of PPs,

The dynamics of the efficiency of surface
wastewater treatment formed at suburban parking lots
from PPs for the open settling is presented in Fig. 3. As
it can be seen, on the third day of surface wastewater
settling, the effects of treatment from PPs in the samples
practically stabilized (75-80 %). During the settling in
the wastewater under treatment, not only the total
content of PPs varied, but also the ratio of PPs fractions —
conventionally aliphatic and complex ones (Fig. 4).
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Fig. 4. Dynamics of the fractional composition
of PPs in surface wastewaters generated in the territory
of suburban parking lots during the settling

which does not change in the process of further settling
(that is, at the maximum effect of treatment);

B — coefficient that provides a curve compression
between the values A and C, which is determined by
formula 2:

_ CHHO
CHHO -C
After analysis of the experimental data, it can be
stated that in all experiments, the final content of PPs

after settling is different and has a quadratic dependence
on the initial content of PPs (Fig. 5).
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of PPs on the derivative concentration
of PPs in the settled surface wastewater
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In general, it can be represented as the common
square equation:

G = aXCiHl'[OZ -b*Ciygpy, +d @)

where i — conditional number of the fraction of PPs; a, b,
d — coefficients of the equation.

Let’s define the coefficients of the regression
equation to calculate the coefficient C from equation (1)
(formulas 4 to 6), which determine the residual level of
PPs depending on the initial level of PPs.

For total PPs (Ca)

Cp = 0.0022xCypypy, * -
-0.488xCyyyy,, +45.587,
where Cyypy, — initial concentration of total PPs.
For the fraction of conditionally aliphatic PPs (C5)
Cp = 0011 Copypy,” -
-0.9684xCopypy, +33,744,
where  Cpypy, - initial concentration of fraction of

conditionally aliphatic PPs.
For the fraction of conditionally complex PPs (Cs)

C = -0.007Cayy,” +
+0.1965" Capypy, - 1.4588,

where  Cgypy, - initial concentration of fraction of
conditionally complex PPs.

(4)

()

(6)
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The final dependence, which determines the content
of PPs in the sample, depending on the time of settling
with different initial content of PPs, is represented in the
general form by the expression 7.

Cinr,

+G;. (7

C: o —— R
iHII Cirag o
Cinn, -G

The effect of treatment (E) is determined based on
the initial content of PPs and current one at a certain
point in time (dependence 8)

E; = Cinrtg = Cinmr | 100 %.
iHITo

Based on experimental data (initial content of PPs —
84-341 mgldm?, time of settling — 0-10 days) and
calculation formulas, graphical representation of the surface
was developed, which determines the relationship between
the effect of surface wastewater treatment from PPs at
parking lots and the time of settling with different initial
content of PPs (Fig. 6-8).

The results of calculating the relative error of the
total concentration of PPs, fractions of conditionally
aliphatic PPs, fractions of conditionally complex PPs in
the dynamics of settling of surface wastewater are
presented in Tables 2—4.
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Fig. 6. Surfaces that determine the dependence of the effect of PPs removal from surface wastewater
on the time of settling and the initial concentration of PPs

Rather large values of the relative error of
theoretical calculations on the first day of settling are,
probably, due to the influence of unconsidered factors
(for example, the sedimentation of suspended
substances), which during the further settling were
absent. After the third day the error is 2-12 %.

According to the theoretical surface (Fig. 6, b), it is
possible to estimate the range of the most effective
removal of PPs from surface wastewater in the
territories of suburban parking lots. Calculations have
shown that the highest effect of treatment from PPs
(within the range of 85 to 341 mg/dm3) is achieved with
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the initial concentration of PPs in the range of 125 to
210 mg/dm? on the third day of settling.

Based on the theoretical surface (Fig. 7, b), it is
possible to estimate the range of the greatest efficiency
of removal of conditionally aliphatic PPs fraction from
the surface wastewater generated in the territory of

suburban parking lots. Calculations have shown that the
highest effect of treatment from the conventionally
aliphatic fraction of PPs (within the range of 32 to
155 mg/dm?®) is achieved with the initial concentration
of PPs in the range of 45 to 88 mg/dm?® on the second or
the third day of settling.

Table 2

Relative error of calculated concentrations of PPs in settling surface wastewater

. . Relative error of theoretical calculations (%)
Time of settling . .
at the initial concentration, mg/dm?3

341 205 85
0 0 0 0
1 6.08 15.92 -46.34
3 -2.40 -0.29 -1.09
6 -2.30 -0.93 -1.29
10 -0.01 0.05 0.05

10

Treatment effect, %o
Je
o

Time of settling,

0 days
32

88
Imitial content of PPs, 155
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a) averaged experimental data

Treatment effect, %

Initial content of PPs, = = 2
' 3
mg/dm

b) surfaces obtained according to dependencies (7, 8)

Fig. 7. Surfaces that determine the dependence of the effect of removal of conditionally aliphatic fractions

of PPs from surface wastewater on the time of settling and the

According to theoretical surface (Fig. 8, b), it is
possible to estimate the range of the greatest
efficiency of removal of the fraction of conditionally
complex PPs from surface wastewater from the
territories of parking lots. Calculations showed that
the highest effect of treatment from the
conventionally complex fraction of PPs (within the
study range of 53 to 186 mg/dmd) is achieved at the

initial concentration of the fraction of conditionally aliphatic PPs

initial concentration of PPs in the range of 134 to
186 mg/dm?® on the second or the third day of settling.

As it can be seen, as in the previous calculation
(Table 2), relatively large values of error
of theoretical calculations at the first and the
third day of settling are observed, especially at the
lowest initial concentration of aliphatic PPs -
32 mg/dmd.
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Relative error of calculated concentrations of conditionally aliphatic PPs fraction

Table 3

Time of settlin Relative error of theoretical calculations (%)
g at the initial concentration, mg/dm?
155 88 32
0 0 0 0
! 6.4 261 -199.15
3 95 -3.3 -12.75
6 -0.09 31 5.22
10 -0.34 0.01 0.02
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Fig. 8. Surfaces that determine the dependence of the effect of removal of the fraction of conditionally complex PPs from
surface wastewater on the time of settling and the initial concentration of fraction of conditionally complex PPs

Table 4
Relative error of calculated concentrations of fraction of conditionally complex PPs
Time of settling Relative error _of theoreticalvcalculations (%)
at the initial concentration, mg/dm?3
186 117 53
0 0 0 0
1 5.9 29.33 -215
3 -1.56 0.9 3.06
6 -3.2 -1.77 0.47
10 -0.16 0.24 0.22
As in the previous calculations (Tables 2, 3), onthe  Conclusions
first day of settling, there are the greatest errors in the
calculation of the concentration of PPs fraction. On the According to the data obtained, the most

third day of settling, absolute values of the error of the
fraction of conditionally complex PPs are significantly
lower than that of the fraction of aliphatic PPs.

The theoretical surfaces adequately reflect the
results of the experiment.

environmentally hazardous surface wastewater (by
the multiplicity of excess of MAC of PPs) is
generated in the territory of suburban highway

facilities, where transport is stationary or moves at a
low speed.



Surface Wastewater Treatment from Various Fractions of Petroleum Products... 81

In experimental studies, the open settling of surface
wastewater compared with the system of closed settling
1.3 times increases the effect of PPs removal and hexane
fraction of PPs — almost 2 times.

The duration of the open settling of surface
wastewater generated in the territory of suburban
parking lots should be 3-10 days.

Regression equations that describe the dependence
of the effect of surface wastewater treatment from PPs
on 2 factors (initial concentration of PPs and the time of
settling) were developed. The highest effect of treatment
from PPs (within the studied range) was achieved with
the initial PPs concentration of 125 to 210 mg/dm? on
the third day of settling.
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