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SUMMARY

The paper presents data on the determination of heavy metals in sewage sludge accumulated in the silt
fields of Lviv treatment plants. A map of the morphological structure of the surface of the
accumulated sludge is made. A study was carried out to determine the gross and mobile forms of
heavy metals in sewage sludge, namely copper (Cu) and cadmium (Cd), and based on the results,
maps were constructed.
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Introduction

In recent decades, the rapid development of urbanization of society has led to significant changes in
the state of the environment. This is mainly due to both industrial emissions and large amounts of
domestic and wastewater.

During the long-term activity of cities and towns in Ukraine, a large amount of solid household waste
has accumulated, as well as wastewater treatment products — sludge that have a negative impact on the
environment. To date, as a result of urban wastewater treatment at treatment plants 0,5 — 1,0% of
wastewater sludge is formed from the total amount of treated wastewater at a sludge moisture content
of 97 to 98%, respectively. So, on the average for a year on one inhabitant 1 m® of a deposit with
humidity of 97% is formed (Tymchuk et al, 2021a). Thus, in Ukraine, based on the total actual
productivity of municipal treatment plants, about 40 — 50 million tons of sewage sludge (SS) with a
humidity of 97% are formed annually.

The main way of utilization of sewage sludge in Ukraine, including Lviv is their storage on sludge
sites. In the European Union, in contrast to Ukraine, since 2016, sewage sludge is prohibited in sludge
fields, while the main methods of final treatment of sludge in Central and Western Europe are thermal
drying and incineration (Bien & Bien, 2015). However, at the same time, such methods are
characterized by high capital and operating costs. In Ukraine, an alternative to drying and incineration
of sludge can be a method of aerobic composting of sewage sludge to obtain an organo-mineral
mixture, which, depending on the composition, can be used for reclamation of landfills and man-made
disturbed lands (Tymchuk et al, 2021b).

Accumulation of SS on Lviv treatment plants creates a great burden on the environment, which leads
to the alienation of large areas of fertile land, air pollution by hazardous gases, the possibility of
hazardous substances entering groundwater and surface water (Nikulishyn et al, 2020, Sohor et al,
2020). Therefore, for the secondary processing of sludge it is important to determine the composition
of the accumulated sludge at treatment plants in Lviv and the distribution of heavy metals by depth.

Methods of investigation

Measurements were performed with an electronic total station SOKKIA, which allows you to record
textual and numerical information, and perform coding of terrain in the field, as well as various graph
plotters, which after appropriate processing of materials using software and technology systems such
as "Topograd” and "DIGITALS" be able to automatically receive topographic plans in digital and
graphical form. The distances measured at the station to the picket points were recorded in the
electronic total station data terminal. At the same time, an outline was drawn at each station. The
outlines were decorated with symbols (with explanatory inscriptions), on separate sheets for each
station, oriented along the course, and which show the direction of orientation. The outlines showed
the boundaries and situation of the studied land plot.

Execution of field works during tacheometric survey was combined with preliminary in-house
processing of survey materials. Processing of measurement results included: calculation of vectors -
bases between points, Ashtech Solutitson program was used; assessment of the quality of
measurements was performed on the absolute root-mean-square errors of location determination, the
accuracy of which is in the range of 0,05 — 0,20 m; in-house processing of field data was performed
on a personal computer using the software "DIGITALS", "INVENTGRAD" and "MAPINFO".

The gross copper (Cu) and cadmium (Cd) content was determined by atomic absorption method after
acid decomposition of the samples in the presence of hydrogen peroxide according to MBB 081/12-
0002-01 and MBB 081/12-0010-01. Extraction of mobile forms of copper (Cu) and cadmium (Cd)
was performed with ammonium acetate buffer solution with a pH of 4,8 at a soil ratio to a solution of
1:5, followed by analysis of the obtained extracts by atomic absorption method in accordance with
DSTU 4770.1:2007 — 4770.9:2007.
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Results of investigations

Based on the results of topographic and geodetic works, a map of the silt field with a clear reference
to local coordinates was created. Also, these studies made it possible to determine the area of the silt
field, which is 12,9006 ha, which corresponds to 129 006 m?.

Figure 1 Map of morphology of the silt field surface:
1 — geodetic point of measurement with data of absolute height, m; 2 — isogypsum; 3 — shrubs

c)
Figure 2 Schematic map of Cu content in the depth range a) 0-0,2; b) 1,4-1,6; c) 2,8-3,0 m:
1 — well number and Cu content, mg/kg; 2 — isolines of the same content of Cu
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After the topographic and geodetic works, the composition of sewage sludge was determined, and the
content of hazardous compounds contained in it was measured. An important indicator in determining
the composition of ERUs is the content of heavy metals. In the soil, heavy metals can be in different
forms of solubility and mobility: insoluble, exchangeable, mobile and soluble forms, between which
there is not only a close relationship, but also the transformation of some forms into others.

Studies in (Sehin et al., 2020) and (Perepelytsia, 2004) show that mobile forms of metals can
accumulate in the soil to high concentrations and cause their toxicity to both soil biota and plants. In
addition, it is believed that mobile forms of heavy metals that are in the soil are most prone to
accumulation by plants. Therefore, on the basis of these features, analytical studies were conducted to
determine the content in the accumulated sewage sludge of both mobile and gross forms of heavy
metals Cu and Cd and established the nature of their distribution in the accumulated sludge.
Distribution of copper (Cu) content in the range 0 — 0,2; 1,4 —1,6; 2,8 — 3,0 m shown in Fig. 2.

s

Figure 3 Schematic map of Cd content in the depth range a) 0-0,2; b) 1,4-1,6; c) 2,8-3,0 m:
1 —well number and Cd content, mg/kg; 2 — isolines of the same content of Cd

The content of the gross form of copper (Cu) ranges from 208 to 286 mg/kg of air-dry sample of
sludge. The limit values of Cu are 1000 — 1750 mg/kg (according to the limits approved by the EU
Directive on the use of sewage sludge in agriculture (Council Directive, 1986) and 100 — 300 mg/kg
(according to DSTU 7369: 2013).

According to the vertical distribution, there is a decrease in Cu values with depth. In the vertical
section of the silt field, the maximum values of this metal are characteristic of the middle interval (1,4
— 1,6 m). Laterally, there is a certain spatial dependence of the copper content with the content of
organic matter in the sediments: the maximum concentrations of metal in the near-surface (0 — 0,2 m)
and middle interval are concentrated in the central part of the silt field, and in the bottom — on the
peripheral parts (2,8 — 3,0 m).
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In mobile form, the concentration of copper is in the range from 1,37 to 5,4 mg/kg. Its maximum
concentration for agricultural soils is 3,0 mg/kg (in some selected samples there is an excess of
maximum concentration limits). The vertical distribution shows a decrease in its content with depth.

The content of the gross form of cadmium (Cd) is in the range from 4,4 to 6,4 mg/kg. The limit values
of this metal are 20 — 40 mg/kg according to the EU Directive and 3 — 5 mg/kg according to DSTU
7369: 2013, which indicates that the limit values are exceeded in some selected samples. The vertical
distribution shows a decrease in the values of Cd with depth for the central part of the silt field.
Laterally, the highest metal contents are spatially directly correlated with the amount of organic
matter in the accumulated sediments. Distribution of cadmium (Cd) content in the depth range 0 — 0,2;
1,4-1,6; 2,8 - 3,0 m shown in Fig. 3.

In mobile form, the concentration of cadmium is in the range from 1,83 to 3,85 mg/kg. This metal is
not limited for agricultural soils. In the vertical distribution there is an increase in its concentration.

Recommendations and conclusions

According to the results of the research, the area of the silt field, which is 12,9006 ha, was determined
and a map-scheme of the morphology of the surface of the silt field of Lviv treatment facilities was
constructed. The study of the gross content of heavy metals, namely copper (Cu) and cadmium (Cd),
showed that the maximum permissible concentrations under the EU Directive do not exceed the
established values, but according to DSTU 7369:2013 in some samples the values of Cd are exceeded.
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