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Abstract

The problem of pollution of natural water objects with heavy metals is extremely relevant for the areas where industrial
enterprises are located. Unauthorized discharge of contaminated wastewater, inefficient operation of sewage treatment
plants, as well as leakage of drainage waters from man-made massifs lead to changes in the hydrological system affecting
living objects. The article studies the composition of ash from the combustion of alternative fuels from municipal waste,
and also considers the possibility of using it to neutralize sulfuric acid drainage waters and extract metal ions (Cu, Cd, Fe,
Mn, Zn) from them. It has been established that the efficiency of water purification from metals depends on the pH value
achieved during the purification process. The pH value is regulated by the dose of the introduced ash, the contact time and
depends on the initial concentration of metal ions and sulfates in the solution. Studies on the neutralization and purification
of a model solution of sulfuric acid drainage waters of a tailings farm of known composition have shown that in order to
achieve a pH of 8-9, optimal for precipitation of metal hydroxides Cu, Cd, Fe, Mn, Zn and Al washed out of ash, and water
purification with an efficiency of 96.60 to 99.99 %, it is necessary to add 15 g/l of ash and stir the suspension continuously
for 35 min. It was revealed that exposure to ash with sulfuric acid waters leads to the transition of water-soluble forms of
metals into insoluble ones and their “cementation” with calcium sulfate. The amount of Zn and Fe ions washed out of the
ash decreases by 82 and 77 %, Al, Cd, Cu, Mn — by 25 %. This reduces the toxicity of ash, which is proved by a decrease
in the toxic multiplicity of dilution of the water extract by 14 times.
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Introduction

Pollution of natural water objects with heavy metals remains an urgent environmental problem
to this day. According to the Ministry of Natural Resources of the Russian Federation® the share of
heavy metal pollution of surface fresh waters in 2022 increased by 8 % compared to 2021, which
accounted for 54 % of the total number of cases of high and extremely high pollution. Half of the
accidents at surface freshwater facilities are related to unauthorized discharge of contaminated
wastewater or inefficient operation of wastewater treatment plants.

The production process of mining enterprises, starting from the stage of drilling and blasting
operations and ending with the disposal of waste from processing and overburden, is inevitably accom-
panied by negative effects on the components of the natural environment and humans [1, 2]. One of the
main sources of large-scale intake of heavy metals into natural waters are bulk and alluvial man-made
massifs of enterprises engaged in the extraction and processing of mineral raw materials [3, 4]. In the

1 On the state and environmental protection of the Russian Federation in 2022. State report. Moscow: Ministry of Natural Re-
sources and Ecology of the Russian Federation, 2023, p. 686.
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process of interaction of sulfide ore processing waste with atmospheric precipitation, surface and
underground flows, acidic highly mineralized multicomponent waters with metal concentrations ex-
ceeding background and maximum permissible values by several orders of magnitude are formed [5].
Drainage waters enter surface waters through catchment areas, as well as a result of leaks of drainage
systems [6]. Heavy metals in natural waters can change their location, thereby leading to changes
in the hydrological system affecting the ecosystem of water objects [7]. Bottom sediments, accu-
mulating heavy metals, become man-made sediments — a source of secondary pollution of water
objects [8, 9].

Currently, there is a high interest in environmental issues of the Arctic zone of the Russian Fede-
ration (AZRF). Due to its geopolitical position and huge resource potential, the Russian Arctic is a
region of strategic interests not only for Russia, but also for many countries of the world. According
to the State Report, the Russian Arctic is recognized as the most sensitive region of Russia to envi-
ronmental pollution due to the “high vulnerability of geosystems and low ability to restore landscapes
characteristic of the region”. Since the XXI century, a huge amount of minerals has been mined in
the Russian Arctic at Ni-Cu-MPG, Pb-Zn-Ag and copper-porphyry deposits, deposits of apatites, ti-
tanium, etc. More than 60 mineral deposits have been discovered only in the Kola Peninsula. Problem
areas related to water pollution are located in the areas where ore mining and processing facilities are
located.

The total pollution of AZRF surface waters increased by 35 % over the period 2014-2022. The
main pollutants are compounds of iron, copper, manganese, zinc, aluminum, nickel, molybdenum
and mercury.

The condition of the Severnaya Dvina River in the Arkhangelsk Region is influenced by pulp
and paper enterprises [10, 11]. The average content of metals (Fe, Cu, Zn, Al, Mn) in the river water
exceeds the maximum permissible concentration (MPC) by 1.5-4.7 times [11].

In the Krasnoyarsk Region, the main source of pollution of natural water objects is wastewater
and drainage waters of copper-nickel production enterprises, they contain ions Cu, Zn, Ni and Cd.
The maximum pollution with copper ions occurs in the Nizhnyaya Tunguska River and the Bogu-
chansk reservoir (maximum MPC exceeding by 83 and 55 times, respectively), zinc ions — in the
Nizhnyaya Tunguska River (14.3 MPC) [12].

The largest number of cases of high and extremely high pollution occur in the water bodies of
the Murmansk Region. Here, the main sources of heavy metals are wastewater from mining enterprises
(Kirov branch of AO Apatit, OOO Lovozerskii GOK, AO Kovdorskii GOK), iron ore production
(AO Olkon) and metallurgical industry (AO Kol’skaya GMK, OAO Severonikel). In the area where
enterprises are located, water objects are characterized by high salinity (up to 3,300 mg/l), they can
be both alkaline (pH up to 10) and acidic (pH up to 3.7). The maximum permissible concentration in
the water objects of the Kola Peninsula reaches the values: 2,350 (Cu), 342 (Ni), 94.7 (Mn), 50 (Al),
39.7 (Fe), 7.7 (Sr), 5.3 (Co) and 1.5 (Pb) [13]. As a result of pollution of the surface waters of the
region, there is an increase in the content of Ni (1.2 MPC) and Cu (12.1 MPC), etc., and a deterioration
in the water quality of Lake Imandra, which is a source of drinking water supply [14].

Purification of industrial wastewater, as well as acidic mine and drainage waters from metals, is
carried out using various physical, chemical and biological processes [15-17]. The main methods are
reagent (precipitation), sorption, ion exchange and electrochemical [16, 17]. The latter two expensive
methods are used to refine water with low salinity. When using natural and artificial sorbents, the
cost of cleaning highly concentrated wastewater also arises [18, 19]. The first and perhaps the only
economically justified method of cleaning wastewater and drainage waters of mining enterprises from
high metal content is the method using reagents.

The essence of the reagent method is the precipitation of metals in the form of various compounds
(hydroxides, carbonates, sulfates) by changing the pH of acidic waters to the alkaline side and the course
of redox reactions. In industry, sodium, potassium, and calcium hydroxides (in the form of lime milk)
and calcium and magnesium carbonates act as reagents [20]. To accelerate the deposition of metal
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hydroxides by more than 20 times, coagulants (for example, Al2(SOa)s and NaAlO>) are added during
the reagent purification process and flocculants (e.g. polyacrylamide) [20].

Currently, the field of research devoted to the study of the composition and properties of waste
from various industries and the possibility of their involvement in the circulation of material resources
as raw materials for various purposes is intensively developing. A large number of studies are aimed
at studying the effectiveness of using slags and ashes of industries to purify water from various pol-
lutants, especially metals. The high dispersion makes it possible to use them without grinding, and
the low cost compared, for example, with lime, determines the economic feasibility of use [21].

In the article [22], a multi-stage purification of sulfuric acid subsurface waters using a heat-
treated magnesia-silicate reagent in the form of granules based on the overburden of the magnesite
deposit is proposed. In [23], the mechanism of extraction of molybdenum (V1) ions from model
solutions by iron-containing metalworking waste was studied. As a result of the experiments, it was
determined that the efficiency of wastewater treatment from the studied ions ensures a decrease in
their content to standard values. In the study [24], iron-magnesium waste was evaluated as a reagent
for removing metals from wastewater. It was found that the initial concentration of metal ions in
water, the amount of waste introduced per unit volume of treated water, as well as the contact time
of the waste—water system affect the cleaning efficiency. An organic waste recycling product (bio
coal from chicken manure) was investigated [25] as a sorbent for removing heavy metals from
polluted waters. In [26], the authors studied the fly ash of various coals and evaluated its ability to
neutralize. It was revealed that the use of one of the ash samples makes it possible to achieve
56.4-74.3 % efficiency of removing metals from the solution. There are studies on the synthesis of
a mesoporous sieve from the ash of a coal residue, the properties of which make it possible to
remove Pb, Cu and Cd from water solutions with an efficiency of up to 99.4; 41.66 and 43.98 %,
respectively [27].

Both in Russia and in the world, the issue of recycling municipal solid waste (MSW) is acute.
Every year in our country, the number of MSW generated increases by 3 %, of which 93-95 % are
disposed of at landfills, and only 5-7 % are recycled [28]. Issues related to the handling of MSW and
their impact on the environment are among the main environmental problems of the Arctic zone of
the Russian Federation and have been considered in many scientific papers [29-31].

One of the directions of MSW processing is the production of alternative fuels by pre-sorting,
drying, grinding, magnetic separation and granulation. The composition of the fuel depends on the
place, area and conditions of origin [32]. Consumers of this fuel are cement plants and fuel and energy
complex.

On the one hand, the creation of alternative fuels from MSW has positive prospects: obtaining
cheap energy, reducing the volume of MSW, and, as a result, the areas for their placement. Investors,
industrialists and the state are interested in the development of this area. On the other hand,
fuel combustion is inevitably accompanied by the formation of ash and fly ash (10-30 % of the initial
mass), which contain toxic inorganic and organic compounds. In particular, the heavy metals
contained in MSW do not decompose during combustion, but pass into combustion waste and fly
ash [32, 33]. Untreated ash in landfill burial without pretreatment poses a great threat to the environ-
ment and human health due to the potential leaching of heavy metals [33, 34]. Thus, the question
arises of the safe use of ash, as well as the development of methods for processing ash in order to
reduce its toxicity for subsequent landfill placement.

Currently, the direction of using ash to produce a new product is developing. There are studies
devoted to the study of the possibility of ash utilization by glazing it with glass waste and further use
of the resulting material [35, 36]. In [37], the process of solidification and stabilization of the tailings
of an abandoned lead-zinc mine was studied when using ash from the combustion of MSW as a
binder, resulting in a building material in the form of unfired bricks. This technology makes it possible
to immobilize the heavy metals that make up the tailings and ash.
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Like the fly ash of various coals, the ash from the combustion of MSW has an alkaline reaction
(pH 11-13), which indicates the possibility of considering it as a reagent for neutralizing acidic waters.
Previously, this area of ash use was not considered, which confirms the relevance of the research carried
out in the work and determines the novelty of the results obtained.

Methods

As part of the study, experiments were conducted aimed at studying the neutralization of a sul-
furic acid model solution and the removal of heavy metals (Cu, Cd, Fe, Mn, Zn) from it with a material
representing ash remaining after burning alternative fuels from municipal waste (hereinafter referred
to as ash). For the model solution, the following composition of drainage waters of the tailings of
sulfide waste was selected at a pH of the model solution of 3.4-3.6 [38]: Cu?* — 17.5; Cd?* — 0.2;
Fetotal — 31.1; Mn?* — 35.5; Zn?* — 121.0 mg/dm?®.

Investigation of the composition of ash samples. Ash samples formed as a result of burning
fuel from solid municipal waste consisting of paper (about 40 %), polymers (about 40 %), tetrapack
(about 5 %), textiles (about 10 %), wood (about 5 %) at a temperature of 1110 °C in gasifier boilers
are connected and averaged by quartering.

All studies and analyses of samples were carried out in the laboratory of environmental modeling
on the basis of the scientific center “Assessment of technogenic transformation of ecosystems” of
Saint Petersburg Mining University. The elemental composition of the average ash sample was
determined on an XRF-1800 X-ray fluorescence spectrometer by X-ray fluorescence spectrometry
according to fundamental parameters without normalization with preliminary sample preparation ac-
cording to GOST 55879-2013.

The mass fraction of the elements was determined using the atomic absorption spectrometry
method on AAC-7000 (Shimadzu) according to MV1-80-2008 with preliminary sample preparation
(acid decomposition using a microwave system).

The determination of the water-soluble forms of metals contained in the ash was carried out using
the atomic absorption spectrometry method on AAC-7000 (Shimadzu), according to M-02-1109-08.
Sample preparation was carried out by preparing a water extract: a sample of ash (1 g) was mixed with
distilled water (100 ml) for 3 min. After mixing, the extract was filtered for further analysis.

The toxicity of the Water extract from the ash was determined according to the method? using a
multi-cuvette cultivator KVM-05 and an optical suspension meter for algae IPS-03. The value of the
toxic dilution multiplicity was calculated using the formula

Ing—IgPS)(|s—0,2)+|gP

S’
Is_lb

TDM:(

(1)

where Py — the largest dilution value, at which the deviation index was lower than the toxicity crite-
rion; Ps — the smallest dilution value, at which the deviation index was higher than the toxicity crite-
rion; Ip and Is — the values of the indices corresponding to these dilutions I, fractions.

The determination of active calcium oxide in ash was carried out by the saccharate method ac-
cording to GOST 22688-2018:

A V.0 -100, @)
m

where V — volume of hydrochloric acid (1 H) consumed for titration, ml; Tcao — titer of hydrochloric
acid, g CaO; m — weight of the ash sample, g.

Experiments to determine the amount of ash and the time to achieve an equilibrium pH value;
evaluation of the effectiveness of purification of the model solution from metals. The equilibrium pH
value for a multicomponent model drainage water solution was determined empirically earlier.

2PND F T 14.1:2:3:4.10-04 / T 16.1:2:2.3:3.7-04. Toxicological control methods. The method of measuring the optical density
of Chlorella vulgaris Beijer algae culture for determining the toxicity of drinking, fresh natural and wastewater, water extracts from
soils, soils, sewage sludge, production and consumption waste. Moscow: Federal Service for Supervision of Environmental Manage-
ment, 2014, p. 36.
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During the experiment [38], the optimal pH range (8-9) was established, at which metal hydroxides
(Cu, Cd, Fe, Mn, Zn) are formed and precipitated from multicomponent acidic drainage waters. To
establish the minimum amount of ash required for Purifying 100 ml of a model solution of tailings
drainage waters, ash samples (1.0-1.6 g in 0.1 g increments) were mixed with a model solution of
sulfuric acid waters (100 ml for each of the samples) until the pH was stabilized. The pH was moni-
tored using a laboratory pH meter WTW inoLab pH 740 with a combined electrode. According to the
results of the experiment, the pH dependences on the time and weight of the suspension were built.

The resulting suspensions “ash — model solution” were filtered through “a blue ribbon” filter for
further analysis by atomic absorption spectrometry for the residual metal content in the filtrate.

The evaluation of the efficiency of removing metals from the model solution was determined by
the formula

n= M 100 %, (3)
C’in
where Cin is the initial concentration of metal ion in solution, mg/dm3; Cres — is the residual concen-
tration of metal ion in solution after contact with ash, mg/dm?.

Determination of the effect of the initial concentration of metal ions on neutralization and purifi-
cation efficiency. The preparation of model solutions of specified metal concentrations was carried out
using a state standard reference sample and reagents, the pH of the solution in the range of 3.4-3.6 was
achieved by adding a dilute solution of sulfuric acid. The concentration of metal ions in the initial so-
lution was 1,000 mg/I for each of the ions. Next, the initial solution was diluted 2, 4, 10, 20, 40 and 100
times. The selected ash samples were mixed with the initial and dilute water solutions during the optimal
contact time of the ash with the model solution, after which the “ash — model solution” system was
filtered for further analysis by atomic absorption spectrometry. The evaluation of the purifying effi-
ciency was determined by the formula (3).

Assessment of the degree of metals leaching from the sediment after purification of the model
drainage solution and determination of the toxicity of the extract. After purification of a multicom-
ponent model drainage water solution from metals, the precipitate was dried in a drying cabinet at a
temperature of 105+1 °C to a constant mass and crushed in a porcelain mortar. Then the water-soluble
forms of metals were determined in a water extract prepared similarly to a water extract from the
initial ash. The value of the toxic dilution multiplicity of the water extract from the sediment was
determined similarly to the extraction from the initial ash.

Discussion of the results

The results of the conducted studies showed that the main components of ash are calcium and
silicon (in terms of oxides — 39.7 and 29.9 %, respectively). A high content of aluminum and iron
was noted (in terms of oxides — 9.2 and 4.1 %, respectively). According to the results of the analysis
of the gross content of elements, the ash contains significant concentrations of metals studied in drainage
waters (Table 1): Cd, Cu, Fe, Mn, Zn. Metals belonging to various hazard classes were also found
in the ash: As, Be, Se, Pb (high degree of hazard); Co, Cr, Mo, Ni, Sb (medium degree of hazard);
V, Ba, Sr (low degree of hazard).

Table 1
Ash composition
Indicator Al Cd Cu Fe Mn Zn Ca Mg
Gross content, mg/kg 70,566 5 3,575 76,952 1,275 3,873 | 328,855 | 22,054
Water-soluble form, 200 | 256 | 003 | 001 | 005 | 002 | 200 | 021
% of the gross content

Due to the fact that the initial purpose of the study was wastewater purification from Cd, Cu, Fe,
Mn, Zn ions, the water-soluble forms of only the listed ions and Al were determined in the ash due
to its high gross content in the ash. When exposed to 1 m® of water per 1 kg of ash, passes into the
solution, mg: Cd — 0.14; Cu — 1.00; Fe — 10.6; Mn — 0.65; Zn — 0.79, as well as about 1.4 g of Al.
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Fig.1. The content of active calcium oxide

The value of the toxic multiplicity of dilution of the water extract, necessary to reduce the toxic
effect that causes pathological changes or death of organisms, was 645, which corresponds to the
111 hazard class. Thus, the need for pretreatment of ash before storage in landfills is confirmed.

The main characteristic necessary to assess the potential use of ash as a neutralization reagent
is the content of active calcium oxide. According to the graph of the dependence of the content
of active calcium oxide on time (Fig.1), it was found that its release is prolonged. It should be
noted that the maximum release occurs up to 35 min, after which the content of active calcium
oxide changes insignificantly. Thus, the content of active calcium oxide in the studied ash is on
average 5.5 %.

For comparison, it should be noted that when purifying sulfuric acid waters in industry, lime
milk is often added, where the content of active calcium oxide is 5-10 %. In order for the neutraliza-
tion reaction to proceed completely, it is required to ensure the contact time of the ash — contaminated
water system for 15 min for slightly polluted wastewater and more than 30 min for highly polluted
waters (SNiP 2.04.03-85).

Thus, it can be assumed that the content of 5.5 % active calcium oxide in the ash will allow it to
be used in its original form as a reagent for neutralizing sulfuric acid waters contaminated with metal
ions, while ensuring a cleaning time of about 35 min.

According to previous studies [28], the optimal pH range for the formation of metal hydroxides
(Cu, Cd, Fe, Mn, Zn) and their parallel deposition in a multicomponent solution is pH 8-9. In this
range, the formation of Al hydroxides is also noted, which will allow to precipitate its water-soluble
form, which is washed out of the ash during the purification process.

To achieve the required pH range, it is necessary to determine the optimal ash dose per unit
volume of the model solution of acidic drainage waters, as well as the time required to reach pH 9 as
the upper point of the range. Based on the graph of the pH dependence on the contact time (Fig.2), it
can be noted that the samples weighing 1.0 and 1.1 g are not enough to achieve pH 9. When using a
1.6 g samples, pH 9 is reached as early as the 25th min. At the same time, according to the previously
established release time of active calcium oxide (35 min), the use of ash for 25 min is impractical.
Thus, the optimal dose was 1.3-1.5 g.

To evaluate the effectiveness of cleaning the model solution from metals with different doses of
ash (Table 2) a repeated experiment was conducted, which was stopped after the set 35 min. The
residual Al content in the obtained filtrates was also estimated relative to the initial concentration in
the water extract.
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Table 2
Efficiency of purification of the model solution from metals
. Initial pH Final pH
Ash weight, g of the solution Al Cd Cu Fe Mn 2n of the solution

1.6 3.54 96.12 99.99 99.95 99.97 99.83 99.99 9.25
15 3.46 96.60 99.88 99.95 99.97 99.24 99.99 8.95
1.4 351 96.79 99.25 99.95 99.97 89.30 99.99 8.91
1.3 3.49 97.21 98.70 99.95 99.97 81.79 99.99 8.89
1.2 3.58 98.56 97.18 99.95 99.97 66.08 99.97 8.86
11 3.52 99.64 90.06 99.95 99.97 44.20 99.88 8.70
1.0 3.50 99.64 67.56 99.95 99.97 31.95 96.71 8.20

For Cd, Mn, Zn, a decrease in concentration is observed with an increase in the pH of the system,
i.e. with an increase in the ash dose. For Al, the opposite situation is observed — to achieve the maxi-
mum degree of purification (over 99 %), the pH should not exceed 8.7. Cu and Fe ions are deposited
with an efficiency of over 99.9 % over the entire pH range.

Thus, in order to achieve a purification efficiency of over 99 % for the studied ions (Cu, Cd, Fe,
Mn, Zn), it is necessary to apply a dose of ash in the amount of 1.5 g per 100 ml of a model drainage
water solution, while the purification efficiency from the Al ion will be 96.6 %.

When sulfuric acid waters interact with an alkaline reagent, in this case ash with active calcium
oxide, a reaction of neutralization of sulfuric acid occurs with the formation of poorly soluble calcium
sulfate and water. When the pH changes to the alkaline side, metals form hydroxides, precipitate and
co-precipitate with calcium sulfate. The neutralization of acidic waters, as has been experimentally
proven, is directly affected by the dosage of the introduced alkaline reagent, and, accordingly, the
initial concentration of sulfates and metals in the solution.

According to the results of the study of the effect of the initial concentration of metal ions in
solution on the purification efficiency (Table 3) it was found that the achievement of an optimal
pH (8.75) with the addition of an ash sample of 1.5 g occurs at an initial concentration of each metal
in a solution of 100 mg/l. At the same time, insufficient deposition efficiency of Cd and Mn ions is
noted (82.06 and 22.14 %). Further, with a decrease in the concentration of each metal by half
(50 mg/l), there is an increase in the efficiency of purification from Cd and Mn ions by 16 and 55 %,
respectively. This may indicate that when cleaning multicomponent solutions, it is necessary to select
the ash dosage empirically, based on the concentrations of each of the metal ions. Step-by-step puri-
fication of waters from various groups of metals may also be provided, depending on the pH of pre-
cipitation of metal hydroxides and the initial concentration of ions in solution.
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Table 3
The efficiency of water purification from metals depending on the concentration of metal ions in the solution
mjﬁgﬁgﬁ; of Itrr]:etlsacI)IFl)Jlt_iion Cd Cu Fe Mn Zn of chIQ E;I()?u|_tiion
1 3.562 4.38 71.35 41.39 2.29 4.24 55
2 3.48 7.88 97.91 78.89 3.21 11.19 6.25
4 3.56 20.00 99.86 99.91 1.98 38.31 7.3
10 3.51 82.06 99.98 99.99 22.14 99.53 8.75
20 3.57 98.81 99.95 99.87 77.10 99.76 9.45
40 3.49 99.94 99.98 99.89 99.79 99.97 10.5
100 3.50 99.97 99.95 99.89 99.92 99.92 10.8

An assessment of the degree of leaching of metals from the sediment after purification showed
that the number of metal ions passing from ash to solution decreased by 1.3-5.6 times (Table 4).
This may be due to the fact that the formed calcium sulfate “cements” metal hydroxides into an
insoluble precipitate, which helps to reduce the transition of metal ions back into solution when
exposed to water on the precipitate. Zn and Fe ions bind most well, and their leachability decreases
by 82 and 77 %, respectively. The transition of Al, Cd, Cu and Mn ions into solution decreases by
an average of 25 %.

Table 4
Reducing the degree of leaching of metal ions from ash
Indicator Al Cd Cu Fe Mn Zn
The amount of metal passing into 1 liter of solution, mg
Initial ash 14.1 0.0014 0.01 0.106 0.0065 0.0079
Sediment after purification 10.7 0.0011 0.0072 0.0244 0.0050 0.0014
Reducing the degree of leachability, % 24.11 21.43 28.00 76.98 23.08 82.53

The reduction of water-soluble forms of metals in the ash after using it as a reagent for cleaning
the model solution affects the toxicity of the water extract. The value of the toxic dilution multiplicity
of the water extract from the sediment was 46, which is 14 times lower than the value of the toxic
dilution multiplicity of the water extract from the source water. The sediment after cleaning corre-
sponds to hazard class IV. At least two bioindicators must be used to accurately determine the hazard
class of ash and sediment.

Conclusion

The storage of waste from mining activities in the form of man-made massifs and the impact of
atmospheric precipitation, surface and groundwater on them lead to the formation of highly mineralized
multicomponent acid drainage streams, which, entering natural water objects, pollute them with
metals. The need to neutralize and purify such effluents remains an urgent problem worldwide, espe-
cially for the Arctic zone, due to its particular vulnerability.

Ash from the combustion of alternative fuels from MSW was considered in the study as a reagent
for neutralization and purification of water from metals. The studied average ash sample contains about
5.5 % of active calcium oxide. The process of interaction of the model solution with ash showed that
ash effectively neutralizes and removes metal ions (Al, Cd, Cu, Fe, Mn, Zn) from the solution. The
effectiveness of water purification primarily depends on the pH value achieved during the neutralization
process; The pH of the system is regulated by the ash dose per volume of water, the contact time and
depends on the initial concentration of metal ions and sulfates in the solution. At the initial concentration
of the model solution of acidic drainage waters, 15 g/l of ash must be added for neutralization to
pH 8-9 and purification from metal ions with an efficiency of 96.60 to 99.99 %, contact time 35 min.
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As a result of the interaction of ash containing active calcium oxide and sulfuric acid waters,
a poorly soluble calcium sulfate is formed, which “cements” the metal hydroxides formed during neu-
tralization. The degree of leachability of metal ions from ash decreases by 1.3-5.6 times, as a result of
which the toxic dilution multiplicity of water extract from ash decreases by 14 times. This suggests that
the effect of sulfuric acid waters on ash helps to reduce the toxicity of ash.

The conducted studies confirm the possibility of using ash from the combustion of alternative
fuels from MSW as a reagent for neutralization and metal purification of acidic drainage waters of
tailings farms. This will solve two urgent problems: pollution of natural waters with metal ions in the
area of the location of man-made massifs of mining enterprises and reducing the toxicity of ash before
its landfill placement. In further studies, it is planned to consider water purification from a larger
number of metals, including using multi-stage purification from metal groups; determination of the
content of water-soluble forms of all metal ions found in ash and the degree of reduction in washout
of each of them; assessment of ash toxicity by two bioindicators (before and after neutralization with
acidic waters).
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