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This paper reports an analysis of
current issues related to storing solid
household waste, and, specifically, the
problem of environmental pollution
when unsorted solid household waste
(SHW) isignited. A technology has been
developed to improve environmental
safety and ensure a reduction in the
anthropogenic load on the atmosphere,
hydrosphere, and lithosphere in the
event of fires at the sites of solid waste
storage. The operation of the proposed
equipment, taking into consideration
all the provided operating modes
and additional options, is energy-
saving and automated (or semi-
automatic), which makes it especially
relevant under modern conditions. The
technology significantly improves the
efficiency of the processes to eliminate
the ignition of SHW and localize their
environmental consequences for the
territories adjacent to landfills.

Laboratory tests were carried
out, which proved the effectiveness of
practical application for the designed
equipment of a new environmentally
active adsorption mixture for the
purpose of cleaning the waste filtrate,
as well as its use for the formation of an
anti-filtration screen in the mound of
SHW. Experiments have shown that the
tested sample of the aqueous suspension
of the proposed environmentally active
mixture adsorbs calcium (by 92 %),
overall iron (by 91 %), overall
phosphorus (by 75 %), zinc (by 31 %),
and ammonium (by 19 %). This leads to
a decrease in the overall toxicity of the
solution and indicates the possibility of
improving the environmental safety of
waste fires when operating the proposed
technical solution by purifying the
filtrate released during fires in landfills.

The reported results, specifically,
the technology for localizing the
environmental consequences  of
uncontrolled waste ignition could be
used in the process of modernizing the
technical support for sanitary treatment
schemes in urban areas
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1. Introduction

the economy in such a way that human industrial activity is

fully integrated into an effective environmental infrastructure.

An important condition for the sustainable development  And one of the cornerstones of creating a stable economic sys-
of the world economy is the implementation of an ecological ~ tem within the state is the effective and environmentally sound
approach to economic activities in various sectors and indus- ~ management of waste. The issue of waste has recently come to
tries [1]. It is becoming clear that it is necessary to reorganize  the fore among other environmental problems [2].




Insufficient complexity of the use of raw materials and
imperfection of industrial technologies, a sharp increase in
the population with a change in the quality of life causes
the formation of more waste than the processing systems
operating in the state can process. The issue of proper man-
agement of anthropogenic waste is of global importance for
the preservation of the ecological system [3, 4]. Therefore, it
is necessary to constantly improve the methods of effective
treatment of generated waste, replenishment, or replacement
of consumed resources, as well as methods of safe disposal
of already accumulated solid household waste (SHW). One
of the tasks that require solving and conducting appropriate
research is the environmentally rational disposal of already
accumulated waste and minimizing the anthropogenic load
on the natural environment of SHW storage facilities. More
than 10 thousand hectares of the country’s territories today
are already buried under millions of tons of waste, which,
at sites of unauthorized storage, pose a huge environmen-
tal danger. The absence of a separate collection system in
spontaneous landfills, where the hazardous waste of various
morphological diversity and chemical composition accu-
mulates uncontrollably, in the process of decay leads to the
concentration of hazardous toxicants and pollutants in the
body of the landfill [5, 6].

Penetration into the soil and groundwater of landfill
filtrate, as well as atmospheric emissions during fires for
many years systematically pollute the environment and pose
a threat to human health. The introduction of the latest
technologies, the improvement of environmental culture,
compliance with the requirements of accepted environmen-
tal standards, the search for effective tools for the imple-
mentation of environmental and economic management of
enterprises, territories, and regions is a necessary compo-
nent of the future sustainable development of the country.
In turn, the practical implementation of the principles of
environmentally sustainable development of the socio-eco-
nomic systems necessitates the improvement of methods,
techniques, and tools for organizing production based on the
ecologization of the logistics management system. Thus, the
study of the waste management process in the world today
is especially relevant. Given the urgent need to improve the
environmental safety of the storage of unsorted waste, it is
considered relevant to modernize the technical support for
sanitary treatment schemes in urban areas.

2. Literature review and problem statement

The issues of the negative impact of stored waste on
the natural environment and on human health have been
actively studied for more than half a century. The problem is
gaining particular relevance due to the introduction of new
technologies into human life, intensive urbanization of the
population, increased use of polymer packaging materials,
etc. Analysis of study [7] makes it possible to conclude that
active waste disposal and recycling is used on average only
for 3-5 % of the total volume of SHW. This, as stated in
work [8], leads to the formation of a huge number of landfills
and spontaneous unauthorized landfills. One of the most
dangerous processes affecting the environment is the burn-
ing of waste in landfills.

From work [9], it follows that the most used approach
to assessing the ecological state of the environment today
is to collect data on the content of chemicals and compare

their content with the norms set out by MAC. However, it is
important to note that pollution standards are only available
for a limited number of chemical pollutants.

The analysis of work [10] indicates a lack of research
into the problem of the complex environmental impact of
mixtures of chemicals, including compounds, which are
formed during the uncontrolled thermal decomposition of
unsorted waste.

In work [11], the authors consider the main aspects of
environmental pollution during a fire in SHW landfills.
Concentrations of polycyclic aromatic hydrocarbons, poly-
chlorinated biphenyls, organochlorine pesticides, including
hexachlorocyclohexanes and DDT were assessed as the main
pollutants. The results of the study showed that, despite mi-
nor exceedances, the levels of soil and vegetation pollution
in the vicinity of the landfill are comparable to the average
levels of pollution of other industrial and economic territo-
ries. The impact of the fire at the landfill, in this case, was
not obvious in part due to the effects on the study areas of
other activities, earlier fires in landfills, etc.

In [12], the authors assess the fire hazard of the landfill,
analyze the causes and risks of fire events. To reduce the
likelihood of fires at the landfill, the authors of the study
propose the separation of organic components from the total
mass of waste entering the landfill, which serve as a source
of biogas formation. However, this method excludes only one
of the possible causes of the ignition of stored waste, and
does not solve the problem of fire hazard of existing landfills.
Extinguishing fires in landfills is often hampered by the
difficulty of quick access to the source of ignition due to the
peculiarities of waste storage, as well as the unpredictable
flammability of the extinguished material.

The consequences of burning waste in open landfills
were also analyzed by the authors of work [13] who assessed
the composition of brown-hue precipitation that fell after a
strong fire at the landfill. Theoretically, it was confirmed
that a mixture of materials with a diverse chemical structure
as a result of combustion leads to several chemicals with a
great potential for danger to human health [14]. An addition-
al environmental hazard is the possible use of special fire-ex-
tinguishing mixtures, the chemical compatibility of which
is difficult to predict with an uncontrolled composition of
a garbage dump. Among the detected hazardous substances
in the studied samples were dioxins and furans, pyridines,
pyrroles, imines and oximes, sulfoxides, sulfones, thiols,
sulfides, cyanates, cyanides, diazo components, epoxides and
peroxides, formeates, benzoates. It is worth noting that some
of the tests were conducted a few months after the fire at the
landfill. This indicates the persistent toxicity of pollutants
not only in the atmosphere but also in soil “treated” with
such rain and exposed to the effects of climatic fumes.

Paper [15] reports the results of the analysis of atmo-
spheric emissions during the operation of open waste dumps,
including when they catch fire. It was found that dangerous
vapor-gas emissions are more than 3.5 times more intense
during combustion than during fire-safe aerobic storage [16].
As a reduction in the impact of landfills on the atmosphere,
the authors consider an innovative method of semi-aerobic
burial. However, it is worth noting that the general trend of
changes in the methods of deposition does not make it pos-
sible to reduce and localize atmospheric emissions from fires
in existing landfills.

In work [17], it is noted that during fires in landfills as a
whole, the average daily concentrations of such atmospheric



indicators as PMj 5, NO9, and Os in the nearest settle-
ments almost did not change. However, the concentrations
of potentially toxic substances, including benzene and
dioxins/furans, were significantly increased. In addition,
levels of dioxins/furans in the atmosphere exceeded toxi-
cological standards [18], negatively affecting the general
condition as well as the reproductive aspects of public
health [19]. According to study [20], when dispersed par-
ticles smaller than 10 pm (PMyg) are emitted by burning
waste, the risk of cancer in the population living in the
landfill area could increase by 70.15 times. The authors
of [17] note that atmospheric monitoring does not examine
the indicators of many pollutants; in the above works, the
concentration values may be underestimated in areas that
do not affect the polluting plume.

In [21], the authors analyzed the dynamics of dioxin ac-
cumulation in soil and food samples after a fire in a landfill.
Thus, the results of a study of pollution with polychlorinated
biphenyls indicate an inverse correlation between dioxin
pollution and the distance from the source of pollution,
which indicates the specificity of their distribution in the
atmosphere. At the same time, questions related to the for-
mation of dangerous toxicants, as well as the development
of practical methods to combat their spread, remain open in
the cited work.

As shown by study [22], the isolation of carcinogen-
ic polychlorinated rhodibenzodioxins and polychlorinated
dibenzofurans during low-temperature waste combustion
in the composition of the emitted dispersed ash dust was
observed in almost the entire range of studied waste com-
bustion temperatures. At the same time, the maximum
emission (equivalent to more than 42 times the total concen-
tration of dioxin/furan in the initial fly ash) was observed at
a fly ash temperature of 350 °C. Given the extreme danger of
carcinogens, such results force to take categorical measures
to increase the fire safety of landfills and intensive fire elim-
ination, the development of which the authors of the cited
work left for further research.

Separately, worth noting is the negative impact on the
environment and public health of landfill filtrate. This topic
has been actively studied for several decades but it still re-
mains relevant for most countries of the world [23]. Contam-
ination of soils and groundwater with toxic chemical com-
pounds, radioactive elements, and heavy metals, which are
present in landfill filtrate, leads to dangerous consequences
for humans. Among them are critical lesions of internal or-
gans (circulatory, genitourinary, digestive systems) in people
living near the test site [24]. Many methods have been pro-
posed to reduce the negative effects of filtrate [25]. Among
the most innovative techniques worth noting is the technol-
ogy of treating filtrate using an integrated reactor (SBR),
the reverse osmosis (RO) process described in [26], and the
application of promising membrane technologies proposed
in [25]. However, in the analyzed works [25, 26], the au-
thors to a greater extent consider the options for cleaning
already contaminated natural components while paying
minimal attention to the neutralization and reduction of the
amount of landfill filtrate released into the environment. In
addition, the complex issue of increasing the environmental
hazard of filtrate in case of fires in waste storage areas re-
mains ignored. An increase in the temperature in the body
of the landfill during a fire leads to an intensification of the
decomposition of organic components, the disintegration

of components of waste of high hazard classes. This causes
the release into the environment of more hazardous to the
life and health of the population compounds [27] in the
composition of atmospheric emissions and filtrate. Such a
complex problem is of particular relevance in countries with
the absence of separate garbage collection and the presence
of waste of all hazard classes in unauthorized open landfills.

An option for solving such problems under the conditions
of open landfills with an unpredictable morphological com-
position may be the development of an aggregate system that
ensures the localization of the environmental consequences
of uncontrolled waste ignition and the simultaneous reduc-
tion of the toxicological hazard of filtrate.

3. The aim and objectives of the study

The purpose of this study is to devise and test practically
the technology of effective, comprehensive reduction of en-
vironmental pollution in case of fires at SHW landfills and
under the conditions of waste fires at unauthorized landfills.
This will make it possible to use the results of the study in
the process of modernizing the technical support for sani-
tary treatment schemes in urban areas.

To accomplish the aim, the following tasks have been set:

— to devise technology for localizing environmental risks
in case of fires at sites of waste accumulation;

—to experimentally substantiate the effectiveness and
practical applicability of the designed technological system.

4. The study materials and methods

The theoretical part of the study is carried out using
methods and techniques for developing technical solutions
according to the theory of solving inventive problems [28].

Underlying the selection of methods of practical tests of
the devised technology is the goal to establish the adsorption
properties of an apparatus mixture when it treats a sample of
the SHW filtrate — one of the main uncontrolled pollutants
in the process of ignition of waste. Indicators of the compo-
sition and properties of the filtrate from an SHW landfill,
taken under control for the purpose of research, include
basic characteristics such as pH, total phosphorus, ammoni-
um ions, calcium ions, iron ions, zinc ions, chemical oxygen
consumption (COC). Samples of the SHW filtrate before
and after treatment were examined in parallel by measuring
the level of indicators according to the following procedures:

1. MVI No. 081/12-0317-06 Surface, groundwater, and
reverse water. Procedure to perform measurements of the pH
index (pH) by the electrometric method [29].

2. MVI No. 081/12-0106-03 Surface, groundwater, and
reverse water. Procedure to measure the mass concentra-
tion of ammonium ions by photocolorimetry involving the
Nessler reagent [30].

3.DSTU ENISO 11885:2019 Water quality. Determining
selected elements by inductively coupled plasma optical emis-
sion spectrometry (ICP-OES) (EN ISO 11885:2009, IDT;
ISO 11885:2007, IDT).

4.MVT No. 081/12-0647-09 Reverse, surface, under-
ground water. Procedure to perform the measurements of
chemical oxygen consumption (COC) by spectrophotomet-
ric method [31].



The place of sampling of the filtrate sample is the Der-
gachev SHW landfill (Kharkiv oblast, Ukraine). Date of the
sample collection: 05.10.2021.

According to the methodology of laboratory tests and
the basic formula of the developed active composite adsor-
bent, a prototype of an aqueous suspension of an environ-
mentally active mixture was prepared. We added, to 75.00 g
of the mixture in the form of a dry powder, 75.00 cm® of
distilled water. Further, the suspension was mixed by a
magnetic stirrer for 120 min. at a speed
of 1,000 rpm. 50 g of the resulting suspen-
sion was mixed with 750 g of the filtrate
from the SHW landfill. The experimental

777

system. This technological advancement is aimed at reduc-
ing the environmental consequences of the uncontrolled
distribution of thermal decomposition products of waste
substandard materials [32]. The technical system involves
technology for air purification from suspended particles of
photochemical smog and volcanic ash [33]. The main ver-
sion of the basic device of the system in question includes
a rigid frame with bearing plates and a circular cylindrical
support wall with a cutout in its structure (Fig. 1).

mixture was agitated by a magnetic stirrer
at a speed of 1,000 rpm 5times over 10
minutes. After that, the treated filtrate
was left for 16 hours. In the calculations of
the composition indicators and properties

of the filtrate after treatment, the dilution
factor was taken into consideration due
to the water available in the adsorbent,

namely, the results were multiplied by a co-
efficient equal to 1+75/(75+750)~1.09. We
evaluated the effectiveness of the adsorbent
according to the following indicators:

1) Percentage of removal of pollutants —
B, %, calculated from (1)

Fig. 1. Diagram of the main version of the basic device in the system for

localizing the environmental consequences of SHW fires (in two projections):

B, %=100--2100, 1)

W,

where wy and w» is the mass concentration
after treatment and before treatment, re-
spectively.

2) The adsorbent capacity was calculat-
ed from (2):

C=(w, —w)%0.750/0.150 = (w, — w;) x 5, (mg/kg). (2)

3) The capacity of the adsorbent, % relative to the con-
tent in the studied filtrate, was determined from (3):

C, % =--100 %. 3)
W.

2

The system of measurements of controlled indicators
used for testing under the laboratory conditions meets the
requirements set out by DSTU (DSTU ISO 10012: 2005.
Measurement control systems. Requirements for measure-
ment processes and measuring equipment).

5. Results of devising and investigating the effectiveness
of technology for improving environmental safety in the
case of waste ignition

5. 1. The technology of localization of environmental
risks in the cases of fires at sites of waste accumulation

Based on the results of studying issues related to envi-
ronmental pollution during fires at SHW landfills, we have
devised technology for localizing the environmental risks
of waste ignition, through the use of a specialized hardware

a — longitudinal projection; b — transverse projection: 1 — rigid frame;
2 — exhaust drum; 3 — power pneumatic container; 4 — electric motor;

5 — power shaft; 6 — support; 7 — starting unit; 8 — plate piston; 9 — pressure
sensor; 10 — starting tube; 11 — solar panel; 12 — cable; 13 — rechargeable
battery; 14 — hatch; 15 — limiter; 16 — compressor; 17 — pneumatic pipe;
18 — spring element; 19 — starting compartment; 20 — seal; 21 — tip;

22 — transport wheel; 23 — operator’s knob

The wall is connected to power pneumatic tank 3
containing inside a plate piston 8, connected, in turn,
to spring elements 18 (Fig. 1). The apparatus also in-
cludes a rotating exhaust drum 2 with vertical hollow
compartments having a movable connection to power
shaft 5. The upper bearing plate of frame 1 is made
with a hole that closes with lid 14, coinciding with the
compartments of exhaust drum 2 when the latter ro-
tates. The lower bearing plate is equipped with a valve-
equipped starting tube 10 for the release of compressed
air from pneumatic tank 3 to the compartments of exhaust
drum 2 with the subsequent displacement of the launch
units [32] containing carriers of the working sorption
mixture. The electric motor connected to power shaft 5
is connected via cable 12 to the photovoltaic converter
11 (“solar battery”) powering it. Battery 11 is connected
to a unit of the rechargeable battery 13 and compres-
sor 16, which is connected by pipe 10 to the pneumatic
tank 3 (Fig. 1). The lower part of the apparatus has a sharp-
er 21 for fixing the device in the ground, and wheel 22 for
its transportation.

The structure may additionally be equipped with
tank 32 containing a suspension of the active substance.
The tank is equipped with a spring-piston mechanism 26—
27 for mixing and displacing the suspension under high
pressure through sprayers 36 located on the rotating cou-
pling 25 (Fig. 2) [32, 33].



a b

Fig. 2. Diagram of the device for localizing the environmental consequences of
SHW ignition (the second option with an additional spray pipe): a — longitudinal
projection; b — spray pipe: 24 — elongated frame; 25 — rotation clutch;

26 — piston; 27 — spring unit; 28 — spray nozzle; 29 — outlet inclined branch pipe;
30 — aerobic mixing nozzle; 31 — pressure sensor; 32 — suspension tank;

33 — tilt tube; 34 — mounting base; 35 — limiter; 36 — spray head; 37 — bolts

The working filler of the carriers contained in the launch
units is a mixture of adsorbent substances to neutralize the
average composition of the solid waste combustion products.
A dry ecologically active mixture could have the following
basic composition with a particle size <1 mm: magnesium hy-
droxide=40 %; montmorillonite=20 %; kaolin=20 %; calcium
hydroxide=20 %. The active ingredient of tank 32 is an aqueous
suspension Mg(OH), (dry particle size is 250 pm), or a work-
ing suspension of the dry active mixture described above. This
makes it possible, in the case of fire and its jet introduction into
the body of the solid waste landfill, to reduce the penetration
of the resulting liquid pollutants into the soil and groundwater.
Magnesium hydroxide in the system could effectively be re-
placed by magnesium oxide (MgO), which also has pronounced
adsorbent properties, which is due to the specific surface area,
124 m3/g, and the specific volume of oxide pores, 1.038 cm?/g.

To achieve maximum efficiency of the designed system
under the conditions of unauthorized accumulation of waste,
the device, filled with working substances and charged with
carriers, is fixed with a tip in the ground in the center of the
“body” of the landfill. The standby device stores electricity
from rechargeable battery 13 received from the operation of
panel 11, and uses it after remote radio activation of the device
in the case of fire to operate the engines of the system. Activa-
tion is carried out by the dispatcher of the emergency service
upon registration of a message about the ignition of waste from
observers. The pressure of the air pumped into tank 3 by com-
pressor 16 at the maximum compression of the spring-piston
mechanism through pipe 10, when the power shaft of drum 2
rotates, enters compartments 19, pneumatically displacing
the starting units. Further, at an altitude of 20—-30 meters, the
carriers of the working mixture from unit 7 are launched, and
the adsorbents are subsequently sprayed in the air polluted
with flue gases with adsorption and neutralization of pollutants
according to the technology. The working mixture that has
settled on the surface of burning waste forms a non-combus-
tible film, contributing to the attenuation of the fire, reducing
the access of oxygen to its sites. The sprayed active working
mixture of adsorbents neutralizes the basic components of

flue gases to form environmentally friendly
I substances, entering the following reactions
I with them (4) to (10):
|

35 L SO,+Mg(OH),=MgSOs+H,0;  (4)

r Ca(OH);+S0,—CaSO5+H,0;  (5)

; Ca(OH)»+S0y+| 0,—CaS0,+H,0; (6)

33

=

Ca(OH),+S035-CaSO+H,0;  (7)
Ca(OH),+HCl—CaClOH+H,0; (8)
CaCIOH+HCl—CaCly+H,0; )

Ca(OH)»+2HF—CaF,+2H,0.  (10)
In parallel with the apparatus (accord-
ing to the second option), an anti-filtration
screen is formed in the thickness of the
waste layers by jet multi-level introduction
into the “body” of the landfill of Mg(OH),
suspension or a mixture of adsorbents. The
settled suspension effectively absorbs heavy
metals and organic toxicants from the SHW filtrate. A similar
adsorption effect on heavy metals is exerted in the atmospher-
ic air over the burning accumulation of waste, as a result of
the spread of a working suspension in it. The introduction
of an adsorption suspension of the full composition of the
environmentally active mixture could also be carried out in-
dependently of the cases of waste ignition, without the release
of carriers 7, in order to ensure the anti-filtration insulation of
the landfill by forming a filtration screen. Under this mode of
operation, in the installation, according to the second option,
the power supply to engine 4 is remotely turned off; the upper
valve in pipe 10 is closed. When supplementing the mode
with a valve lock in branch pipe 29 (remotely, manually, or
automatically with a predetermined frequency), the apparatus
could perform regular mixing of the suspension in tank 32,
preventing the solidification of the sediment fraction.

A single filling of the device with active substances is
carried out on the basis of the possibility of its effective oper-
ation in at least one fire in a landfill. After the consumption
of working mixtures, the unit is filled with the next portion
of adsorbents.

To simplify the conditions of storage, transportation, and
dosing of the filling mixture, it could be made in the form of
solid dosed granules or briquettes from an alumina-aqueous
solution with drying (baking) in molds. Before refueling in the
apparatus, the briquettes are crushed to powder in such known
crushing plants as the crushing unit, designed by us, with a
pneumatic-gravity electric drive, which does not consume
external electricity [34]. An adapted version of this crushing
device could be an integral part of the structure of the techno-
logical system for localizing the consequences of SHW ignition.

The hardware system could be equipped with a tow hitch
to connect it to the vehicle, an additional pair of transport
wheels, and easily delivered to a new place of operation. The
installation may also comprise a transport electric motor
connected to the wheels, powered by solar panel 11, has an
operator platform and a steering mechanism, which makes the
technological system mobile and self-propelled. This modifi-
cation eliminates the need for fuel consumption by vehicles to



transport the refueling mixture to the place of operation of the
device since it is possible to transport the system to the place
of its refueling under an energy-saving mode. In this case, it is
advisable to manage one landfill with two units of the system
with alternating self-propelled transportation to the refueling
and maintenance point, and back to the place of operation.

All the provided additional functions of modification
of the considered equipment could, as a result of this study,
reduce the cost of improving the environmental safety of
landfills and SHW spontaneous landfills.

To substantiate the effectiveness of the designed equip-
ment, a laboratory study of the technology was experimen-
tally carried out to establish its practical applicability as an
element of technical support for sanitary treatment schemes
in urban areas.

3. 2. Results of a laboratory study into the effective-
ness of using an adsorption suspension for the purifica-
tion of waste filtrate

Carried out in accordance with methods specified
in [27-30], our laboratory tests of the devised adsorption
mixture, which is a component of the proposed technical
solution, indicate that the effect of the studied sample of the
mixture on the filtrate (Fig. 3) leads to a decrease in the con-

Fig. 4. Analysis of the purified waste filtrate by treating it with
an aqueous adsorption suspension for the content of calcium,
magnesium, phosphorus, zinc, iron, using the PlasmaQuant®
PQ 9000 Elite Optical Emission Spectrometer with Inductively
Coupled Plasma (No. 13—-5850E—~AS230, Certificate
No. 84366 /2 dated 08.06.2021 (valid until 08.06.2022))

The results of studying the adsorption capacity of the
ecologically active mixture are given in Table 2.

tent of controlled substances in it (Fig. 4, Table 1). Table 2
Results of adsorbent capacity calculation

5 Adsorbent capacity | Adsorbent capacity
Control indicator (mg/kg) (%)
Calcium 11,510 460
Iron, total 621.5 457
Phosphorus, total 165 375
Zinc 0.75 156
Ammonium 1,745 95.6
COC 15,215 74.8

Fig. 3. Purification of waste filtrate with a working
suspension of an environmentally active mixture in the
laboratory: a — agitating the filtrate mixture with the working
suspension by a magnetic stirrer; b — settling of the mixture
after agitation (step No. 1 (active adsorption process));

¢ — settling of the mixture after agitation
(step No. 2 (complete deposition of filtration precipitate))

Table 1

Results of studying the removal of components from the
filtrate of the landfill

Measurement result

Measurement result

Control indicator before suspension | after suspension | Remov-
treatment (mass treatment (mass | al (%)
concentration) concentration)
Calcium 2,500 (mg/dm?) 198 (mg/dm?) 92
Tron, total 136 (mg/dm?) 11.7 (mg/dm?) 91
Phosphorus, total |~ 44 (mg/dm?) 11 (mg/dm?) 75
Zinc 0.48 (mg/dm? | 0.33 (mg/dm?®) | 31
Ammonium 1,825 (mg/dm?) | 1,476 (mg/dm?) 19
cocC 20,343 (mg0O/dm?)|17,300 (mgO/dm?)| 15

In addition, the results of laboratory tests according to
the methodology given in [32] indicate an increase in the pH
of the filtrate after its treatment.

6. Discussion of results of devising and investigating
the effectiveness of the technology for localization of
environmental risks of waste ignition

The achieved technical result of our developed solution is
the reduction of environmental pollution during the ignition
of SHW, due to the multifunctionality of the hardware sys-
tem (Fig. 1, 2). This is expressed by the possibility of the de-
vice to neutralize the most toxic components of flue gases (4)
to (10); to localize the fire by reducing the access of oxygen
to the sites of ignition by settling adsorbents; to purify the
filtrate before it penetrates the soil (Fig. 2). These functions
of the designed equipment explain the achievement of min-
imization of environmental damage to the atmospheric air,
soil, groundwater, water bodies, components of the land-
scape, which might be adjacent to specialized facilities (for
example, forests, agricultural fields), and, as a result, to the
human health.

The exclusion of long-range transport of pollutants by
air masses and the deposition of toxic atmospheric precipi-
tation (contaminated by ignition of wastes) is also explained
by the technological possibility of adsorption of toxicants



directly at the site of their release above the landfill. Ob-
taining this result is also justified by the high capacity of
the proposed adsorption mixture even in the state of suspen-
sion (Table 2).

It is important to achieve the result of the economic and
energy-saving efficiency of the considered technology, which
is explained by the possibility of introducing its additional
options such as the possible self-propelled equipment; the use
of energy-autonomous crushing equipment and panels of pho-
tovoltaic converters. An environmentally and cost-effective
result is the opposition of this technology to the traditional
principles of waste fire elimination involving the operation
of special vehicles (fire engines) and the engagement of per-
sonnel from emergency rescue services. The operation of an
alternative technical solution excludes the following: financial
costs for maintenance of often obsolete special vehicles and
the fuels and lubricants necessary for them; involvement of
numerous service personnel (payment of salaries and risks to
their health). There is also no need to use environmentally un-
safe synthetic mixtures for traditional firefighting, frequent
difficulties in the prompt passage of special vehicles to the
place of ignition of waste in populated areas.

Our laboratory studies (Fig. 3,4) have confirmed the
possibility of using an adsorption suspension when the de-
scribed apparatus is employed (Fig.2) for the purpose of
cleaning the waste filtrate, its use for the formation of an an-
ti-filtration screen in the waste mound. The property of the
suspension to increase the pH of the SHW filtrate stimulates
and explains the effective removal of metals, specifically cal-
cium, iron, zinc (Tables 1, 2). This leads to a decrease in the
overall toxicity of the solution.

The advantage of this study is the development of equip-
ment that provides, unlike, for example, works [15, 16, 35],
for the comprehensive protection of the main components
of the environment — the atmosphere, hydrosphere, and
lithosphere from man-made loading at sites of SHW storage.
The benefit of the proposed equipment is the energy-saving,
automated (or semi-automatic) background mode of oper-
ation, as well as the use of a new environmentally-friendly
operating adsorption agent. The obvious merit of our labo-
ratory tests is the use of a sample of the actual filtrate from
the solid waste at Dergachev SHW landfill (Kharkiv oblast,
Ukraine), which significantly enhances the reliability of
experiments under controlled conditions. Qualitatively, this
study highlights the use of high-precision certified laborato-
ry equipment.

The limitations of our experiments are related to the
reduced composition of the controlled parameters taken into
consideration in the laboratory studies of the adsorption
properties of the devised environmentally active mixture, as
well as the use of only one variant of its composition.

The shortcoming of this work that must be noted is the
lack of test results for the prototype of the designed hard-
ware system; this is the next planned stage of the process of
practical implementation of our study’s results.

Promising areas and planned stages of further advance-
ment of this work include the following:

— carrying out the next stage of laboratory tests of the
devised technology involving an expanded composition of
controlled parameters taken into consideration when con-
ducting a study into the process of cleaning the filtrate of
solid waste, as well as the air polluted during its ignition;

— testing of a prototype of the designed hardware system;

—analysis of results from the extended studies into the
properties of the adsorption mixture and the operation of
the prototype of the hardware system with the improvement
of the composition of the adsorbent and the design of the
installation for technology implementation into the schemes
of sanitary treatment of urban areas.

7. Conclusions

1. The technology devised makes it possible to ensure
a comprehensive reduction of the anthropogenic load on
the main components of the environment such as the atmo-
sphere, hydrosphere, and lithosphere at the sites of SHW
storage in the event of fires. The operation of the proposed
equipment, taking into consideration all the provided op-
erating modes and additional options, is energy-saving and
automated (or semi-automatic), which makes it especially
relevant in modern conditions. The technology significantly
increases the efficiency of the processes of eliminating the
ignition of SHW and localizing its environmental conse-
quences for the territories adjacent to polygons (or landfills),
as well as for the population in the nearest settlements.

2. Our laboratory tests have proven the effectiveness of
practical application, when using the designed equipment,
of a new environmentally active adsorption mixture for the
purpose of cleaning the waste filtrate, its use for the forma-
tion of an anti-filtration screen in SHW mounds. The tested
sample of the aqueous suspension of the proposed environ-
mentally active mixture adsorbs calcium (by 92 %), total
iron (by 91 %), total phosphorus (by 75 %), zinc (by 31 %),
ammonium (by 19 %), COC (by 15 %). This leads to a de-
crease in the overall toxicity of the solution and indicates
the possibility of improving the environmental safety of
waste fires when operating the proposed technical solution
by cleaning the filtrate released during fires in landfills. The
devised technology for the integrated localization of the
environmental consequences of uncontrolled waste ignition
could be used in the process of modernizing the technical
support for sanitary treatment schemes in urban areas.
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