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1. Introduction

Municipal waste accumulation, recycling and dis-
posal remain a difficult problem in Ukraine due to the
lack of evidence-based solutions regarding environmental
engineering protection. One of the key municipal waste
disposal measures is a modern construction of municipal
solid waste dumps.

The current crisis with the provision of public services
has not bypassed the municipal solid waste management.
The companies working in the field of waste management
are unable to provide the population with quality public
services. Their equipment is mostly outdated and worn out.
Only a small part of municipal solid waste from households
is collected separately and recycled. There are special enti-
ties. However, the market for these services is underdevel-
oped, and information on the possibility of recycling can
hardly be obtained. Municipalities do not develop selective
waste collection systems because of insufficient demand for
secondary resources and the lack of information on the pos-
sibility of recycling. A small quantity and poor quality of col-
lected waste along with inadequate marketing do not make
profits because the cost of collection is higher. So, valuable
secondary resources are dumped instead of being reused in
economic activities.

Chernjahovskogo str., 103, Zhytomyr, Ukraine, 10005

An essential element of municipal solid waste (MSW)
management is the management of solid waste provided for
recycling, which will reduce the amount of waste at dumps
and give financial support for waste collection. Such activ-
ities require also the support of a local community, which
needs the introduction of environmental education.

MSW dumps are a significant source of water pollution.
As a result of infiltration of atmospheric precipitation, per-
colating wastewater (leachate) is generated at dumps. The
MSW disposal also causes environmental problems such as
methane generation and soil subsidence at dumps. However,
leaching and groundwater contamination are the most dan-
gerous. Rain (melt) water, seeping through the landfilled
waste layers is saturated with chemicals that are formed in
the waste decomposition process. Such water with dissolved
contaminants is called leachate and is a particularly toxic
(poisonous) substance, which, along with organic residues,
contains iron, mercury, zinc, lead and other metals, dyes,
pesticides, detergents and other chemicals.

All municipal waste of the city of Zhytomyr (Ukraine)
without pre-sorting is stored in the landfill, which became
a source of heavy pollution of the atmosphere and ground-
water. It should be noted that no regulatory document for
maintenance and operation of MSW landfills prohibits
accumulation of leachate. Only the fact of toxic substances




ingress into the environment outside the landfill is consid-
ered a violation of environmental legislation.

Therefore, to prevent ingress of toxic substances into the
environment, measures should be developed for reducing
the amount of leachate through proper MSW landfilling
and decontamination of leachate that is accumulated in the
landfill sumps.

To address these two urgent problems, information on
the hydrochemical composition of leachate on the example of
MSW landfill sumps in Zhytomyr (Ukraine) was analyzed
and mathematical models of the dynamics of the hydrochem-
ical composition of leachate were developed in the paper.
This has allowed predicting the amount and composition of
leachate for the next year and developing recommendations
on the MSW landfill operation and measures for leachate
decontamination in sumps.

2. Literature review and problem statement

Municipal waste accumulation, recycling and disposal
remain a difficult problem due to the lack of evidence-based
conceptual solutions regarding environment engineering pro-
tection. One of the key municipal waste disposal measures
is a civilized construction of municipal solid waste (MSW)
dumps. The experience of Ukraine and Western Europe shows
that the MSW landfill construction is much cheaper than the
construction of waste incineration plants [1, 2].

Distinctive features of MSW from other waste are [2]:

1) localized spacing;

2) genetically inherent chemical heterogeneity.

The more complex is the chemical nature of waste, the
more dangerous they are to people and the environment
[3]. Waste management has been and remains one of the
priorities of the developed countries in two main contexts:
environmental protection and resource recycling imple-
mentation. MSW management is covered in works of many
scientists who have made an essential contribution to a
research on methods of waste management, provision of
environmental safety of the sites and aspects of the impact
of municipal solid waste of different morphological structure
on the environment [2, 3].

At present, the amount of MSW that is generated and
released annually into the biosphere is overwhelming and
makes up about 400 million tons a year, which negatively
affects the sanitary and epidemiological welfare of settle-
ments [2, 4-7]. According to the Ministry of Regional De-
velopment, Construction, and Communal Living of Ukraine,
specific waste generation indicators average 250 kg /year per
capita, while in large cities they reach 330-380 kg/year,
increasing annually by 3.5 % [3]. The vast amount of MSW
is stored at garbage dumps, illegal or “landfills”. This is the
least effective method of MSW management as garbage
dumps often occupy huge areas of fertile land (storage of
1 ton of waste requires 3 m? area). The majority of dumps (80
to 90 %) are overloaded, have long-term violations in design
parameters on the amount of waste. However, until the ear-
ly 90s, the waste situation in most countries was the same
as it is today in Ukraine. Waste was generally transported
to landfills or dumps to be disposed or incinerated. Thus,
in the mid 90s in Sweden 40 % of waste, in the UK — 90 %,
in the US — 80 %, in Canada — about 95 %, in Europe — on
average 60 % (after removing the glass, paper, metals) came
to dumps or landfills for disposal [2]. The morphological

composition of MSW in Ukraine, especially in large cities,
is rapidly becoming similar to the composition of MSW in
Western countries with a considerable part of waste paper
and plastic, which are also subject to storage. According
to the National Ecological Centre of Ukraine [3], more
than 1 billion m® of human waste have been accumulated
in Ukrainian landfills and dumps. According to the official
data of the State Statistics Service of Ukraine, 3.5 % of
them undergo recycling. This waste occupies more than
7 thousand hectares of land.

The main method of sanitation of urban areas from
MSW s disposal in landfills and dumps, where physico-
chemical and biochemical processes of waste decomposition,
accompanied by pollutants emissions into the environment
have been occurring for decades. The main source of the
negative impact of MSW landfills on the hydrosphere is
percolating water [8—10].

The volume of percolating water depends on environ-
mental factors, waste humidity, landfill engineering infra-
structure, waste pre-treatment. PW volume calculation is
based on the MSW landfill water balance. Depending on cli-
matic conditions and landfill capacity, the leachate volume
averages from 2000 to 4000 m®/(ha per year). A significant
difference of leachate from other types of wastewater is un-
even accumulation within a year due to seasonal fluctuations
in precipitation [3].

The composition of leachate depends on the stage of the
landfill life cycle: active operation, reclamation, post oper-
ation and assimilation. The final stages of the landfill life
cycle include the period of operation, exceeding the design
lifetime (after 20 years of waste deposition), reclamation
and post operation stages [11]. Analysis of the processes
of degradation of the MSW various factions allows deter-
mining the chemical composition of leachate at each stage
of the landfill life cycle.

Biochemical processes, occurring in anaerobic condi-
tions are essential in waste decomposition. The main phases
of anaerobic waste biodegradation are hydrolysis, aceto-
genesis, active methanogenesis, stable methanogenesis, full
assimilation. MSW also contains ferrous and nonferrous
metals, which are capable of being corroded, participating in
redox reactions, forming complex compounds with organic
ligands — products of biochemical decomposition of an or-
ganic part of MSW, forming sparingly soluble hydroxides,
carbonates, phosphates, sulfides [2].

Thus, it was found that the negative impact of MSW
landfills on water resources is a worldwide problem. But
the development of specific recommendations on preventive
measures and methods of environmental protection greatly
depends on the location of each of the landfills and local hy-
drogeological and meteorological conditions, as well as the
composition of MSW coming to garbage dumps. Therefore,
the development of effective measures that will improve the
environmental safety of our country requires the analysis
and mathematical modeling of the dynamics of the proper-
ties of leachate from landfills in the city of Zhytomyr.

3. Goals and objectives

The goal of the paper is a pilot study, analysis and mod-
eling of the hydrochemical composition of MSW landfill
leachate for further development of the chemical decontam-
ination technology.



The objectives that were accomplished in the work in-
clude:

— synthesis of existing research on the impact of MSW
landfill leachate on the environment;

— collection of data on the chemical composition of Zhy-
tomyr MSW landfill leachate;

— analysis of the data and development of mathematical
models representing the dynamics of hydrochemical param-
eters of MSW landfill leachate.

4. Materials and methods of research of structural and
functional characteristics of leachate

The research was conducted in the local MSW landfill
in Zhytomyr, Ukraine. All municipal waste of Zhytomyr is
stored without pre-sorting in this landfill, which has become
a source of heavy pollution of the atmosphere and groundwa-
ter (and a threat to the epidemic status in general) and re-
quires improvement of the waste disposal process. According
to the data presented at the 12th session of the VI convoca-
tion of the Zhytomyr City Council, about 12—15 million m?
of various waste have been accumulated since the beginning
of operation of the municipal landfill (since 1957). In 1957,
it was enough to choose a place, to make a fence and start
waste disposal. The environmental problem, posed by this
huge chemical bomb cannot be overemphasized.

Over the years of operation the dump heap has grown
up to 30 meters, its area is 21.6 hectares (according to the
state act on land the total area is 21.5670 hectares); disposal
area is 18.7 hectares, and the rest is divided into 6 cards
that continue to operate. Bunding was performed along the
landfill perimeter. In late 1998, 10 hectares of lands of PJSC
“Kroshenskiy brick yard” were withdrawn and transferred
to the Department of Housing and Communal Services for
the city dump expansion. Every year about 300 thousand m?
of waste come to the city dump. The driveway to the landfill
was paved, the permit system was organized. The landfill is
located in the northern part of the city on Andriivska street.
The distance from the landfill site to residential one-storey
detached houses is 500 m.

Garbage from houses is transported by KATP-0628.
The companies and organizations, which transport waste
themselves are allowed to the landfill with badges, issued by
the company. A cursory examination of waste is performed
before going to the card to prevent toxic waste storage. Up
to 30 million tons of waste of various hazard classes are dis-
posed at the city dump.

The stated morphological composition of municipal
waste coming to the landfill: food waste — 33.1 %; pa-
per — 5.9 %; metal — 3.3 %; polymer packaging — 13.2 %;
wood — 4.1 %; glass — 13.5 %; rags — 2 %; leather, rubber —
1.4 %; construction waste — 3.7 %; road sweepings — 11 %;
other waste — 8.8 %.

Every spring, after snow melting or heavy rains, the
amount of liquid leachate that flows into reservoirs, located
in the lowest point of the dump dramatically increases and
threatens to leak to the Kroshenka river breaking through an
artificial dam. The object is under constant control of the City
State Ecological Inspection. The average annual amount of
MSW coming to the Zhytomyr landfill is 162.2 thousand m?,
or 54 thousand tons with a specific weight of 0.333 t/m?,
estimated humidity — 60 %. That is, about 32.4 thousand m?®
of free water gets to the landfill for one year. Given the av-

erage area of the landfill body (18.7 hectares), the average
annual precipitation in the landfill body is 105.094 thou-
sand m®/year. Evaporation from the landfill surface,
which depends on the amount of precipitation and radi-
ation balance of the evaporation surface (40.3 kcal/cm?
per year) is 460 mm/year (86.02 thousand m®/year. Thus,
the amount of leachate formed in the landfill is 51.47 thou-
sand m?®/year, or 141 m?3/day.

Leachate sampling to assess the impact on ground and
surface water was carried in this landfill in places of con-
stant hydrobiological observations in parallel with hydro-
chemical sampling. Sump 1 and sump 2 are two places of
leachate accumulation. Observations covered all biological
seasons. Obtaining representative data to assess the struc-
tural and functional characteristics, as well as the dynamics
of the leachate required sampling twice a quarter. Sampling
was conducted in a clearly set time. The time interval from
10 to 12 am was the most optimum.

The samples, starting from the surface, were taken in
each meter of the water layer to account for leachate vertical
dynamics and minimize errors caused by its movement deep
in the soil. The samples were poured into one container
(a 10.0-12.0 dm? plastic bucket), from which the integrated
samples of 0.5-1.0 dm® were then taken. The integrated sam-
ple volume of 0.5 or 1.0 dm? was determined by a preliminary
visual examination of the leachate:

a) under intense leachate change, a 0.5 dm? sample was
enough;

b) under little change and influence, especially in winter
or early spring and late autumn periods, 1.0 dm® were taken.

One sample was fixed, and the other was used to study the
landfill leachate condition. This was extremely necessary, since
the fixation may damage some morphological properties of
leachate that are characteristic systematic features.

Sampling to quantify the leachate was conducted with
a Ruttner water sampler. Given that hydrochemical, micro-
biological, toxicological samples were taken in parallel with
the leachate sampling, 3—5 dmm® water sampler volume is the
most appropriate. Leachate samples were taken and stored
in glass bottles or plastic flasks, calibrated accordingly to
0.5 and 1.0 dm?, tightly covered with lids. The label on the
flask with the sample was filled in. All necessary sampling
data (the name of the reservoir, site, section line, sampling
date, day, month, year, time of sampling, transparency, sam-
ple volume, water and air temperature, amount of oxygen,
hydrometeorological data — weather conditions and sam-
pling time, different kinds of garbage, etc.) were noted in a
mandatory data journal. As the works at the reservoir were
finished, all notes of the mandatory data card were recorded
in a bound and numbered laboratory notebook.

3. The results of research of percolating water properties
and their discussion

In order to determine the chemical composition and or-
ganoleptic properties of wastewater, sampling points were
identified and samples from two reservoirs were taken: one from
a large and deep reservoir (reservoir 1), the second — from the
most remote reservoir from the landfill area (reservoir 2). The
study of physicochemical properties of the samples was per-
formed at the laboratory of the State Ecological Inspection in
the Zhytomyr region. The analysis of the chemical composition
and organoleptic properties are presented in Fig. 1, 2.
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Fig. 1. The comparative analysis of the 2009—2016
indicators of the leachate from the sump 1 and the maximum
permissible standards of percolating water: @ — solids,
chlorides, sulfates, COD, BOD,, ammonia nitrogen and
suspended matter; b — phosphates, nitrites, nitrates,
alkalinity, iron, copper, cobalt, cadmium, lead and zinc

The research shows that percolating water has a slightly
acidic medium reaction, the pH is 6.0—6.5. Threshold dilu-
tion by color in the water of the first reservoir is 1:5400, the
second — 1:250. The initial wastewater chromaticity, deter-
mined by a chromaticity scale, is 1500 and 800 respectively
in the 1st and 2nd sources.

The analysis of the leachate samples from the sumps
for the period 2009-2016 shows that chemicals such as
phosphates, iron, cobalt, cadmium, lead, chemical oxygen
demand (COD) and biochemical oxygen demand (BOD),
alkalinity and hardness indicators at MSW dumps in Zhy-
tomyr are excessive. Therefore, it is needed to pay special
attention to these figures and develop a set of measures for
their control and forecast for the future.

To build the model, the statistics on the impact of Zhyto-
myr landfill leachate, which would characterize the pollution
processes of percolating water of the city MSW landfill was
used. These indicators are changes in the concentrations of
the chemical composition of wastewater within a year.

The experimental data were obtained, and their features,
summarized in the form of linear and nonlinear statistical
mathematical models of the processes of changes in the
quantitative composition of chemical indicators of the leach-

ate samples from the sumps were identified. These models
are the basis for forecasting the pollution processes of per-
colating water of Zhytomyr MSW landfill, development and
implementation of practical measures aimed at minimizing
the impact of MSW landfills on the hydrosphere in the final
stages of the life cycle.
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Fig. 2. The comparative analysis of the 2009—2016
indicators of the leachate from the sump 2 and the maximum
permissible standards of percolating water: a — solids,
chlorides, sulfates, COD, BOD;, ammonia nitrogen and
suspended matter; b — phosphates, nitrites, nitrates,
alkalinity, iron, copper, cobalt, cadmium, lead and zinc

The method of statistical modeling of changes in the
quantitative composition of chemical properties of the leach-
ate samples of the sumps 1 and 2 on average over the ana-
lyzed years for two sumps was to choose the type of approx-
imating curve so that the approximating curve was the most
consistent with long-term experimental data. To investigate
the changes in concentrations of solids and sulfates, the
3rd-degree polynomial approximation of their number was
performed, and the polynomial coefficients that approximate
the experimental data were determined.

The results show that the 3rd-degree polynomial reason-
ably well represents the dynamics of the concentration of
these indicators for 2009-2016. Fig. 3—4 show the results of
mathematical modeling and approximation of the dynamics



of the above-mentioned parameters. The function (1) de-
scribes the general behavior of the indicators, the 3rd degree
polynomial approximation of their number was performed.

C=a,+Y axx/, )

i=1

where C — the chemical concentration, a, a, — the polynomial
coefficients, n — the number of experimental data points used
for approximation, x — the number of the year since 2009.
The results of approximation of the chloride concentra-
tion dynamics revealed that the polynomial has the form of
the exponent and is described by the regression equation:

C.ias=2.4489x°-14769x>+3-107x—2-10", 2)

solids

where x — the number of the year, approximation reliability
R?=0.9604.
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Fig. 3. The results of mathematical modeling of the solids
concentration dynamics: m — experimental leachate research
data; solid line — approximation results

The results of approximation of the sulfate concentration
dynamics revealed that the polynomial has the form of a
cubic parabola and is described by the regression equation:

C.ie=—1.2098x2+12.993x+604.29, 3)

correlation reliability R?=0.8868.
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Fig. 4. The results of mathematical modeling of the sulfates
concentration dynamics: m — experimental leachate research
data; solid line — approximation results

To investigate the changes in concentrations of chlorides,
total iron, COD and BOD;, the 4th-degree polynomial
approximation of their number was performed, and the poly-
nomial coefficients that approximate the experimental data
were determined.

The results of approximation revealed the regression
equation that describes the dynamics of the quantitative
composition of chlorides (4) and the approximating curve
that has the form of the 4th-degree parabola (Fig. 5).

C=1.7363x'-30.373x*+168.06x*-308.61x+8250.8, (4)

correlation reliability R?=0.8846.
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Fig. 5. The results of mathematical modeling of the chlorides
concentration dynamics: m — experimental leachate research
data; solid line — approximation results

The results of approximation of the COD concentration
dynamics revealed that the polynomial has the form of the
4th degree parabola and is described by the equation:

Ceop=0.585x"—4711.3x*+1-107x?~210"x +1-10'3,  (5)

correlation reliability R?=0.9309.
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Fig. 6. The results of mathematical modeling of the COD
concentration dynamics: m — experimental leachate research
data; solid line — approximation results

The results of approximation of the total iron concentra-
tion dynamics revealed that the polynomial has the form of a
growing curve (Fig. 7) and is described by the equation (6):

Crot 1o=0.0015x—0.03x*+0.2125x?~0.594x+2.4058, (6)

correlation reliability R?=0.8661.

To investigate the changes in concentrations of ammonia
nitrogen and BODj, approximation of their number by lin-
ear dependence was performed (Fig. 8, 9). The function (7)
describes the general behavior of the concentrations of these
substances.

C=kx+b, ()



where C, — the concentration of the ith chemical, k — the pa-
rameter (proportionality factor) depends on the concentration
of the studied substance and is determined according to field
observations, b — time-dependent proportionality factor.
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Fig. 7. The results of mathematical modeling of the total iron
concentration dynamics: m — experimental leachate research
data; solid line — approximation results

Thus, the results of the research and mathematical mod-
eling of the BOD; concentration dynamics revealed that the
amount of oxygen (mg/dm?), which was spent for a specified
period of time for oxidation of the reservoir pollutants,
contained in 1 liter of water at 20 °C has the form of linear
dependence (Fig. 8) and is described by the equation (8):

Crops=6.0324x+978.86, ®)

correlation reliability R?=0.8717.
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Fig. 8. The results of mathematical modeling of the BOD,
concentration dynamics: m — experimental leachate research
data; solid line — approximation results

The results of the research and mathematical modeling of
the ammonia nitrogen concentration dynamics revealed that
the dynamics of this indicator over the analyzed years has the
form of a straight line and is described by the equation (11):

C =0.9676x+322.14, ®

amonia N
reliability coefficient R? = 0.9531.

All the mathematical models and the results of approx-
imation well represent the dynamics and trends in hydro-
chemical parameters of leachate from the MSW landfill in
the city of Zhytomyr (Ukraine) for 2009-2016. Modeling of
the processes that characterize trends in hydrochemical in-
dicators over the analyzed period, determining the patterns
of changes in the concentrations of chemicals allow making
predictions about the future use of the local MSW landfill
and assessing its impact on surface and ground water. Also,

the research makes it possible to promptly develop and im-
plement measures aimed at minimizing the harmful effects
of MSW landfills on the hydrosphere.
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Fig. 9. The results of mathematical modeling of the ammonia
nitrogen concentration dynamics: m — experimental leachate
research data; solid line — approximation results

6. Discussion of the results of the research on the impact
of MSW landfill leachate on water bodies

The main advantage and practical importance of the
research is the possibility of using the results in the design
of new MSW landfills, improvement of existing landfills and
increasing the environmental security of Ukraine on this
basis. The paper presents the results of the research that
is a continuation of the authors’ research in previous years
[12,13]. The leachate from MSW landfills is one factor
that causes pollution of reservoirs for household purposes,
promotes excessive phytoplankton development and affects
drinking water quality.

The analysis of the leachate composition indicates the
presence of a wide variety of chemical elements and their
concentrations in the leachate. Data on the hydrochemical
composition of leachate is the determining factor in selecting
the treatment technique. For example, it may be physical
and chemical, biological treatment or a combination thereof.
Also, membrane treatment is becoming more common.

The priority is to reduce the amount and toxicity of
leachate, increase the leachate processability by changing
the ultimate morphological composition of waste in landfills.
This requires intensifying public outreach activities, ensuring
effective waste sorting and extraction of valuable components
at early stages of formation, receiving thus considerable profit
and protecting the environment from negative impacts, since
legal framework governs effective waste management.

The research results the can be used as a basis for con-
structing a general mathematical model of the landfill leach-
ate formation, considering weather and geographical condi-
tions of the landfill area, specific features of water balance.

Future research may be aimed at acquiring data on the
leachate composition over a longer period of time and deter-
mining the relationship between the characteristics of the
waste coming to the landfill and indicators of environmental
pollution.

7. Conclusions

1. It was found that the negative impact of MSW land-
fills on water resources is a worldwide problem. Herewith,



many researchers consider the geochemical composition of
leachate from those landfills, analyze the impact of individ-
ual elements on the environment and the factors that influ-
ence the leachate composition. However, the development
of specific recommendations on preventive measures and
environmental protection methods greatly depends on the
location of each of the landfills and local hydrogeological
and meteorological conditions, as well as the composition
of MSW coming to landfills in Ukraine. Therefore, the
development of effective measures that will improve the
environmental safety of Ukraine requires the analysis and
mathematical modeling of the dynamics of the properties of
leachate from MSW landfills in the city of Zhytomyr.

2. To address these pressing problems, data on the hy-
drochemical composition of leachate from MSW landfill for

the period 2009-2016 were collected. The analysis of the
leachate revealed the component percentage. It was found
that chemicals such as phosphates, iron, cobalt, cadmium,
lead, COD and BOD, alkalinity and hardness indicators of
solid waste in Zhytomyr MSW landfill exceed the maximum
permissible concentrations.

3. The experimental data were obtained, and their fea-
tures, summarized in the form of linear and nonlinear statis-
tical mathematical models of the processes of changes in the
quantitative composition of chemical characteristics of the
leachate samples of the sumps were identified. These models
are the basis for forecasting the pollution processes of perco-
lating water of Zhytomyr MSW landfill, development and
implementation of practical measures aimed at minimizing
the impact of MSW landfills on water resources.

References

1. Proektuvannia. Polihony tverdykh pobutovykh vidkhodiv. Osnovni polozhennia proektuvannia: DBN V.2.4-2-2005 [Text]. — Kyiv:
Derzhbud Ukrainy, Minpryrody Ukrainy, 2005. — 40 p. — Available at: http://www.stroynote.com.ua/construction-regulations/
document-395.html

2. Kulchytska-Zhyhailo, L. Standarty JeS ta chynni v Ukrai'ni normy i pravyla proektuvannja ta ekspluatacii’ poligoniv tverdyh
pobutovyh vidhodiv [Text]: nauk.-tekhn. konf. / L. Kulchytska-Zhyhailo // Poligony tverdyh pobutovyh vidhodiv: proektuvannja
ta ekspluatacija, vymogy Jevropejs'kogo Sojuzu, Kiots’kyj protokol. — Lviv: Triada pljus, 2008. — P. 145—155.

3. Lotoc’kyj, O. B. Nacional’'na strategija povodzhennja z tverdymy pobutovymy vidhodamy v Ukrai'ni — shljahy do stabil'nogo
majbutn’ogo [Text] / O. B. Lotoc’kyj, J. Bistrom // Sbornik dokladov mezhdunarodnogo kongressa «Je TEVK-2005». — Kyiv: VPC
«Tri krapki», 2005. — P. 47-51.

4. Gworek, B. Impact of the Municipal Solid Waste ubna Landfill on Environmental Pollution by Heavy Metals [Text] / B. Gworek,
W. Dmuchowski, E. Koda, M. Marecka, A. Baczewska, P. Br goszewska et. al. // Water. — 2016. — Vol. 8, Issue 10. — P. 470.
doi: 10.3390,/w8100470

5. Sharma, D. Parametric Analysis of Leachate and Water Resources around Municipal Solid Waste Landfill area in Solan [Text] /
D. Sharma, R. Ganguly; T. Srivastava, S. Rani, S. Kakkar (Eds.) // MATEC Web of Conferences. — 2016. — Vol. 57. — P. 03011.
doi: 10.1051 /matecconf/20165703011

6. Nigro, A. Hydrogeochemical characterization of Municipal Solid Waste landfill [Text] / A. Nigro, M. Barbieri, G. Sappa //
Rendiconti online della societa geologica italiana. — 2015. — Vol. 35. — P. 304—306. doi: 10.3301,/r0l.2015.126

7. Sao Mateus, M. do S. C. An attempt to perform water balance in a Brazilian municipal solid waste landfill [Text] /
M. do S. C. Sao Mateus, S. L. Machado, M. C. Barbosa // Waste Management. — 2012. — Vol. 32, Issue 3. — P. 471-481.
doi: 10.1016/j.wasman.2011.11.009

8. Long D. Nghiem. Water reclamation and nitrogen extraction from municipal solid waste landfill leachate [Text] / L. D. Nghiem,
F.I. Hai, A. Listowski // Desalination and Water Treatment. — 2016. — Vol. 57, Issue 60. — P. 29220-29227. doi: 10.1080/
19443994.2016.1169949

9. Chun, S.-K. The Effect of Leachate and Organic Waste Water Injection on Decomposition Characteristics of Landfill Waste
[Text] / S.-K. Chun, N.-J. Kim // Journal of Korea Society of Waste Management. — 2012. — Vol. 29, Issue 8. — P. 697-704.
doi: 10.9786,/kswm.2012.29.8.697

10. Melnyka, A. Chemical pollution and toxicity of water samples from stream receiving leachate from controlled municipal solid waste
(MSW) landfill [Text] / A. Melnyk, K. Kuklinska, L. Wolska, J. Namiesnik // Environmental Research. — 2014. — Vol. 135. —
P. 253-261. doi: 10.1016/j.envres.2014.09.010

11.  Metodyka rozroblennja ocinky vplyvu na navkolyshnje pryrodne seredovyshhe dlja ob’jektiv povodzhennja z tverdymy pobutovymy
vidhodamy [Text]. — Kyiv: Derzhbud Ukrai'ny, 2006. — # 8. — 21 p. — Available at: http://ua-info.biz/legal /basert/ua-dmpwje.htm

12. Tl'chenko, A. V. Vyznachennja zminy kyslotnosti g'runtiv styhijnyh zvalyshh peredmistja m. Zhytomyra [Text] / A. V. II’chenko,
I. G. Kocjuba // Visnyk Zhytomyrs’kogo derzhavnogo tehnologichnogo universytetu. Serija: Tehnichni nauky. — 2016. —
Issue 4 (47). — P. 252.

13. Jel'nikova, T. O. Modeljuvannja evtrofnyh procesiv u vodoshovyshhah richky Teteriv Zhytomyrs'koi’ oblasti na osnovi
videozobrazhen’ prob vody [Text] / T. O. Jel'nikova, Ju. O. Podchashyns’kyj // Visnyk ZhDTU. Tehnichni nauky. — 2015. —
Issue 3. — P. 54-60.



