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Purpose. The article describes aspects of the environmental impact of municipal solid waste (MSW). Purpose of the
paper is analysis of environmental problems, which are created by MSW, ways of solution and modern state of MSW
recycling in developed countries and Ukraine. Methodology. We have applied the analysis of the current situation with
municipal solid waste management by means of literary sources, statistical data and evaluation of the extent of threats.
Results. Annual waste volume growth has set a problem of recycling and reusing for humanity. Traditional methods of
disposal of municipal solid waste are storage in landfill and incineration. But waste disposal is environmentally
unacceptable. This method forms epidemiological and biological hazards; garbage can catch fire themselves and emit the
harmful products of combustion. Simultaneously aquifers are polluted by leachate. Incineration in plants reduces the volume
of waste and its danger, but this process forms even more harmful emission. Therefore, such technologies require extremely
effective systems of the flue gases cleaning, and they have cost about of 40% of the worth of the enterprise. One of the most
promising technologies of MSW recycle is pyrolysis, it allows getting combustible materials, but because of the huge cost
of the technology, its using is still very limited.

All modern waste treatment technologies are based on prevention (preparing for) reuse and further recycling. The
developed countries have recycled nearly 90% of the waste. In Ukraine, more than 90% of waste is taken out to dumps and
landfills. Ukraine needs to improve the system of waste management. Originality. We have carried out the integrated
analysis of the situation with MSW. We have offered possible solutions to the MSW problem in Ukraine. Practical value.
We have determined the bulk of municipal solid waste has being taken to landfills. It is the main source of environmental
problems across our country. If in the nearest future reliable recycling program will not be created, Ukraine can become an
area of environmental disaster. References 10, figures 1.
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Po3risiHyTO acnekTH BIUIMBY Ha JOBKULIA TBepAux nodOyroBux BiaxoxiB (TIIB). lopiunuii pict obcsAriB yrBOpeHHX
BIJIXO/IiB Ta EKOJIOTIUHI 3arpO3H, sSIKi BOHM CTBOPIOIOTH, TOCTaBHIIH IIepe] JIIOACTBOM 3aady iXHbOi epepoOKH 1 yTurizarii.
Tpamumiiiai ciocobu 3uemkopkeHHst TIIB — 1me ckirayBaHHS Ha MMOJITOHI Ta CHAIOBAaHHS. AJie CKJIaIyBaHHS € €KOJOTIIHO
HENIPUIHATHUM 4epe3 elifieMionoriuny i Oiomoriuny HeOe3NeKH, 3aTHICTh 3JIeKaHOr0 CMITTS caMO3aiMaTHCh, BUALIATH
IIpY bOMY IIKIJJIMBI MPOAYKTH 3ropaHHs. IIpu ckianyBaHHI BinOyBaeThes 1 3a0pyaHEHHS BOJOHOCHMX TOPH30HTIB 4epes3
¢dopmyBanHs QinpTpaTy. CrantoBaHHSA Ha CMITTECTIAIOBATIBHUX 3aBOJaX 3HAYHO 3MEHIIYE 00CST 1 HeOE3IEeUHICTh BiIXO/IiB,
Ta TPH LBOMY CTBOPIOIOTHCS YMOBH [UIS IIE€ TOTYXKHIIIOi eMmicii IIKI/UIMBUX BHUKHIIB. ToMy IMOmiOHI TeXHONOTi{
MOTPeOYIOTH BUCOKOSIKICHHX i TMTOTY)KHUX CHCTEM OYHWIIECHHS TUMOBHUX Ta3iB, BapTICTh AKUX ckiamae a0 40% Bixg BapToCTi
camoro mianpueMmcTBa. OnHi€0 3 HAHOUTBII EPCIEKTUBHUX TEXHOJOTIH nepepobku TIIB BBaXkaeThCs Mipodi3, SIKMH Jae
3MOTy IIepepOoOUTH HEMOTPiOHI PEIITKH Ha TOPIOYi MaTepiajy, aje dyepe3 BEeNN4e3Hy BapTiCTh TEXHONIOTIT 11 BUKOPUCTaHHS
TIOKH IO JTy’KE OOMEXKEHE.

Bci cydacni texHoorii nepepooku TIIB 6a3yroTbest Ha morepeaHFOMY COPTYBAHHI CMITTS Ta MOAANBLIINA yTHmi3amii
TIIB. ¥V po3BuHEHHX KpaiHaX TakUM 4YUHOM IepepoOinserscst 1o 90% BimxoxiB. B Vkpaini x Oinpme 90% Bimxomis
MIPOJOBXKYIOTh 3BO3WTH Ha 3BaJIMINA 1 MONIroHW. ToMy Hama KpaiHa MOTpedye TEepMiHOBOTO YIOCKOHAJICHHS CHCTEMH
noBokenHs 3 TIIB.

Koarouogi ciioBa: mosiron, TBepi modyToBi BiIX0IH, MpodTi3, yTHii3aris, GiIsTpar.
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PROBLEM STATEMENT. Technical progress and
rapid economic development have been the main causes
that led to the irresponsible attitude towards nature.

The result of this is a serious environmental
deterioration on the planet. These are a climate change,
ozone depletion, and acid rain, harmful concentrations of
radioactive isotopes, reducing soil fertility, soil erosion
and chemicals pollution of soil, water, and food and so
on. Urbanization has generated another big problem in
cities around the world. This is the accumulation of large
amounts of municipal solid waste (MSW).

This waste is the inevitable result of urban life and its
eternal companion. Currently, they have become serious
environmental pollutants. However, as the practice of
developed countries has showed, intelligent utilization of
waste can provide a significant positive economic
impact.

Urban landfills even of a midsize city annually collect
hundreds of thousands of tons of MSW. During
decomposition they poison the air, soil, and groundwater
and become thus a serious danger to the environment and
humans. In this context, searching and using of efficient,
waste-free, and the most importantly, environmentally
friendly technologies for industrial recycle of waste are
becoming quite a topical task.

Purpose of the paper is analysis of environmental
problems, which are created by MSW, ways of solution
and modern state of MSW recycling in developed
countries and Ukraine.

EXPERIMENTAL PART AND  RESULTS
OBTAINED. Each year more than half a trillion tons of
solid waste are formed on our planet [1]. In addition, the
amount of MSW increases each year. It are established
that increasing population on the Earth by 1.5 — 2%
increases the amount of MSW by 6% [2]. However, not
only population growth causes an augmentation of MSW.
It is more associated with changing lifestyles and
increasing the living standards of the urban population.
For example, we know that over the past 2 decades, the
population of Ukraine has decreased by 10%. However,
the amount of household rubbish has increased by 40%
in the same period [3]. That is, there is an annual increase
of MSW amount by 1.78 %. Under these conditions, this
number will be doubled every 40 years.

At the current pace of growth of the MSW quantity
over the next century, all the major cities of the planet
would be swamped with waste, and poisoning the air,
surface water by the products of their decomposition,
would make them unsuitable for life.

The most common way to deal with garbage in cities
is disposal and burial at the landfills (in many countries
this method are basic). This method does not solve the
problem but only complicates it. The dumps are not only
epidemiological danger. They are inevitably becoming a
powerful source of biological contamination. Clearly the
overall picture of environmental threats of MSW which
are stored in dumps is represented by M. Krasnyansky

[4].
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Figure — Environmental hazard of dumps [4]

A landfill is a kind of "biochemical reactor", because
in its thickness significant amounts of toxic gases
("landfill gas") and the liquid leachate are formed, fly
larvae are born, the harmful microorganisms (dysentery,
hepatitis, tuberculosis and even typhus) develop; MSW
landfills attract rodents and birds. Landfills (especially
spontaneous) can ignite themselves, forming combustion
products: carbon dioxide, oxides of nitrogen and
methane, which are powerful greenhouse gases. "Landfill
gas" contains hydrogen (1%), hydrogen sulfide (0.5 —
1.5%), ammonia (0.5%), and even traces of highly toxic
chlorinated hydrocarbons, dioxins and furans [4].

Contamination of water horizons near MSW landfills
is associated with formation of so-called "leachate". It is
a gray-black liquid that flows constantly from the
thickness of waste. Its composition is characterized by a
high level of oxidation, the presence of heavy metals and
high concentrations of chlorides and sulfates [5, 9].

Hence, disposal of MSW in landfills should be seen
as a forced, short-term solution, which is contrary to
environmental aspects.

Currently, there are projects relatively
environmentally save solid waste landfills [4]. These
landfills are complex technical facilities. In accordance
with international standards, they are, in addition
multilayer insulating bottom from opaque film should
include drainage system devices to collect and biogas and
leachate, and special equipment for cleaning and
disinfection of the leachate. These landfills require
significant cost for their construction and maintenance.
Therefore, in countries with weak economies the main
method remains waste disposal to landfill.

Another way to deal with the growing problem of
MSW accumulation is a simple incineration. However,
the products of MSW combustion can contaminate the
environment.

Many years of work of incineration plants in
Rotterdam (Netherlands) had resulted in cow's milk
contamination by dioxins in a radius of 30 miles so that
this foodstuff was prohibited to sell. In Sweden, waste
incineration plants had emitted 0.5 tons of cadmium, 3.3
tons of mercury and 8,400 tons of hydrochloric acid. A
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slag and ash of the incineration plant contains high
concentrations of heavy metals [1].

Next way is sorting and recycling of MSW, because
they are a valuable raw material. Each country solves the
problem of waste management in own way. Developed
countries try to recycle most of the waste and to take out
less to landfills. Residents themselves have sorted
garbage before removing. Almost all European countries
have strict rules about rubbish sorting for recycling. In
Germany and Sweden, people themselves have pre-
sorted over 80% of waste. Denmark, Belgium,
Switzerland, the Netherlands, Austria, France, Italy, the
USA and Japan not only sort waste, but use solid waste
as secondary raw materials else. In most countries, the
degree of domestic waste treatment exceeds 50% [3].
Economic incentives for sorting and fines for non-
compliance have promoted success in Europe. At the
same time in Ukraine only about 5% of solid waste are
used as secondary resources. In Switzerland, MSW is
sorted by residents in 15 types of components. In
Ukraine, only three types of waste are recycled partially:
PET — bottles, glass and paper [3].

The thermal method (incineration) is the most
effective way to deal with waste. It makes it possible to
reduce the amount of waste is stored, in ten times [3].
Plus, unburned remains do not contain organic
substances that cause spontaneous combustion and
decay, so the epidemic probability is reduced to zero. But
incineration has its drawbacks. The main danger is
hazardous emissions of dioxins and furans due to the
increase in the proportion of plastic waste. The risk
associated with the release of these substances is
determined by their specific physical and chemical
properties. Going into the soil and water, dioxins form
complexes with organic matter and are actively
disseminated in the environment. They easily stick to
dust particles and are transported by air, water and soil.
In the human body, chlorinated hydrocarbons suppress
the immune system, unbalance irreversible metabolism,
and disrupt human hereditary apparatus.

Quantity of dioxins and furans formed during
combustion depend on the temperature (their
decomposition is effective in temperatures above 1250°C
and exposure more than 2 sec.). Secondary formation of
these substances may be during a slow cooling of flue
gases in the temperature range 200 — 450°C [4]. Because
spontaneous combustion of MSW dumps is a great
danger.

In the United States a modernization program of
incineration plants has started. Its mission is minimizing
of unwanted emissions. In Japan, more effective methods
of incineration have been developed, such as combustion
in fluidized bed furnaces, combustion layered, low
temperature gasification.

Today, life of major cities is impossible without
plants for burning of household waste. Waste
incineration plants solve several problems. Firstly, they
recycle and destroy a large number of garbage that a
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modern city forms every day. Secondly, the heat from the
burning is used for steam production, which heats homes,
plants and farms. And, thirdly, an advantage of
incineration is that simultaneously with heat output, it
reduces an amount of residues that are taken to landfills
10 times or more.

Maximum of incineration plants building had been
during the energy crisis of the 1970s. In developed
countries, hundreds incineration plants were built. It
seemed solid waste disposal issue is solved. But that time
waste incineration plants had no reliable equipment for
cleaning exhaust gases.

Since the second half of the 1990 construction of
second generation of incineration plants has been begun
in Europe. About 40% of cost of these plants is cost of
modern efficient smokes treatment. But the essence of
MSW incineration processes is virtually unchanged. Now
there are more than a dozen combustion technologies for
municipal waste in a world practice.

Currently, thermal destruction of MSW prevails in
most developed countries. In Japan, 82% of garbage is
burned, in the US - 81%, as of Denmark - 78%.

However, despite all positive features of new
technologies, incineration is connected with the release
of toxic substances into the atmosphere.

In addition to carbon dioxide, heavy metals, mercury,
chlorinated derivatives, toxic chlorophenols, slag and
more are emitted in the atmosphere. These pollutants are
deposited on the ground and absorbed by plants,
including fruits and vegetables. They get into the oceans
and drinking water. Thus, today role of the incineration
plants is reviewed; mankind is looking for other ways to
get rid of garbage.

Secure disposal of ash, slag and flue gas is provided
by combined technologies incineration at high
temperature. These include, for example, considerably
safer complex technology from German company
"Siemensy, which is called "Pyrolysis - high temperature
incineration." Pyrolysis is a thermal decomposition of
organic matter almost without oxygen.

The first large-scale plant working on this technology
was built in Vyurte (Germany). The new method
combines low-temperature pyrolysis and their subsequent
combustion at high temperature.

Combined technology of company "Siemens" sets
itself apart from others in that, firstly, fuel resources are
received from waste materials, that suitable for using
with little or no further treatment. Second, cleaned flue
gases correspond to high environmental standards.

Situation with MSW is becoming more and more
difficult in Ukraine. Now the bulk of garbage (90 — 95%)
is taken to dumps, to 10% of waste is burned. Dumps
have turned into a ticking bomb, causing huge damage to
the environment, and hence people. The results of such a
situation with MSW are the spread of infectious diseases,
pollution of surface and groundwater, high content of
toxic substances in the air near dumps.
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Unclear situation has developed with recycling of
extremely hazard waste in Ukraine. We know one battery
can contaminate about 400 liters of water or 20 m’
ground due to the presence of heavy metals in one [3]. In
developed countries, including the EU, the old batteries
are recycled by special waste disposal service. In Ukraine
battery collection places are rarity.

An issue of disposal of waste oils (from transmission,
engine, hydraulic, industrial, and so on) also remains.
This substances cause irreparable damage to the
environment. Thus, only 1 liter of engine oil spilled into
the soil can contaminate 100 — 1000 tons of groundwater
[3]. Most Ukrainian pours waste oil into the water or
leaves in dumps. However, they can be used as a fuel.
Automobile waste oil should be burned, but only with
special treatments using.

In recent years, the legislative and executive
authorities of Ukraine have taken a range of concrete
actions to minimize the negative effects of waste
treatment. There are two processing methods actually: an
incineration or a disposal at dumps (landfills). Each of
them has its drawbacks, especially regarding the harmful
effects on the environment. Especially it concern to the
second method, because the existing waste incineration
plants converted only about 1% of the total MSW in our
country. The bulk of waste, 60% of which is made by
residents has being taken to landfills. It is the main
source of environmental disasters across our country.
According to changes to the law "On Waste" introduced
in 2010 by the Parliament in Ukraine, incineration plants
are banned for using, if its technology does not involve
concomitant production of heat and electricity. In
addition, unprocessed MSW has been allowed to take to
landfills only to 2018.

The Cabinet of Ministers has developed and approved
a national program "Clean City" with a budget of nearly
5 billion UAH, implementation of which was entrusted to
the State Agency for National Projects [8]. The "Clean
City" is based on the thesis: waste is a valuable source of
almost inexhaustible resources that can and should be
recycled, by using available worldwide advanced
technologies.

This project has involved the construction of modern
facilities for processing of pre-sorted municipal waste in
10 large cities.

However, drafted projects of existing waste
incineration plants modernization aimed to generate heat
and electricity remain on paper due to the difficult
situation in the country. Recycling of rubbish in cities
and towns is an important and necessary social challenge.
Its solution determines the welfare of all citizens and the
epidemiological situation.

CONCLUSIONS. Constant tendency of MSW
amount grow and its environmental damages makes to
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improve waste recycling and finds ways of safe
treatment.

The cost of capital investments associated with the
processing of MSW eventually will pay off, because their
utilization gives not only environmental but utilitarian
effect.

Modern environmental situation in Ukraine is
connects with consequences of extremely complicated
economic state of country. But at the same time, if in the
nearest future reliable recycling program will not be
created, and then soon Ukraine can become an areca of
environmental disaster.
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CraTbsl NIOCBSIIIIEHA acTIeKTaM BO3JCHCTBHS Ha cpeny TBepabX ObIToBBIX 0TX010B (THO). Exkeromusiii poct o0beMoB
TBO mnocraBui mepes 4enoBeYeCTBOM 3aJjady MX IepepaboTKy M yTHIH3aLK. TpaIiiuoHHbIe CIIoco0Bl 00€3BpeKUBaHNS
TBO — 3T0 ckIangupoBaHHE HA MOJIUTOHE U Ckuranue. Ho 3aXOpoHeHne 0TXOJ0B SIBJIIETCS IKOJIOTHUECKU HEMPUEMIIEMBIM
13-32 JIHJIEMHOIOTHUECKONH M OMOJIOTMYECKOW ONacHOCTH, CIIOCOOHOCTH CIIEXKABIIMXCS OTXOMOB K CaMOBO3TOPAHHIO U
BBIICJICHUIO NIPU 3TOM BPEAHBIX NPOAYKTOB ropeHus. Ilpu ckiagupoBaHUM MPOUCXOJUT U 3arpsi3HEHHE BOAOHOCHBIX
TOPU30HTOB BCIIEACTBHE 00pa3oBaHus ¢(uiubTpara. CKUraHne Ha MyCOPOCKHTaTeIbHBIX 3aBOJIaX 3HAYNTEIHHO YMEHBIIACT
00BEM U OIAaCHOCTH OTXOJ0B, HO (DOPMHPYIOIIUECS IIPH ATOM ABIMOBBIE Ta3bl OTIIMYAIOTCS elle OOJbIIEH TOKCHYHOCTBIO.
ITosToMy TOmOOHBIE TEXHONOTMM TPEOYIOT OYEHb MOIIHBIX CHCTEM OUYMCTKH IBIMOBBIX Ta30B, CTOMMOCTh KOTOPBIX
cocraisier okono 40% cronmocTn Bcero mpeanpusTusa. OnHO# u3 HanOoIee MEePCHEKTHBHBIX TEXHOJIOTHH INepepadboTKu
TBO sBnsercs mupomm3. OH JaeT BO3MOXHOCTh IepepaboTaTh HEHY)KHBIE OCTaTKd B TOPIOYME MaTepHajbl, HO H3-3a
BBICOKOM CTOMMOCTH TEXHOJIOTHH €€ HCIOJIb30BAHNE MI0KA OYEHb OTPAaHUYEHHO.

Bce coBpemennsie TexHonmoruu mepepabotkun THO 06a3mpyroTcs Ha TpenBapHUTENBHOM COPTHPOBAHWM MyCOpa C
nocreayomen yrumsanued. B pa3BuThIx crpaHax Tak mepepabartsiBaetcs 10 90% orxonoB. B Ykpaune ke 6onee 90%
OTXOZIOB TIPONO/DKAIOT CBO3UTh HA CBalIKM W NoauroHsl. IlosTomMy Hama crpaHa HyXIaercs B HEMEIJIECHHOM
YCOBEPIICHCTBOBAaHNH cucTeMBbl obpamieHus ¢ THO.

KroueBble c10Ba: OIUTOH, TBEP/bIE OBITOBBIE OTXO/IBI, TMPOJIN3, YTHIU3AHNs, (PUIBTPAT.
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